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PCT PATENT SPECIFICATION

TITLE POWER CYCLE AND SYSTEM FOR UTILIZING MODERATE AND
LOW TEMPERATURE HEAT SOURCES

INVENTOR. Alexander L Kalina
ASSIGNEE KALEX,INC

RELATED APFLICATIONS

{0001] Thus apphcation 18 a Continushon-1n-Part of United States Patent Application Senal
No 10/669,134, fled 23 September 2003 which is 8 Contmuation-mm-Part of United States
Patent Apphcation Senal No 10/357,328 filed 3 February 2003

BACKGROUND OF THE INVENTION
1 Field of the Invention
[0002] The prosent mvention relates to a system and method for the uhlization of heat sources
with moderate to low imhal temperature, such as geothermal waste heat sources or other
sumler sources
[0003] More particularly, the present mvention relates to a system and method for the
utthzation of heat sources with moderate to jow mnitial temperature, such as geothermal waste
heat sources or other apmlar sources involving e mulb-steged heatmg process and at least ane
scparation step to ennich the working flmd which 15 eventually fully vaponzed for energy
extraction
2 Description of the Related Art
[0004] In the prior axt, US patent mmnber 4982568, a working flmd 18 a mixture of at least
two components with different boiling temperatures The high pressure at which this working
fluxd vaponzea and the pressure of the spent working fluid (after expansion m a turbnn) at
which the workang flmd condenses are chosen 1n such a way that at the mitial temperature of
condensation 18 lugher than the imtial temperature of bothing Therefore, 1t 18 possible that the
mtia] boihing of the working flwd 18 achieved by recuperation of heat relcased m the process
of the condensation of the spent warking flud But in a cage where the mmtial temperatnre of
the heat source uged 15 moderate or low, the runge of temperatures of the heat source 18
narrow, and therefore, the possible mange of such recuperative boiling-condensahon 15
significantly reduced and the effictency of the system descnibed n the prior art dimmshes
[0005] Thus, there 18 & need 1n the art for a new thermodynamic cycle and a systemn based
thereon for enhanced energy uhlization and conversion

&
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SUMMARY OF THE INVENTION

|0006] The present invention provides a method for extracting thermnal energy from low to
moderate temperatures source streama including the step of transforming thermal energy from
a fully vaporized boiling stream into a usable energy form to produce a lower pressure, spent
stroam. The fully vaporized boiling stream 18 formed by trans{erring thermal energy from an
external heat source stream to a boilmg stream to form the fully vaporized boiling stream and
a cooled external heat source stream. The method also includea the steps of tranaferring
therma] energy from the spent stream to a first porfion of a heated gher pressure, bamc
working fluid stream to form a partially condensod spent stream and a first pre-heated, gher
pressure, basic working fluid stream and transfernng thermal energy from the cooled extarnal
heat source stream to a second portion of the heated higher pressure, basic working flud
stream to form a second pre-heated, higher pressure, bazic working flind gtream and a spent
external heat source stream The method also includes the steps of combimng the first and
second pre-heated, hugher pressure basic working flmd streams to form a combmed pre-
heated, higher pressure bagic working fluid stream and separating the partially condensed
spent stream mto a separated vapor stream and a separeted liquud stream The method aiso
includes the steps of pressunzing a first portion of the separated liquid stream to a pressure
equal to a pressure of the combined pre-heated, higher pressure basic working fluid stream
to form a pressunzed hqud stream and combining the pressunized hqwd stream wath the
combimned pre-heated, higher pressure basic workang flind stream to form the boiling stream

The method algo includea the steps of combimng a second portion of the separated hqud
stream with the separated vapor stream to from a lower pressure, basic worlang flmd streem
and transferring thermal energy from the lower pressure, basic working fluid stream to a
higher presgure, basic workmg fluid stream to form the heated, higher preasure, basic workang
fluid streamn and a cooled, lower pressure, bagic working fhud stream The method also
mciudes the stepg of transfermng thermal energy cooled, lower pressure, basic working flmd
stream to an external coolant stream to from a spent coolunt stream and a fully condensed,
lower pressure, basic working flind stream, and pressunzing the fully condensed, lower
pressure, basic workang fluid stream to the ugher pressure, basic working flud stream
[0007] In a more efficient /mplementation of the present mvention, the method provides the
additional steps of separating the boiling atream 1nto a vapor stream and & hquid siream,
combining & portion of the hqmd stream with the vapor stream and passing 1t through 2 amall

-4
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heater exchenger 1n contact with the external heat source stream fo insure complete
vaponzgtion and superheating of the borhng stream A second portion of the liquid stream
15 depressunzed to a pressure equal to a pressure of the spent stream
[0008] In a more yet more efficient implementation of the present mvention, the method
provides 1n addition to the addiional steps described in paragraph 0006, the steps of
separating the depressunzad second poriion of the liquid stream of paragraph 0006 mto &
vapor stream and a hiquid stream, where the vapor stream 15 combined with the pressurized
hiquid stream having the parameters of the point 9 and repressunized before being combined
with the stream having the parameters of the pomt 8 Whale the hquid stream 15 depressunzed
to a pressure equal to a pressure of the spent stream having the parameters of the point 18
[0009] The present invention also provides a two cycle theomodynamic method where a first
boiling composition 18 heated, vaponized, expanded in a turbine to extract a quanhity of more
useable enerpy such as electric energy anid condensed and a recirculating composition 18
heated, partially vaponized, expanded in the same turbine to extract a quantity of more useable
energy such as electrnic energy and condensed, where the t wo ¢ ycie 1 mprove an o verall
efficiency of the energy converson system.
[0010] The present invention provides & systems a8 sel forth m Figures 1A-D and 2 adapted
to implement the mefhods of this inventon
DESCRIPTION OF THF, DRAWINGS

[0011] The invention can be better understood with reference to the followng detmled
description t ogether with the appended 1llustrative d rawings 1n which 1ike elements are
numbered the same
[0012] Figure 1A depicts a schematic of a preferred thermodynamic oycle of thus invention,
[0013] Figure 1B depicts a schematic of another preferred thermodynamic cycle of this
mvention, [0014]  Figure 1C depicts a schematic of another preferred thermodynamic
cycle of this mvention,
[0015] Figure 1D depicis a schematic of another preferred thermodynamic cycle of this
invention, and
[0016] Figure 2 depicis a schemahic of another preferred thermodynamic cycle of tins
nvention

DETAILED DESCRIFTION OF THE INVENTION
{0017} he inventors have found that a novel thermodynarmical cycle (system and process) can

=
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be implomented using a working fluid mcluding a mixture of at least two components The
proferred working flurd bemng & water-ammoma mixture, though other mixtures, such as
muxtures of hydrocarbons end/or froons can be used with practically the same results The
gystems and methods of thus invenhon are more efficient for converting heat from relatrvely
low temperature flmd such as geothermal source fluids into a usefizl form of energy The
systems use & multi-component bame working flmd to extract energy from one or more (at
least one) geothermal source streams 1n one or more (at least one) heat exchangers or heat
exchange zones The heat exchanged basic workang flmd then transfers 1ts gamned thermal
energy {o a turbine (or other system for extructing thermal energy from a vapor stream and
converting the tharmal energy 1 nto mecharcal and/or electncal e nergy) and the turbine
converts the gained thermal energy into mechancal encrgy and/or electnecal energy The
systemns also mclude pumps to 1ncrease the pressure of the sireams at certan ponts 1n the
gysiems and a heat exchangers which bring the bamc working fluid 1n heat exchange
relationshups with a cool streem One novel feature of the systems and methods of this
invention, and one of the features that increases the efficiency of the systemas, 18 the result of
using a spht two circuat design having a higher pressure circuit and a lower pressure circust
and where a stream comprismg spent hquid separated for spent vapor from the agher
pressure circuit 18 combmed with a stream compnising the spent lower pressure stream at the
pressure of the spent lower pressure siream pnor to condensahion fo from the wnrtial fully
condensed hquid stream and where the combmed s tream 15 | eaner than the 1mtal fully
condensed Liquid stream. The present system 18 well suited for amali and medium signed
power units such as 3 to 5 Mega Watt power facilities

[0018] The working fimd used n the systems of thus inventions prefersbly 15 & multi-
component fluid that comprises & lower boiling powt component flud ~ the low-boilng
component —and a higher boiling point component - the high-boihng component Preferred
working fluids include an ammonia-water mixture, a mixture of two or more hydrocarbons,
& muxture of two or more freon, 8 mixture of hydrocarbons and freon, or the hike. In general,
the fluid can compnse mixtures of any number of compounds wath favorable thermodynamic
charactenstics and solubihity In a particularly prefarred embodiment, the flmid comprises a
muxture of water end emmonia.

{0019 It should be recognizad by an ordinary artisan thet at those pomt 1n the systems of this
mvention were a stream 18 split into two or more sub-streams, the valves that effect such
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stream splitting are well known 1n the art and can be manually adjustable or are dynamicalily
adjustable so that the sphtuing achieves the desired improvement 1n efficiency

[0020] Refermng now to Figure 1A, a preferred embodiment of a system of this invention,
generally 100, 18 shown The eystem 100 15 described 1n terms of 1ts operation using streams,
conditions at pomts 1 the system, and equipment. A fully condensed worlkang fimd stream
at a temperature close to ambient having parameters as st a pomnt 1, enters a feed pump P1,
where 1t 18 pumped to an elevated pressure, and oblans perameters as at a pownt 2 The
composition of the working fluid streum having the parameters of the point 2 will be hereafter
referred to as a "basic composition” or *basic solution." The working flmd stream having the
parametars of (he pomnt 2, then passes through a recuperative pre-heater or heat exchanger
HE2, where 1t 18 heated 1n counter flow by a returmng atream o fthe basic solution as
descnbed below, and obtains parameters as at a pomt 3 The state of the basic working
sohition at the pomt 3 corresponds to a state of saturated, or shghtly sub-cooled hqmd.
[0021] Thereafter, the stroam of basic solution having the parameters of the pomt 3 1a divided
into t\\'ro sub-streams having parameters as at pomnts 4 and 5, respectively The sub-stream
having the parameters of the point 4, then passes through a heat exchenger HE4, where 1t 18
heated and partially vaponzed by a stream of a heat source fluid (e g, geothermal brme
gtream) having parameters az at a pomt 42 as described below, and obtams parameters as at
a point 6 While, the stream of bamc solution having the parameters of the pomnt 5 passes
though a heat exchanger HE3, where 1t 18 heated and partiaily vaponized by a condensing
streamn having parameters as at & pownt 20 1 8 condenmng process 20-21 also described below
and obtains parameters as at a pomnt 7 Thercafter, the sub-streams having parameters a3 at
powts 6 and 7 are combined, forming & combined stream having parameters as af a poinf 8
The stream of basic solution having the parameters of the point 8 18 then combined with a
stream of a recirculating solution having perameters as at a point 29 as descnibed below, and
forms a stream of a boilmg solution having parameters &s at 8 pomnt 10 The stream having
the parameters of the pomt 29 18 mn a state of sub-cooled hqud, and, therefore, as a result of
the mixing of the streams having the parameters of the pomnis 8 and 29, a substantial
absarphion of vapor occurs, and the temperature rises substantially Thuas, & temperature of
the stream having the parameters of the pomnt 10 18 usually significantly higher than that of
the stream having the parameters of the point 8 The compomton of the stream having the
parameters of the point 10 1s referred to herein as a "boiling solution.”

|0
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[0022] The stream of boihng solubon having the perameters of the pomt 10, then passes
through a heat exchanger HES, where 1t 15 heated and vaporized by the stream of the heat
source flnd having parameters as at a pomt 41 Tho vaporized stream exiting the heat
exchenger HES now has parameters as at a pomt 11 ‘The stream having the parameters of
the point 11 then enters into a gravity separator S2, where 1t 18 separated mto a vapor stream
having parameters as at a pomnt 13 and a hquid stream heving parameters a8 at a pomnt 12

The hqud stream having the parameters of the pomt 12 15 them divided into two sub-streams
having parameters as at points 14 and 15, respectively The sub-stream having the parameters
of the pomt 14 usually represents 2 very small portion of the totel hquid stream, and 15
combined with the vapor stream having the parameters of the pomt 13 as descnbed below,
forming a stream of working solution with parametera as at a pomt 16 The stream of
working solution having the parameters of the pomnt 16, then pasaes through aheat exchanger
HR6 (a small heat exchanger sometitnes calied a vapor drier to msure that the state of the
stream exiting the heat exchanger 18 a superheated vapor), where 1t 18 further beated by the
stream of the heat source fluid having parameters as at a point 40, to form a fully vaponzed
and shghtly supcrheated stream having paremeters as at apoint 17 Thereafter, the stream of
warking solution having the parameters of the pomnt 17 passes through a turbmne T1, where
1t 18 expanded, producing useful power (conversion of thermal energy mio mechanical and
electnical energy) to form a stream having parameters as at a pount 18

[0023] The recirculating liqud having the parameters of the pomt 15 s desenbed above
pagses through a throttle valve TV1, where its pressure 18 reduce to an mtermediate pressure
1o form a ptream having parameters as at a pomnt 19 Az a result of throttling, the parameters
of the stream at the point 19 correspond to a staie of » vapor-hquid muxture. The siream
having the parameters of the pomt 19, then enters mnto a gravity separator 83, where 1t 15
separated 1nto a vapor stream having parameters as at the point 30, and a hiquid stream having
parameters as at a pont 31 The hiquid stream having the parameters of the point 31 passes
through a second throttle valve TV2, where its pressure 18 further reduoced to a pressure to
form a stream having perameters as at a point 32, where the pressure of the stream having the
parameters of the point 32 18 equal to a pressure of the stream having the parameters of the
pount 18 as described above Thexcafter, the stream having the parameter of the point 32 and
the stream having the parameters of the pomt 18 are combmed forming a stream of a
condenmng sclution having the parameters of the point 20 The stream having parameters of
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the pownt 20 passea through the heat exchanger HE3, in counter flow to the stream having the
perameters of the point 5, in a coolng process 5-7 After passing through the heat exchanger
HED3, the stream having the parameters of the pont 20 1s partially condensed, releaging heat
for the heating process 20-21 described above and obtams parameters as at  pomnt 21
[0024] The stream having the parameters of the poimnt 21 then enters into a gravity separator
S1, where 1t 18 separated mnto a vapor stream having parameters as at & pomnt 22 and a hquid
strearn huving parameters as at a pomnt 23 The hquid stream havmg the parameters of the
pomnt 23 18 m turn divided into two sub-streams having parameters as at points 25 and 24,
respechvely The liquid sub-siream having the parameters of the point 25 18 then combined
with the vapor stream having the parameters of the point 22, forming a streem of the basic
solution having parameters as at a point 26

[0025] The hqud sub-stream having parameters of the pomt 24 enters a circulating pump P2,
where 1ts pressure 18 moreased to a prossure cqual to a preasure m gravity separator S3, / e.,
equal to a pressure of the vapor siream having the parameters of the point 30 described above,
and obtans parameters as at pomnt9 The hiqud stream having the paremeters of the pomnt 9
15 1n a state of a sub-cooled iquud The liquud stream Having the parameters of point 9 16 then
combined with the vapor stream having the parameters of the pomt 30 described above A
presgure of the streams having tje parameters of the points 9 and 30 18 chosen 1n such a way
that the sub-cooled hqnd having the parameters of the potnt 9 fully absorbas all of the vapor
stream having the parameters of the pomt 30, forming a liquid stream having paremeters as
at pomt 28 The hquid stream having the parameters of the point 28 1= 1n a state of saiurated
or sub-cooled hquud Thereafter, the stream having the parameters of the point 28 enters mto
8 circulating pump P3, where itz pressure 15 increased to a pressure equal to & pressure of the
stream having the parameters of the point 8, and obtains parameters of the point 29 described
sbove The stream having the parameters of the point 29 15 then combined with the stream of
basic solution having the parameters of the point 8, forrmng the stream of the boiling solution
having the parameters of the point 10 descnbed above

[0026] The stream of bame solution having the parameters of the pomnt 26 enters into the heat
exchanger HE2, where 1t parhally condenges releasmg heat for a hesting process 2-3
described sbove, and obtains paremeters as et a pomnt 27 Thereafter the stream of basic
golutton having the parameters of the pomt 27 enters into a condenser HE1, where its 18
cooled and fully condensed by an wr or water stream having parameters as at pomnt 51
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descnibed below, and obtamns paremeters of the point 1

{0027] An air (or water) streamn having parameters as at a point 50 enters an air fan AF (or
compressor 1n the case of water) to produce an mrr stream having parameters as at a pomt 51,
which forces the air stream having the parameters of the pomnt 51 into the heat exchanger
HE], where 1t cools the stream of basic working fluzd mn a cooling process 27-1, and obtams
parameters as at pomnt 52

[0028] The stream of heat source fluid with the parameters of the paint 40 passes tirough the
heat exchanger HEG, where 1t provides heat from a heating process 6-17, and obtans the
parumeters of the pomt 41 The stream of heat source fimd having the parameters of the point
41 passes through the heat exchanger HES, where 1t provides heat for & heatmg process 10-
11, and obtains the parameters of the pomt 42 The siream of heat source flnd having the
parametors of the point 42 enters mnto the heat exchanger HE4, where 1t provides heat for a
heating process 4-6 and obtams parameters as at pownt 43

[0029] In the previous vanants of the systems of this invention, the recirculating stream
having parameters as at the pomt 29 was mixed with the stream of basic solution having
parameters as at the point 8 As aresult of this mixing, a temperature of the combined stream
having parameters as at the pomt 10 was substantially higher than & temperature of the
streamns having parameters as at the points 8 and 29

[0030] Referning now to Figure 1D, another embodiment of the system of this invention,
generally 100, 16 shown to includes an addibional heat exchanger HE7, .¢., the heat exchanger
HES 18 split into two heat exchangers HES' and HE7 designed to reduce the temperatare
difference between the stream, having the parameters as at the pomnt 10 and the streams
having the parameters as at the pomnts 8 and 29

[0031) In the new embodiment, the sream with parametears as at the point 8 15 sent 1nto the
heat exchanger HIE7 where 1t 15 heated and further vaponized by a heat source stream, such
as a geothermal flnd stream, having the parameters as at a pount 44 producig the heat source
stream having parameters as at the point 42 1n a counter flow heat exchenge process 44-42
and a stream having parameters as at a point 34 Only then 1s the steam having the parameters
as ot the pomnt 34 mixed with a recirculating stream having the parameters as at the point 29
(as described above) forming & combined stream having parameters as at the pomt 10 A
temperature at of the stream having the parameters as at the point 34 18 choaen 1n such a way
that the temperature of the stream having the parameters as at the point 10 15 equal or very
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close to the temperature of the stream having the perameters s af the pomnt 34 Asa result, the
ureversibility of mixing a stream of basic solution and a stream of recirculating solution 1s
drasticelly reduced The resulting stream having the parameters as at the pomnt 10 passes
through the heat exchanger HES' where 1t 18 heated and vaporized 1n a counter flow process
41-44 by the heat source stream such a8 a geothermal flmd stream having the parameters as
ai the point 41

[0032] This embodiment can also inchide a sub-streams heving parameter ag at pomts 14, as
described above, which usually represents a very amall portton of the total liquid stream, and
18 combmed with the vapor stream having the parameters of the point 13 (not shown) as
descnbed below, to form the stream of workang solution with parameters as at the pomt 16
Additionaily, tlus embodiment can also mclude the AF umt and sssociated streams as
descnbed above

[0033] The advantages of the arrangement of streams ahown in the present embodiment
mclude af least the following. a temperature difference m the heat exchanger HE7 (which 1s,
1 esgence, the low temperature portion of the heat exchangsr HES m the previous vanants),
are substantially mncreased and therefaore the s1ze of the heat exchanger HE7 18 reduced, while
the heat exchanger HES' of this embodiment works in absolutely the same way as the high
temperature portion of the heat exchanger HES of the previous vaniants The efficiency of the
gystem of this embodiment 18 not affected at all

[0034] This embodiment of the method of mixing a recirculating stream with a stream of
basic solution cen be applied to all vanants descnbed above. One expenenced in the art can
easily apply this method without further explanation.

[0035] An example of calculated parameters for the pomnts descnibed above are given in
Table 1 for the embodiment shown 1n Figure 1A

TABLE 1
Parameter of Points in the Embodiment of Fignre 1A

Pomt | Concentration | Temperature | Pressure | Enthalpy Enthro;;y Weight
No X T (°F) P (psia) | h (btu/b) | S(btw/1b°F) | (g/gl)
Parameters of Working Finid Streams
1 0975 735 | 133 4091 37 8369 0 09067 10
2 0975 75 0186 5200] 401124 009145 10
3 0975 1650 | 5082780 | 147 9816 027769 10

Y
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Point | Concentrstion | Temperature | Pressure | Enthalpy | Enthropy | Welght
No X T (P P (paia) | b (btu/Ib) | S(btu/lb°F) | (g/gl)
4 0975 1650 | 5082780 | 1479816 027769 | 06010
5 0975 1650 | 5082780 | 1479816 027769 03990
6 0975 2080 4985 | 579 1307 0 96196 06010
7 0975 2080 4985 | 5791307 096196 03990
8 0975 2080 4985 | 5791307 0 96196 10
9 0 40874 170 2394 2200 | 458581 021737 | 03880
10 081773 231 1316 498 5 | 433 8631 076290 | 140575
11 081773 3000 4900 | 6400316 104815 | 140757
12 035R55 3000 4900 | 2002510 0 43550 01950
13 0 89168 3000 4900 | 7108612 114682 | 121075
14 0 35855 3000 4900 | 2002510 043550 | 01655
15 035855 3000 4900 | 2002510 043550 | 017845
16 0 8845 3000 4900 | 703 9808 113724 12272
17 0 8845 306 0 4885 | 7183184 115637 12273
18 0 8845 213 3496 1395 | 6424511 117954 12273
19 0 35855 249 1433 2200 | 2002510 044140 | 017845
20 0 81671 214 6540 1395 | 584 8515 1 08437 13880
21 0 81671 1700 1375 | 4609041 0 89583 13880
22 097746 1700 1375 | 6246175 116325 | 0.99567
23 0.40874 1700 1375 45 4163 021715 | 039233
24 0 40874 1700 1375 454163 021715 03880
25 040874 1700 1375 45 4163 021715 | 000433
26 0975 1700 1375 | 6221123 115916 10
27 0975 93 9659 1355 | 5142431 097796 10
28 043013 195 9556 2200 | 745165 026271 | 040575
25 043013 196 6451 498 5 75 8407 026312 | 0.40575
30 089772 249 1433 2200 | 7009614 121784 | 001775
31 02990 249 1413 2200 | 1449514 035565 | 016070

1§
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Polnt | Concentration | Temperature | Pressure | Enthalpy | Enthropy | Weight
No X T (°F) P (psia) | h (btu/Ib) | S(bin/b°F) | (g/gl)
32 0.2990 233 8807 1395 | 1449514 035718 | 016070
Parameters of Geothermal Source Stream
40 bnne 3150 2830 390716
41 brine 311 3304 279 3304 390716
42 brine 237 4534 2305 1534 390716
43 bnine 1700 1380 3 90716
Parameters of Air Cooling Stream
50 aIr 517 147 | 1223092 91 647
51 ar 51 9341 1472 | 1223653 91 647
52 ar 73 5463 147 | 1275636 91 647

[0036] In the system described sbave, the hquid produced in separator S1 eventually passes
through heat exchanger HES and 18 parhially vaporized However, the composition of this
liqud 18 only shghtly richer than the composttion of the liquid scparated from the boiling
solution 1n seperator S2 In general, the ncher the compomtion of the iquud added to the basic
solution a8 compared to the compomtion of the hiquid added to the spent working solution
(point 18), the more efficient the gystem In the proposed system, the bulk of liqud from
separator S2, having parameter as point 15 1s throttled to an intermediate pressure, and then
divided mto vapor and hiqud m separator S3 As & result, the hiquid stream having the
parameters of the point 32 which 18 mixed with the spent workang solution stream having the
parameters of the pont 18, 18 leaner than the liquid separated from the boiling solution m
scparator 82 In addition, the recirculating liquid which 15 separated m separator 81 18 mixed
with the vapor stream from separator 83, and, therefors, 18 enniched. As a result, the hqud
stream having the parameters of the pomt 29, which 1s added to the stream of basic golution
having the parameters of the pomnt 10, 18 ncher than the iquid stream produced from separator
51

[0037] If the system 18 mmplified, and the hquid stream from the separator 82 having
parameters of the pomt 15 1s throttled 1 one siep to a pressure equal to the pressure of the
stream having the parameters of the poiot 18, then the system requires less equpment, but sts
efficiency 18 shightly reduced. This sxmphified, but preferred vanant of the system of this

|G
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1ovenhon 18 shown m Figure 1B, where the soparator 53 and the throttle valve TV2 have been
remove along with the streams having the parameters of the points 30, 31 and 32 The
operation of such a venant of this system of Figure 1A does not require further separate
deacription because all of the remaming features are fully descnibed m conjunction with the
detailed description of system and process of Figure 1A

[0038] If the quantty of hqud from seperator S1 15 reduced to such a degree that the
composition of the boiling solution stream having the parameters of the pomnt 10 becomes
equal to the composition of the working solution which passes through the turbine T1, then
the separator 52 can be elimmnated slong with the throttle valve TVl Therefore, the heat
exchanger HE6 also becomes unnecessary, &nd ia alao ehmmated becsuse m thus
implementahon there 18 no nsk of hquid droplets being preasnt 1n the boiling stream dus to
the absance of the separator 82 This even more simphfied vanant of the system of thus
invenhion 18 pregented m Figure 1C Its efficiency 18 yot agamn lower that the efficiency of the
previous vanant described m Figure 1B, but 1t 18 shill more efficient than the system described
1n the prior art.

[0039] The choice 1n between the three vaniants of the system of this mvention 15 dictated by
economic conditions of operations One axpenenced in the art can easily compare the cost
of additional equipment, the value of addittonal power output given by mcreased efficiency
snd make an informed decision as to the exact variant chosen

[0040] A summary of efficiency and performance of these three vanants of this mvention and
the system descnbed in the pnor art are preseated in Table 2

TABLE 2
Performance Summary
Systems of This Invention Pnior Ant
Vanant 1 Vanant 2 Venant 3
Heat Input (Btu) 566 5385 565 5725 564 2810 487 5263
Specific Brine Flow (Ib/Ib) 3 960716 3 9005 3 89159 336225
Heat Rejection (Btu) 476 4062 476 4062 476 4062 414 0260
Turbine Enthalpy Drop (Btu) 93 1119 91 7562 90 2988 75376
Turbine Wark (Btu) 90 7841 89 4623 88 0413 73 4828
Pump Wark (Btn) 29842 25812 2 4240 1 867
Alr Fan Work (Btu) 51414 51414 51414 3 5888
Net Work (Btn) B2 6785 81 7397 80 4759 68 027

| >
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Net Thermal Efficlency (%) 14 595 14453 14 262 13 954
Second Law efficiency (%) 5423 53 703 52 995 5185

{0041] 1t 18 epparent from the smmulated data m Table 2 that all three vanants of this
mvention show improvements in net values net work improvements of21 54%, 20 16% and
18 30%, respectvely; and net thermal and second law efficiency mprovements of 4 59%,
3 58% and 2 21%, respectively

rov t
[0042] In yet another preferred embodiment of the system of this invention designed for the
uhihzation of hest source with moderate to low nitial temperature, such as geothermal, waste
heat and sumilar sources, an :improved configurahon 15 described below
[0043] In a previcous vanant a system wes descnbed which provided substantial
improvements over the prior art United States Patent No 4,982,568 and this vanant
represents a further improvement wn efficiency
[0044] Refermng now to Figure 2, another p referred embodment o fthe s ystern of this
invention, generally 200, 1s shown to mclude a fully condensed working fluid stream 202 st
a temperature close to ambient havimg parameters as at a pomnt 1, which cotresponds to a state
of saturated hiquid, entere 1nto a feed or first pump, P1 The stream 202 having parameters
as at the point 1 18 pumped to an elevated pressure obtaimng a siream 204 having parameters
as at a point 2 Thereafter, the stream 204 having the parameters as at the pomt 2 18 mixed
with & stream 206 of hquid having parameters as at 8 pomnt 39, as descnibed below, forming
a stream 208 having paremeters as at a point 64 The camposition of the stremm 206 having
the parameters as at the point 39 15 leaner than the composition of the stream 204 having the
parameters as at the pomnt 2 (Le., the stream 206 has a lower concentration of the low-boiling
compotent than does the stream 204 ) Obviously, the composition of the stream 208 having
the parameters as at the pomnt 64 18 leaner than the compostion of the siream 204 having
parameters as at the pomt 2, but nicher (having a tugher concentration of the low-boiling
component) than the gtream having the parameters as at the pomt 39
[0045] Thereafter the stream 208 with the parameters as at the pomt 64 passes though a
second heat exchanger HE2, where 1t 15 heated 1n counter-flow with a firet stream 210 having
parameters as at a pomnt 26 m a first heat exchange process 26-27, as described below, to form
A stream 212 having parameters as at a point 33, corresponding to a state of sgturated or
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shghtly sub-cooled hiqmd and a partially condensed stream 214 having parameters as at a
pont 27 Thereafter, the stream 212 having the parameters as at the point 33 18 drvided mnto
two sub-streams 216 and 218, having parameters as at pomnis 3 and 34, respectively The
stream 218 with the parameters as at tho point 34 then passes through a sccond throttls valve,
TV2, whero its presaure 18 reducad, to form a lower pressure stream 220 having parameters as
atapont35 The stream 220 with the parameters as at the point 35, a mixed streem of vapor
and hqud, and 1s sent into a first gravity separatar, S1, where 1t 15 goparated mto a vapor
stream 222 having parameters a& at a pomt 28, and a liqud stream 224 having parametars as
at a point 38 The hiquid stream 224 having the paremeters a at the pont 38 enters into a
second pump, P2, where 1t 18 pumped to a pressure equal to a pressure of the stream 204
having the parameters as at the point 2, forming the siream 206 having the parameters as at
the point 39 Thereafter, the stream 206 with parameters as at the pomnt 39 15 mixed with the
stream 204 having the parameters as at the point 2, as described above.

[0046] The stream 216 having a composttion represented by the parameters as at the point
3 will have a composition referred to heren as a first bothng composition  Obviously, the
compositions of the streams 208, 212, 218, and 220 having the paremeters of the pomnts 64,
33, 34 eand 35, respechively, are the same compomtion as the strcam 216 having the
parameters as atthepomt 3 The composition o fthe streams 2 02 and 204 having the
parameters as at the points 1 and 2, respectively, will have the composition referred to as a
basic composition The composition of the streams 210 and 214 having the parameters as at
the points 26 and 27, respectively as described below, 18 the same the compoaition of the
streams 202 and 204 having the paramsters ss at the points 1 and 2

[0047] The stream 216 having the first boihng composrhion and the parameters as at the point
3, 18 divaded 1nto three sub-streams 226, 228, and 230 having parameters as at points 4, 5 and
62, respectively The sub-stream 226 having the parameters as at the pomt 4 passes through
a fourth heat exchanger HE4, where 1t 18 heated, boiled and partially vaponzed to form a first
partially vaponized stream 232 having parameters as at a point 6 1n counier-flow with a stream
234 of a heat source fluid having entering parameters as at a point 43 and leaving parameters
as at a pomt 45, where the stream 234 15 a geothermal flnd 1n the case of a geothermal
instaliaion. The gub-stream 228 having the parameters as at the point 5 paszes through a
third heat exchanger HE3, where 1t 15 heated, boils and 18 partially vaparized to form a second
parhally vaporized stream 236 having parameters as at a pont 7, i counter-flow with a
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retuming condensing stream 238 having parameters as at & pomt 20 to form & partiaily
condensed stream 240 having parameters as at a pomt 21, a8 descnbed below The sub-
stream 230 having the parameters es at the pomnt 62 passes through a fifth heat exchanger
HES where 1t 13 heated, botled and parhally vaponized to form a third partally vaporized
stream 242 having parameters as at a pomt 63 1n counter-flow by a condensing stream 244
having parameters a5 at a pomt 60 to form a fully condensed stream 246 having parameters
as at a pont 61, as described below

[0048] Thereafter, the streams 232, 236, and 242 having the parameters as at the points 6, 7,
and 63, respectively, are combined forming a combined stream 248 having parameters as at
apomt8 The fully condensed stream 246 heving the parameters as at the point 61 enters into
a circulating or a fourth pump P4, where 1t 18 pumped to a pressure equal to a preasure of the
stream 248 as at the point 8, as described above, to form a higher pressure fully condensed
stream 250 having parameters as at a pomnt 65 Thereafter, the stream 250 having the
perameters as at the point 65 18 combined with the stream 248 having the parameters as at the
point 8, formmng a second combmed stream 252 having parameters as at a pomnt 9 It is
obvious that the composition of the streams 226, 228, 252, 236, 230, 242 and 248 having the
parameters as at the pomts 4, §, 6, 7, 62, 63 and 8, respectively, are the same as the
composition of the stream 216 having the parumeters as at the pomt 3, { e., the first bothng
compostthion. Because the composttion of the streams 244, 246 and 250 having parameters
as at the points 60, 61 and 65 18 leaner than the first boihing compomtion, the composttion of
the combined stream 252 having the parameters as at the point 9 18 leaner than the first boiling
composihon The composition of the streams 244, 246 and 250 having paremeters as at the
pomis 60, 61 and 65 15 referred to heremn as a recirculating compostion, while the
compoartion of the combined stream 252 having the parameters as at the point 9 18 referred
to herein as a second boiling composrtion.

[0049] Thesecond combined stream 252 having the second boiling compoaition and the other
perameters as at the pomnt 9 passes through a sixth heat exchanger HEG, where 1t 18 further
boiled and vaporized to form a further vaponzed stream 254 having parameiers as at a pomnt
11, 1 counter-flow by the stream 234 of the heat source fluud having entering parameters as
atapoint 41 and leaving parameters as at a pomt 43 Thereafter, the further vaponzed stream
254 having the second boi1hing compomtion and the other parameters as at the pomt 11 enters
into a second gravity separator S2, where 1t 18 separated mto a secand vapor stream 256
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baving parameters as at a pount 67, and a second hqmd stream 258 having parameters as at
apomt 68 The second liquid stream 258 having the as at the pomt 68 may be separated mto
two suh-streams 260 and 262 having parameters as at pomnts 15 and 69, respectively, in some
preferred embodiment of this vanant a flow rate of the stream 262 having the parameter as
at the point 69 will be 1s equal to zero  The stream 262 having the parameters as at the point
69, 1f preaent, 13 combmed with the second vapor stream 256 having the parameters as at the
pomt 67, formmg a third combined stream 264 having parameters as at a pomnt 16, the
composition of which will hereafter be referred to as a working composition.

[0050] The streamn 264 having the working composition and the other parameters as at the
point 16 passes through a seventh heat exchanger HE7, where 1t 18 healed and fully vaponized,
and shghtly superheated to form e fully vaponzed stream 266 having parameters as at a point
17, in counter-flow by the stream 234 of the heat source find having entering parameters as
at a point 40 and leaving parameters as at a point 41 The fully vaponized stream 266 having
the worlang composition and the other paramcters as at the pomnt 17, then passes through a
turbine T1, where 1t expands, producing work, end forming a spent stream 268 having the
working composition and other perameters as at 2 point 18

[0051] The second liqud stream 260 having the parameters as at the pomnt 15, as described
above, passes through a first throttle valve TV1, where 1ts pressure 15 reduced to a pressure
equal to the preasure of the stream 222 having the parameters as at a the point 28, as described
sbove, to form a lower pressure strearn 270 having parameters as at a pomnt 19 Then, the
stream 270 having the parameters as at the point 19 enters a third gravity separator 83, where
1t 1 separated 1n0to a thard vapor stream 272 having parameters as at a pomnt 30 and a thard
hqud gtream 274 having parameters as at a point 31 Thereafter, the third hquid stream 274
having the parameters as a the pomt 31 passes throngh a third throttle valve TV3, where 1ts
prossure 18 reduced to & pressure equal to & pressurc of the spent stream 268 having the
paramoters as at the pomt 18, as described above, to form a lower pressure stream 276 having
parameters as at a pomt 32 The stream 276 having the parameters as at the point 32 15 then
combined with the spent stroam 268 having parameters as at the pomt 18, forming the [thard
combined] stream 238 having parameters as at the point 20

[0052] The stream 238 having parameters as at the point 20 passes through the thurd heat
exchanger HE3, where 1t partially condenses, providing heat for a heat exchange process 5-7,
as descnibed above, forming the siream 240 having the parameters at as the point 21 The
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stream 240 having the parameters as at the point 21 entars into a fourth gravity separator 54,
wheze 1t 18 separated mto a fourth vapor stream 280 having parameters as at a point 22, and
a fourth hquid stream 282 havmg parametors as at a point 23  Then, the fourth hquid stream
282 baving parameters as at a pomt 23 18 divided 1nto two liquid sub-streams 284 and 286,
baving parameters as at points 24 and 25, respectively The hquid sub-stream 286 having the
parameters es at the point 25 18 combined with the fourth vapor stream 280 having parameters
asatthepoimnt 22, forming the stream 210 having the basic c ompomtion and the o ther
pammeters as at the point 26

[0053] The liquud sub-gtream 284 having the parameters as at the point 24 enters mto a
cireulating or third pump P3, where 1t 15 pumped to a preasure equal o a pressurs of the
strcama 222 and 272 having the parameters as st poimts the 28 and 30, as doscribed above,
formng a hgher pressure giream 288 having parameters ns at a pomnt 29 Theresfter, the
streams 222, 272, and 288 having the parameters as at points the 28, 29, and 30 are combined
together forming the stream 244 having the circnlabng composition and the other parameters
as at the point 60 The stream 244 having the parameters as at the point 60, passes through
the third heat exchanger HE3, where 1t 18 fully condensed, providing heat for a process 62-63,
to form the stream 246 having the parameters as at the pomt 61, as previously described
Agan, the liquid stream 246 having the parameters as at the pomnt 61 15 pumped by the
circulating or fourth pump P4, to form the lugher pressure stream 250 having the parameters
es al the pomnt 65, which 18 then mixed with the stream 248 having the first boiling
compomnhon and the other parmmpeters as st the point 8, forming the combined stream 252
baving the second boiling compozition and the other parameters as at the pomt 9, as described
above

[0054] The stream 210 having the basic composthon and other parameters as at the point 26
passos through the second heat exchanger HE2, where 1t partially condenses, provading heat
for a heat-exchange process 64-33, as described above, forming the partially condensed
stream 214 having parameters as at a the pomnt 27 Then, the stream 214 having parameters
es at the point 27 passes through a first condenser-heat exchanger HE1, where 1t 18 cooled by
8 coolant styearn 290 having mitial parameter a8 at 2 point 50 and final parameters ag at a
pomt 51 (water or ar), to form the fully condensed stream 202 having parameters as at the
pont 1

[0055] As m the other vanants of the systemn of this invention, the embodiments described
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above are also 18 closed.

[0056] As with the previous embodiunent of system of this invention that the latest vanant
improves upon, the workang process of the system of this mvention 18 composed of two
cycles T he firstcycle1sa cycle ofthe first boiling c omposmition, wiich 15 heated and
vaponzed and then expands i the turbme, and then fully condenses in the first heat
exchanger HE1, a condenser The second cycle 18 & cycle of the recirculating composition,
which only partially boils, producing vapor, this vapor algo passes through the turbine, and
mostly or completely condemses 1n the third heat exchanger HE3 (a recuperative
boiler/condenser) Thencherthe composttion of the hquid stream 284 having the parameters
as at the point 24 (1 e, the hquid produced in the recupemtive boilar/condenser HE3), the
larger the portion of this stream that can be subsequently vaponized, thus increasing the
efficiency of the overall process

[0057] In the previous vanents, the iquid stream having the mittal parameters as at the pomt
24 was pumped to an mtermediate pressure, ennched by mpang with & vapor streem having
tho parameters as at the point 30, and then added to a stroam of the first boiling compoaition
In the present variant of the system of this invention, the condensed hiqud having the
perameters as at the poimnt 24 18 pumped and then enniched, not only by the streem of vapor
having the parameters as at the point 30, but also with a8 much larger streem of vapor having
parameters as st the point 28 As a result, the streams 244, 246 and 250 having the
recirculating composihon and the other parameters ae at the pomnts 60, 61 and 65,
respechively, are ennched sigmificantly more than 1 the previous designs or vanants The
additional enniching with the vapor stream 222 having the parameters as at the point 28 1s
produced by better utthzation of heat released in the process of condensation of the basic
compoaition

[0058] As a result of this better utihzation of heat release 1n the condensation process, the
laiter vaniant of the system of this mvention has an overall efficiency of 3% to 5% higher than
the previous vanants of the system of this mvention. A sample of the heat and performence
balances of this latter variant of the system of this invention are tabulated 1n Tables 3-5, and

the parameters of all points descnibed above and designated in Figure 2 are tabulated in
Table 6

TABLE 3
Simulated Heat Balance Data
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Property Energy Energy
kW Btw/b
Heat In 84,92644| 546 57 Ba/lb]
Heat Rejected 70,606 87| 454 42 Btu/b)
Turbine enthalpy drops 14,912 74 9598
|Gross Generator Power 14,220 04 9152
[Process Pumps (-3 82) 653 04 420
ICycle Output 13,567 00 87 32
Other Pumps and Fans (<4 87) -813 26 5234
Net Output 12,753 74 3208
|Gross Generatar Power 14,220 04 91 52
ICycle Output 13,567 00 87 32
Net Output 12,573 74 82 08
TABLE 4
Simulated Efficiency Data
Property Percentage
%
Net thermal efficiency 15 02
|Second Law Lt 2691
Second Law Efficiency 55 80
TABLE §
Simulated Specific Consumption Data
Property Heat
Btw/Tb
Specific Brne Consumption 154 55
Specific Power Qutput 6 47

OVERALL HEAT BALANCE (Btu/Ib)

Heat In is equal to Brine plus pumps = 546 57 + 3 82 =550.39

Heat Out is equal to turbine plus condenser = 95.98 + 454.42 = 550,39
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TABLE 6
Simulated Speclfic Consumption Data
Pt. X T P H S GRel. | Phase | Wetness
Ib/Tb °F psia Btwlb | Btu/b-R | G/Ge1 b/Th
WORKING FLUID

1 0.9299| 73.27| 126.766] 22.3023| 0.08415| 1.06803] Mix 1

2 0.9298| 74.67| 498.675] 24.4996] 0.09502] 1.06903| Liq -93.23°F

3 0.9250| 165.00] 478.675| 130.1713) 0.26958] 1.00000| Mix 1

4 0.9250] 165.00] 478.675} 130.1713] 0.26958] 0.45691] Milx 1

5 0.9250| 165.00 478.675| 130.1713| 0.26958) 0.41981) Mix 1

6 0.9250| 213.11| 477.675| 527.0695| 0.89377{ 0456911 Mix 0.1624

7 0.9250} 207.99] 477.675| 515.2115| 0.81618] 0.41981| Mix 0.1769

8 0.9250( 209.22| 477.675| 515.8261| 0.97100] 1.00000| Mix 0.1761

9 0.8254| 213.11] 477.675| 396.6378| 0.71018| 1.34291| Mix 0.4228
11 | 0.8254| 303.50| 476.675| 666.9563| 1.08645) 1.34287| Mix 0.1022}
15 | 0.3433| 303.50| 476.675] 2052395 0.00000| 0.13718| Mix 0
16 | 0.8803] 303.50| 476.675| 719.3763| 1.15990] 1.20569| Vap 0°F']
17 | 0.9903] 306.00| 475.175] 721.3333| 1.16278| 1.20569]| Vap 2.7’1“!
18 | 0.8803] 211.57| 131.766| 641.7309] 1.19377| 1.20569] Mix 0.0624
19 | 023433 259.31) 235.449] 2052395) 0.44562| 0.13718] Mix 0.912
20 | 0.8249| 212.99]| 131.766| 596.1109| 1.10762| 1.330BO| Mix 0.1457
21 | 0.8249] 170.00, 130.766| 474.6254; 0.92207{ 1.33090} Mix 0.2613
22 | 0.9757| 170.00] 130.766} 626.2892| 1.17133| 0.99303| Mix 0
23 | 0.3986( 170.00{ 130.766] 459319| 021750 034778 Mix 1
24 | 03986 170.00| 130.766] 45.9319{ 021150 026277 Mix 1
28 | 0.3986) 170.000 130.766| 459319| 0.21750{ 0.09501| Mix 1
26 | 0.9298] 170.00] 130.766| 580.0959| 1.09541| 1.06803| Mix 0.0796
27 | 0.9298| 99.23| 128.766] 441.1110{ 0.91316] 1.06903| Mix 0.2106
28 | 0.9997| 113.13| 235.449| 560.4625| 0.99869| 0.06803| Mix Oi
29 | 0.3986] 170.34| 235.449) 46.5386] 0.21185| 0.26277| Liq -44.74°F
30 | 0.8851) 259.31| 235.449| 110.8870| 1.22271] 0.01207] Mix 0
31 | 02910] 259.31| 235.449| 156.4614| 0.37066| 0.12511| Mix 1
32 | 02910 225.92] 131.766] 156.4614] 0.37300| 0_12511| Mix 0.9453
33 | 0.9250| 165.00| 478.675]| 1301713} 0.26958)] 1.50538] Mix 1
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Pt X T P H S G Rel Phase | Wetness
Ib/1b °F psia Btu/lb | Bow/b-R | G/Gel Ib/1b

34 | 09250| 16500| 478675| 1301713 026958] 050538 M 1
35 09250 11313]| 235449 1301713 027648 050539| Mix 0 8654
38 09134] 11313| 235449| 632351 016414] 043735 Mx 1
39 | 09134]| 11448| 498675| 650826| 016514| 043735] Liq -55 04°F%)
60 | 05350 19951| 235449| 1718993 041197 034287| Mix 0 8295
61 05350] 17000 234449| 475498| 021963]| 034287| Mix 1
62, | 09250| 16500| 478675] 1301713| 026959| 012328 Mix 1
63 09250| 193 51| 477675| 4760256| 081670] 012328| Mix 02323

64 | 05250] 9639%| 498675| 362899| 010856| 150539| ILiq -81 99°F
65 05350} 17097| 477675| 450179 021944 034287 ILig -61 41°F|
67 | 09603 30350 476675} 7193763| 115990| 120569 Mux o]

68 03433 303 50| 476675 2052395 044092 013718} Mmx 1
69 03433] 303 50| 476 675( 2052395 000000] 000000] Mix 0]
HEAT SOURCE

40 | BRINE | 31500 0000| 2871318 0O00000] 371523 Iaq
41 | BRINE | 31437 0000| 2864967 000000| 371523 Liq
43 | BRINE | 21911 0000| 1988263 0000001 371523| Liq
45 | BRINE | 17000 0000 1400149 000000 371523 ILaq
COOLANT
50 | AIR 5170 14693| 1223092] 162806] 675974 Vap 511.4°F
51 AIR 7965 14673 129,0316| 164055 675974 Vap 339 3°F*

52 AIR 7995] 14693 1291036| 164099 675974| Vap 539 6°F*
* Tamperature of Siream at the mdicated point

[0059] All references cated heremn are incorporated by reference  While this invention has
been descrnibed fully and completely, it should be understood that, within the scope of the
appended clamms, the invention may be practiced otherwise than as specifically described.
Although the invention has been disclosed with reference to 1ts preferred embodiments, from
reading this description those of skill in the art may appreciate changes and modification that
may be made which do not depart from the scope and spinit of the invention as descnbed
above end clmmed hereafter
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Iclmim

1 A method for implemanting a thermodynamic cycle comprsing the steps of

transforming thermal energy from a fully vaponzed boiling stream mto a usable
enexrgy form to produce a lower pressure, spent stream,

transfernng thermal energy from an external heat source stream to a boiling stream
to form the fully vaponzed boiling siream and a cooled external heat source stream,

transfarnng thermal energy from the spent stream to a first portion of a heated lugher
pressure, basic warking flud stream to form a partialty condensed spent stream and a first
pre-heated, higher pressure, basic working fluid stream,

transferring thermal energy from the cooled external heat source stream to a second
portion of the heated lugher pressure, basic working flwd stream to form a second pre-heated,
higher pressure, basic working flud stream and a spent external heat source stream,

combimng the first and second pre-heated, higher pressure bagic working flmd
streamns to form a combined pre-heated, higher pressure basic workang fluid stream,

separating the partially condensed spent stream into a separated vapor strcam and a
separated hquad stream,

preesurnizing 8 first portion of the separated hqud stream to a pressure equal to a
pressurs of the combined pre-heated, igher pressure basic working fluid stream to form a
pressunzed hqud stream,

combmng the pressunzed hqud stream with the combmed pre-heated, ugher
pressure basic workng flurd stream to form the boiling stream,

combiming a second portion of the separated hqmd stream with the separated vapor
stream to from a lower pressure, basic working flusd stream,

transfernng thermal energy from the lower pressure, basic working fluid stream to a
higher preasure, basic working flmd stream to form the heated, higher pressure, basic working
fluid atreamn and a cooled, lower pressure, basic working flud stream,

trensfernng thermal energy cooled, lower preasure, basic working fld stream to an
external coolant stream to from a spent coolant stream and a fislly condensed, lower pressure,
basic worlang flud stream, and

pressunzing the fully condenged, lower pressure, basic working flwd stream to the
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23.
higher pressure, basic workmg flmd stream

2 The method of claun 1, wherein the external heat source stream 15 a geothermal
stream

3 A method for implementing a thermodynamic cycle compnsmg the steps of

transformmg thermal energy from a fully vaporized basic working fluid stream mto
a ussble energy form to produce a lower pressure, spent stream,

combming the spent stream with & depressunzed hquid stream to form a lower
pressure mixed stream,

transfernng thermal energy from the lower pressure mixed stream to a first portbion
of a pre heated mgher pressure, basic working flmd stream to form a cooled mixed lower
pressure stream und a first heated, igher pressure, basic working flud stream,

separating the cooled mnted lower pressure stream into a separated lower pressure
vapor stream and a separated lower pressure liquid stream,

mixing a first porhon of the scparated hiquid stream wath the separated vepor stream
to form a second mxed lower pressure stream,

transferring thermal energy from the second mixed lower pressure stream to a higher
pressure, basic worlang fluid stream to form a pre-heated hagher pressure, basic working flud
stream and a cooled second mixed lower preasure stream,

condensing the cooled second mrxed lower pressure stream with an external cooling
stream to form a fully condensed lower pressure basic workang fluid stream,

pressuring the fully condensed lower pressure basic working fluid stream to form a
higher pressure basic worlking flwd stream,

transfermng thermal energy from a thrice cooled externa] heat source stream to a
second portion of the pre-heated higher pressuro basic working flnd stream to form a second
heated higher pressure basic working flutd stream and a spent external heat source stream,

combining the first and second heated lgher pressure, basic working flnd streams
to form a combined heated, higher pressure, basic working flmd stream,

transfermng thermal energy from a fwice cooled external heat source stream to the
combined heated, mgher pressure basic working flud streams to form a hotter higher pressure
basic workang fluid stream and the thrice cooled external heat source stream,

4
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combining a higher pressure separated vapor stream with the hotter gher pressure
basic working fluid stream to form a mixed higher pressure stream,

transfermng thermal energy from a once cooled external heat source stream to the
muxed higher pressure stream to form the twice cooled oxternal stream and a partially
vaponzed mgher pressure stroam,

separating the partially vaporized higher pressure stream into a setond separated vapor
higher pressure stream and a second separated hugher pressure hquid streem,

transfenng thermal energy from an external heat source siream to the second
separated vapor higher pressure stream to form the once cooled external heat source stream
and the fully vaponzed bemc working flud,

reducing the pressure of the second sepamted ngher pressure iquid stream to form
a reduced pressure mixed stream,

separating the reduced pressure mixed stroam mto the first separated vapor stream and
a first reduced preasure separated hquid stream, and

reducing the pressure of the reduced pressure separated liquid siream mto the lower
pressuse hiquid gtream

4 The method of claum 3, wheremn the external heat source siream 15 a geothermal
stream

5 A method for implementing a two cycle tharmodynamic system comprising the steps
of

combining the first compostional stremm with a second compositional stream having
a recirculating compoartion to form a combined stream,

heating the combined stream to form a mixed combine stream with an external heat
source stream,

separsting the mixed combined stream into a vapor combmed stream and a hquid
stream,

fully vapornizing the vapor combined stream to form a fully vaponzed stream with the
external heat source stream,

expanding and transforming thermal energy from the fully vaponzed stream mto &
naable energy form to produce a spent stream,

29
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coohng and separatmg the spent stream into a first compositional precursor stream and
2 second composrtional precursor stream,

condensing the first compositiona] precursor stream,

formmg the first compositional stream from the first conspositional precursor stream
and an ennched stream having a lower concentration. of a low-boiling component, and

formng the second composttional strearn from the second compositional precursor
stream and two lean vapor stream having a hugher concemtraion of the low-boilmy

component

6 The method of claim 5§, wherem the external heat source stream 18 a8 geothermal
piream

2Y
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Titulo CICLO DE POTENCIA Y SISTEMA PARA APROVECHAR FUENTES DE
CALOR DE TEMPERATURA MODERADA Y BAJA

Resumen de WO2004070173

Se divuiga un nuevo ciclo termodinamico para convertir energia a partir de una comente
de baja temperatura, de una fuente externa, en energia aprovechable usando un fludo
de trabajo que consiste de una mezcla de un componente con bajo punto de ebullicién y
un componente de alto punto de ebullicién y que incluye un circuito de alta presién y un
circurto de baja presidn El ciclo es disefiado para mejorar la eficiencia del proceso de
extraccion de energia mediante la recirculacién de una porcién de la comente de liquido
antes de un enfnamiento adicional El nuevo proceso termodindmico y los sistemas para
lograr estas mejoras de eficiencia son especiaimente adecuados para comentes

provenientes de fuentes geotérmicas de baja temperatura

ESPECIFICACION DE PATENTE PCT

TITULO CICLO DE POTENCIA Y SISTEMA PARA APROVECHAR FUENTES DE
CALOR DE TEMPERATURA MODERADA Y BAJA

INVENTOR Alexander | Kalina

ASIGNADA KALEX, INC
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SOLICITUDES RELACIONADAS
[0001] Esta solicitud es una Continuacién-en-Parte de la Solictud de Patente de los
Estados de Unidos Senal No 10/869,134, archivada el 23 de Septiembre de 2003 la
cual es una Continuacién-en-Parte de la Solicitud de Patente de los Estados de Unidos
Senal No 10/357,328 archivada el 3 de Febrero de 2003

ANTECEDENTES DE LA INVENCION
1 Campo de la Invencién
[0002] La presente invencidn descnbe un sistema y un método para el aprovechamiento
de fuentes de calor con temperatura inicial moderada a baja, tales como fuentes de

calor residual de ongen geotérmico u otras fuentes similares

[0003] De forma mas particular, la presente invencién descnbe un sistema y un método
para el aprovechamiento de fuentes de calor con temperatura inicial moderada a baja,
tales como fuentes de calor residual de ongen geotérmico u ofras fuentes similares gue
imphcan un proceso de calentamiento mulb-etapas y al menos un paso de separacidn
para ennquecer el fludo de trabajo el cual eventuaimente se evapora completamente

para [a extraccién de energla
2 Descnipcién del estado del Arte
[0004] Dentro de los antecedentes, patente numero 4882568 de los Estados Unidos, un

fiudo de trabajo es una mezcla de al menos dos componentes con temperaturas de

ebulicidn dferentes La alta presién a la cual este fluido de trabajo se evapora y la
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presién del fluido de trabajo agotado (después de la expansién en la turbina) en la cual
el fldo de trabajo se condensa son seleccionadas de forma que la temperatura inicial
de condensacitn es mayor que la temperatura imcial de ebullicibn Por lo tanto, es
posibie que la temperatura inicial de ebullicién se alcance mediante [a recuperacién del
calor hberado en el proceso de condensacién del fludo de trabajo agotado Pero en un
caso donde la temperatura inicial de la fuente de calor usada es moderada o baja, el
intervalo de temperaturas de la fuente de calor es estrecho, y por lo tanto, el intervalo
de estas para la recuperacion ebullicidbn-condensacién se reduce significativamente y la

eficiencia de los sistemas descritos en los antecedentes disminuye

[0005] De esta forma, existe una necesidad dentro del arte por un nuevo ciclo y un

sistema basado en este para aumentar el aprovechamiento y conversion de energla

RESUMEN DE LA INVENCION
[0006] La presente invenciéon proporciona un método para extraer energla térmica a
partir comentes fuentes de calor con temperaturas baja a moderada que incluye el paso
de transformacién de energla térmica de una comente de ebulkcidn totalmente
evaporada en una forma de energla aprovechable pama producir una comente agotada,
de presibn mas baja La comente de ebullicion totaimente evaporada se forma por la
transferencia de energia térmica desde una comente extema fuente de calor a una
comente de ebullicion para formar la cornente de ebullicion totalmente evaporada y una
comente extemna fuente de calor enfnada El método también incluye los pasos de
transferencia de energla térmica de la comente agotada a una pnmera porcidn de una

comente de fludo de trabajo basico, de mayor presidon, calentada, para formar una
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comente agotada parciaimente condensada y una pnmera comente de fludo de trabajo
bésico pre-calentada, de mayor presién, y transferencia de energla térmica desde la
comente extemna fuente de calor enfnada a una segunda porcién de comente de fluido
de trabajo bésico, de mayor presion, calentada, para formar una segunda comente de
fludo de trabajo bésico pre-calentada, de mayor presién, y una comente externa fuente
de calor agotada El método también incluye los pasos de combinacién de la pnmera y
segunda comentes de fludo de trabajo basico pre-calentadas, de mayor presidon para
formar una comente de fluido de frabajo basico pre-calentada combinada, de mayor
presion y separacion de la comente agotada parciaimente condensada en una comente
de vapor separada y una comnente de liquido separada El método también incluye los
pasos de presunzaciébn de una pnmera porcion de la comente de liquido separada
hasta una presién igual a la presién de la comente de fludo de trabajo basico
precalentada combinada, de mayor presi6n, para formar una comente de liquido
presunzada y combinacién de la comente de liqukio presunzada con la comente de
fludo de trabajo bésico pre-calentada combinada, de mayor presién para formar la

comente de ebullicion

El método también incluye los pasos de combinacién de una segunda porcién de la
comente de ligudo separada con la comente de vapor separada para formar la
comente de fludo de trabajo basico de menor presién, y transferencia de energla
térmica de la comente de fluido de trabajo bésico de menor presién, a una comente de
fludo de trabajo basico de mayor presién, para formar la comente de fludo de trabajo
bésico, de mayor presién, calentada y una comente de fluido de trabajo baeico, de

menor presidon, enfnada El método también incluye los pasos de transferencia de
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energla térmica de la comente de fludo de trabajo basico, de menor presién, enfnada, a
una comente extema de enfnamiento para formar una comente de enfnamiento
agotada y una comente de fludo de trabajo basico, de menor presién, totaimente
condensada, y presunzacidn de la comente de fludo de trabajo basico totaimente
condensada, de menor presién, hasta la comente de fludo de trabajo basico, de mayor

presion

[0007] En una mplementacibn mas eficiente de la presente invencién, el método
proporciona los pasos adicionales de separacion de la comente de ebullicidn en una
comente de vapor y una comente de liquido, combinacién de una porcién de la
comente de liquido con la comente de vapor y su paso a través de un intercambiador
de calor pequefio en contacto con la comente extemna fuente de calor para asegurar
una evaporacién completa y el sobrecalentamiento de la comente de ebullicitén Una
segunda porcidn de la comente de liquido se despresunza hasta una presion gual a al

presion de la comente agotada

[0008] En una implementacién ain mas eficiente de la presente invencidn, el método
proporciona en adicion a los pasos adicionales descntos en el parmafo 0008, los pasos
de separacidn de la segunda porcidn despresunzada de la comente de liquido del
pamrafo 0008 en una comente de vapor y una comente de liquido, donde la comente de
vapor se combina con la comente de liguido presunzada que tiene los pardmetros del
punto 9 y se presunza nuevamente antes de ser combinada con la comente que tiene

los parametros del punto 8 Mientras que la comente de liquido se despresunza hasta

.
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una presion igual a la presion de una comente agotada que tiene ios pardmetros del

punto 18

[0009] La presente invenciébn también proporciona un método termodindmico de dos
ciclos donde un pnmera composicion de ebullicién se calienta, se evapora, se expande
en un turbina para extraer una cantidad de energla més aprovechable tal como energla
eléctnca y se condensa y una composicién recirculante se calienta, se evapora
parciaimente, se expande en la misma turbina para extraer una cantdad de energia
més aprovechable tal como energla eléctnca y se condensa, en donde los dos ciclos

mejoran la eficiencia total del sistema de conversién de energia

[0010] La presente invencidn proporciona sistemas segln lo dispuesto en las Figuras

1A-D y 2 adaptados para implementar los métodos de esta invencién

DESCRIPCION DE LAS FIGURAS
[0011] La invencibn se puede entender mejor si se hace referencia a la siguiente
descnpcién detallada junto con las figuras ilustrativas adicionales en los cuales se

numeran igual como elementos

[0012] La figura 1A representa un diagrama esquemdbco de un cicio termodindmico
prefendo de esta invencién,

[0013] La Figura 1B representa un diagrama esquemético de otro ciclo termodinémico

preferido de esta invencion,
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[0014] La Figura 1C representa un diagrama esquemdtico de otro ciclo termodinamico
prefendo de esta invencién,
[0015] La Figura 1D representa un diagrama esquematico de otro ciclo termodindmico
prefendo de esta invencion,

[0016] La Figura 2 representa un diagrama esquematico de otro ciclo termodinamico
prefendo de esta invencién

DESCRIPCION DETALLADA DE LA INVENCION

[0017] Los inventores han encontrado que un ciclo termodindmico novedoso (sistema y
proceso) puede ser implementado usando un fludo de trabajo que incluye una mezcla
de al menos dos componentes El fluido de trabajo prefendo es una mezcla amoniaco-
agua, aunque otras mezclas, tales como mezclas de hidrocarburos y/o freones puede
ser usada con pridcticamente los mismos resultados Los sistemas y los métodos de
esta invencidn son mas eficientes para la conversion de calor a partir de fluidos con
temperaturas relativamente bajas tales como fluidos de fuentes geotérmicas en una
forma aprovechable de energia Los sistemas usan un filuido de trabajo bésico mult-
componente para extraer la energla de una o mas (al menos una) de las comentes de
fuente geotérmica en uno o mas (al menos uno) intercambiadores de calor o zonas de
intercambio de calor El fludo de trabajo bésico que intercambié calor entonces
transfiere [a energia tdrmica ganada a un turbina (u otro sistema para la extraccion de

energla térmica a partir de una comente de vapor y que convierte la energla térmica en
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energla mecanica y/o eléctnca) y la turbina convierte la energla térmica ganada en
energila mecénica y/o elécinca Los sistemas también incluyen bombas para
ncrementar la presibn de las comentes en ciertos puntos en los sistemas y los
intercambiadores de calor que conducen el fludo de trabajo basico hacia una relacion
de mtercambio de calor con la comente fria Una caracteristica novedosa de los
sistemas y métodos de esta invencién, y una de las caracteristicas que incrementa la
eficiencia de los sistemas, es el resultado de usar un disefio de circuto dividido en dos
que tene un circurto de alta presién y un circurto de baja presién y donde una comente
que contiene liquido agotado separado del vapor agotado desde el circuito de alta
presion se combina con una comente que contiene la comente de baja presién agotada
a la presion de la comente de baja presién agotada antes de la condensacién de la
comente de liqudo completamente condensada y donde la comente combinada es
menos densa que la comente inicial de liquido completaments condensada El
presente sistema es adecuado para unidades de potencia designadas como pequefias

0 medianas tales como instalaciones de potencia de 3 a 5 Mega Vatios

[0018] El fludo de trabajo usado en los sistemas de las presentes invenciones es
prefenblemente un fludo mult-componente que contiene un componente fludo de
menor punto de ebullicibn — el componente de baja-ebullicién — y un componente de
punto de ebullicibn mas alto — el componente de atta-ebullicién Fluidos de trabajo
prefendos Incluyen una mezcla de amoniaco-agua, una mezcla de dos o mas
hidrocarburos, una mezcla de dos o mas freones, una mezcla de hidrocarburos y fredn,
o aquellas similares En general, el liquido puede contener mezclas de cualquier

nimero de compuestos con caracteristicas termodinamicas y solubiidad favorables En
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una forma de ejecucién particularmente prefenida, el fluido contiene una mezcla de agua

y amoniaco

[0019] Debe ser reconocido por una persona con la expenencia convencional que en
los sistemas sefialados de esta invencidon una comente fue dividida en dos o méas sub-
comentes, las vdlvulas que efectian dicha dwvision de la comente son bien conocidas
en el arte y pueden ser ajustadas manuaimente o son ajustadas de forma dindmica de

modo que la dvisidn permita alcanzar la mejora en eficiencia deseada

[0020] Refinéndose ahora a la Figura 1A, se muestra un modo de ejecucién prefendo
de un sistema de esta invencién, generalmente 100 El sistema 100 se descnbe en
términos de las cornentes de operacion usadas, de las condiciones en los puntos dentro
el sistema y del equipo Una comente de fluido de trabajo completamente condensada a
una temperatura cercana a la ambiente que tene pardmetros como los del punto 1,
entra a una bomba de alimentacidn P1, donde se bombea a una presion elevada, y
obttene pardametros como los del punto 2 La composicién de la comente del fluido de
trabajo que tene los parametros del punto 2 sera refenda de aqui en adelante como
una “composicidon basica® o “solucion basica® La comente de fluido de trabajo que tiene
los pardmetros del punto 2, entonces pasa a través de un precalentador o de un
intercambiador de calor recuperativo HE2, donde se calienta en contra flujo mediante
una comente que retoma de la solucién bésica como se descnbe mas adelante, y
obtiene pardmetros como los del punto 3 El estado de la solucion de trabajo basica en

el punto 3 corresponde a un estado de liquido saturado, 0 levemente sub-enfrnado
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[0021] Después de esto, la comente de la solucidn basica que tiene los parametros del
punto 3 se divide en dos sub-corrnientes que henen parametros como los de los puntos 4
y 5, respectivamente La sub-comente que tiene los pardmetros del punto 4, entonces
pasa a través de un intercambiador de calor HE4, donde se calienta y se evapora
parciaimente por una comente de un fludo fuente de calor (¢ g, de la comente de
salmuera geotérmica) que tiene parametros como los del punto 42 segun lo descnto
més adelante, y obtiene parametros como los del punto 8 Mientras que, la comente de
la solucibn basica que tiene los parametros del punio 6 pasa a través de un
intercambiador de calor HE3, donde se calienta y se evapora parciaimente mediante
una comente de condensacién que tiene parametros como los del punto 20 en un
proceso de condensacion 20-21 que tambén se descnbe mas adelante y obtiene
parémetros como los del punto 7 Después de esto, las sub-comentes que tienen
pardmetros como los de los puntos 6 y 7 se combinan, formando una comente
combinada que tiene pardmetros como los del punto 8 La comente de solucién bésica
que tiene los parametros del punto 8 entonces se combina con una comente de una
solucidn recirculante que tiene parametros como los del punto 29 segiin lo descrito mas
adelante, y forma una comente de una solucidn de ebullicion que tiene paradmetros
como los del punto 10 La comente que tiene los parametros del punto 29 esta en un
estado de liquido sub-enfnado, y, por lo tanto, como resultado de la mezcla de las
comentes que tienen los pardmetros de los puntos 8 y 29, ocurre una absorciOn
substancial del vapor, y la temperatura se eleva substanciaimente De esta forma, una
temperatura de la comente que tiene los parametros del punto 10 es generaimente

significativamente mas alta que la de la comente que tiene los parametros del punto 8
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La composicién de la comente que tiene los parametros del punto 10 se refiere aqui

como "solucién de ebullicion”

[0022] La comente de la solucidn de ebullicién que tiene los parametros del punto 10,
entonces pasa a través de un intercambiador de calor HES, donde se calienta y se
evapora por la comente de fludo fuente de calor que tiene parametros como los del
punto 41 La comente evaporada que sale del intercambiador de calor HES ahora tiene
pardmetros como los del punto 11 La comente que tiene los parametros del punto 11
entra entonces en un separador por gravedad $2, donde se separa en una comente de
vapor que hene parametros como los del punto 13 y una comente de liquide que tiene
pardmetros como los del punto 12 La comente de liquido que tiene los parametros del
punto 12 entonces se divide en dos sub-comentes que tienen parametros como los de
los puntos 14 y 15, respectivamente La sub-comente que bene los pardmetros del
punto 14 representa generaimente una porcién muy pequefia de la comente de Ilqwd'o
total, y se combina con la comente del vapor que tiene los parametros del punto 13
segan lo descnto méas adelante, formando una comente de solucion de trabajo con
parametros como los del punto 16 La comente de la solucion de trabajo que tiene los
pardmetros del punto 16, entonces pasa a través de un intercambiador de calor HES (un
intercambiador de calor pequefio algunas veces llamado un secador de vapor para
asegurar que el estado de la comente que sale del intercambiador de calor sea de un
vapor sobrecalentado), donde se calienta aun més por la comente del fluido fuente de
calor que tiene parmametros como los del punto 40, para formar una comente
completamente evaporada y levemente sobrecalentada que tiene pardmetros como los

del punto 17 Después de esto, la comente de la soluciSn de frabajo que tiene los
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pardmetros del punto 17 pasa a través de una turbina T1, donde se expande,
produciendo potencia aprovechable (conversibn de la energla térmica en energia
mecanica y eléctnca) para formar una comente que tene parametros como los del

punto 18

[0023] E! liquido recirculante que tiene los pardametros del punto 18 segun lo descnto
antenormente pasa a fravés de una valvula reguladora TV1, donde su presion se
reduce a una presion intermedia para formar una comente que tiene parametros como
los del punto 18 Como resultado de la regulacién, los pardmetros de la comente en el
punto 19 comesponden al estado de una mezcla vapor-liquido La comente que tiene
los pardmetros del punto 19, entonces entra en un separador por gravedad S3, donde
se separa en una comente de vapor que tiene parametros como los del punto 30, y una
comente de liquido que tiene pardmetros como los del punto 31 La comente de liquido
que tiene los pardmetros del punto 31 pasa a través de una segunda vélvula reguladora
TV2, donde su presibn se reduce ain mas hasta formar una comente que tene
pardmetros como los del punto 32, donde la presidn de la comente que tene los
parametros del punto 32 es igual a la presién de la comente que tiene los parametros
del punto 18 segun lo descnto anteriormente Después de esto, la comente que tiene
los pardmetros del punto 32 y la comente que tiene los pardmetros del punto 18 se
combinan formando una cornente de una solucibn de condensacion que tiene los
pardmetros del punto 20 La comente que tiene pardmetros del punto 20 pasa a través
de un intercambiador de calor HE3, en contra flujo a la comente que tene los
pardmetros del punto §, en un proceso de enfnamiento 5-7 Después de pasar a través

del intercambiador de calor HE3, la comente que tiene los parametros del punto 20 se
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condensa parciaimente, iberando el calor para el proceso de calentamiento 20-21

descnto anteriormente y obtiene pardmetros como los del punto 21

[0024] La comente que tiene los pardmetros del punto 21 entonces entra en un
separador por gravedad 81, donde se separa en una comente de vapor que tiene
pardmetros como los del punto 22 y una comente de liquido que tiene parametros como
los del punio 23 A su vez la comente de liquido que hene los pardmetros del punto 23
se divide en dos sub-comentes que tienen pardmetros como los de los puntos 25 y 24,
respectivamente La sub-comente de liquido que tiene los parametros del punto 25 se
combina entonces con la comente de vapor que tiene los parametros del punto 22,
formando una comente de la solucidn bdsica que tiene parametros como los del punto

[0025] La sub-comente de liquido que tiene los parAmetros del punto 24 entra en una
bomba de circulacién P2, donde su presién se incrementa a una presién igual a una
presién en el separador por gravedad $3, es decir, igual a una presidn de la comente
del vapor que tiene los parametros del punto 30 descnto antenormente, y obtiene
pardmetros como los del punto 8 La comente de liquido que tiene los pardmetros del
punto 8 esta en un estado de liquido sub-enfnado La comente de liquido que tiene los
pardmetros del punto 9 entonces se combina con la cornente del vapor que tiene los
pardametros del punto 30 descnto anteniorments Se elige una presion de las comentes
que tenen loas pardametros de los puntos 9 y 30 de forma tal que el liquido sub-enfnado
que tenga los parametros del punto 9 absorba completamente toda la comente del

vapor que tiene los parametros del punto 30, formando una comente de liquido que
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tiene parametros como los del punto 28 La comente de liqudo que tene los
pardmetros del punto 28 esté en un estado de liquido saturado o sub-enfnado Después
de esto, la comente que tiene los pardmetros del punto 28 entra en una bomba de
circulacion P3, donde su presion se incrementa a una presién igual a la presion de la
comente que tene los parametros del punto 8, y obtiene los pardmetros del punto 29
descnto anteriormente La comente que tiene los parAmetros del punto 29 se combina
entonces con la comente de la solucién basica que tiene los parametros del punto 8,
formando la cornente de la solucién e ebullicidén que hene los parametros del punto 10

descnto antenormente

[0026] La comente de la solucién bésica que tiene los pardmetros del punto 26 entra en
el intercambiador de calor HE2, donde se condensa parcialmente liberando calor para
un proceso de calentamiento 2-3 descrito anteriormente, y cbtiene pardmetros como los
del punto 27 Después de esto, la comente de solucidn basica que tiene los pardmetros
del punto 27 entra en un condensador HE1, donde se enfrla y se condensa
completamente mediante una comente de are o de agua que tiene parametroa como

los del punto 51 descrito méas adelante, y obtiene los pardmetros del punto 1

[0027] Una comente del aire (0 agua) que tiene parametros como los del punto 60 entra
en un venhlador de aire AF (o compresor en el caso de agua) para producrr una
comente de arre que tiene pardmetros como los del punto 51, que hace entrar a la
comente de are que tene los parimetros del punto 51 en el intercambiador de calor
HE1, donde enfria la comente de fluido de trabajo basico en un proceso de enfnamiento

27-1, y obtiene parametros como los del punto 52
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[0028] La comente de fluido fuente de calor con los parametros del punto 40 pasa a
través del intercambiador de calor HE6, donde proporciona calor para un proceso de
calentamiento 8-17, y obtiene los parametros del punto 41 La comente fluido fuente de
calor que tiene los parametros del punto 41 pasa a través del intercambiador de calor
HES, donde proporciona el calor para un proceso de calentamiento 10-11, y obtiene los
pardmetros del punto 42 La comente de fluido fuente de calor que tiene los parametros
del punto 42 entra en el intercambiador de calor HE4, donde proporciona el calor para

un proceso de calentamiento 4-6 y obtiene parametros como los del punto 43

[0028] En las vanantes antenores de los sistemas de esta invencién, la coments
recirculante que tenla parametros como los del punto 29 fue mezciada con la comente
de solucién basica que tenfa pardmetros como los del punto 8 Como resultado de esta
mezcla, una temperatura de la comente combinada que tiene paradmetros como los del
punto 10 fue substancialmente més aita que una temperatura de las comentes que

tienen parametros como los de los puntos 8 y 29

[0030] Refinéndose ahora a la Figura 1D, otro modo de ejecucién del sistema de esta
invenciéon, generalimente 100, se demuestra para incluir un intercambiador de calor
adicional HE7, es decrr, el intercambiador de calor HES estd dwvidido en dos
intercambiadores de calor HES' y HE?, disefiados para reducir la dferencia de la
temperatura entre la comente que tiene los pardmetros como los del punto 10 y las

comentes que tienen los parameiros como los de los puntos 8 y 29
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[0031] En el nuevo modo de gjecucidn, la comente con pardmetros como los del punto
8 se envia dentro del intercambiador de calor HE7 donde se calienta y postenormente
se evapora por una comente fuente de calor, tal como una coments de fludo
geotérmico, que tiene los parametros como los del punto 44, lo que produce la comente
fuente de calor que tiene parametros como los del punto 42 en un proceso de
intercambio de calor en contra flujo 44-42 y una comente que tiene pardmetros como
los del punto 34 Solo entonces se mezcla la comente que tiene los pardmetros como
los del punto 34 con una comente de recirculacidn que tiene parametros como los del
punto 29 (segln lo descnto anteriorments) lo que forma una comente combinada que
tiene parametros como los del punto 10 Se selecciona una temperatura en la cornente
que tiene los pardmetros como los del punto 34, de tal manera que la temperatura de la
comente que tene los pardmetros como los del punto 10 sea igual o muy cercana a la
temperatura de la comente que tiene los pardmetros como los del punto 34 Como
consecuencia, la reversibiidad de mezclar una comente de solucidn bésica y una
comente de solucién recirculante se reduce drashcamente La comente resultante que
tiene los pardmetros como los del punto 10 pasa a través del intercambiador de calor
HES' donde se calenta y se evapora en un proceso en contra flujo 41-44 por la
comente fuente de calor, tal como una comente de fludo geotérmico que tiene los

pardmetros como [os del punto 41

[0032] Este modo de ejecucidn también puede inclurr unas sub-comentes que tienen
pardmetros como los del punto 14, segin lo descnto antenormente, lo cual representa
generalmente una porcién muy pequefia de la comente de liquido total, y se combina

con la comente de vapor que tiene los pardmetros del punto 13 (no mostradas) segun lo
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descrito méas adelante, para formar la comente de la solucidn de trabajo con pardmetros
como los del punto 16 Adicionaimente, este modo de ejecucion también puede inclurr la

unidad AF y las cornentes asociadas segin lo descrnto antenorments

[0033] Las ventajas del arreglo de comentes mostradas en el presente modo de
ejecucién incluyen por lo menos las siguientes una diferencia de temperatura en el
intercambiador de calor HE7 (que es, esenciaimente, la porcién de baja temperatura del
intercambiador de calor HEB en las vanantes antenores) se aumenta substanciaimente
y por lo tanto el tamafio del intercambiador de calor HE7 se reduce, mieniras que el
intercambiador de calor HES® de este modo de ejecucién trabaja exactamente de la
misma manera que la porcion de alta temperatura del intercambiador de calor HES de
las vanantes antenores La eficacia del sistema de este modo de ejecucion no se afecta

en absoluto

[0034] Esta modo de ejecucidn del método de mezclar una comente recirculante con
una comnente de la solucién béasica se puede aplicar a todas las vanantes descntas
antenormente Una persona con expenencia en el arte puede aplicar facimente este

método sin una explicacién adicional

[0035] Un ejemplo de los parémetros calculados para los puntos descntos

antenormente se da en la tabla 1 para el modo de ejecucién mostrado en la Figura 1A
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Parametros de Puntos en el Modo de Ejecucién de la Figura 1A

TABLA 1
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Punto |Concentracién| Temperatura Presién Entalpia | Entropla Peso
No X T(°F) P(psia) h{btu/lb) |S(btuwb"F)| (g/g1)
Parimetro de Corrientes de Fluldo de Trabajo
1 0875 735 133 4001 37 83689 0 08087 10
2 0975 750186 5200 401124 009145 10
3 0 9875 1650 508 2780 147 9816 027769 10
4 0 975 1650| 5082780| 1479816 027769| 06010
5 0875 1650] 5082780| 1476816 027768| 03980
8 0975 208 0 4985] 5791307 096186| 08010
7 0975 2080 4985| 5791307| 096196 0 3990
8 0875 208 0 4985| 5791307 096198 10
9 040874 170 2394 2200 458581| 021737| 03880
10 081773 231 1316 498 5| 433 8631 07629] 140575
11 081773 3000 4900 6400318} 104815, 140757
12 0 35855 3000 4900 200 2510 0 4355 01985
13 0 89168 3000 4900 7108612| 114682| 121075
14 0 35855 3000 480 0 200 2510 043550| 01655
15 0 35855 3000 4900 2002510| 043550| 0 17845
16 0 8845 3000 4900 70396808] 113721| 12272
17 0 8845 306 0 4885 7183184| 115637| 12273
18 0 8845 213 3496 1385| 8424511 117054 12273
19 0 35855 249 1433 2200] 2002510] 044140] 017845
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Punto |Concentracién| Temperatura Presién Entaipia | Entropla Peso
No X T(°F) P(psia) | h(btulb) |S(btulboF)| (g/g1)
20 0 81671 214 6540 1395| 5848515 108437) 13880
21 0 81871 1700 1375| 4808041] 088573] 13880
22 0 87748 1700 1375 624 8175 116325| 089567
23 0 40874 1700 1375 454163| 021715| 039233
24 0 40874 1700 1375 454163| 021715| 03880
25 0 40874 1700 137 5 45 4163 021715] 000433
26 0975 1700 1375| 6221123 115816 10
27 0975 93 9659 1375| 5142431| 0877886 10
28 0 43013 185 8558 2200 74 5165 028271 | 040575
29 043013 106 6491 408 5 75 8407 0263121 040575
30 0 89772 249 1433 2200 7009614| 121784| 001775
31 02880 249 1433 2200 144 8514 035585( 016070
32 0 2980 233 8807 1385 144 B514 0 35718| 018070
Parémetro de Cormrlente de Fuents Geotérmica
40 Salmuera 3150 2830 3 807186
41 Salmuera 311 3304 279 3304 3 90718
42 Salmuera 237 4536 2305 1534 3 80718
43 Salmuera 1700 1380 3 90718
Parametros de Corriente de Alre de Enfriamiento
50 Aire 517 147 122 3092 91 647
51 Are 51 9341 1472| 122 6353 81 6847
62 Aire 73 5463 147 127 5836 91 647
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[0038] En el sistema descrnto antenormente, el liquido producido en el separador S1
eventualmente pasa a través del intercambiador de calor HES y se evapora
parcialmente Sin embargo, la composicién de este liquido es solamente un poco mias
nca que la composicibn del liquido separado de la solucion de ebullicién en el
separador S2 En general, cuanto més nca sea la composicion del liquido adicionado a
la solucién béisica con respecto a la composicién del liquido adicionado a la soluciéon de
frabajo agotada (punto 18), el sistema serd mds eficiente En el sistema propuesto, el
volumen de liquido del separador 82, que tiene pardmetros como los del punto 15 se
regula a una presién intermedia, y después se dvide en vapor y liquido en el separador
$3 Como consecuencia, la coments de liquido que tiene los pardmetros del punto 32
que se mezcla con la comente solucidn de trabajo agotada que tiene los paradmetros del
punto 18, es menos densa que el ligudo separado de la solucidon de ebullicién en el
separador S2 Ademiis, el liquido recirculante que se separa en el separador §1 se
mezcla con la comente de vapor del separador §3, y, por lo tanto, se ennquece Como
consecuencia, la comente de liquido que tiene los parametros del punto 29, que se
adiciona a la comente de la solucién bésica que tiena los pardmetros del punto 10,

més nca que la comente de liquido producida del separador $1

[0037] Si se simplifica el sistema, y la comente de liquido del separador S2 que tiene
pardmetros del punto 15 se regula en un paso hasta una presion igual a la presion de la
comente que tiene los parametros del punto 18, por lo tanto el sistema requiere menos
equipo, pero su eficiencia se reduce levemente Esta vanante simplficada, pero
prefenda del sistema de esta invencién se muestra en la Figura 1B, donde el separador

$3 y la valvula reguladora TV2 han skdo retiradas junto con las comentes que tienen los
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parametros de los puntos 30, 31 y 32 La operacidn de tal vanante de este sistema de la
Figura 1A no requiere una descnpcién més amplia de forma individual porque todas las
caracteristcas restantes se descnben completamente junto con la descnpcion detallada

del sistema y el proceso de ia Figura 1A

[0038] Si la cantdad de liquido del separador $1 se reduce a tal grado que la
composicién de la comente de la solucién de ebullicién que tiene los pardmetros del
punto 10 llega a ser igual a la composicién de la solucidn de trabajo que pasa a través
de la turbina T4, entonces el separador $2 se puede eliminar junto con la véivula
reguladora TV1 Por lo tanto, el intercambiador de calor HE6 también hace innecesano,
y también se elimina porque en esta forma de implementacién no hay nesgo de que
gotas liquidas estdn presentes en la comente de ebullicion debido a la ausencia del
separador S2 Esta vanante ain mas smplificada del sistema de esta invencion se
presenta en Figura 1C Su eficiencia es de nuevo atin méas baja que la eficiencia de la
vanante antenor descrita en |la Figura 1B, sin embargo, sigue siendo méas eficiente que

el sistema descnito en el arte antenor

[0039] La seleccibn entre las tres vanantes del sistema de esta invencién se determina
por ias condiciones econémicas de las operaciones Una persona con axpenencia en el
arte puede comparar facimente el costo del equipo adicional, el valor de la potencia
adicional producida gracias al incremento de eficiencia y tomar una decisién justficada

con relacion a la vanante exacta elegida
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[0040] Un resumen de la eficiencia y el funcionamiento de las tres vanantes de esta
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invencién y del sistema descrito en el arte antenor se presentan en la tabla 2

TABLA 2
Resumen de Desempefio
Sistemas de Esta Invencién Arte antenor
Vanants 1 |Vanante 2 | Vanante 3

Entrada de Calor (Btu) 566 5385| 56855725| 564 281 487 5263
Flujo Especifico de Saimuera (Ib/lb) | 3 980718 3 9005 3 80159 3 36225
Disipacién de Calor (Btu) 476 4082| 476 4082| 476 4082 414 026
Caida de Entalpla en Turbina (Btu) 931119| ©17562| 602088 75 376
Trabajo de Turbina (Btu) 807841| 804823| 880413 73 4824
Trabajo de Bomba (Btu) 2 8842 25812 2424 1867
Trabajo de Ventilador de Aire (Biu) 51414 51414 5 1414 3 5888
Trabajo Neto (Btu) 828785| 817387 804759 68 027
Eficiencia Térmica Neta (%) 14 585 14 453 14 262 13 954
Eficiencia de Segunda Ley (%) 54 23 53 703 52 995 51 85

[0041] Es evidente de los datos simulados en la Tabla 2 que las tres vanantes de esta
invencibn demuestran mejoras en los valores netos mejoras en el trabajo neto de
21 54%, 2016% y 18 30%, respectivamente, y mejoras en las eficiencias netas
térmicas y de segunda ley de 4 59%, 3 58% y 2 21%, respectivamente

Variante mejorada
[0042] Incluso en otro modo de ejecucién prefenda del sistema de esta invencidn

disefiada para el aprovechamiento de una fuente de calor con temperatura imcial
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moderada a baja, tal como fuentes geotérmicas, fuentes de calor residual y similares,

una configuracidn mejorada se descnbe a continuacién

[0043] En una vanante anterior se descnbi® un sistema que proporcioné mejoras
substanciales sobre la patente No 4,882, 588 de Estados Unidos del arte antenor y

esta vanante representa otra mejora en eficiencia

[0044] Refinéndose ahora a Ia Figura 2, otra forma de ejecucion prefenda del sistema
de esta invencion, generaimente 200, se muestra para incluir una comente de fludo de
trabajo completamente condensada 202 a una temperatura cercana a la ambiente que
tienen pardmetros como los del punto 1, que comresponde a un estado de liquido
saturado, entra en un alimento o en una pnmera bomba, P1 La comente 202 que tiene
pardmetros como los del punto 1 se bombea a una presion elevada obteniendo una
comente 204 que tiene pardmetros como los del punto 2 Después de esto, la comente
204 que tiene los pardmetros como los del punto 2 se mezcla con una comente 206 de
liqudo que tiene parametros como los del punto 39, segln lo descnto més adelante,
formando una comente 208 que tiene pardmeiros como los del punto 64 La
composicién de la comente 208 que tiene los parametros como [os del punto 38 es
menos densa que la composicion de la comente 204 que tiene los parametros como los
del punto 2 (es decir, la comente 206 tiene una concentracién més baja del componente
de bajo punto de ebullicién que la comente 204) Obviamente, la composiciéon de la
comente 208 que tiene los pardmetros como los del punto 64 es menos densa que la

composicidn de la comente 204 que tiene parametros como los del punto 2, pero mas
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nca (temendo una concentracién mas alta del componente de bajo punto de ebullicibn)

que la comente que tiene los parametros como los del punto 39

[0045] Después de esto, la comente 208 con los pardmetros como los del punto 64
pasa a través de un segundo intercambiador de calor HE2, donde se calienta en contra
fluio mediante una pnmera comente 210 que tiene pardmetros como los del punto 26 en
un pnmer proceso de intercambio de calor 26-27, segun lo descnto méas adelante, para
formar una comente 212 que tiene pardmetros como los del punto 33, lo que
cormresponde a un estado de liquido saturado o levements sub-enfnado y una comente
parciaimente condensada 214 que tiene pardmetros como los del punto 27 Después de
esto, la comente 212 que tiene los parametros como los del punto 33 se divide en dos
sub-comentes 216 y 218, que tenen pardmetros como los de los puntos 3 y 34,
respectivamente La comente 218 con los parémetros como los del punto 34 entonces
pasa a través de una segunda valvula reguladora, TV2, donde se reduce su presion,
para formar una comente 220 de menor presién que tiene pardmetros como los del
punto 35 La comente 220 con loa parametros como los del punto 35, una comente que
mezcla vapor y liquido, se envia dentro de un pnmer separador por gravedad, 81,
donde se separa en una comente 222 de vapor que tiene pardametros como los del
punto 28, y una comente de liquido 224 que tiene parametros como los del punto 38 La
comente de liquido 224 que hene los pardmetros como los del punto 38 entra en una
segundea bomba, P2, donde se bombea a una presién igual a una presion de la
comente 204 que tiene los pardmetros como los del punto 2, formando la comente 208

que tiene los parametros como los del punto 39 Después de esto, la comente 208 con
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pardmetros como los del punto 39 se mezcla con la comente 204 que tiene los

parametros como los del punto 2, segin lo descrito antenormente

[0048] La comente 2168 que tene una composicidn representada por los parametros
como los del punto 3 tendra una composicién refenda aqul como pnmera composicién
de ebullicibn Obviamente, las compaosiciones de las comentes 208, 212, 218 y 220 que
tienen los pardmetros de los puntos 64, 33, 34 y 35, respectvamente, son la misma
composicién de la comente 218 que tiene los pardmetros como los del punto 3 La
composicion de las cornentes 202 y 204 que tienen los pardmetros como los de los
puntos 1 y 2, respectivamente, tendréa la composicion refenda como una composicién
basica La composicidn de las comentes 210 y 214 que tienen los pardametros como los
de los puntos 28 y 27, respectivamente segin lo descnto mas adelante, es igual la

composicién de las comentes 202 y 204 que tenen los pardmeiros como los de los

puntos 1y 2

[0047] La commente 216 que tene la pnmera composicién de ebullicion con los
pardmetros como log del punto 3, se divide en tres sub-comentes 226, 228, y 230 que
tienen pardmetros como los de los puntos 4, 5 y 62, respectivaments La sub-comente
226 que tiene los pardmetros como ios del punto 4 pasa a través de un cuarto
intercambiador de calor HE4, donde se calienta, ebulle y se evapora parcialmente para
formar una pnmera comente parciaimente evaporada 232 que tiene pardmetros como
en un punto 8, en contra flujo mediante una comente 234 de un fluido fuente de calor
que tiene pardmetrocs de entrada como los del punto 43 y parametros de salida como

los del punto 45, donde la comente 234 es un fludo geotérmico en el caso de una
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instalacién geotérmica La sub-comente 228 que tene los pardmetros como los del
punto 5§ pasa a través de un tercer intercambiador de calor HE3, donde se calienta,
ebulle y se evapora parcialmente para formar una segunda comente parciaiments
evaporada 236 que tiene parametros como los del punto 7, en contra flujo mediante una
comente de condensacién que retoma 238 que tiene pardmetros como (08 del punto 20
para formar una comnente parciaimente condensada 240 que tiene pardmetros como los
del punto 21, segin lo descnto mas adelante La sub-comente 230 que tene los
parametros como los del punto 62 pasa a través de un quinto intercambiador de calor
HES donde se calenta, ebulle y se evapora parcialmente para formar una tercera
comente parciaimente evaporada 242 que tiene pardmetros como los del punto 83 en
contra flujo mediante una comente de condensacion 244 que tiene pardmetros como los
del punto 60 para formar una comente completamente condensada 248 que tiene

parametros como los del punto 81, segin lo descrito més adelante

[0048] Después de esto, las comentes 232, 236, y 242 que tienen los parametros como
en los puntos 8, 7, y 63, respectivamente, se combinan formando una comente
combinada 248 que tiene parametros como los del punto 8 La comente completamente
condensada 248 que tene los pardmetroa como los del punto 61 entra en una
circulacién o una cuarta bomba P4, donde se bombea a una presién igual a la presién
de la comente 248 igual al punto 8, segun lo descrito antenormente, para formar una
comente completamente condensada de mayor presion 2560 que tiene pardmetros como
los del punto 65 Después de esto, la comente 250 que tiene los pardmetros como los
del punto 65 se combina con la comente 248 que tiene los parametros como los del

punto 8, formando una segunda comente combinada 252 que tiene pardmetros como
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los del punto @ Es obvio que la composicién de las comentes 226, 228, 252, 238, 230,
242 y 248 que tenen los parametros como los de los puntos 4, 5, 6, 7, 62, 63 y 8,
respectivamente, es igual a la composicién de la comente 218 que tiene los pardmetros
como los del punto 3, es decr, la pnmera composicibn de ebulicibn Como la
composicidn de las comentes 244, 246 y 250 que tienen parémefros como en ios
puntos 60, 61 y 85 es menos densa que la pnmera composicién de ebullicién, la
composicién de la comente combinada 252 que tiene los pardmetros como los del
punto 9 es menos densa que la pnmera composicion de ebullicibn La composicion de
las comentes 244, 246 y 250 que tienen parametros como los de los puntos 60, 61 y 85
se refiere aqui como composicidon recirculante, mieniras que la composicién de la
comente combinada 252 que tiene los parametros como los del punto 9 sa refiere aqul

como una segunda composicion de ebullicion

[0049] La segunda comente combinada 252 que contiene la segunda composicidn de
ebullicién y los otros pardmetros como los del punto 9 pasa a través de un sexto
intercambiador de calor HEB, donde los procesos de ebulicién y evaporacidn se
intensifican para formar una cornente evaporada més a fondo 2564 que tiene pardmetros
como los del punto 11, en contra flujo mediante una comente 234 de fludo fuente de
calor que tiene al entrar pardmetros como los del punto 41 y al salir parametros como
los del punto 43 Después de esto, la comente sobre evaporada 264 que tiene la
segunda composicion de ebullicion y los otros parametros como los del punto 11 entra
en un segundo separador por gravedad $2, donde se separa en una segunda comente
de vapor 256 que tiene parametros como en un punto 67, y una segunda cornente de

liqudo 258 que tiene parametros como los del punto 68 La segunda comente de
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liquido 258 que hene los pardmetros como los del punto 88 se puede separar en dos
sub-cornentes 260 y 262 que henen pardmetros como los del los puntos 156 y 69,
respectivamente, en una cierta forma de ejecucidn prefenda de eata vanante un
velocidad de flujo de la comiente 262 que tene los parametros como del punto 69 sera
igual a cero La comente 262 que tiene los parametros como los del punto 69, s esta
presente, se combina con la segunda comente de vapor 256 que tiene los pardmetros
como los del punto 67, formando una tercera comente combinada 264 que tiene
parametros como los del punto 16, la composicién del cual de aqui en adelante seré

referida como composicion de trabajo

[0050] La comente 264 que tiene la composicion de trabajo y los ofros parametros como
los del punto 18 pasa a través de un séptimo intercambiador de calor HE?7, donde se
calienta y se evapora completamente, y se sobrecalienta levanten para formar una
comente completamente evaporada 266 que tiene pardmetros como los del punto 17,
en contra fluio medante ia cornente 234 del fludo fuente de calor que tiene al entrar
parametros como los del punto 40 y al salir parametros como los del punto 41 La
comente completamente evaporada 266 que tiene la composicion de trabajo y los otros
parametros como los del punto 17, pasa entonces a través de una turbina T1, donde se
expande, produciendo trabajo, y formando una comente agotada 268 que tiene la

composicion de trabajo y otros parametros como los del punto 18

[0051] La segunda comente de liquido 260 que tiene los parametros como los del
punto 15, segun lo descnto antenormente, pasa a través de una pnmera valvula

reguladora TV1, donde su presién se reduce a una presidn igual a la presién de la
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comente 222 que tiene los pardmetros como los del punto 28, seglin lo descnto
antenormente, para formar una comente de menor presién 270 que tiene pardmetros
como los del punto 19 Entonces, la comente 270 que tene los pardmetros como los del
punto 19 entra en un tercer separador por gravedad §3, donde se separa en una
tercera comente de vapor 272 que tiene pardmefros como [os del punto 30 y una
tercara comenta de liquido 274 que tiene pardmetros como los del punto 31 Después
de esto, la tercera comente de liquido 274 que tene los pardmetros como los del punto
31 pasa a través de una tercera vélvula reguladora TV3, donde su presiéon se reduce
hasta una presién igual a la presiton de la comente agotada 268 que tiene los
parametros como los dei punto 18, segun lo descnto antenormente, para formar una
comente de menor presion 276 que tiene pardmetros como loa del punto 32 La
coments 278 que tiene los parametros como los del punto 32 se combina entonces con
la comente agotada 268 que tene parametros como en el punto 18, formando la

comente [la tercera combinada] 238 que tiene pardmetros como los del punto 20

[0052] La comente 238 que tiene pardmetros como los del punto 20 pasa a través del
tercer intercambiador de calor HE3, donde se condensa parcialmente, proporcionando
el calor para un proceso de intercambio de calor 5-7, segin lo descnto antenormente,
formando la comente 240 que tiene los pardmetros como los del punto 21 La comente
240 que tiene los parametros como los del punto 21 entra en un cuarto separador por
gravedad S4, donde se separa en una cuarta comente de vapor 280 que tiene
pardmetros como los del punto 22, y una cuarta comente de liquido 202 que tiene
pardmetros como los del punto 23 Entonces, la cuarta comente de liquido 282 que

hene parametros como los del punto 23 se dvide en dos sub-comentes de liquido 284 y
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286, que tienen parametros como los de los puntos 24 y 25, respectivamente La sub-
comente de liquido 286 que tiene los pardmetros como los del punto 26 se combina con
la cuarta comente de vapor 280 del vapor que tiene pardmetros como los del punto 22,
formando la comente 210 que tienen la composicién bésica y los otros parametros

como los del punto 26

[0053] La sub-comente de liquido 284 que hene los parametros como los del punto 24
entra en un circulacién o en una tercera bomba P3, donde se hombea a una presi6n
igual a una presion de las comentes 222 y 272 que tienen los parametros como en los
puntos los 28 y 30, segiin lo descrnio antenormente, formando una comente de mayor
presion 288 que hene pardmetros como los del punto 29 Después de esto, las
comnentes 222, 272, y 288 que tienen los parAmetros como los de los puntos 28, 29, y
30 se combinan formando la comente 244 que tiene la composicion de circulacién y los
otros parametros como los del punto 60 La comente 244 que tiene los parametros
como los del punto 60, pasa a través del tercer intercambiador de calor HE3, donde se
condensa completamente, proporcionando el calor para un proceso 62-63, para formar
la comente 248 que tiene los parametros como los del punto 61, segin lo descrto
previamente Una vez mas la comente de liquido 248 que tiene los pardmetros como
los del punto 61 se bombea por la circulacién o 1a cuarta bomba P4, para formar la
comente de mayor presién 250 que hene los parametros como los de! punto 65, que
entonces se mezcla con la comente 248 que tene la pnmera composicidn de ebulicidon
y los otros parametros como los del punto 8, formando la comente combinada 252 que
tiene la segunda composicidon de ebullicién y los otros pardmetros como los del punto 9,

segun lo descnto antenormente
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[0054) La cornente 210 que tiene la composicidn bésica y otros parametros como los
del punto 26 pasa a través del segundo mtercambiador de calor HE2, donde se
condensa parcialmente, proporcionando el calor para el proceso de intercambio de calor
84-33, segun lo descnto antenormente, formando la comente parciaimente condensada
214 que tiene pardmetros como los del punto 27 Entonces, la comente 214 que tiene
parametros como los del punto 27 pasa a través de un pnmer intercambiador de calor —
condensador HE1, donde se enfria mediante una comente de enfnamiento 290 que
tiene pardmetros iniciales como los del punto 50 y parametros finales como los del
punto 51 (agua o arre), para formar la cornente completamente condensada 202 que

tiene parametros como en el punto 1

[0055] Como en las otras vanantes del sistema de esta invencién, los modos de

ejecucidon descritos antenormente son también divulgados

[0058) Como con los modos de ejecucion previos del sistema de esta invencién, donde
la Gluma vanante introduce mejoras scbre la antenor, el proceso de trabajo del sistema
de esta invencién se compone de dos ciclos El pnmer ciclo es un ciclo de la pnmera
composicién de ebullicién, la cual se calienta y se evapora y después se expande en Ia
turbina, y después se condensa completamente en el pnmer intercambiador de calor
HE1 (un condensador) El segundo ciclo es un ciclo de la composicién recirculante, la
cual ebulle solo parciaimente, produciendo vapor, este vapor también pasa a fravés de
la turbina, y se condensa mayontana o totaimente en el tercer intercambiador de calor

HE3 (una caldera/condensador recuperativo) Cuanto mas nca es la composicién de la
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comente de liquido 284 que tiene los parametros como los del punto 24 (es decrr, el
lilquido producido en la caldera/condensador recuperatvo HE3), sera mayor la porcion
de esta cornente que puede ser evaporada postenormente, aumentando de esta forma

la eficiencia total del proceso

[0057] En las vanantes antenores, la comente de liquido que tenia los parametros
iniciales como los del punto 24 fue bombeada a una presién intermedia, ennquecida
mediante la mezcla con una comente de vapor que tenia los parametros como los del
punto 30, y después adicionada a una comente de la pnmera composicidn de ebullicion
En la presente vanante del sistema de esta invencion, el liquido condensado que tiene
los parametros como los del puntio 24 se bombea y después se ennquece, no
solamente por la comente de vapor que tiene los parametros como los del punto 30,
sino también con una comente mucho mas grande de vapor que tiene parametros como
los del punto 28 Como consecuencia, las comentes 244, 246 y 250 que tienen la
composicidn recirculante y los otros pardmetros como en los de los puntos 60, 61 y 65,
respectivamente, se ennquecen considerablemente mas que en los disefios o las
vanantes antenores El ennquecimiento adicional con la comente de vapor 222 que
tiene los pardmetros como los del punto 28 se produce gracias a un mejor
aprovechamiento del calor iberado en el proceso de condensacién de la composicién

basica

[0058] Como resultado de un mejor aprovechamiento del calor iberado en el proceso
del condensacion, la Gltima vanante del sistema de esta invencion tiene una mayor

eficiencia total, entre el 3% y el 5%, que las vanantes antenores del sistema de esta
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mnvencién Una muestra de los balances de calor y desempefio de esta ulbma vanante

del sistema de esta invencidn se tabula en tablas 3-5, y los pardmetros de todos los

puntos descntos anterormente y sefialados en la figura 2 se tabulan en la tabla 8
TABLA 3

Datos Simulados de Balance de Calor

Propiedad Energla Energla
kW Btuflb
Entrada de Calor 84,826 44 546 57
Calor Disipado 70,608 87 454 42
Caldas de Entalpla en la Turbina 14,912 74 85 98
Potencia Bruta del Generador 14,220 04 9152
Bombas de Proceso (-3 82) -853 04 420
Produccién del Ciclo 13,567 00 87 32
Otras Bombas y Ventiladores (-4 87) -813 26 523
Produccion Neta 12,753 74 8208
Potencia Bruta del Generador 14,220 04 91 52
Produccién del Ciclo 13,587 00 87 32
Produccion Neta 12,573 74 82 08
TABLA 4
Datos Simulados de Eficiencia
Propiedad Porcentaje %

Eficiencia Témmica Neta 1502

Limite de la Segunda Ley 26 91

Eficiencia de la Segunda Ley 55 80

TABLA 5

Datos Simulados de Consumo Especifico

Propiedad Cafor

Btu/Lb
Consumo Especifico de Saimuera 154 55
Produccién Especifica de Potencia 6 47
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Entrada de Calor es igual a salmuera mas bombas = 546 57 + 3 82 = 550 39

Salida de Calor es igual a turbina mas condensador = 95 88 + 454 42 = 550 39

TABLA 6

Datos Simulados de Consumo Especifico

67

Pt X T P H S G Rel Fase | Humedad
ibb F psla Btu/Lb | Btulb-R GIG-1 Ibb
FLUIDO DE TRABAJO
1 0 9209 73271128766 223023| 008415| 108803)Mez 1
2 0 9298 7487|498675] 2449968| 009502] 108903(Ligq -93 23°F*
3 0 8250 16500478 6875| 1301713 028958 100000|Mez 1
4 0 8250 16500|4786875| 1301713| 026958] 045681 |Mez 1
5 0 9250 16500|4786875| 1301713| 026958| 041981 |Mez 1
8 0 8250 213 111477675| 5270895 089377| 045881 |Mez 0 1624
7 096250 207 991477675| 5152115| 181618] 041981 |Mez 01769
8 0 9250 2090221477 675| 5158261| 197100| 100000|Mez 01781
9 0 8254 213111477 675| 3566378 071018 134281 |Mez 04228
11 0 8254 30350|476675| 6669563| 108845| 134287|Mez 01022
15 03433 30350476 675] 2052385| 000000} O 13718{Mez 0
16 08803 30350(478675, 7193763 115880] 120568| Vap 0°F*
17 0 9803 306 00/475175| 7213333| 116278| 1 20569| Vap 27°F
18 08803 211571131768 6417308 118377 120569|Mez 0 0624
19 03433 25931]235448) 2052385]) 044562]| 0 13718]Mez 0912
20 0 8249 21299/131766| 5961108| 1107682| 1 33080|Mez 01457
21 0 8249 1700011307668| 4746254 002207 1 33090|Mez 02813
22 0 9757 17000)130766! 6262892| 1 17133] 099303 |Mez 0
23 0 3986 17000130766 458318]| 021750| 0 34778|Mez 1
24 0 39886 17000{1307668| 459318 021150| 026277 |Mez 1
25 0 3986 17000130766 458319) 021750] 0 08501)Mez 1
26 092908 170001130 7668| 5800958| 108541 1 08803|Mez 00796
27 0 8208 0923(128 768| 441 1110] 091316| 1 08603 )Mez 02106
28 0 8897 11313)235448) 5604625| 096885 008803 )Mez 0
28 0 3986 17034(235448| 465388| 021185| 026277] Lig -44 74°F*
30 0 8851 25931(235449| 1108870) 122271 001207 Mez 0
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PL X T P H () GRel | Fase [ Humedad
Ib/b oF psla | Btulb | BuwibR | G/G-1 Ibfib
a1 02910] 25931[235449| 15646814] 037086] 012511 |Mez 1
32 02010 22592]131768] 15646814 037300 012511[Mez 0 9453
33 09250| 16500[478675| 1301713| 026958| 150538 |Mez 1
34 09250| 16500|478675] 1301713] 026958| 0 50538|Mez 1
35 09250 11313]235449| 1301713] 027648| 050530|Mez 0 8654
38 00134] 11313|235449| 632351| 016414| 043735|Mez 1
39 09134 11448|4986875| 650828 016514( 043735{Lq -55 04 *F*
80 05350 18951(235449| 17168093| 041197 0234287 |Mez 0 8295
61 05350| 17000(234449| 475498| 021983] 034287 |Mez 1
62 09250 16500(478675| 1301713| o026859| 0 12328(Mez 1
83 09250| 19351[477675] 4760256| 081670| 0 12328|Mez 02323
84 0 9250 9639(488675] 362899| 010898 150539 |Lq -81 99°F*
85 05350 17097|477675| 480179] 021944| 034287|Lg £141°F°
67 00603 30350|476675| 7103763| 115000| 120560 |Mez 0
68 03433 30350[478675! 2052395| 044002| 013718|Mez 1
69 03433| 30350({476675| 2052395| 000000| O 00000|Mez 0
FUENTE DE CALOR

40[SALMUERA| 31500/ 0000/ 287 1318 0! 371523|Lq

41|SALMUERA| 31437 0000/ 2864867 0] 371523|Lq

43[SALMUERA| 21911| o0000| 1988263 o] 371523|Lq

45[SALMUERA| 17000| 0000 140 0148 0] 371523|Liq

REFRIGERANTE

50| AIRE 5170| 14693] 1223002| 162808| 67 50974|Vap 511 4°F*
51| AIRE 7965( 14673| 1200316| 164085 67 5974)|Vap 530 3'F*
52 | AIRE 7995| 14693| 1291036| 164000| 67 5974|Vap 539 6°F"

*Temperatura de la Comente en el punto indicado

[0058] Todas las referencias citadas aqul son incorporadas mediante referencia No

obstante esta invencién se ha descnto completa y totalmente, se debe entender que,

dentro del alcance de las rewvindicacionas adjuntas, la invencién se puede poner en

practica de otras maneras diferentes a las descntas de forma especifica Aunque la

invencion se ha divulgado con referencia a sus modos de ejecucion prefendos, a partir
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REIVINDICACIONES

1 Un método para la implementacién de un ciclo termodindmico que consta de los
pasos de

transformacion de energia térmica de una cornente de ebullicidn completamente
evaporada en una forma de energia aprovechable para producir una corriente agotada,
de menor presion,

transferencia de energia térmica desde una comente externa fuente de calor a
una comente de ebullicibn para formar la cormente de ebullicibn completamente
evaporada y una comente externa fuente de calor enfnada,

transferencia de energla témica desde la comente agotada a una pnmera
porcién de comente de fludo de trabajo bésico, de mayor presién, calentada, para
formar una comente agotada parciaimente condensa y una pnmera comente de fiuido
de trabajo bésico pre-calentada, de mayor presion,

transferencia de energia térmica desde la comente externa fuente de calor
enfnada a una segunda porcion de comente de fludo de trabajo basico, de mayor
presidn, calentada, para formar una segunda comente de fludo de frabajo bésico pre-
calentada, de mayor presion, y una coments externa fuente de calor agotada,

combinacidn de la pnmera y segunda comentes de fiudo de trabajo basico
precalentadas, de mayor presién para formar una comente de fludo de trabajo basico

precalentada combmada, de mayor presion,

separacion de la comente agotada parciaimente condensada en una comente de

vapor separada y una comiente de liquido separada,
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presurizacién de una pnmera porcién de la comente de liqudo separada hasta
una presidn igual a la presion de la comente de fluido de trabajo basico precalentada
combinada, de mayor presién, para formar una comente de liquido presunzada,

combinacién de la comente de liquido presunzada con la comente de fiuido de
trabajo basico combinada precalentada, de mayor presidn para formar la comente de
ebulhcion,

combmacién de una segunda porcién de la comente de liquido separada con la
comente de vapor separada para formar la comente de fludo de trabajo bésico de
menor presion,

transferencia de energla térmica de la comente de fluido de trabajo bésico de

menor presidon, a una comente de fludo de trabajo bésico de mayor presiéon, para
formar la comente de fludo de trabajo basico, de mayor presion, calentada y una
comente de fludo de trabajo bésico, de menor presion, enfrnada,

transferencia de energla tdrmica de la cornente de fludo de trabajo bésico, de
menor presion, enfnada, a una comente extema de enfnamientc para formar una
comente de enframiento agotada y una comente de fluido de trabajo basico, de menor
presion, totalmente condensada,

presurizacion de la comente de fluido de trabajo basico totaimente condensada,

de menor presion, hasta la comente de fluido de trabajo bésico, de mayor presién

2 El método de la reivindicacion 1, en donde la comente externa fuente de calor es una
comente geotérmica
3 Un método para la implementacién de un ciclo termodindmico que consta de los

pasos de
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de la lectura de esta descnpcion aquellas personas con expenencia en el arte pueden
estimar cambios y modificaciones que se pueden llevar a cabo y que no se separan del
alcance y del espimtu de la invencidn segin lo descrto antenormente y de lo

revindicado a continuacion
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transformacién de energla térmica de una comente de fludo de trabajo basico
completamente evaporada en una forma de energla aprovechable para producir una
comente agotada, de menor presion,

combinacién de la comente agotada con una comente de liquido despresunzado
para formar un comente mezclada de menor presion,

transferencia de energla térmica de una comente mezclada de menor presién &
una pnmera porcidn de una comente de fludo de trabajo basico, de mayor presion, pre-
calentada, para formar una comente mezclada enfnada de menor presion y una pnmera
comente de fludo de trabajo basico calentada, de mayor presion,

separacion de la comente mezclada enfnada de menor presion en una comente
de vapor de menor presién separada y una comente de liquido de menor presién
separada,

mezcla de una pnmera porcidon de la comente liquido separado con la comente
de vapor separado para formar una segunda comente mezclada de menor presion,

transferencia de energla térmica desde la segunda comente mezclada de menor
presién a una comente de fludo de trabajo basico, de mayor presion, para formar una
comente de fluido de trabajo bésico pre-calentada, de mayor presion, y una segunda
comente mezciada de menor presiéon enfnada,

condensacién de la segunda comente mezclada de menor presion enfnada con
un comente de enframiento externa para formar una comente de fludo de trabajo de
menor presién completamente condensada,

presunzacion de la comenie de fludo de trabajo de menor presidn
completamente condensada para formar una comente de fludo de trabajo de mayor

presién,
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transferencia de la energla térmica desde una corriente externa fuente de calor
tres veces enfnada a una segunda porcién de la comente de fluido de trabajo bésico de
mayor presién pre-calentada para formar una segunda comente de fluido de trabajo
basico de mayor presién calentada y una comente externa fuente de calor agotada,

combinacién de la pnmera y segunda correntes de fluido de trabajo bésico, de
mayor presion, calentadas, para formar una comente combinada calentada de fluido de
trabajo basico, de mayor presion,

transferencia de la energla térmica desde una comente extema fuente de calor
dos veces enfnada a la cornente combinada calentada de fluido de trabajo basico, de
mayor presion para formar una comente de fludo de trabajo bésico, de mayor presién,
mds caliente y una comente externa fuente de calor tres veces enfnada,

combinacién de una commente de vapor de mayor presion separada con la
comente de fludo de trabajo basico, de mayor presion, mas caliente para formar una
comente mezclada de mayor presion,

transferencia de energia térmica desde una comente fuente de calor enfnada
una vez a la comente mezclada de mayor presidn para formar una comente externa dos
veces enfnada y una comente de mayor presién parciaimente evaporada,

separacién de la comente de mayor presibn parciaimente evaporada en una
segunda cornente de vapor de mayor presion separada y una segunda comente de
liqguido de mayor presidn separada,

transferencia de la energia tdrmica desde una comente externa fuente de calor
la segunda comente de vapor de mayor presién separada para formar la comente
externa fuente de calor enfnada una vez y el fludo de trabajo basico completamente

evaporado
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reduccidn de la presibn de la segunda comente de liquido de mayor presion
separada para formar una cornente mezclada de presion reducida,

separacién de la comente mezclada de presién reducida en la pnmera comente
de vapor separada y una primera comente de liquido de presién reducida separada, y

reduccidn de la presién de la comente de liquido de presion reducida separada

produciendo una comente liquida de menor presion

4 El método de la revindicaciébn 3, en donde la comente externa fuente de calor es

una comente geotérmica

5 Un método para la implementacién de un ciclo termodindmico que consta de los
pasos de

combinacién de la pnmera comente compositiva con una segunda comente
compositiva que tienen una composicion recirculante para formar una comente
combinada,

calentamiento de la comente combinada para formar una comente combinada
mezclada combinada con una comente externa fuente de calor;

separacion de la comente combinada mezclada en una comente de vapor
combinada y una comente de liquido,

evaporacién completa de la comente de vapor combinada para formar una
comente de vapor completamente evaporada con la comente externa fuente de calor,

expansion y transformacidn de la energia térmica de la comente de vapor
completamente evaporada a una forma de energla aprovechable para producrr una

comente agotada,
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enfnramiento y separacion de la comente agotada en una primera comente
precursora compositiva una segunda cormmente precursora compositiva,

condensacién de la pnmera comente precursora compositiva,

formacién de la pnmera comente compositiva a partir de la pnmera comente
precursora compositiva y una comente ennquecida que tiene una menor concentracion
de un componente de baja ebullicidn, y

formacién de la segunda comente compositiva a partir de la segunda comente
precursora compositiva y de la comente menos densa de vapor dos que tienen una

concentracidn mas alta del companente de baja ebullicién

8 El método de la reivindicacién 5, en donde la cornente externa fuente de calor es una

comente geotérmica
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INTERNATIONAL PRELIMINARY
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Inserasioml spplication No. Eosernatioesl filing data EiayAmenth/year) | Priovity dain (dey/month/year)
PCT/USOV/0300S . | 08 Pelyuary 2004 (03.02.2004) _ 03 Febyusry 2003 (03.02.2003)
Applican
KALEX, LLC.
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internations] preliminary examination repost axd its snoexes, if any, established on the inlemational application.

2. A copy of the report and Its annexes, {f any, iy being transmitted to the International Buresn for commumication
to afl the olacted Offices.

3. Wham required by any of the elected Offices, the Internationsl Burean will propars an English translation of the
report (but not of sy soexes) and will teanamit such translation to those Offices,

4. REMINDER

The applicant must enter the nxtional plase befors each elected Office by performing cestain acts (filing
tramslations and paying national fbes) within 30 monthe from the priority date (or later in mms Officea)(Arnicie
39(1))(sco also the reminder sent by the International Buresu with Form PCT/IB/301).

Wher a tanslation of the intsroational application must be furmished 0 an slocted Office, that translation muet
contain a translation of sny amexns (o the intermational prefiminary exsmination repost, It iy the applicant’s
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!  This intematioual prelsninary exsmmation report hes boen prepared by this Internatsone] Prelbminary
Examining Authorlty and Is tranaritted to the spplicent acconding w0 Article 36.

2 This REPORT coneusta of & total of 2 shoots, tnchaling this cover shoet

[] This reprt is alao sccompened by ANNEXES, Lo, sheets of the descripbon, claims snd/or drawings
which have boen smended and are the basls for this report and/or slwets containing recttfications mads
before thus Authortty (see Rula 70.16 and Scetion 607 of the Admialstrative Instractions under the PCT)

These annexes consist of 2 total of ___ sheets.

3  This report containg mdications relating o the fallowing items:

I X Buss of e report

o [ priory

M [_] Noo-cetabitstment of report with regard 1o novelty irventive stap snd incherial applicahility
IV [ ] Lack of oty of mvention

v D Reasoond statement under Article 35¢Z) with regard to novelty inventive sep oc industrial

spphcshility- cutstions end explanations sxpporting such statement

VI [] Cartein documents ciet
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P.0. Bux 1430

Alexmdria, Vigals 21313 1450
Facaanile No. (703) 305-3230 o (703) 208-0861
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INTERNATIONAL PRELIMINARY EXAMINATION RENORT FCT/USOLTIMmS

L Bauis of the report

| With regard o the elements of the uxerostioosl spplicatnn. *
[X) the utomationat appiicancn as origzally filed

the description.
pages ) 21 a3 origiaally filed
pages NONE filed with the dexoand
pages NONE filod with the letter of
the clakms
pagea 22-29 » B8 origmally fled
PagesNONE =~ as amended (together with any statement) uader Article 19
pages NONE filed with the desnand
pages NONB filed with the latter of
the drawings:
pages 13 » 80 onginally filed
pagu NONE ~ filed with the demand
pigemNONE =~ flled with the letier of
D the sequenns listing part of the description.
pages NONE us origmally fied
Qg NONE ~~ flled with e desomnd
pagea NONR filad wath the Jetier of

2 Wik rgand io the lnsgeage, all the clorosts marknd above ware avallahie or furnished w this Authordly m the
loguage in which the international application wes filed uoles ctherwise indicated ooder this e,
Thase slements wers availshis or furmshed to tils Authorlty in the following langnage ____ which is.

[] the language of  transiation furnished for the parposes of nternstional search (under Rule23 1(b))
[] the enguags of pubscation of the internatonal applicetion (ander Ruls 48 3()
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552ad/or58 )
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international prebrainery examinahon was carried out on G basis of the saquence lstmg.
[] contained in the intemations! sppiicasion in prineed focn.
fiiad ogether with the intemataonal application w1 comgxier readshie form.
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[} temistet atwequenty o this Awthority n computer readable form.
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E the description, pages NONE
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¢ Ay replacement sheet containing suck amendments must be referved to under ltem | and amexed 1o this report
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A new tharmodynemic cy. S disclosed for convering energy froma  temperature stream external soun
into useable energy using a working fluid compnsing of a mixture of a low boiing component and a lugher boilin
component and including a ngher preasure circurt and a lower pressure arcuit  The cycle is designed o impro
the efficiency of the energy extracton process by recirculating 2 portwon aof a iquid stream priar ta further cooline
The new thermodynamic processes and systems for accomphshing these improved efficiencies are especially f }
well suited for streams from low lemperature geothermat sources 7



P AT FICAT

TITLE POWER CYCLE AND SYSTEM FOR UTILIZING MODERATL AND
LOW TEMPLRATURE HEAT SOURCES

INVENTOR Alexanderl Kalina

ASSIGNEE KALEX INC

RELATED APPLICATIONS
[{0001] Ttus application 1s 2 Continuation-in-Part of Unuted States Patent Application Senal
No 10/669 134 filed 23 September 2003 which 1s a Continuation in-Part of Umited States
Patent Application Senal No 10/357,328 filed 3 February 2003

FT I

1 Field of the Invention
[0002] The present invention relates to a system and method for the utilization of heat sources
with moderate to low initial tempemature, such as geothermal waste heat sources or other
similar sources.
(0003] More particularly the present tnvention relates to a system and method for the
utihizahon of heat sources with moderate to low inihal temperature, such as geothermal waste
heat sources or other similar sources involving a multi-staged heating process and at least one
separation step to ennch the worlang fluid whuch 1S eventually fully vaponzed for energy
extraction
2 Description of the Related Art
[0004] In the prior art US patent number 4982568 a working fluid 15 a mixture of at least
two components with different boiling temperatures The high pressure at which this working
fluid vaponzes and the pressure of the spent working flusd (after expansion in a turbine) at
which the working flud condenses are chosen in such a way that at the imtral temperature of
condensation 1s higher than the imtial temperature of boiling. Therefore 1t 1s possible that the
iitial bothing of the working fluid 1s achueved by recuperation of heat released in the process
of the condensation of the spent workiag fluid But 1n a cuse where the imitial temperature of
the heat source used ts moderate or low the range of lemperatures of the heat source 1s
narrow and therefore the possible range of such recuperative boiling-condensation 1s
signulicantly reduced and the efficiency of the system descnbed 1n the prior ant diminishes
10005] Thus there 1s a need int the ant for a new thermodynamic cycle and a system based

thereon for enhanced cnergy utilization and conversion
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SUMMARY OF THE INVENTION

|0006] The preseat invention provides a method for extracting thermal energy from low to
modecrate temperatures source streams including the step of transforming thermal energy from
a fully vaponzed boiling stream into a usable energy form to produce a lower pressure, spent
stream The fully vaponzed borhing stream 15 formed by transfemng thermal energy from an
extemal heat source stream to 2 boiling stream to form the fully vaporized boiling stream and
a cooled external heat source stream The method also includes the steps of transferring
thermal encrgy from the spent stream 1o a first portion of a heated hugher pressure basic
working flwd stream to form a partially condensed spent stream and a first pre-heated higher
pressure, basic working fluid stream and transfernng thermal energy from the cooled external
heat source stream to a second portion of the heated higher pressure, basic working fluid
stream to form a second pre-heated, higher pressure, basic workang fluid stream and a spent
external heat source stream  The method also includes the steps of combining the first and
second pre-heated, hugher pressure basic workang fluid streams to form a combined pre-
heated, tugher pressure basic worlang fluwd stream and scparsting the partuslly condensed
spent stream 1nto a separated vapor stream and a separated hquid stream  The method also
includes the steps of pressunzing a first portion of the separated liquid stream to a pressure
equal to a pressure of the combined pre-heated higher pressure basic working fluid stream
to form a pressurized hquid stream and combinng the pressunzed hquid stream with the
combined pre-heated higher pressure basic working fluid stream to form the boiling stream

The method also includes the steps of combining a second portion of the separated hquid
stream with the separated vapor stream to from a lower pressure basic working fluid stream
and transfemnng thermal energy from the lower pressure, basic working flwd stream to a
higher pressure, basic working fluid stream to form the heated, higher pressure, basic working
flud stream and a cooled lower pressure basic working flud strcam  The method also
includes the steps of transfemng thermal energy cooled lower pressure, basic working fluid
strcam to an external coolant stream to from a spent coolant stream and a fully condensed
lower pressure, basic working fluid stream and pressunzing the fully condensed lower
pressure, basic working fluid stream to the higher pressure basic working fluid stream
[0007) In a more cfficient implementation of the present invention the method provides the
additonal steps of separating the bothing stream into a vapor stream and a hquid stream

combimng a portion of the hquid stream with the vapor stream and passing it through a smail
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heater vxchanger in contact with the extermal heat source stream to msure complete
vaponzation and superheating of the boihing stream A sccond portion of the hiquid strcam
15 depressunzed Lo a pressurc equal 1o a pressure of the spent stream
[0008] In a more yet more efficient implementation of the present invention the method
provides in addition io the additional steps desenbed in paragraph 0006 the steps of
separating the depressunzed second portion of the liquid stream of paragraph 0006 into a
vapor stream and a liquid stream  where the vapor stream 1s combined wath the pressunzed
hquid stream having the parameters of the point 9 and repressunzed before betng combined
with the stream having the parameters of the point 8 While the liquid stream 1s depressunzed
to a pressure equal to a pressure of the spent stream having the parameters of the powt 18
[0009] The present invention also provides a two cycle thermodynamic method where a first
botling composition 1s heated, vaponzed, expanded 1n a turbine to extract a quantity of more
useable energy such as electnc energy and condensed and a recirculating composition 18
heated, partially vaponized, expanded in the same turbine to extmct a quantity of more useable
energy such as clectric energy and ¢ ondensed, where the two cycle Lmprove an o verall
efficiency of the energy conversion system
[0010] The present invenhon provides a systems a3 set forth in Figures 1A-D and 2 adspted
to implement the methods of this invention

DESCRIFTION OF THE DRAWINGS
[0011] The invention can be better understood with reference to the following detasled
description together with the appended illustrative drawings 1 n w hich Like e lements are
numbered the same
[0012] Figure 1A depicts a schematic of a preferred thermodynamic cycle of this invention
{0013] Figure 1B depicts a schematic of another preferred thermodynamtc cycle of this
invention [0D14) Figure LC depicis a schematic of another preferred thermodynamic
cycle of this invention,
[0015| Figure 1D depicts a schematic of another preferred thermodynamic cyele of this
invention and
[0016] Figure 2 depicts a schematic of another preferred thermodynamic cycle of this
invention

ED DE ION OF THE INVENTIO

[0017] heinventors have found thas a novet thermodynamical cycle (system and process) can

| €O
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be implemented using a working fluid including a mixture of at least 1wo components The
preferred working fluid being a water ammonia mixture though other mixtures such as
muxtures of hydrocarbons and/or freons can be used with practically the same results The
sysicms and methods of this invention are more cfTicient for converting heal from relatively
low temperature fluid such as geothermal source fluids into & useful form of energy The
systems usc a multi-component basic working fluid to extract energy from one or more (at
least one) geothermal source streams in one or more (at least one) heat exchangers or heat
exchange zones The heat exchanged basic working flutd then transfers its gained thermal
energy to a turbine (or other system for cxtracting thermal energy from a vapor stream and
converting the thermal ¢ nergy 1 nto m echanical and/or e lectncal ¢ nergy) and the turbine
converis the ganed thermal energy into mechanical energy and/or electnical energy The
systems also include pumps to increase the pressure of the streams at certain points 1n the
systems and a heat exchangers which bnng the basic working flud 1n heat exchange
relationships with a cool stream One novel feature of the systems and methods of ths
wvention, and one of the features that increases the efficiency of the systems, 13 the result of
using a spht two circuit design having a higher pressure caircuit and a lower pressure circuit
and where a stream compnsing spent hquid separated for spent vapor from the hugher
pressure circuit 15 combined with a stream compnsing the spent lower pressure stream at the
pressure of the spent lower pressure stream prior to condensation to from the wutial fully
condensed liquid stream and w here the combined stream 15 leaner than the 1mitual fully
condensed hquid stream The present system 15 well suited for small and medium signed
power units such as 3 to 5 Mcga Watt power facilitics

[0018| The working fluid used in the systems of this inventions preferably 1s a mult-
component fluid that compnses a lower boiling point component fluid ~ the low-boiling
component - and a hugher boiling point component - the lugh boiling component Preferred
working fluds include an ammonia water mixture, 2 mixture of two or more hydrocarbons
a mixture of two or more freon a mixture of hydrocarbons and freon or the like [n general,
the Awd can compnse muxtures of any number of compounds with favorable thermodynamic
charactenstics and solubility [n a particularly preferred embodiment the fluid compnses a
mixture of water and ammoma

[0019] It should be recogmzed by an ordinary artisan that at those point in the systems of this

invention were a stream s split into two or more sub-streams the valves that effect such
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stream sphitung arc well known in the art and can be manually adjustable or are dynamically
adjustable so that the splitting aclueves the desiced improvemient in efficiency

{0020} Refernng now to Figure |A a preferred embodiment of a system of this \nvention
generally 100 1sshown The system 100 1s descnibed 1n terms ol its operation using streams,
condilions at points in the system and equipment. A fully condensed working flnd stream
at a temperature close to ambient having parameters as at a point 1 enters a feed pump P1
where 1t 15 pumped to an elevated pressure, and obtans parameters as at 2 point 2 The
composition ofthe worlang flutd stream having the parameters of the point 2 will be hereafier
referred to as a "basic composition or basic solution " The working fluid stream having the
parameters of the point 2 then passes through & recuperative pre-heater or heat exchanger
HE2 whereit1s heated 1n counter flow by a returung s tream o fthe basic solution as
descnbed below and obtains parameters as at 8 point 3 The state of the basic worlang
solution at the pownt 3 corresponds to a state of saturated, or shightly sub-cooled hquid
[0021] Thereafter, the stream of basic solution having the parameters of the point J 13 divided
into two sub-streams having parameters as at ponts 4 and 5, respectively The sub-stream
having the parameters of the point 4 then passes through a heat exchanger HE4, where it 15
heated and partially vaponzed by a stream of a heat source flud (e.g, geothermal bnne
stream) having parameters as at a point 42 as described below, and obtauns parameters as at
a point 6§ While, the stream of basic solution having the parameters of the point 5 passes
though a heat exchanger HE3, where 1t 18 heated and partially vaponzed by a condensting
stream having parameters as at a point 20 in a condensing process 20-21 also described below
and obtains paameters s ata point 7 Thereafter the sub-streams having pammeters as at
points 6 and 7 are combined forming a combined stream having parameters as at a point 8
The stream of basic solution having the parameters of the pount 8 15 then combined with a
stream of a recirculaiing solution having parameters as at a point 29 as descnbed below and
forms a stream of a boiling solution having parameters as at a point 10 The stream having
the parameters of the point 29 1s in a state of sub-cooled liquid, and, therefore as a result of
the mixing of the sireams having the parameters of the points 8 and 29 a substanhal
absorption of vapor occurs end the temperature nses substantially Thus a temperature of
the stream having the parameters of the point 10 1s usually significantly higher than that of
the stream having the perameters ol the point 8 The composition of the siream having the
parameters of the point 10 ts referred to herein as a "boiling solution *

[CE
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[0022] The stream of boiling solution having the parameters of the pomt 10 then passes
through a heat exchanger HES where it is heated and vapornized by (he stream of the heat
source fluid having parameters as at a2 point 41 The vaponzed stream exiung the heat
exchanger HES now has parameters as at a point 11 The stream having the parameters of
the pownt 11 then enters 1nto a gravity separator S2 where 1t 15 separated into a2 vapor stream
having parameters as at a point 13 and a iquid stream having parameters as at a point 12
The hquid stream having the parameters of the point 12 1s then divided nto two sub-streams
having parameters as at points 14 and 15 respectively The sub-strearn having the parameters
of the point 14 usually represents a very small portton of the total liquid stream and 18
combincd with the vapor stream having the parameters of the point 13 as descnibed below
forming a stream of working solution with parameters as at a point 16 The stream of
worlang solution having the parameters of the point 16 then passes through a heat exchanger
HES® (a small heat exchanger sometimes called a vapor dner to insure that the state of the
stream exiting the hest exchanger 15 a superheated vapor), where it 1s further heated by the
stream of the heat source fliid having parameters as at a point 40, to form a fully vaponzed
and shghtly superheated stream having parameters as at a pownt 17 Thereafter the stream of
working solution having the parameters of the point 17 passes through a turbine T1, where
it 18 expanded, producing useful power {(conversion of thermal energy into mechanical and
clecincal energy) to form a stream having parameters as at a point 18

[0023] The recirculating liquid having the parameters of the point 15 as descnbed above
passcs through a throttle valve TV1 where its pressure 1s reduce to an intcrmediate pressure
to form a stream having parameters as at a point 19 As a resuit of throttling, the parameters
of the stream at the pownt 19 correspond to a state of a vapor-hquid mixture The stream
having the parameters of the pont 19 then enters into a gravity separator S3 where 1t 15
separated into a vapor stream having parameters as at the point 3¢ and a hiquid stream having
parameters as at a2 point 31 The hquid streamn having the parameters of the point 31 passes
through a second throttle valve TV2 where its pressure 15 further reduced to a pressure to
form a siream having paramelers as at a potnt 32 where the pressure of the siream having the
parameters of the point 32 15 equal 10 a pressure of the stream having the parameters of the
pownt 18 as descnbed abave Thereafter the stream having the parameter of the point 32 and
the stream having the parameters of the point 18 are combined forming a stream of a
condensing solution having the parameters of the point 20 The stream having parameters of
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the point 20 passes through the heat exchanger HF3 112 counter flow fo the stream having the
parameters ol the pownt 5 1n a cooling process 5-7 Afer passing through the heat exchanger
HE3 the siream having the parameters of the point 20 1s partiatly condensed releasing heat
for the heating process 20-21 descnbed above and obtains parameters as at a point 21
(0024] The stream having the parameters of the pownt 21 then enters into a gravity separstor
S1, where 1t 15 separated 1nto a vapor stream having parameters as at a point 22 and a hquid
stream having parameters as at a point 23 The liquid stream having the parameters of the
poind 23 13 1n tumn divided 1nio iwo sub-streams having parameters as at points 25 and 24
respectively The liquid sub stream having the parameters of the point 25 15 then combined
with the vapor stream having the parameters of the point 22 forming a stream of the basic
solution having paramciers as at a point 26

[0025] The hquid sub-stream having parameters of the point 24 enters a circulating pump P2
where 1ts pressure 15 increased to a pressure equal to a pressure in gravity separator S3,: €,
equal to a pressure of the vapor stream having the parameters of the point 30 described above,
and obtains parameters as at point 9 The liquid stream having the parameters of the pomt 9
1S in a state of 2 sub cooled iquid The liquid stream having the parameters of point 9 1s then
combined with the vapor stream having the parameters of the pownt 30 descnbed above. A
pressure of the streams having tje parameters of the points 9 and 30 15 chosen in such a way
that the sub-cooled liquid having the parameters of the point 9 fully absorbe all of the vapor
stream having the parameters of the point 30, forming a liquid stream having parameters as
at point 28 The Liquid stream having the parameters of the point 28 15 in a state of saturated
or sub-cooled lquid  Thereafler, the stream having the parameters of the point 28 enters into
a circulating pump P3 where its pressure i1s increased to a pressure equal to a pressure of the
stream having the parameters of the point 8, and obtains parameters of the point 29 descnibed
ahove The stream having the parameters of the point 29 15 then combined with the stream of
basic solution having the parameters of the point 8 forming the stream of the boiling solution
having the parameters of the point 10 descnibed sbove

{0026] The stream of basic solution having the parameters of the point 26 enters into the heat
exchanger HE2 where n partially condenses releasing heat for a heahng process 2-3
descnbed above and obtains parameters as at a point 27 Thereafter the stream of basic
solution having the parameters of the point 27 enters into a condenser HE1 where 11s 15

cooled and fully condensed by an air or water strcam having parameters as at pont 51

N
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descnbed below and obiaims p srameters of the point |

[0027] An wir {or water) streun having parameters a5 at 4 pomnt 50 enters an air fan AF {or
compressor 1n the case of water) (o produce an air stream having parameters as at a pont 51
which forces the auir stream having the parameters of the point 51 into the heat exchanger
HE1 where it cools the stream of basic working fluid 1n a cooling process 27-1 and obtains
perameters as at point 52

[0028] The stream of heat source fluid with the parameters of the point 40 passes through the
heat exchanger HE6 where 1t provides heat from a heating process 6-17, and obtans the
parameters of the point 41 The stream of heat source fluid having the parameters of the pownt
41 passes through the heat exchanger HES, where 1t provides hedt for a heating process 10-
11, and obtains the parameters of the point 42 The stream of heat source fluid having the
parameters of the point 42 enters 1nto the heat exchanger HE4, where 1t provides heat for a
heating process 4-6 and obtains paremeters as at point 43

[0029] In the previous vanants of the systems of this invention, the recirculating stream
having parameters as at the point 29 was muxed with the stream of basic solution having
parameters ss at the point 8 As a result of thus mixing, a tempersture of the combined stream
having parameters as at the point 10 was substantially higher than a temperature of the
streams having parameters as at the pomnts 8 and 29

[0030] Refemng now to Figare 1D, another embodiment of the system of this invention,
generally 100, 15 shown 1o includes an additional heat exchanger HE7, 1. , the heat exchanger
HES 15 spht into two heat exchangers HES' and HE7 designed to reduce the tempemture
difference between the stream having the parameters as at the pownt 10 and the streams
having the parameters as at the points 8 and 29

[0031] In the new embodiment the stream with parameters as at the point 8 15 sent into the
heat exchanger HE7 where 1t 1s heated and further vaponzed by a heat source stream such
as a geothermal fluid stream  having the parameters as at a point 44 producing the heat source
stream having parameters as at the point 42 in 2 counter flow heat exchange process 44-42
and a stream having parameters 4s at a point 34 Only then is the stcam having the parameters
as at the point 34 mixed with a recirculating stream having the parameters as at the pownt 29
(as descnibed 2bove) forming a combined stream having parameters as at the point 10 A
temperature at of the stream having the parumeters as at the point 34 1s choscn in such a way
that the temperature of the strean having the parameters as at the pount 10 15 equal or very

1c<
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close to the temperature of the stream having the parameters as at the point 34 Asaresult the
wrreversibility of mixing a stream of bastc solution and a stream of recirculating solution 15
drasucally reduced The resulting stream having the parameters as at the pont §0 passes
through the heat exchanger HES' where it 1s healed and vaponzed 1n a counter flow process
41-44 by the heat source stream such as a geothermal fluid stream having the parameters as
at the point 41

[0032] Thus embodiment can also tnclude a sub streams having parameter as at points 14 as
described bove, which usually represents a very small portion of the tota] liquid siream and
is combined with the vapor stream having the parameters of the pomt 13 (not shown) as
descnbed below to form the stream of working solution with parameters as at the point 16
Additionally, this embodiment can salso include the AF unt and associated streams as
descnibed above.

{0033] The advantages of the armangement of streams shown 1n the present embodiment
include at least the following a temperature difference 1n the heat exchanger HE7 (which 1s,
1n essence, the low temperature portion of the heat exchanger HES 1n the previous vanants),
are substantially increased and therefore the size of the heat exchanger HE7 18 reduced while
the heat exchanger HES' of thus embodiment works in absolutely the same way as the high
temperature portion of the heat exchanger HES of the previous vanants The efficiency of the
system of this embodiment 1s not affected at all

{0034] This embodiment of the method of mixing a recirculating stream wiath a stream of
basic solution can be applied to all vanants described above One expenenced in the art can
casily apply this method without further explanation.

[0035] An example of calculated parameters for the points descnbed above are given in
Table | for the embodiment shown in Figure 1A

TABLE 1
Parameter of Points in the Embodiment of Figure 1A

|06

Point | Concentrution | Temperature | Pressure | Enthalpy | Enthropy | Weight
No. X TR P(psm) | b (btuflb) | S(btw/Ib°F) | (g/gl)
Parameters of Working Fluid Streams
1 0975 7351 1334091 378369 0 09067 10
2 0975 750186 5200| 401124 009145 10
3 0975 1650 | 5082780 | 1479816 027769 10
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Point | Conceatration | Temperature | Pressure | Fnthalpy | Enthropy Weight
No X T (°F) P (psia) | it (btu/lb) [ S(btw1b°F) | (g/gl)
4 0975 1650 | 508 2780 | 1479816 027769 06010
5 0975 1650 | 5082780 | 1479816 027769 03990
6 0975 2080 4985 | 5791307 096196 06010
7 0975 2080 4985 | 579 1307 096196 03990
8 0975 2080 4985 | 579 1307 096196 10
9 0 40874 1702394 2200] 458581 021737 0 3880
10 081773 231 1316 498 5 | 433 8631 076290 | 140575
11 081773 3000 4900 | 6400316 104815 | | 40757
12 035855 3000 4900 ( 2002510 043550 01950
13 0 89168 3000 4900 | 7108612 114682 | 121075
14 0 35855 3000 49500 | 200 2510 043550 | 01655
15 035855 Joo o 4900 | 2002510 0.43550 | 017845
16 08845 3000 4500 | 7039808 113724 12272
i7 0 8845 3060 4885 | 7183184 115637 12273
18 0 8845 213 3496 1395 | 6424511 117954 12273
19 0 35855 249 1433 2200 | 2002510 044140 | 017845
20 081671 214 6540 1395 | 5848515 1 0B437 1 3880
21 081671 1700 1375 | 46095041 089583 1 3880
22 097746 1700 1375 | 6246175 116325 | 099567
23 040874 1700 1375] 4541683 021715 | 039213
24 040874 1700 1375 | 454163 021715 03880
25 040874 1700 1375| 454163 021715 | 000433
26 0975 1700 1375 | 6221123 I 15916 10
27 0975 93 9659 1355] 5142431 097796 10
28 043013 195 9556 2200 745165 026271 | 040573
29 043013 196 6491 498 5 75 8407 026312 ) 04057
30 089772 249 1433 2200 | 7009614 121784 001775
31 0 2990 249 1433 2200 | 1449514 035565 | 016070

04



Point | Concentration | Temperature | Pressure | Enthalpy | Fathropy | Weght
No X T (°F) P (psia) | b (btu/lb) | S(btw/Ib°F) | (g/gD)
32 02990 213 8807 1395) 1449514 0135718} 016070
Parameters of Geothermal Source Stream
40 bane 3150 2830 3190716
41 bnne 311 3304 279 3304 390716
42 brine 237 4534 2305 1534 390716
43 bnne 1700 1380 390716
Parameters of Air Coollug Stream
50 wr 517 147 | 1223092 91 647
51 ar 519341 1472 | 122 3653 91 647
52 ar 73 5463 147 | 1275636 91 647

[0036] In the system descnibed above, the hiquid produced 1n separator S1 eventually passes
through heat exchanger HES and 18 partially vaponzed. However the composition of this
hqud 15 only slightly richer than the composition of the liquid separated from the boiling
solution 1n separator S2 In general, the ncher the composition of the hquid added to the basic
solution as compared to the composition of the liquid added to the spent working solution
(point 18) the more efficient the system In the proposed system the bulk of hiquid from
separator S2 having parameter as poiwnt 15 1s throttled to an intermediate pressure, and then
divided into vapor and hquid 1n separator S3 As 2 result, the hquid stream having the
parumeters of the point 32 which 1s mixed with the spent working solution stream having the
parameters of the pomnt 18 is leaner than the liquid separated from the boiling solution in
scparator S2 [n addition, the recirculating hiquid which 1s separated in separator S1 15 mixed
with the vapor stream from separator $3 and thercfore, 1s ennched. As a result, the liqud
stream having the parameters of the point 29 which 1s added to the stream of basic solution
having the parameters of the point 10 15 richer than the liquid stream produced from separator
S1

[0037) If the system 15 simplified and the hiquid stream from the separator S2 having
parameters of the point 1S 1s throlticd in one step 10 & pressure equal to the pressure of the
stream having the parameters of the point 18 then the system requires less cquipment, but its
efficiency ts shightly reduced Ths simplified but preferred vanant of the system of this

T,
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mvention 1s shown in Nigure 1B where the separator S3 and the throitle valve TV2 havebeen
remove along with the streams having the parameters of the potnts 30 31 and 32 The
opcration of such a vanant of this system of Figure 1A does not require further separate
descniption because all of the remaining features are filly descnbed in conjunction wath the
detailed descnphion of sysiemn and process of Figure LA

[0038] If the quantity of liquid from separator S1 15 reduced to such a degree that the
composition of the boiling solution stream having the parameters of the pomnt 10 becomes
equal to the composition of the working solution which passes through the turbine T1 then
the separator S2 can be chmnated along with the throttle valve TVI Therefore the heat
exchanger HEG also becomes unnecessary and 15 also ehwminated because n this
implementation there s no nisk of liquid droplets being present 1n the boiling stream due to
the absence of the separator S2  This even more simplified vanant of the system of ths
invention 15 presented 1n Figure 1C Its efficiency 15 yet again lower that the efficiency of the
previous vanant described in Figure | B, but it 15 still more efficient than the system descnbed
in the pnor art.

{0039] The choice 1n between the three vanants of the system of this invennion 1s dictated by
economic conditions of operstions One expernenced 1 the art can easily compare the cost
of additional equipment, the value of additional power output given by increased efficiency
and make an informed decision as to the exact vanant chosen.

{0040] A summary of efficiency and performance of these three vanants of this invention and
the system described in the pnor art are presented in Table 2

TABLE 2
Performance Summary

Systems of Thus Invention Pnor Art
Venam | Vanant 2 Vanant 3

Heat Input (Btu) 566 5385 565 5725 564 2810 487 5263
Specific Brine Flow (Ib/lb) 3960716 39005 389159 336225
Heat Rejection (Btu) 476 4062 476 4062 476 4062 414 0260
Turbine Enthalpy Drop (Btu) 93 1119 91 7562 90 2988 75376
Turbine Work (Btu) 90 7841 89 4623 88 0413 73 4828
Pump Work (Btu) 29342 25812 24240 1 867
Alr Fan Work (Btu) 51414 51414 51414 J 5888
Net Waork (Btu) 82 678> 81 7397 80 4759 68 027
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Net Thennal ¢ fliciency (V) 14 39> 14453 14262 1) 934
Sccond Law effliciency (%) 54 23 53703 5299 5185

[0041] It s apparent from the simuiated data in Table 2 that all three vanants of thus
mvention show improvements in net valucs net work inprovements of 21 54% 20 16% and
18 30% respectively; and net thermal and second law efficiency improvements of 4 59%,
3 58% and 2 21% respectively

Improved Varinat

{0042} In yet another preferred embodiment of the system of this invention designed for the
utilizatyon of heat source with moderate to low imtial temperature, such as geothermal waste
heat and similer sources, an impraved configuration 15 desenibed below

[0043] In a previous vanant s system was descnbed wiuch provided substantial
improvements over the pnor art United States Patent No 4,982,568 and this vanant
represenis a further improvement in efficiency

[0044] Refeming now to Figure 2, another preferred embodiment o fthe s ystem o fthus
mvenhon, generally 200, 15 shown to include a fully condensed wordang Auid stream 202 at
d temperature close to ambient having parameters as at a point 1, which corresponds to a state
of satursted liquid, enters mato a feed or fiest pump, PL The stream 202 having parameters
as at the pont 1 15 pumped to an clevated pressure obtaining a stream 204 having parameters
asat apoint 2 Thereafter, the stream 204 having the parameters as at the pornt 2 15 muxed
with a stream 206 of liqud having parameters as at a point 39 as descnibed below forming
a stream 208 having parameters as at a point 64 The composition of the stream 206 having
the parameters as at the pawnt 39 1s leaner than the composttion of the stream 204 having the
parameters as at the point 2 (1 ¢ the stream 206 has a lower concentration of the low boiling
component than does the stream 204 ) Obviously the composition of the stream 208 having
the parameters as at the point 64 1s Ieaner than the composition of the stream 204 having
parameters as st the point 2 but ncher (having a higher concentration of the low boihng
component) than the stream having the parameters as at the point 39

[0045] Thereafter the stream 208 with the paramciers as at the point 64 passes though a
second heat exchanger HE2 where it 15 heated 1n counter (low wath a first stream 210 having
parameters as at a point 26 1n a first heat exchange process 26-27 as descnibed below to form
4 stream 212 having parameters as at a point 33 corresponding to a state of saturated or

(1C
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slightly sub-cooled hiquid and a partally condunsed stream 214 having paramelers as at a
point 27 Thereafter the stream 212 having the parameters as at the pont 33 1s divided 1into
two sub-streams 216 and 218, having parameters as at points 3 and 34 respectively The
streamn 218 with the parameters as at the point 34 then passes through a second throttle valve,
TV2 where its pressure 15 reduced, to form a lower pressure stream 220 having parameters as
atapoint35 The stream 220 with the parameters as at the point 35, a mixed stream of vapor
and liquid, and 15 sent 1nto 2 first gravity separator S1, where 1t 15 separated into a vapor
stream 222 having parameiers as at a point 28, and a iquid stream 224 having parameters as
at a point 38 The hiquid stream 224 having the parameters as at the point 38 enters into a
second pump, P2, where 1t 1s pumped to a pressurc equal to a pressure of the stream 204
having the parameters as at the point 2, forming the stream 206 having the parameters as at
the point 39 Thereafter the stream 206 with parameters as at the pont 39 1s mixed wath the
stream 204 having the parameters as at the point 2, as descnbed above

[0046] The stream 216 having a composition represented by the parameters as at the pomnt
3 will have a composition referred to herein as a first boiling composition. Obviously, the
compositions of the streams 208, 212, 218 and 220 having the parameters of the points 64,
33, 34 and 35, respectively, are the same composition as the stream 216 having the
parameters asatthe point 3 The composition of the streams 202 and 204 having the
parameters as at the points 1 and 2, respectively, will have the composihon referred to as a
basic composition. The composition of the streams 210 and 214 having the parameters as at
the points 26 and 27, respectively as descnbed below 13 the same the composition of the
streams 202 and 204 having the parameters as at the points 1 and 2

[0047] The stream 216 having the first boiling composition and the parameters as at the point
3 1s divided into three sub-streams 226, 228 and 230 having parameters as at points 4, 5 and
62 respectively The sub stream 226 having the parameters as at the potnt 4 passes through
@ fourth heat exchanger HE4, where it 1s heated boiled and partially vaponzed to form a first
partially vaponzed stream 232 having parameters as at a point 6 in counter-flow with a stream
234 of a heat source fluid having entening parameters as at a pont 43 and leaving parameters
as at a point 45 where the stream 234 1s a geothermal fluid 1n the case of a geothermal
installation The sub stream 228 having the paramelers as at the point 5 passes through a
thurd heat exchanger HE3 where 1t 15 heated bouls and 1s partially vapornized to form a second

partially vaponzed stream 236 having parameters as at a point 7, in counter flow with a
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relurming condensing siram 238 having parameiurs as 4t a point 20 to form a partiaily
condensed siream 240 having pdrametcers as al 4 pont 21 as descnbed below  The sub
stream 230 having the parameters as at the point 62 passes through a fifth heat exchanger
HES where 1t is heated, boiled and partally vaponzed to form a third partially vaporized
stream 242 having parameters as at a point 63 1n counter-flow by a condensing stream 244
having parameters as at a point 60 to form a fully condensed stream 246 having parameters
as at a point 61 as descnbed below

{0048] Thereafter, the streams 232, 236, and 242 having the parameters as at the points 6, 7,
and 63, respectively are combined forming a combined streamn 248 having parameters as at
apont8 The fully condensed stream 246 having the parameters as at the pownt 61 enters into
a circulating or a fourth pump P4, where o (s pumped to a pressure equal (o & pressure of the
stream 248 as at the point B, as descnibed above, to form a higher pressure fully condensed
stream 250 having parameters as at a point 65 Thereafter, the stream 250 having the
parameters as at the point 65 15 combined with the stream 248 having the parameters as at the
point 8, forming a second combined stream 252 having parameters as at apont 9 Itis
obvious that the composition of the streams 226, 228 252,236 230, 242 and 248 having the
parameters as at the pomnts 4, 5§ 6, 7, 62 63 and 8, respectively, are the same as the
compositon of the stream 216 having the parameters as at the point 3, 1 e. the first boiling
composition Because the composition of the streams 244 246 and 250 having parameters
as at the points 60, 61 and 65 1s leaner than the first boiling composition, the composition of
the combined stream 252 having the parameters as at the pomnt 9 15 leaner than the first boiling
composition The composition of the streams 244 246 and 250 having pammeters as at the
points 60, 6) and 65 18 referred to herein as a recirculating composition while the
composition of the combined stream 252 having the parameters as at the point 9 1s referred
to herein as a second boiling composition

[0049] The second combined stream 252 having the second boiling composition and the other
parameters as at the point 9 passes through a sixth heat exchanger HEG, where 1t 1s further
boiled and vaponized to form a further vaporized stream 254 having parameters as at a pont
11 n counter-flow by the stream 234 of the heat source fluid having entening parameters as
ata pomnt 41 and lcaving parsmeters as at apoint 43 Thereafiur the further vaponzed stream
254 having the second boiling composition and the other parameters as at the point 11 enters

into a second gravity sepacator S2 where il 1s separated wito a second vapar strcam 256

I/
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having parameters as at a point 67 and a second liquid stream 258 having parameters as at
apoint 68 The second liquid strram 258 having the as at the point 68 may be separated ito
two sub streams 260 and 262 having parameters as at points 15 and 69 respectively in some
preferred embodiment of ttus vanant a flow rate of the strcam 262 having the parameter as
at the pount 69 will be 1s equal to zero  The stream 262 having the parameters as al the point
69 1f present, 1s combined with the second vapor strcam 256 having the parameters as at the
point 67, forming a third combined stream 264 having parameters as at a point 16 the
composition of which will hereafter be referred to as a working composition

{0050] The stream 264 having the working composition and the other parameters as at the
point 16 passes through a seventh heat exchanger HE7, where it 1s heated and fully vaponzed,
and shightly superheated to form a fully vaporized stream 266 having parameters as at a pownt
17, 1n counter-flow by the stream 234 of the heat source flmd having entenng parameters as
at a point 40 and leaving parameters as at a point 41 The fully vaponzed stream 266 having
the working composition and the other parameters as at the point 17, then passes through a
turbine T1, where 1t expands, producing work, and forming a spent stream 268 having the
working composition and other parameters as at a point 18

{0051] The second liquid stream 260 having the parameters as at the point 15, as descabed
above, passes through a first throttle valve TV1, where its pressure 1s reduced to a pressure
equal to the pressure of the stream 222 having the parameters as at a the point 28, as descnibed
above, to form a lower pressure stream 270 having parameters as at 2 pownt 19 Then the
stream 270 having the parameters as at the point 19 enters a thurd gravity separator S3 where
it s separated into a third vapor stream 272 having parameters as at a point 30 and a third
liquid stream 274 having parameters as at a point 31 Thereafter, the third hiquid stream 274
having the parameters as a the point 31 passes through a therd throttle valve TV3, where its
pressure 1s reduced to a pressure equal to a pressure of the spent stream 268 having the
paramelers as at the point 18 as descnbed above to form a lower pressure stream 276 having
parameters as at a point 32 The stream 276 having the parameters as at the point 32 1s then
combined with the spent stream 268 having parameters as at the pomnt 18 forming the [third
combined] stream 238 having parameters as at the point 20

(0052] The stream 238 having parameters as at the point 20 passes through the third heat
exchanger HE3 where it partially condenses providing heat for a heat exchange process 5-7

as descnibed above formung the strcam 240 having the parameters at as the point 21 The
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stream 240 having the parameters as at the point 21 enters 1nto a fourth gravity separator S4

where il 1s separated inio a fourth vapor stccam 280 having parameters as at a point 22, and
a fourth hquid stream 282 having parameters as at a point 23 Then the fourth hquid stream
282 having parameters as at a pomnt 23 1s divided 1nto two liquid sub-streams 284 and 286

having parameters as at points 24 and 28, respectively The liquid sub-stream 286 having the
parameters as at the point 25 1s combined with the fourth vapor stream 280 having parameters
asatthepoint 22 forming the stream 2 10 having the b asic ¢ omposition and the other
parameters as at the point 26

[0053] The hiquid sub-stream 284 having the parameters as at the point 24 enters nto a
circulating or third pump P3, where it 1s pumped to a pressure equal to a pressurc of the
streams 222 and 272 having the parameters as at points the 28 and 30, as descnibed above,
forming a hugher pressure stream 288 having parameters as at a point 29  Thereafter, the
streams 222, 272, and 288 having the parameters as at points the 28, 29, and 30 are combined
together formung the stream 244 having the circulating composition and the other parameters
as at the point 60 The strcam 244 having the parameters as at the pomt 60, passes through
the third heat exchanger HE3, where 1t 15 fully condensed, providing heat for a process 62-63,
ta form the stream 246 having the parameters as at the point 61, as previously descnibed

Agan, the hquid stream 246 having the parameters as at the point 61 15 pumped by the
circulating or fourth pump P4, to form the higher pressure stream 250 having the parameters
as at the point 65, which 1s then mixed with the stream 248 having the first boiling
composittion and the other parameters as at the point 8 formung the combunexd stream 252
having the second boiling composition and the other parameters as at the point 9, as descnbed
above

{0034] The stream 210 having the basic composition and other parameters as at the point 26
passes through the second heat exchanger HE2, where it partially condenses, providing heat
for a heat-exchange process 64-33, as descnbed above, forming the partially condensed
stream 214 having parameters as at a the point 27 Then the stream 214 having parameters
as at the point 27 passes through a first condenser heat exchanger HE1 where it 15 cooled by
a coolant stream 290 having imtial parameter as at a point 50 and final parameters as at a
point 51 (water or air} 1o form the fully condensed sircam 202 having parameters as at the
pomnt 1

[0055] As n the other vanants of the system of this invention the embodiments descnbed

(Y
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above arc also 15 closed

[0056) As with the previous embodiment of system of this invention that the latest vanant
improves upon the working process of the system of this invention 15 composed of two
cycles T he first cycle 1s a cycle o f the first boihng composition, which 15 heated and
vaponzed and then expands in the turbine, and then fully condenses in the first heat
cxchanger HE1 acondenser The second cycle is a cycle of the recirculating composttion,
which only partially boils, producing vapor, this vapor also passes through the turbine, and
mostly or completely condenses in the third heat exchanger HE3 (a recuperative
boiler/condenser) The ncher the composition of the liquid stream 284 having the parameters
as at the point 24 (1 e, the liquud produced in the recupenative boiler/condenser HE3), the
larger the portion of this stream that can be subsequently vaponzed, thus increasing the
cfficiency of the overall process

[0057] In the previous vanants, the hquid stream having the itial parameters as at the point
24 was pumped to en intermediate pressure, ennched by muxing with 2 vapor stream having
the parameters as at the point 30, and then added to a stream of the first boiling composition.
In the present vanant of the system of this invention, the condensed hquid having the
parameters as at the point 24 1s pumped and then ennched, not only by the stream of vapor
having the parameters as at the point 30, but also with a much larger stream of vapor having
paramcters as at the poiat 28 As a result, the streams 244, 246 and 250 having the
recircufating composition and the other parameters as at the pownts 60, 61 and 65,
respectively are ennched significantly more than in the previous designs or vanants The
additional enriching with the vapor siream 222 having the parameters as at the pownt 28 1s
produced by better utihization of heat released 1n the process of condensation of the basic
composition

[0058] As a result of this better utilization of heat relcase in the condensation process the
latter vanant of the system of this invention has an ovenall efficiency of 3% to 5% higher than
the previous vanants of the system of this invention A sample of the heat and performance
balances of this latter vanant of the system of this invention are tabulated 1n Tables 3-5 and

the parameters of all points descnibed above and designated in Figure 2 are tabulated in
Table 6

TABLE 3
Simulated Heat Balance Data
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Property Fnergy Encrgy
kw Btu/lb
Heat In 84,926 44 546 57 Buw/lb
Heat Rejected 70,606 87 454 42 Btu/lb
Turbine enthalpy drops 149124 9598
Gross Generator Power 14 220 04 91 52
Process Pumps (-3 82) -653 04 420
Cycle Output 13,567 00 87 32
Other Pumps and Fans (-4 87) -81326 -523
Net Qutput 12,753 74 8208
Gross Generator Power 14,220 04 91 52
Cycle Output 13,567 00 8732
Net Qutput 12,573 74 82 08
TABLE 4
Simulated Efficiency Data
Property Percentage
%
Net thermal efficiency 1502
Second Law Limut 2691
Second Law Efficiency 55 80}
TABLE 5
Simulated Specific Consumption Data
Property Heat
Btu/lb
Specific Bnne Consumption 154 55
Specific Power Qutput 6 417

OVERALL HFAT BALANCE (Btu/Ib)
Heat la 15 equal to Brine plus pumps = 546.57 + 3 82 = 550 39
Heat Out 1s equal to turbine plus condenser = 95 98 + 454 42 =550 39
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TABLEG
Simulated Specific Consumptlion Data

&4

Pt

X T P H S G Rel Phase | Welnest
Ib/lb °F psia Bulb | Btu/lb-R | G/Gesl Ib/Ib
WORKING FLUID

1 09299 7327) 126766 223023 008415} 106803 Mix 1
2 09298] 7467| 498675| 244996] 009502] 106903] Lyg -93 23°F}
3 09250( 16500( 478675| 1301713 026958] 100000 Mix 1
4 09250{ 16500| 478675| 1301713 026958 045691| Mix 1
5 09250( 16500] 478675 1301713{ 026958{ 041981| Mux 1
6 09250 213 11| 477675 5270695| 0893771 045691 M« 01624
7 092501 207991 4776751 5152115 0816181 041981 M 0 1769
B 09250] 20922] 477675| 5158261 0971000 100000 Mix 01761
9 082541 213 11] 477675| 3966378 O71018| 134291 M 04228
11 08254 303 50] 476 675| 6669563| 108645| 134287 Mix 0 10224
15 | 03433) 30350] 476 675| 2052395 000000 O013718] Mix 0
16 | 08803]| 30350| 476675| 7193763 115990 120569| Vap DE‘I
17 | 09903| 30600| 475175| 7213333| 116278 120569| Vap 2 T°F
18 | 08803| 21157 131766| 6417309| 119377} 120569 Mix 0 0624
19 | 03433) 25931| 235449] 205239S| 044562 013718 Mx 0912
20 | 08249] 21299 131766f 596 1109 110762] 1330BO| Mix 0 1457
21 08249| 17000| 130766 4746254] 092207| 133090 Mix 02613
22 | 09757| 17000] 130766| 6262892| 1 (7133 099303] Mwx a
23 | 03986| 17000| 130766| 459319) 021750{ 034778 Mix 1
24 | 03986| 17000 130766{ 459319| 021150 026277] Mix 1
28 | 03986} 17000] 130766 459319 021750f 009501] Mix |
26 | 09298[ 17000| 130766| 5800959 109541| 106803 Mix 00796
27 | 09298] 9923| 128766| 441 1110] 091316] 106903} Mix 02106
28 | 09997| 113 13| 235449| 5604625| 099869 006803 Mix 0}
29 | 03986] 17034| 235449| 465386( 021185 026277 Lig -44 74°F*
30 | 08851 25931} 235449| 11083870 122271 001207 Mix 0
k]| 02910] 25931| 235449| 1564614 037066} 012511 Mix 1
32 | 02910f 22592 131766] 1564614 037300f O_12511| Mix 09451}
1] 09250| 165001 478675| 1301713 026958] 150538] Mix 1
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T4

Pt \ T | 4 H S G Rel Phase | Wetness
Ib/lb °F psia Btu/lb | Btu/lb-R | G/Gel lb/lb
34 | 09250] 16500] 478675] 1301713 026958 050538] Mix i
35 | 09250 113 13| 235449] 1301713 027648| 050539 Mix 0 8654
38 | 09134] 11313]| 235449] 632351| O16414f 043735 Mux 1
39 | 09134 11448| 498675 650826] 016514 043735| Lg -55 04°F*
60 | 05350| 19951| 235449| 1718993 041197| 034287 Mux 0 8295
61 05350| 17000] 234449 475498| 021963 034287 M |
62 | 09250} 16500| 478675| 1301713 026959| 012328] Mix 1
63 | 09250] 19351] 477675| 4760256} 081670 012328 Mix 02323
64 { 09250| 9639| 498675| 362899| 010896] 150539] Liq -31 99°F|
65 | 05350) 17097] 477675] 490179] 021944] 034287 Lig 61 4l°P|
67 | 09603| 30350) 476675| 71937637 115990| 120569 Mix of
68 { 03433 30350 476675| 2052395] 044092| 013718] Mux [
69 | 03433] 30350| 476 675{ 2052395 000000] 000000 Mix 0
HEAT SOURCE
40 | BRINE | 31500 0000| 287 1318] 0O00000| 371523 Lig
41 | BRINE | 31437 0000| 28649671 000000] 371523| L
43 | BRINE | 21911 0000| 198.8263] 000000 371523 Ligq
45 | BRINE | 17000 0000| 1400149 O000000] 3 71523) Ly
COOLANT
50 | AIR 51701 14693) 1223092| 162806 675974| Vap 511 4°F
5l AlR 7965] 14673| 129,0316| 164095 675974 Vap 339 1°F
52 AIR 7995] 14693| 129 1036] 164099| 675974| Vap 539 6'P|

* Temperature of Stream at the indicated point

[0059] All references cited herein are incorporated by reference While this invention has

been described fully and completely, 1t should be understood that wathin the scope of the

appended claims the invention may be practiced otherwise than as specificaily descnibed

Although the invention has been disclosed wath reference to its preferred embodiments from

reading this description those of skill in the art may appreciate changes and modification that

may be made which do not depart from the scope and spint of the invention as descnibed

above and claimed hercafter
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CLAIMS
[ elaim
| A method for implementing a thermodynamic cycle compnising the steps of

transforming thermal energy from a fully vaponzed boiling stream into a usable
energy form to produce a lower pressure spent stream,

transferning thermal energy from an external heat source stream to a boiling stream
ta form the fully vaponzed boiling stream and a cooled external heat source stream

transferring thermal energy from the spent stream to a first portion of a heated hugher
pressure, basic working fluid stream to form a parually condensed spent stream and a first
pre-hested, higher pressure, basic workang flurd stream,

transfernng thermal energy from the cooled external heat source stream to a second
portion of the heated higher pressure, basic working fluid stream to form a second pre-heated,
higher pressure, basic working fluid streamn and a spent external heat source stream

combining the first and second pre-heated, higher pressure basic working flwid
streams to form a combined pre-heated, hugher pressure basic worlang fluid stream

scparating the partally condensed spent stream into a separated vapor stream and a
separated liquid stream,

pressunzing a first portion of the separted hiquid stream to a pressure equal (o a
pressure of the combined pre-heated, igher pressure basic working flud stream to (orm =
pressunzed liquid stream

combiniag the pressunzed liquid stream with the combined pre-heated tugher
pressure basic working fluid stream to form the boiling stream

combinung a second portion of the separated hiquid stream wath the separated vapor
stream to from a lower pressure basic working fluid stream,

transfernng thermal energy from the lower pressure, basic working fluid stream to a
higher pressure, basic working fluid stream to form the heated higher pressure, basic working
fluid stream and a cooled lower pressure basic working fluid stream

transfernng thermal encrgy cooled lower pressure, basic working fluid stream 1o an
external coolant stream to from a spent coolant stream and a fully condensed lower pressure
basic working fluid stream and

pressunizang the fully condensed lower pressure basie working fluid stecam (o the
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higher pressure basic working flund stream

2 The method of claim 1 wherein the externat heat source stream 1s a geothennal
stream.

3 A method for implementing a thermodynamic cycle comprising the steps of

transforming thermal energy from a fully vaponzed basic working ftuid stream into
a usable energy form to produce a lower pressure, spent stream,

combining the spent stream with a depressunzed liquid stream to form a lower
pressure mixed stream,

transferring thermal energy from the lower pressurc mixed stream to a first portion
of a pre heated higher pressure, basic workang fluid stream to form a cooled mixed lower
pressure stream and a first heated, higher pressure, basic working fluid stream,

separuting the cooled mixed lower pressure stream into a separated lower pressure
vapor stream and a separated lower pressure hiquid stream,

muxing a first portion of the scparated hquid stream with the separated vapor stream
to form a second mixed lower pressure stream,

transfernng therma! energy from the second mixed lower pressure stream to 2 higher
pressure, basic workang fluid stream to form a pre-heated higher pressure, basic working fluid
stream and a cooled second mixed lower pressure stream

condensing the cooled second mixed lower pressure stream with an extemal cooling
stream to form a fully condensed lower pressure basic working flurd stream

pressunng the fully condensed lower pressure basic working fluid stream to form a
tugher pressure basic working fluid stream,

transfemng thermal energy from a thrice cooled external heat source stream to a
second portion of the pre-healed higher pressure basic working fluud stream to form a second
heated higher pressure basic working flud stream and a spent external heat source stream

combinung the first and second heated higher pressure, basic working fluid streams
to form a combined heated higher pressure basic working fluid stream

transfernng thermal energy from a twice cooled external heat source stream to the
combined heated higher pressure basic working fluid streams to form a hotter higher pressure

basic working fluid stream and the thrice cooled external heat source stream

™
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combining a higher pressurc separaled vapor stream with the hotier gher pressure
basic working fluid stream to form a mixed higher pressure stream

transfernng thermal energy from a once cooled extemnal heat source stream to the
mixed higher pressure stream to form the wice cooled external stream and a partially
vaporized ligher pressure stream,

separating the partially vaponzed higher pressure stream into a second separated vapor
higher pressure stream and a second separated hugher pressure hiquid stream,

transfemng thermal energy from an external heat source stream lo the second
sepanated vapor higher pressure stream to fornn the once cooled extemnal heat source stream
and the fully vaponzed basic working flud,

reducing the pressure of the second scparated higher pressure liquid stream to form
a reduced pressure mixed stream,

separating the reduced pressure mixed stream into the first separated vapor stream and
a first reduced pressure separated liquid stream, and

reducing the pressure of the reduced pressure separated liquid stream nto the lower
pressure hquid stream

4 The method of claim 3, wherein the external heat source stream 1s a geothermal
stresm

5 A method for implementing a two cycle thermadynamic system comprsing the steps
of

combining the first compositional stream with a second compositional stream having
a recirculating composition to form s combined stream

heating the combined stream to form a mixed combine stream with an external heat
source stream

separating the mixed combined stream nto a vapor combined stream and a hquid
stream

fully vaponzing the vapor combined stream to form a fully vaponzed stream with the
¢xternal heat source stream

expanding and transforming thennal wnergy from the fully vaponzed strcam mito a

usable encrgy torm to produce a spent strcam
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cooling and separating the spent stream into a first compositional precursor stream and
a seccond compositional precursor strcam

condensing the first compositional precursor stream

forming the first compositional stream from the first compositional precursor stream
and an ennched stream having a lower concentration of a low-boiling component, and

forming the second composttional stream from the second composiional precursor
stream and (wo lean vapor stream having a higher concentration of the low-bailing

component

6 The method of claim 5 wherein the external heat source stream 1s a geothermal
stream

[ L

o



26
ABSTRACT

A ncw thermodynamuc cycle 1s disclosed [or converting cnergy from a low
temperature stream external source into useable energy using a working flmd compnsing of
a mixture of a low boiling component and s higher boiling component and including a lugher
pressure circuit and a lower pressure circuit  The cycle 1s designed Lo improve the efficiency
of the energy extraction process by recirculating a portion of a liquid stream prior to further
cooling The new thermodynamic processes and systems for accomplishing these improved

efficiencies are espectially well-suited for streams from low-temperature geothermal sources

.
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[nternational spplication No
Sheet No PCTAJS2004/003025

Box Na II1 AGENT OR COMMON REPRESENTATIVE OR ADDRESS FOR CORRESPONDENCE

‘The followng person 15 agent D COmMOn representative
and D has been appointed earlrer and represents the applican(s) also for micnational prehminary exammation

D 1 hereby sppointed and any esriwer appointment of (an) ageni(s) /common represeniative is hereby revoked

18 hereby nted, fically for the procedure before the Inemauons] Preliminary Exsm Authon
D addtion m&m”m earher i . v

Name and address. (Femity name followed by given neme for # iepel entty full affcial designation] 1¢/PhONC No.

The aeddvess must inclucde postel code and same of country.) 713 977 7000
Robert W Stromer PLLC | Facsimile No
m‘g:“ M3 oTT 7011
Bellake TX 77401 Telepnater No.
na
Agents registration No. with the Office |
o024

Address for correspondence  Mark this check-bax where no or comman representative whaes been apponted and
D the space shove 1 used instead to indieate & special adkdvess to correspondence should be sent.

Bex No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statesarut conceruing amendmegts *
| The applicant wishes the international prefurunary exasmunation to start oa the baals of*
the mernatronal application s anginally filed
the description X]  ssonginally filed

D as amended under Article 34
the clums [(X] =5 ongmally filed
D 23 amended under Article 19 (together with any sccompanying statement)
] ¢ amended under Articic 34
the drawings (2  usongmally filed
D a5 amended vnder Article 34

2 D The applcart wishes any amendment to the cluims under Article 19 to be considered as reversed.

The unshes the stact of the rtermational preliminary examination 1o be postponed until the expiraton of 20
3 D mmzm the pronty daie unlesa the Intemstional Preliminary Examining Asthonty receives a copy of any

amendments made under Arucle 19 oc a notice from the applicant that he does not wish 1o make such smendments

{Rulc 69 1{d)). (Thus check-bax may be marked only where the time hmit under Article I9 has not yet expired)

*  Where no check-box 18 marked, intemational prelim exarmnation will start on the basis of the mteroational application as
onginally filed or where & copy of amendments to clums under Article 19 wnd/or amendments of the internatonal
apphication under Article 34 arc received by the [ntemanonal Prelimunary Examining Asthonity before o hus begun 10 draw up
1 wnitten opuvon o the international preliminacry examunation report, 58 8o ameied,

Laaguage for the purposes of International prellmiuary examinsnon  English
which 13 the language in which the intemational application was [iled
D which 1s the language of a transtation furmshed for the purposes of international search
D whuch 13 the language of publicstion of the mternational appliicanon
D whaeh 18 the language of the transiation (to be) fimished for the purposes of inlemational prelminary examination

e e e e . )

BoxNo V ELECTION OF STATES

1"‘he ;g;nnl hercby electy all etigihle States (that 15 all States winch have beenr desigrated and which are bound by Chepter il of
the

excluding the fallowing States which the applicant wishes not to elzet

Form PCT/IPEA/4D| (second sheet) (March 2001) See Notes to the demand form
LegaiStar 200t Form PCTDEM
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Internahonal apphcation No.

Sheet No PCT/US2004/003025
Box No VI CHECK LIST
For [ntermatronal Preliminary
The demand » accompanied by the following clementa, n the language nferred to i Examiming Authonty usc onfy
Box No. IV for the purposes ol intermational prelinunary examination recaved not recerved
l  wsmsiauon of int.mational spplication sheets O O
2  amendments under Article 34 sheets 0O [
or where red, translabion)
.';‘F:’...Lum under Arircle 19 sheets O a
4 where red, translation)
o e orment ande ricie 19 sheets (| O
5 letter sheets O O
6. other (apecyfiy) sheets D D
The demand 19 also sccompanied by the temys) marked below
E fee caleulstion sheet 5 D statement cxplainng Iack of ngnature
2 D onginal separate power of attorney 6. D sequence listing i camputer readable form
3 [} ongnal general power of sitnmey 7 [ other fspeci)

s [ T‘“nullpowd‘m

. : DF APPLICANT, AGENT OR COMMON REPRESENTATIVE
v h L of e porave siguing and the cxpechy in whick the parses siges (f such copacky s ast sbviens fros resding the dgmand),

!!.J/”\ 22/

Robert W Strazier DATE

For Intemational Preliminary Exanumng Authonty use only
1 Date of actus] receipt of DEMAND-

2 Adjusted date of receipt of demand due
éORR.ECTIONS under Rule 60 1{b)

3 D The date of recerpt of the demand 15 AFTER the expiration of 19 months D The applicant has been
from the prionty date and tem 4 or 5 below does not apply informed sccordingly

4 D 'El:bd;a:sof receipt of the demand 18 WITHIN the period of 19 months from the pnonity date as extended by vintue of

5 D Alllwngh the date of receipt of the demand 13 after the expiration of {9 months fram the pnonity date, the delay in amval 1s
CUSED pursuant to Rule 82

For Intemational Bureau use only

Demand recewed (rom [PCA on

Form PCTAPEA/401 (last sheet) (March 2001} Sce Notes to the demand form
LegalStar 2001 Form PCTDIM
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Intermational applicateon No

Continuation ol Box No Il APPLICANT(S)

If nouc of the followmg sub-boxes 15 used this shoet should not be Included i1 the demond

name aof

Name and address (Family aouse followed by given nome for @ legal eatlty full official demgnation The oddress must wdude postal code and

Stte (thai ix country) of nationality

State (that ir country) of residence

Name and address. (Family same foliowed by given name for a legal euiity, full official designation. The addresy must include postal code and
name of counsry )

State (chat is couniry) of nabonality

State {that is, country} of resudence:

Name and address (Family neme foliowed by given nome, for a legal eniity, full officiel dexignation. The address must include possal cods and
nowme of coumiry.)

State (that Is, couniry) of natinality-

Sute (that Is couniry) of remdence

Name and address {lez_meﬁ&-dbpm-m Jor a legal eniity full official devgnotion. The address must mclude pontal code and

State {that is couniry) of natonality

State frhat is country) of residence

D Further apphcants are indicated on another conunuation sheel

Form PCT/IPEA/401 (continuation shect) (March 2001)
LegalSiar 2001 Form PCTDFM

See Notes to the demand form
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The dewand must I filed directly wih the onmpwicntl Internommel Prelmiun Exawimng Anthorty ar i rwo or more Authooin, ar
fvith the ome choxen by i applicant  The fill same or twwletier cod of that Awthority may be ndicaied by the applicani on thy fm belun

IPEA/ US

PCT CHAPTER Il

DEMAND

under Article 31 of the Patent Cooperation Treaty
The undersigned re?.uetls that the internauonal apphcation specified below be the subject of
ntermational preliminary examination according to the Patent Cooperation Treaty and
hereby elects all chpible Swies (except where otherwise indicated).

For Intermstional Preliminary Examining  Authonty use only

Identification of IPEA Date of receipt of DEMAND

BoxNe.[ IDENTIFICATION OF THE INTERNATIONAL APPLICATION ‘1'“""' o ngraf’s file reference
Internationsl applienthion No Irernationa] {iling date (dayvmonth/vear} (Earliest) Pronty date (daywmonth/sear)
PCTAIS2004/003025 03 Fab 2004 ( 03.0204 ) |03 Feb2003 ( 03.02.2003 )

Title of invention
Power Cycle and Systam for Utlilzing Moderats and Low Tempevaiure Heat Sowrces

Bax Ne. Il APPLICANT(S)

and N

Name and sddress F%HWWM#&’#HW w.&

2830 Cavimont Drive 850.505- 1792

Beimont, CA 84002 T

United States of America clepnater Na.

USA NIA
Applreant's regustration No. with the Office
34 024

State fthat is, country) of nationalety- State {that us, couniry) of residence

us us

Nane and address Fﬂtzmﬂbndbﬂ_mﬁl@lulwﬁﬂwm The address must include poxtal code asd
Alsxander | Kakna

105 Glengamy Way

Hillsborough CA 94010-7313

us

Stute fohat {s. couniry) of nationahity State (that & couniry) of ressdence

us us

Name and address  (Family name followed by given name for o legal entlty full afficeal dengnation  The address must Ischade postal code and
aawme of country )

State fthat is. country) of navonality Statc {that is country) of residence

E] Further apphcants are indicaied on 8 continuatton sheet

Form PCT/IPEA/401 (first sheet) {March 2001) Sec Noics to the demand form
LegaiScer 2001 Form PCTDCM
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From the INTERNATIONAL SEARCHING AUTHORITY PCT
To
NOTIFICATION OF TRANSMITTAL OF
STROZIER Robert W THE INTERNATIONAL SEARCH REPORT AND
P O Box 429 THE WRITTEN OPINION OF THE INTERNATIONAL
Bellaire TX- 37040429 SEARCHING AUTHORITY OR THE DECLARATION
UNITED STATES OF AMERICA
(PCT Rulg 44 1)
Date of maling
(dayimontvyes) 55 /07/2004

Applicant's or agenta fle (eference

02019/04PCT FOR FURTHER ACTION See paragraphs 1 and 4 baiow
iremational applicalion No Intarnational fing dats

PCT/US2004 /003025 (dayfmontiys&r)  03/02/2004

Appicant

KALEX INC

1 [x] The eppicant is narsby nottfied st the Intemational seerch report and S written apinion of the Inlsmational Gearching
Authorlly have been esabiished and are tranamitied herewiih
Fling of smendments and siatement under Article 18:
Tha appiicant is sniiiad, if he 30 wishes, ib amand the cialms of ths Insemational Application (sss Fula 48)
When? The time mit for filng euch amendments is normally 2 months mm the dale of tranemitiad of the
inrnationad Search Report, however for more detalia, eee the NOtes on the accompanying shaat.

Whare? Oireclly o he  Inlemational Bureau of WIPQ 34 chamin dea Colombaties
1211 Geneva 20 Switreriond Fascimile No. (41-22) 740 1435
For more defalled instructions, see the notsa on the accompanying sheel.

2 [] T appicant is heraby notttied that no intemationsl ssarch report wil be estatiished and that the decieration under
Articl 17(2){e) 1o Inat effect and the writien opinion of the Inemalional Seerching Authority 4 tranemitied herwitn

3 D Whh regand 1o the protest against payment of (an) additional fes(s) under Rule 40.2, the applicant is noifed that

[] tw prowst inguthar with the decision !hareon has besn transmitied 1o the lntemationat Bursau logsther with the
applicant's request 1o forward the texts of both tHie proiest and the decision themeon 1o the dsaignaied Offices,

no dgcision has bagn Made yat on the prolest; the appleant will be nolifiad &8 s0on as a dacision Is made

4 Raminders

Shortly after the expiration of 18 morniha from the priarty das the Intemational spplicalion will be published by e
internaional Bureau f the applicant wishas © avaid or postpong publication a notice of withdrawal of the inlamational
application, or of the priorty ciaim, must gach the Intemational Bursa: as providad in Fules 80bis.1 and 90bk.3 respectvely
belore the compistion of the tachnical preparations for Imemational pubtication

The appicant may submit comsmants on an injarmal basla on the writtan opnion of the imemational Ssarching Authonity to the
insmational Busau  The inemational Bureau will send & cogy of such commants 10 all dasignatad Offices uniosa an
intsmational preiminary examination seport has baen or Is o be established. Thets commants would also bs made avallable o
e publie but not bedore the expiration of 30 montha from the priority data

Within 19 months from the priority dale but only in respect of some designated Qffices, a demand lor intemasonal prediminary
examination must be fed it the applicant wishes 10 posipone the entry into the national phass untl 30 months from the priority
daie {in some Officas sven later) otherwise the spplicant must. within 20 montha kom the priodty dae perform the prascribed
acts for entry in tha national phase befors those designated Offices

in mapect of other designawd Offices tha time ¥mit of 30 months (or teter} will spply even If no demand s Gled within 19
monthe,

Ses the Annex 1 Form PCTABRA01 and, for detalls about tha applicable me Amis, Olffice by Offica sae the PCT Applicants
Guide Voiums ) National Chapisrs and the WIPQ intermnet she

Nama and maliing address of the Inlemaiional Searching Autharlty | Authortzed officer
T =& Europsan PatentOffice P.B 5818 Palentiaan 2

NL-2280 HV Rijswiik Line Wagnersen
Tel (+31-70) 340-2040 Tx 31651 epo ni
Fax {+31-70) 340-2016

Form PCTASA/220 (January 2004) {See notas on accompanying sheel)




NOTES TO FORM PCTASA/220

These Notes are inlersiad 1o give the hale insivuchors conameng the Eing of amendmerts under arbsis 18 The
Notss sre based on the recqueements of the Patent Caoperaimn Trealy the Ragulsbors and the Admnnirabve instnoboms
uncier thal Tresly I cape of disorspancy between these Nales and those requremaents the lalter are spplicable For mare
detalied rormalion see sho the PCT Applicoen’s Guade, & publioation of WIPO

tnthess Notes Amicla® Fuls and "Bastion mier io the prowwmons of the PCT the PCT Regulsiions and the PCT
Adrrursstrative instructions respscively

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The appliosnt has aflar haveyy recsived iw inlernalionsl ssarah repost, one opportunily 1o emend the sleims of the
mmumummuwm,n-mduum {olalma
danoription and } may be smended carwy the intemational prelminery examinstion procedure, there is usually
no need io fe amendmaenis of the elasme under Artela 'l!oﬂwhn.o.' the applicant wanis Bw laitsr o be publinhed
for the purposss. of prowsionsl proleciion or has another reason for amanding the olams belore mtemational pbuliostion.
Fuihermore | should be amphasiyed that provisonal praisction in avallable in some States only

What pavis of the intarmationsl sppiicefion may be asmended?
Undes Artxcle 18, only the slaims may be amended,

During the intemational phasa S slsima may slao be amancind {or hether smandad) under Articie 34 o

% inbpmabonal Prefiminary Examireng Authorlly The dessrphon and drewings may enly be amandsd under
Artiale 34 belore the intemational Enemining Acutharlly

Lipon aniry inle the nationsl phase all pavia of the inbemalional appliashon may bs amended under Astwle 28
or whare applicsbie, Artole 41

Whan? Withn 2 montie fram the duls of teramiital of the intlamatianal searsh report or 18 manihs from the prierly
data whishever ime Emit spires leier & should be noled, howevar thet the amendiments will ba considared
a8 having besn ressived on ima i they are recsived by the Inlemational Buresy sl the expiratien of the
spplicshis time Emit tui badore the compietion of the technioal preperations kor intemational publisstion

(Puls 48.1).

Whers hot e e the asenchmenin?
The smardments may only be ed wilh the inlamaticonsl Burem: snd nat with ths reosiving Offios or the
indemnalional Ssarchung Authorily (Fule 40.2)

Whare a demand lor intemationsl prelimensry sxaranation has been s Sad, see balow

How? Eilhver by sanssiliing ors or mon aniire sisima, by adding ens or moare new sisims er by amanding the iext of
ane o mere of the alalme as fled.

A rapigsemart shast must be submitied for sach shest of the daims wivch on sceount of an amandment or
amandments, differs from the shesl orginally fled.

Al the dlesms sppeuring on a eplescement shest musl be numbsred in Arsbio numersis. Where a claim is
MMMdhﬂm-Mhdmﬂ-d—nnmmm
be enumbed conesculvely (Admmisirelive nstruolions  Beaion 205(h))

The amendipants must be made in the angiage In which the intsmational applicstten s t be pubished

What docwnents Rust/may accompany the smendreents ?
Latter (Section 200(b))
Tha amendinanis must be submilied with a lelier

The istier will not be published with the mismalional appiisshon and the amendied dmma it shoukd nol be
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2. Where origmally e ware 15 olaims snd sfier amendmani of alil clams there are 11)
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prelarsbly by usng the words "Stalement unsier Artiole 19(1).

& may not contan any diaparaging commaents on the intemational ssarch report or the relsvanos of oitations
contsinad « that report. Aeferenaa io clislions, relevent o & given claim  sontanad in the Intemational seamh
report may be made only m connesiion with an amendment of that clasm

Comnsequence I a desnand for intarnational preliminery sxamination hes alrandy bean Sied
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O BoxNo IH  Non-establishment of opinlon with regard to novelly Inventive step and indusiria) applicablity
O BoxNo IV Lack of unity of kvention
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0 BoxNo VI Certain documents cited
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witien opinion of the intemational Preliminary Examining Authonty [IPEA ) However this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosan IPEA has notifed the
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WRITTEN OPINION OF THE Intamational apphication Na
INTERNATIONAL SEARCHING AUTHORITY PCTAIS2004003025

Box No | Basis of the opinlon

With regard to the language this opinion has been esiablished on the bass of the intemahonal apphcabon in
the language wn which t was feld uniess otherwase mndicated under this iem

O This opinion has been established on the bass of a translahon from the onginal language nto the followng
which s the language of a translation furmished for the purposes of intamational search
(under Rules 12.3 and 23 1(b))

With regard to any nucleotide and/or amino acid sequence diclosed m the internahonal application and
necessary to the claimed Invenbon this opmion has baen estabhishad on the basis ot

a type of matenal
0 asequence Isting
1 table{s) raiated to the sequence hsting
b format of matenal
O  in written format
3 in computer readable form
¢ bme of flingfumishing
T  contamed m the internahonal appiicaton as hied
O filed together with the intamahonal appiication in computer readable form
O fumished subsequently to thes Authority for the purposes of search
O (nakion m the case that more than one version or copy of a sequence kstmg andor table relating thereta
has bean filed or furnished the required statemants that the information in the subsaquent or addtional

copeas s denhcal to that in the applhcation ea flied or does nat go beyond the applcation as fled as
approprnate were fumshed

Addhbonal comments
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INTERNAT{ONAL SEARCHING AUTHORITY PCTAJS20040003025
Box No N Priority

1 B The following document has not been fumished
& copy of the earker application whose pnonty has been claimed (Rule 43bes 1 and 66 7(a))

O translation of the earlier application whose pnonty has been claimed (Rule 43bis 1 and 66 7{b))

Consequently £ has nol been possible to consxier the valdity of the pnority claim This opinion has
nevertheleas been estabhshed on the assumphan that the relevant date 1s tha clammed pnorty date

2 O The opmion has been established as if no pnanty had been claimed due to the fact that the pnonty claim
has been found invakd (Rules 43bis 1 and 64 1) Thus for the purposas of thie opmon the mtematonal
filng dats indicated above & considered 1o be the relevant date

3 Addmonal cbgervabons i necessary

Box No. ¥V Hessoned statemant under Rule 430/a.1{a)(1) with regard to noveity, inventive step or
industrial appiicablity, citations and expianations supporting such statement

1 Siatement
Novelty (N) Yos Clams i6
No Clams
Inventive step (IS) Yes Clams 16
No Clams
Industrigl apphcabilty (I1A) Yes Clams 1-6
No Claims

2 Crdatons and explanations
se0 separate sheet
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WRITTEN OPINION OF THE Intemahonal applcaton No
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US04/03025
Be item V

Reasoned statoement with regard to novelty, Inventive step or Industrial
applicability, citations and explanations supporting such statement

The document D1 EP-A-0 652 368 (EXERGY INC) 10 May 1995 1s regarded as being
the closast prior art to the subject matter of the claims 1, 3 and 5 and shows a method
for mplementing a thermodynamic cycie

The subject matter of the claims 1, 3 and 5 differs mainly from this known method in
that the spent stream which 1s expanded for transforming thermal energy into usable
energy I1s separated to vapour and liquid

The subject matter of the claims 1, 3 and 5 18 therefore new {(Article 33(2) PCT)

The problem to be solved by the present inventon may be regarded as to improve the
efficiancy of the thermodynamic cycle

The solution to this problem proposed in claims 1, 3 and 5 of the present application is
considered as involving an inventive step (Arbcle 33(3) PCT) because the use of a
separator in the present thermodynamic cycle 18 not obvious and enables the use of
condensate i two different tharmodynamic states

Claims 2, 4 and 6 are dependent on claims 1, 3 and 5 respachvely and as such also
meet the requirements of the PCT with respect to novelty and inventive step

Form PCT/Separate Sheet’237 (Shaet 1) (EPO-Jarumry 2004}
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Bacicground of the invention

This invention relakrs to a mathod and apparatus for ransforming themnal energy from a geothermal
heat sowrce conaisbng of 8 mixtwe of geolhermal iquid and gecthermal steam ("geollud®) nto slecinc
power Tius inventon (wther relates to utluing the energy potenval of both geoihermal lqud and
geothermal steam in ons intagrated system

Geotherma! heat sources can generally be dwided nto two groups In the first group are “hquad-
dominatad” heat sources that produce mostly hot geothermal kqued (bnne) In the second group are
“steam-dormnated” hast sources that produce mostly geothermal sisam with some geothermal hiquid

Mathods for converting the thermal energy released by geothormal hast sources inip electnc powsr
present an wmportant and growmng area of energy genseration Geothermal powar plants generally belong to
one of two categones namely steam plants and binary plants

in stoam plants the geothermal source 15 uthzed dwectly to produce steam (s.g by throlifing and
flashung geothermal iquid) That steam 1s then expanded in & wrbine producing powear In binary plants
heat extracted from the geothermal Equd 18 used to evaporate 3 workmg flud that circulates within the
power cycle The worlang fluld 18 then expanded in a twbine producing power

Steem plants are generally used for steam-dominated geothermal heat sources, while binary plants are
generally used for Lquid-dominstad geothermal heat sources. US Patant No. 4 882,588 dascribes a
method and apparatus for transforming thermal energy from geothermal hquid nto slectrical power In &
bingry plant. This method incresses efficiency by using & thermodynamic cycle with a muli-component
working fluld and intawnal recuparabon

Summary of the Invenbon

In a first aspect, the invenbon features a method of implementing a thermodynamic cycle that includes
the ateps of

apandng a gessous workng siream transforying its engrgy into usable form and producing 8 spent
worlang stream

heating a mulhcomponent oncoming Bquid workng stream by pertially condensing the spent working
stream and

ovaporating the heatod worlang siream 10 form the gaseous working stream using heat produced by a
combination of cooling geotherme! kqued and condensing geotharmal steam

in preferved emboadiments the Rquid worleng stream s superhested followmg evaporstion using heat
produced by cooling gecthermal liqud io form the gaseous working stream The mulicomponestt oncorming
liqud worlong stream 18 preferably preheated by partially condensing the spent worlang stream  after whech
It 13 dwded into first and second substreams The first substream I8 then partially evaporated usng heat
praduced by partially condenmng the spant worfong stream while the second subsiream 18 parbally
evaporaisd using heat produced by cooling geothermal fiqwd The partially evaporated first and second
substreams are then combined and evaporated to form the gassous worlang stream using heet produced
by 8 combination of cooling geothermal liqued and condenming geothermal stsam The diflessnce between
the boliing temperature of the second subsiraam and the temperature of the geothermal liqud preferably 18
greatyr than the difference between the bailing temperature of the first subsiream and the temperature of
the condensed spent worling stream

The gectherral steam 18 expanded transforming its energy nio usable form and producing a spent
geothermal strgam The spent gecthernal stream 15 then condensed v heat and parbally evaporats the
hauid worlang stream  after which f 18 comiuned with the gecthermal kquid and used for further svaporation
of the kquid workmg stream Where tha geotharmal steam content of the geofiud is relatively high o is
prefersbie o partorm mulbiple expansions of the geotharmal steam Thus in ons preferred embodiment, the
spant geothermal stream produced by a irst axpansion of geothermal steam 18 divided into first and second
geothwmnal substreams. The first gecthermal substream 15 condensed I heat and partally evaporate the
lquid working stream and then combined with the geothermal hquxd The second geothermal substream 15
éxpanded tranaformung ita anergy into usable form and producing a spent geathermal substream which Ia
then condensed to heal and parbally evaporate the liquid working stream The spent gectharmal substream
is then combingd with the geothermal Equd

in a second aspect ihe mveniion [satures spparsius for implementing a thermadyname cycle that
includes

means for sxpanding a gaseous worlung stream Iransferring its energy into usable form and producing
a spamt stream
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a heat exchanger for partially condensing the spent stream and for transferning heat from the spent
siream to an oncoming mulucomponent liquid working stream

a separator for separabng geofluid Into geothermal iquid and geothermal steam and

a imudtiphcily ol heatl exchangers for cooling gecthenmal kqued and condensing geothermal sieam and
for transiemng heat from the geothermal hiqud and geothermal sisam to evaporale the hquid workung
stream and form the gassous working stream

in preferred ambodments the apparatus inciudes a heat exchangsr for coohng geothermal iquid and
transferring heat from the geothermal kquid to superheat the liqued working sirsam and form the gasaous
worlong strearn  The apparatus siso preferably includes a stream separstor for dwiding the heated kquid
wordang sireamn into first and sacond substreams a heat exchanger for parbally condsnsing the spent
working stream and transforring hest from the spent working stream to partally evaporate the first
substeam a heat exchanger for cooling the gecthermal hqued and transtesring heat from the cooled
geothermal fiqud to parhelly evaporste the second substream and a stream mxer for combining the
parbally evaporated first and second substreams

The spperatus further prafarably includes means for expanding geotiermal steam transforming He
energy into ueable form and produang a spent geothermal stream

a heat exchanger for condenaing the spent geothermal stream and transferring heat from the spent
gecthermal stream to parhally evaporate the hquid working siream and a stroam mixer for combining the
spent geothermal stream wath the geothermal hqud To accommodate geofieds with relatively high
geothermal steamn comtent, the apparstus further nciudes a stroam separstor for dividing the spent
gecthermal stream produced In the first espanmon nto first and second geothermal sirsams a heat
exchanger for condensing the first geothermal substroam and transterring haat from the first geothermal
subatream ip parlially evaporste the hquxi worlang stream a siream mixer for combimng the first
gecthaermal substream with the geathermal Squsd means for expanding the second gecthermal substream
transformung 1is anergy into usable form and producing & spent gecthermal substream a heat exchanger for
condensing the spent geothenmal substream and transferring heat from the spent geotharmal subsiream 10
parbally evaporabe the liqud working stream and a stream mbow for combimng the spant geotharmal
substream with the geotharmal kquid

The mvention provides en integrated systemn that utiizes the energy potertiais of both geothermal
atoam and gecthermal lquid {brine) The system can handie practically all gectharmal resources in almost
any proporbon between steam and fiqued Geofids from different wells hawing different temperatures and
different proporbons of steam and kqud may be used es well Higher outputs and efficcencies are achieved
relative to systems 1n which geothermal liquid and gecthermal steam are ublized separaioly in addition, the
officency and output are higher relative to steam power sysiems thet are currently used for ublizabon of
such gecthermal resources.

Becauss the heat souwce for the thermodynamic cycis involves a comixnation of coohng geotharmal
hquid and condensing geothermal steam only a one stage expansion of the working fitnd 18 necessary (as
opposed to two stages of expansion mth intermediate reheat). Moreover by spliting the liqued working fluind
into two substreams one ol winch 13 partially evaporated by heat transferred from cooling gecthermal Igqued
and the other of wiich 18 partelly evaporated by heat transferred from parbally condensing spent working
fiukd geoftlud having a high degree of mmerahzabon (which can be cooled only to relatively high
temperatures) can be usad 23 well

Other features and advaniages of the mventon will be apparent from the following desczipton of the
preferved embodiments thereo! and from the claima

Brief Dascription of the Drawings

FIG 1 is a schematic representation ol one smbodiment of the method and apparatus of the prasent
mnvention

FAG 2 s a schematc representation of a second embocdiment of the meathod and apparatus of the
prasont invention

Deascription of the Preferred Embodiments

Tha schomatc shown in FIQ 1 shows an embodimen of preferred apparatus that may ba usad in the
above-descnbed cycie Specalically FIG 1 shows a sysiem 100 that includes a grawnly separator 101 a
preheater i the form of a heat exchanger 108 a superhealsr in the form ol & heat exchanger 104 and &
basler in the forrn of heat exchangers 103 106 107 and 108 In addston the sysiem 100 includes turbines

3
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102 and 114 pumps 105 and 113 an0 condenser 110 Furthar the aystam 100 includos steam Separsior
112 and stream mixer 113

The condenasr 110 may be any type of known haxt eection dewce. For example the condenser 110
may lake the lorm of a heal exchanger such as a walsr cooled system or another type of condensing
dewvica

As shown in FIQ 1 geoliuid consisting of geothermal Bquid (brine) and geothermal sisam leaving the
peotharmal well 1s sent info gravity separator 107 whers geothermal iquid and geothermal steam are
soparated Steam leaves separator 101 with paramaters as st point 41 and liquid leaves separator 101 with
parameters as at point 51 Thereafier the steam i3 sem into steam turbine 102 wheve it expands producing
powar which 18 converted into electric power and lsaves twiwne 102 with parameters aa at point 43. The
stezm 13 then sent into heat exchanger 103 wheve it condenses reisasing s heat of condensaton and
beng completely condensed The condensato leaves heat exchanger 103 with parameters as at point 44
Heat from the condensation of the sibam 18 transforred in heat exchanger 103 to the worlang fsd of the
power cyclo

Tha gacthermal hiquid with parameters as &t port 51 18 cooled m heat exchanger 104 winch &t loaves
with parameters 3s at point 52 and transfers heat to the worlang flud of the power cycle The tempersture
of tha steam condensate at pomt 44 15 substantally equal in the emperature of the geothermal iqud st
pont 52 The steam condensate with paramoters as &t pant 44 13 pumpead by & pump 105 ®0 3 presmre
equal to that of the geatharmal liquid st pont 52 oblaning perametens a4 2t pant 45 Theresher the steam
condanaxte with parameters cormesponding 10 point 45 w combined with the geothermal fgquid with
perameters coamsaponding 1o point 52 obtaining parametsrs a8 &t paint 53

The combined quid havng paramaters as 52 point 53 petses though heat exchanger 108 whare ht 8
further coolad releasing heat which 18 fransferad 1o the woridng Muid of the power cycla and obtaining
parametars as at point 58. Finally kquad with paramews &8 &t point 58 passes through heat exchanger 107
where it |s further cooled releasing heat which is transisimsd i the working fluid of the power cycle end
obiamwg parameters as &t point 57 Thereafter peothermal Bguid 18 removed from the systemn and
resnyectad into the geothermal streta.

From the above discussion it can be seen that the thermodynamic power cycle according to the
nvention utihzes two sources of geothermal hoat, 1.8, heat released in the process of condensation of
geothermal sisam and heat released by the cooling of kiquid and steam condenaats {geothermal iquid) The
power cycle operates as follows.

The fully condensed working fluid of the power cycia with parameters as at point 21 passes through a
mecuparstive preheater 108 where it Is preheated up to bading temperaiure and exits praheater 109 with
peramaters 83 at pont 60 Theroafter the working fhusd 18 dhaded mto two subsireams =i stream separaior
112 having pararmeters correspondingly as st pants 81 and 62 The first subsineam with parameters ay st
point 81 passss through hasat exchanger 107 where it r3 hasted by a stream of iquid geofluid and partally
evaporated It inaves hoat exchanger 107 with parametors 22 st point 83

Tha second subetresmn having perameters &3 st point 62 pesses thraugh haat exchanger 108 wherw it 18
aiso hoated snd partially evaporatod K iseves heat emchanger 108 with parametsrs as = ponl B4
Thersatter both subsiraams are combined at stream mmar 113 abtaning parameters as at pownt B8 The
combined subsireams are then sent mio hest sxchangey 108 whamn further evaporation occurs usang hast
transfermad irom a stream of liquid geofiud

Tha temperature difference between the borng point of the worlong fiud having parameters at poim 52
and the temperalure of the condensing working fdd sbeam at point 38 18 minimized However the
tomperature ditference between the inibal boiling temperwtue and final temperature of the gecthermal quid
used lor evaporation in heat exchanger 107 can significantly exceed the mmimum temperature difference
betwesn pomnis 62 and 38 m heat exchenger 108 Thus it 15 possible to optimize tampershme and
comesponding pressura at pant 80 even whore the geothermal liquid can only be cooled In relatively tigh
wmperatures becauss of a high degres ol minsrakzghon

The working fhud leaves heat exchanger 108 having parameisrs as al pord 69 and enters heat
exchanger 103 wherge evaporation s compileted using heat produced by condensation of the geothermal
swam The working flukl leaves heat exchanger 103 with parametsrs as at point 68 and enters hemt
exchanger 104 where it 18 superheatad by a streem of geothermal Bouid Thereafter the woriang fhukd
which igavae heat exchanger 104 with paramelers s w paint 30 enters turbine 114 where it 1s expended
praducing power The expanded working fud steam then saves turtine 114 with paremetars as al port
»

The expanded warkang fivd at powdt 38 13 usually wn the form af s dry or & wat satursted vapor | then
passes through hest sxchanger 108 where A |s partally condensed The heat relsasad dunng condensation
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is utihized for an ivhal borking of the Hquid working flind Thareafier the expanded working Auid leaves heat
exchanger 108 with parameters as at point 38 and passes through heat exchanger 108 where it 1s furthet
condensed The heal of condensaton 18 utilized to preheat oncoming working fluld The partially condensed
working fluid with paramelers as al point 20 leaves heal exchanger 108 and enters haal exchanger 110
where it = lully condensaed oblaning parameters as at pomi 14 Condensahon can be provided by coohng
water cooling ar or any other cookng medium The condensad worlang fuid 15 then pumped to a higher
prassure by punp 111 obtaiung paramsters as at pomnt 21 The cycle is then repeated

The pressure at point 43 to which gecthermal steam 15 sxpanded i1s chosan I achseve maxmum total
power output from both steam turbine 102 and woriong flud twiwne 114 The composibon of the
muttcomponent workng fluid {which includes a lower bailing pont fiuid and & higher baiding pont flud) s
similarly chossn to mearmize total power output Specifically the compombon 13 chosen such that the
temperature at winch the expanded working fluld having parametors et point 38 condenses 19 higher than
the temperature at which the samoe worlung fand having parameters at point 80 boils Exampies of suilable
mulbcomponeni workang flds include an ammonia-water mixtwe two or more hydrocarbong two or more
freons, mixtures of hydrocarbone and freons or the like In a particularly prefarved embodiment, a mixture
of water and ammona it used The multcomponent worlang stream preferably meludes about 55% o about
95% of the low-boiing component

Preferred parameters for the points comesponding to the points sat forth in FIG 1 sre presanted in
Table | for & sysiem hewing a water-ammonia working fluld stream From the data it follows that the
proposaed systsm increasss output in comparison with a tradibonal steam system by 1.55 bmas and in
comparison with a systemn that sepérately utilizes heat from brine and steam by 1.077 times.
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TABLE I

7 P paiA X T °F H BTU/1lb G/GI0 Flow lb/hr | Phase
14 112 71 7854 70 00 -12 37 1 0000 2,602,656 | SatLiquid
21 408 10 7854 78 00 =11 12 1 0000 2,682,656 | Lig S0°
23 . Water 70 00 38 00 14 8173 | 39,749,694
24 ® Water 94 70 62 70 14 8173 | 39,749,694
29 113 01 7854 133 62 353 56 1 0000 2,682,656 | Wet 4037
30 385 10 7854 386 80 811 71 1 0000 2,682,656 Vap 67°
36 113 61 7854 240 46 724 15 1 0000 2,682,656 | Wet 0321
18 113 31 7854 170 00 450 61 1 0000 2,682,656 | wat 2998
40 113 61 7854 244 90 755 37 1 0000 2,682,656 Satvapor
41 224 94 Steam 391 30 1200 54 1912 513,000 SatVvapor
43 a4 77 Steam 316 09 1132 63 1912 511, 000 vap 0°
44 84 77 Steam 316 09 286 24 1912 513,000 SatLiquid
45 224 94 Steam 316 09 286 42 1912 513,000 Vap 0°
51 » Brine 391 80 305 83 1 4143 3,794,000
52 . Brine 316 09 241 48 1 4143 3,794,000
53 [ Brine 316 09 241 48 1 6053 4,307,000
56 . Brine 240 46 177 19 1 6055 4,307,000

e ] ] R v ¢
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57 . 8rine 170 117 30 1 6055 4,307,000

60 393 10 7854 163 85 93 1 0000 2,682,656 | BatLiquid
61 391 10 7854 235 455 64 2601 697,740 Wat 3412
62 91 10 7854 415 455 64 7199 1,984,916 [ Wat 3412
66 391 10 7854 215 455 64 1 0000 2,682,656 | Wat 1412
69 Ja9g 10 7854 269 558 84 1 0000 2,682,656 | Wet 2248
70 387 10 7854 311 ¢8 720 70 1 0000 2,682,656 Wet 05

2 2 R L L ¢

In FI@ 2 a syslem winch includes iwo stages of axpansion of gecthermal sleam 18 preseniad It difers
from the system shown  Fi3 1 by the lacl that alter the first siage of expansion pen of the expandad

steam with parameters as &t 43 13 sent into heat exchanger 103 A porbon of parhally sxpanded sieam 13
further expanded in a second steam turtwne 204 and then condensed tn & sacond steam condenser shown

Whars the initial gecfiuicd leaving the geothermal well containe a reiatively large quanifty of steam i 18

preferable o expand and then condense the geothermal stsam 1n two Or More steps rather than in one step
as shown m FIG 1 In such & case healing and evaporation of the workang fiuid is parformed allematety by

cooling the geathermal iquid and condensing the gecthprmal steam
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as heat exchanger 203 from which it 19 pressurized via pump 201 and then recombined with geothermal
bqud Geothermal Lquid Is used to heal the worlang fhuid of the power Cycls betwean those two steam
condensers in heal gxchanger 204

While the present nvention has been described with respect lo a number of preferred embodimenis

those skilled in the art wmil apprecsate a number of variabons and modificalions of thoss embocdiments For
example the number of heat exchangers may be increased or decreased In addihon the geothermal steam
may undergo mors than two expansions depending on the steam content of the gecflud Thus It 1s
ntended that the appended clams cover all such variabons and modificabons as fall withen the true spwit
and scope of the prasent invention

Clalms

1

A method of implementing a thermodynamic cycle comprising the steps of

expanding a gaseous working stream transforming its energy nto usable form and producng &
spent workang streamn

heatng a mulhcomponent oncoming liqud workang etream by parbally condensing the spent
worlung straam and

evaporabng the hoated worlung stream to form the gaseous worlang stream using heat produced
by a comixnation of cooling geothermal Nquid and condenaing gecthermal steam

The method of claen 1 comprising superteating the Bquid working stream following evaporation using
heat produced by cooling gecthermal Equid in form the gassous workdng siveam

The method of claim 1 comprising the steps of

preheatng the mutbcomponert oncoming ligusd worlang siream by partially condensing the spent
working stream

divding the preheated Nquid working stream inio first and second substreams

parhally svaparating the first subsiream using heat produced by perilally condensing the spent
working stream

parbaily evaporating the second subatream using hest produced by cooling geotharmal Bquad

combwung the parbally evaporated first and second substreams and

svaporatmg the partially evaporated first and socond substreams (o form the gasoous worlong
stream using heat produced by & combinabion of cooling geothermal hiquid and condensing geothermal
sieam

The method of clalm 3 wherem the difference between the boling temperature of the second
subsiream and tha temperaiure of the geothermal liquid w» greater than the diference betwsen the
boiling temperature of the first substeam and the temperature of the condensed spent worlang stream

The method of clam 1 comprising the steps of

expanding gecthermal steam transforming Its energy 1mo usabls form and producang a spent
geothermal stream

condeneing the spant geothermal stream to heat snd parbally evaporate the iqud working stream
and

combining the spent geothermal straam with the geathermal liued

The method of clam 1 comprising the steps of

expanding gecthermal steam tvansforming its energy Into usable form anc producing a spent
geothermal suream

divding the spent geotharmal straam nto ficst and second geothermal substreans

condanaing the first geothermal substream to heat and partially evaporate the Iquld working
stream

combming the first geothermal substream with the geothermal Bquid

expanding the sscond gecothermal substream Uensforming s energy into usable form and
producing & speni gecthermal subsiream

condensing the spent gecthermal substream 10 heal and partally evaporate the kquid working
streamn and

combimng the spent geotharmal substream with the geothermal liquwd
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A method of implementing a thermodynamic cycle comprising the steps of

expanding a gassous worlang stream wransforming s energy nto usabla lorm and producing a
spent worlung stream

prehealing an oncovming mulbcomponent iquid working siream by partiglly condensing the spent
working stream

dwviding the preheated Liquid working atream o first and second substreams

partally evaporating the first subsiream using heat produced by partally condensing the spent
worlong stream

partially evaporating the second substream using heat produced by cooling gecthermal liquid

combining the parbally evaporated first and second substreams

evaporating the partally evapomated first and second substreams using heat produced by a
combinaton of cooling geothermal Kqued and condenaing geothermal steam and

superheatng the evaporated kqud working stream using heal producad by coolng gectharmal
liquid to form the gaseous working stream

The method of clam 7 wherein the difference between the boiing temperatuwe of the second
subgiream and the temperature of the gecthermal bquid 18 greater than the diffarence between the
bolling temperature of the first substream and the temperature of the condensed spent worikng stream

Tha method of claim 7 comprising the steps of

expanding geothermal steamn transformung s energy into usable form and producing a spent
geotharmal stream

condenmng the spent geotharmal siream to heat and partially avaporaie the lqusd worlong stream
and

combining the spent gecthermal stream with the geothermal quid

10. The method of claim 7 comprising the steps of

axpanding geothermal steam transforming s energy Inip usable form and producing a spent
gecthermal stream

dividing the spent geothermal stream Into first and second geothermal substreams,

condeneing the first gecthermal substream to heat and perbally evaporate the Rqued worlkdng
stream

combining the first gecthormal substream with the geothermal iqusd

axpanding the second geothermal substream ftransforming i3 energy Into usable form and
producing a spent geothermal substream

condensing the spent geothermal substream o heat and partally evaporate the liqued worlung
stream and

cambimng the spent gecthermal substiraam with the geothermal kquid

11 Apparatus for implementing a thermodynamic ¢ycle comprisng

means for expanding a gaseous working siream fransferring its enargy into usable form and
producing & spent stream

a heat exchanger for partially condenang the spent stream and for transfarring heat from the spent
Sreamn 1o an oncorming mulbcomponent Equid worlang stream

a separator for separatng geoflud into gaothermal kquid and gecthermal ateam and

a multphcity of heat exchangers for cooling geothermal iquwd and condensing geothermal steam
and for transforring heat from the geothermal liquid and gecthermal stsam to evaporaie the hqud
worlang stream and form the gaseous worlang stream

12. The apparatus of clam 11 comprising a heat exchanger for coohng geothermal kqued and transfernng

heat from the geothermal kquid to superheat the hquid working stream and form the gaseous working
stream

13 The apparatus of clkum 1t compnsing

a siream Separalor for dwviding the healed kqued worieng stream into first and second substreams

a heal exchanger for parbally condenang the spenl workmg stream and ransferting heat (rom the
spent working stream o parbally evaporate the first substream

a heat exchanger for coohng the geothermal iquid and transferring heat irom the cooled geother-
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mal hqud to partially evaporate the second substream and
a stream mixer for combining the partally evaporated first and second substreams

14 The apparatus of claim 11 compnsing
means for expanding geothermal stearn Uransforming its energy 1o usable form and produaing a
speril goocthermal stream
a heat exchanger lor condensing the apéent gecthermal stream and transferring hast from the spent
geothermal siream to partally evaporate the iqued woriang stream and
a siroamn mxer for combiming the apent gecthermal stream with the geothermal hqud

15. The epparatus of clam 11 comprising

moans for expanding geothormal steam transforrmng s energy Into usable form and producing a
spent geathermal stream

a straam soparator for dividng the spent geothermal stream into firet and second geothermal
siroams

& heat exchanger for condensng the first gecthermal substrearn and transfeming hest from the first
geothermal substream to parbally evaporate the Aquid worlang strsem

a strearn mmer for combining the first gecthermal substream with the geothermal liqud

means for expanding the second geotharmal subsiream transforming its enargy into usable form
and producing a speni geothermal subsiream

a haat exchanger for condensing the spent geothermal substrearmn and transierring heat from the
spent geothéermal subsiream to parbally evaporate the hquid working stream and

& stream muxer for combining the spent gaotharmal subetream with the geothermal liqued

16. Apparatus for implementmg a thermodynamit cycle comprisng:

means for expanding a gaseous worong stream transfering its enorgy Into uaable form and
producing a spent stream

& heat gmchanger for parhally condensing the spent stream and for transfernng heat from the spant
stream to an oncorming mulbcomponent licaud worlang stream

a separaior for separating geofiud into geothermal liquid and geothermal steam

a stream saparstor for dding the haated kquid working stream into first and sscond substreams

a heat exchanger for parhally condensing the spent woriung siream and transierting heat from tha
spant workmg siresm to parbelly svaporate the first substream

a heat exchanger for coolng the peothermal liquid and transtesring haat from the cooled geothwr
mal Bquid to parally evaporate the second substream

a strearn mixer for combining the partally evaporated first and second substreams

a multplicity of haat exchangars for cooling geothermal haqusd and condansing geothermal steam
and for transfeming heet from the geothermal hqusd and geothermal steam o evaporate the kquid
workung siream and

a heat exchanger for cooling geothermal liquid and transferring heat from the geothermal kquid to
superheat the liquid working streamn and form the gasecus workdng stream

17 The apparatus of ckarn 16 comprising
meaans for expanding geothermal steam transforming /is energy into usable form and producing a
spent geothermal stream
a haat exchanger for condenzing the spent geothermal stream and transferrng heat from the spent
geothermal aiream to parbally evaporate the bquid working stream and
a strearn mixer for combining the spent geothermal stream with the geothermal liquid

18 The apparatus of clasn 18 compnsing

means for expanding geothermal stéam transiorming Its energy into usable form and producing a
spant geothermal stresm

a8 sveam peparator lor divihng the spent geothermal Stream N first and second geotharmai
streams

a hoat exchanger for condenaing the ivst geothermal subsiream and transferring heat from the first
gecthermal subsiream to partislly evaporate the liqud worlung stream

4 stream murer {or combining the first geothermal subsiream with the geothermal liquid

means for expanding the second geothérmal substream transforming s energy into usable form
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and producing a spant gecthermal substream;

& heat axchanger for condensing the spant geothermal substream and transferring heat from the
spent geothermal substream to partislly evaporate the liquid working stream; and
& siream mixer [or combining the spsnt geolhermal subsiream wilh the geotharmal liquid.
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This mvention relates generally to the heid of thermal enargy conversion into mechamical and then
electncal form More particularty thus Invention relates 1o the conversion of low temnperature heat from iow
temperature heat sources Into electric power

Mathods lor converting the thermal energy of low lemperature heal sources inlo alectnc power present
an imporiani area ol energy generabon There 18 a nead for a method and apparalus for increasing the
sfficency of the corversion of such low tampersture heat to slectric power that exceeds the efficency of
standard Rankine cycles The present invenhon provides such a method and apparatus

The present invenhon provides for a method for implementing a thermodynamic cycle compnaing the
steps of

expanding a gaseous workng stream transformung its energy into wsable form and producing a gpent
stroam

condensing the spent siream producing 8 liquid working stroam

forrming from the iqud working stream an ennched stream and a loan stream and

heating the ennched streem forming the gaseous working stream

The present invenbon also prowdee for an apparatus for implementng a thermodynamic cycle
compriging

moans for expanding a gaseous worlang stream transferring its energy into usabie lovm and producing
a spent stream

a first streem muxer for mixing the spent stream with & lean stream formuing a pra-condensed stream

& condenser for condensing the pre~condensed stream producing a quid working stream

a8 pump for pumping the hqued working stream to an increasad pressurs;

a gravity separator for formuing from the kauld warlong stream s vapor stroam and a firet hgud siveam

a first stroam separator for separating the first liquid siream producng a sscond iquid stream and the
lean stream

a second siream mixer for mpong the second Ugud stream with the vapor strsam producing an
ennched stream and

a heat exchanger for heating the enriched stream with heat transferred from an external heat source
producing the gassous working straam

Although any conventional extemal heat source may m general be used in conjunction with the method
and apparstus of the present inventon the present invention 19 particularty useful for the conversson of low
temperature heat from a low temperature geothermal brine or from a solar pond As will be apparent from
the foliowng description of preferred embadiments the method and epparaius of the present invention may
enhance the efficiency of the conversion of low tamperaive heat to eleciric power for 2 power cycle that
uses a low temperahre heat source

FIG 1 15 a achematic representabon of an embodiment of the method and epparatus of the present
mvention

This Invention 15 a novel method and spparatus for implementing a thermodynamic cycle In the method
of tha presant inventon a gassous working streamn is expended This expanmon transforms that stream's
energy into usable form and produces a spant stream Prefarred expansion means include conventionally
used turbxnes or turbine systems The spent stream ¢ condensed producing & hquid working siream
Proferrad condensers are thase conventonally used in the art.

From the fiqud worlang stream an ennched stream and a lean stream are formed The enriched stream
preferably includes a mgher percentage of a low bailing component than the liquid working siream mciudes
The ean siream preferably includes a lower percentage of a low boikng component than the liguid worlang
stream mncludes

Any conventional apparaius usad to form two or move streams having different composrtions from a
singlo strean may be used 10 form the lsan stream 2nd the ennched siream from the liqui@ working stream
Preferrad means for formung those streams Include conventionally used grawity separators such as a
conventonal flash tank

Yhe emviched stream preferably 18 in the siate of a vapor or a vapor-iqud mixiure The lsan strgam
preferably is in the state of a sstursted or subcooled Rquid

The enriched stream 15 hoated 1o form the gasecus working stream This heat transfer may occur via a
conventonal heat exchanger Any conventional heating source may be used Including recuperative or
extamnal heat sources Preferrod extamal heat sowces that may be used In the present mvention are those
having lsmperatures of less than sboul 400° F Parucularly prelerred are those having lemperalures of less
than about 250 F such es low temperature geolhermal brine or solar pond extemnz! heat sources

The method of the pressnt invention prelerably wncludes the addiuonal step ol combining at a first
stroamn mixer the isan stream with the spent stream pnor 1o condensing the spant stream Lo form the hquid
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working stream Such a stream which Includes the lean stream and the spent stream may be refermed o
as a pre-candensed siream

The method of the present invention preferably Includes the additional steps of pumping the kquid
worlung stream (0 an increased pressure and partially evaporaung the iqud working streerm wth heal
transierred from the sapernt steam and the lean straam Convenbonal pumpe and heatl exchangers may be
used for such purposes

in the embodimant of the prasant invenbon in which the quid worlong stream is parbally evaporated
the enriched stream and the lean sitream may be formed by seperating vapor and Iquid streams from the
partally evaporsted hquid working stream at a flash tank—the vapor producing the enriched stream wiwch 19
heated to form the gaseous worlang stream and the kquid producing the jean etream Alternatively such a
parbally evaporated hiquid working stream may be ssparated into a vapor stream and a first liquid stream at
a flagh tank. Tho first fiquid stream in tum may be sepamated at a hrst streem separaior into a second
liqued stream and the lean stream The second hquad siream may then be mixod at 2 sacond stresm mixer
with the vapor stream to produce the ennched stream In such an embodiment of the present invention the
enviched stream should be m the sials of a vapor-liquid midture that 18 then heated to form the gasecus
working stream

The schamahe shown In FIG 1 shows an embodiment of preferred apparatus that may be used in the
method of the presont invention Specifically FIG 1 shows a system 100 that mcludes turbine 101 heat
exchangars 104 105 and 102, condensar 108 gravity separator 103 pump 108, stream saeparators 109 and
111 strearn miners 110 112 and 114 and external heat source 113

The condenser 108 may be any type of imown heat rejection dewce For example the condenser 108
may taka the form of a haat exchanger such as a water coolad sysiem or another type of condansing
dewvice

Varlous types of heat sources may be used to drive the cycls of this invention In the embadiment
shown In FiIG 1 extemal hest source 113 represents a stream of low tsmperaiure geothermal fluld that
flows from pont 1 i point B through heat exchanger 102

The working stream for the embodiment of the prasent invention shown in sysiam 100 preferably Is a
multi-component worlung stream thai compnses a low bosling component and a high bading component
Such a prefermed working siream may be an ammone-waber muxiure two or more hydrocarbons two or
more freons mixiures of hydrocarbons and freons or the ke In general the workmyg streem may be
modures of any number of compounds with favorable thermodynamic characteristics and solubifity In a
particularly prefemred embodiment, 2 mixture of water and ammorma 13 usad

As showm m FIG 1 the workung stream crculates through system 100 The working stream includes e
gaseous working stream that flows from heat exchanger 102 v twrbine 101 The workng stream also
includes a spert stmam which fiows from turtens 101 to first stream muxer 114, a pre-condensed stream
which flows from first stream mixer 114 1o condenser 108 a Hqud worlang stream which fiows from
condensar 108 to gravity separator 103, and an enriched stream winch flows from second stream mixer
112 to heat exchanger 102. The gaseous working stream the spent steamn and the enriched straam
preferably sach inciude a higher percentage of a iow boling component than 8 included in the pre-
condensed stresrn and the kqued worlang streem

in addition to the working stream that circulates through systam 100 are a lean stream which flows
from firet strearn separator 111 to first straam mnawr 114 a first hquud straam which flows from grawty
saparator 103 o first stream soparstor 111 a second liquid stream wiuch flows from frst stream separator
111 0 sacond siream mixer 112 and a vapor sirsam which flows fom grawty separalor 103 1o sacond
stream mixer 112 The lean stream the first houed steam and the sacond hiqud siream preferably each
include a lower percentage of a low bolling compaonent than i included in the Kquid worlang stream The
vapor stream preferably mciudes a higher parcentage of a low boing component then Is included n the
hquid working stream

In the embadiment of the present invention shown in FIG 1 the kqud working stream which has been
completely condensed and winch hes a temparature that preferably & close to ambent temperature—with
parameters as at point 14—is pumped by pump 108 10 a higher pressure obtaining parametsrs as at pont
21 Therealer this liquid working stream |s separated at stream separstor 108 producing substreams with
parameters as at points 81 and 62 respectively These substreans ae sent o recuparahve haat
exchangers 104 and 105 respectively While passing through hest exchangers 104 and 105 the sub
sireams ol the hqund working siream are heated achiewing a boiling temperaiure having parameters as at
pants 7 and 4 respectively and then partially evaporalad The parually evaporated subsireams ol the quid
working stream emit heal exchangars 104 and 105 with paramaetors as at ponis 83 and 84 respecuvely
Those substreams are then recombined at stream mixer 110 to reconstitute the hquid working stream with

3
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parameters as a1 point 5

The liuud working sream at point S 18 preferably in a bi-phase state 1.0 i a parbally evaporaied state
The hquwd working stream 13 sent mito gravity separator 103 such as a ffash tank where the kquid separaies
lrom the vapor

A vapor streamn with paramealers as al pont 8 ewls from the top of grawly separalor 103 and a first
hgued stresm wnth parameters as at pont 10 exits from the bottom of grawvity separator 103 The first haqud
streamn 1= ssparated at (st stream separsior 111 into & lean stream and a second fiqud stream having
parameters as ai ponts 11 and 13 reapectvely The second hquid stream with parameters as &t point 13
13 combaned &t second stream mixer 112 with the vapor stream producng an enriched stream (erriched in
this embodiment of the present imvention with respect to a lower boibng componsnt when compared io the
hqud workmg stream) having paremeters as at point 88 The enriched stream preferably 18 in the siaty of &
vapor hqud mixture

The enriched stream ia sent into heat exchenger 102 where #t 1 heated by extemnal heat source 113
The external haat sowrce 113 shown in FIG 1 represents a stream of geatharmal brine. Such a heat source
typecally has a temperature of less than about 400 F and may have a temperature of less than about
250 F Arematvely external heat source 113 may consist of some other lype of low tempersture stream
such as one flowng trom a soiar pond In the embodiment shown in FIG 1 the geothermal bane enters
haat exchanger 102 with parameters aa at point 1 and exjis heat exchanger 102 with parameters as at pont
@ As shown in TABLE 1 the geothermal brine at point 1 may be at a temperature of 230 F

The enriched siream that enters hest exchanger 102 s further heatod Bnd evaporated exdting hsat
exchanger 102 as the gaseous workng stream The gaseous workang stream exiting heat exchanger 102
may be parhally gvaporated or it may be completely evaporated and suparheated

The gasacus working stream n the FIG 1 embodiment mats heat axchanger 102 with pararnaters as at
point 30 The gaseous warking stream then enters turbine 101 where it epands producing work. A spent
stroam exdts from wurboe 101 with parameters as at point 38 That spent stream 13 sent into haal exchanger
105 where 1t 18 cooled The speni stream i1s prefersbly partally condensed as it passes though heat
exchanger 105 to obtain perameters as at pont 38. As it passes through heat axchanger 105 the apent
stream transfors heat for heatng and proferably partially evaporating the substream of the Bgud worlang
stream flowing from point 82 to point 84

The lsan stream wnth parametors as at point 11 pesses through hest exchanger 104 where it s
cooled While passing thvough haat exchanger 104, the lean streamn provides heat for pra-heating and
prefarably partially evaporating the substraam of the iquid woriang stream floming from point 81 to point 83
The leen siream eats heat exchanger 104 with parameters 23 st polnt 20 In the ambodiment shown in FIG
1 the lean stream passes through 3 preasure reduction devica 107 which may be a throitle valva After
axitng presaure reduction dewvice 107 the lean stream obtuns parameters as at pont 18

The lean stream and the spent stresm are combned at first stream mncer 114 to produce a pre-
condensed stream having parameters as at paint 28 The pre-condansed stream (s sant nto condenser 108
where 1t 18 compigtely condansed by a stream of coolant flowing from point 23 1o point 24 This produces
the liquid working stream with parameters as et point 14 which completes the cycle

Converient parameters for the ponis coresponding to the polnts set forth n FIGL 1 are presented in
TABLE 1 for a system having a weter-amrnonia enriched stream wiwch ncludes 48.5 weight % of ammona
The theoretical performance of the system of the present invenhon using the parameters of TABLE 1 in the
embodiment shown in FIG 1 15 mehxded m TABLE 2 The data pregsniod in that table shows that the
proposed system theoretically should have an efficency of 10 34% which should exceed the sficiency of
the standard Rankine cycle worlang at the same border condltions by about 1.87 tmes it should be
@xpectad that use of the heat source proposad for the embodiment shown m FIG 1 with parametars as set
forth in TABLE 1 should mcrease power ouiput from 3.3MW to 5 SMW

(6@
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IABLE 2

Sum of turbine enthalpy drops = 62 08 Btu/lb
Turbine work = 60 53 Btu/lb

Heat input = 84 78 Btu/lb

Heat rejection = 523 04 Btu/lb

Pump powar = 09 Btu/lb

Net power output = 60 44 Btu/lb

Net thermal efficlency = 10 34%

Working fluid weight flow = 310705 84

Nat output 5502 59 kWe

Second Law limit 20 50%

Second Law efficiency 49 45%

Specific brine consumption 545 20 lb/kWe
Speciftic power output 1 83 watt-hx/lb

While the present invention has been described with respect to a number of prefermed embodiments
which utilize a sngle preferred external hast sourca those sialled In the art will appreciate a number of
variations and modificalions of those smbodimeniz For axample a different exismal heat source may be
used the number of heat exchangers may be Increased or decressed the number of pumps. turbines
condensing dewices separalors etc. may be varisd as well as the number 8nd composbon of streams
fiowing through the cycle Thus it 18 mianded that the appended clmms cover all such variatons and
rmochfications as fall within the true spirit and acope of the present mventon

Claims
1 A method for mplemantng a thermodynamic cycle compnaing the steps of

expanding a gaseous working stream ftransformung its energy into usable form and produting a
spant stream

condensing the spent stream producing & Bquid working stream
forming from the liquid wosking stream an exwiched stream and a lgan stream and
heahng the erviched stream forming the gaseous working stream

2 The method of clam 1 further inchuding the step of combewng the loan stream with the spent stream
prior to condensing the spont siream forming the liquid working stream

A The method of clam { further including the step of heating the erviched siream with heat transterred
from an external haat souwrce havng a emperature of less than about 400 F

4. The method of clem 3 furiher inclucing the step of heating the ennched siream with heal transferred
from an external heal source having a temperalure of lass than about 250 F
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The mathod of clam 4 wherein the extornal heat source i3 selacted from the group consistmg of a low
temperature gecthermal bnne and a solar pond
The method ol clasn 1 luther including the sleps of pumming the iqud working siream 10 an increased
pressure and parually evaporating the iquid working siream with heat iransierred from the spenl siream
and the lean stream alter pumpang the Equid workung stream to an increased pressure
A method for implemanting a thermodynamic cycle comprisng the steps of

expancing a gasecus working stream tranaforming its energy into usable form and producing a
spent stream

mnang with the spent stream a lean stream forming a pre-condensed stroam
condensing the pre-condensed stream producing a hquid worlang stream
pumpng the bquid working stream 10 an increased pressure

partially evaporabng the liquid worlang stream with heat transferred from the spent stream and the
lean stream

forming from the iqud worlang stream a vapor stream and a first iquad stream
saparating the first iquid atream producing a second liquid stream and the lean stream
muang the second koued stream with the vapor stream producing an enriched stream and

heating the enriched stream with heat transfered from an external heat source producing the
gassous working stream

The method of clam 7 whereln the gaseous worleng stream the spent stream the lean stream the
pre-condensed stream the koud working stream the first iquid siream the second liqund stream the

vapor stream and the ennched stream each comprise a low botmg component and a high bolling
component.

Apparatus for implementing 2 thermodynamic cycle comprising

means for expanding a gaseous working stream transfeming its energy nto usable form and
producing a spent stream

a first sream mxer for mixing the spent stream with a lean stream forming a pre-condensad
siream

a condenser for condensing the pre-condansad stream producing a iqued worlung stream
a pump for pumping the liqund working stream 1o an increased pressure

a gravity soparator for formng from the lqued worlang stroam a vapor stream and a hrst hquid
stream

a first stream separator for separating the lirst liquid stream producing a second iqued stream and
the lean stream

@ second stream mxer for mhdng the second fiquid stream with the vapor stream producing an
ennched stream and

a heat exchanger lor heating the ennched stream with heat transferred from an external heat
source producing the gassous working stream
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10. The apparatus of clam 8 further nclucng a gaseous working stream a speént stream a lean stream a
precondansed stream a hquid worlang stream & first fgwd stream a second hquid stream a vapor
stream and an enriched stream thal sach comprise a low boling component and a high boiling
component.

11 The apparatus of clem @ hather incluchng a second heat axchanger for heating the hquid worlung
stream with heat ransferred from the lean stream and a third heat exchanger for heabng the Iiqurd
working stream with heat transfered from the spent siream

12, The apparaius of clam 8 further inciuding an extemal heat source having a temperature of less than
about 400 F

13 The spparsws of claim 12 whersin the extornal heat source has a temperature of less than about
250 F

14 The apparatus of clam 13 whorenn the extamal heat source 18 selected from the group consisting of a
low temperature gaothermal brine and a soler pond

[
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MIVED WORKING FLULWD POWER SYSTEM
WITH INCREMFNIAL VAINOR ( FNERATION

CONTRACTUAL ORIGIN O 1TIL INVLNTION

[0001] It Umibcd Siamles (uwernment bax s his i this
wiventwen pursuanl (o Conlract No  DLACW-99CGO 10337
Ietween the US Dopaniment of Lowgy and the Natoaa)
Humwabhe Lneny Laharstory a divison of the Mdwasi
Rescarch Insttuie

TLCCHINICAL [TLLD

(0002] This imrvinlion nelales & power genuriion sysivms
v ponural and o speuiiially 10 power pLncraiion sys-
tems utihizang, mixed working flush

RACKGROUND ARI

[8003]) Powar generanon sysims or power planls ar
wellknoun w e an sad are widely waed 10 genensie
elecinuny Most auch power gencraiion syRems pencrale
cleanaty fom beat cwgy donved from buaming Fosul
fueks (¢.2., coal or natural gas) and ar referred W horoin an
thermal power planis. Tn addion to wang boal wnengy
denved from burning fosal [ulk, thormal power plants can
ako e usced with s widk vanely of ather beat sounes, such
ak solar peothcrmal, and nuclcar sourcs.

[0004] Traditionally, thermal poans plani have opuraicd
18 accordance with (he well known Rankine thermodynamw
cycl: In the Rankine cycke a so-aallked “pun.” wiwking
Auxd, such as water 18 heated 10 producs vapor or sieam The
sicam s then expanded, typically thmugh a turbine 10 onder
1o convert heat encrgy contamed therein 1to mechanscal
work In the case of an clecine power punerslion sysiem (e
wrivne » operatively onanecied to an elecinaal gencrawr
which produces 1he clectncily Wik power planis vpuratng
i acoordance wath the Rankine cych are well-known and
anduly used cerimmn chanactersues of the Renkioe cyule
impose. fundamenial bmitatons on Ik therowxlynamx oI

cxocy of the cycle For example 3 Raakins cycle opeating
with a pors workung fluxl sulflers some thammedynamic
revermuhies due 10 1he fact thal the pure working fuid
vaponas Al subsantally constant wmperaturne These im.

vermbibiex can be lager ar smaller depuending, on 1
tempemiun. differunce hetocen the heating medwm and
woekig Hud

[0DDS]) Partly in an effort 1o snlve some of the lemitanons
maouied wiib (e wie of a pure working tud i e
Rankine cvele other types of themodymamie oviles (v,
any of b so-called Kalina cyules) have heen dovelopud
whh ubiliee muzed working fluudk Bnelly a mixed com

ponunl working Aud comprises 1wo or mone vaporizabb,
components which vapanie and condunse proy rossavely
over 3 tumperatuce fangs tathor than at the nlatvedy an

sisat iumpuratun. of a so-called ~pur™ working, lud (c

waler) Acvordigly thormodynami cyules ulthizing, mixed
worky, Mueds can. if properly deugmed roalea incaad
efficmncns over simular ibrmodyname cyohs (vg, i
Rankin cyulc) tha uviha pure working, fluids such as
wakr

[0006] Cinc dugn comxhuriin for mixcd working, Hud
syt datex ¢ the hoaler ur vapor gemrator that  used
6 samart A the mosed workeoy, usd That o s dw. mosed

Sp [ AR

wurbing Hudd vapunas aver 2 aemperalone rame oo
ponurally profemed e dupn the vapur pemrator «  thal
heating, lunctus of the mixed workim, fMuid o ly fisllows
the. cxwsluny, function of the boating medwm ¢ kvdv manch
iy, the heating, amt coalimg, fomctons of e werking, and
nateng Nuids reduces the thermodyname irncversdbilites
duniay, the hatmg, cyck thus incnasiay, the avurall there
modynama. Llicncy of the sysiem En sccordano. with ths
consaduratwn 1burmedynamic cyches utideing, mixed Nuxis
often maks ua of countercument beat vxchangur, 1n which
the buating mndium wnd mixed working Ihand Hlow i oppe
£ic direcions. In this manmer the bvating funciion of the
mixed working, Hurd can he madk 10 more ke ly follow i
coohng, fumton of the heatn, medium

[0o0n7] Whik such counureurnont boal cxchanpers hav
buoen umd 0 mixed working flusd sysioms W alueve e
purformance and efficwncy pans, there s sull om for
imprevement, particulary m hght of otbur requiremants or
Livuateomn of the particular typ. of powr genermtsn sysm
tn which the beat exchanger w 1o be used For examph, »
pnmary coosderation of peothermal power gencration sys

o relaies to the so-called “heime efectivencss,” that w, the
amoun! of usful work that ain I extracted or denver fom
a gwvin hnoc flow Ak A desisbhe geotheomal power
g-mrabion sysicm will sceck 10 maximias bine efiuctivems

DISCLOSURL OF INVENTION

[ORE] A power psmenung symem accordwg W the
present inveanon may compree & heat surce and an incn
mental vapor gencralor sysiom operatively assocuaicd with
the beal somrce The icremental vapor generator ayniem
tncludes a first beating sectron and a second bealing sectmn
The. it bestiny soction recerves & mixed working, Rudd sl
generaws u st heaied workmg Bud siream comprmng a
vapor poriuw and a1 Lgued portwa The second beating,
seuiion » oporatively associaled wath the fird heaung -
tum and reccives the liquud portion from the fint boemed
working fuud stream The second healing suctaom pamles
a second hested working Husd Mream comprung 2 vapor
porton An comrgy convenson device operatively axsocyated
with the icrementsl vapwr pencrsior sysicm converts inlo
uncful work beal cowrgy comained m the vapor postnns of
i firsd and mvond healed workimg Buid sircams

[D009) Also disclosed w2 method for guneranng, power
from a mexed wordony, Uud that compnss i sops of
incrementally heating (he muxxd working, Ausd & pidea 3
fira vapor sircam and a second vapor sircam  and converung,
inte uselol work buat enury contamncd i 1l et and
swecnd vapur slreams

BRIC DEMCRIPTION O THL DRAWINCGS

[ou1n] NMewrtive and prescarly prufimed embydimuenix of
the imvuniion are shuwn 1o the accompanyny, dwings m
which

(vat1) FIC 1w ashumaln diagram of a power gemr
ating, syem according, o the proant invention utilezam,
paralil fkrw scremcatal vapur pomoration,

(0012] FIC 2 = an cquilibnumiphass chagram of the
mixed workiey, Oud 21 the vanous sauons of e power
yeourating swstem whwewn o FIC L

[
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{w13] FIK 3 ma praphal oprosentaton of the hualing
and ool (unctioms of the mixcd warking Husd and the
heating Huwd lor the power gemorating, system shown w ¥ I

1

[0014] FIC 4 masciwmate diagram of a second cminh
munil af 3 gowar gencraling sysivm accordung 1o the prosent
mven uibzng schal fow iuamental vapor gunonainm

[001S] FIG 5 & an cquilbrium/pbase disgram of the
mixed workiog luxd ai the vacous stations of the porwer
genuraim, sysium shown in F1C 4, and

[0016] FIC & & a graphial nopresuntation of the heatng
arxl cooling functions of the mixxd workoy, lud and the
boatiny, fluxd for the powar penurating kysiem of FIC 4.

BLST MODLS J'OR C ARRYING OU1 HL
INVLNTION

[0017]) A power gencrating, sysu.m 110 according 1o ane
embadiment of 1he present iaventron e shown wm FIC [ and
Mmay comprnse ao icremenial vapor gencratoc sysiem [12
lor vapurrany, a mixed working flusd 114, The incremental
vapor gomrsior sysiem 112 incromentally vaporzes ihe
muxced warking fud 114 with heat energy sxtracied [rom a
heat source sach ag, for example geothermal brioe 116
Alicrnatrvely and a4 will be duscribed m greater detail
below Lhe present inveniioa may be uhibized with other 1ypes
of bunt sources amdd/or other Iypes of hestung flnuds

[Oe18] In the cmhodument showo in FIG | 1be meremen-
tal vapor genorator system 112 compnaes a panalicl flow
ncremenial vapor peneration system 118 in which the mixed
working fludd 114 15 incrememally vaporseed o form s Bl
vapor partion 120 and y second vapor portion 122 The fird
and second vapor portons 120 and 122 thareafier may be
comhin:d m & vapor muxer 124 beforo heung directed o an
CRCIEY converson sysan 126 which convers energy con-
tainod 10 the liodt and second vapar portions 120 and 112 iato
wseful work heat [n the embhodiment shown m FIC |

emergy converkon sysiem 126 compnises a rhane 128 and
an ehocincal geoerator 130 Accordingly, heal snergy con

tamed n the first and second vapor portioas 120, L2
converted o ekecinal voorgy by the encrgy conversion
sysiem 126 (o0 an atwenate embodiment described balow
the ime.romental vapor gencralor system oAy Comprme a
sorws flow incrememal vapor pencration system 218 (F1G

4) w whuch the mixed working flud 15 incremenally vapor-
w@ed in & scnal manner

[0019] Th panlicl flow mcrumental vapor puncrating
system 118 utilnzed in 1he find umbodiment 108 of the powr
penerating, sysem sceonding 1o the prescot iventon s
shown o FIG 1 and mav comprse a beal exchanger or
vaponzer 132 having, a pnmary loop 134 through whch i
caused lo fow the heuting fud ¢ g geothermal brine 116
The heat exchamer or vaponar 132 may ako compns. hndt
and sceond heating, sectons 136 and 138 that an m thormal
communiaiion with itk pnmary loop 1M so that heat
encrgy contuned i the maurg, flud (v hrme 116) =
trapaferred o the mixed working fuxd 114 Bowang, through
the hird and second huatum, soctions 136 and L3, respec-
tvely The huat exchanger 132 may 2lso b proveked with a
thirdd hesting sceteon 140 <uitable [or addivronally heatimg the
firs1 andd second vapor portaons 120 and 122 10 2 manner that
will b chsanbed 10 mon dhtail bolow
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[0020] 1o hind aml sceond beattng, scutrms 136 ol 138
an operatvely associated with respactive ind and sconmd
sparator sysioms 142 and 144 The firet and suound sepa

mtorsysions 142 and 14 sopacaie bgud amd vapor portsons
from 1he buated mixed warking, Huwd inteduod theruin by
the fimt and sevond heaimg, sccthons 136 and 138 nesped

uwvely More specifically a fins inlet 146 of the how separaior
142 15 connecied o0 1w outke 148 of th st uating, section
136 wherns 8 lgued outlet 150 of the od suparaior 142
connected (o the alet 152 of the seeond boating, Section 138

A second ket 154 of first seperator 142 = connect) o a2
high iumpuratune reouperator 156 A vapor outles 158 ol linu
scparator 142 15 connected (o the vapor mixr 124

{0021] M second sparaivr 14 1x provicl with an il
160 1hai & connected o the outlul 162 of the second healing,
secteon 138 A hqusd outlel 164 of second muparawwr 144
eopnectsd to the uph h.mporalun cecupurator 158, whun.as
a vapor outlet 166 » conoected 10 the vapor mixer 124

[0022] The vapor mixer 124 m provided with a vapor
oulket 168 winch 1o the embodimem shown and described
herein, = connected o the third beating secton 140 The
thid haung section 140 & used to funher oot (e
wuperinal) the vaponacd muxed working flud L14 exsting
the mixer 124, The outhkt 170 of tbe thud hoalang rection
140 1 coanccied lo the encrpy cooversion sysiem 126 As
meationed shove, the cocgy conversion sysiem 116 may
compree 4 tutbine 128 and ckecincal peoerator (30 The
exhaust outlel 172 of turhine 128 s connected 10 2 low
emperature recupenator 174, The low emperalure recupem
tor 174 w in turm coonecied 10 a condenser 176 via 8 mixer
178 The condemser }76 s nperatively connected in the heat
exchanger 132 via 2 pump 180 and the high and low
temperature recupersiors 156 sod 174, rospectively

[0023] The power gencration system 110 may he operated
as follows o convent into useful work heat eoec,y vonlamed
n the heating fluid (eg. peotbermal brine 116) As was
brclly doscribed ahove, the mixed working Aud 104 un

lxd hervin vaporzes propnosaively over an increaming,
kmperaiure range That is, the wemperature of the vapor and
bquul compnsng (he hoated mixed woran, fud L14
incruases with mcreasing qualdy The point at whiwh vapor

waton begans (1.2, 81 0% qualuy) 15 referred 1o horein an the
~huhbhlc point ~ whereas the point at whwch vaponzateon
vomplele (1.c- a1 1009 quality) 15 referred o herein ax the
“dew pount ~ By way of exsmple the mixed workaeg, Quid
114 wnlesx) m the prelerred embodimenis shown and
dhcrihed ferein comprsas a mixture of smmmoma and walur
Aliernaiively othor mixed working fluxs could b, used as
wll

[0024] Refemng now o FICS 1 and 2 smultancously”
the mixed working Huxl feed sicam 114 oxils the condensar
176 a1 ahowt the bubble pomt Tor the mixiure  This come

sponds (o dahion Ly i FIC | and the comuspombng, poim
Lg i FlG: 2 Bufore prcecding with (he dhseriphon o
showld be noted that vanous ponts in the sysdem 100 1hat ane
of wenewt thermodymameeally are nfomed 10 heruin as
=siations™ and are indwcated in FICS | and 4 as eiirched
aumhwrs of encirbed lotier-number combinatuons, wich sta

tons ane wdsted on the cquilibrum/phase diagrams (v g

FIGS 2 und 3) ak poinis havim, comesponding, numbers or
ktier numbwr combunations Tlence station By e chosinaved



US 20030167769 Al

P ascouakd hpond =17 (e comaypnding, poat
in The wyuilibnuny phase diagram dlusated 0 FIC 2 moabwe
thaagnated =1~

f0825] (onunuiny, ovw with i descrpion i pump LD
k. foases the prosin of the mued workmg, flud 14 1o a
pomnt suitsbk for use m the fugh pressun sk of the power
penerabion sysiem 110 The fiow of the working, fluad 114 %
then spit with a fird stnam 182 being directed through the
hyh tempumiure recupursior 156 and & sucond siream 184
trng derccted w the low wmporature recupurator 174 The
heating charactersuns of the ingh tomperature recupurator
156 and the flow mie of the fint sream 182 are sehected so
that the (irxt sinam X2 » heatd 10 8 pount abesn, its hubhle
pownt 31 i particular prssun, mvolved (e ahout 425
pounds pur mquan. inch sbsolute (psaa)) That s, the hewt
stram 182 15 nated 1o o quality greater than a.m By way
of cxamplc m one profemed embodumen e hird dineam
182 15 heated 10 » qualiy in the range of about 10V 10 ahout
4% (W3R prefemed). Thix qualily conmuaponds 1o & vapor
poriion in (he range of ahoul 80% 1o shout 96% (90%
prefemed) an o valume bamis, The nated hrst stream 182 15
then darected wn (he inket 154 of first sepacuior system 142

.I;lh- s whentifed ot stanion 2, i FIG 1 and ax pot 2, 10

G 2

{0026) The socnod siveam 184 o buated by the low wm
perature recuperstor 174 and therealler s direeted 1o e first
heatung msction 136 of boal axchenger 132 where of s
additwonally beated 10 a temparatune that exoceds the hubble
pomt This cornporis to mation 2, 10 FIG | and 1o point
2, m FIG 2 h = gencrally preferred that the healng
charsctansiics of the Jow emperaiure recuperator 174 and
the first beating sectinn 136, as well an the fiow raie of the
scuondd sircara 184 be such that the mixed workiny, fluad 114
compruting the second sream 184 1w beated 1o about the
samc quabity as the first stroam 182 Than w, ot s prefermed
that the pownis 2, and 2, oo FIG 2 be apprommately
coqocudent The heated second siream 148 from the Nest
heaung sechion L36 % thea directed 10 thn, first wnley 146 of
the fird soparator 142

[0027] The firat scparator systern 142 recvives Lhe first and
sccond heated sireams 182 and 184 and separates the two
Rreams 182 snd 184 into a Ixuud portwon and a vapor
portion The liquad portion exits the hquid outlet 150 of the
scparaior 142 anl = directexd to the 1okt 152 of ihe seonnd
heating sectian 138 The vapor postion exits 1he vapor outhet
£58 of the first acparaior 142 as firs vapor sircam 120 The
fint vapor siream 120 3 at ahout the dew pount (1.2 HIYE
qualuy} for the particu lar concentration of the mixed work

mg fud 114 comprsing the vapor porton sinam 120 Ths
auresponds to matva v, 10 FIG 1 and w puat v, in FIG

2

[0028] Belore proceeding, with the des.nptuon it should be
noted that the concentratons of th, comituunis (v p-
ammoms ant wair) comprsiog the mixed woeking, Hnd
114 anv dilferemt for U ljuid end vapor portioos For
cxampke wath nefureoce now W FiG 2w ome pnfumed
embodimem whurun e mixed workan, flud 114 com
pras 3 muxiun, of ammona amd walur 1he hrst vapor
purtian stream 120 (cornespoading o et v, m FIC 2) of
the mued wardany, fluid H4 compnses & hypnr comounin
tion of ammonia (v g sighilv proater than abord 095 on a
mass hawus) than docs the lgguid ponton (aent 3 i FIC 2)
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ol i auxed vk, Qo 114 I lnuud poetusn of the
mixed working, flusd 14 al poom 3 has an ammunia con
cuitration that o slightly b thae ahout U35 (on 2 mass
baka) € vrewrjuently any charsclorstes (v . qualiy) sp
cilically recned horein for the mixed workang, et 114 21 2
paricular station nufer 1o the working, Mud L4 o e
particular stale (e i, vapor or Ixquul) aml al the. comespond
tmy, cunceatzelion sl 1be rofurenced staison Fur wxample al
sialin v, 1w mixed working, fud 114 cowpnss 2 vapor
having, an smmona conentmixon that = shphtly greair
than about O 95 and » at about the dow ponl {te & qualuy
af shout 1(Xr%) far the mixtur. al thal particular ammonia
conceniratswt Al stacon 3 the mixed working Aol 114
cwmprines a3 lquud having an smmena concentration (hal s
shphtly ks than ahoul 055 and % al abew) the babbhe point
{14 & quality of about 0F) for 1he mixivee at the lower
ammunie oncenirabon. The smmonia concuniratoms {1
mass fcaclion) for the ammuonin/water mon.d workaog fluwd
114 thal may be utilized 1n the profemed embodiments of the
prescnt inverstwn are shown m FIGS. 2 and 4 e the
cucresponding hiquad and vapor porlions of the mixed worl.
ing Nuxd at the varons sations

[0029] Wnb ihe foregoing poinis in mind the bguxd
porvon of the mixed working fluid 114 from the hru
soparawr 142 o at showt the hubbhk. pownt of the lgud
portuw of mueed working fud 114 3 the cormesponding
ammunia copexatralion That w, the hguad pestion i at shoul
the bubble point for the lower ammonia conceatration of 1he
liguid poruon of the mued working fluwd 114, Thin come-
sponds 10 station 3 10 FIG. 1 and to pount 3 1 FIG. 2. The
bgquyd portan 15 drected mto the miet 152 of the second
heaung sectvoa 138 wheraupon 1 heated 10 8 lemperature
1 excess af the bubbk: poml It m gencrally preferred that
the bqud porioa be beated i the secind besting section
138 10 shout the same quabity % the mousd workag flud at
aatwas 2, and 2, That =, the quality of the mexed working
Rusd siream exuing tho sscond heating section 138 should b
aboul the same as the quahites of the working, Aud sincams
wvxaling the firs heating sectioo 136 and the high lempeniun
recuperator 138 For exampic, m the embudiment shown and
duscribed horein the mixed working fund siream exits the
scvond hesting section L38 at s qualny in the raage of shoan
t0% to aboul 407 (3% preferred), whech cnmetponds to &
vapar porton in the range of sbout 80% to ahout 96% (90/F.
prefeemd) on a valume bass. This correnpondn o statran 4
in FIC 1 amd 1o pomt 4 n FIG 2

{0030] The scound scparater sysiem 14 naxmves the
hustot mixed flund fowm ibe second huating, seuiem 138 and
separahy the heated mixed Awd inte s hgquid portaen and a
vapor portum The Liquad portwon oxus the bquad outler 164
ol the separsire 14 and 1s directed 10 the bigh emperaiun
recuperator 156 when upon it surrendens a portion of s heat
10 the firqm working sircam 182 The vapwr portion from
separatar 144 cxis the vapor autht 166 ax the second vapae
partion sircam (22 The second vapor peuten siream 122 s
al about (b dew poand (1. 100%: qualiy) for the hpher
ammonia coneuntraten of the mixed workog flusd 114 that
cuomprises the sucand vapor portson mnam (2 S statun
v_m FIC 1 and poume v 10 FIC 2

[oa3f] Tt vapor muzer 124 recuives the st and second
vapor siname 120 and 122 and combams thum inie a
combimud vapor stream 186 (T combined vapor sircam
186 coreusponds 1o mation vyoin FIC | and o et vy 0
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FIC 2 W comivunud vapor sieam 186 mav s addiinmally
Inalcdd (v g, sipnchaled) by the thind inating, sectaon 140 e
4 empuratun preaior than 1he dew peant lanpumture For i
wimbemd vapor wrnam LS he superheated siram 1NN
vxiim, i third huaung, section 140 comeuonds 10 @alon
v FIG Land 1o pointv, mFIC 2 e saroam 188 s then
dinected 10 the Loy comversion sysium 126

{8032] Ik wreny cosvuermnn sysem 126 Cxiracts heat
unigy from the supcrixcaled siream 188, convurting il into
waful worlk In the embodiment shown and duscribed
hern huat woungy contained in the fiod and sccomd vapor
sincams 120 and 122 (whuch compeise combined sirvam 186
and supurinated sirsm I88) s conwned mio ckectowl
wiwk by i lurbine [28 aad 1 clecinal gommaior 130
sxwnpwaung (he Loy conversion sysium 126

[0033] The cxhaust minam 172 from the twdwe 128
awreigmvids w ataiun vy in FIC 1 and o pont v, in FIC
2 and s af s (umpemiurc that 15 gnater than the dew pomt
wmpLeatun, (or (h monxd workwg Gued at the roduced
presun on the Iow pressure sde of the power gencrsting
sysiem 110 Dy way nl cxample m the ombodimem shown
and deacyibed bnan e moed workng Bud 104 1x 20 8
prosan. of shout 71 pua on the low pressure sde Adier-
painely i vxhaust sircam could oxd I furbine 128 a1 a
emp.ratun bulow the dew pomt off 1ho mixed working fiowd
of the wrbine 8 wapable of handling wet mixtures, The
wxhans! siream 172 from turbie 128 1= thereaficr directed 10
the: low lempemture recuperator 174 wherein il surmencders a
portxon of 1x beal cocrgy 10 the second workang Aud stream
184. The cooled exhaus stream 172 exits the low lempen
(e recuperator 174 al station v, al a temperalure bolweoa
the bubblk: and dew pownts [or the mixed working Auxl Dy
way of exampic, w anc prefermed cmbodonent (he cooled
uxhausl stream 172 cxats the low kemperatare recupraer
174 at 2 quality n the mnge of shout 0% 10 about 1(0E
(45% prefurrcd) Sec abwo poial v, in FIC 2

[0834] The muxed working Aud exiimg the kew tempera
e recupenie 174 15 thon muxed with the lqued purtion
eriting the high temperature recuperaior 138 w the muxer
178, The cnmhiond woekung Busd Riccum exuts musee 178 at
Matn vy winoh o wpomt v; nFIC 2 The
cwahmd worling v strcam 18 lhen coodensed o Hhe
buhivie point (matwn Ly, in FIG 1 and pount Ly, 10 FIG 2)
by the uondenscr 176 The condenned siream = then relvroed
1ot high prasure side of the aysicm by pamp 180 and the
ke & repuaicd

[8035] A sypmificant advantage of e power genuratimg,
sysiam 110 acconding, 10 the prusepl mvention % that o
resaulis in closely motohed heating and cooling curves for (he
workung and hvating tlusds, respectively For cxamph with
nlerene, now 1o FIC 3 1 beating curve or function 190
of the mixed workiny, llud closely follows b vanhng, curve
ar fumtion 192 of the beatng Aud (vp. ban 116) The
|y matched healing, and cooling functions 190 and 192

improves thurmadymam eflicemy by reducing the irre

vermihdities acvurnng, in the heat uxchanger 132 The chwaly
matchexd beating, and coohing funchions aba allow ihw bom,
116 40 he casded 10 8 lower lemperature ckesor 1o U bubbl,
punt af the workim, flud than = pesibh with prnr
sysims. Comuquuntly [in piwnr pencraling system LU0 of
thu prscnt imanium substantially nduos th tauny, flud
(v hoim 116) lhnw it roquiresd for a v amount of
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watul work Avcondingly the power puinrabing, wsaem 19
oan v wied with cunsidorshh, sthaniage W pathomal
pear L ralion sysioms whron it 15 desirad W msimisa
the bom flow raie por hilowats oL chectekaty producd

[bOdE] Having, brlly doenibed one embotimens of 1
power puorating, sysivm 110, o well ax som of itx mon
sy nificant faturnes and advaniages, e varoux ombods
momts of the power pemraling sysium acowmdg o th
prosent invenixon will now by duscrilnd in dutatl Flowewr
bufone proceeding wilh the doseripion it shwuld by nuted
that while the vanous umbodiments of the power penuratim,
xystum are shown and duscnbed huroin as they could by wel
in & genthermal chetnesl puncrating systum utiizang bt
bane 116 as the buating, Nusd he presem iveniion & mu
lumated 10 use 1n genthemal whiarkal purarating symcma. In
(st povar pencraling, sysicms axonding o e proem
1aveniwon coukd bu wsed with any ol a widk vaniely of huaui,
Nusdx aned worksag NMuuds that are now Lave i U art or
thai may be developed m the future s would e abvvsnus ke
pemons having andinary sitdl in the art slier haviog hocoms,
famihiar waih the teachunps of the present mveation Conse
quently ibe presest anvention should nol be repardd an
hmned 1o the pariscvlar appleatons and/or heating and
workipg Busds shown and des.nbed horcin

[DD3T] With the foregoing consaderaiams i mind om,
emindiment of a power gen:raung sysium 110 scooedhing b
the present nvestsn compriscs an incremenial vapor peo
etor system 112 for vaporrzny, 2 mixed worlang Aud 114
uidizng beat abiained from a sustshle heat spuree By way
of example wm the cmbadiments shown and desaribed
berem, the heat source may compnse geothermal bnne 116,
The geothermal brine 116 comprses the heat source or
beating fluxd and = used to vaponze the working Buxd 114
in the incremental vapor geoerator sysiem 112

(0038]) The working Buid 114 used i the power guneration
syteen 110 may compnse any of 2 widk range of mumsd
non-azcatrome fluds now koown 1n the art or that mey b,
developed 1n the fulure sulabh for use In the pariwular
spplusuan As used herein i torm “muxed flued™ refem o
any fluxl wheren the lemperature of the vapor sad liqued
components increases with icreamng qualty By way of
coample in the emhodumenm shown snd dewrited bvivin
the. mized working flul comprses 2 mixtere of smmnarn
and water

[0039) As was bnelly mentkmed above 10 vne vminads
mem of the wvenvon the incremuntal vapor guncrsuyr
syiiem 112 compreses a paraliil flow mcremeninl vapor
pencnation sysiem 118 In the parallel How ncrumenial
vapor punerabon syshem 118, the mixed working, Hud 014
w incrementally vaporrzed (o form a fird vapor portion 1200
and a second vapor portion 122 The find and seoomd vapor
portions 120 and 122 ane combined (1 a parali)
manner) hefore boing, direcled W the enuryy converson
aystem 126 hence the dusipnainn paraliul low meremental
vapor guncration sysium L8

{o040] Wuh nlerence now pnmarily e FIG 1 the par
alkl flow imcromental vapor yonerting, sysivm LK viliadd
in om. embodimeni of the Ewor puneraling sysam 110
saxwding 10 e prsent aveniion comprons 3 Wwat
wichanper o vaponzr 132 having a primary kop LM
thruph whah o caused to ow e baatm, fudd A
momgincd shove 1 1 cbodinent fwewn and dosaritaal
horuin the haating, Musd compreas paotbeimal bom 11§
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Allumativily viher typus of hoatimg, thids may b usstd ax
would b ubwviolis to ponicins having, ordmary s&ill ot an
aftur having hocome famibar with e Loactungs of 1
presunt Javenton

[0B41]) Th Mat vechanger or vaponar 132 may alo
comprse. fimd and seoond heating scctions 136 and L3R
arvanged no tbal they are in thurmal communaeation with thh
primary Joop 13 Accordingly huat umrgy contained in the
o 116 w iransferred 10 the mixed wordang, Nuad 114
flowmg in the first and second heating secionn 136 and 138
repectively The beat axchanger L32 may alxo e prowuded
with a 1hid heaum, seciion 140 suiiable for additonally
heating the firt snd second vapor porioan 120 and 122 For
examph 0 the emhodiment shown and desenbed borein
the thad heating section 140 s uscd (o heat the it and
sexvd vapor porons 120 and 122 shove the dew jxunl a
provss thal 15 commonly known s “supurtwating, ©

[0n42] 1t s gencrally profered 1hat the heat exchanger 132
cnmprne A counier-wurrent heal exchanger in which the ket
end of the pnmary loop 13 o thermally adjacent e
“hotten”™ beatiog section (e.g. 1hy {bund buating section 140)
and in whih the outlel end w thermally adjsccen the
=coaket™ heating sechon (e, the fint beating secion 136).
Such an arangemeni makas A vanxr 10 more cloacly makch
the bvalng function 190 of the workmg Amd 114 with the
conliog functwon 192 of the heating Buid (e, bnm 116)
Sec FIG 3.

[0043] The exact number of baating sections (e g.. hesung
sccuions 136, 138, and 140) comprmung the heat exchanger
132 may vary dependiog o the partscular apphcaton, the
pamicular heauing and workang Busds used a5 weil as on 1be
oumber of stages (c.p. vapor soperators) used 1o achwve the
incremenial beating of the working fuid i the manner
shown ad descnbed heresn That m. the oumber of heatung
sections compraung the heat exchanger 10 any given appl

calron could be neadily determined by persons having ordi

nazy slall in the an afier having hecom Tamubar with ihe
teachings of the prscnt iveniwo and by applying 1he
achings to the partcular appleatun Coosqunily 1be
presunt ivenion should not be regarded as lemited 1o a heat
cxchanger having any particular aumber of heatimy, xectaons.

[0044] The heat exchanger 132 may he consiructed from
any of a wide ruage of maturals snd 1 sccondance with any
of a wude range of lechniques that an. now known 1n the ar
or thyl may be developed wn the future that would by suttabb.
Tor the paricular applwatron However since beal wxchany,

<m of the lype descnibud heremn culd v nadily fabraated
by pemoos having ordinary skill m the an after haviny,
become armibiar with the teachungs of 1he presenl mvenlioa

and sice the dewnls of mich hoal vahangem arc nod
nccessary to understand or pracixw U present imvenuon Lthe
teat oxchanpers usct! w ik smhodimenis shown and
described heresa will nol be deseribed in funther detad
horun

[0043] Ihe G e second heating sections 136 and 138
of the huat exchanger 132 are opcraiively sl wnh
tumt andt secnnd supartor sysiems 142 and 144, Ax will e
desurihed 10 presier detad olow the lird and secomd
spanior sysiems 142 and 144 sparaie hquid and vapor
portions (oot shown) from the heated mood working, Rud
minheceed tberein by the Brst and second buating, sectxns
136 sand 138, respecively

1 gy
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[00d6] Ihe et soparaior svdem 142 comprows 2 st
ikt 146 a2 scoumd mhat 154, 3 hgquad outhot 150, and a vapor
outld 148 T hest inket 146 1 comnected Lo the outkl 148
of the. Iind huating sectun 136 50 thal hoatd maxed workam,
fluse) from the ind teatiog, section E36 cnlurs the separator
sysiom 142 Tie socond miet 184 of 1he fird soparator
systum 142 i connected 10 the fugh iemperature recupurator
156 s that th find munsd workany, Huxd ancam 182 from 1
high lemperatun fecuporabor 156 ® abao directed imo the
soparator sysiom 142 The bguad outht 150 of the s
sparaior syshum 142 13 coonected W the mia 152 ot tw
scound hosting section 138 of wat exchanger 132 The
vapor outlet 158 of the first separator sysiem 142 = an

neciod o the vapor mir 124,

[0047] e i sparsior sysicm 142 mey compnse any of
a with range of separaior systems that are well knewn in the
ant that would b, suitshk. for separaling vapor and Lqud
portwns from an Incoming wel mixture slream (v, 1
beated working fluwd 114} Comsequently the presem mven
tion shouk] not he regarded as mited 10 any particular type
of scpanalor syaiem

[0D4B] The secxewd scparator sysiem 144 may he simjlar to
the Iirst separator sysiem 142, cxcept that the second supa

nur sysiern {44 m pnwvrdod with hut & xingl inler 160
connccied (o the oulot 162 of the scound heanng sechion
138. The smungement = such that the sccond separmior
sysivm 144 receven the boaled muxed wodung Aud 114
from the sccond heating section 138 of beat exchanger 132

Alxqud outkel 164 of the second separaior 144 o connected
1o the high tempemiure recupurator 156, whencas o vapor
outkel 166 s conmecied to the vapor muser 124

[0049] The high cmperuture recuperator 156 aomeected to
the Iquud cutlet 164 of mecond separatar system 144 m used
1 recover heal contamed 1n the lxquid portioa sepamied by
the sevond separaior 144 The recoverad heat s used o
pro heat 1he firt mixed workoog fluid siream 182 In the
embndiment shown and dencribed heren the Ligud ontlet
164 of the second scpamior 144w connected to & hvatmg
loap 158 of the high fempertune recuperaior 156 whenoan
a heated loop 157 of igh kemperatare recuperator 136 15
connected heiwaen the pump 180 and the sccoad wle 154
of first reparator systcm 142 The separaied Liquad portion 1n
the heating loop surrenders heal w thu fin mized waordung
flusd strcam 182 10 the heated Joop 157 thercby pro-hesting
the first mxed workung fluid stnam 182 Thereafler the
separated luuad portion passes through an expanaon valve
194 hefore cntenng, the fow proassure side of the xvaum 110

[ons0} Ihe vapor mixer 124 = conoecid o the vapor
outhts 158 and 166 of I nespuctve it and second
separaior systems 142 s 144 and recuives th comespond
ing fird and second vapnr portions 120 and 122 A vapor
outht 168 on the miner 124 1 vormected to the thud hoating
scctyon 140 The outlet 170 of the thwrd hesting sicon 140
w connected 1o the Loungy conversion sysiem 126

[0051]) [he vapur miner 124 may comprse any of 2 with
ranpe o devices knowa m the an or that may he devehoped
tn tw futun that would be suiable for muxing woguibor the
farst and scund vapor purions 120 ged 122 omaguonily
the prsemt vanbon sheuld pul b reganded as liited B
any partwular lyps. of vapor muxer system

[0042] [he coupy ooovenaon systiem 126 may comprise
any of 2 wuk rame of sydoms and doveeus spdabh for
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cooverling, inio usful wark buat ey comlaimd m e
hatd mixeed working Quxl L4 oxiing, the paralk! lhow
vapur pemrator 118 (or thind heating, seciion 140, 11 a third
huating scctwn w wsed) By wav of vxample 10 the cmiboch

munts shown and describud betvin the ooty convenaon
ayam 126 compracs a lurbine 128 and sn clecim pomera

v 130 connccted thorele. The urbine 128 and clectm
genrator 138 may compns any of & wide range of sysivms
and devies that ane wall known in v an and nadhly
awnmencially avadable Conscguently the lurbine 128 and
ckane puoerator 130 utiloxd i ome prelemed embadiment
of the ravention will not bu deseribed n reater detal burew.

{0083] T uxhaust outht 172 of b 128 15 cnonccwd
i0 a low lemperatun recuperaior 174 I low Wmporatune
reupemior 174 recowrs wal contained 1in the wrbine
«zhaust siream and ukes 1t 10 pro-huat (e second mized
wordting, Mud winam L84 Mon speciwally the oxhaus
oatlet 172 of turbiune (24 « conmecied 1o s heating loop 173
of the low temperiure necuperaior 174, wheress 2 heand
loop 175 of the low hmperature recuparalor 174 = con
pocted beiween the pump 180 and the fird healing section
136 of the heat cxchanger 132 M ubox exbaus sircam
i th beaing loop 173 surrenders beal 1o (he second mixed
working fiuxd stream 184 i b beated Joop 175, 1beroby
pr-besting (he second mizcd working fluid siream 1854
wfon the same colers the it heating sechon 1386 There
afler ihe cxhausi stream 15 combied m 1he muxer 178 with
the sepanated Liquid ponon exning the expansion valve 194
A condenser 176 connecied 1o the mixer |78 recaiwes the
combuncd conked mixed workuing Aud 114, condennes 1t and
ceturns if to pump 180

[0834] [bec condensur 176 may comprse any af a wids
range of condenners thal ane well-known in the ant or et
may be developed w i fulur that would be sutshic for
aadenung the combined conled mixed working Mud 114
{rom the muxer 178 iy way of examplc 10 the embodiment
shouwn and descnbed beren, I conduor 176 comprusas
an air-caled condermer 0 which air 196 w wsed o condense
the mueed working Bued 114 fowag w e condeoncr 176
Alicmaivly other conding medin hesudes aar may he used
1o vondense (e mixed workung, flud 114

[DDSS5] The power guncraiwn sysicm 110 may be opurated
ax follows 10 convert inio waful work heat encrgy denved
from ik heatinp Hued € onsudor Tor wxample a geotburmal
powar pencration sysiem which gemraies olectnuty from
geuthermal brine 116 extracied from the carth The geother

mal bnm 116 merves ax the heating flusd and. 1o the example
desuribed herein caturs (e pnmary op 134 of it hem
wxchanger 132 a1 & empetatun. of abow 335* F alikwgh
other lemperatuns are possibke T mized working, Ausd
114 may comprese a mixiune of ammonia and waler and 1%
mamiaimncd st a prossure of sbout 425 pounds por square inch
almolute (pris) oo th high pressune e of the powar
gencranng sysum 110 The low pressun such. of 1he poenr
geouratiog sysiem 110 1x mamiaimd al a prussure of alxwi
71 piea Ahernuirvi]y othor mixed Huwds may te uad an
olbwr pressures, as would b cbvious to persons havim,
ardinary <kl in the art aller having buoome famddae with U
wachings of I proan mvenuon The ammona/wair
migture that compreas i mixed workong, Mud L4 vapor

s grogiusively (A 2 qnamm, WmpLralute AN
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Ihat ix, the kmpuraiure ol e sapor and sl comprisim,
the hoated mixad working, lluad incroises with iercasam,
quahly

[0086] Reborim, mow 10 1TGS -3 the mood workiny,
Nund feed sinam 114 cxais the condunser 176 at atnm 1,
at aboul the bubble poant for the mzun 114, ITis stalon
vorresponds (0 pownt L, in FIC 2 M pump 180 incroovas
the prowur of the mixed working, flead 113 10 2 prosun
suttahle for s m the high prosun sohe of the power
gunratuy, syaum [0 In th embadimunt shown and
dencribwxt heretn, the high presaun s, of the sysiem 110 i
matgimed at 8 presure of about 425 e {henfon,
pump 180 incruases tin. presaure of the mixed working Nuxd
114 10 s presaure of aboul 425 pria e mixed working, theud
stream 114 exiing i pump 180 = then spht o a it
wawking fluid sercam [N2 and & second workuyg flud sinam
168 M fire working flud sinam 182 s dinected through
the. heated inop 157 of the high icmpuratun. recuperator 156
wixreupon u o heated by the hquid porten (rom U second
soparator 144 panary through the sy, loop 155 The
heaop chamctermius of the high emperaiun. rocupe iy
156 and the Nlow rete of the firs sircam 152 are such that the
A siream 162 15 bunicd 1o 2 hmperature 10 exceis of i
bubbl. pownt This comesponds 1o tatwn 2, n FIG 1and o
pownt 2, 1n FIG 2

[0057] By way of example in the embodimem shown and
deacribed heren 1be first sircam 182 & heard 10 a quality
wn the range of shoul 10%: to ahout 40% (0% prefecred)
This quality nngs corresponds 1o a vapor porhion range of
about 80% w0 about 96% (90F: preferred) on a volume hasss.
So heating the first working Auud sircam 182 to a vapor
portion 1 the range speaafied heren provides for goad bt
teamafer charectermincs i the high temperature recupersor
156 That m, mme lom of cfficicocy 1n the uph temperature
nouperaior 156 will oceur of the e wordoog flud xnam
182 = beated 1o 5 vapor portion that s substantally greater
than the vapor portion range speaificd heron Aficr bung,
beated n the high temperature recuperuior 136 the heated
fimmt working fusd steeam 182 w duericd 10 the walet 154 of
b first scparator sysiem 142

[bD5N] T second working Aud Alream 184 s directed 10
ihe beated loop 173 of the low mpersivre recuporaing 174
whercupon il s pre-beated by the cxhaust dream 172 vxiling
i mrum 128 Thereafier the pre-heated secund working,
Nl mrvam 184 w directed to the it beating, sectun 136
af heat exchanger 132 which heats the, sccond workang lud
stream (B4 to o lempurature 10 uxcess of the bubble pomt

This correspomds 1o statme 2, 1 FIC { and 1 povm 2, o
MNC 2 h = genenlly prfemed tha the RBow raie of 1
sceond dincam 184 be matched 10 the healing characte e
uf the, low lmpersure recuporator 174 and the frd heatuy,
section 136 so that the muxed working, Hud 114 comprises,
the sccond working fluid sircam 184 & ated to about the
mame qualily as (b first sircam 182 Thal i d 1% prforred
that the punis 2, and 2, in FIC 2 In approximatclv
comadent Sialed anolher way I sccond working, Tud
sivam 184 15 heawed 1o & qualiiv an the rang of abaut 100
o ahuomie {FF (UYF prefimed) which comusponds W a vapor
poeiion in the range of shoul 8% « aboul 96% (W
prelured)

[0029] lathe cisadimunt shuwn and doserduad bueun the
iz ratw af the ikt waorkay, Musd sirncam (82 w b socomld
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working, Mlued )ecam (84 o< abuwt 144 That s, st ol tin
working, (uid 114 15 directed o the second sircam I8 with
only a small amount {i.c " 00 3 mass i) beang, dircessd
through the hgh temperatun recuporaior 156 as lind work
g, fluad stream 12 OF coume. the misd working flud
sinam 114 may b divided i sccordance with othur mass
ralcs dopending, on the charslenstus: of tbn. particular
systum

[O060] Refirmng back mw primanly t FIG L the fisl
scparator sysiem 142 recuves the i and weomnd boated
siramy 182 andd 184 and sparates the two sinams 182 and
184 into a hgquul porteoet and a vapor partion The higquid
portian exiis (hn hquad outlet 138 of the ling separstor 142
and 15 dirceted W the mkt 152 of the second buating, section
138 The vapur portion exls i vapor autht 158 of the o
scparsior 142 ax a hieit vapor purtson siream 120 The it
vapor portion sinam ; al shout b dew pomt {1  100%
quality) for ihe mixed working fluid 114, This corresponds
to stauaa v, 1n FIG 1 end 0 puat v, 1n FIG 2

[0061] The hquid parton from the firsl scparator 142 18 a1
ahowul the hubble pownt of the mixcd worlang Aud 114 Sce
siation 310 FIG 1 and pouet I m FIG 2 The hiquud portion
15 directed into the ket 152 of the second buating sectaon
138 winrcupon it & heated Lo 8 mperzioro in excess of the
bubhle peunt [t w genorally preferned that the hiqusd portiva
be heated (o about the same qualbiy as the mixed working
Huw! a1 statecns 2, and 2,. That 15, tho quabiy of the mued
workiog fuid stream exiting the second heating secuon 138
shoukl be aboul the same as the quabities of the working fiurd
sireams vxiing the first hoaling mocton 136 and the hugh
icmperuture recuperator 136 For cxample, m the embodh
menl shown and described hercin, the mized worlung fusd
stream cXils the secund heatiag aection L38 ot a qualiy in the
ramye of shoul 10% to ahoul 0% (30% preferred) This

W s vapor porwon o ihe rengs of shout 80% 1o
about 96% (9% preferred). Sex staioa 4 1 FIG 1 and
pont 4 1n FIG 2 Ax dncussed shove healing the mixed
workuig flmd to the qualily rnges specefied berewn provades
2 pood balance betwecn lempersiure rse and heat trapafer
ciivnncy in the second hesling section 138

[8062] The mecond mepanior syntem 144 reccives
hated mixed Huid from the sccond heaung section 138 and
scpamies the heated mixed Nuid o a Ixquad poron and a
vapar parisan. The hquud poruog cxuts the Tugusd outler 164
of the sepanator 144 and = directedd o the high lemperatun
racupurator 156 whurcupon it surrendurs a portson of sis heat
to the. first workwng Auwd siream 182 Thercalier the coonkd
hygued porteem 15 expanded through the expanston valve 194
e the. low pressure sade of the power pencrating sysiem 110
SecxatonS_in FIG Land pownt § 1n FIG 2. The cooled,
expanded Iiquid portion 5 then combined with the turbim
vxhaust sirvam m mixer 178

(0083] The vapor porwon from the second separaior 144
exils the vapor outhdt 166 of sepanior 144 as the scoomd
vapur povism sircam 122, The sevond vapor portion siream
122 w at shewit the dow pount {1.e. W% qualily) and
curnsponds o sistion v m FIC | and o poimt v 0 FIC
3

[o064] The vapor mamer £24 reocives the i and second
vapur sitcams 120 and 123 and comhines them o &
cmbined vapor sircam 186 M comhined vapor struam
186 cornusponds 0 staton vy 0 FIC 1 and 0 pont v, 1

{96
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K 2 N desiratd Ut covmiuned vapur sitcam 186 mas n
addionalih beated b the thind hoating, section 10 © a2
mprratun. ghoaier than the duw pomnt tonaperivn for (e
combured sapor sinam 186 That s the comhined vayur
siream (86 may hu supurbeatcd in the tird hoating, senon
1490 The supurteated sinam 188 cxitng, the thind heaung,
soction 1M & dowpnaied ax statwn v, in FU | amd
comusponcs o poanl v, i FlG 2. The sinam IR & thon
dirceted 10 the vy conversion sysem 126

[006S] Tiw coupy comveruon sysvm 126 Lo huat
wnergy (rom the supcrinated sinam 158 cogverung i e
uscful work. In the embodyment shown amx! duscribed
huresin heat curgy cxmtamed n dhe hrst and seeond vapar
sircams [20 and 122 (which compri combined sinam 186
and supurbcated sircam IB8) = converted o cleancal
work hy the turbie 128 and the cedneal poonioe [30
compnsing the enuryy conveniion sysiem 126

[0066] The supurheated strcam 188 15 wxpamied i the
turbem (28 and exus the tuche 128 as exhaust sream 172

See siation vy m FIG 1 and pont v in FIG 2 i s gunenlly
preferred that the expansion process be lerminaied before
the muxed working fluid 114 w coold bulow U dew poat
kempenaiure By way of exampk: m the embodsmnt shown
and dunbud huren, the mimed working flud 4 w
uxpanded 1o 2 pressure of shout 71 pra and 10 & iemperatun,
of about 1" F whah m below the dew point That i, the
muxed working fld 114 15 cooled 1o 8 emperatun, below
the dew point icmperature suee 10 the emhodiorent shown
and dencribed hercin, the enefgy cooversion devia 126
funchons effectively wilk wel muxtares. The o xhaws stresm
172 v thereafier dirccied 10 the low iemperature recuperator
174 whnrem 1 mirrendars a paniiog of 1a heal epengy to the
sccond working Auid sarcam 184 flowing 1n the beated hoop
175 of low temperature recuperalor 174. The cnoked uxhaws
stream 172 exus the low tempunture recuporator 174 st
slation v, at a icmperalure between Ibe bubhle and dew
poums for the mixed working fusd See poim v, m FIC 2

Hy way of exsmpic, n tbe ermhodiment shown and duswrivwed
heregn, the covded exhaust stroam 172 exis the low wm

perature recuperaior 174 at 2 qualty in the range of shuul
0% w abaul 1005 {(45% prefemed)

[0067] The nmuxed woring Aurd oxmng the kw lempera
ture recuperator [74 15 then mixed i muxer 178 wath 1w
laqusd pewrtion lewng through the expaorsn vaive 194 T
combined working Hud siream that exiix mimr 78

ted ax stahon v, and comenpoads 1o pomt v m FIC
2 The combined working, Auxd siream i then condhnsad by
the condenser 176 e abuul the bubble point {1 +.. a1 lanon
Lot FIC 1 and pomnt Lo in FIG 2) Tin eondonsed sream
1% then relurocd v U ligh pressure s of the svsiom v
pump 180 and the cycle 15 ropoated

[O068] The power gencraung sysicm 110 just duscrined
resulis i the chwely maiched beating and coolvy, functuax
190 and 192 shown in FIG 3 That i, the heating, curve 190
of the. mixed working, thad 114 closly folkws the coaling,
curws 192 aof the huauing fud (v g, guotbermal brine 116)

[0069]) As swmwnct ahove the first Lmbodiment 110 of
the powir puneraing, sysium aceonding, o the presenl inwn

won uitlizxs & parate} Yow vapor penerator sysicm 118 in
whh the warking, lluud % inenmenually vaponzad 1o pr-
duce st and sevond vapor portion siccams 120 and 122
which ar then combimd in s paralbf manmres , lw auxer
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124) hofie Inamy, superbeated (i dosared) and dinceted 1o
the cnenpd convenuon sviiem 126 [lowewr other ien
muntal sapoenzaisn arranguments an pessthic o sooor
damx with the wachings of lw proant mvemuon

[0070] Wihnfinno oowiol % 4-6 a xecond umbods

munt 2010 of 3 mrwr pencralim, svsiom accorthng, o the
presnt tvemoon embodies an incremental vapor pencrator
sysiem 212 thst compreas a sures [low vapor gonoravor
syslm 2t8 Hrfly i the sores llow vapor gencrabor
syslvm 218 thw mixed workom, Hud 214 = iocrementallv
vaponzcd W fivm a hirsl vapor porion 220 and a second
vapur porice 222 The fira vapor portion 120 s then wed
lr conchonee. ar woparale a hquid porhion fcem a heated mixed
wirkiag (ud sircam 2210 fooen which s dorved 1he acomwd
vapor porhinn 222 Sincy in the cane of the mixed working
Meusd 214, the ligued = “hean™ and 1w lird vapor poctcen 220
w “rch © (b hied vapor porison 220 condensss on the han
Lquid ITw tnat of condinaation causes sddional vapar 1o
be produccd Accordingly the srws flow vapor gemoraki
syxicms 218 pmduces the vapor sinams 220 and 222 in a
serial manner

[0071] With nfunmc now pnmanly w FIC 4, the serul
low ncrumental vapoe gencraimg syssom 218 utihued in the
sceond omivadimuenl 200 of the powar poncraling sysiem
according v the presenl imaninn comprscs 8 heat
exchanpur or vaponzer 232 having a pnmary loop 234
through which 15 caused 1o flow the beating Busd [n the
vmbodimenl shown and described herein, the beatog Ausd
comprses geolbermal brne 216, although ofbor ypes of
heating Auds may be wscd, as would be abwious to persons
hxving orcinary skill in the an afier having become famulsr
with the wachingn of the preset invenuon The beat
cexchanger or vaparoer 232 may also comprme firdd and
second heatng sections 236 and 238 arranged o that they
ar. 1n thomal communication wilh the pnmary loop 234 sa
that heat energy comuned w i boun. 216 15 1ranaierred 10
the muxd workeng Mnd 214 flowing i 1w B and sccood
beaun, motons 236 and 23, respecuvely The heal
exchanger 231 may also hc provided with & thud heatiog,
section 240 suuable for sdditionally heating, the comiined
tirsl and seond vapar portions 220 and 212 For examph

and as waux the tase for e tirst embodiment 110 the thard
nanng saxnon 240 of in second wmbodimen 210 & used
1o at the ime and seoond vapor portuwes 220 and 222
ahown the dew puunt

(0072] 1 = gonerally prefurnad that i, beat oxchungar 232
bo of the. counirumonl type i which 1 il oned ol the
poumary kuy 234 ix thrmally shacum the ~hoties™ heating
soctun (v, the thrd Beating seetwon 2:40) and s outlet vnd
15 thurmally sdjacent the “cooled™ heating, seciion (o g the
first heating, sovinon 236) Such an armngement allows the
sysium 210 w mure ckwly match the buating, funchon 290
of the workiny, tluid 214 with 1he coohing, functwen 292 of the
huatiog, Hud (v bam 216) S FIC 6

[0073] It oxact number of heating scctuns (o £ oty
scctions 23 138 and 240) compriumg, the hual oxchangar
232 mav varv thpunimg, on the panwcutar applcston the
particular heatng amd working fluids used ax wall ax U
numbwr of stages wied 10 achieve the iscremenial boanigy, off
the wawking Musd 214 1n the seral mannr doenibed borain

e numine of beatiop satsms comprsang the boal
«haiiper i any piven appleaten owkl e nadily duiur
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minud by puesons having, nedinaey shillin the ant alier havim,
hovome familiar with the wachings of the present invenin
amd by applying, the kachings W the pacticulae applnainn

Comaguently the prosam tvestion should nol I neanhad
as hmid 10 3 bual exchanger haviny, any pariicular numbe e
of huating, sections

[0074] The Best uxichanper 232 may b construcial Trom
any ol a with, range of maturals and i acvonlanes with anv
ol a widh ranye of lechniques that an now kncwn in the ar
or that may b developed 1n the future thal wotld be @iiabh
for 1he partcular apphication Hoavuver siney beal vxahany,
et of (e type desenbed hercin could b aeadily fubrated
hy puosone baving ordmary skill in the art afier haviny,
becowme familar with the. icachings of the proent uventon
and sxa I dulale of such boat vhanpars an mil
nuocssary o understand or pracie he prese s imvenien the
heal (xchangpr used m the emhodiments shawa ad
doicrihed brein will ool by duseribed wn further dudail
heruen

[0075] The fipd amnd secomd buating secxns 236 snd 238
of the hual exchanger 232 are opurativily swue mied with an
eyl separstor systom 241 comprsang & find saparatur
seetvon 242 and a seonnd sepamtor secton 244 Ax will
devribod m gratar detad hvlow the first and sccomd
scpanator sections 242 and 244 comprng, the inhp il
separator sysim 241 separate hiquad and vapor portcons (ot
shown) fram rcapective fird and mecond hualed muxed
wrrking fuxd streams 219 and 221

[0076] ‘The fimt saparaior section 242 of integral spanior
sysicm 241 = provided with an inlet 246 thal 15 connucted
to the high tempuraiure ncuperaing 256 and the first heatuny,
scction 236 w the manner beat seen  FIG 4 Th amangs
menl 15 such that (he fird separalor section 242 reeuives the
lirst boated worlang fluwl stream 219 Toe bgued outlor 250
of tb.. firs Reparsior socton 242 18 conmecteg 10 an inlut 252
of the mecomd healing section 238

[0077] The second scparator section 244 of imegral apua

rator symem 241 & provided with an inket 260 coane ted w
the outlet 262 of sonnd beating, sccuon 238 se that 1
scvond scparsior sechion 244 receaves tin meond naied
workiop Husd siream 221 (rom the second healng, sectnn
23 The sccond separator section 244 1% slso provded with
a cotlevwr 264 for collecting, additonal amountx of wpa

mted Igquul. The culleclor 264 & connested ur 2 heatiny, ke
285 of the high wmperature recuperaior 256 A vapuyr ¢ uth)
2166 prowvadidd 10 the sccvnd separakor sechon 244 i awn
mected 1o i thard heating sconion 240 The outht 2700l the
third huaning, secuva 240 5 connected 1o the wiun) o

versum svsium 126

[0078] I'm hiph lempuratune ncuperatr 256 s connceted
to the colicotar 264 of the second separator seetion 244
ntupral xeparaior 241 [he high kmpenun recupcecaor
256 rearvers heat comtained i the figuid paortxin separatal
hy i seoond separator sechion 244 of the inlepral soparawr
M 1w reoovend bunt 8 wsed 10 host e pro-bwatud
scuund working, Tuid sineam 282 Tn the embothimani stwawn
and desribul horin i culleuior 264 s connected u th
sty kwyp 258 of the hiph wmperatone rccuperauy 256

whuroox 2 heated loop 257 of hih wmpersiure ncupenaior
256 i cunncetcd in paraliu] weih the hind ating, %<t 236
of tin heat oxchangnr 232 Tw beating, kup 288 xan



US 2003/0167769 Al

nected o an vxpansion valw 284 which rdums the cooted
lugued portson i the kw prossane Suhe of the powar paner
alim, Kysivm 210

[0079]  As was b case for the tirst coshodhiment 110 (FTC
D of il poonr guerating syshom e Lnoey convenuon
sysiem 226 of 1 mecwd embodiment 210 of 1 power
ErMfaling, sysom may compnse any of a wide range of
sysiums and devicux suitahle for convecting i e ful work
taat cnery,y contamed in the beated moxed working Hud 214
cxiting, th s ow vapor guncratar 218 (or 1hind lvaung
scctine 240 1f a thurd pating section = wied) By way of
vaamph the viurgy conwrsion system 226 comprises a
turbine 228 an an JJectre pencretor 23 connectud thureto
The turnne 228 and Jlecine genermior 23 may comprise
any of 2 wik. angr of systums and duvices that an
wall-knowa i the an and readily commurcally availabhe
Comsequently the turvine 228 aod elecirn penvrior 230
vhlized an one prefirred unmbodiment of the Imvialion will
nol b desenbed in grator detail horemn

[0080] The exhaust outle1 272 of lurbine 228 = connecied
io a low iumpenture recupenator 274 Tho low lempurature
recuperaiy 274 recovers beat contamed in e wrbine
cxhausd wream and uses it 10 pre-heat the mixed workiog
flud sinam 214 Mon. apecifically the sxhaust outlet 272 of
turbine 228 w5 connccied (o 2 heating loop 273 of (he low
wperature recupersior 274 whercas 3 heated loop 275 of
the low lemperature recuperator 274 m connecied b rwreen
the pump 280 and the paraliel srmogemant of the heating
loup 257 of the high lemperature recuperator 256 and the
first boavng section 236 of heat exnchanger 232 The turboe
cxbaunt strcam in the beating loop 273 surmendurs baat to the
muxed worlung flud sirearn 214 1n the boated loop 275,
therchy pre-hcaung the mized workang fiagd stream 214
helore the same enters the high lemperature recuperator 256
and the fird beating secion 236, Theseafier the cxhaust
sircam = combined with the separated hquad poruon cxilng
the expanuon valve 204 A condanmar 276 cunoeciud to the
krw temperatup. recuperaior 274 and expanmon valve 294
receiven the combined conled muxed working fludd 214,
condenses i and retums 1 o pump 280

[00f1] The condenscr 276 may compree any of a widk
range of condensers that are well-known 1 the an or that
may he developed in the future that wonld be suitably for
combsing, the combined conled mixed working Hoed 214
By way of exampl. wn the ernbodument shovn and doenibud
herain i contensur 276 compnses an air-cooled oo
deser 10 whch air 296 wm used 0 coodense the mixed
wordung fluxt 214 fowing, m 1he condenser 276

(082] e secoml cmbxdiment 210 of the power Loncrs

tion sysium of the presunl invention may be operated as
fallows to convert it us ful work heat enengy dervved [rom
the heating fuwd 1., peniburmal brine 216 oxtrcted from
the canth As was Ihe s for the fisst embodimant the
geothermal bnine 216 may enter the primary loop 234 of 1
hual exchanger 232 al a kemporaiure of abour 335° |

althouph oihor wmperatunss are poskible e mixed work

wg fuxd 214 may comprea. 3 mixture of smmonis snd wair
and s maintamd al a prosace of shout 250 pua on the tnph
pressure side of the power guncrating sysicm 210 The low
pressun. sule o maminined al & presure of ahout 43 s
Abemabivily oiter mixed working funds may be usad sl
ollwr pressunss, ax wauld e olwiouk 0 persons having
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ordinary shill sathe an after hav ing beconn Bamiliar with 1in
kactunps of 1he prownl invention

[00N3] With rfcnnee oow ki TGS -6 the mixed work
iny, Meid Minam 214 it i condenay 276 at sation 1,
ahout the bubblke pont for the minuee 204, This slanon
cornespons 10 poind [, i FIG 5 The pump 280 menascs
the, prissun. ul the muxed working Awd 214 w 2 proson.
swilable for use i the bigh prosan sxh of the powr
pematng sysiom 210 in 1 umbodimunl shown amd
chaicribed huruin the bigh provain sade of the system 201
mamamed o 3 prossore of atwwt 250 poia Thercfore th
pump 280 ncreams the pressure of 1 muasd working, Hus?
214 1 a pressurc of shaut 250 puia  The muxed workong ugl
sircam 214 vxiting the pump 280 = thun dincted 1o e
hatcd loop 275 of th low iumperatun, recupumior 274
whih pre-heais the mixad workiag fud 214. See station 2
of FI( 4 and cornespondiny, poent 2 i FWG 5. M
prv heated mixed worksng, uid sinam 214 15 than sl or
divaded 1040 8 lirst siream 282 xnd 8 seeond siream 284 The
first sireamn 282 = direcied through the huated loop 257 of
the high temperature recuperaior 256 wherstpon o 5 heated
by the hqued poneon extacted fum the wecood scpartor
section 244 by the collector 264  The beating characiunstics
of the high tempurstun. recuperaior 256 and the low mte of
the Mo sircam 282 ane such that the find stream 282
heated 10 & hmperaiun 1n cxeess of iis bubble pomnt Ths
corresponds 1o siabon 3_w FIG 4 and 1o poma 3_ 0 FIC
5

[e084] Inibx cmbodunant shown and deseribed berern. the
firt siream 282 5 boaled 1o a quality m U range of about
10% to about 40% (W% prefemed). This qualty mnge

nds i0 a vapor poriion range of ahout 80% in shout
96% (30% prefermed) on a volume hams. So heating the it
worlung Awd sircam 282 1o a vapor poriion i the specificd
ange provikes for good heat transfer chamctensins w the
high iemperstun. recupcrainr 256 That =, some loss of
clicrency o e bigh empenture aiperator 256 will be
sxpern.need of the fisst working flusd siream 282 15 heaiad /o
a vapar portion that ix sahstamully greatur than the vapor
porion range dearihed beren Afier beiny, heated 1n the
high wmpenitun recupcrator 256 the heated firdt workim,
Bund sircam 282 mixed whth 1he heated workung Bud stream
284 eximp the (int heating sectwon 236 and directed inio the
inlet 246 of flest separaww section 242 = fird heated workim,
flud stream 219 See sation 3 n FIG 4 and corresponding
poumt 3 in FIG 3

[00HS] The secvnd siram 284 15 directed o the fin
heauny, section 236 of the heat exchamnr 232 which huals
the second woring, Busd siram 34 10 8 tempenature n
wxeess of the bubbike pomi This comspondsi to station 3, 1n
FIG 4andio pont 3, nFIC 5 ltsgenerslly preferred that
the Rew raie of the second stram 284 I matched o the
healing charactersies of i fing heating section 236 so that
the muxed working flind 214 compreuny, the second working,
Pundd sirvam 284 15 hwated to ahout the same quahity ax Lhe
first siram 282 hat s, 1 &5 profeored that the points 3, and
3 1w FIC S approamaicly comcmdent Stalud another
way I second workim, Husd sinam 284 15 naled 1o 2
qualuy i the range of sbout 10% ko abuut SO0 (U¥E
prolored) wiich correspomds 10 3 vapir purtion 1n the rangs
ol ahaut 80% to abog WA (WF prefomad)

(v685] In 1 cmbodiment shown amd deseribud burein, the
masxa ratio of the (it weerking, Hurd stream 282 10 U secund
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working, Nuxl sircam 284 15 about 14 [hat s mest of the
wurking, flus] 214 o dinvcted 1o the seoond stream 284 with
unly a xmall smount (e ¥ on a mass baxws) bam, dirccted
through ihn Inph empuratine recuperawr 156 ax fing wavk

g, Hued stram 282 OF course (e mixed working, luxd 214
may by divided In scvundanee with ofher mans raiks
dupuoding on 1k charactenstios of tn partacular sysium

[0087] Sull mwfivmag prmanly ke FIC 4 e et sopa
ralor section 242 m el scparator sysium 241 reouves
the lirst and second huated stroams 282 and 284 as combund
hrst buated working Mud siream 219 and suparaies the
stream 2191010 8 Iiqued portson and a vapor portwn 220 The
hiquid porton exin (. iquid outhd 250 of the. (ird scpantor
scutin 242 ead w direcied o the wnlet 252 of the scennd
hualing, section 23 The vapor portion 220 w al aboul the
dew poqot (Lo 1007, qualuy) for the mixed working, luid
214 s correnponds 1o stateon v, in FIG 4 and i poamt v,
n FIG 3

[0088] Thw luquid portwa from the first separator 242 = st
ahout the bubble poant of the mixed working Guid 214 See
staton 4 m FIG 4 and pount 4 n FIG. 5 The biquud partuon
s dirceted wio the andet 252 of 1he second heating sechion
238 wheraupon 1t u heated to a temperaturo 1o excess of the
bubbk. poant Thm comasponds to siateon S i FIG 4and 10
post 310 FIG S. It » gemunlly preferred thal ibe heuad
portion be bealed to about (he same qualty aa the muxed
working Suid al sialoos 3, and 3. Tha i, the qualiy of the
muxed fiuyd siream exiting the second heating
section 238 should be about the same as tho qualibes of the
worlang fluxd sircams exiting (he firat heating section 236
and the high temperature recuparator 256 For cxample m
the embouuncnt shown and described herem, the mixed
working fud stream exils the second healing section 238 at
a qualiy in the mnge of about 109 o shoul 40% (V%
prulerred) Mam corresponds 1o a vapor portan n the range
of ahout 30% 10 sbowt 9% (90% peefermed). As dscussed
shove heating the mixed workmy, Bud 1o the quality rangus
specificd horewn provides » pood halance e woen lempers
ture nse and beal iransfer efficency m the second heatng,
section 238

[0089] The sccomd scparstior sectum 244 of inegral sepa
ralor sysiom 241 receives the heated mixed flusd from the
saond beating mection 238 es sucond heated marmed workaay,
flud stream 221 The second separator section 244 scparatus
the second bheated worong Aud sircam 221 10to & ligquud
purtioa (ool shown) and & vapor partion 222 As mentsoned
varlnr the hid vapur portxon 220 from the hnid supanator
seulion 242 i used 1o furthor scparate the vapor portion from
the: heated med working Suwl stream 221 Synex: the liquid
porion In be sparated from the scoond haled mixed
working, fluxd saneam 15 ~lean™ (eg. kwer smmomnia con
centration) and ey the hrst vapor partion 220 » rch™
(v - higher ammona concenimiioa) portrons of the bt
vapor portson 220 will condunse on the kan hquud porton
0 I second separator section 244 e beat of et
Lwsn cauncs addiional amounts of vapar portkn 222 1o he
prociucud

[009%0]) T ligud portion drmnud Fron suparalor 244 18
colhctedd by the enlhuaor 264 and exits the iniyal sepanator
sysiom 241 The correxponds 10 slatwon 6 i FIC 4 and 10
pont 6 1o FIG 8 Th collected Tquid porbion thwn proveuds
1o the ph wmperatune revpuraior 256 whercupon o sur
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fondrs 4 partion of 11k huat o the Bies workany, ued stream
22 “wo sation 7 a0 FIG 4 and comespuning, ot 7 in
FIC § Iwraller the covkd lquid pormon s cxpanded
thnuph the vipamoun valve 254 10 the, Jow prosun s of
the powar pumnaling system 210 S gaon B FIC 4
and punt 8 e FIC 5. The conled, oxpanded hguad porion
& then combined with the turbine exhaus unam al mation
v, and cornponding, pomnt v, in FIC §

{0091] M vapor paion 222 producud in the second
separator podion 244 combines with rxdual amounts of the
hrst vapor portiin 220 from the im soparaior porton 242
and exits the ool vapor separator systum 241 as com
hined vapor sinam 286 This corresponds W stalon v
FIC 4 and 10 pont v_ in FIG 5. Tie combned vapar
sinam 286 may b addionally huand by the third heatiny,
section 240 10 2 iwmpunture that s praier than the duw
pont tempuratun. for the combined vapor siream 286 [hat
s, Ly combincd vapor stroam 286 i superiiated in the thunl
maung scetion 240 The superboated siream 288 exitiog the
third hesting section 240 comresponds to siaton v, 1n FIG
4 and to poim vy n FIG 3 The stroam 288 w thun dineeted
io the caen,y convunson system 226,

[0092] Ax was U case for the st embocimunt 110 (I
LIeIgY coavarmion sysiem 226 of iy second cmbadiment
2119 extracts heal emay from the mperheaicd sinam 288
converting, 11 e wacful wark. In the embodimunl shown
and described herein, heal encrgy contajoed m the fird and
second vapor streams 20 and 222 (whch comprise com
hined stream 286 anxd suporheated sircam 288) 5 convented
mio elecincal work by the turbie 228 and the ehctrucal
g::mnr 230 comprsng ithe ¢oergy converson sysicm

[0093] The superhesied sircam 288 v cxpandud 1n 1the
turbune 228 end cxuts the turbino 228 s o xhaust siram 272
Seestation v, 1n FIG 4and pomt v, 1o FIG 5§ 11k prally
preferred that the expanson proceas be brminalod b fon:
the muxed working fudd 214 15 cooled bolow the dew pount
lemperaiure By way of cxample n the embodiment shown
and desribed herein the muxed workang, fnd 214 s
expanded to a pressure of sbout 43 paa and 10 & tumpuratun,
ol show 1607 {  which e below the dew poum of the mixed
working Huxd 214 at the designated pressure  The nuxed
working Auwd 214 can by cooled 1o & wmpurature bolow 1h
dew poumt tempurature since the eneny coaversion thvic
226 can functoa Llcamly with wel mimuces. 1he oxhausa
sram 272 w theeafier dirceted o the low emporatue
ncuperalor 274 winnin il surtenders a portion of s iral
iy hu the working, Bud stream 214 Nowing, in tha hoated
loop 275 of low lemperare recuperator 274 The cooled
exhaust sircam 272 exus the low Emperalune necuperator
274 at statron v, &t 2 lemperatun. hotwaeun the bubble and
dew points for the mexed workang fusd See pout v, 10 FIC
3 By way of cxample, 1a thix embodiment the conled
vxhaumt sircam 272 exus the low wmpoeratune fecupurator
274 al a quality in Iz range of ahoul (4% W about LKKG
{45%. proforned)

{0094] It muixed working, Bl veting, the ow tompra

wre recuperaior 274 & then mixcd wath e hgmd portcon
flowang, throuph i LXpanseon valve 294 o station v I
FIC d4andpontv i FlG 8 The combined workiny, Huwd
stram w then conduonsed by the condensae 276 1o ahout 1he
bubbl point (Ratuen L w FIC dand pont! mFIC 9
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e conthaved stecam e thea roturmcd o e b rosan,
sule of the systm 210 by pump 280 and the vele
ropuated

{o098] The secvnd embodiimunt 210 of the puwer goms
ahing sysium just described nesults m ot ckealy matched
huating and cunling funcuons 290 and 292 shevwn i FIC 6
That 1, the heaung curve 290 of the mant working, fusd
214 closuly lollows the cooling curve 292 of 1 heating
fud (v g. pectbermal bnoe 216)

[0096] I i contemplaled Ihat the Ivinlive oomcepis
herun deseniled may b variously ofthurwea. vmicdned and
il % intended (hal the sppunded clams b construed (o
include aliemanuve embodimems of the Ivmion wXCep
imufar ax hmited hy the praor ant

I A pouar gumraling Sysism comprsng,.
a heat source

an iwomental vapor gaserator sysium aperatively asan
emied with saxd heal source, sad meremental vapar
peneralor sysicin comprisng.

o fimd heatvng suctwon saxd Bt b rimg soclion reocsv
i a mixed wordung Aud and gunerating 3 his
heated working fluid sircam compnsing & vapor
porioon and 3 hquad portion;

4 el heatmg sectwon operatively amsocuied wih
saud firm boatwng sectron, seid second heatng section
recerviog, 1he Lqusd portion from sad fics heated
worlung fu sircam sad secosd huanog section
genenting 4 scoond heated wodking flud atream
compewing & vapor partem  and

an epengy conversion device opuratively associabed wilh
sl 1cremuntal vapor generalor sysiem sad cnengy
converson  deveee coavering o weful work heat
welgy coguained m the vapor poctwns of the lird sad
second heated working flusd sinams.
1 The pownr gencrating sysem of clam 1 furtber
campesing.

2 comikmuny, sysem operairvely awoxcated with saud
enengy convenuon thvice sud andensang, xymem
nedLIving, an vXhaust stiream [rom sadd enun,y cunver
on deviey, ankd condunsany, e exbaust sveam %o form
5 vondosscd mixed workung, fluxd  amd

a pump sysivm oporativily assousted with sawd condens-
ing, svwhom and saud icTemental vapor guneraior sys-
wm saxd pump inmskomoy, the combemed mixed
working, flunl from sad combming, system o sad
mevumuntal vapor punuralur sysicm

3 The powar pumursuing system of clyim | Turthor

comprsing, a find separakw sysiem having an inkl a vapor
authl and 2 lquid outlet the let of saxd fica xaparator
sysiun toing, vpenaitvly ssocsied with sand i iwating,
scclon the Injud outlt of sard first separapor system buny,
operalvely assew, sahed with rasd secomd inatung, sectum  sawd
fird scparakr aysdom separaing the vapuar portion and Ut
liquidd poctin of suid 1ina buated working Nuid <nam

4 M powar pumraing sysiem of claim v furthr

coampreag, & scoond aoparalor sysiemn baviny, an bl §
vapur oot and a Inued cutka the kel of sad scoond
spanior buiny, oprmively asocialed with said st
hatiny, st
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5 e pwer pomratim, svsem of clavm 4 o
womprsang, 3 vapor mixer having, 2 fied inlol 2 ool il
and an otk the sl i of sawd vapor omse hom,
spurativily asociated with the vopor outlel of sanl i
scparator sysium U second inket of kaid vapor anxer b,
omralivily misociated with the vapor autlel of saud xecoml
scparaior system the omtht of saul vapor muxer buing
opraivily aeociated with sad power conversmn sy m

6§ Tik power pemrating sysium of claim 5 luriber
compriung & third healing, section upuratively assutatod
with xard boat xourc, the outler of said vapor muer amd saul
vaeny conversiop devic,  said thardt beating, secton ackh
tioaslly hesung the (et and scoond vapur sircams

7 Tin powar generaling systum of dJaim 4 winnin saxl
fing aed secoml separalor sysiums compnse an ko ral
system whercia the vepor portion of sud first luated wavk
mg fwd mream from sad fum sepamior aytem at hoast
partiafly condonses 1 sad sceond sepanainr svdom the
lupuud portion frm saed second hoated warking, Tust stecam

8 The powet genersiing sysiem of clmm 7 furiwg oom
pnunyg, b thud heating, section operaively assoeated with
sad heal source, saxd inogral firdl and seand separatur
Kyslerm, and saud encrgy convermon devien, saxt (hind
heating mcton addionally beating the find and second
vapns sifams.

9 A method for genemtng power from a mixed workaoy,
Nuid comproung

incrementally heating 1he muxed working Ausd tn prociuc.
a firs vepor siream and a sccond vapor siream  and

converting 1nto useful work beal encrgy contwned i 1the
it aud second vapor sireams,
10 The method of clam 9 whereip saud sicp ol Inere
memally heaung comprises,

beating the mixed working Auxd to produce a find hoated
working fluid stream compnsing a vapor pastion and a
liqued ponme

sopanaung the vapor portian and the Iquid portsons af 1he
first heated workim, Buwd siresm the scpavated vapor
partion forming thy firg vapor aream  and

addiiwnally heatng the higwd portion [rom the hrsi
hnated working Awid siccam 10 produce i secund
VAPNT RITAm

Ll The method of Llaim 10 further compriamg cominn
iy, the first and second vapor Sreams o a combincd vapos
Anam

12 The method of claim L1 Twrthor compnsiny, addinon
ally healing the combine! vapor sinam (o producy a super
blawd vapor-stram

13 e meihod of clam B Tunthor comproung, using, tn-
vapor postson from the Akt boated wording, Aud stream we
condfenie. o the Igud porwon from the woound heatad
worlning Awd stream andl 1o produc,. addibiona) poraoas aff
the vapur portson from the hod buated workang, Nusd siecam

L4 The motheed of Llam 13 furthur compeming, cominvn
1ag the addiional poruons of 1he vapor portun from the, st
huated warkiag, flu! strvam and e seand vapor inams i
farm 3 cominned vapir sream

IS I'he mthod of Jawm 14 further comprung, akhio n
ally baung the combuned vapor siram W prduc a supwr
heawd vapor sireamn
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16 A pwnr poicraling sy CUApRsIng. 20 M power pemanuling, sviem | Juum 1€ Turthoer
compreny,
o fual sowrce condeonng means opurativaly asociated witly and s
@ nveni m meam for condensing, 3 vaper xhaudd Tromy
incrumenial vapor guopcraling mears opuatively asa- saud pirenr conveneon means ml a7 rckomed mixed
aked wath sawd ot & ura for incrementally gonuraing, wogkey, Nud and
& limd vaper Mream and a xecond vapos srcam o m a recirculating musns operalvuly soociated with xad con
mixed workomy, lluxl and thnang muans for recinulaiing o ikhonsed  nuxed
workmg, fod « sadd imamental vapor ponraiing
puwver coavenuon muans oporalively asanated with saxd mans.
s nemental va rp-nrating means for eogveing, il 21 An muvemental vapor gunarils £ aysium foe vape rizn,
weeful work hoat ey contamed i sad fest and 2 mexed working flusd comprisang.
sccond vapor sinams. a frsl huating, Rxcton opebively assciatx] with a hoal

sowrce sail fird almg, secton noviving, The mixed
17 e power puncpbng systom of Jum 16 furtber working, Buid and Lencranng a find huatcd w rkuey,

comprung &parior means< peratively seuiated with saud dal
mcrumanial vapor pumatin, muank Tor separtng, th find :L::l.:mm compaNay, & Vapr fx tu n and 2 liguid

and secoad vapor sincams from a beated working fluid
2 Reparaloy Kyslum operalivoly akioniated with sad fina
mrcam [rom sexd inuremualsl vapor peoamung muans heating saction, sakd suparalor syslvm separiing, the

18 Tha power pencrating sysiem of olaim 17 (urther vapor porion und the lquud poriue of the firy heated
compraing mesns (o comning said firm vapor siroam and worlung lud siuam  and
raxd second vapor sinam k form a combined vapor stroam a sccond heaing secton aperaiwvely amuciated with The
the combmed vapor sinam huny, directed 0 faul pawer hoat source and mawd separaior syseem  sand second
CONVENUND Moans. huating, saction recuving i lepd poax s fros e

firmt heated working Bud sievam saxl sccund bosting
19 The power generating system of clmm 17 wheran kad
Ecparnior means comprows mears (ar using a portxn of the section punrming 1 second hoauxd we rkmy, v
iz vapor siream i condensc on a liquad portson from the Siream COMpraMag & vapor portion
beated mixed working flund * . »



United States Patent s

(] Patent Number 4,982,568

Kalina [45] Date of Patent: Jao. 8, 1991
4] ORVERTTING HEAT FROM GEOTRERMAL OTHER PUBLICATIONS

FLIUID TO ELECTRIC POWER Burus & McDoanell Eapneering Co., “Heber Geother
['§] Isventor Alexsader L Kalies, 105 Glen Garry ™ Buwry Demoastranon Plaot™ Desiga, Confiruction,

an
[22)
&

[51]
2]

B8
[s)

Way Hillkborongh, Cahf. 94010
Appl. No. 337,299
Filed  Mar 12,1909

Baisted U.S. Application Data
Conteumtion-tu-pert of Ser No. 295,829, Jeu. 11 1989,
shendosst.

ot OF e . FOIK 25/06; FOIG 7/00
uaQ €0/648; GOV6A1 2;
/653 E/6T1 EVETS

Piakd of Senrch . §0/64)2, 651 £33,
60/649, 671 673, 679, 692, 691

Raforences Clind
US. PATENT DOCUMENTS

[R-TL TR Tyl - T — T ]
[V LTy O — T ]
4540043 101989 Kalbog oo oo /6D
435030 5194 Kabeg oo 8V67)
44504067 /1906 EalBem . . @93

j ¢ — T, )]

and Early Startup,” prepared for Electnie Power Re-

search Institute, pp. 2, 4, 9-10, 24-13, 53-56, 1071987

Bliem, “Aspects of the Kalina Technology Appled to

Geothermal Power Production,™ prepared for the U S

mﬁuumw&omnmlﬁn
1

Primary Examiner—Sitcphen F Humar

Atiornep, Agent, or Firm—Amold, Whate & Durkze
57 ABSTRACT

A method and spperatus for uoplementing ¢ thermody-
namic cycls, winch mcindes hesting and preferably

partally svepomhng & muibcomponent bqwd workmg
stream with beat released from the partial condensation

geotheymal
The cvsporuied stream b cxpanded to produce the
spent stream, winch, in turn, w condensed 0 produce
the mulficomponent liquid working stresm.

33 Clalu, 3 Denwing Sheats

=

ITHT T

BDCCID us APB2EEAAY |



US. Patent  Jan 8,191 Sheet 1 of 3 4,982,568
102 104
)ANE
25¢ § E b)
12
264 7 14 8 936
68 —
2 N
100
F1G.7
M ~.105
1358 —
63¢ 13 6
106 07
i I
8 11 &
e L e 60+ 3A‘-_—
i
IR r——108
29
%
219 $ Y 109

i ———
a
O~
10

(95



PSR 1R

US. Patent  Jan 8, 1991 Sheet 2 of 3 4,982,568
‘D/m 313_11_
2264 225 |zm 206 2309 423
05 g
Y4 306 3071 Y |
x5
2 (a8
263 ¢
F8G.2 TR
305_1 4,
266
263 {“
303 V| )y 130k
323
261 262
2999 2
— 250
z:u.( 235
33 342
304 ¥ 4§ IRl
232 fa b ]
204 ¢ _0- [T
us 243
341
308_~ v 4 4407309
2
%6 ¢ 27
209 o— - —
23 4216 m2¢ 129
213
22 4y f—02
/311.
0 - - - ) 229
2k o— .27211 320 - 22k
219% 221
32— & 1 / 14 300
243 22
28 O\ q M4
315 (36

/99



19<

US. Patent  Jan & 1991 Sheet 3 of 3 4,982,568

DERERY

1114 Fae 307 (4|1
——
14 305
F1G.=
— e
350~ W - 303 *l y 1304
g |
- ]
1440 {1 1an
360
- L /
11 T‘-aoa $4 Y X8
Q 14 1 |302
by N2 44 y4 |30
— [




NSDOND IR

4,982,568

METHOD AND APPARATUS FOR CONVERTING
HEAT FROM GEOTHERMAL FLUID TO
ELECTRIC FOWER

BACKGROUND OF THE INVENTION
The isa apphcanon of Ser No.
295,029, filed Jan. 11 1989 sbandoned
1 Ficld of the Inventson

This mvenhon relates geacrally to methods and appe- 10

ratns for treasforming thermal energy

clectric power appean 0 ba the so-called sopercritical
aplklnﬂnngﬂ-tmbm 5 a8N0-

2
reduce thermodynamic losses resulimg from the tem-
pemiure msmatcinng of convenuonal systemns. Reduc-
g those losies tan substantially mcresse the efficiency
of the system.

SUMMARY OF THE INVENTION

It = one fenture of the preseut mvention to provide a
ugnficant unprovement n the efficency of a thermp-
dynamic cycle by heating a molucomponent hgud

stream with heat released by the partm! con-
densatson of an expanded spent stream.

In accordunce with ooe embodment of the present
mvention, a méthod for implementing a thermodynasue
cycie inciudes the step of expanding a geseous working
stream, transforming itz energy mto usable form. That
capanmiou produces & spent sream. The spent siream »
then partully condensed to provide hest. A multscom-
posent cucoming fiqued working stream w heated vsng
the heat prodnced by the partial condensation of the
speat sirex and heat from an external hest source, uxtil
the mult:component iqmd workmg stream 3 evapo-
muted. The evaporation of the moltcwomponent bquid
workaag stroem produoces the gaseous workmg stresm.

In 2 preferred embodoment of the presett mveston,
the difforence 1n the pressure of the mulbcomponent
oncommyg gmd wordang stream and Lhe spent siream

that is lower than the temperature at whach the spemt
stremsn begms 10 condense. To creste such & multhcom-
ponent Llquid worlong stream, the woriang flmd wed m
the process of the pressnt nvestawn may bt a mixtare
mlmmﬂlm
component, which begins to bodl st a
Mhhwuwﬁhw
component begma 1o boll. In a particelarly preferred
embodiment of the present mvention, the multeompo-
oocoming liqnd workang stream includes about
53% ¢ about 95% of the low-builing component.
Such s mixtare is preferred becuume soch & mivture
‘boils at vermble temperateres 50 that the tenperatare at
whech bollmg begins ai any pvens pressare (the bub-
bling pomt) m lower than the ut which
evaporabon # completed (the dow polnt). Converscly
ofsach a mixinre i condensed, the temyperazure st whnch
condensstion starts  higher than the tempersture m
winch condessmtion ends. The difference between the
dew pount texnperature-and the bobbling powmt tampers-

and the relatrvely tugh temperature of the geothormal 3 tufe depeads on the properties of the comzponeats com-

plant
thet Is Jocuted st Heber Cabf., appesrs to have a ther-

ma] efficsency of abont 13.29% In contrast, the theorets 38 lllh'pt_n)ﬂllthiﬂfl.'lndy

cal lunst for the border condition st Heber i apparemily
sbout Z7 15%. Thos, what appears to be the most ad-
vanced geothermal plant has s thermodynasme, or Sec-
ond Lasw cfficaency of apparemtly about 48.61% The
efficiency of the subcnucal
winch » widely used for
course, even kower than the efficsency of the saperenits-
cal orgamc Rankine cycle bemg used sz Heber
camventional systems, whach use the ther-

mummﬂﬁempu&ndhnhn

mmm--mmmy
hnmhﬂh;muhum(h

tal tempersture of condensation &t low pressure (the
condenser promure). Under spproprnaie teroporstures
and pressures, such a feature may allow wse of part of
the heat rejected durmg the imtial condemation of the

orgame Ranione cycle, 60 spent stresm to canse the mitial evaporation of the mul-
geothermal application, w, of m

liquid working stream. Such &

m-ﬂnwndthnlummhntﬂum
g Ao s well

However of the pressure of the mulucompanent oo-

il engrgy of geothermal fluds for relatively low tem- 63 commg liqued working siresm » mgmificantly Ingher

peratre procemes, With a system that more adeguately
matches the temperature of the working fwd with the
temperature of the geothermal source mmy substantully

then the pressure of the spent stream, heat trasaferred
from the spent stream, a3 the spent stresm begms
condenge, to0 the mulhcomponent oncommg hguid

116
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3
workmg stream may be msufficient to partully evapo-

rute the oncomung liqud workmg
stream. In such an embodiment of the present imvenuon,
heat tramsferred from the partal condensation of the

spenl stremmn i used (o prehea the mulicomponent §

preferred embochments, the system of the present inven

tion may ensbie hent extracted from geothermal beine 13
10

be wed for relatively hugh tempersture purposes
only which may mecrease the thermodynsmc revers-
ibuhty of the systemn and may result in an mcressed
efficiency of a power cycle that nses such a heat source.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 » a schematc representation of one embod:-
ment of the method and apparstos of the present mven-
ton.

FIG 2 s a schematic representation of s second em
bodmment of the method and apparatos of the present
INVeRton

FIG 3 m a schematic representation of the embods-
ment of FIG 2 m which four heat bave
replaced the twelve best eachangens of the FIG 2 em-
bodumext.

DESCRIFTION OF PREFERRED
EMBODIMENTS

The schemane shown 1 FIQ 1 shows an embods-
ment of preferred spparatns that may be osed in the
sbove described cycle. Spectfically FIO 1 shows a
systems 100 that incindes a boller m the form of heat

turbones 182 and 184, rebeater 163, pump 110, and con-
denser 109. Further the system 100 mcludes stroam

seperstors 111 and 112 and stream mpxers 113 xnd I4. 44

The condemser 189 may be my type of known heat
reyection device. For the condenser 109 may
take the form of & best exchanger such =s s water
cooled system, or another type of condensing device.

Variow types of heat sovroes may be med to drive 9

the cycie of thn mvention. In the embodmnent shown m
FIG 1, the hest source 13 & siream of geothermal flad
that flows from pomt 1 to poent 4 throogh beat exchang-
en 101 103, M5, and 106

The workmyg stream teed m the systemn 100 prefers- 33

component. Such a preferred working stream may be an

ammonis-weter muxiure, two or more hydrocarbons, &0

two or more freons, miztures of hydrocarbons and fre-
onms, or the like In gemeral the stream may be muztures
of any number of componnds with favorable thermody-
namic charscternbes and solubility In & partscularly

preferred embodiment, a mixture of water and ammon 65

o med The moltcompoasnt workmg stream prefera-
bly mclades about 55% to about 95% of the low-boiling
component.

4

As shown m FIG 1 a working stream circulates
through system 100 The working stream includes »
gaseous working stream that flows from heat exchanger
105 1o turbmae 102. The workng siream also includes &
spent stream, which flows from torane 102 10 con
deaser 109, and a Liguid working mream which flows
from condenser 109 1o heat exchanger 105,

In the cycie of the present mvemtion, the Lqud work

geoflmd to form s superheated gascous working stream
ters as at pomt 25 m sent mto the lugh pressure turbune

/9%
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ing medmm flowiag throogh condenser 100 fram poms 11
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apparent from the above description, & umque
feature of the shove described embodiment of the pres- 45
ent mveahon is that the mitil temperature of condens-
on of the returming spent stream (the stream pusmuag by
point 36) u higher than the il bolling tempecature of

SEPCAmA

6
the secand part of the oncommg bquid working stream
{the siream pasung by poant €5).

The relabomivp between the yuhal condensaton
temperatore of the rétarmng spent stream and the mutal
boiling tempernture of the Kqund working stream of that
embochment enables the parnal evaparaton of the lig-
wd workmg stream via recuperation of hest from the
retornung speot stream. That fexture should enable the
power system and cycie of the shove described embods-
ment of the present wvention o provide a sgmifican
mcresse m cfficency when compared with the pres-
ently svailable organe and snpercritcal organic Ran-
kone cycles

It will be apperext t0 those skilled i the art that the
premure of the oncoming Equed working stream, st
pant 62, may be 50 ngh that the partial condensatun of
the returning spent stream will beat that porton of the
lsxquid warking stream, but will oot canee that stream to
begm to evapomte. However an embodiment of the

working stream b preferred over 53 embodiment m
winch the preweve of the oncommg hqud working
stresm, &t point 62, s s0 lngh s3 to mhibit partml evapo-
ration of that styeam, despute the transfer of hest pro-
duced by the partisl condessation of the returning spent
Stresm.
Prefierred paramaters for the pomis corresponding to
the potms set forth in PIG 1 are presented in Table I for
2 system heving & water-smmonls working finxf stream
which mcindes 83.05 wt. % of smamonm. All calcnls-
twns used to genenate the perameters of Table I were
performed for what appasr to b the same border conch-
toous and the sapee hrmitations s have been used m the

border
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TABLE II

Thermal  Secosd Law

Power Ompn W Efficarmey Elficacncy
Haber Plam .2 132 WA
Fropoasd Sysien [ %] 1504 [ ¥

The resutts shown 1n Table [T soggest that the system
of the praent mventon could potcntmlly incresse the

power oatpit from the same geothermal somce by a 10

factor of about | 37 Such s enhanced power owtpat
could ugmficantly reduce the overall cost of & geother-
mal power plant.

When » geothermal power plant s operatng, sod 2

sigaificant pomon of its power output mut be speat to 13

curculate goothermal brine, the power neaded 1o corou-
iate the peothermnal brine generally remawns constant,
urespoctive of the efficvency of the power plagt. For the
Heber power plaat, this power = spparcatly equal
sboat 12MW The uet autput of the Heber power plast
s, therefore, spparently equal to sbout 47IMW In
coutraat, the net output of the proposed system of the
present inventon could be equal to about 68 TASMW
Aa a rewlt, the net efficzency of the proposed system

potextully could be about 146 tumes ligher then the aet 13

cifiaency of the Helwr geothermal plaat.

Because the cost 1o provide brme for a
power plant » spperently ulentical for exther the Heber
plant system or the system of the present Inventios, the

proposed systen could potentully pravide for s sgulfl- »

cantly lower coat for the goofluid supplied to the cycle
per | KW of net gutput.

In the system of FIG 1, the compomnbon of the work-
ing fiwd flowing through the cycle remaing constant An

incressed efficiency for the cycle may be obtamed, >

of the

8
component than s contmned 1n the first hqusd working
strewm.

The ennched substream s condensed and then heated
by the returmng spent siream, untd it s preferably par
tmlly evaporsted. The lean sobstream 13 combuned with
the preferably paytally evaporated eanched substream
1o form the cocommg Lauad wemiting stream that 15
heated (prefenbly partully evaporated) by the return-
ing speat stream and then completely evaporated by an
cxternal hest source, such as & geothermal heas source,
to form the gaseous strepm,

In the embodmment shown m FIG 2, the completely
condensed first hqusd working styeam (having a Lemper
ature which = close 10 the tutal tempersture of the
coohag source (e.g, cooling water) flowing from pownt
223 to pomt 2M of FIG 1) with parsmeters as a2 pocnt
214 » pumped 10 ap miermedhate presure by pumnp 316
1o obtaun paramewsrs a8 at pomt 221 The first hqud
workmg stream w divided a2 siresm separatar 320 mto
first aad second aquad substreams having parsmeters as
of pomts 210 end 212, respectively The first liquad
sabstream Is seot wito recuperative heat exchanger 302,
where it s heated to form a partially evaponied hqud
substream with parameters a3 at pont 213,

The partially cvaporated lyud substream 1 then sent
mto scparator 313 (winch may be a flash tank), where it
is scparuted mio s vapor stream, with parameters as at
potat 212, and s liguid stream, with paramesers a8 at
polsi 215 The vapor stream is then combwuned with the
accond haoad substresm at stremn mnxer MB 1o form an
exriched sohsiresm, with parmmeters as at pouxt 217
That enriched euhwtreum is then seat nto condenser
311, where 2t » completely condened by a stream of
coaling water flowing from pomt M3 1o pawst 244, to
obtasn parameters m &t pomt 218. The ennched sub-

315, obtwning puremeters as xt pamt 219.
the ennched sobetyeam 8 st parallel with the firm
haud substresm, Dowmg from pomt 210 to posnt 213,
into heat eschanger M2, where the ennched substream
 heated, obtaming parsmoters s a1 posmt 1332
Mesawhile, the Wi stresm, whch comprues the
lesn substrenm, bas been pumped to an mcresesd pres-
sire by pamp J14 to obtam parsmeters s at pomt 216,
The temperatures of the streams flowmg past pownts 216
and 222 prufershly are spproxomanely equal

of 2 lower bolluig component than

provede hent to heat an ancommg hqmd workmg stresm o, contsned m the fiowt gmd workng stream and a lean

However the cocomung liquxd woriong stream of the
FIG 2 embodumen: w gencruied m a differest masnmer
from the FIG 1 embodmment. In cthe FIG 2 embod-

ment, the spent streun » condensed o prociuce o firmt 53

i

working stream. The firt bqmd workmy stream
B divided me0 ennched and lean yebstrenmyg through

the following steps Tmumally the first bqund workiag

substream, flowmg by pomi 216, that melndes o lIower
percentage of a Jower boling cosaponent than w con
tuped m the first lquad working stream.

The eanched amd ltsn sshstregms are seat wto heat
cxchangers 309 end 308 The lean substreamn w sepa-
rated af stream scpurator 221 mio first and second lean

In the embodunest shown is FIO 2, heat gachanger
309 ia & recuperstrve hent exchanger m which the re-
stream exchanges beat with the second

spent
ennched with s tugher percentage of & lower boding 65 lean substream and the canched ssbatresm In hest

component than s contaned n the fiest lqud workag
stream. The liquid stream compres the Lean yubetyeam,
which includes a lower percentage of 2 low boling

eschanger 308, bent w tramferred to the first Joga sub-
stream from & stremm of geofined pessing from pount 204
to pownt 209 (Mmeraheation may not allow cooling of
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geothermal brme to s sulliciently low temperature to The other substream, flowmng by pomt 262, passes
warrant use of heat exchanger 308. Under those curcum-  theough recaperative heat exchenger 304 where it u
sisnces, heat exchanger 308 preferably sbould be re-  heated by the returmng spent stream. That ssbstream
moved from the system, snd both the ennched and lesm  also further boils prodecing a second part of a further
substresns sent 180 hesd ezchanger 309 ogly ) 3 evsporaled working siresm haveag parameters as at
The preheated coriched subsream exits heat ex-  pownt 264, In 8 partcularly preferred embodunent the
changer 300 with pemameters s t pont 220, wiuch  parameters for the farther evaporated workmyg fhod at
preferably corvespond to thoset of & bqud streman ins  pomis 363 and 264 are nearly wlentacal
state of a saturated Bquid. The first and second lean The subntresas prssing by ponmta 263 and 264 are
mobstreams axit bast exchmngers 308 and 309, cbtmnmg 10 recombined at strezm mizer 344 into one stream, a flur-
pammetens as of polots 248 and M9 rexpectrvely Thosa ther evaporated working stream with parsmeters as ot
substrearms are combined at siresm muer M1 o recon-  pownt 266, Tha Amther evaporated working stream  with

sutute the leso sobetresm, which has become 2 pre-  pummeters & st point 266, passes through hest ex-
heated lean substresm with psramseters as at M0 chaager 35 where it b heated—in thus embodimen
(those paramaters preferably correspond to those of a 15 t—by 2 stneam of geoflud flowing from pomt 282 to
bgqud sirests  the siate of & subcooled bqmd). The  pount 300 In 3 partcularly embodimest, the
temperaturey of the sircams flowing past points 20 and ~  further Muld » completely

M0 are preferably sbout rated aa bt pagecs through hest eschanger 305, cbtanmg

heat exhanger 310, along with the recomsninted and  flowing from point 283 to point 207 forming a supes-
prehested lean substream. While passing throngh hest  heated geseous workepg stream with parameters as st
exchanger 310, the firt enviched subsream and the 25 point 233, The soperheated gaseoms working stream

fated ennwched substresm, with peramets us ot point those of a stveam that = is the stas of 2 sutarsted vapoc
258 (those parsmeters prefersbly comespond tothose of 40 The spent styenm passes from polnt 236 through heat
a streem in & bi-pheso state). The preheated lemo sub-  sxolmnger 304 where it partially condesses, providing

s ’m;:'tﬂ:d'- :mwmmm”d
sobatress with parameters as ot pomt pemmg
erably correspond to those of & satursted bhquid. The  from point 2363 to point 264. After the pardally con-
temperwinres and of the streams flowing past 43 speng stream exits from heat axchanger 304, It

state purtlly evaporatng
As Ia the FIG 1 embodmment of the presont laven- 33 The partully coadensed spent siveam thes enters
tom, the oncommg liquid workmg stream (fn a b-phase  condemier 301 where 22 o cooled by water or alr flow-
miate kn the FIG 2 embodiment m contrast to the magle g from powat 123
phase stats 1n the FIO 1 embodiment) is then split ot dexcribed

i
:
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wg the above described gascous working stream and for
rcheating the spent stream. The ssbstream passing by
powt 205 cxts hest exchanger 306 with parsmaters ss at

Thereafter the substreams of grofiuxd are combaned
st stream mixer 345 1010 one stream having parameters
& at pomt 202 That stream of geofhud passes through
heat exchanger (boiler) 303 whers ot 15 cooled, provud-
mg hest for the complete evaporation of the further 10
evaporated workmg stream. The peofiuad stresm exits
heat exchanger 305 with persmeters as at point 200, The
stream of geolluid then passes through heat exchangers
303 and 310, where it = cooled pravidmg hest for the

ratoses may be need ms shown m FIG 2, that aystem
aberpaiively compree ouly foor actual hest ex- 30
eachangers 311 and 397 and & nngle
exchanger m place of heat exchangers 306, 303,
303, 310, snd 208, and a smple hest exchanger | place
of heat cxchyngery 304, 311, 399, 302, und ML Such a

i
|
i

?Ei
i
i

z
|

F1E
il
Wi
it
rﬂl
i

i
a

bollmg
efficeency of the cycie and the power out-
per unk of heat mput, or per umt of geafiuid flow In 35
the embodiment of the preaent invention employing a
profimd a3 the external hest source.
Another advaatage of the FIG 2 embodiment of the
mvention, over the FIG 1 enbodument, is that

of flexibility expecially when s groflud = used o the
external heat source The FIG 3 embodement allows for

1
|

12
11T were performed for the same border conditions used
for calculanng the parameters of Tahle 1.

The thermal efficiency and power output per 1000
Iba. of geoflud of the FIG 2 embodiment, unng the
parameters shown in Table 111 should be sgaificantly
greater than those for the PIG 1 emtbodiment, using the

TABLE I

Pomt  Flpula] X T P H [Buusib] G
»l - BRINE 7.0 - 1T
b - BRINE 12954 - 108
x -— RINE Al -— L
o4 - BRINE T - 1MW
n - BRINE W10 - p
06 - BRINE W10 -~ 15408
7 - BRINE 1% - ol
m - ERINE IS4 - 10483
m - BRINE 1000 - 1584
10 nm 4450 .00 =7 L 11
211 3. as3%0 0.0 -n [
12 r &) 09958 1743 13646 186
m [PTR 08340 1743 19301 L L]
214 .00 02540 40.00 =118 1.0000
13 n» 77 4 -4 54 AR
16 21461 07348 1143 —11) Ln
m M [ L L) uw LU 1
an e 05350 nm nan It
e 2641 0.9%8% 000 »nn J1l
0 EL 1) 0.0 16400 1311 Ja
i uLe 00 0o =17 1.0008
i 208 0950 1743 iz Jwl
i —_— WATER 1., - Al
M -— WATHR “n - 19410
ns L7 [ XL 1.0 T4 1.0ma
s M LY Mbvy s 15000
i s oTrl nan .. A132
I 2.3 0850 1 U 10008
in A LT | ™M 1.0x0
n L LT ] 4% 10 15123 1143
m 51481 asme 165.00 15123 2
M SiL81 [ 1 . 151.2 MATS 1143
ns M 4% i i nn
6 ] o150 n mmn P ]
7 L T aiy nn S0.43 14000
18 M aa%40 1o 1.0 1.0
1. L33 aa5% 155N ) 1.0000
o 51681 4774 164 m L» A2
) - WATER 1200 - by
4 - WATER ns - 47081
1/ s A%, 1. MITS I
w 51161 D340 1572 mn mas
2 L4 oane n.n s P ]
k] b 1] 4 nn 41401 E
% e 04850 M3 e s
03 s ARs0 nn nmw 10000
s 2Esl 2530 nan 41692 10300
M 201 61 44250 109 Tsas L.g000
»m —_ MUINE 1 - 17084

Whils the present mvention has been described with
respect 10 & mumbey of preferred ambodonents, which
unlize 5 mogle preferred externyl hest source, those
skilled in the art will appreciate a namber of vanatrons
and modificetsons of those embodmments. Far example,
a different exterpal hear sonrce may be used, the aum-
ber of bent exchangers may be mcressed or decreased,
the nomher of pumps, tarbines, condenmng devices,
separators, et may be vaned, a8 well i the number
sod compositnon of streams flowing throagh the cycle

What = claised o

2w/
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expandimg & gaecous wocking siream  transforomg its
energy mto osable form od producing & spent

Stream;
reheatng and expanding the spent stream, to traos-
form 1ts energy mto weshle form, s

evaporatmyg the heated Hgmd worikang stream umng

14

completely condenping the ennched substream and
pumping the ennched substream to an incressed
pressure pnot 0 hesung the canched substream
with heat tramsferred from the spent styeam and
pumpng the lean subsiresm 10 sa meressed pressure
and hesung the lean substream with hest trans-
ferred from an external beat source pnor to com

working
8. The method of claum 7 farther compraing the steps

beat produced by an cxterpal heat source, to form  of

workng
of clum 1 wheren heat from the ex-
i veed

i
£
i
j

evaporite the oncomng
ing stresmn to fiorm a first part of the heated liquid work-
myg siresm.
4. The method of clalm 3 wherein the external hest 30

|
|
?

mpg the first and second lean substresms to regeaey-
ale the lesn svlbstrenm before the lesn mubstream
and the esnched snbstresm are comiuned to form

the mmlticomponent opcommyg Bqmd working

workmg
traneferring heat from the peothermal external heat



15 4,982,568 16

warkmg stream w0 form a first part of the heated stream with beat ernnafiermed from the further con-
laquid working stream, dengatiom of the gpent seream to form the prehested
partially condenmng the spet stream to preheat and eanched subsiresm,
partally evaporss a sccond part of the mulucom pumpng the lesn pubsiream to an mcrested pressure
ponent ancomung hquxd workmg stream to pro- § pnor to preheating the [esa substresm with heat
dﬂﬂl:’oﬂnﬂd’hhﬂﬁﬂqﬂmu wmm:ﬂmm.:nu
stream to foem lean Stream;
cambinmg the first sad second parts of the heated et the plirarplwnipill
laquid workmg stresm 1o form the hemted hquud first ennched ssbstream and the secomd eanched
workmng sream. L sobstream prior 1o the second emriched mbstream
JL The method of clum 10 wherms the geseous bemg partlly evaporated with hest tranaferred
workmg stream, the spent stream, the mulncomponent from the furthes condensation of the spent stream
working stream, and the superheated gascous working ennched yobstrepm,
stresm are each multcomponent workng streams that 1S g pally the firy enrched substream
comprme & low-bodng component and a ngh-bodmg wth heat trassferved from the gootherma! externsl
mﬂ:‘ fox im = ung » < fend gource w0 form a i puat of the panmily
congrsg the seps the prehested lean substream with heat trans-
expandmg 2 superheated gascous workong SUCAR, 20 furred from the geothermal external heat source to
tansformmny s energy mto uzable form and pro- form & heated lean substresm,
ducing a spent the fret sad second parts of the partmily
reheating the speat stream with heat trepaferred from ~ OTCERS
 grot} 1 ] heat source: m:ulﬁu:ﬂdnhﬂmhhthpr-

warking stream, mﬂmm-ud!mﬂ
partlally evaporstmg & second emriched sshetream parclly cvaporaicd mmlticomponent
with hent tramaferred from the Parther condenss- cntommg hyuld working sresm and  firs part of
tion of the spent stresm to form a sscond part of a the partlly evaporsted multicompoment oncom-
purtially evaporssesd ) mg Bqund workmg stream prior to further evapo-
prebeating an exonched substream and & lean sob- ratng the second part of the partially cvaporated
m—wu:':cmuﬁummu— ;ﬂﬂnmmuﬂdnﬂl‘mm:::
densaton spent stremm to fore s preheated partully consientmg Speni stream,
euriched substresm sad a kemn mub- dure the socoud part of the farther evaporsted
streem; o wnrioag streass,

partially evaporstmg & fost hqud mubstream with forther ovaporsing the firt part of the partmlly
hest tramsfred from the farther condensshon of evaporated  mgiticomponent  conpmmg  laqnd
the spent stream to form a partially evaporated working stresm with hest transferred from the
hquad substream: geothermal external hext sonres to foon & first part
condensing completely the spent stream to form a 43 of the further eveporated working strean;

et Homd workmig stream, combmmg the first and socond parts of the farther
pumpmg the fir lqud workmg streem 0 a In- ewviporaied workmg stream to form the further
cremmnd evaporated working sream:

separatmy the partmlly evaporated substream stream; and
=0 a vapor stresss and 3 hquud stream, after the superhestmng the workmg stremn with hemt
firm G substresm s been partmlly evaporated produced by the geothermal exteroal heat source
wnth hest tramafecred from the farther condenss- 35 to form the sirem
non

rated Fquad subsgresm, the Hopnd stream com| mreams flowing through the cycie are muihcomponent
ing the lean mbsream, tha lesn subgyeam mclud-  streams that compeise sbout 55% to abowt 95% of an
mg a lower percentage of  low bollmg component  ammomus component and sbout 5% to
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17 18
than the tempersture at which the spent stream means for expanding a gaseous working stream, irans-

begns to condense; and foroung 1ts energy mto umable form and producing
evaparatng the oncomung hqud working stream a spent syeam,

using hemt produced by partslly condenmng the 2 heat exchanger for partally condensing the spent

spent stream, and heat from an catermal hest $ stream and for transfemng heat from the spemt

sowrce, to form the gaseous worlong stream. stream a8 it begins to condense to partally evapo-
15. The method of clarn 14 further mcloding the rate an cocommg liquad working stream,
stepw of rebeatmy and expanchng the spent stream, to means for formmg the oncommng lqud working
trunsform 113 energy mio ussble form, and partally stream that begms to evaporate at & temperstusre
evaporating the Bguid workmg stresm with heat trans- 10 that s Jower than the temparatore st which the
ferred from the spent stream. spent stream begns 10 condense; and

16. The method of claim 15 wherem heat from the ﬂrﬂmﬁfwwvwﬂ
partially condensed spent stream prebeat the oocommng working stream,
mmmmm:;dﬁ:mw produced by the external heat source, to form the
stream bemg msed to partally cvaporate the Liqud 4 gaacom workmng stream,

17 The method of claim 16 further compnemg the  for rebeating snd capanding the spent stream to trans-
mep of condenmng the partully condensed spent h“wm‘.*"’";"
stream, aftcr host from thai stream has beem wed w0 ﬂmml “::'" Ewlmm:
iy ety oeking sresm, 1o produce the Hqund partaly condensed spext sream i the It working
¢m¢dmw; 28. The spparutus of claim I7 forther comprming a
0 expanding the gasous working stream. cowdenser for condenming the partmlly condensed spent
mmwdhummhummmmumhuuum
step of pumpng the liqued workng stream, formed by preheat the Lgmd working stream m the second beat
the condeasstion of the partally condensed speut g i oo Frori oy g b worlng s
stream, t0 a higher presure prior to prebesting the thud hest exchenpger for superheating the gaseous
mmmmuw&uhnmm“mhmdh
partally condensed spent stresm. working stream. e
2. The method of clum 19 wherein heat from the 3. The apparatus of clam 29 further comprismy
external hest source s used 10 evapornie the partally mhmﬁthﬁwﬂumhme;

Sream. by the condensation of the partmlly condensed spent

tmlly evaporated hauid working stream w0 completely  external heat source to evaporate the partally evapo-
cvaporsie the perthally evaporated liqud workng — eaced Equid stremm.

stream 1o form the gaseows workong stresm, and that 81 The apparatus of clamn 31 wherem the external
eschanges heat with the hauid worlong stresm 0 par-  fyeat sorsee 1 o flond stresm that exchanges hest with
taily evaporate the hquid working stream © form the 43 the spent sresm to rebeat the spent stresm prior
partally stream. expanmon { the spent stream, and that exchanges beat

component.
24. The method of clamn 13 wheran each of the mul- 33 1ag stream.

bcomponent working stresms contaln from sbout 55% 3. The apparatus of chum 32 wherem the external

to sbout 5% of the low-boilmg component. heat source is s geothermal fluxd stream produced by a
35, Apparstms for muplemesting s thermodynsmue  geothermal source.

mbm " & ® 8w
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effect of the pinch potnt problem when a working flud
METHOD OF GENERATING ENERGY = evaporates] with a heating source.

It » accordingly one of the objects of this mvention
This mventioo relates 10 the gencration of energy to provide a thermodynam cycle i which the effect
More particularly this mvention relstes to s method of 5 of the pinch powt problem can be redoced
transformung the energy of a heat source o usable In accardance with one aspect of ths mventon a
form by pung a working flad wiuch = expanded and ~ method of generating energy comprises.
regencrated. The mvention forther relates 0 a method  (a) subjectmy at least & porton of an mitial composite
of improving the beat wilmation efficaency in a thermo- stream havang an 1mtul compomtion of Ingher and
dynamic cycle and thus (0 & new thamodynamic cycle 10 lower boiling components, to dutillation at an mter
utihzing the method. mediate pressure in a distillanan system to dedll or
The most commonly employed thermodynamic cycle evaporate part of the siream and thus generate an
for producing usefol energy from a heat source, 1 the ennched vapor fraction which s eanched with »
Ranknine cycle. In the Rankme cycle a workng fimd lower boiling component relatively to both a nch
such as water amemons or 8 freon © evaporated 10 a8 15 yyeking fluid fraction and s lean working flud frac-

oon,

orated gaseous worlang flusd 3 then expanded across 8 1) puxing the enriched vapar fraction wath of the
turbine 10 transform lis energy mto usable form. The empm-runlndmmhuun::mdw
spent gaseons working fluid ks then condensed 1 & con st least one nch working flud fraction whach = en
denser using an available cooling medrum. The pressure 20 riched relatively to a compomte working Nwd with a
of the condensed warking medium = then mecressed by lower bowing component,

pm‘:'::“w:uaww:wm: (c) penerntmg 1 loast one lean working flod fraction
:"mt m"‘l"‘ ml"_'m e : m‘"‘“hm‘ ) from part of the componte stream, the lesn working

cycle works offectrvely o hms & relatively low ofB- 23 n“'mlmllmmﬁ!m-h

yoamuc effiacacy nent,
mthdlhmeﬁgmnlimh:l- @ """'_:_""""‘8 part of the Initial composte
lston costs per Kw At cwrent pnces, an stream sream,
© vapor contamed i the rich and lean

umqeumr:mwmmmn "“ﬂ'llm" itarmes e rich
Apﬂmu'musmmmsslﬁum m cither

I winch (T) mcressing the pressures of the nch and lean working
M.!Iolmllu:nmfwmuw fch 2:’” Ly form t0 8 ugh pres.
ummn-mmnu-m”wmhnﬁmnumumm
as » hquid 10 a high working presmsre. It is hested to workmg fimd fraction separately to a first evapomator
partually vaponae the workmg fluid, it u flashed to stage to heat the lean workmg fluid fractron towards
o pglon ety . b-nt ympradui e T o S loms pact of the
v . bn@)wuhllﬂxh‘wmmﬂuﬂﬁmn
recovered therefrom beating the benary generate a componte
wor —— lllem:m:l (i) evaporstmg the compomite working fuid in a second

E
;
;
;
i
|

with the spent low bolling 10 absorh the mﬂ:rwydm-du#mm
spent workmg fiud 1a a condenser m the pressnce of a 43 working
qn].m..'::f-; () expanding the charged compomte workmg flud to »
Applicant's Exergy cycie B compared theoretically spent low pressure level 10 transform ws energy wto
with the Rankine cycle m Apphcant’s prior patent to usable form, asd
demonstrate the suproved efficiency and sdvantages of (k) condensmg the spent compostte workmg flvid m an
Applicam's Exergy cycle. Thn theoreteal companson 50 absorption stagoe by cooling and absorbeng it m the
bas demonstrated the mproved effectiveness of Apph- condenmatwon stremmn at 8 premure lower than the
cant’s cycle over the Raokine cycle when an mtermedsmie pressure to regenevsts the mitml com-
avalable relatively low temperature heat source such a8 pomie stresm.
wurface ocean water for example, » The lean and nch workmg flod fractions, to the
Applicamt found, however that Applicent's Exergy 38 extent that they are not generated m lqud form, are
cycle provided less thearetica] advantages over the  cooled 10 condense prefarsbly completely or
couventional Rankine cycle when higher temperature  substantully completely mio Lqmd form before ther
avulsbic heat sources were pressures arc wcrested to the charged high pressurd-

Apphcam then devised a farther invention 1o provade  level
an mproved thermodynmme cycle for such applia- @  The nch and lewn working fluxd (ractions wall ususlly
tons. Thos inveznon otilees u datllation system 1 both requure condensahon to geneynte them 1o Fiquud
winch part of » workmg fmd s disilled to theseby  form before they are pumped 1o the charged lugh pres-
amist 1 regeneration of the workmg fluid component.  sure level.
The mvention v the subject mater of Applicant’s pnor In one embodimment of the mvention the entire mutial
patent spphcstion Ser No. 405,942 which was filed on & compomie stream may be subjected to distillanon w the
Ang 6, 1982, now U S Par. No. 4,429 563 distillation system to produce the ennched vapor frac-
Apphcant beheves that s thermodyname eycle con hon, and to produce a sicipped lyquid fraction from
be mnproved o effective steps can be taken to redoce the which the eanched vapor fraction has been stnpped
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3
In coe example of this embodiment of the invenuon
the ennched vapor fraction may be divaded mto first
and second ennched vapor faction streams, and the
stripped hiquid fraction may be drvided into first. second

evaporator stage, agun followed by mixing
of the flwd streams 10 reduce the number of streams,

agam followed by cvaporathion m a subsequent evapore- 63

tor stage, and so on untl 2 mngle composiie working
flud hes been produced which can then be evaporated
and expanded 10 convert ity energy 1nto usable form.

4
In a preferred embodiment of the invention, the con
densaton stream wall be throttled down 1o the pressure
of the spent composne working fluxd for absorbang the
spent composite working flurd theren in the absorption

‘The condensation stream and the spent composite
workmg flind may be cooled m the shsorption stage
utiimag any appropriate and available coobng medium

The nital composte stream generated 1n the absorp-
tion stage, or the portion thereof wiich u to be sub-
Jected 1o dustillaton may be subjected to disnllation by
heating in one or more heat exchangers unng any suit
gble and avmlsble heshing medium.

Apphcant’s presently preferred method of sobjectmg
the mitsl composite stream, or porton thereof to distal-
lation s by means of relatvely low temperature heat
Thus provides the advantage that the quantny of hext
loss m the heat exchanger system will be substantally
less, and that low temperuture heat may be used for thes
purpose which cannot conveniently be utilzeed i ather
aspecis of the cycle.

In a presenily preferred embodment of the :nvenbon,
distillation may be effected by pasung the mitml com
poste stream, or portion thereol 1 heat eschange rels-
tionthip with coe or more of the followmg hestmg
sources.

(a) the spent componte working flusd;
(b) the condensation siream:

(c) the lean working fluxd fracton,
{d) the nch working fuid fraction; mnd
(¢) an snzilary hesting source.

Applcant beleves that in many apphicabons of the
cycle of tha mvention, 0o anxilary hesting source wail
be requred. Applicant tings behoves that sufficyent heat
can be extracted from the spemt composite working
fluid, from the condensabon stream, sad from the lean
and nch workmg fliind fractions to provide for effective
dmiillatson or evaporatzon of part of the mnbal compos-
e stream o produce the enriched vapor faction whach
n canched with respect to the lower boding componeat
or components of the componte stresm

When the mibal composiie stream s subjected 10
such dstillation, the lower bowling component or com-
ponents will zamumally evaporate or duull first thercby
producing the ennched vapor fraction

The compasitions of the nch workmg Mnd and Jean
working fluid fractions are preferably sclectad so that
they cun be hested most effectively in the first evapors-
tor stage with the available heanng medwum The first
evaporator stage will generally be the low temperature
siage of the

Thus, for example, the composion should be se-
lected and the relative quanubes should be selected
such that the lesn workmg flnd fraction wall be heated
towards s boilng pomt in the firnt cvaporstor stage,
whnle the nch workmg flud fraction will be heated
towards i3 stuvraied vapor stage.

Preferably the nch working flud fracuon should be
ennched as much as possible with the lower
componaent or componenis, consuient with the use of a
lean working flud fracthion which can have a bading
pornt at the dew pownt of the nch working fusd fraction.

In & presently preferred embodiment, the compon-
oms and quannties will be selected so that the lean
worikang flud will be heated o 1ts boding pount or o
substantully 1ts boiling pont 1 the first evaporator
stage, while the nch workmg flind fraction will be
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5
evaporsied sulsiantully or completely to be m the form
of a satamated vapor in the first evaporator sage.
While both the lean working flud fraction and the
nch workmg Nwd fraction may be hested 1o a higher

tempersture 1o the first evaporstor siage, Applicant 5

beleves that the will not provide any real thermody-
namic advantage m the cycle of this mvention,

The nch and lean working flud frections are thm
de:ldnﬂmdlaﬂwthp-dwmeﬂm
evaporator stage, they are substantully or at least gen- 10
enally m equilibrium both m temperature and pressure
10 reduce any thermodynanuc lomses winch may occur

i

mung
When lean and nch working fied fractions are first
gemerated m accordance with ths nventon, they will

working flud fraction will usually contain vapor and
will have 10 be cooled to condense the vapor and pro-

vade the fracion 1m bquid form for effective pressure 55

They may be cooled otilinng any avmlshle eooling
medum. In accordance: with Apphcant's preseatly pre-

k]
|
E
5

i

relshonsinp with the mital composite stream

B bemng subjected w distillatron.

m sccordance with Applicant’s presently
the nch workmg fimnd fraction

it in heat exchange relshon-

coolmg source. A prehester sys-

;

EEHEEE
i
Eiiff
|
i
H

has not yet been cooled with the coolmg
mdlmdﬂnnﬂmm;m

In the preferred spplacation of the mvention, the rch
and lean workmg fluid fractions wall be cooled mo tht
wall be geaerally equal or close be-
fore they are fed to the first evaporator stagn,

ARer the lesn and nch workmg fud fractons have 43
passed throagh the first evaporator stage, and have been
muxed to congritute the compomte working fuid, they
may be heated m the second evaporator stage to evapo-
rate the compomte workiag flind completely or at Jeast

y completely
Amhmhdwvu that the best thermodynarmcst
advantages will be provided if the compomte workmg
fimd = evaporated n the second

B

|

mwwmmmwmhebm,,

geous If the compomte working fluld 2 not evaporated
completely

If the compoarie working fluid ks evaporated only
partally some of that fimd, which will have been

beated to a relahvely ugh temperature, will not be &

availsble 10 generute energy This wall therefore reduce
the efficency of the process. By evaporating the com-
ponte worlang flmd completely m the second evapom-
Gon stage umng & relatively high temperature hest, and

vulmng all or substantully all of the evaporated com 65

pduwhn;ﬂudu:heehrﬁmpoduwhu

believes that high temperamre energy
unlnmwillbethemdﬂdmuﬂdl‘m

fraction will be cooled by pasming it in hest ex- 30

6

In a presently preferred embodiment of the iInvention
the componite working flurd from the second evaporm-
tor stage, will be superheated in 2 superhester stage

The charged compoute workmg flud may be ex
panded to n spent low pressure level 1o transform itz
energy mio usable form, uilirmg any sutable end aval
able devxce for thes purpose. Devices of thes nature are
genenally m the form of turbenes and will genencally be
rufufdtomlheqaenfmnm

Various smgle and multi-stage torbmes are avaishle
and can be selecied to provide the appropnate pressare
and temperature ranges for effective utihzatton of this
invenhon.

In an embodiment of the invention a muli-stage tur
bme system may be used and at lesst part of the com-
pomic working fhud may be recycled to the superheater
stage after passng through a high pressure siage of the
turbme, and before eniermg a low pressure stage of the
turbme

It will readily be apprecmted by those skifled m the
art that relatively low tempersture heat for the dotilla-
tion synen of ths inventuon may be obtamed from
vanous sources depending upon cucumsiances. It may
be abtmned m the form of spent relattvely ngh temper-
ature heat, 1o the form of the lower temperzture part of
relanrvely hugher temperatiure heat from a heat source,
m the form of relatively lower temperature waste or
other hest winch 1 availsble from the or from a heat
souree, and/or m the form of relatrvely lower tempers-
tare heat which 5 generated in the method of this nven-
ton and cannot be utiized ellficlently or more effec-
tively or st all for evaporabon of the composite work-
mg fhid

Varom types of beat sources may be wed m the

stage of the cycle of tim mventom 1o svapo-
rate the composite working flmd. In each mstance,
depending upon svaiinble heat sources, the cycie can be
adusted 10 utilize such heat sources i the most effec-
49 bve mamer For example, Apphcant satcipstes that
hﬂtmmhmﬁdfmmuw-lm
F or more, down to heat sources such as those obtamed
from ocean thermal gradients. Heat sonrces such s, for
example, low grade primary fuel, waste hest, geother-
43 mal beat, polar heat and ocean thermal energy conver-
son systems are bebeved all 10 be capable of develop-
ment for use in this iInventon.

The workmng flad for nse in thes mventon may be
any mulb-compooest workmg flnd which comprases a
50 muxture of (wo or more low and high boilmg flois. The
fluxds mey be muxtures of any of a number of com-
pounds with favorable thermodynamic charactecistes
and having an appropnaie or wide range of solubility
Thus, for example, the working {lmd may comprae 2
nnary flind such =8 an smmoma-water mixture, two or
more hydrocarbons, two or more freons, mixtures of
hydrocarboss and freons, or the hike

Apphcant's mllypufenulwodm;ﬂmdnl
water-smmonik mixture,

Enthalpy-concentration dugrams for ammonis-water
are readily avallable and are generally accepted The
National Burean of Standards will sapply opon request
an article published m the Nattonal Buresu of Standards
bst s Project 753-80. The paper was prepared by Wil-
tec Research Company Inc, 488 South 500 West,
Provo, Utah, 84601 1 1983 and deals with the expen
mental sty of waterammoma mmrtures and their

properties m & wide range of temperstures and pres-
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sores. A copy of this paper = attached to this specifics-
tion and » meorporated heren by reference
Ammoat-waler proviles a wide moge of boilmg
temperatures and favorable thermodynamic chamcter-

wmbcy. Ammonus-water 15 therefore a practical and po- 3

tontally veeful workmg lud m many applications of
thms invention. Applixcant behieves, howwver that when
equpmant econoics and turbme demgn become pam-
mount conndéerations 1n developing commercal em-

8

mnal compounon of higher and lower boiling compo-
pents i the form of ammonta and water At pownt 1 the
mitial composnie stream 1 at & spent low pressure level
It 1= pumped by means of & pump 51 10 an iIntermediate
pressure level where its pressure parameters will be a3
at point 2 followig the pump 5L

From powt 2 of the (low lne, the mtial compoute
stream at an atermediate pressure 15 heated consecn
tively iz the heat axchanger 34, i the recuperstor 56

bodumenty of the invention, mixtures of freon-22 with 10 and in the maun heat eachanger 58

tolumne or other hydrocarbon or freon combinatons
will became more mportant for conaderation.

In general standard equpment may be otilmed m
carryng out the method of thes mvention. Thus, equip-

ment such aa hest exchangers, tanks, pumps, Drbines, 13

valves and fittmgs of the type wsed m typleal thermody-
namic cycles such as, for exampie, Renkme cycles, may
be cmploysd = cartying out the mathod of thes ven-
ton. Applicant believes that the constramnts upon mate-

rals of constroction would be the same for the mven- 20

bion as for conventional Ranlune cycle power or refng-
crabon systems. Apphcant bebeves, however thal
Ingher thermodynamc efficlency of this invention wall
result m lower caplial cost per unit of useful enorgy

recovered, promarily saving 11 the cost of heat ex- 2§

chauger and boiler equupment. Applicant beleves that
the mvenhon will provide a reducton in the: total cost
per uxit of encygy produced.

The frvention » now described m detm) with refer-
ence to certam

preferred
wl;hﬂ‘mhmmmm
n

representation
tem for carrying ont the method of the iInventon,

The 1ubal compostc stream i3 hested in the heat
exchanger 54, n the recuperator 36 and 1n the man heat
exchanger 38 by heat exchange with the spent compos-
e working Mud from the torbine sectons 74 and 76 In
addinon, m the beat exchanger 34 the imtal composte
stream & heated by the condensation sream as will be
heremalier described. In the recuperator 56 the ininal

sure in the dunllavon
changers 54 and 58 and the recoparator 56. If demred,

i
|
:

enbodiments invention aad 30 auxtliary hesting mesms from any satable or svailable

heat source may be employed in any one of the heat

53 or m the recupemator 36 Ths s
shown, for exsmple, by dotted lne 59 m the beat ex
changer 4.

FIG 1 shown a schemanc representabion of the sys- 33 At point 5 the butial composte stream has been par-

tem of FIG. 1, but with the superhentmg stage omitied,
FIG 3 shows s schematic representation of an slter-
native embodisment of this invention;
FIO 4 shows a chemat: representation of yet &

tlally evaporated in the dmtillatyon system and s sent to
the gravity scparstor stage @ In thus stage 60 the en
nched vapor faction which has been generated 11 the
dehilahon system, and which s enriched with the low

forther aherastive embodiment 1n sccordance with the 40 boiling component, namely smmonia, » separated from

mvention, snd
FIG 3 = a grephac representation of a tempersture-

/enthalpy disgram to demonsirate how spplcston of
ths srvenbon can reduce the

pinch pownt problem.
With reference to FIG 1 of the dmwmgs, reference 43

numeral 501 refers genenally to one embodiment of »
thermodynamc system or cycle m sccordance with ths
mvention.

The system of cycie 50.1 comprises an absorphion

stags 52, a bent exchanger 54, a recuperator 56, a mamn 30

hext eschanger 58, a separator stage 60, a prehester 2,
pumpe 64 and 6§, & firt evaporator stage 68, & sccond
eveporsior stage T8, & superhoater sectom 72, und a
multi-stage turbme comprmng a lugh presore stage 74
and = low pressure stage 76.

The system or cycle of thm invention will now be
desersbed by way of example by reference @ the wme of
an ammonm-water working salubon as the 1yutial com-
pomle stream.

This u a comtinuous system where a charged compos- 60

ite workmg find 1 expanded to convert s energy into
waable form, and & then conunually regenersted A
sabstantally constant and consstent quantity of com-
posite working fluxd wall therefore be mamtuined m the
system far long term use of the system.

In anslyrmg the system it 1 useful 1o commence with
the pownt m the system xentified by reference numeral
1 compnung the witial componite siream having an

the remnsnder of the witial composte siresm to produce
an earched vapor frection at pomt § and s strepped
hqmd fractson st polnt 7 from winch the eanched vapor
fraction has been stnpped

In the embodiment illustrated m FIG L, the enriched
vapor fmction from point 6, » divided into first and
second enriched vapor fraction streams i at points 9
and 8 respectively

Further m the FIG I embodiment, the stnpped Iig-
oud fracnon from pomnt 7 @ divaded into first, secoad and
third sinpped ligud fraction streams heving paramelers
s at pomnts 11, 10 and 14 respectively

The ennched vapor fraction at pont 6 » ennched
with the lower boding compoaent, namely ammonia,

53 relatively to both a nch working Amd fraction and &

lean working (had faction es discessed below

The first ennched vapor fraction stream from pownt 9
» mixed with the first stnipped liqtad frachon stream at
p:mllmm:nshwhn;nmdrmnnpmm
1

The second eanched vepor fmction siream at pownt 8
i mnxed with the second stnpped liqud fracton stream
at point 10 to produce a lean working luid fraction at
pownt 11

The nich working flwd fractnon & ennched relauvely
1o the compouce working flmd (a5 heramafter du-
cumsed) with the lower bolling component comprmng
ammonia. The lean working fluxd fractiom oa the other

21y
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hand, u» impovershed relatively (o the composte work where 1t & prefersbly evaporated completely to pro-
mg fiwd (as heremafier discussed) with respect to the
lower bodmg companent.
The third stapped liquud fractson at pomt 14 com
prucs the remamong part of the intial compomic siream 5 soperbeater stage
and 13 used to constilute the condemsation siresm
The difference in composition of the lean and nch
working flud fractons at ponts 12 and 13 1 aclueved
by umng difference proportons of vapor to biqud
foroung these two factions 10 wiage 76 of the turbine are shown to comprse four sepa-
The lear workang flind fraction B coojed between
poinis 12 and 15 m the recuperstor 56 to condense it
completely and provide a condeused lean worlaag flud
fraction at pount 13
The nch working fhud fract:oz at pomt 15 is partally 15 as at point 34, with & lower pressure and lower tempera-
condensed m the recoperstor 56 to pomt 16 Thereafter
the nch workng flmd frachon s further copled and
condensed m the preheater 62 (frem pomt 16 to 18), end
is finally condensedd in the sbsoyption stage 52bymeans  from pomt 34 to pomt 35 and = then fed into the low
of heat exchange with a cooling water supply through 20 premure stage 76 of the turbne, where 1t » fully ex
pomis 47 to 48 panded untl] it renches the spent low pressure level a
The lean working flud fracion st pont 15 is then  poant 39 At pomt 3 the compomte worlang Mwd pref
pumped to & charged lugh premure level by means of  crably has soch a low pressure that it canont be con
the pump 64 to provide it with parsmetersasat point 34.  demsed at this pressure the available ambuent

RSN (R

Likewme the nch waorkmg flmd fracton is pumped o 25
the smme or mhetantially the mme charged lugh pres-
sure level by meass of the pump 66 Therealier 1t pames
throogh the prehester 62 to arnive at pomt 25 where 1t
s at the same pressure and temperainre as
the Jean wockmg flud fraction wheeh mat point 4. 30

In practice the temperatores st pomts 24 and 25
should be sufficlently high to prevent water precipha-
rmhmhdhﬂu-m“lpmm

The flows ot pomts 24 and 25 are then fied scparately 15
to the first evaporstor sitage 61. This o the low temipers-
ture stage of the evaporator system where the vich and
lesn workmg fleid frachons are heated with the lower
temperature porton of & hesting source supphed origh-
nally from pomt 4} at high temperature, and leaving the 40
system at point 46

In the first evaporator stage 68 the rch working fmd
fracthon = preferably heated from pount 25 to point 27 so
that it is evaporsted entirely and is prefershiy at pomt
Z7 n the form of a mturated vapor at its dew pomt. 45
Applicant belweves that this will be the most effective
beat utilzanon in the firm evaporator stage 68 snd that
while the nch workmy flnd fraction could be hested to

a lower or ingher tempersture m tha stage, the will

provide no advanmage and may lesd to lomes. 0 n

The lean workmg fluxd fractwon 15 hkewne heated m
the first evaporator stage 68 from pont 34 to pomt 26
This 5 preferably bested snch that the lean working
i fracton w heated 10 or substantially to its boimg
poant by the nme it reaches pomt 36. Agam Applcant 53
beheves that thas will be the most effective ntiloation of
heat m relaton to the Jean workung fhud Fraction m the
fawt evaporator stage 68, and that hesting to a lower or
qdr.m temperatore will reduce the efficiency of the

The lean and nch workng Nnd fracnons 26 and 27
are then muxed to form, at pous 28, & composile work
mg flud When they are mxed they are m thermody-
nauscal equilibnium both m regard to temperature and
presitire. Thermodynamucal losses on mmng shomld &8
therefore be very low

The charged composte worlung flud from pomt 28
18 then fed through the second evapormmr stage 70

and st
temperature. From pomt 3 the spent composite work

ment of an enecgy system or cycle in accordance with
th mvenshon,

systom 50.1, encept that the superhenter stage 72 of
FIG 1 bas been omitted, and that there 1 no recycie of
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pumper 1o the charped ingh pressure level by means of
the pomp 86, pames through the prehester 62 and ar-
nvea mt pomt 28

The second stnpped hauid fracton stream = obtmned
st pomt 1S after together with the thirnd
stnpped hqmud fractzon stream, through the recuperstor
S&. Afier posnt 17 the second snd thurd sinpped hiquad
fraction streams are spiit with the one bemng conveyed
to pomt 15 to constrtuta the lesn workung flmd fraction.

The third stripped liquid fraction stream from pome 10 10

posses through the hest exchanger 34, i throttled from
pomt I9 1o poant 20 w reach the spent low pressare
level and thus constitutes the condensation stream for
sbeorbing the spent composite working flind from pont
42 m the absorpton stage 52.

The lean wocking flwd fracton at point 15 = pumped
0 the charged ugh pressare level by means of the
pump 64 and arnves at pomt 24 where 1t has substan-
tully the same pressure and tempersture parameters as
the nch warking flnd fraction at pout 25.

The renunder of the process 1 then exactly the same
us described with reference 10 FIG L

With reference to FIG 4 of the drawings, reference
numern! 30.4 refers to yet a forther altarnative embods
ment of a thermodynamuc sysiemn or cycle m accor-
dance with this invention.

The cycie 50.4 corresponds genevally with the cycle
50.2 snd thus with the cycle 50.1 as illostrated 1n FIGS.
2 and 1 of the dawings. Carresponding parts are there-
fore mdicated by corresponding reference nomerals.

Ia the system 50.4, unlike the embodiments of the
pveviom figures, only porbon of the mital componte
stream winch m at the intermediste pressure at pomt 2 i
subjected to distillation in the distillatvon stage.

hhmﬂ&emﬂmﬁﬂuu”

ponit § m again, a3 m the case of the system 50.1, chvaded
mto first and sccond ennched vapor frachon stresms at
pomis 9 and 8 respectively These streams flow throngh
the recuperator 56 where they are eooled for partml
condemstion.

The stripped bgmd frection from pomt 7 compraes
the condemtatson stream. It flows from pomt 14 through
the recoperator 36 to pomt 17 through the hest ex.
chaager 54 to pont 19, and then through the throttle
valve to pamt 28 1 sbearh thereln, in the
stage 52, the apent compoaite working flnd to regeney-
ate the 1atal compomte stream at powut 1 &y descnibed
with reference to FIG 1

Afer pont 2 the remammmg part of the imtal compos-
e stresm which 1 not subjected to dmtillaon 1 the
dstllatiom system 13 extracted and drvided Into first and
second composite strenms 11 and 10 respectively

The mcond enniched vapor fracbon siveam from
pomt 8, after pasung through the recuperator 56, =
mxed with the second composts stveam from pount 10,
to constitute the lean workmg flmd fraction st pont 18.
Thmo k then agam pumped by meaps of the pump 64 o
the charped ingh pressare level to yeld the lean work-
ing flmd fraction at pount 24.

The Brst ennched vapor fracbon stream from pont 9
= fed through the recuperator 56 and through the pre-
beater €2 Thereafier from pownt 18, it 1 mxed with the
first compomte stream {rom powt 11 Ths then ywlds
the nch working flud fraction at point 13 which passes
through the absarption stage 52, throngh the pump 66,
and through the preheater 62 to arrive at posnt 25 with
the appropnate temperature and pressure parameters.

4

12

As m the case of the embodiment of FIG 1 these two
streams then pass through the first absorption stage wre
then mixed at pount 28, and are then evaporated in the
second abaorphon stage 70.
The embodiment illustrated in FIG 4 corresponds
with the cycle 50 2. It may sbo, of course, include
superhester stage 72 and a recycic loop 34 10 35 »s
iinstrated 1n FIG 1

Persons of ordinary skill in th ast will apprecate
that for a circumstances and conditions, a
plurality of lean working flud fractions or nch working

g stnpped kqud fractions and/or ttml composite
stream frachons 1 approprmte quanbibes =3 may be
desred.

Apphcant will now withoul wihing to bound by

The firmt evapomtor stage 88 or the low temperalure
evaporator stage 68 can be conudered a3 bexng divaded
mio two portwons. In the first portwon the nch worlang

fimd fraction and the lean workang flnd frection are
heated from pomts 23 and 24 respectively ap to the
pomt demgnated ty,. Both the nch and the lean working
flod fractyms are below thexr boflmg pomnta In the
second part of the first evaporator stage 68, beyond the
pomt 1y the temperatures of both the rich snd lean
working flud fracuons are sbove thesr bubble pomt
temperatures.

I ome were t0 mtroduce oo the first ssparation stage
only the nch working flud fracton st its grven pres-
sure, such a fluld would begin to boll at point ty. Thm

workmg fhud frachion at powt 25 and the lesn workang
Nuxi fraction et pont 24, at the same pven pressure,
while trymng to use the avalable hear source m full, this
Nuxd would only began to boil a1 3 temperarure tp. This
2 temperature which s higher than the tempamture of
the beat source m the correspondmg part of the evapo-
rator stage 65. Thu would consequently make the pro-
ceml 1y Ths mmpossible process u demon
strated 10 FIG 5 by the hne 24-44-13-28-29 Such a
process would only be posmbic if mcomplete s w
made of the aviisble heat source and the correspond
mg thermodynamic losses are incurred

When, however the nch workng flud fraction and
lexn worlang flud fraction are mtroduced separaiely
wito the first stage 68 m accordance with
tims inventmon, the nch working flud fraction wall start

R [6
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to bod at the relatively low tempersture G, thereby
reducmg the “pnch pont™ problem. At the same time,
becuuse the rich workmg fud fraction and lean work

quently at the turbine mlet The combined process = 10
shown In FIG 5 by the solid line 24-29

Thus resultant sunmary of the enthalpy of the 1wo
systems, demounstrates that the curve followed by the
system of ths inventson through the first evaporator
stage 68, i forther away from the heating medium line 13
i the pinch pomt 20ne to theveby reduce the pinch
pomt problem, while it approaches the heating medimm
Ime more ciosely after pomt
namuc losses,

In certmn emboduents of the mmventwon where the
composte workiag fiuid has been expanded from a very
Ingh pressure to a spent low pressure level, the workang 0
flmd may at pomt

tion, the quantsty and quality of best remaming in this 35
stream sfter pomt 33 may oot be sufficient to provide
for distillahon of the mitial stream and thus
for regenevaton of the workmg flmd frachon. Apph-
cant belleves that ths potennal may over-
came by the superheater stage 72 and by the recycle 40
ﬁluwwmmuﬂahﬂos.l
I clasm.

1. A method of generating encrgy which comprses:
(a) subjectng st lenst a portion of an tmbal compomite 45

stream baving an inrtml composthon of lugher and
lower boilmg components, to dutillation st an 0
termeadipte presmre m a destiliabon system to dutll
Qr evaporate part of the stremm and thus genevate
an eunched vapor frachon winch s ennched with 30
a lower boikng component relatively to both & nch
workmg fluid fracton and & lean working flud
fractson,

(b) minung the ennched vapor fracton with parnt of
the composite stream and absorbg it theren to 35
produce ot lesst one nch working flind fracton
winch 1 esnched relatively to & composte work-
g fmd with & lower bouling component,

(c) penevatmg at lesst ooe leam working flnd frachon
from part of the compomte stresm the lezn work- 60
ing Nind fraction bemg wmpovenshed relatively to
such a cormposite workung flusd with & lower bod

ing component,
(d) umng a remumning part of the imtml composse
stream as a condensabion stresm, 45
{¢) condensmg vapor contamed m the rnch and lean
workmg flud fractons to the extent that 1t 1 pres-
ent,

14

(f) incressing the pressures of the nch and lean work
ing Nmd fractions mn hquud form to a charged high
presure level

(g) feeding the nch workmg flud fracnhon and the
lean workung flud fracthon separately to a first
evaporator stage to heat the lean working find
fraction towards its boiling pomt, and to evaporate
at least part of the rich working flud fraction

(h) mixmg the lean and rch workng flowd feactions o

imutial composite stream 13 subjected to digtillation in the

drstillation system to produce the ennched vapor frae-
too, and o produce a stripped Bguid fracthon from
winch the earched vapor fraction has been stripped.
4. A mathod accordng to clum 3, m winch the en-
rched vapor frachon 8 divaded nbo first and second
exriched vapor fraction streams, m which the stnpped
hquid fraction & cavided mto first, second and thrd
mnpped bqund fraction stresms, m which the first en-
riched vapor fiaction stresam » muxed with the fim
snpped bauid frachon stream o produce the nch
workmg fluld fraction, In which the second ennched
vapor fraction stresm » mnxed with the second stnpped

3 A method acrording to clanm 4, m winch the con
dengation stream 1 throttled down 1o the pressure of the

distillation by heating it in heat exchangers umng one or
more of the follovang heating sources

{a) the spent composite worlung flwd

{b) the condensation stream,

(c) the lann working flnd fraction;

(d) the nch workmg flud fraction, and

(e) an suxihary heating source

7 A method according to clasm 6, in which the auxil
lary hesting source when used, m a relatively low tem
peTature source.

8. A method according to clam 4. in which the com
posibons of the nch worlkang flwd and lean working
Nund fractions are selected so that when heated 1n the
flirst evapomtor siage, the lean workng flud fraction
will substantuslly reach 1ts bothng pownt. and the nch
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working fluid fracton will be substannally in the form
of a ssturated vapor
9. A method accordmg 10 clum 4, in which the lean
and the nch working fluid fractions are cooled 1n heat
exchangers 10 condense them completely and are then
pumped separately 10 the charged lugh pressure leve]

before bewng fed 10 the first evaporaior stage.
18. A method according to clam 9 in which the lean

working fluid fractron » cooled by pssung it in hext
exchange with the mitial composite stream.

11. A method accordmag to clamm 9 1n winch the nch
working flmd {raction = cooled by pasmng it 1n heat

relatronship with an avxilmry cooling source.

12. A method accordmg to clum 11, in which the
nch fluid fraction = further cooled by pasung
it in heat exchange relationshup wath ane or more of the
followmg coohng sources.

{n) the mial stream: and

(b) the cooled condensed nch workmg flurd fracuon.

13. A method accondmg 10 clnm 9 1n wiich the nch
and lean working fiud fractions are cooled 30 that thesr
temperstores will be generally equal or close before
they are fied to the fist evaporator stage.

14. A method sccording to clum 1, it which the
compomte workmg flind produced by muxing the lean
and nich working flmd fractions, = beated in the second

16
of the turbine and before entenng a low pressure stage
of the turbine.

19 A method according to clam 3, m whech the
stnpped hqwd fractson 8 drvaded into first, second and
thurd stnipped hquid frachon streams, in which the en
nched vepor fmction s mixed with the first stnpped
hqud fraction stream io produce the nch working Ruid
fraciion, m winch the second stripped hquid fraction
stream 15 used as the part of the composite stream com
prasing the lean working flud fractaon, and tn which the
third stripped liqnd fractson stream 13 used as the re-
mammg part of the 1miml compomts stream to consti
tute the condensstion stream.

20. A method according 10 clum 19 1n winch the
composittons of the nch workang flud and lean work
mg {lud fractions are selected $o that when hested
the first evaporstor stage, the lean working flnd frac
tion will substantmally reach us boiling point, and the
nch workmng flud foaction wall be subsiantually in the
form of a sxturated vapor

21 A method according to claum 1 winch only
portion of the imbal compomte stream = subjected to
dmtillahion 1n the dstillation system to produce the en-
nched vapor frachon, and to produce a stnpped bqud
fraction from which the enriched vepor faction has
been sinpped
22 A method sccordmpg to clatn 21 m which the
eanched vapor fraction is divided mito first and second

whuch » pot subjected to digtillatuon 13 hvided mto first
and second composite streams, and 1 which the fit
and second ennched vapor fraction stresms sre ouzed
with the first snd second composiie streams respec-
trvely to prodoce the nch working flod feaction and the
lean workmg Auld fraction.

23 A method according to clam 22, m which the
compamtions of the rich workong flosd and lean work
ing fluid fractons are selected 30 that when heated in
the first evaporator sitage, the lean working flad frac-
tton will sehstantwlly reach s bosling pomt, and the
nch workmg flusd frachon wil be substannally m the
form of a satarated vapor

214
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s 10lo urable ey using, a workiay, fluwd comprising,
of a mixiure of a kw huthing, componunt and a high butlimg
compomnl T wych. o denined o mpnove the sy
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LOW | EMPRRATURE € EOTHERMAI SYSTEM

BACRGROUND (1 TTIL INVLNTION

{0001] 1 (wld of the Envenion

{0002] I prmnt mvention nlaks 1 2 pruess and
sysiem 10 oomven thermal emrpy from low wmporatuon
sourcus, espetally from low tempuratune geothermal Nuids,
o mechanical apdfor cledtncal encrgy

{oou3] Mon paduwlarly the prescat mvenlon rlates o a
provaas and aysiem 1o convent Thermal energy from modur
akly low lempemsiun. sources, especially from puoiie.rmal
Huws, 1o mechanical snd clectneal enci,y winre » work

ing flusd comprmes & maxture of at feasl two compuncnis

with the paferred workiog Tud compnsung a weler-ammo

na mxiun. The prawnt mvention abn rulsis W 3 novel
Ibenmodyname. cyck or process sod a aysiem (o imphement
]

[0004] 2 Descnplion of the Relaled Art

[000S] Prwor ann mcthads and systems [or convertiny, heat
nio ucful Lowgy at woll documented in i ant In [acy,
many Rich methods snd sysloms have beea invented and
palcoted by Uxe mvoniow These prior an sysems im.Jude
US Pat Nos 406561 4489561 4548047 45860
4604067 ALTAIRS 4732005 4763480, 4NNS54S

4982568, 5029444 5005708, SA40882 SA5032)

55TAA7I S55M2%8 5.603,218, 5549426, 5122990,
5950433 and 555391k Foreign References. 7-9481 JP
and Journal References NEDO Rrociure ~ECO-Energy
Cily Projet™ 1994 aud NEDO Repoit publubed 1996, pp.
4-6, 4-7 4-43, 4-63, 4-53 incorparsied heren by refercon

[00D&) Alhough all of these prior art systems and metbods
relate (o the convesmon of thermal esergy 1o other more
umefis! forms of coengy from modemiely low lemperature
sources, all muffer from ceram wefficxncies. Thus, there 18
n nexl o the art for an iMmproved system aod mothod for
convertiog, thermal encrgy from moclemtoly low wmpurature
sounxs to more wselul forms of encrgy especully for
converung peotbermal enceyy from moderaiely low m
perature geothermal streams o more uscful forms of

enengy
SUMMARY OF THE INVLNTION

[0007] Ihe prescol iovention provides & methud fur imple
muating, & thermodymam cycle compnsing the sepe of
uxpanding, a3 gaseous working, sinam  lansformung, 1S
oI,y ko wable fwm and producing, 2 spent sircam  Afier
expanion and wark extraction the spentl siream s mixed
wilh ai icas) one kean Mrcam 1 form a kean spent ainam The
lean spent sircam 1 then used @0 hext o hquad fint working
sinam 10 form a beaked fird workmg siresm and a pre
cawhaed siream which i« then conclensed 10 form g hquad
sinam e bgued sinam e then mixed with an enruched
siream ke foem the Taquid i workang, stinam A ponion of
this sircam w thn depreswrzzcd o an inlermeduah prossurn,
and! saeparated o an vonched vapor sinam and the kan
sinam whik a scoond portion of the Tojued (i workmg
Sream i hvated 0 form the gaseous working, sinam

[000%] I prosent iImAaton provides & mctimwd for imph,
mening, & thermodyname cych comprang, 1 stops of
vxpanching a gascous seonnd working, stroam  iransdonmuny,

'(Z--.J

Mir 25

WS coenLy i wkable lorm and prodmomy, a ow prosan
spunl stnam Allr wxpansun e xpent sincam o auxed
with 3 hra kan stream fooming, & koan spont sinam st s
than tranedemred [rom s Aneani Wz lind woding, soltion
W furm a hated ird workun, solution. [ conled kan
S0l sream s then muxed with 2 second kan sineam o fuem
& pre~anduanxd tnam which 18 1hun conthunsed 1o form a
byuid strcam  Ihe hiquid sinam = then mixed with a =
unriched vapor stream 1o form the first working soluton A
it portion of the hested hoid worksng saam s sepanicd
i 2 weoond vonched vapor stream and the m.cond han
xnam A second posion of the huated il workemg sircam
s then buated with an exivmal beal soure Aud siream 0
fwrm a partially vaporzd st working stream Tha, panully
vapiriadd irst worlung, sircam s o suparated into a fourth
eanched sincam and a thin] han stream A fird portion of 1
thard foan stcam s then separsied oo the ficd kan sincam
and a 1nrd ennched steeam and the thard acebed straam s
mixed with the sceond enrchued stream v Grm the i
enrihed siream A seeond portion of the thied lean siream s
muxed wilh the founth eariched siream 1o form the second
working, sinam whieh 6 then fully vaporized 1o from tin
gascous sucond working atram

DLSC RIPFTION O1 TIIL DRAWINGS

[#009] The mmveniwon can he better umbersiaod wuk nler
ene to the fullowmng delailed deswenpion together with I
appended lusirative deawangn o which ke clements an
numbered the same

[0010] FIGS. LIA&B depict a disgram of a preferred
embodment of a system of ths mvention for converlus,
feat from 2 peothermal sourcs 10 & useful form of eaergy

[#011] FIG 2 demcts & dugram of another prefuerod
embodiment uof & sydem of ths wvenhion for coovertiog
heat from » geothermsl source 10 » useful Torm of uxny

{0012] FIC 3 dupxcts 2 dupram of another profomal
emhodimual of & sysem of thes mveain far coaveriing
et from a geothurmal source i & useful form of cnengy and

[0013] FIG 4 depcis a dusgram of ancaher pofumed
embodimunt of a sysem of this inveation for conmvnim:
heat from a gecthermal sounce io a usoful form of ey

DEIAILCD DESCRIPFTION OF THL
INVENTION

[0814] Thn urvontons hawe found that a aysivm uutoang, 2
mwvel thomodvaamnal cycle (process) can [, demgned w
i ruase the work ouput denved from low tempratun, buat
sngrces. Thae sysium snd the prcess o mcibod wa a
worhmg Hud comprmng, a mixiure of ; kast two compo

mais The profied workng Mudd for the systums and
proasas of ths iavention 15 3 wakr-ammoma mixiun

though othor mixiuns, sech o mixiuns of hydrocadwons
anior Frevnk can In psed with practeully the spme nesulis

The svite e and mothds of this mvenigsn s mon cffiesn
oe coowvriing, st fom relatively low lemperatun peothor

maf source wte 3 mon wful form of uieny T sysiem
umx 8 melicoomponent baye working Tud W wxiract
wMnLy Inm ome or more (at bl ome) geothurmal source
sircams i o or mue (2 least o) boat cxcheapas of heat
vichanges aomes The buat vxchanged hatie workng, Qued
thun iransdurs s paimd thoraml emagy 0 one or mane (al
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kad om) wrbinos and the lerbines comvent the paned
te.rmal couny o nechanal ooy andaw chctiral
wmny (e system abs includee pumps 1o menaase th
prosson of the basie workmge Tud a1 o poams n i
sysium aud om, oF nxon (at least om) at Lxchanpes whwh
bring the basg, workeng lluwd i bat wxchangs rolaiwnedups
with one or mon. (a1 hast one) cood Sinams. Ome ol
Rare of the sysivma and mubods of thes invenion and
one of the fuatures thal murees e clficnncy of the
aysiumx, 1% U resull of abswrbimg, 2 vapor sircam ita e
condunsed Iygud workmg soluteon sinam pror to Tully
presinzation via pumpmng,. I vapor sinam changus the
composition of the solutiva prior 1o heating and vaponzatusn
by the pesthermal sircam.

[0015] The hasic wewkung, Huwd used 1n the systems of ths
wvamions piferably s a mulicompumnt Amd that com

prows 8 lower bahiog, point fled—the Iow-hading, compn

nent—and 8 hgher holing poumt Sud—the hph-bothing
componunl  Prefurred working luss include an ammon

Wakr auxtun., 8 mixtun of Iwo or moce hydeacarhons &
muxivre of two or more freon a mixtun of hydrocarbons aod
freon or the ke In general, th Muid can compns. mixturcs
of any aumber of compounchs with laverabk, lierowdynam
characiensiws and solubility In a perticulady pruferncd
unmdiment the ud comproes a miure of waler and
aAmmofua

[0016] Refernng now to FIC 1A, a flow diggram, gn
erally 100, 15 shown that illastrases a prelermed embodimenl
a xysiem and methad of wnurgy converuon of this mveatwa
and will he described 1n terma of its componegis and gx
operalion

[0017] A fully condeased base. solution of workung, Gud
wilh paramet.rs ax al 2 pomt 2 eniers imo & pump Pl whare
W m pumped 1o a chosun chvaled pressure (herualler
nrdermed 10 s the =Inicrmedian. pressure”™), and obiins
paramelers sx al & posot 3 The hasee worksng solution al the
poiM 2 % 10 3 sisie of & mturaied lqud and as s pesul of
Incream, pressure i (e proces 2-3 obtaws & sake of
sub-awhkd bgud Th supam of suihwonled bnqud, having
parameiurs ax at the punt 3 = mixed with & siream of vapor
having parameters ax ai 3 poim 64 (5o bokow) Thae vapor

with parameiurs ax al 1he point 64, has 3 ssgmificantly highr
concuntrateon of the kw hogliog, cnmpomnt, (4 ¢, 10 case of
walkcr-ammumia basee workong salution 1 solution would
have a hyhor cona.mrabion of smmoma) than the hgqud
with paremuiurs as al 2 pomt 3 Ax a null of this mixing.
the bguid lully shsourhs 1the vapor and obinins parameiurs g5
at & pont 11 The compeeaton of i aolulion havim,
parameters as 21 the poum 11 comresponds 10 a siale of
saturated laquid, but the compostion of the solutwn % ach
that a concupration of the kw hothing component 1 the
solution at the, paat 1 & fupher than & concontraten of e
low benlim, compomnt 10 1he solution at the pomix 2 and 3

The solution having, thal mposation at the powat 11 will
honaiinr be nufumed b e a el workom, soluton

(00IK] e sinam of Iind worhing solutwn with param-
olors 2% al the poimt 11 wniers a pump 72 whene i1 s pumped
w an uevaied pressun horallor efemd 0 8% 2 ho,h
prosan. and obimns paramelors as at the point 12 Then
afiur the siream of the fird working soluiion passx thagh
a hat vichanmer HLT whnn it s beaind and olvains
paramuiues as 3l a poinl 13 In a profumad embodimen of

J

210
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the sysium the sircam with parameturs 2% al the pumt 13
curnuymands I 2 slak of saturated or sliphtly sub-oaled
i Thonafier the stnam with prranwiers as at tln. punt
13 o dghed o v sub-sinams. with paramoburs as ag
pums 14 and 18 rospectively

[0019] T sub-aram woh paramuiers ax at the punt 16
passcs through a throtth valw TVE winn as prosun, s
reduced to the totermediate prossur (sew alwwe) and ohiains
paramaiurs s at a point 17 As a rowh off the throttlmg in the
process 16-17 the Stream with parametors as at the poeal 17
correRpondx 10 a saty of 8 two-phase flued 12 2 muxton ol
salurated bqud snd satvrated vapor e sircam  wilb
paramilers an st the poant 17 o then skent into a scparair S
whune Iquid = separaied [rom vapor The vapor luaving, the
scparaior 1 with parameiurs as at s poant 62 1 thon muesl
with another ream of vapor having parametors as al a poinl
63, thus crcating g Ainam of vapor having, paramuiurx as at
the pownl &3 Thix sircam of vapor wath paramuiers as 3t the
pawmt 64, 1% then mixed wuh hqusd siream with parameivrs
as al the ponl 3 crealing a siream, with parameturs as a1 the
poand 11 (e show)

[0020] Ibx sub-wtnam of [ist workig solution with
paramcters an al the porot 14, passes throuph a heat
exchanger HL2, where it i heated and partially vaponzzd

haviog the heat exchanger HL2 as s sincam  with parameters
as al a the poum 18, correspopding Io & slake of & two-phas,
flwd The stream of fice workung solution, with parameters
a8 al the pont 15 thea cotems into a separaior 52, where
liquid 55 sepanated from vapor A hquid stream leaving the
scparaior 57 bas perameters as 4l a porot 21 while s vapor
strcam keaving separaior S2 has parametcrn as at a pomt 61

fo021] The siream of hqwd, with parametens as sl 1he
pownt 21 5 theg divided oo two sub-mireama haviog
pacameior sx 3 ponis 22 and 23 napectively The mb

sircam of lequd, with perameters as al the pint 22 passes
through a throttke value TV, where us premure s reducesd
w lix micrmediale pressure and a5 & remull the sincam
oblais paramcicra as al 2 poiol 24, cormespondimg 1o a wate
of a iwo-phas: flnd The sircam with paramelcis as a1 1he
pomt 24, w thon scn 00 3 scparmior $3, where o
separsied mio a ircam of saturatud vapor having, paramtens
as at the punt 63 and a stream of saturated houd having,
parammiers a8 a1 8 posot 31 The siream of vapoe with
parmouters ax al the point 63 = mixed with 1l sinaam off
vapor with pucameturs 2% al the pownt 62 and forms the
stvam of vapor with paameters as at the point §4 (e
ahowe)

[0022] The mb-mrcam of luud with pacameters as af thn
point 23 13 mixed with the sircam of vapor with paramuiurs
as i the poem 61 forming, a new sircam having parameiun
as at g pount 71 [he ocw stream wath parametens a5 a1 i
poant T1 15 nelforred o0 a5 a second working, soluiion

f0023] T sinam ol seand working solulan  with
parameicrs a5 al the poml 71 s =l lhrugh 2 ea
uxchangee TIL3, whaen o o heated and Tully vaponad s
thal the sirvam hax paramuiers as at a pomt 72 A compu
satton of the stream of e seawd workimg, solupon, in th
procuas 71 72 o chamen such thal inam having, the param
churx ot the poant 72 cornusponcs 1o strcam having, a stak ol
saturated or supurhuatd vapor e sicam of second work
my, sulution wiih paamoiers ax at the posal 72 paseas
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throuph a urnne 11 winre it s expanded pasduc, us lul
work aml haws weum 11 o 3 gl Mram having,
paramciues as sl a pounl 73

[0024] The sanam of leguid with pammutons as al the
poiat 31 aving, sparakor 3 (o, showe) passes through a
throtthe value TV whene s prosaire w nduced 1o a
prosurc equal 16 a pressan. of te stream at the poim 73 and
the stream obtans parametors ax al 0 pont 32 [hen the
snams with paramuior ak atl the poants 73 and 32 an,
combined forming a sircam of condunmung solution having
parsmeters as ot & por 81 The gream with paramuters an
at the point 81 pasves through the heat exchanger LI m
couater-fow 10 the entenng sircam with paramctues as at
Wn pouat 12 where U stnam wih parameturs as ot th
pomi 81 o pattially conthnsed nhasing heat and kuming
a sroam with parameters ax al g pomnt 82 The hual reloased
in 8 process 81-82 w viloed to provide boat (0 Lhe procos
12 13 (s showe).

[0025] The stream of Iquad, with parameters as al a pownt
41 lkeaving (be separator S1 pasmes (through a throtth, vale
TV4, wheru iis pressure x reduced 10 2 pressare equal 1o the
presure of the stréam, with parameiurs as al e point A2

and the srcam obtauns parameiors as al a pant 42 Thoro

alfter the streama, with purameicns ss at the poinis 42 aod 82,
arc combioed, fomng a sinam of base solution having
parameices as a1 a poanl | Thostream  with parametors as at
the poisl 1 pesses though a condenser 12, a beal
exchanger HEA, whers of o cooled and [ully condensed

forming & siream having pammetors as al the pount 2 The
conling and condensatyon of the siream with parametem ag
al the pount 1 1o the straam wilh parameiemn il ax the pom
2 1n the process 1-2 = prewided by & stream of aminent furd
(air or waler) which entem the beat exchanger HE4 with
parsmucicrs as al a point 91 and exisis the heal exchanger
HE#4 wnth patameciers us al 8 poant 92

[0026) A mream of hnt geothermal Bud, with il
parameters an 8t a pownt 51 passes througph & iat exchanger
HE3S 1n counier-flow w0 i sinam having parameicrs as al
the pound 71 prowvding Inat Jor the procem 71 72 amd the
peotbermal sincam, with parameier a5 at the point 51 [orms
a yecolhermal sircam haviog parnoicrs as at a pouw 22

Thereafier (be siream genthermal fluxd with pammeciem s
ol the ponl &2, passes Ibouph i heat exchanger JIL2,
where it % further cooled, provhng heat for (he proces
14-15 The ihermodynamw cycle imvalving the hasu, waork

um, soluting e & closed cpke

[0N27] In & rumphificd profurred eovhodiments of the sys-
tem and process of the mvention, gonenally 150 a supamuyr
S3 and » thrattle valve I'V3 can e oxcluded s shown
FIG 1B Inmch a case 2 pressure of the sinam of lquul

wilh parameiers as al the pourt 22 & reduced m 1 Lhrotth
valve I'VZ in ome sep to a Rream having paramek.rs at u
pont 24, whare & prowure of the siream 1K equel 10 a
prosauce of the turbim, vxhaust sinam with parameturs as at
the. pout 73 Once the prossun. of i sircam with parm

clem o5 o e pomt 22 has bwen reducud, formming e
qream with paramuiers an al the poant 24, lin siream with
parameders al the point 24 = muxed with thas lurhine wxhaus
stram with parameiues as a1 the pout 73 forming 2
condunsing sinam with parametors ans af the pomnt §E As 3
rosult the siream of vapor with paramiunt s at the point 63
af the sysem 100 of FIC A kns not wxid apd The

-d

217
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ahscned of the ircam with paramiuiers ax at the posnt &3 sl
the sestviy 1O, reducas a rate of canchment of tin bas,
solplion 1a the provsis of mixng e gnam with paraniens
as at 1he pount 63 uf I system 100 with 1he sincam havim,
parameiurs as al the poant 6 Additamally 1he barw solution
will heconm. sihily richer and thurton the prosure allor
the v, must b slightly mcresscd As s result sah 3
simphilnd vomsion will have shiphtly hoveer overall o ficuay

[0028] Rutumng oow 1o FIG 2L, u further samphiial
prcfumad wmbodimeat af thi ivestsn  gonorally 200,
shwwn The sysiem 200 ant only excludes 1 suparalor 43
and the throttie valve TV3 of the sysiem 100 the sysivm 200
alo excludes the heat vxchanger 1IC3 Thus the vapor
siram with parameiees as 8t the point 72, w forwarded
directly 1o the urbwne 11 In such & cane 1 separaior 52 s
preferred a vory hiph quality and vury efficunl separaior or
mparating apparaius 0 prevl o mimumia drophis of
hiqund 1y the Sincam with parsmetors ws al the poemt T2 as )
enters the urbie T1

[0029] Referming to FIG 3, anothur prelemed embodiment
of the symem and procoss of this ivenion uneraily 300

o shown which has cohanced vllicency through e add:

tton of a (ifih beat exchanger When hiquad stccams, having
parameiens as ol powds 17 and 22 respectuvely an throtthal
in the. theoathing valves TV and TV2, the quantiiees of vapor
produccd 1n these proceases will mercam: a5 the presmun
alier the throttle valves w decroased, Thorefore Now rates off
the streams baving psrameters as al the point 2 snd 63 wnil
be incresse, Which in tutn increases a Bow rate of 1be stream
bave parumneiers as ol the pont 64. But this will m tum
requue lowenng a presmire of (e Lquid siresm having
parameters a5 8l the pomnt 3 laaving the pump FI and

therelore reduce an shility of the sircam baving, paramutun
as &l the poant 3 10 absoeh the vapor siream having (i
paramulcrs as at the powat 64 When the lquad siresm having
parameicrs as al the pownt 3 and \bc vapor siream havioy,
paramciers &8 At tbe poant 64 arc mixed o may he mcesiary
w install an adkdniomal coodenser or beat exchangr 1IES
uio whah the sircam having parameters as a1 the pamt 11
K =nt Ax 2 raull, the fully condensed sincam baving,
parameiers a5 al a pomt 1B i poduced Thoeneafer the
strcam having parameicrs as al the pout 18 1 sent o the
pump P2 In the prefeved embodwnent the mrcams of
Inqurd bavirg the parameters s ot Iln. point 32 and 22
become [wame (Lu., conlain 3 smalvr concumation of the
low boaling componuol €. 8 amallur concemition of
AMMONIa N a WalcT-AMMONa mixture) aod a compesiinn
of the struame having parameiurs as al e poinis 1 2 s 73
also cornspondingly hecome kamr which nsalis in a
kwenm, of & pressure of the streams having parameters 1

2 and 73 increasing the wouk output of the twrbim 11

[0030) T wrodwetion of the xidiional condemar or
best exchanper HES dues not inenas, s wial quuntiny of
huat whah i repected 1o the smbicnl surnundings o the
vontrary e amount of beat npxicd © e ambient
decrcasd as o result of the increasul outpul of the udym,
11 In geounal the embudiment 300 of FIC 3 i mun
cilicient than the embodiment 10D of FIC 1

[0031] T vmhadiment 300 of ¥ 3 prwides for a
sngmbcantly hipbur degree of enrachmant of the hawe work
wg suluton in the prcest of mixim, o with a aram ol
vapur having, pacameiors &% at the point &4 This, in lum
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altowes fir & sipgmihant impliliation of thes vmiodimem
Ihe it workung sululmn may iw warichid o such an oxtond
that o can bu wed ak 3 second waching, soluion  thus
crluding the. nul for iwo separat, workan, solutnns Such
a smpliicd voossm of the emladhmoat ponrally 400, w
shown m FIG 4 I xystem 308 dilors Trom 1 Systom
30 of FIG 3 as st forth ulow

[0032] The wawkeng, solutson form ia the condh mr or heat
oxchuprper HLS, afhs boim emcd by 2 streom of otk
exhaust w the heal oxchenger HLD = dividd anto lwo
sub-alreams haviny, paratmetons as al (b poyet 14 and 16,
respectively Thenallur the sub-stream bhaving, pammetcrs
as al the point 14 15 wemt mnito the Inal exchanger HE2 whore
0 » vaporrad in countor-llow relationshep to e poothe.rmal
sinam having, parsmwiors as ot the pont 51 forming,
sircam having, paramuiurs as at the pont 13 A compostna
and premare of 1 working solulon must b chosan such
that the, strcam haviry, paramcicrs as o 1he pount 18 corn

aponds t0 8 sinam having a stal of ssturiled or supurbeaicd
vapor Thereafier the stream of working soluton having
paramelers as al The pount 1S passes through the turbine T1

where ol expands, produang useful work The sircam exitx
the turbine T1 haviny, parameters as a1 the point 73 i st
them throagh the heal uxchanger HIET where it & parually
condenmed  provading best for beatlng the sinam having
parameters as al tho poumt 12 1n the vaning proces 12 13

Aler leaving 1he heat exchanger HEL 1 sircam of workng
solution having the parmasciers as sl e point 73 forms 8
stream baving parsowiers as of the pomnt 62 The siream
haviog the parameters &a al e pout B2 & (hen combined
with 1he Isan stream Baviog paramelors 2 al the pount 42 s
previously described, [ommiog a siream of banxe working
solution having the parameters as al the point T In afl other
paruculam, the cmhodiment 400 of FIG 4 operates 10 the
same manner 35 the emboduncal 308 of FIC' 3

[033] As oo cansce the varmni of he proposed sysiem
presiaied m FIC 4 i mgneficantly sumpler than the vanant
presenied m FIG 3 As compared W the system 300
presented 1n FIG 3 the sysiem 400 preenied in FIG 4
wnclucies four Teal cxchangers mntead of five hoat cxchang
%, Twn throitlod valves insiead of foar thoitked valves and
one scpanior insicad of three scparalorm Howews such a
stumphhcation reduces the flexinldy and to some depree the
clicency of the sysiem 400 of FIG 4 compared w0 1
sysum M0 of FK 3

[OR34] The cinuce amewpm the four prescpigd prfermncd
emhuchiment of thes invenion dupencs vpon (b imiial ad
firal temperalure ol 1w unlized geothermal fuwd inam or
olher heat carrying llud strcam upon the ambent tempera
ture, arxd vpon ecomvnus avxditons m whah the system
ha loopurate One of ordinary skall i i art can choose the
paricular embodimunt of this wveniwm that best susts the
conduons and condramts of the evironmenm m which the
sysiem s o by insdalled and operated

[0035] Inpnorar (e eg US Pal No S029 434), the
hase solubon alwr pauwung theouph the cndomer =
pumped ta one sup 1o a hgh prosure and o then snt nto
two heat oxchangers om of which & hoawd by 1udune
exhawi andd another by liqud relunming, from 2 suparator
whih comesponds 1y liquul sircem having parametom as ot
e pount 22 of the sysioms of ths invention in e Iwe
huat oxchangens, the haxe solution & hoaed aml! then
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parually vaponad Rui the gouanuty ot heal rguied 1o ram
the lemperatune by any prvun iumperuune ddlerenas i a
provss of vaporzahon & sl nws greaier than e
quaniuy ol heal requered 1o pro-heat 3 lgued by 1he same
wmperaton difforeno, Asa resalt i thoe bua cxchaneors
of the prr ant e heat from the retucmng sinam of sapur
and lquid % balanccd anly by the procus of vaponzatuon
and Ihrfore = pooely oiilored, 1v oxovsave boat i the
procus of pre-haealing m uitloxd only paraally

[0036] Morcover if the inal wmperature of the goother
mal fluid 15 low then & tempurature of vapor oxitng, the
turbame can be Jower than an mial iemperature of boding ol
the hasx xalunon la this case 1he prossurc at which haiing,
verurs must be lowered 50 B to provide for the iminal
hwling, of the bask. milutioo by beal exchame with the
snam of wrbine exhans Alliernaiuly becaus, 3 lumpura
tun of the vapor exiting 1he turhine must be highur than the
innwl wempersture of hoiling of the. basx. solulion 2 presun
of the vapor «xiing the furbine has ko b ircased 1
provade, on coc hand & highee tempueraiure of the vapur
exiting Ihe turhine and on the other hand, a mchur basic
solutson so that tbe 1anml wempuratun: of boiluy, for the
banx, solution hecomes lower These rowlia, when compared
o the synems of the investion, v a lowereny, of (e
efficwncy af the aysicm m the priow an 10 Geas whun the
midul tempurature al the geothermal fluid or otter nat
source s low

[0037] In the pnor art, m sysems desgned o ulilua
lw-tomperature beat sources (e.g, US Pxl No 5953
918), the heat of condeosation of the turbue exhsust siram
= unhzed only for preheating ao upcommng high presaun
stream of working solulion  Bul for the same ruasom as
described above, thie beat s poorly sideed as wall

[0038] Incontrast ma all of Ux crobodmiment of the systum
of this inveniion, the hasi soluton B Lanched by shaorbim,
a siram of vapor having paramoters as at the pomnt 64 thus
formag the first workiog solutton In the emhodimanix 300
and 400 of FIGS. 3 and 4, raspectively this sbsorpium i«
anhsrwed hy uwung an ubdioosl condummer o huat
exchanger HES In the ¢embodoneaws 100, 130 and 200 of
FIGS 1A, 1B and 2, the lurbine exhanst o maxed with hiquad
from the scparaior S3. In the embodument 200 0f FIC 2 the
tuchao. exhausd s muxed with liquud from the separaiar S

1n all fours embodimens, the it relearcd 1 i procss of
the contiupsation of the Mream of turinny wxhaust (whether
oot the slream 18 oo wath additvon laguid) B used onlv Bor
pro-teating of 1he fisd working solulion up ko the hothim,
wmperaiun, Hecause the working solution s enachusx] s 3
kowboiling, component 1n companan to the hase workang
soluton it sllows 8 higher hoiling pruswire of the hrst and

where spplicahle of the seeond workmg solutioms. All hal
from the conth.nsgion ol Wurhine cxhaum o Llectvulv waed
by boim, ot 1nlo the heat exchanger 1ILT 2 stream ol i
fiodt wurking, solution with a werght low e sypmilicanih
brgter than i flow rate of the sircam of this samw soluinn
which 18 %nl 1imo the hoilor (Heat Exchanger HL2) Lxoos

save quantuty of the il working, solution o wed 1o produc,
» sanvam of vapor with paramciors s al the pount 62, which
& thea vilead 1o wnnch the hase solutnn by adding, ths
vapur sirvam (o 11 and rowing, 8 muber stam of the isa
working, salulion

[0N39] o sum up 1 = char thal e sysems of the
mvenuen 40 provek for a by hor payssore of vapor catenme
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the turdune and a lowr pressa of s apor oXitig, b udam

thus proswding, a higher clicieney o the systom as 4 whol

A prlioinary assooment shows that the proposed sysom
Lan 2 i same honbher condagms, provide Tor an mmeas
m power oupat of buiween 10 and 20%  h shoold
recopaesd thal 1he workmge solutaon 15 0 a3 oo e o

dynamw cvih and the tempensiuns and presuns of
sinams an, %Il adjustimg s that the sysivm uperates al
maximum Miciency with hitk or no outade moniionng o
contpol

[0040] Al nfumnees aited bean an wosrnicd by
nfurenee Whik this mvonion has heen described fully and
completly it should be undenaood that withwn the scope of
the apporcled Claimm, (b mventivn may he pracisced ofher-
woe than as specifically deseribed. Althouph i mvennon
has been doc bt with refurono 1o s prfermed wmbod
munik, from rading thix duseription those of slall i 1he ar|
may apprectaly changes and modihcanon thal may by madk
wheh do nol dupart [om the scope and spant of 1he
mvention as cusenbed sbove and claimed hencaflor

We claim
1 A muiluxt [or implemenhiog, a thermodynamic eyl
cumpraung the siups of

wipanding » pascous working minam Uansdfomung, ns
umrgy i usabke foom and producing & spent sincam

mixing the spent siream with at least onc lean xiream to
form a lcan speol stream

beatng a Lguxd fird workiog sircam with the lean spent
Mrcam 1o form & beawed fird working stircam and 2
pro-conderned slream,

condunung the pre-condensed sircam producing a Liqued
apam,

mixing, 1. Ixund sircam wath an enriched sream o form
the hqusd hrst wordung sineam

forming, from a depressunzed fimt portson of iw. hquid
hné working siream, an ennched vapor siream and 1he
han gnam and

huating, & second portion of the hquid fiest workang, strcam
W torm the gaseous working, sSircam
2 A mubxud for implementing a theroxdynamu cycle
comprisng e sieps of

wvxpanding, a pAscous sooed working, sream iransform
Ny, its unenyy ik unabk form and producing a low
Prowun spent Sinam,

mixing, 1t amnl stream with a first kan xinam fomng
4 sueund spunt Minam

bualing, a hrd workmg sinam with the second spont
siecam w {urm a thind spent siream and a huated bt
wurkny, sinam

mixin, the therd spum stnam with 2 socond kan siream
® firm 3 pre-cauoed sinam

wondunang, I pr-condunsd stevam W form a hyuwd
siram

mixing. the hygud sinam with a firt onnched vapor
Kream (o jorm the hest working sircam

mhameaYs )

<
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tormgy, from a et portion of the baated fisst workam,
snam 3 seound wnnched vapor sincans and s, seound
Lan stnam

eating, 3 scoond porion of e heated st workam,
sram with ap wXicrnal buat soures, Huid sircam e form
a partialiv vapunscd ind workeng snam

fwmng from the panally vaporead hnt wasking,
sinesm A It wnncind stream and a thied laan sincam

formuny,. frum a bieit punikm of the thard lan stream the
fiest loan stircam and & third ennched stream

maxing, the thind cari bed sincam with the seqnd wonched
sircaen lo form (e st vanched inam

mixing, & scvnd pemion of the third kan siream with 1
soond conchad sam 1o kem i seovnd workem,
sram and

Mully vaponzing the second workiog siream with hoat
from the vxtumal hoat source Ausd sarcam 1o from the
gaseous scand working stream

3 The mwtbod of claim 2 further comprasng the sivp of

pressunzing, (n luad stevam o sn comediaie prossun
presunzng, the it working sircam 1o ¥ hugh prowasre

deprossuraang, th fird portion of the bealed flint working,
srcam W the intunmedaike pressun:

depressurnun), the sccond loan sircam 1o the iniermwediale
pressure,

depressurzing the third lcan stream 1o the iturmediate
pressure and

depressurceng the (irst kan stream to the, knw pratun
4 A methad for implumentiog & theocmudynsm Lych
comprwuag the sivgs of

cxpanding a pasoux sccond workmy, Mnam ianslonm
iy, 15 eouigy ko usable form snd prducing, a Jow
Pressure St Kiram

mxing the spend sircam wath a first kean sinam o,
a suonnd spnt dream

beatim, a fiod working stream with the scoond spunt
sircam o fiwm a thrd spent siream and a heated hest
wurking sifvam

mixing, the thud spnl sirvam with 8 seeond ban <inaam
w form a pro-oonthned sircam

conthrouny, 1 procondhmied stream W firm 2 liquud
snam

rmuxing the ligud ~eam with a first voneteal vapur
saream 1 form the sl workiog strvam

forming, from 2 hisl poron of the boated skt warking,
Araam a swond varched vapur stream and the seeomd
han spam

heatin, 3 secomd o dson of (e heatod hed workeny,
sinom wath an Lxiurmal beat ourcy, Huw stream to loom
a panially vaponscd Iind working sircam

formum,, frum 1he partially vaporzed fina warking,
"ram a thind conched sircam and thee Sird loan neam
at the mivimediale pProssun.
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mixing, 3 secued porna of Ve thied han kinaam with i
sound vonchad sinam o firm e second warkany,
sram and

fully vapuriony, i sevond working, sinam with na
from the vatvimal heat soura. fusd sinam w from e
patctus scovnd working sinam

3 I mathod of Jdmm 4, Tunther comprsany, 1 siop of

pressursuny, (he liqund ’iroam 10 an mirmechial, prosswn
prossiironn), the fins working, siam W a hiph prssun

chpressurizang, the first portion of the huated st working,
siream lo (be mvimediale pressun.

duproswrizng the second baa straam o the intermediate
pressun. and

diprosarcaang, tn. Bl han sinam o the iw prosun
& A muibud for implemeniing & thrmedvaamoe cycle

comprmung the s of

expanding & paseous sscond workiay, Aircam  Irsnsform
Ing s Loergy o usable form and producing a low
preman: sl sinam

muxang L spent sircam with & it kan siream forming,
a second spent siroam

habog a fird workiog stream with i second Xpen)
sircam o form a third spent stream and 3 aled find

workmg sircam,

mixmp the thurd spont sircam wath a seoond han siream
0 form a pre-condenned sircam

coodensng the precondensed stream 10 form a hiquid
sircam,

mixiog the hquid stream with 5 i wnnched vapor
sircam o form the fissl workiog sicam

formung, from a it portion of the huaied firs working,
siream, & scctwd encin.hed vapor siream and Thn. second
lcan siream

beating, 8 mecond portion of the heated ek weoekvny,
strcam with an exicmal heal sourey uwd Arcam w form
a pariully vapuraeed fimt working siream  and

formisg. from the. partially vaparox] hra working
sinam, the gascous second working, stream aod 1he Iing
kan sram

T Ttn. method of clasm 2 Turther comprasing, U s p of

prossurezing, e iquid stream (o an inturmediaie prosun
proumitiung, the fird workimg sircam 1o & hiph presson

dupnassurizing the. irst portion of 1be heated fint warking,
stheam 10 (e inlcrmedimaie provain

duproviurnzng, the second lean siecam we the inermediat,
prusun. aond

duppasurzang the lind luan snam o the kw prosun
8 A mubod fiw implomwnting a thurmodyname. ok
comprwng the stups of

cxpanding a gascous second working stiecam translorm
g, Uk coeny nio ukahh form and prodeang, 3 kw
Prosun, Al situam

7 37
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mixang the spunt so.am with 2 g kan sincam lopmn
a seutenl spont ’nam.

hvating, & fully oondensed fina working, sinam with 1
scond spent sircam io furm a thend spont stneam and a
hvawed st workiog, sinam

muxng, the thod spenl gram with & second lean sinam
o form a pro-condenscd sinam

condunsing the pro-condunied sircam to fovm o i
sircam

mixing the hquxl sinam with a Iird ennched vapor
siream 10 form 8 ird working, sieam

condensing the hrl workiny, steuam lo form the (ully
condemex] (il workmp sinam

formang, from » firsd porvon of the ated fire workng,
sircam a second enrched vapor stream and the sccond
kan stnam

heating 2 meond poruon of the hested Gm wavkng
sircam with an exicmal hoat souncy, flusd anam e form
a partully vaporized Gt working sinam

forming, from the partully vaponzed i woriony,
sinam a thinl ennchued iream and a thurd lkesn Nnam

forming, from s find poring of the thind kean sircam, 1he
tinst lean siresm and a third wonched stream

mixing the thurd eanched siream with the second eanche!
atream o form the fiml ennched stream

muxing a sscond poron of the thid jean etream with the
recond enrched aiream to form the second wocking
stream

fully vaporming 1w second workung stream with heat
from the extcroal heat sounce flud siream to from 1
gaseous secnnd working siream

$ The mecthnd of dam 2, further compraung, the siup of

presunzng tbe hquul siream 10 an inurmeduie preswe

pressunzag the first wockiog sircam 1o a hugh pressun.,

e pressuroing the fist portion of 1he hwated find working
stroam o the micrmeduic presun.

dupressunuog the second kean stream to the inlermediate
preasure

depressurcang the (hid kan Siream to the wiermediale
pressun. and

dupressurizing the hed haa xiream (o the kw proswmn
10 A metbad for implementing, & tharmudynamie wych

compriing the sicps of

uxpandmp a garcous working, sinam  imasformng, s
energy inks usghle form and producing, & low pressun.
spcnt sinam

beaung, a fully condunmed workioy siruam wath the, spoan
stream e form 2 smeeond spent anam amd 2 hosiod
wurking, sinam

muxing (he second spent sircam with a lean steesm (o fomm
2 pre-condemucd strcam

woduncing the pro-condunsed sircam W form 2 lugquad
souam
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Xy, L lwquad sinam with an ennched vapor stream io
form an warwtad liguiet <incam

vundh mang the canched hooud sineam w foem e fally
cvndonsed workum, siream

Ry, frm a it potion of e boatud wawking,
steeam S vanched vapor sircam and the boan siream
and

Tully vaporan, a second portesa of the healud working
sinam with an o xivmal hoat e Qust sicam ke frm
the paseous workimg, Stiream

1 e method of cium 2 funtier compnsing the sicp of

prouarcaiang, the hquud stream o a0 e rmoedui. prosun
prosuriang the condsed luged stroam 1o 3 hh presue

duprmurcung (he fied poriion of the hualed waorking,
miram to the mturmedsly, presssre sl

dupresunzing the ban sinaam 10 the inlermedaie pres-
sun

12 An apmnius for imphomoting » inermodynamic

wh compreung

muans for expanding, & gaseous second working Mram
imnmiorring its coergy inio wablke form and producing
a low pressun, spemt sircam

a first stream mumer for mixmng the low pressure spum
sircam with & firs lean siream forming 8 Jess spent
Nnam

& first heat exchanger {or heating a high pressure luquid
firdd workiog siream sath heas traosferred (rom the keaa
apeml wircam to form a huated Iqud fArst warkmg
srcam

a scennd stam mieer for mixing the lean apent srcam
with a scevod han stream o form & pre-conth, ned
sifam

1 condenner far onodenmang the pre-condcmod sircam
praducing & Ixqusd stream

a first pump for pumping the Liquxd mircam i an wier
muxlimte proaun.

a third sincam muxer for mixing the inlurmediaw. prosan
hquid sircam with a first unnched vapor strcam formang,
the hiquid hinil warktog, stnam

s secomd pump for pumpiny, the hgud fiest wurkony,
Qrvam o a high pressun.

3 find sincam splunr for formmng o sub-streams of the
hyb prewwire lquid hest wording stream

a lirst lhroathe valwe for reducmg the presun, of oo of the
suh-sireamw of the bah pressure hgquad first workang
siream (v the infuimediaie prossun

a lit gravity separator for forming, a second canchad
vapor kiream and e second kean sinam st the tae
mudiale presure rom e inicmediai prossun. b
sruam

a fourth steeam muser for mixing e sconnd cerctecd
vapor mram with a third o bed vapor sircam ke form
the fliest unrched vapor sincam

23
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a seavnd throtthe valve lor neducing, i pressane of Tk,
seenntl kan Srvam ot the mivmaliatie prosion b the
kow prosure of the ban spunl Xinam

a second hont wxchanger for mating, the wthar sub-sinam
of the bgh prosure lwqud bl worksmy, sin.am with
heal transfumnal [om 3 bow-emparatune Nusd siream
from ap «xiumal buat souna 10 pmduc 3 panally
vapunad hgh proswn brd working, Srcam

2 sccond pavily suparalor for forming from a founth
ennched vapur stream and a third fean sircam from the
panully vaporsmed baph prossen. fist working, siraam

a second sircam splitior for forming, 1o sub-sircanws of te
third kan sinam

a third throtth. valve for reduemg, the prosun, of o ot
the sub-stnams of the third lean aecam (0 e nkr-
modisted prosun

8 thied gravity separator for farminy, the thind canched
vapor stiream amd the fird han sinam al the interm
dute prasure from the memediate pressatr, thurd lean
snam

a fourth throttk. valw for redioing the proswen of the
iniunmdinie prossure fust kean sircam (o 1 low pres-
sure of the spenl siram

a [fifth suam mexer for mixg the fourth ennched vapor
siream with the other substream of the Iind han
siream to form a socond workung xinam  and

a thind heat cxchanger for fully veponiang the second
workui stream I0 form the gaseous second working
sieam

13 An apparatus [or implemening a thermodynamc

cych comprsimg.

means for expanding, 2 pacous scvond working stream
tranafeming us energy inio wkable form and produang
2 low pressure spent stream

a firet stncam muxer for quxeng, the low promurc spemt
sircam with s fird lean sinsm farming a lean spent
Sinam

s fimt heal exchanger for bestiag 3 hiph preswre bigud
st woekung stream with e at tansfumcd From 1he kean
spupl Aream b0 form a beated hgual hma workm,
sram

a sevond SiRam muxer for mixiag, I luan spani siaem
with 2 ssoond kas sieam v furm a pr-comdemad
stream

a condenmer for condenxing thw pro-condunsed siam
producing & bquid sircam

a hrl pump for pumpiny, the lepund sinam w an nter
mediale pressune

8 therd sircam mueer for mixang, e intomediaio prosan
Niquaed siram with a firsl cinched vapor kincam fumming
th hguid lisd workim, 9nam

1 secuad pump for pumping, the lquid it waran,
slnam (o a high pressure

a hnd saream spldier for forming o sab-sinams of the
high proxen, liquad nd warkim, sircam



US 2004AX155302 Al

a hinu thath, vaive bor nedacing the prosen of vne o the
sib-ainams of the hiph presune liguad oz warkiog,
sirLam lo the murmahale presaurn

s firsd gravily saparsior for fioeming, 1he hed ennched
vapur ktream andd the scoand bean sinam at iw mkr
mudiain pressare from e imrmedish. pressun. sub
snam

a sueond throitke valve for reduuny, the pressune of the
sccond han siream of e mermedie presaune 1o the
low prouun. of the lkean apen! ”ruam

a second heat axchanger for heating the othur sub-stream
of the high premwre hiquad fird working stream wih
heat ransfurred from a low-temporaiure flud sinam
frevm an exdemal heal souncy 1o produc,  partally
vapoad hgh prosure i warking siosm

1 sconed gravily scparator for [orming from a sccond
cariched vapue stream and the fina ean stircaen o the

gh premure from he partinlly vapanzsd mgh pros-
sure fint worlung strcam,

a sucund stream splitier for formung (0 sub-alrcams of dn.
high prosun. fioe lean sinam

a thind theoutle valwe for redecing the pressure of om of
the sub-sireams of 1he high promsurc fimd kcan siream 1o
the, low pressurc

a fourth stream muxer for mexing the socond eanched
vapor siream with the other sub-siream of 1he: lugh
presaure fiod kean sircam to form a sccond worlung
sircam, aml

a third beal exchanger for fully vaponzog the sccond
warlung stream 1o form the gaseous mecond working
aeam

14 An apparatus for implementing & Ihermodynamic

cyle compnsing

mans for expanding & gareous second working stram.,
tranafernng ds snergy 1o wable kwm and producing
a low prasurc spunt sircam,

a fird mircam mixer for muxing the low prosur: spent
siream with a fird kean stresm formung a kcan spont
siream

2 hrat heat exchanger for busting 8 hgh pressure byguid
hirst workuny, stream with e at tranaferred from the kan
Aol snam o form a heated lagquud i wockng
slrcam

& sceond stream mixue for mixing the luan spent sircam
with a second kan sream b fTorm » pre-contdused
snam,

3 comdermer [or condeasing the pre-condkensed sircam
producing a laquid stnam

a hd pump for pumpung b Liqusd stream o a0 k-
mudialo prosssn.

a thin stecam mixur for muzim, the mivmetiai, prosun
liquid miream with a lina crinchcd vapar sircam fonmany,
(e Iquad hisst working sinam

a meoond pump for pumpim, the hqued b werkeng
Meeam o 1 gh poosun,

BNEDOCID 2D FODASSBEIOMA 1 |
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a firxt dnam sphitr for fsmmim, we sabsdnams ol the
hph prossure hguid et warking, stream

a hiet threath valve for reducing, tiw peossore of o ol 1
sub-streama of the hph prosan hgud ird working,
sinam 10 the mivemedan pressun

u et pravay scparator for foroumg the et conched
vapor sincamy and (e seond han stiam at the mkr
muediale prosain from the inmmediaie prossun, sub
atream

a seoend Thoftks valve for reducing, e prossure of 1he
sueond kan iinsm at tbe mivmedak prossun o the
Sow prosasre of the lean spumt sncam

a seonnd hat oxchanger for eating, the othor sub-minam
ol the high premune Liqusd find working, sinam with
huat traniumed from o low mpratune Mol Rream
from an uxtemal val source (v producs 3 pantally
wvaporuad hugh prusure first working, soaam

a accond pravily supantor lor orming, from the ganeous
seeond workany, strvam and the find han gream ar the

fugh premure from tho partully vaporizcd high pros-
sure find working strvam and

a third throlth. valve for neducing Lie. pressure of one of
the sub-sirearss of the high premun: fird aa siram to
the kow pressre

15 An appantus for implementing a thermodynami

ke comprsing.

mams for cxpanding a gaseous second working sircam
transfernng s energy usto umsbie form and producing
& o pressure spent siream,

a firm stream mixer for mixing Un low proessire spent
sircam with a fiet Joan siream Formung & kan spent
Atream

a first heat exchanger for healing & high prowwrs liquwd
tirat workeng siream with beat tnonferved from e ban
spet stnam o [orm a2 heawd lgquad ti worksog
slream

2 sevond mream mixer (or g the an span! sircam
with a xctnmd lean sinam 10 form 3 pre-conth, prad
sircam

a first condenser for condensang the pr-cundy mud sinam
producing, a hquid stream

a hrd pump foc pumping th Lquad sinvam W an vk
mudiale prassun.

a thurd stram muxer for maxing the ntvmediale prossun
Inguid saream with & first virched vapor sircam foeming,
an unncieed moeed sircam

a second comlerer for condeaming, i canched mixad
arvam formng the bqud Gt warking sanam

a second pump i pumping the lgmd Gt workan,
drfcam 1o 2 uph prosanc;

8 Uit saream sphitier for formung o sub-iname of e
hph prosure lugued dirq working, sin.am

a tirst thasti vallwe for reducing, the prossues of ome of the
mib-sireame of (e hiph pressun lgqued it workim,
Maam w the inrmediaic prossn

(@
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3 hind yravity spara for lorming, a scamd wonched
vapar xinam and I second kan sinam al i e
mudiate prowune from 1he intemmediate prossere b
siram

a l[ourh mram ouxer for mixing (e seoond wnnched
vapor sream with a third ennched vapee sircam s form
Un firs) ennched vapor sinuam

a seuond throtlh valve for reducing the pressune of 1
sevond kan sinam al the inlunmed il proksun to
low presxure of the lean sponl siream

& second beatl wechanper for heating the other sub-ainam
of the high pressure Iquid lwst workang sinam with
heat transferrcd from a low kemperature flud steaam
feom an extomal huat sourcs 10 produce & panally
vaparnasd high prossues inst working sinam

a saned pavity scpantor for forming, from a2 foucth
ennched vapor inam and a third han stiecam from the
partially vapormed high promure ingt workuny, sinam

& recond siream splificr for forming o sub-mrcams of i
third lean strcam

a turd throttle vaiv for reduciag the pressure of nm. of
the sub-sircams of 1he third lcan siream 10 1be Inler
modiusted pressure

& third gravity separator for foraung the thrd ennched
vapor siream and the firg kean sircam at the nteme
diie pressure from the mtermedhate pressure ihurd lean
sram,

a fourth throtue velve for reducing the preamare ol the
wicrmediale pressare first loan atream o 1he low pres-
swre of (he mpend sircam,

a GiNh sircam mizer for mixing the fourth enruched vapor
sircam with the other sub-sircam of the thurd kan
siream 1o form a seoond workog sircam and

a third best exchanger [or fully vaponang the second
worlung sircam 10 form the pascous sccond working,
seam

1€ An spparatm [or mplementing & thermodynamix

cycle compnung.

(i
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muam foe Lepantling, a pascos wuorkon, rnam sransior
nny, s onrpd Into usabhe firm and producing a ow
PrOSUR. P sinam

a first bt wXchanpur tor boating 8 high prossone Liguad
working, sinam with nal tnasferred from 1he spom
snam W form 3 and high posin hgud workon,
Arn.am

3 find sircam mixur for mixing the kpent gvam with a
kan sinam 10 form a pre-condunsed sincam

a fiesl concdommar For condenmng, 1 pro-condened sinam
producing s higud sinam

a fima pump for pumping the ligue Anam W an ke
mediate pressun.

a seeond sircam meer for mixug the mterencdiets. prox-

s liqued sineam with sn corched vapos siecam form
iy an ennched maxed siream

a second condunsur for enodenmng (b ennched mixed
stream forming the hquid fimtl working strvam

2 sccond pump for pumping, the hgquid it workang
sircam 10 a hugh presare forming the tugh proessun.
baquxd worlunp sircam

a find sircam aphiier for forming 10 sub-sinams of
lugh pressure liquid working str.am

a first throtile valw. for reducmg the pressare of om of 1he

suh-sircams of the bigh pressure hquul working stream
Io the miermedinie pressure

a i gravity meparaior for forming the eanched vapor
sircam and the lean sircam al the miermedie pressure
from the intermediaie pressure sub-siream

a second (hrotthe valve for reducing the, pressure of the
kan nircam at ihe nkrmwduk pressun W the low
pressare of the spem siram and

2 second beat exchanger for heating the other sub-stream
of the high premsain lyjuid working stresm with heat
teanalcrred Grom 3 low wmperature Ao Mecam from
an exicroal heal sourcx 10 prudoce. e gamsous working
siream
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€ FOTHERMAL SYSITEM

BAC RGROUND O 1TIL INVENTION

[0001] & 1wkl of the Inveninn

[0M2] The pnmenmt venion mlins v 3 prvos amd
sysium 10 comven thurmal emeny fom moudemily low
lemperatun. souras, wipecially frum peotbormal Nuids, inte
mechameal and clectrwal vn,y

[00U3] Mowe perticularly 1he presenl invenison rulates 10 a
procusa and sysiom 1o convert thormal coungy from moder
akly low icmpuratun swnask, wspecally (rom geothurmal
Muudr, o mechamcal and chircal unegy wher s wark
ing Mued comprases 2 mocture of 3t hast Iwo compuonents,
with the prufurred working, Nusd compriseny, 8 watur-amme
nma mixiun

[0004] 2 Descnpton of the Relalcd An

{000S] Pnaor art methads and sysiema for corrverung, heat
o usful encrgy al well documenicd m the an In fact,
many such mcihnds an systems have ben irvonied and
paicntud by \bn 1ovepior s poor art systems include
US Pal Nus 4346561 4489567 4.540M1, 458640
4604807 4674285 ATA205 4 TEAAND, 41899545
AMLSOR, SO20444 SANS AW, SA4ORN2 SASOA2L
SST2HNT] SSMR29 5603218 5649426, SH22 000
5 950,433 and 5,551 918, Foreign References 7-0481 JP and
Jourmal Referemes NLDO Brochure “ECO-Emergy Cuy
Propect™ 1994 and NLDO Repan published 1996, pp 4-6.
47 4-43, 463 4.53, incorponated heren by reference

(0086] Althowgh all of these prior art sysicons and methods
relate (0 the coavermon of thurmal enurpy wio other more
useful forme of courgy all sullfer from certain e flicences.
Thux, there s 3 need 1 the a1 for an improved system and
method for converting thermal eneryy 1o more useful forms
of enugy capcisily for comveriing, geothermal eoergy it
mure useful forms of enurgy

SUMMARY Ol MIL INVLNITON

[0007] The present nventon provics a provess for cog
wvering thermal omagy fmm modvrakly kw emperatore
sourves, axputially from geothermal Ausds, i mechanical
ant/ow clecinesl enerpy where the process i ludes he steps
ol uxpanding a fully vaporrzed haph prosun, working Ausd
stnam ransforming its cmun,y Ilo usahb. (om and pro-
ducym, 2 ruluriy, oc spent, low prosun sinam The fulty
vaponned working sivam 15 producd by evaporaling, an
upctming, huguidd working stream wany, hvat durived from a
huating, stnam fom an external heat sounee 2 sulicent
posison of the ypenl low prossure sincam  and a first portion
of a vapor sub-stroam derived from the wificm porton of
the spent, krw pressure siceam afier parial condumsanon in
beating, the upcoming bquid workim, sircam to foem the
fullv hgh prosun vapnnact warkioe sinam An addh
tsonal amount of usable waurgy 15 thnvaxl fnem cxpanching, &
rxond parton of 5 vapor sub-sincam derved fom the
sulficeat portem of the spunt bow proewn. streamt afioe
partial conch nsalen and 2 remandur portaon ol e spund
krw prosun. sinam transfumim, its vy alo uxabl
form and producing, 8 sueondary eulurming, of spont sincam
whun, an amuumt of osabbhe ciergy 15 inuncass] from ahout
MV 10 ahowt MY over prior an pracesea,

738
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[R] M prosent invention pros shes 2 ssden s i,
amult cumpununt hass, werhing, Audd a podtinrmal wione
xrvam and 3 adim, sircam The system furthor imuluks
wuipmul oty (o odahish 3 theomodaaumn onhe
wapabhe of convirung trom abkmt X% 1o ahout MF pon
thurmal enuny il mechanwal voeny sthan the prur at
thurmadynami procas of US Pat No. 4 L8 A pn

turrud systum ocludes six heal oxhangers, Iwo pumps, a
separator and a throttle valve

[00W] e presenl nvention provis an apparatus
including & muans lor expanding a fully vapoansd workiy,
sinam tansfomng, ik encrgy mio usebly fiem and pas-
ducing a spoat strcam & hrst heat wxchangs, ane lor coaling
an oxirnal wat source and tramslomng, at fom (e
vdemnal heal sounce to 2 hated upcoming, hyuud working,
stnaam & form the fully vaporraed working, sinam and o
sooond huat exchange 2om for partially conth.nsing, a <ul

ficsent portion of the spenl sinam W form 3 padally
condeascd sufficint partion of the apent srcam aad for
tnnafuming beat fram the sulficwat poction of the spumt
sircam 1o a pre-heatod upeoming hgoed wodim, siam e
appantus alno 1ocludes » pro-beater for parteelly contdonung
a fiml porion of & vapor sub-siream sepanaied from The
condensed sullicient porton of the spunl sram w form 8
pnmary spent aiream and for (andemnog, heat from he
vapor subr-sinam 1o an bpeniing hquad working sin.am angd
a means for expanding 2 sccond porton of the vapor
sub-ircam and & remaiming portsnn of Un apunl sircam

transforming their onergy uio usable form and producing a
accondary spent siream  The appamius funhor inclcdes a
means for condensing the pnmary and sccondarv spemt
stream 1o the upcomng Iiquid working stream

DESCRIPTION OF THE DRAWINGS

[0010] Tiw urvenimoa can be befier aachomiond with nufer
oo o th (oliowing detailed doscription yethur with the
appenhd dlusimabve drawings in whch lke clemonis are
numbered the same

[e011] FIG 1 depicts a dugram of a prefernd «mbnxh
ment af a system of this wventson foar converting, beat from
s geothermal source 10 a welul form of encn,y

[0012] KFIG 2 deputs a dagram of aoulher proforned
embodiment of & system of thix mvenhon for cuaverming,
heat from a puothermal source 10 & waclul fem of sy
and

[o013] FIG 3 dopuin a disyram of snuthor profemnal
umbhudiment of a sysiem of ths wveation for cunvering,
hnat feom a peothurmal sounce 1o a wecful form of cneney

DL1AII LD DLSC RIFTION O NIL
INVLNTION

[0014] In venioes have found that a sew and mun
oot xysium amd method can b consirucicd and desi st
tes convert hoat from a peothormal s, e 2 men use fuk
furm of weny  The xysiom w3 mulucvmponont bas
warkiag, Huid o cxtrst ey fwm om o more (o hast
o) petibermal sounc sircams i one oF M (al kast om )
batl oxchagers or hal uechangs wms  The vl
wxchanged hase wawking, flud thon Iemdors it paunsd
thwrmal vmny 00 om or more (sl had om) wrd e
cunveriim, the pmied thormal oy wie anchannal
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ety and or dhocincal enugy  he <vsiem alwo inchicdes
pumps i incrcase The prosson of the base working, ud at
oo poms n LU system and ome or mone (a1 ad o)
heat exchaneurs whnh hring, the baxie workang, Muid i at
vachange relatonships wath ome or mon (al kesl om) ol
sinams

[00L5] [he proposd system utilunes 2 st thermody
namical wyule (process) The haske working flusd includes a
muxtur of 2l lvast two components, with the poctumed basa,
wirkiog, thaid mncluding a water-ammonia mixture  thouph
othor muxieres, such an mixiuess of hydrcarbons and/ir
freons can v wied with practically the same nesolix

[0016] e hes working Aurd used in the systicms of ths
ol prufinably i 2 melicomponent fluid 1hat com
prees a lower hoiling poot Ruxh——(he. low-hoiling compo-
nunt—and 2 hipher boding poim fluid—the  hagh-hoiling
compomnl Prolurred working Auids aoclude an ammona
waler mixture, 3 mixture of iwe or mon hyrirocashons, a
mixture of iwo or mare freons, s mixture of hydrocarbons
ard [roons, or the ke In geocral the fud can comprme
miXtures of any oumber of compounds with [avorahle
thermodymma. characiermtics and solubility In a partic
larly prefurred wmbodiment, the fluid comprnes & mixiure of
waler and ammoma

[0017] Refernng oow 1o FIG L a low disgnm gonenlly
100, in sbown that illustrates & prefomed ¢mboadimcnt a
sysium and methnd of energy coaversion of ths smvuniion
Tha sysicm 100 will be deseribed 1n kerms of us components
and us opcration below

[0018] A felly condensed bans: workmg flusd stream at &
icmperature clone to ambient temperature and having param
elcrs as at a posnt 1 caters o s pump P where the siream
o pumped 1o 3 desared promure snd obtains paramelers as at
apoini 2 The sircam, wih parameicrs ax al the pot 1
comesponds W a saic of salurated hqud of 1 basc
working flud The ham workmg Bud comprises a mimdun
of at luast two companuots, preferably 2 mixiure of amme-
nu and walcr As a result of puopiag, the liqued siream of
the beu working Ousd at the pout 2 w in & state of
sub-coolked liqued Thervalter the hqued stream with param
elers ax gl the poini 2 pases through » pre-heatur HEL 12
a hual wxchanger where it 18 heated by 2 count.r Hhow sircam
of a Mud (scc hulow), and the hasie working Husd ahiaus
pavametess & at a point 3 In most casen, The liquid hasee
warkng Hud sircamn with parameters ax at the point 3, = in
a sate of saturated or slyhily sub-cooled luud

[M19] Therualior the liquefied besn working, Nud
Nram with poramuiers as st the point 3 = divaded inio two
suh-sirvans, having, parametens as at poanis 4 and 3, respoc-
Iwddy The subesarcam with purameters bx 21 8 ot 4
dhrecied anto & bueat exchanger HE2 whers ol o5 buated and
parhally vapunzsd hy a counter flow stream of 2 yevibormal
fluid and ohtams paamokers as ot & pont 6

{0020] I wh-stnam of basic working fAuwl steam with
paramuiers asal lhe pount 5 passex throuph a hoat vxchanger
1LY where ot v hested and partially vapuriacd hy a
crunir fow sinam of conduntsng, hasie working, lud (s
low) and vhiaios paramuicrs as st a pom 7 [T compo
shoms, lkmpuraiuns and presmines of the base wawking,
Huxd &t the poinis § and 7 are subsaanhally the xame

fOu2i] ihervalicr th sub-sinams with parameiums ax al
the potnts 6 and 7 an recombimd Frmong, 2 stream ol hasic

BN30OCID US  20040050048A1 |
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workng, llud with parameieis asatapoint 8 I ncam ol
b working, Qirsd wath paramuicrs asar the pomt 8 pasis
through 2 tat oxchaoper TIL4 whon 01 1s hoated and Fullv
vapunzcd, and may cvon by supervated by e awnior
fAow struam of geothurmal Bud and 2% a eah bl
paramcturs a5 at 2 pont 9 The sircam of geothomat Nusd (or
anothr flud whch s the sounse of heat), wath instial
paramiurs 2% al 8 pomi 30, pasck through 1k heat
wikchanyee JICS 1o counter faow w tin recambined sincam of
hasw. warkong lud when the petbrmal flud 1x cookd
providing, heal for a process 8 9 (e ahove) and olumins
paramuiurs as at a point 31

[0022] Thureaftur the sinam of geothermal fucl with
paramniurs 8% a0 the poit 31 passes through the beal
uichanger T2 whop, ol o8 furthor couled, providing, heat
for y procgs 4-6 and ahiaiming paramuters as at a munl 32
and 15 then nmoved from the sysiem

[0023) 1nsom. conditions, 1 sinam of geothurmal fluwl
or some otber stram ol heat carrying flud cannot by cxioted
10 8 lemperalure which i low «onugh 10 be umed 10 8 prxuss
31-32 and the process 4-6 lo mich a case the siream of
geothermal fiuid or olher siream » nmoved from the
nysium pasmg ooly thmough the beal exchanger TL4. [n
sh & can, anolher prefemed cmbodiment of e sysom
uxuludes the heal exchanger HC2 and 1he wholke siram of
banc workmg fluxd with parameiers ax at the pomt 3 w sy
only :I;mgh the beat exchanger HES (see ahove) ax shown
m FIG 2

[0024] The stream of hasic workmg Susd, with parameters
ax at & pont 9 (sce above] thea passes through a tugh
presmure tutbue T1 where # = cxpanded producng
mechamcal work and leaves 1be lurdbuoe T1 an 2 relurming or
spot sircam of the basie worlung flusd, with pammeters as
al a paint 10, The presmure of the hasic working flud at the
pamt 18 x chosun to slighily exceed U prossar of the base
wocking fwwd at the point 1 Thes & oocesmacy to fullv
condense 1he siream of the basa working fusd sl the given
aminent iemperaiure (se ahowve)

{0025] ‘The maie of the hasw working Huwd al the poit 10
can he a slightly superheated vapor, @ saturaled vapur or
cven 2 wel vapor and bas 2 presure lower than the sircam
of hasx. workung flux at the poit 9 The pressure of 1
basw working flude ot the powt 3 (moc shove), where
boting of 1he upeoming bame working Aud bepins (aa
shove), s chuscn auch 1hat cootureation of thy kyw prossun,
siream of hase warking Husd with paameicm as at the pownt
10, saarts at a tempurature whah s hagher than s mperiun
of the strcam of haxw workmy, luel at the pomnt 3 This
plenomenon wher the inilal kmpemiture of conthnsation
of 8 low premure siream of bas working luid m bagher 1than
the enutial temperature of boaling of 2 lugh presare sircam
of hasie worlong flud 10 peessidie ooty Tor a hase workung
Aud compresng 2 muxture of 1w or more (af luast 1wo)
Componens

[0026] I'he bow-presun sinam of hase working lud
with parameicrs 2 sl the ez 18, 1% then divided mio 1w
sub-streams having parameturs a5 ol ponts 11 amd 12
nspectecly T sub-sineam with parametcrs s o1 poani 11
panses through the buat exchanper [IL3 where it onoled and
pariially condensed, alMaining, parameiors as at & powy 13
Heat reheamd 1n 2 procues 1113 utilowd in 2 bosling,
procss 5.7 (e abowe) A llow raie of th sub-siceam it

2
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provess 11 13 wchosen such thal a e e of the sircans
ol haxie waeking, fluid at pont 13 o gl r than 3 iempera

1ore af the. sub-sdneam of hasie worko, lued at poun £ and
wornesponds o g doared pro-slevted ivmperatun diflerene
Canurally the sub-sinam with parsmaioes as a8 the ot 11

= mifficient W provided a quantiiy of heat that winn com

binecd with i heat form the poothormal sounc and the beat
frvm a scparaied vapor suh-sinam wnh parameiuis at a
punt 17 s sullicent folly vapona the bass working, Musd

with parameters ax at the pount 9

{0027] IMx comnpontiscn of the basue workia, fud or 1
pre-schcied lemperature diffurunce may o chosan 50 that
n ovder to provede a teat balance i the procaw 11 13 v ihe
procens S 7 all of the sinam of hase working, flud with
parsmuius s ot U pouot (0 must b ment inio i bat
exchanper HE3 Iothe case anolbwnr profvrmed umbodiment
of the sysium pesrally 300 of thes wvenlion as shown in
FIG 3 1sshown 1o uxclude a llow paih through the pomt £2
became a flow raie st point 12 would b uqusl 1o zuro(0) and
the strcam wilth paramoters as at poanl 12 would not exist
Such a composrton of hasie workang flud = the “nchen”™
pomsiible composidion meaning that it has U, highest pos-
sibke conczatraton of hight hoilig, compomant {(ampanuni
with the lowor borling temperature, for xsmph. ammonss 1n
s waler-ammonm migiure). Il a2 “hamr™ compositsn of a
working flud e ome conimnng a lowr conceninton of
ammoma, s chosen thua only pant of Ihe ainam wuh
parametcrs as al the poad 10 needis 1o be rent inin the bl
exchanger HES 1o provide the heat needed for provess 5 7
with the remawder of the sircam of bamc wavkng Nud
passing through & Aow path including the pomt 12,
[0824] The suh-stream of relurmng or spent basic worlung
fludd with paramasers as al the poinl 13, « abways 1o a stale
of wal vipar sod ey contam a sipmificant amoumt of
condenecd bqued  The sub-sircam with parameters as at the
pounl 13, w then forwarded (0 2 lquid xeparaior S1 where
M 1% scparaied 1o a stream of salursied vapur haviny,
parameius an at a poant 15 and 1oio a sanam of satorated
liquid havimy, parsmeicrs as at 3 point 14 The sinam of
salurated vapor wilb parameiums as al the pount 1S s then
hivided mto two sub-sircams having parameiers as at poimts
16 and 17 respectuively

[0U29]) In the scparsior S1 the sub-sinam of bage wurk
ing fluid 1 supacaied 1o two sub-strcams, » ssparated ligusd
sream (saturated biquad stream) and soparated vapu siream
(salurated vapor siresm} The concuniraten of the hght
trsiling componeat (smmaonta) i the soparsied vapor sieuam
kaving I separator S o spepnibcsmily hphar than the
conceniration of thus same component m the basic warkang,
Nud a (ur vxamph at the pont 1 Conveniely i concen
watmn of the Iy, bomhing, component in the suparated lhguid
siream leavng the separator S1 and having, paramuion s at
the point 14 15 substanitally lower than the concuntraiion of
this same compoment 10 the base wixking Hud an for
cxamph. at the peum |

[0030] The sub-sircam wath parametors as st the poom 17
then passes through the nal exchanger TILL whre il s
auvled sl partally coadunsed amnd oblams parametors ax at
a pount 22 That nbhased 1n 2 procuss 17 22 i piihiacd o
provik, pre-huating of e upooming, sin.am of by, h pooswrn.
Tsquidd base working, flud i the process 2-3 (e above)
[0031] Tiw xub-nam of vapor with paramelurs as al
point 16 15 combencd wath 1he subatnam of capor basic
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workmy, Buid (the nmaiming, spnl szcam) with parametors
an at tha el 12 (e abwwn) lonming, s mow strcam ol vape r
with paramuion 25 ai 2 pont 18,

[0032] IF vw would combine stnams with paramium ax
at the points 22 1R and 14 o om scom then sh g
siccam woukl hawv 2 compreulion whntical s thal ol 1h
haa workig, Nud which @an e fully vonthmoed at the
grven ambent iempuraiun 8t a presain, as of e Scam of
baiw working, fluxd haviey, parameiors as at the pot 1

Mowever if o combmes only sincams (4 and (8 the
composetion of (he resulting, sircam would b substamally
~keaner™ thaw the composition of the base working, lluxi as
At pomt | and th combmed Mneam can thurclion I
condonmed al the amhical fempuralure at 2 sulwtantually
lower pnosure

[0033] Therclon the staam of vapor with paramulers ax
sl the punt 18 m ant through a low proswn lurbme [2

where i 1% uepandal 10 produce an addibunal amount of
mechamcal work and kaves the low pressure lurbi 12
with parametens as a1 2 poam 19 The sabwstream of bguid
with paramciers a5 at Lthe point 14, then passas thouph a
thraltke valwe TV] when ats presmune o recluced 10 2
pressure cqual 0 a pressure of thu stream at th pawnt 19 (s
ahove) altaimng peramuiors as al & pand 20, Thetuafier the
sirams with pammcie as at the powrts 19 & 20 are
combined, forming & cnmbmed siream with parameiurs as sl
2 pamt 21 As described shove, the composttion of She
combmned dream with parameters ss 31 the poant 20 »
subslantlly ~leancr™ than the compotiion of the basn
workiog flud for example st 1be pomnt |

[0034] The combuwd sircam with psrameters as at the
poum 21 15 thea seat in a beal exchangar HCE In the hoat
axchanger J{EA, th. crmimoed siream with prramulers ax at
the pomt 21 = fully coodermed by 3 siream of ambemt
conhing fluxd (aur waler or other) wub parsmcters ax al a
poink 43, apd the comhinud siream with paramneicr s al the
pount 21 oblans panmelers as at 3 pomnl 23 whik the
coohng Buud Jeaves the heat exuhanger HES with parameters
ax al & pom 44

[@035] The mecam of condensed Liquid with parameirs ax
a1 the pmot 13 % then pumped by 3 pump P2 1o form »
siream with peramecdui as al a ponl 23 having a pressun.
which = equal or chen to 2 pressure of tha sinam at the
poumt 22 (e ahove) Therealhr the sircams wih param

clers as at the parnts 22 & 25 arc combuned mio a sangle
Mircam with parameters as sl a pout 24. e compsatson of
the saream wilh parameiurs as al i pont 24 & egual 1o the
compomton of e base workiog flud Thurcalor the
stinam wib pammuiers a5 al the pom 4. thn passas
through a heal exchanger HES, where i 15 fullv condunsed
by a sircam of ambient cuohay, Aud {(ar water or wber)
and obaues paramedurs as a1 i poam 1 The coohing, Hud
onters the hyat exchanper HLS with paramuiors ax a1 & puni
41 anl Jeaves the heat exchanper HLS with paramuiuns as an
apoint 42 The thurmodvoamu, cycke foe the haie workam,
flurd & clorxt

[0036] In priow ant for examiphe o dhouriind 10 U S Pt
No 3982508 1 whuhe strcam of roiurming, base. wawhany,
fuid afier by, parctially condonaxl 10 2 nauperanw
boglercondumsr passas through a prc healor and « Ihen
sonl 1010 2 conth et 1L woukd avrespond ax 1l in the sysiem
of FIG 1 1hh sinam with parsmiciors a5 a1 the pont 13

4
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wauld v dinaly sont into 1w at cxchanger 1L amd
ihnrcalir inio e buat vychanger JILS Thowever 1he guan
uty of b al fugquaned for the process of probesting, of the bas
wurkung, Mlusl in the process 2-3 s several (umus smalber thag
the. guanlitv of huat availsbh. from the ruming, condursing
Snram As a result such sn imbalsac in the beat oxchanger
causcs 3 substantial increake m the quaniity of hwat nepected
1o e ambuenl of covimonmam @ iw final condumer and
resulix in subsiantal eporpy boses and naluced thermal
convuruon oy

[0037] [nconirast i the proposcd sysem of | IGS 1-3 an
addhiimnal encr,y puicntial 15 released and utilized in the low
pressues turbine 12 All work produced 1 turbane T2 onn
shuulcs an addipnal and subsiantal inurare tn an ouiput of
waful wawk of the sysiems of FIGS -3 Polummary
cabeulanoms and aswesaments have shown that 1hs addmional
IncTean, in ouipil can b an aa high ax X0-%0% of 1he. system
of the prioe ant for oxamph I syaum of US Pl No.
4 982,568

[0038} An addinonal sdvanuage of the systems of ths
invention 15 a5 [ollows. 10 the pnor art 1he composilion of
the hasw working, Aux! 15 chosen such that afler cxpansion
in a lurhine, e whol. sircam of hasee worlong flusd passen
through a recupnrative boler-condenser with the requine
menl of munmamain, a ainct heat balance m s heat
exchanger Thus requires very accurale manienance of the
compositun af the bass. worleng fwd But when ambiem
condiirons change, the composibon of the baxsc Ausd must
ba changed as well

[0039] Inconirast w the symeos of the mvenion m the
geounal cane of FIG. 1 only part of the sinam exiting the
high pressure lurbine T1 = sonl wid & receperalive boiler

vondenser (1.2 Iwal exchanger HE3S). Therelore, the seam

tivaly of il sysiem 5 performance & 1be composiion of Lhe
basc workmp furd mssheiantially reduced and ngid control
of swh & compwilion 5 unoccesmry Morcover n the
syniems of thes iovention, Wl 18 very cany (o vary Ll
compositon of the hagic working fund, la cases where the
composution of Ve hasie working fuxd must be mach. ncher
pan of thy, siream with paramcters as al 1be puint 25 may he
senl 1o a slorege lank aod as a resull the compositin of the
siream ot the point 24 would hecome ncher as required To
the contrary, if the compasition of the basse workung fAuid
acechi lo b made keaner thun hiquad from such a storage tank
can b added 10 the siream with paramelcrs ax 21 I pount
25 thus making, the composiion of the sintam at the point
24 haner % required

[0040] ANl rcferumes cated bercin an curporaied by
reference Whih, 1hux inventxn bas heen described fully and
<compleizly i stwuld be understond that within the xscupe of
the appencd claima, the invenion may be pracuced othur-
win. than as spusitkally described. Althoagh th invention
has beva disckssd with referoncs 10 1 preferred vmibads
ments, fmom reading, this description those of skill in the an
wiay appreciate changes and modihcation thal may b mach.
which do not dupan from tin scope and spurt of the
inveminn as o nhed ahove and claimed reafier

We cloom

1 A melhsd for implomunting & themodynamic cych
compresing, e siops ol
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«xpanting a tullv vaponiad hiph prossure working, sl
sinam IRnsforming. 1% iy mio ssabh fonn and
proclucing & noturning, or spunl low prossure sircam

wvapnatng o vpeoming, logqwd working, seoam usaoy,
mat denved from a healig, siream from an oxivmal
huat source, 3 sulfciem pomion of (he spenl bhw
premaur., stream and a (i porhon of & vapor sah.
sincam denved from the sulficiens portson of the spunt
low presur, sircam afiur partial condensation mn heal
g the upeominy, lepiid warking, sirvam (o foem the
fully high premsure, vaporrad worlung, siram

vxpandung 8 sccond portion of a vapor sub-sinam derrval
from the suficnnt portion of the spent, kw prossute
stream aflur paril condunsatson and a remainder por
ton of the spund low pressure sinam lnslorming, is
wuny ko usable form and produciny, 3 scoomdary
reluning or apunl siram

where an amount of unablu i,y = increased from alwul
20%: to sbont MVE
2 The method of cluim | wheren Lhe fully vaporasd
Ingh pressure working fuid sircam s superheated
3 The method of clam | whueewr the hosting sircam i
a geolbermal Nud siream produecd by a peathormal sounce
4 The method of dlum | furthor comproung th steps of

condenung complaiuly & recombined apent fusd sinam
afler the (wo expanchng, sivps of form the upconming
Liquad working stircam

S The method of Jsm 1 funthar compesing the stups of

pre-beating the wpcomog lquad workmg Buid stream
with the fimt portion of 2 vapor sub-siream deryved
from the sufficent portion of the spunt Jow prewwre
sircam 10 form a pre-hesled ud working fAudd
slream

6 The method of chum 5 further comprsing the seps of

heating the pre-heated hiquad workmy, Auid sieam with the
sufficaent amoum of the spunt sream (o from a heatexd
lacqued stream

7 'The method of clmm 3 further comprisang 1he scps of

Cully vaporazng the heatesd hquid sircam with the heating
sream 0 form ibe fully vaponzed worung flud
sircam

8 A method for implementing, a thermodynamie oy le

comprsng the stops of

vxpanding a fully vaponzed working sircam  imvesform
g 118 epengy inko wkabls form and producing, 3 filum
NG OF ApENk sArcam,

cvaponting an upooming, beated Inuil working, sinam
wipg heat from a hesting, dnoam from sn catumal bt
aource 1o form the lully vaponzcd working sinam

huating an upcomung pre heatd lqud weking, steam
with 2 sulliceenl amount of 1w xpent stream 4o from tin
upouming, huated hiquid working siream andd a partully
vondumed sufficcol amaowunt of the spenl Kinam,

pre heating an upooming Tiquid workang sirncam with 1he
tira porion of a vapor sub-fiream denived from th
suliceent poriion of Ihw «pumt sinam W fom 1
vpeomng pre atud bigud working, streem and W
form a partally cundunsed lird portion of the vapor
sub-siram

/]
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vXpanding, a sccond purtion ol the vapor sith-sinam and
a nnmaimimy, amounl of the spunt rcam ransfonming,
therr cieryy v wabk form and priclvang, a sound
ary spunl sincam

where an amount af usabh emenyy i ineruasael trom about
% v shout WF

9 (b mothad of Llaim B, whuruin the fully vaporwad
working, sinam s supurhualed

10 The snibed of claim K whoerin Le boating, stream
a peathermal ftusd siream produced by & puathormal suna

It A meihod for implemenimg, a thermedyname cyche
compring, the siops of

wxpanding, 2 fully vaponad working Aukl siram trans-
formwn, 1% ey it wabh foom arcd producing &
rolurntmg, oF Sponl snam

tesling an uproming,. pro-dnated lquid workiny, siruam
hy partially condumsiing a2 mullacnl partson of the spuat
sircam 1o pacually evaporaiv 1 upcoming pre-ivatud
tnquid working, sircam producing & bested hguid work
g, Mram

cvaporting the heated hquid warkang siruam wsing, heat
produced by a hoating stream from an oXteroal hoat
rource o0 form the gescous working stream when heat
from the buating sainam and the sulficicnt portson of the
speal sircam = equal or aliphtly greater than the heat
required (o fully vaporea i pre ated vpooming
liquid working sircam

scpanting the sullicient portwon of the speni dream o &
vapor sub-siream and & biqud Rsh-sircam

prebealing an upcomung Iquud working streamn by par-
hally vondensing & Airst porton of Lhe vapur sub-ntrcam
10 form iiw. pre=hoated upcomng Bquad wurking strcam
axt a prunary rturning sinam

cumbming a second porisn of the vapor sub-sinam and
a second porion of the riwming or et siream 1o
form a sxxndary vapor stream

cxpanding the scoondary vepor stream wranklicaung us
cmrgy mio usablke fom and producing, a seoondary
niuming or apent Arcam

reducing the pressure of the hqusd sub-strvam and com
bining 1 with 1be secondary nturming, stream to form a
combined secondary retuming Sinam

L7
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wuthang the qunbimud sevondary ournmg, sinam
with 2 an hing, i sieeam

presanzang the condunid combumed secondary rouming,
sircam and combiming, it wath the primary rolum sinam
W furm a parually condemsed nuourum, working, lluxd
sream and

fully conthasing the combined rcturming, wiwrkang, Busd
wream with a cooling Hud sincam

whnre an amuuni of usabhe corgy s socreased from ahout
AVE 1o alwut OF

12 The meibod of olnm 11 wherom the fully vaporgasd
working, fluid siram 15 supurinated

13 The methid of ¢laim 11 wherun the huating, sinam
® 3 puoihwrmal flud anam produced by 3 peothemisl
HOUTCL

14 Appanatus for imphomonting a thermodyname. eyclc
compresong

means for vxpanding a fully vaponacd working, sircam
transformung, its enurgy 1o usable form and producing
2 sl Siram

a fird buat exchange zone for cooling an exturnal heat
source and tapsiumog heat from the oxiemal st
sour. 0 a heated upcoming, hquid working, siram o
fourm the fully vaponeed working sircam

a swoond heal cxchangy. zooe [or parnlly condemung a
sufficrent portson of the spent sircam Lo [orm a pactully
coademed sullicient portion of the spenl siream ad for
iransfcrnng heat from the mificicnt portion of the spent
siream o a pre-heated wpcoming hiqud working
sircam

a pre-healer for partuily coodensing a first postion of »
vapor sub-mircam separated [om the vondenmed suffi
cwnl porson of the spent Mream 0 form a primary
speal sinam and for transfemng heat from the vapor
sub-siream 10 an upeomng qusd working stream

meane fir uxpandim, a second porton of the vapor
sth-alream and o remuning portion of the spunt stream
tranforming their Loengy into usable form and produ
g a sevundary Apunl Siream

means for condeosny, the pnmary and secondary speal
stream o the upeomng, lquid wacking secam
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REPUBLICA DE COLOMBIA
SUPERINTENRDENCIA DE INDUSTRIA Y COMERCIO

Bogotéi,

2020

Doctor(a) \0
RODRIGUEZ D ALEMAN DILIA MARIA q
REFERENCIA Radicacién No 5 75396

Solicitud intermacional US2004/003025
Fecha iniclo fase nacional 05/09/2005

Tramite 11
Evento 79
Actuacisn 430

Oficio No B Ju 8466

Como resultado del examen de forma, realizado con fundament¢ en el articulo 38 de
la Decislfmn 486 de la Comisién de la Comunidad Andina, articulo 27 del Tratado de
Cooperacién en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
UOnica de la Superintendencia de Industria y Comercio, se le comunica que

1 La solicitud no contiene 1la copla del documento en que consta la cesién del
derecho a 1la patente del inventor al solicitante o a su causante (Art 26-k)
Decisibn 486

2 La solicitud no contiene el poder debidamente otorgado, con el lleno de los
requlsitos exigidos por los articulos 63 y subsiguientes del CSdigo de
Procedimiento Civil Adicionalmente, deberi presentar el documento que acredita la
existencia y representacién 1legal de la sociedad solicitante cuando ésta fuere
persona juridica

En cumplimiento de lo dispuesto por el articulo 39 de la Decisifn 486 se le
requiere para que dentro del términgo de dos meses sBiguientes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enunclados
En caso de no dar cumplimiento al presaente requerimiento, 1la solicaitud se
conslderari abandonada y perder& su prelacitn

Notifiquese el presente oficio conformes a lo dispuesto en el numeral 5 2, literal
e), del capitulo,quintp”del kitulo primero de la Circular Unica Wo 10 de 2001

ALIX CARMEN, CESPEDES DE VERGEL
Jefe de l3/divisién de Nuevas Creacilones

El anterior reguerimiento fue notificado por fijacién en lista de
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