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Case 7707

TRANSITION CASTING FOR BOILER WITH STEAM COOLED UPPER FURNACE

BACKGROUND

[0001] The present disclosure relates to the boiler arts, with illustrative embodiments
including sub-critical boilers, sub-critical natural circulation boilers, coal-fired boilers,
sub-critical coalfired boilers, sub-critical natural circulation coalfired boilers, and to
methods of manufacturing and operating the same. Transition castings are described,
along with methods of making and using such, to permit small boilers to attain high
superheated steam temperatures greater than about 1000°F, and up to 1100°F.

[0002] Small coalfired boilers find application in diverse settings, such as where
power requirements are relatively low (e.g. rural areas, underdeveloped regions), where
coal is readily available, and so forth. Typical small coal-fired boilers for electric power
generation employ a sub-critical natural circulation design. An example of such a boiler
design is the Babcock & Wilcox Carolina-Type Radiant Boiler design. This design
employs a fumace with membraned water-cooled furnace walls that feed one or more
steam drums. Water passing through the furnace walls absorb heat energy, in effect
cooling the tubes / pipes directly exposed to the combustion heat. The steam drum(s)
feeds one or more primary superheaters located inside a convection pass, and one or
more secondary pendant superheaters located inside the upper portion of the furnace.
This superheated steam is used to run a high-pressure turbine. The steam exiting the
high-pressure turbine is then sent through reheaters to increase the temperature again,
so that the steam can then be used to run a low-pressure turbine.

[0003] \Water-cooled pipes or tubes are designed to carry wet steam (ie. a
steam/water mixture, or equivalently, steam quality less than 100%). For a given
operating pressure, the temperature of wet steam is thermodynamically limited to the
boiling temperature of liquid water at the given operating pressure. In practice, water-
cooled pipes are designed for an operating temperature of about 650°F-670°F,
corresponding to an operating pressure of about 2200-2600 psig. In a sub-critical boiler,
water-cooled pipes feed wet steam into the steam drum.

[0004] By contrast, steam-cooled pipes or tubes are designed to carry superheated
steam having a steam quality of 100% (i.e., no liquid component). The temperature of
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Case 7707

superheated steam is not thenﬂﬂfiynam ically limited for a given pressure, and in
Carolina-Type designs the steam-cooled superheaters generally carry superheated
steam at temperatures of about 1000°F-1050°F.

[0005] Because of the differences in temperature, water-cooled pipes can be made
of lower cost carbon steel, whereas steam-cooled pipes are made of more costly steel
compositions. A design such as the Carolina-Type Radiant Boiler advantageously
leverages these factors by designing the entire furnace to be water-cooled, so that the
membraned walls can use lower cost carbon steel pipes and connecting membranes.
The higher alloy superheater components are located within the fumace and convection
pass (i.e inside the walls of the boiler), and are not membraned. In such designs, the
membraned water-cooled walls are generally cooler than the flue gas to which the
steam-cooled superheaters are exposed, due to more efficient heat transfer to the
steam/water mixture carried by the water-cooled pipes.

[0006] In certain applications, it is desirable to obtain steam at high temperatures
after superheating and after reheating, e.g. about 1050°F after both cycles. This can be
difficult in small designs, and further designs and methods are needed to obtain such
high temperatures.

BRIEF DESCRIPTION

[0007] The present disclosure thus relates to small high pressure sub-critical boilers
that can have natural circulation and achieve high superheater temperatures of about
1050°F. Generally, the lower furnace of such boilers uses water-cooled tubes/pipes,
and the upper furnace uses steam-cooled tubes/pipes. The upper furmace and the
lower furnace are joined to each other through a transition section that is formed of
transition castings as described herein.

[0008] Disclosed herein in various embodiments are transition castings, comprising:
a first steam tube having a steam tube diameter and a steam passageway extending
between a front end pointing in a forward direction and a vertical end pointing in a first
vertical direction;, a first water tube having a water tube diameter and a water
passageway extending between a front end pointing in the forward direction and a
vertical end pointing in a second vertical direction opposite the first vertical direction; a

D
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Case 7707

first pass-through tube having a pass-through tube diameter and a fluid conduit
extending between a first vertical end pointing in the first vertical direction and a second
vertical end pointing in the second vertical direction; and a membrane joining the first
steam tube, the first water tube, and the first pass-through tube to form a pressure seal
therebetween; wherein a center of the vertical end of the first steam tube and a center
of the first vertical end of the first pass-through tube are aligned in a first plane, and a
center of the vertical end of the first water tube is offset from the first plane.

[0009] Also disclosed herein in various embodiments are transition castings,
comprising: a first steam tube having a steam tube diameter and a steam passageway
extending between a front end pointing in a forward direction and a vertical end pointing
in a first vertical direction; a first water tube having a water tube diameter and a water
passageway extending between a front end pointing in the forward direction and a
vertical end pointing in a second vertical direction opposite the first vertical direction; a
first pass-through tube having a pass-through tube diameter and a fluid conduit
extending between a first vertical end pointing in the first vertical direction and a second
vertical end pointing in the second vertical direction; and a membrane joining the first
steam tube, the first water tube, and the first pass-through tube to form a pressure seal
therebetween; wherein a center of the vertical end of the first steam tube and a center
of the first vertical end of the first pass-through tube define a first line; wherein a center
of the vertical end of the first water tube and a center of the second vertical end of the
first pass-through tube define a second line; and wherein the first line and the second
line form an acute angle.

[0010] In various embodiments, the first water tube and the first steam tube are both
adjacent to a common side of the first pass-through tube.

[0011] Sometimes, the front end of the first steam tube is both laterally and vertically
offset from the front end of the first water tube. Alternatively, the front end and the
vertical end of the first steam tube are vertically offset from each other. The front end
and the vertical end of the first water tube may be vertically aligned with each other.
[0012] The transition casting may further comprise a heat transfer fin extending from
the membrane and abutting the first water tube.
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Case 7707

[0013] The water tube diameter can be greater than the steam tube diameter. In
some embodiments, the pass-through tube diameter is the same as the steam tube
diameter. In other embodiments, the pass-through tube diameter is the same as the
water tube diameter.

[0014] In some particular embodiments, the transition casting further comprises a
second pass-through tube having the pass-through tube diameter and a fluid conduit
extending between a first vertical end pointing in the first vertical direction and a second
vertical end pointing in the second vertical direction; wherein the first steam tube and
the first water tube are located vertically relative to each other and are located between
the first pass-through tube and the second pass-through tube.

[0015] The first vertical ends of the first pass-through tube and the second pass-
through tube may be offset in the same lateral direction relative to the second vertical
ends of the first pass-through tube and the second pass-through tube.

[0016] Two lines joining (i) the second vertical end of the first pass-through tube with
the vertical end of the first water tube, and (ii) the vertical end of the first water tube with
the second vertical end of the second pass-through tube, may form an obtuse angle.
[0017] In other embodiments, the centers of the first vertical ends of the first pass-
through tube and the second pass-through tube are closer to each other than the
centers of the second vertical ends of the first pass-through tube and the second pass-
through tube.

[0018] In some transition castings, two lines joining (i) the first vertical end of the first
pass-through tube with the vertical end of the first steam tube, and (ii) the vertical end of
the first steam tube with the first vertical end of the second pass-through tube, form an
obtuse angle.

[0019] In some embodiments, the center of the vertical end of the first water tube is
offset from the first plane by a distance of about a radius of the first steam tube.

[0020] The transition casting can be made of stainless steel.

[0021] Also disclosed are boilers, comprising: an upper furnace having steam-cooled
membrane walls comprising steam wall tubes; a lower furnace having water-cooled
membrane walls comprising water wall tubes; a fransition section disposed between the

upper furnace and the lower furnace, wherein the transition section comprises an upper

withie
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transition casting and a lower transition casting that are joined by altemnating straight
water tubes and straight steam tubes. The upper transition casting comprises an upper
steam tube having a steam tube diameter and a steam passageway extending between
a front end pointing in a forward direction and an upper end pointing in an upper vertical
direction; an upper water tube having a water tube diameter and a water passageway
extending between a front end pointing in the forward direction and a lower end pointing
in a lower vertical direction; a steam pass-through tube having the steam tube diameter
and a fluid conduit extending between an upper end pointing in the upper vertical
direction and a lower end pointing in the lower vertical direction; and a membrane
jeining the upper steam tube, the upper water tube, and the steam pass-through tube to
form a pressure seal therebetween; wherein a center of the upper end of the upper
steam tube and a center of the upper end of the steam pass-through tube are aligned in
a first plane, and a center of the lower end of the upper water tube is offset from the first
plane. The lower transition casting comprises a lower steam tube having the steam
tube diameter and a steam passageway extending between a front end pointing in the
forward direction and an upper end pointing in the upper vertical direction; a lower water
tube having the water tube diameter and a water passageway extending between a
front end pointing in the forward direction and a lower end pointing in the lower vertical
direction; a water pass-through tube having the water tube diameter and a fluid conduit
extending between an upper end peinting in the upper vertical direction and a lower end
pointing in the lower vertical direction; and a membrane joining the lower steam tube,
the lower water tube, and the water pass-through tube to form a pressure seal
therebetween; wherein a center of the lower end of the lower steam tube and a center
of the lower end of the steam pass-through tube are aligned in a second plane, and a
center of the upper end of the lower steam tube is offset from the second plane.

[0022] Either transition casting may further comprise a heat transfer fin extending
from the membrane wall and abutting the upper water tube.

[0023] In various embodiments, the upper steam tube and the lower steam tube are
each fluidly connected to a steam inlet header located below the lower transition
casting; and the upper water tube and the lower water tube are each fluidly connected
to a water outlet header located above the upper transition casting.

-5-
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[0024] The lower furnace may be top-supported through the transition section. The
centers of the straight water tubes may be located in a different plane from the centers
of the straight steam tubes. The water tube diameter may be greater than the steam
tube diameter. The upper transition casting and the lower transition casting may be
made of stainless steel.

[0025] These and other non-limiting aspects and/or objects of the disclosure are
more particularly described below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] The following is a brief description of the drawings, which are presented for

the purposes of illustrating embodiments disclosed herein and not for the purposes of
limiting the same.

[0027] FIG. 1 diagrammatically shows a side-sectional view of an illustrative boiler.
Insets A, B, and C illustrate portions of piping.

[0028] FIG. 2 is a top cross-sectional view of the boiler of FIG. 1 through the upper
furnace along line A-A of FIG. 3.

[0029] FIG. 3 diagrammatically shows a more detailed side-sectional view of a
portion of the boiler of FIG. 1 including an illustrative layout of superheaters.

[0030] FIG. 4 diagrammatically shows a cooling circuit of the boiler of FIG. 1 and
FIG. 2.

[0031] FIG. 5 is a magnified perspective view of the boiler showing the transition
section.

[0032] FIG. 6 is a perspective view of the transition section.

[0033] FIGS. 7-10 are different views of an upper transition casting. FIG. 7 is a
perspective view. FIG. 8 is a front view. FIG. 9 is a top view, and FIG. 10 is a bottom
view.

[0034] FIG. 11 is a magnified front view of the heat transfer fin in circle B-B in FIG. 8
[0035] FIG. 12 is a cross-section through line C-C in FIG. 11.

[0036] FIGS. 13-16 are different views of a lower transition casting. FIG. 13 is a
perspective view. FIG. 14 is a front view. FIG. 15 is a top view, and FIG. 16 is a bottom
view.
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DETAILED DESCRIPTION
[0037] A more complete understanding of the processes and apparatuses disclosed
herein can be obtained by reference to the accompanying drawings. These figures are
merely schematic representations based on convenience and the ease of
demonstrating the existing art and/or the present development, and are, therefore, not
intended to indicate relative size and dimensions of the assemblies or components
thereof.
[0038] Although specific terms are used in the following description for the sake of
clarity, these terms are intended to refer only to the particular structure of the
embodiments selected for illustration in the drawings, and are not intended to define or
limit the scope of the disclosure. In the drawings and the following description below, it
is to be understood that like numeric designations refer to components of like function.
[0039] The modifier "about" used in connection with a quantity is inclusive of the
stated value and has the meaning dictated by the context (for example, it inciudes at
least the degree of error associated with the measurement of the particular quantity).
When used with a specific value, it should also be considered as disclosing that value.
For example, the term “about 2" also discloses the value “2" and the range “from about
2 to about 4" also discloses the range from 2to 4.”
[0040] It should be noted that many of the terms used herein are relative terms. For
example, the terms “inlet” and “outlet” are relative to a direction of flow, and should not
be construed as requiring a particular orientation or location of the structure. The terms
“upstream” and "downstream” are relative to the direction in which a fluid flows through
various components, i.e. the fluid flows through an upstream component prior to flowing
through the downstream component. It should be noted that in a loop, a first
component can be described as being both upstream of and downstream of a second
component. Similarly, the terms "upper’ and “lower” are relative to esach other in
location, i.e. an upper component is located at a higher elevation than a lower
component.
[0041] The terms “horizontal” and “vertical” are used to indicate direction relative to
an absolute reference, i.e. ground level. However, these terms should not be construed
to require structures to be absolutely parallel or absolutely perpendicular to each other.

"
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For example, a first vertical structure and a second vertical structure are not necessarily
parallel to each other.

[0042] The terms “top" and "bottom” or the terms "roof” and “floor” are used to refer
to locations/surfaces where the top/roof is always higher than the bottom/floor relative to
an absolute reference, i.e. the surface of the earth. The terms “upwards’ and
‘downwards” are also relative to an absclute reference; an upwards flow is always
against the gravity of the earth.

[0043] The term “plane” is used herein to refer generally to a common level, and
should be construed as referring to a volume, not as a flat surface.

[0044] A fluid at a temperature that is above its saturation temperature at a given
pressure is considered to be "superheated.” The temperature of a superheated fluid can
be lowered (i.e. transfer energy) without changing the phase of the fluid. As used
herein, the term “wet steam” refers to a saturated steam/water mixture (i.e., steam with
less than 100% quality where quality is percent steam content by mass). The terms
“wet steam” and “water" may be used interchangeably to describe any steam/water
mixture that contains from 0% to about 80% steam (i.e. 20% to 100% water). As used
herein, the term "dry steam” refers to steam having a quality equal to or about 100%
(i.e., no liquid water is present).

[0045] The terms "pipes” and “tubes’ are used interchangeably herein to refer to a
hollow cylindrical shape, as is commonly understood.

[0046] The term “natural circulation”, as used herein, refers to the circulation of water
through the boiler due to differences in density as the water is heated. Water circulation
can occur without the need for a mechanical pump.

[0047] To the extent that explanations of certain terminology or principles of the
boiler and/or steam generator arts may be necessary to understand the present
disclosure, the reader is referred to Sfteam/ts generation and use, 42nd Edition, edited
by G.L. Tomei, Copyright 2015, The Babcock & Wilcox Company, ISBN 978-0-
9634570-2-8, the text of which is hereby incorporated by reference as though fully set
forth herein.

[0048] In a small boiler using only water-cooled furnace walls, it is difficult or
impossible to achieve superheater and reheater outlet temperatures both at 1050°F for

bl
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150-300 MW net power generation, because it is not possible to provide sufficient
superheater / reheater surface area for heat transfer to the dry steam to obtain such
high temperatures.

[0049] One possible alternative is to employ a drumless once-through boiler design,
such as one of the Babcock & Wilcox Universal Pressure boiler designs. However,
these designs employ once-through steam generation. In a once-through design, the
transition point from wet steam to superheated steam depends on operating conditions,
rather than being defined using a steam separator (e.g. a steam drum). As a result,
more expensive piping is typically used for all piping/tubing in such once-through
designs for safety. This results in increased capital costs.

[0050] In the sub-critical boiler designs of the present disclosure, the furnace is
divided into two sections: a lower furnace using water-cooled membrane walls that
feeds into the steam separator, and an upper furnace using steam-cooled membrane
walls that is fed (directly or indirectly) by the dry steam outlet of the steam separator.
This approach advantageously enables lower cost carbon steel to be used for the lower
furnace walls, with more expensive piping being used only in the upper steam-cooled
furmace (including the convection path walls in some embodiments). Cost is lowered by
retaining the steam separator A higher steam output temperature is attainable because
the use of a steam-cooled upper furnace and convection pass walls provides additional
surface area for heat transfer from combustion / flue gases to the dry steam within the
steam-cooled walls, resulting in superheated steam of desired temperatures. Again,
such high superheated steam temperatures cannot be obtained with conventional
water-cooled walls in the upper furnace.

[0051] In some embodiments, further improvement is attained in such a design by
reducing the cross-section of the upper steam-cooled furnace compared with the lower
water-cooled furnace. This increases flue gas flow velocity in the upper steam-cooled
furnace compared with the lower water-cooled furnace, which provides more efficient
heat transfer in the high temperature gas path, and also reduces the amount of
materials and manufacturing cost.

[0052] In Carolina-Type Radiant Boiler designs, the convection pass is spaced apart
from the furnace by a horizontal convection pass whose horizontal length creates a

-9-
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spacing between the furnace and the convection pass. As a result, in the Carolina-Type
Radiant Boiler design, the furnace includes a rear wall and the convection pass includes
a front wall. In a folded design, these two walls are combined into one wall. In the
present disclosure, a common membraned steam-cooled wall is used to separate the
upper furnace up-pass and the adjacent convection pass. This eliminates the open pass
between the furnace and the convection pass, providing improved compactness for the
boiler and reduces the amount of materials and manufacturing cost.

[0053] These benefits set forth above are attained by replacing the conventional
water-cooled furnace with a two-part design in which the upper furnace is steam-cooled.
However, such a modification has certain potential disadvantages. Overall material cost
is increased due to the higher-cost alloys used in the upper fumace, but this can be
mitigated by approaches disclosed herein (e.g., reduced upper furnace cross-section,
employing a common steam-cooled wall between the furnace and the convection pass).
Another potential disadvantage is structural complications for the preferred
top-supported arrangement. This potentially arises because the lower furnace pipes are
preferably carbon steel to reduce cost, while the upper furnace pipes are higher cost
alloys for compatibility with steam cooling. Such a difficulty is also encountered in some
once-through super-critical furnaces that employ carbon steel pipes in a lower furnace
section to reduce cost. An example of such a design is the Babcock & Wilcox Spiral
Wound Universal Pressure (SWUP) Boiler. In the SWUP once-through super-critical
boiler design, the lower water-cooled furnace portion is top-supported via dedicated
lower fumace support components that connect with the upper boiler support via an
array of vertical tie rods and/or connections to the upper fumace water-cooled pipes.
The resulting assembly is complicated as the lower furnace must be secured by
installing its support components, followed by performing the pipe welding.

[0054] Such an approach employing dedicated lower furnace support components
can also be employed in sub-critical boiler designs with an upper steam-cooled furnace
and lower water-cooled furnace, as disclosed herein. However, in some embodiments
disclosed herein, such dedicated support castings and concomitant complex pipe
welding operations are eliminated, and in their place a transition section with integral
transition piping is employed. The transition section contains both water pipes and

-10 -
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steam pipes, and provides a location where these pipes can be run to headers. In the
transition section, at least some transition pipes are designed to be vertically oriented
pipes, and lower furnace support is achieved by tensile support via welds to these
vertically oriented transition pipes. The transition section can be made of a high alloy
steel material that is compatible with steam-cooling — it is therefore overdesigned for the
water-cooled transition pipes, but the ability to maintain top support for the lower
furnace outweighs the additional cost entailed by overdesigning these relatively short
water-cooled transition pipes. The transition section also acts as a pressure seal
between the furnace and the atmosphere.

[0055] Some illustrative embodiments of such sub-critical boilers are
diagrammatically shown and described below. These are merely illustrative examples,
and a given embodiment may include one, two, more, or all disclosed novel features
described herein.

[0056] FIG. 1 and FIG. 2 show different views of an illustrative sub-critical natural
circulation boiler of the present disclosure. FIG. 1 is a side-sectional view of the entire
boiler. FIG. 2 is a top (plan) view that passes through the upper furnace of the boiler.
[0057] With reference to FIG. 1, a sub-critical boiler 10 is diagrammatically shown.
The boiler 10 includes a lower furmace 12 which is water-cooled, an upper fumace 14
which is steam-cooled, and a transitional section 16 which in preferred embodiments is
formed from a single-piece transition casting. The illustrative boiler 10 is a folded boiler
design that further includes a convection pass 18 which is connected to the upper
furnace 14 to form what might be considered a horizontal pass 20. The walls of the
lower furnace 12, the transitional section 16, the upper furnace 14, and the convection
pass 18 collectively define the boiler.

[0058] Combustion / flue gas 22 are diagrammatically indicated by arrows, and these
gases flow through the boiler and heat the water / steam in the various walls of the
boiler. More specifically, combustion air is blown into the lower furnace 12 through an
air inlet 24, where it is mixed with a combustible fuel such as coal, oil, or natural gas. In
some preferred embodiments, the fuel is coal, which is pulverized by a pulverizer (not
shown). A plurality of burners 26 combusts the fuel/air mixture, resulting in flue gas.

The flue gas rises by natural convection through the up-pass formed by the lower
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furnace 12, the transition section 16, and the upper furnace 14, then flows horizontally
through the convection pass, which includes the convection pass 18 and finally exits
through a flue gas outlet 28 for further downstream processing. Preferably, a hopper 33
is provided to capture ash or other contaminants in the exiting flue gas.

[0059] The sub-critical boiler 10 is top-supported to the building structure via suitable
upper anchor points 30. These are diagrammatically indicated in FIG. 1. The pipes of
the upper furnace 14 and the convection pass 18 are vertically oriented and are directly
supported from the anchor points 30. The pipes of the lower furnace 12 are also
vertically oriented and are directly supported via welds to the transition section 16.
[0060] It is desirable to capture the heat energy present in the combustion / flue gas
22 for tasks such as driving an electrical power generation turbine (for example). To do
so, the sub-critical boiler 10 includes cooling surfaces comprising pipes or tubes through
which wet steam flows (these pipes or tubes are referred to herein as water-cooled) or
through which superheated steam flows (these pipes or tubes are referred to herein as
steam-cooled). More particularly, with reference to Inset A of FIG. 1, the lower furnace
12 includes water-cooled tubes 32 with membrane 34 disposed between and welded to
the tubes 32, so that the tubes 32 and membrane 34 collectively form a membrane wall
36, with the tubes 32 carrying flow of wet steam through the membrane wall 36. The
membrane wall 36 forms the barrier that contains the flue gas 22, i.e. the membrane 34
is welded or otherwise connected to the tubes 32 to provide a seal against leakage of
the flue gas 22. The water-cooled membrane wall 36 of the lower furnace 12 does not
see highly elevated water temperatures; for example, if the sub-critical boiler 10 is
designed for a maximum steam pressure of 2800 psig, then the saturated steam carried
by the water-cooled tubes 32 is at about 685°F (corresponding to the boiling point of
water at 2800 psig), though of course the combustion gas is at a much higher
temperature.

[0061] The upper furnace 14 and convection pass 18 are analogously made of a
steam-cooled membrane wall 46 comprising steam-cooled tubes 42 with membrane 44
disposed between and welded or otherwise connected to the tubes 42 (see Inset B of
FIG. 1), with the tubes 42 and membrane 44 collectively forming the membrane wall 46.
The tubes 42 carry a flow of superheated steam through the membrane wall 46. The
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steam-coocled membrane wall 46 carries steam at substantially higher steam
temperature than the water-cooled membrane wall 36. For example, the steam in the
steam-cooled membrane walls 46 may be at a temperature of over 1000°F, e.g. up to
1100°F in some contemplated embodiments. It should be noted that the roof 35 of the
furnace and the convection pass is also made of steam-cocled membrane wall. It
should also be noted that the diameter of the tubes and the spacing between the tubes
of the steam-cooled membrane walls may differ between the upper furnace and the
convection pass.

[0062] The tubes 32 of the water-cooled membrane wall generally have a greater
diameter than the tubes 42 of the steam-cooled membrane wall. In particular,
embodiments, the inner diameter of the water-cooled tubes is at least 0.5 inches greater
than the inner diameter of the steam-cooled tubes. The tubes of the water-cooled
membrane wall have an inner diameter of about 1.5 inches to about 2.0 inches, while
the tubes of the steam-cooled membrane wall have an inner diameter of about 1.0
inches to about 2.5 inches. The tubes of the water-cooled membrane wall have an
outer diameter of about 2.0 inches to about 2.5 inches, while the tubes of the steam-
cooled membrane wall have an outer diameter of about 1.3 inches to about 2.3 inches.
The tubes themselves may have a thickness of about 0.2 inches to about 0.5 inches.
[0063] In a typical steam flow circuit for the sub-critical boiler 10, water is inputted to
the lower ends of the water-cooled tubes 32 via a lower inlet header 50. As the water
travels upwards through these watercooled tubes 32, the water cools the tubes
exposed to high-temperature flue gas in the lower furnace 12 and absorbs energy from
the flue gas to become a steam-water mixture (i.e. wet steam) at subcritical pressure.
[0064] The wet steam exits the upper ends of the water-cooled tubes 32 and flows
via a wet steam outlet header 52 into an inlet 53 of a steam separator 54. The wet
steam outlet header 52 is preferably welded to water-cooled transition pipes within the
transition section 16. Preferably, the wet steam outlet header 52 facilitates venting of
the tubes 32 as appropriate during start up, shut down, or maintenance, etc. Any type of
steam separator may be used, e.g. employing cyclonic separation or so forth. In
particular embodiments, a vertical steam separator is used, such as that described in
U.S. Patent No. 6,336,429. A dry steam outlet 56 of the steam separator 54 at an upper
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end of the steam separator outputs substantially dry steam (i.e., steam with 100%
quality). A drain or water outlet 58 near the lower end of the steam separator 54 collects
water extracted from the wet steam for recycle back to the lower inlet header 50 feeding
the lower furnace 12.

[0065] The steam output from the dry steam outlet 56 flows to the convection pass
18 and then to the upper fumace 14. To provide additional surface for heat transfer, one
or more primary superheaters 60, re-heaters 62, and/or secondary superheaters 64
may be provided in the interior volume of the boiler, within the upper furnace 14 and the
convection pass 18. As illustrated here, one or more superheaters 60 disposed in the
convection pass 18; one or more re-heaters (or re-heating superheaters) 62 are
disposed in the convection pass 18 and/or in the upper furnace 14; and one or more
secondary superheaters 64 are disposed in the upper furnace 14. Again, the steam-
cooled furace walls 46 of the upper furnace 14 act as superheater surfaces as well. A
more detailed illustrative steam circuit is described in later drawings. It is to be
understood that the illustrative steam circuit is merely an example, and other steam
circuit configurations are contemplated, e.g. various superheater components may be
omitted, and/or located elsewhere, etc.

[0066] Unlike the membrane walls 46 of the steam-cooled upper furnace 14 and the
convection pass 18, the superheaters 60, 62, 64 located within the boiler are formed
from loose pipes/ tubes 72 without membranes joining the tubes together (see Inset C
of FIG. 1). These superheaters 60, 62, 64 are disposed in the interior of the flue boiler,
and desirably permit flue gas to pass through them, increasing the surface area through
which heat transfer from the flue gas to the steam within the pipes can occur. The
superheater pipes 72 are preferably made of an alloy steel material. In some
embodiments, the superheater pipes 72 and the steam-cooled membrane wall 46 are
made of the same alloy steel material, although this is not required.

[0067] As seen in FIG. 1, the superheaters 60, 62, 64 are surrounded by the
steam-cooled membrane walls 46. Said another way, the superheaters 60, 62, 64 are
contained within the upper furnace 14 and/or in the convection pass 18 as shown in the
illustrative boiler 10 of FIG. 1. The steam within the steam-cocled membrane walls 46
may be at the same or higher temperature than in the superheaters 60, 62, 64. Due o
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the additional surface area available for heat transfer from the flue gas to the
superheated steam within the various superheating surfaces 46, 60, 62, 64, the boiler
10 can achieve higher superheated steam temperatures than would be achievable with
a conventional water-cooled sub-critical boiler whose furnace walls are entirely cooled
by wet steam flowing through water-cooled pipes. However, the sub-critical boiler 10
retains the general layout of a sub-critical boiler, including employing the steam
separator 54 disposed (in a steam flow sense) between the wet steam sub-circuit and
the superheated steam sub-circuit, thus retaining advantages such as the operational
flexibility of a sub-critical boiler design.

[0068] The illustrative sub-critical boiler 10 employs certain features that enhance
compactness and efficiency. One feature is a reduced cross-sectional area for the
combustion / flue gas flow 22 through the upper furnace 14 compared with the lower
furnace 12. The referenced cross-sectional area is the horizontal cross-section in the
illustrative design in which the flue gas 22 flows vertically upward. In the illustrative
boiler 10, the reduction in cross-sectional area of the upper furnace 14 relative to the
lower fumace 12 is obtained via a "arch’ surface 76, which is slanted as the upper
furnace continues upward from the transition section 16, to reduce turbulence at the
transition to higher flow velocity. This has at least two benefits. First, the reduced cross-
sectional area of the upper furnace 14 reduces the amount of material (e.g. total surface
area of membrane wall 46) which reduces capital cost. Second, the higher velocity of
the flue gas flow 22 due to the reduced cross-sectional area increases the efficiency of
heat transfer to the steam-cooled pipes 42, 72. The transition section 16 is located
below the arch 76. The arch 76 is part of the upper fumace, and is also a steam-cooled
membrane wall.

[0069] FIG. 2 is a cross-sectional plan (top) view of the boiler 10 through the upper
furnace 14, and provides another view of the various components. The front wall 110 of
the upper furnace is shown in solid line, as is the front wall 112 of the lower furnace.
The area between these two walls is the arch 76. The upper furnace includes a first
side wall 114 and a second side wall 116 opposite the first side wall, both of which are
made of steam-cooled membrane walls 42. The fourth side of the upper furmace is
defined by a common steam-cooled membrane wall 80. The convection pass is defined
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by a first side wall 124, a second side wall 126 opposite the first side wall, and a rear
wall 128. A baffle wall 130 divides the convection pass into a front convection pass 17
and a rear convection pass 19. A primary superheater 60 is seen in the rear convection
pass 19, while a reheater 62 is seen in the front convection pass 17 and a secondary
superheater 64 is seen within the upper furnace 14.

[0070] Another feature that enhances the compactness and efficiency of this boiler
design is the use of a common steam-cooled membrane wall 80. The common steam-
cooled membrane wall 80 is both a “rear” wall of the upper furnace 14 and a “front” wall
of the convection pass 18. The upper furnace 14 and the convection pass 18 thus share
the common steam-cooled membrane wall 80, which comprises a single layer of pipes
sealed by a single layer of membrane disposed between and connected to the single
layer of pipes. The use of the common steam-cooled membrane wall 80 has numerous
advantages. The usual open pass between the furnace and the convection pass is
eliminated, providing a more compact design and reducing capital costs due to lower
surface area. The common steam-cooled membrane wall 80 is advantageously heated
both by flue gas flowing upward through the upper furnace 14 and by flue gas flowing
downward through the convection pass 18.

[0071] One issue with employing the common steam-cooled membrane wall 80 is
the large temperature variation between the flue gas temperature in the upper furnace
14, on the one hand, and the flue gas temperature in the convection pass 18 on the
other hand. This differential between the two flue gas temperatures will be felt by the
common steam-cooled membrane wall 80, Using transient modeling and finite element
analysis to determine the resulting stress in the walls of the boiler, it was found that
maximum thermal differential stress occurs during start-up, and more particularly occurs
in a small area about the bottom of the common steam-cooled membrane wall 80
adjacent walls 114, 124 on one side and walls 116, 126 on the other. Intuitively, this can
be understood since this bottommost part of the common steam-cooled membrane wall
80 is where there is the greatest temperature differential between the upward flue gas
flow in the upper furnace 14 and the downward flue gas flow in the convection pass 18.
This stress can cause boiler bowing/tearing, and is accommodated by providing seals at
the junction of the bottom of the common steam-cooled membrane wall 80, the fumace
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side walls 114, 116, and the convection pass side walls 124, 126, as analysis showed
that the overstressed area does not extend significantly up the common steam-cooled
membrane wall 80. These seals are illustrated in FIG. 2 with reference numeral 132.
[0072] It should be noted that the various improvements disclosed herein can be
used to advantage individually or in various combinations, and/or in various types of
boilers. For example, the disclosed common steam-cooled membrane wall 80 can also
be used to advantage in a once-through boiler design having a convection pass, or in
other types of boilers having two neighboring steam-cooled membrane walls.

[0073] With reference now to FIGS. 2-4, an illustrative steam-cooled circuit is
described that may be used in the boiler 10 of FIG. 1. FIG. 3 shows a side-sectional
view of the upper furmace 14, the convection pass 18, and the horizontal pass 20
connecting them. Also shown are more detailed renderings of the primary superheaters
60, reheaters 62, and secondary superheaters 64. In FIG. 3 and FIG. 4, the primary
superheaters 60 are labeled using the prefix "PSH"; the reheaters (i.e. re-heating
superheaters) are labeled using the prefix "RSH"; and the secondary superheaters are
labeled using the prefix “SSH". Additionally, economizers are shown, indicated by the
prefix “"ECON". Inlet headers are indicated by the suffix “IN” while outlet headers are
indicated by the suffix "OUT".

[0074] As shown in FIG. 3, there are four primary superheaters disposed in the rear
convection pass 19. Three of these employ horizontal tubes, and from lowest to highest
elevation are indicated as PSH1, PSH2, and PSH3. The fourth primary superheater
PSH4 is at the highest elevation and employs vertical pipes. Flow through the primary
superheaters is in sequential order by number, upward through the convection pass,
and the superheated steam exits at the PSH OUT header at the roof of the boiler.
[0075] Four reheaters RSH1, RSH2, RSH3, and RSH4 are also employed. Three of
these (RSH1, RSH2, and RSH3) are disposed in the front convection pass 17, while the
fourth reheater RSH4 is disposed near the top of the upper furnace 14. Cross-over
piping labeled RSH XOVER conveys steam from RSH3 in the convection pass 18 to
RSH4 in the upper furnace 14. Steam flow is from a lower inlet header RSH IN, through
the reheaters in sequential order, to an outlet header RSH OUT shown to the left of the
upper fumace 14 in FIG. 3.
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[0076] Four secondary superheaters SSH1, SSH2, SSH3, and SSH4 are disposed in
the upper furnace 14 below the fourth re-heater RSH4. Superheated steam flows from
the PSH OUT header to the SSH IN header shown to the left of the upper furnace 14,
then upwards successively through SSH1, SSH2, SSH3, and SSH4 and to the SSH
OUT header again shown to the left of the upper furnace 14 above the SSH IN header.
[0077] The steam-cooled circuit further includes superheater stringers denoted SH
STRINGER in FIG. 3, which are fed from SH STRINGER IN headers at the top of the
upper furnace and subsequently flow to the SH STRINGER OUT outlet header. These
stringers support the secondary superheaters. Similarly, reheater stringers are visible
which support the reheaters in the front convection pass.

[0078] Referring now to FIG. 4, a more detailed illustration of the components that

form the steam-cooled circuit and their interconnections is shown. The steam-cooled
circuit starts at the dry steam outlet 56 of the steam separator 54. Going downstream
from the steam separator, dry steam running downstream first flows from the dry steam
outlet 56 across the roof 90 of the boiler 10. Dry steam also flows down the rear wall
128 of the convection pass 18, The dry steam that flowed down the rear wall 128 then
flows up the convection pass side walls 124, 126 and the reheater stringer supports 91,
and then back down the upper baffle wall. The dry steam from the roof 90 of the boiler
flows up the lower baffle wall.

[0078] The two dry superheated steam streams from the upper baffle wall and the
lower baffle wall are then combined and flow into the primary superheaters 60 (i.e.
PSH1, PSH2, PSH3, PSH4 in FIG. 3). Please note the superheated steam travels
through all four primary superheaters, the steam is not divided so that only a portion
flows through each primary superheater. The superheated steam travels upwards to
the PSH OUT header (see FIG. 3). The superheated steam then travels downwards
through the superheater stringers (labeled SH STRINGER) in the upper furnace. From
there, the superheated steam travels upwards through the upper furnace front wall 110
and the common steam-cooled membrane wall 80 (acting as the upper furnace rear
wall). The superheated steam then travels upwards through the upper fumace side
walls 114, 116. Next, the superheated steam travels upwards through the secondary
superheaters 64. Again, the superheated steam passes through all four secondary
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superheaters (SSH1, SSH2, SSH3, and SSH4). After passing through the secondary
superheaters, the superheated steam has a pressure of 2000 psig or greater, and in
some cases 2500 psig or greater, such as about 2600 psig. The superheated steam
also has a temperature of 1000°F or greater, such as about 1050°F. The superheated
steam is then sent to a high-pressure turbine 92 where the heat energy is used for
electrical power generation. The superheated steam loses both temperature and
pressure within the high-pressure turbine 92. The output from the high-pressure turbine
is then sent back to the boiler 10 and sent through the reheaters 62. After passing
through the reheaters, the steam has a pressure of 500 psig or greater, such as about
600 psig, and also has a temperature of 1000°F or greater, such as about 1050°F. This
superheated steam can then be used to run a low-pressure turbine.

[0080] Referring back to FIG. 4, water is retumed from the low-pressure turbine.
This water passes through a condenser (COND), a boiler feed pump (BFP), and a
feedwater heater (FWH) before being sent to the economizer (ECON) to absorb
residual heat energy from the flue gas exiting the convection pass. From there, the
heated water from the economizer is sent to the steam separator 54. In the water-
cooled circuit, water is sent from the steam separator to lower furnace inlet header 50,
which feeds the water-cooled membrane walls of the lower furnace 12. Wet steam is
collected from lower fumace outlet header 52 and sent to the steam separator 54 for
separation into water and dry steam.

[0081] The steam-cooled circuit of FIG. 3 and FIG. 4 is merely an illustrative
example, and in other embodiments the number and locations of superheaters may be
different, as well as the arrangement of the various steam-cooled membrane wall and
superheater components in the steam-cooled circuit. The illustrative furnace of FIG. 1
with the illustrative steam-cooled steam circuit of FIG. 3 and FIG. 4 has been modeled
using 3D solid modeling software, and was determined from analysis thereof to provide
improved performance including a 1050°F/2600 psig superheater temperature/pressure
and a 1050°F/600 psig reheater temperature/pressure, for a boiler designed to provide
150 MW to 300 MW of net power.

[0082] Referring back now to FIG. 1, the transition section 16 connects the lower
furnace 12 to the upper fumace 14. As previously mentioned, this allows the lower
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furnace to be top-supported thruugh the transition section and the upper furnace. It
should be noted that the transition section is relatively short. The transition section is
only about 4 feet in total height.

[0083] FIG. 5 is a magnified perspective view of the boiler showing the transition
section 16. The transition section is made up of upper transition castings 200 and lower
transition castings 300. As will be explained in greater detail further herein, each
transition casting 200, 300 includes bent steam tubes and bent water tubes.
Dry/superheated steam flows through the bent steam tubes, and water or a water/steam
mixture) flows through the bent water tubes. As can be seen, this arrangement permits
steam cooled tubes to drain and water cooled tubes to be vented during start up.

[0084] The tubes of the upper transition castings 200 and lower transition castings
300 are fluidly joined to each other through straight steam tubes 1010 and straight water
tubes 1020 which are joined together via membrane 1040 to create a pressure seal. A
steam inlet header 1200 is present outside the pressure boundary (i.e. on the exterior of
the furnace), and is located below the lower transition casting 300. A water outlet
header 1100 is also located outside of the pressure boundary, and is located above the
upper transition casting 200. Steam-cooled tube 1012 connects the upper transition
casting 200 to the steam inlet header 1200. Steam-cooled tube 1014 connects the
lower transition casting 300 to the steam inlet header 1200. Water-cooled tube 1022
connects the upper transition casting 200 to the water outlet header 1100. Water-
cooled tube 1024 connects the lower transition casting 300 to the water outiet header
1100.

[0085] FIG. 6 is a perspective view of the transition section 16 only. The upper
transition casting 200 and the lower transition casting 300 are more easily visible here.
As more easily seen here, the straight steam tubes 1010 and the straight water tubes
1020 are joined together by membrane 1040. Going laterally, the straight steam tubes
1010 alternate regularly with the straight water tubes 1020 (i.e. steam tube, water tube,
steam tube, water tube, etc.). However, the straight steam tubes 1010 and the straight
water tubes 1020 are also arranged in different planes, with the membrane being
angled to join the tubes together.
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[0086] FIGS. 7-10 are different views of the upper transition casting 200. FIG. 7 is a
perspective view. FIG. 8 is a front view. FIG. 9 is a top view, and FIG. 10 is a bottom
view. The various components of the upper transition casting will now be described
below. These figures include arrows indicating a first vertical direction 201, a second
vertical direction 203 opposite the first vertical direction, a first lateral direction 208
which is perpendicular to the first vertical direction 201, and a second lateral direction
209 which is opposite the first lateral direction.

[0087] Referring now to FIGS. 7-10, the upper transition casting 200 is broadly
defined by a first steam tube 210, a first water tube 220, a first pass-through tube 230,
and membrane 240 that joins these three tubes 210, 220, 230 together to form a
pressure seal. The first steam tube 210 has a steam passageway extending between a
front end 212 pointing in the forward direction (i.e. outwardly from the furnace) and a
vertical end 214 pointing in a first vertical direction 201, which in this case is alsc an
upper vertical direction 205. The first water tube 220 has a water passageway
extending between a front end 222 that also points in the forward direction and a
vertical end 224 pointing in a second vertical direction 203. The second vertical
direction 203 is opposite that of the first vertical direction 201, and in this case is also a
lower vertical direction 207. The first pass-through tube 230 has a fluid conduit
extending between a first vertical end 232 that points in the first vertical direction 201
and a second vertical end 234 that points in the second vertical direction 203. It is
noted that the first steam tube 210 and the first water tube 220 do not cross over (i.e.
extend past) each other at the middle of the transition casting. Put another way, the
front end 212 of the first steam tube is closer to the vertical end 214 of the first steam
tube than the front end 222 of the first water tube is. Also, the front end 222 of the first
water tube is closer to the vertical end 224 of the first water tube than the front end 212
of the first steam tube is.

[0088] The upper transition casting 200 may also have additional steam tubes, water
tubes, and pass-through tubes. Here, the upper transition casting also has a second
steam tube 260, a second pass-through tube 270, and a second water tube 290. The
second steam tube 260 also has a steam passageway extending between a front end

262 pointing in the forward direction and a vertical end 264 pointing in the first vertical
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direction 201. The second water tube 290 also has a water passageway extending
between a front end 292 that also points in the forward direction and a vertical end 294
pointing in a second vertical direction 203. The second pass-through tube 270 has a
fluid conduit extending between a first vertical end 272 that points in the first vertical
direction 201 and a second vertical end 274 that points in the second vertical direction
203. Membrane 242 joins the first steam tube 210, first water tube 220, and the second
pass-through tube 270 together to form a pressure seal. Membrane 244 joins the
second steam tube 260, second water tube 290, and the second pass-through tube 270
together to form a pressure seal.

[0089] As seen particularly in FIG. 8, the first steam tube 210 and the first water tube
220 are |located vertically relative to each other (i.e. one above the other). The first
steam tube 210 and the first water tube 220 are both adjacent to a common side of the
first pass-through tube 230 (i.e. the first lateral side). The first steam tube 210 and the
first water tube 220 are also located between the first pass-through tube 230 and the
second pass-through tube 270.

[0080] The front end 212 of the first steam tube 210 is laterally offset from the front
end 222 of the first water tube 220, i.e. the center of the first steam tube is off to one
side of the center of the first water tube. The front end 212 of the first steam tube 210 is
also vertically offset from the front end 222 of the first water tube 220, i.e. they are at
different heights. Relative to itself, the front end 212 of the first steam tube 210 is
laterally offset from the vertical end 214 of the first steam tube 210, i.e. to one side. In
contrast, the front end 222 and the vertical end 224 of the first water tube 220 are
vertically aligned with each other.

[0091] As seen in FIG. 8, the first steam tube 210 has a steam tube diameter D1.
The first water tube 220 has a water tube diameter D2. The first pass-through tube 230
has a pass-through tube diameter D3. Depending on whether the pass-through tube
transports water or steam, the pass-through tube diameter D3 may be equal to either
D1 or D2. Here, the diameter D3 is equal to D1. Generally, the water tube diameter D2
will be greater than the steam tube diameter D1. As previously discussed above, in
particular, embodiments, the inner diameter of the water tubes is at least 0.5 inches

greater than the inner diameter of the steam tubes. The water tubes have an inner
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diameter of about 1.5 inches to about 2.0 inches, while the steam tubes have an inner
diameter of about 1.0 inches to about 2.5 inches. The water tubes have an outer
diameter of about 2.0 inches to about 2.5 inches, while the steam tubes have an outer
diameter of about 1.3 inches to about 2.3 inches. The tubes themselves may have a
thickness of about 0.2 inches to about 0.5 inches.

[0092] In FIG. 8, it is particularly noted that the first vertical ends 232, 272 of the
pass-through tubes 230, 270 are offset in the same lateral direction (i.e. in second
lateral direction 209) relative to the second vertical ends 234, 274. Also illustrated in
FIG. 7 and FIG. 8 is a heat transfer fin 250, which will be discussed in more detail
further herein.

[0093] Referring now to FIG. 9, which is a top view, the first steam tube 210, first
water tube 220, first pass-through tube 230, second steam tube 260, and second water
tube 290 of the upper transition casting 200 are marked. The front ends of these tubes
212, 222, 262, 292 are also marked, and it is noted that the front ends all terminate at
generally the same distance from the membrane 240. The membrane 240 is vertically
aligned and can be considered a rear side of the casting. Heat transfer fin 250 is also
visible, and will be discussed in greater detail further herein.

[0094] The first steam tube vertical end 214, the first pass-through tube first vertical
end 232, and the second steam tube vertical end 264 are all marked. Also marked is
the second pass-through tube first vertical end 272. The centers of these vertical ends
are marked as 232c, 214c, 272c, and 264c, going laterally. As seen here, these
vertical ends all have the same diameter, and the centers of these vertical ends are all
aligned in a first plane P1, which is a vertical plane that also marks a rear side of the
casting. Put another way, the centers of any two of these vertical ends define a first line
L1. ltis also noted that the centers are evenly spaced apart from each other.

[0095] Referring now to FIG. 10, which is a bottom view, the first steam tube 210,
first water tube 220, first pass-through tube 230, second steam tube 260, and second
water tube 290 of the upper transition casting 200 are marked. The front ends of these
tubes 212, 222 262, 292 are also marked.

[0096] The first water tube vertical end 224, the first pass-through tube second
vertical end 234, and the second water tube vertical end 294 are all marked. Also
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marked is the second pass-through tube second vertical end 274, The centers of these
vertical ends are marked as 234c, 224c¢c, 274c, and 294c¢, going laterally. As illustrated
here, for the lower end of the upper transition casting, and in contrast to that of FIG. 9,
the centers of the vertical ends are not all aligned in a single common plane. Rather,
they alternate between two different planes. The centers of the pass-through tubes
234c, 274c are aligned in a plane P1 which is substantially coincident with the first
plane P1 of FIG. 8. The centers of the water tubes 224¢, 294c are aligned in a second
different plane P2 that is offset from the first plane P1. The center 224c¢ of the vertical
end of the first water tube 220 is offset from the plane P1 by a distance that is about
equal to the radius of the first steam tube 210. Put another way, the center 224c¢ of the
vertical end of the first water tube 220 and the center 234c¢ of the second vertical end of
the first pass-through tube 230 define a second line L2. The first line L1 (see FIG. 9)
and the second line L2 form an acute angle. In embodiments, the acute angle formed
by L1 and L2 has a value of about 15° to about 25°.

[0097] Referring still to FIG. 10, membrane 240 is visible joining first pass-through
tube 230 to first water tube 220. Membrane 242 is visible joining first water tube 220 to
the second vertical end 274 of the second pass-through tube. Membrane 244 is visible
joining the second vertical end 274 of the second pass-through tube to the second
water tube 290. Membrane 240 can be considered a line (L2) joining the first pass-
through tube second vertical end 234 with the first water tube vertical end 224
Membrane 242 can be considered a line (L3) joining the first steam tube vertical end
224 with the second pass-through tube second vertical end 274. The lines L2 and L3
form an obtuse angle at their common point (first water tube vertical end 224). In
embodiments, the obtuse angle formed by L2 and L3 has a value of about 130° to
about 150°,

[0098] FIG. 11 is a magnified front view of circle A-A in FIG. 8. Present in this view
is membrane wall 280, second water tube 290, and heat transfer fin 250. However, it is
noted that the following discussion of the heat transfer fin applies generally to any
membrane wall, and water tube. Also visible in FIG. 11 is line C-C, which indicates the
cross-section shown in FIG. 12.
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[0099] Referring now to FIG. 12, the heat transfer fin 250 is intended to aid in heat
transfer from the membrane 280 to the water tube 290, thus keeping the temperature of
the membrane lower than without the fin. The heat transfer fin extends from the
membrane 280. A first edge 252 of the fin abuts the membrane 280, and a second
edge 254 of the fin abuts the water tube 290. The first edge is generally short
compared to the second edge. The fin is also coped, as represented by reference
numeral 251 (dotted lines indicating material removed from the fin and not present),
which can help in providing additional welding space near the steam tube of the casting
(not visible).

[0100] FIGS. 13-16 are different views of the lower transition casting 300. FIG. 13 is
a perspective view. FIG. 14 is a front view. FIG. 15 is a top view, and FIG. 16 is a
bottom view. The various components of the lower transition casting will now be
described below. Again, these figures include arrows indicating a first vertical direction
201, a second vertical direction 203 opposite the first vertical direction, a first lateral
direction 208 which is perpendicular to the first vertical direction 201, and a second
lateral direction 209 which is opposite the first lateral direction. It is noted that a heat
transfer fin 250 is not depicted on the lower transition casting, but that such may be
present if desired.

[0101] Referring now to FIG. 13 and FIG. 14, the upper transition casting 300 is
broadly defined by a first steam tube 310, a first water tube 320, a first pass-through
tube 330, and membrane 340 that joins these three tubes 310, 320, 330 together to
form a pressure seal. The first steam tube 310 has a steam passageway extending
between a front end 312 pointing in the forward direction (i.e. outwardly from the
furnace) and a vertical end 314 pointing in first vertical direction 201 / upper vertical
direction 205. The first water tube 320 has a water passageway extending between a
front end 322 that also points in the forward direction and a vertical end 324 pointing in
the second vertical direction 203 / lower vertical direction 207. The first pass-through
tube 330 has a fluid conduit extending between a first vertical end 332 that points in the
first vertical direction 201 and a second vertical end 334 that points in the second
vertical direction 203. It is noted that the first steam tube 310 and the first water tube
320 do not cross over (i.e. extend past) each other at the middle of the transition

.
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casting. Put another way, the front end 312 of the first steam tube is closer to the
vertical end 314 of the first steam tube than the front end 322 of the first water tube is.
Also, the front end 322 of the first water tube is closer to the vertical end 324 of the first
water tube than the front end 312 of the first steam tube is.

[0102] The lower transition casting 300 may also have additional steam tubes, water
tubes, and pass-through tubes. Here, the lower transition casting also has a second
steam tube 360 and a second pass-through tube 370, The second steam tube 360 also
has a steam passageway extending between a front end 362 pointing in the forward
direction and a vertical end 364 pointing in the first vertical direction 201. The second
pass-through tube 370 has a fluid conduit extending between a first vertical end 372
that points in the first vertical direction 201 and a second vertical end 374 that points in
the second vertical direction 203. Membrane 342 joins the first steam tube 310, first
water tube 320, and the second pass-through tube 370 together to form a pressure
seal.

[0103] As seen particularly in FIG. 14, the first steam tube 310 and the first water
tube 320 are located vertically relative to each other (i.e. one above the other). The first
steam tube 310 and the first water tube 320 are both adjacent to a common side of the
first pass-through tube 330 (i.e. the first lateral side). The first steam tube 310 and the
first water tube 320 are also located between the first pass-through tube 330 and the
second pass-through tube 370.

[0104] The front end 312 of the first steam tube 310 is laterally offset from the front
end 322 of the first water tube 320, i.e. the center of the first steam tube is off to one
side of the center of the first water tube. The front end 312 of the first steam tube 310 is
also vertically offset from the front end 322 of the first water tube 320, i.e. they are at
different heights. Relative to itself, the front end 322 of the first water tube 320 is
laterally offset from the vertical end 324 of the first water tube 320, i.e. to one side. In
contrast, the front end 312 and the vertical end 314 of the first steam tube 310 are
vertically aligned with each other.

[0105] As seen in FIG. 14, the first steam tube 310 has a steam tube diameter D1.
The first water tube 320 has a water tube diameter D2. The first pass-through tube 330
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has a pass-through tube diameter D3. Here because the pass-through tube transporis
water, the pass-through tube diameter D3 is equal to D2,

[0106] In FIG. 14, it is particularly noted that the first vertical ends 332, 372 of the
pass-through tubes 330, 370 are offset in different lateral directions relative to their
second vertical ends 334, 374. Put another way, the centers of the first vertical ends
332, 372 of the first pass-through tube and the second pass-through tube are closer to
each other than the centers of the second vertical ends of the first pass-through tube
and the second pass-through tube 334, 374.

[0107] FIG. 15 and FIG. 16 are a top view and a bottom view, respectively, of the
lower transition casting. It is noted that the top view of the lower transition casting
corresponds to the bottom view of the upper transition casting (FIG. 10). Thus, we will
discuss the bottom view of the lower transition casting first.

[0108] Referring now to FIG. 16, which is 2 bottom view for the lower transition
casting 300, the first steam tube 310, first water tube 320, and second steam tube 360
of the lower transition casting 300 are marked. The front ends of these tubes 312, 322,
362 are also marked, and it is noted that the front ends all terminate at generally the
same distance from the membrane 340. The membrane 340 is vertically aligned and
can be considered a rear side of the casting.

[0109] The first water tube vertical end 324, the first pass-through tube second
vertical end 334, and the second pass-through tube second vertical end 374 are all
marked. The centers of these vertical ends are marked as 334c, 324c, and 374c, going
laterally. As seen here, these vertical ends all have the same diameter, and the centers
of these vertical ends are all aligned in a third plane P3, which is a vertical plane that
also marks a rear side of the casting. Put another way, the centers of any two of these
vertical ends define a fourth line L4.

[0110] Referring now to FIG. 15, which is the top view of the lower transition casting,
the first steam tube 310, first water tube 320, and second steam tube 360 of the lower
transition casting 300 are marked. The front ends of these tubes 312, 322, 362 are also
marked.

[0111] The second steam tube vertical end 364, the first pass-through tube first
vertical end 332, the first steam tube vertical end 314, and the second pass-through
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tube first vertical end 372 are all marked. The centers of these vertical ends are marked
as 364c, 332c, 314c, and 372c, going laterally. As illustrated here, for the upper end of

the lower transition casting, and in contrast to that of FIG. 16, the centers of the vertical
ends are not all aligned in a single common plane. Rather, they alternate between two
different planes. The centers of the pass-through tubes 332¢, 372c are aligned in a
plane P3 which is substantially ceoincident with the third plane P3 of FIG. 16. The
centers of the steam tubes 364c, 314c are aligned in a fourth different plane P4 that is
offset from the third plane P3. The center 314c of the vertical end of the first steam
tube 310 is offset from the plane P3 by a distance that is about equal to the radius of the
first steam tube 310. Put ancther way, the center 314c of the vertical end of the first
steam tube 310 and the center 332c¢ of the first vertical end of the first pass-through
tube 330 define a fifth line L5. The fourth line L4 (see FIG. 16) and the fifth line LS form |
an acute angle. In embodiments, the acute angle formed by L4 and L5 has a value of
about 15° to about 25°.

[0112] Referring still to FIG. 15, membrane 340 is visible joining first pass-through
tube 330 to first steam tube 310. Membrane 342 is visible joining first steam tube 310
to the first vertical end 372 of the second pass-through tube. Membrane 340 can be
considered a line (L5) joining the first pass-through tube first vertical end 332 with the
first steam tube vertical end 314. Membrane 342 can be considered a line (L6) joining
the first steam tube vertical end 314 with the second pass-through tube first vertical end |
374. The lines LS and L6 form an obtuse angle at their common point (first steam tube |

vertical end 314). In embodiments, the obtuse angle formed by L5 and L6 has a value
of about 130° to about 150°.

[0113] The transition castings 200, 300 can be made by casting, which is a process
in which a liquid metal is poured into a mold and solidified as one piece. This also
allows the bends in the various tubes to be made at a much smaller radius compared to
normal bent tubes. The smaller radius permits a narrower membrane area, which
produces lower membrane metal temperatures and therefore longer service life.

[0114] The transition castings are preferably made with materials which can
accommodate the high temperatures needed to handle the superheated steam. For
example, SA217C12a, SA217WC39 or SA217WCT or SA217WC6 steel could be used.
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The castings are welded to the wall tubes of the upper furnace and the lower furnace,
and their use permits access for welding the various tubes and headers together.

[0115] The present disclosure has been described with reference to exemplary
embodiments. Obviously, modifications and alterations will occur to others upon
reading and understanding the preceding detailed description. It is intended that the
present disclosure be construed as including all such modifications and alterations
insofar as they come within the scope of the appended claims or the equivalents
thereof.
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CLAIMS:
We claim:
1. A transition casting, comprising:

a first steam tube having a steam tube diameter and a steam passageway
extending between a front end pointing in a forward direction and a vertical end pointing
in a first vertical direction;

a first water tube having a water tube diameter and a water passageway
extending between a front end pointing in the forward direction and a vertical end
pointing in a second vertical direction opposite the first vertical direction;

a first pass-through tube having a pass-through tube diameter and a fluid
conduit extending between a first vertical end pointing in the first vertical direction and a
second vertical end pointing in the second vertical direction; and

a membrane joining the first steam tube, the first water tube, and the first
pass-through tube to form a pressure seal therebetween;

wherein a center of the vertical end of the first steam tube and a center of
the first vertical end of the first pass-through tube are aligned in a first plane, and a
center of the vertical end of the first water tube is offset from the first plane.

)
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CESION A FAVOR DE BABCOCK & WILCOX COMPANY
CASO 7707

POR MEDIO DE LA PRESENTE CESION, realizada el dia 5 de abril de 2016, por parte
de Eric L. Wells, domiciliado en 9185 Hunters Chase Street NW, Massillon, Ohio 44646; y por
Roger A. Detzel, domiciliado en 1785 Fairway Drive, Uniontown, Ohio 44685; y por Albert J.
Bennet, domiciliado en 12539 Hollow Ridge Drive, Doylestown, Ohio 44230; y por Steven D.
Thayer, domiciliado en 7195 Lowmiller Road, Minerva, Ohio 44657; todos ellos ciudadanos de
Estados Unidos de América;

DECLARA: Que

CONSIDERANDO QUE somos los coinventores de cierta nueva y Gtil mejoria e invencién
en

FUNDICION DE TRANSICION PARA CALDERA CON HORNO SUPERIOR

REFRIGERADO POR VAPOR

para la cual hemos preparado y presentado una Solicitud de Titulo de Patente
Estadounidense el 5 de abril de 2016, y

CONSIDERANDO QUE BABCOCK & WILCOX COMPANY., una Compafiia
constituida bajo las leyes del estado de Delaware, EE.UU., cuyas oficinas principales se encuentran
ubicadas en 20 S. Van Buren Ave., Barberton, Ohio 44203, EE.UU., desea adquirir la totalidad de
los derechos, titulos e intereses en y para dicha mejoria e invencion, y todo y cualquier Titulo de
Patente que sea concedida para la misma;

AHORA BIEN, a quien pueda interesar, sépase que por y en consideracion de la suma de
Un Dolar ($1,00), a nosotros pagada en efectivo y en mano, y demas contraprestaciones a titulo
oneroso, cuyo recibo se reconoce por la presente, nosotros, Eric L. Wells, Roger A. Detzel, Albert J.
Bennet, y Steven D. Thayer, hemos vendido, cedido, transferido y traspasado, y por medio de la
presente vendemos, cedemos, transferimos y traspasamos a THE BABCOCK & WILCOX
COMPANY, sus sucesores y cesionarios, la totalidad de los derechos, titulos e intereses en y para la
mejoria, invencion y solicitud de patente antes mencionadas, y en y para todas las Patentes de
Estados Unidos que puedan ser concedidas para las mismas a partir de este momento, y en y para
toda y cualquier extension, division o reemision de dichas Patentes, las mismas que tendrd y de las
que gozara THE BABCOCK & WILCOX COMPANY para su propio uso y beneficio, y para el uso

y beneficio de sus sucesores y cesionarios, por todo el tiempo por el cual sea concedida dicha



Patente, tan plena y completamente como lo hubiéramos tenido y gozado nosotros si no hubiesen
ocurrido la presente venta y cesion;

Y, por la consideracion antes mencionada, convenimos y acordamos con THE BABCOCK
& WILCOX COMPANY, sus sucesores y cesionarios, que, en el momento de ejecucion y entrega
de la presente, somos los copropietarios legitimos de la totalidad de los derechos, titulos e intereses
en y para la mejoria, invencion, solicitud y patente antes mencionadas, y que las mismas se
encuentran libres de gravamen, y que tenemos derecho y autoridad legal para vender y transferir a
las mismas de la manera especificada en la presente;

Y, por la consideracion antes mencionada, convenimos y acordamos con THE BABCOCK
& WILCOX COMPANY, sus sucesores Yy cesionarios, que, siempre que su abogado o el abogado
de sus sucesores y cesionarios considere gque una modificacion o divisién o cualquier otro
procedimiento relacionado con dicha solicitud, incluyendo procedimientos de interferencia, es
legitimo y deseable, 0 que una reemisidén o extension de dicha Patente es legitima y deseable,
firmaremos todos los documentos y dibujos, prestaremos todos los juramentos correspondientes, y
realizaremos todas las acciones necesarias o requeridas para la obtencién de patentes validas para
dicha mejoria e invencion, o para la reemision o extension de las mismas, sin cargos a THE
BABCOCK & WILCOX COMPANY, 0 a sus sucesores y cesionarios, pero a costas de los mismos.

Por medio de la presente solicitamos al Honorable Comisionado de Marcas y Patentes de
Estados Unidos que emita las Patentes conforme al presente instrumento.

Y, por la anterior consideracion, hemos vendido, cedido, transferido y traspasado, y por
medio de la presente vendemos, cedemos, transferimos y traspasamos a THE BABCOCK &
WILCOX COMPANY, sus sucesores y cesionarios 0 personas designadas, la totalidad de los
derechos, titulos e intereses en y para todas las Patentes u otras formas de proteccion que puedan ser
otorgadas en paises fuera de los Estados Unidos, u otras formas de protecciéon que puedan ser
otorgadas y en y para todas y cualquiera de las solicitudes de Patentes o demas formas de proteccion
que puedan ser presentadas para dicha mejoria e invencion en paises fuera de los Estados Unidos,
incluyendo todos los derechos a reivindicar prioridad, y en y para la invencion descrita en dichas
solicitudes; y por medio de la presente autorizamos y habilitamos a THE BABCOCK & WILCOX
COMPANY, sus sucesores y cesionarios o personas designadas para que soliciten las Patentes o
demés formas de proteccion sobre dicha mejoria e invencién, en su nombre o en nombre de sus
sucesores, cesionarios o personas designadas, en todos y cualquiera de los paises en donde desee

presentar dichas solicitudes y donde dichas solicitudes puedan ser presentadas por cualquier persona



diferente a los inventores; y por medio de la presente convenimos y aceptamos firmar todos los
documentos y dibujos, prestar todos los juramentos correspondientes, y realizar todas las acciones
necesarias o requeridas para la obtencion de patentes vélidas u otras formas de proteccién para
dicha mejoria e invencion en paises fuera de los Estados Unidos, y para verter o confirmar el
derecho vy titulo de las mismas sobre THE BABCOCK & WILCOX COMPANY, sus sucesores y
cesionarios o0 personas designadas, sin cargo a THE BABCOCK & WILCOX COMPANY, sus
sucesores y cesionarios 0 personas designadas pero a sus expensas.

EN FE DE LO ANTERIOR, estampamos nuestra firma y sello en el dia y afio escritos

arriba.

(Firma ilegible) (Firma ilegible)
Eric L. Wells Roger A. Detzel
(Firma ilegible) (Firma ilegible)
Albert J. Bennet Steven D. Thayer
TESTIGOS:

(Firma ilegible) (Firma ilegible)
ESTADO DE OH )

) ss.
CONDADO DE SUMMIT )

En este dia 5 de abril de 2016 comparecieron personalmente ante mi Eric L. Wells, Roger A.
Detzel, Albert J. Bennet, y Steven D. Thayer, a quienes conozco como las personas descritas en y
quienes ejecutaron el anterior instrumento, y quienes reconocieron haber ejecutado el mismo para

los fines establecidos en el mismo.

SELLO SELLO NOTARIAL DEL ESTADO DE OHIO (Firma ilegible)
MICHAEL J. SEYMOUR
NOTARIO PUBLICO - OHIO
MI COMISION NO TIENE FECHA DE



VENCIMIENTO
BAJO LA SECCION 147.03 R.C.
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Sefor Director
DIRECCION DE NUEVAS CREACIONES

Superintendencia de Industria y Comercio

E. S. D.
Referencia: Expediente No. NC2017/0003187
Asunto: Solicitud de patente para: “FUNDICION DE TRANSICION PARA
CALDERA CON HORNO SUPERIOR ENFRIADO CON VAPOR”
Solicitante: THE BABCOCK & WILCOX COMPANY
Fecha de solicitud: 31 de marzo de 2017

RESPUESTA A EXAMEN PRELIMINAR

Yo, ANDRES RINCON USCATEGUI, identificado como aparece al pie de mi firma, en mi condicién de

apoderado de la sociedad solicitante de la patente de la referencia, doy respuesta al Oficio No. 5619.

I.  EN CUANTO AL ANALISIS DE PRIORIDAD

Presento, junto con la respuesta a este oficio, copia certificada del documento de la prioridad

invocada.

Il. EN CUANTO AL DOCUMENTO DE CESION

Presento, junto con la respuesta a este oficio, copia del documento de cesidn por parte de los

inventores a favor de los solicitantes.

Ill.  EN CUANTO AL RESUMEN

Mi representado se reserva el derecho de modificar el resumen dado que cumple con todos los

requisitos exigidos por el literal e) del articulo 26 y el articulo 31 de la Decision 486.

IV. EN CUANTO AL TiTULO

Mi representado se reserva el derecho de modificar el titulo.

V. EN CUANTO A LA DECRIPCION

Mi representado se reserva el derecho de modificar la descripcién.



VI. EN CUANTO A LAS OBJECIONES DE SUPUESTA FALTA DE CLARIDAD

1. El Examinador sefala que las reivindicaciones de la 1 a la 10 no son claras, en resumen, por

las siguientes razones:

- El predmbulo de las reivindicaciones independientes 1 y 2 “Una fundicidn de transicién” es

general.

- Los términos “un primer tubo de vapor” (reiv. 1 a 3), “un didmetro” (reiv. 1, 2), “un pasaje
de vapor” (reiv. 1, 2), “un extremo frontal” (reiv. 1, 2, 4 a 6), “una direccion hacia adelante” (reiv. 1,
2), “un extremo vertical” (reiv. 1, 2, 6), “una primera direccidn vertical” (reiv. 1, 2),“un primer tubo
de agua” (reiv. 1 a 3), “un pasaje de agua” (reiv. 1, 2), “una segunda direccion vertical” (reiv. 1, 2),
“un primer tubo pasante” (reiv. 1 a 3), “un conducto de fluido” (reiv. 1, 2), “un primer extremo
vertical” (reiv. 1, 2), “un segundo extremo vertical” (reiv. 1, 2, 5), “una membrana” (reiv. 1, 2), “un
primer plano” (reiv. 1), “un centro del extremo vertical” (reiv. 1, 2), “un centro del primer extremo

I”

vertical” (reiv. 2), “un centro del segundo extremo vertical” (reiv. 2), “un lado comun” (reiv. 3), “esta
desplazado tanto lateral como verticalmente del extremo frontal del primer tubo de agua” (reiv. 4),
“estan desplazados verticalmente uno del otro” (reiv. 5), “una aleta de transferencia de calor” (reiv.
7), “se extiende desde la membrana y que linda con el primer tubo de agua” (reiv. 7), “el didmetro
de tubo pasante es el mismo que el diametro de tubo de vapor” (reiv. 9), “el diametro de tubo

pasante es el mismo que el didmetro de tubo de agua” (reiv. 10), son imprecisos.

- Los términos “que une” (reiv. 1, 2), “pasante para formar un sello a presién entre estos”

(reiv. 1, 2), “define una primera linea” (reiv. 2) corresponden a caracteristicas funcionales.

- Los términos “adyacentes” (reiv. 3), “mayor que” son imprecisos.

— Incluir entre paréntesis ( ) los nimeros de referencia de cada uno de los elementos que

hacen parte de la invencidn de acuerdo con la numeracion empleada en los dibujos.

2. Mi representado se reserva el derecho de modificar “Una fundiciéon de transicién”para
cuando se realice el examen de patentabilidad, en aras de no limitar indebidamente la invencién.
En este sentido, es importante resaltar que el término “Una fundicién de transicion” no es general
sino que es muy conocido por personas versadas en la materia y, adicionalmente, se debe

interpretar en conjunto con la Descripcién.

3. Mi representado se reserva el derecho de modificar los términos “un primer tubo de vapor”

III

(reiv. 1 a 3), “un diametro” (reiv. 1, 2), “un pasaje de vapor” (reiv. 1, 2), “un extremo frontal” (reiv.

1, 2, 4 a 6), “una direccidn hacia adelante” (reiv. 1, 2), “un extremo vertical” (reiv. 1, 2, 6), “una



primera direccion vertical” (reiv. 1, 2),“un primer tubo de agua” (reiv. 1 a 3), “un pasaje de agua”
(reiv. 1, 2), “una segunda direccidn vertical” (reiv. 1, 2), “un primer tubo pasante” (reiv. 1 a 3), “un
conducto de fluido” (reiv. 1, 2), “un primer extremo vertical” (reiv. 1, 2), “un segundo extremo
vertical” (reiv. 1, 2, 5), “una membrana” (reiv. 1, 2), “un primer plano” (reiv. 1), “un centro del
extremo vertical” (reiv. 1, 2), “un centro del primer extremo vertical” (reiv. 2), “un centro del

|”

segundo extremo vertical” (reiv. 2), “un lado comun” (reiv. 3), “esta desplazado tanto lateral como
verticalmente del extremo frontal del primer tubo de agua” (reiv. 4), “estan desplazados
verticalmente uno del otro” (reiv. 5), “una aleta de transferencia de calor” (reiv. 7), “se extiende
desde la membrana y que linda con el primer tubo de agua” (reiv. 7), “el diametro de tubo pasante
es el mismo que el didametro de tubo de vapor” (reiv. 9), “el didmetro de tubo pasante es el mismo
que el didametro de tubo de agua” (reiv. 10) dado que no son imprecisos sino amplicamente

conocidos por personas versadas en la materia.

4. Difiero respetuosamente de la opinién del Examinador en lo referente al uso de las
expresiones “que une” (reiv. 1, 2), “pasante para formar un sello a presidn entre estos” (reiv. 1, 2),
“define una primera linea” (reiv. 2) dado que la Guia de Examen de Patentes permite el uso de
caracteristicas funcionales cuando buscan ilustrar o definir las caracteristicas técnicas de la
invencion. Dicha frase busca brindar mayr informacion sobre el alcance de las caracteristicas

técnicas.

5. Difiero respetuosamente de la opinién del Examinador en lo referente a que los
“adyacentes” (reiv. 3), “mayor que” son imprecisos dado que los citados términos fijan un minimo

necesario para que la invencidn sea realizada exitosamente.

6. Mi representado se reserva el derecho de incluir entre paréntesis ( ) los nimeros de
referencia de cada uno de los elementos que hacen parte de la invencidon de acuerdo con la

numeraciéon empleada en los dibujos.
Por todo lo anterior, considero que el Capitulo Reivindicatorio Modificado adjunto cumple con todos
los requisitos de claridad y concisidn, ajustandose asi a los lineamientos del Articulo 30 de la Decision
486, ya que cualquier persona medianamente versada en la materia estd en completa capacidad de
reproducir la invencién sin ambigiiedad alguna.

V. EN CUANTO AL PAGO DE TASA ADICIONAL POR EL NUMERO DE REIVINDICACIONES

Mi representado se reserva el derecho de realizar el pago por reivindicaciones adicionales.

V. PETICION



Teniendo en cuenta que la presente solicitud cumple con los requisitos de los Articulos 26 y 27 de
la Decision 486 de 2000 y considerando que se ha dado respuesta a cada una de las observaciones
de la Direccion de Nuevas Creaciones con respecto a otros aspectos que tienen que ver con la
patentabilidad de la invencidn, solicito a su Despacho continuar con el tramite administrativo

correspondiente.
VI. ANEXOS
- Copia certificada del documento de prioridad

- Cesion de inventores

Sefor Director,

ANDRES RINCON USCATEGUI
C.C. 79.780.910 de Bogota
T.P. 114.908
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

March 21, 2017

THIS IS TO CERTIFY THAT ANNEXED IS A TRUE COPY FROM THE
RECORDS OF THIS OFFICE OF A DOCUMENT RECORDED ON

APRIL 28, 2016.

By Authority of the

Under Secretary of Commerce for Intellectual Property
and Director of the United States Patent and Trademark Office

A E

OHN A BURSON
Certifying Officer
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THIS ASSIGNMENT made the & day of D00 , 20 1§, by Eric L,
Weills residing at §185 Hunters Chase Street NW, Massilion, Ohio 44848, and by

Roger A. Detzel, residing at 1788 Fairway Drive, Uniontown, Chic 44885; and by
Alert J. Bennett, residing st 12535 Holiow Ridge Drive, Doylestown, Chio 44230,
and by Steven D. Thayer, residing at 7185 Lowmiller Road, Minerva, Ohio 44857, all
citizeng of the United States of Amsrica;

WITNESSETH: That

WHEREAS, we are the nint inventrs of a cedain new and useful
improverment and invention in

TRANSITION CASTING FOR BOILER WHTH
STEAM COOLED UPPER FURNACE

for which we have prepared and executed an appiication for Letiers Pa’ieﬂf of
the United Siates on the ‘5‘5}\ day of gt _Zol\l and

WHEREAS, THE BABCOCK & WILCOX COMPANY, g Corporation organized
under the laws of the state of Delaware, U8 A, and having its principal office at 20

S. Van Buren Ave., Barberton, Ohio, U.8.A is desirous of acquiring the entire right,
title, and interest in and io said imgrovement and invention, and any and all Lettars
Patent which shall be granted therefor;

NOWY, THEREFCORE, To Al Whom It May Concern, be it known that Jor and in
consideration of the sum of One Dollar ($1.00) to us in hand paid, and other good
and valuable considerations, the receipt of which is hereby acknowledged, we, Eric L.
Wells, Roger A. Detzel, Albert J. Bennetl and Sieven D. Thayer, have sold, assigned,
fransferred and set over, and by these presents do sell, assign, fransfer and set over,
unto said THE BARCOCK & WILCOX COMPANY, Hs successors and assigns, the

entire right, Hitle, and intgrest in and to the above-mentioned improvement, invention,

and application for Letters Patent therefar, and in and to any and afl Letiers Patent of
the United Stales which may hereinafier be granted thersfor, and in and to any and
all extensions, divisions, or relssues of said Letters Pateni, the same to be held and
enjoved by said THE BABCOCK & WILCOX COMPANY, for its own use and behoof,
and the use and behoof of iis successors and assigns, to the full end of the term for
which said Letters Patent may be granted, as fully and entirgly as the same would
have bean held and enjoyed by us had this assignment and sale not been made;
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ASSIGNNENT YO THE BABCOCK & WILCOX COMPANY
CASE 7707

AND, for the consideration aforesaid, we hereby covenant and agree with said
THE BABCOCK & WILCOX COMPANY, #s successors and assigns, that at the time
of the sxenution and delivery of these preserits, we are the loint and lawful owners of
the entire right, tile, and intersst in and to the sbhove-mentioned %mprovemeﬁt..
invention, and application for Letiers Patent above mentioned, and that the same are
gnencumbered, and that we have good ﬁfght and lawiul authority to sell and convey
the same in the manner hereln sef forth,

AND, for the considaration aforssaid, we hersby covenant and agree with saig
THE BABCOCK & WILCDX COMPANY, s successors and assigns, that we will,
whenever iix counsel or the counsel of fis successors or assigns, learnad in the law,
shall advise that an amendment ar division or any other procesding in connaction
with said application, including interference proceedings, &8 lawfl and desirable or
that a reiesue or exdension of said Letters Patent je lawill and desivable, sign all
papers and drawings, take all rightiul caths, anddo a:ff acts negessary or raquired to
be done for the procurement of valid Letlers Patent for said improvement and
invention, or for the reissue or extension of sams, without charge o said THE
BABCOCK & WILCOX COMPARY, or s sucosssors or assigns, but at its or their
Sxpenss.

We hereby reguest the Honorable Commissioner of Patents and Trademarks
of the United Siates o lssus the Leflers Patent in accordance with this instrument,

AN, for the consideration aforssaid, we have sold, assigned, transferred and
sat over, and by these presents do sell, assign, transfer and sat over, unto sald THE
BABCOCK & WILCOX COMPANY, #s successors, assigns, of nominess, the entire
right, title, and interestin and to any and all Letlers Palent or other form of protection
which may be granted in countries foreign to the Unilsd States, and inand 1o gny and
al applications for Letters Patent ar other form of protection which may be filed for
said improvement and invention in countries foreign io the United States, including all
rights {o claim priotily, and in and o the invention described in said applications; and
we hereby authorize and enipower sald THE BABCOCK & WILCOX COMPANY, its
SUCCESEoS, assigns, of nominess, fo apply for Lelters Patent, or other farm of
profection, on said improvemant and invention, in 8 owh name or in the name of iis

SUCCESSOTS, &85igne, or nominges, in any and all courniries where it may desire {o file
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such applications and where such applications may be filed by ancther other than the
inventors: and we hereby covenant and agree fo sign ail papers and drawings, ke
all rightful ogths, and do all acls necessary or required to be done for the
procurement of valid Letters Patent, or ather form of protection, for sald improvement
and invention in countries foreign o the United States, and for further investing or
confirming the right and title thersto in said THE BABCOCOK & WILCOX COMPANY,
s successors, assigns, of nominees, without charge to said THE BABCOCK &
WIHLCOX COMPANY, is successors, assigns, of nomineges, but at s or their
gxpense.

N WITNESS WHEREGF, we have hereunto set our hands and sgal on the

day and year first above writlen.

P Noes Vs ki o _Aa"_«'?
f_/*ML el SN "‘)*"}»”i i i ,f,«fa 3%
Eric L. Welis Roger A, Datze!
¥ e
{ f m\&\a ;x 12T ] ey
Aihe_rt J. Bennat <
\f\ii"ﬁ\iﬁ‘%ﬁ%‘%ﬁ " Ty o
.' e _—— v -r??.- e )
M W s O LA S
&
STATE OF e )
) &85
COUNTY OF ‘::pwmjx‘ _____ }
Th
On this, the & dayof Bl 204 before me personally appearsd Eric

L. Weils, Roger qer A, Detzel, Albert J. Benneh. and Steven D. Thayer, me known and
known o me o be the persons described in and who executed the foregoing
instrumant; and they acknowledged o me that they exscuted the same for the
purpese thersin stated,

LSOHARL & EEYMIUR

AR PEIC - ORI

A By OOLHSRON AR MO BRRATONDATE
NI BECHOR WTBY B4
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