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membrane walls, the use limit is about 1000°F, so the dry steam from the separator
outlet 56 is sufficient to cocl the membrane walls.

[0081] In FIG. 6, the firing rate indicates the relative amount of heat being generated
by the boiler. The boiler is run at about 10% for four hours using oil before the boiler is
ramped up to 100% capacity. This permits the formation of steam sufficient to fill the
steam-cooled tubes. For the first two hours, the steam diversion path 100 is open, and
afterwards is closed to permit steam to fill the walls of the convection pass. After four
hours, the high-pressure turbine is fully loaded as well, and the fuel is switched to coal.
The firing rate, steam flow, and throttle pressure are then increased to their steady-state
operating values,

[0082] Advantageously, the supply of steam for start-up using this approach comes
from the steam separator 54. This allows the boiler 10 to be put in service without the
use of auxiliary steam and/or an auxiliary steam boiler. It will again be appreciated that
the disclosed approach for cooling membrane walls during start-up may be employed in
a wide range of boilers besides the illustrative boiler 10 of FIG. 1.

[0083] 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 boiler comprising:

a furmace including bummers and steam-cooled membrane walls, the
steam-cooled membrane walls comprising pipes sealed by membrane;

a steam separator having a dry steam outlet;

a steam-cooled circuit connected to the dry steam outlet of the steam
separator, the steam-cooled circuit including at least (i) a primary superheater
comprising pipes without membrane and (ii) the steam-cooled membrane walls of the
fumace, wherein the steam-cooled membrane walls of the furnace are located
downstream of the primary superheater in the steam-cooled circuit: and

startup control circuitry configured to (i) reduce flow to the primary
superheater and (ii) divert flow from the dry steam outlet of the steam separator to the
steam-cooled membrane walls of the furnace.

2 The boiler of claim 1, wherein the startup control circuitry includes:
at least one diversion valve that when opened operatively connects the
dry steam outlet of the steam separator to the steam-cooled membrane walls of the
furnace; and
at least one reduction valve in the steam-cooled circuit that is operative to
reduce flow through the primary superheater,

3. The boiler of claim 2, wherein the startup control circuitry further includes
an electronic controller configured to set the startup control circuitry into one of:

a startup mode in which the at least one diversion valve is opened and the
at least one reduction valve is operated to reduce flow through the primary superheater:
or

a normal operating mode in which the at least one diversion valve is
closed and the at least one reduction valve is fully open.

o
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4, The boiler of claim 1, wherein the startup control circuitry includes:
a valved diversion path connecting the dry steam outlet of the steam
separator to the steam-cooled membrane walls of the furnace; and
at least one reduction valve in the steam-cooled circuit that is operative to
reduce flow through the primary superheater.

5. The boiler of claim 4, wherein the startup control circuitry further includes
an electronic controller configured to set the startup control circuitry into one of:
a startup mode in which the valved diversion path is open and the at least
one reduction valve is operated to reduce flow through the primary superheater; or
a normal operating mode in which the valved diversion path is closed and
the at least one reduction valve is fully open.

6. The boiler of claim 5, further comprising a secondary superheater located
downstream of the steam-cooled membrane walls of the furnace in the steam-cooled
circuit.

7. The boiler of any one of claims 1-6, wherein the furnace includes:
a steam-cooled upper fumace having the steam-cooled membrane walls;
and
a water-cooled lower furnace formed by water-cooled membrane walls
that comprise pipes sealed by membrane, the water-cooled membrane walls not being
included in the steam-cooled circuit connected to the dry steam outlet of the steam
separator.
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8. A boiler, comprising:

a furnace including at least one steam-cooled membrane wall, the at least
one steam-cooled membrane wall comprising pipes sealed by membrane;

a steam separator having a dry steam outlet,

one or more primary superheaters comprising pipes without membrane;

a steam-cooled circuit running from the dry steam outlet to the one or
more primary superheaters and subsequently to the at least one steam-cooled
membrane wall of the furnace, and containing one or more reduction valves between
the one or more primary superheaters and the at least one steam-cooled membrane
wall of the furmace,

a diversion path running from the dry steam outlet through one or more
diversion valves to a location upstream of the at least one steam-cooled membrane wall
of the furnace and downstream of the one or more primary superheaters; and

control circuitry for switching dry steam flow from the steam separator
through the steam-cooled circuit or the diversion path.

8. The boiler of claim 8, wherein the control circuitry includes an electronic
controller configured to operate the one or more reduction valves and the one or more
diversion valves.

10. The boiler of claim 8, further comprising a convection pass formed by
steam-cooled convection pass membrane walls, the convection pass membrane walls
being located upstream of the one or more primary superheaters in the steam-cooled
circuit.

11. The boiler of claim 10, further comprising secondary superheaters
comprising pipes without membrane, the secondary superheaters being located
downstream of the at least one steam-cooled membrane wall of the furnace in the
steam-cooled circuit.

B
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12.  The boiler of claims 11, wherein the furnace includes:
a steam-cooled upper furnace having an upper furnace that includes the
at least one steam-cooled membrane wall, and
a water-cooled lower furnace formed by water-cooled membrane walls,
the water-cooled membrane walls not being included in the steam-cooled circuit
connected to the dry steam outlet of the steam separator,

13. A boiler start-up method for starting a boiler having a steam separator,
steam-cooled membrane walls forming at least a portion of a fumace, and a primary
superheater interposed in a steam-cooled circuit between a dry steam outlet of the
steam separator and the steam-cooled membrane walls, the method comprising:

reducing dry steam flow through the steam-cooled circuit; and

diverting dry steam flow through a diversion path that runs from the dry
steam outlet to a location upstream of the steam-cooled membrane walls of the furnace
and downstream of the primary superheater, wherein the diversion path bypasses the
primary superheater.

14. The boiler start-up method of claim 13, wherein the diverting comprises

opening a diversion valve upstream of the primary superheater.

15. The boiler start-up method of claim 13, wherein the reducing comprises
closing a reduction valve located in the steam-cooled circuit downstream of the primary

superheater.

16.  The boiler start-up method of claim 14, further comprising:
firing up the boiler using oil as fuel;
terminating the reducing and diverting responsive to a switch-over
condition; and
after the terminating, switching over from using oil as fuel to using coal as
fuel.
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17.  The boiler start-up method of claim 16, wherein the steam-cooled circuit
further comprises steam-cooled convection pass membrane walls, the convection pass
membrane walls being located upstream of the primary superheater in the steam-cooled
circuit,

18.  The boiler start-up method of claim 17, wherein the steam-cooled circuit
further comprises secondary superheaters comprising pipes without membrane, the
secondary superheaters being located downstream of the steam-cooled membrane
walls of the furnace in the steam-cooled circuit.

19. The boiler start-up method of claim 14, wherein the reducing comprises
closing a reduction valve located in the steam-cooled circuit downstream of the primary
superheater.

20.  The boiler start-up method of claim 19, further comprising:
firing up the boiler using oil as fuel;
terminating the reducing and diveriing responsive to a switch-over
condition; and
after the terminating, switching over from using oil as fuel to using coal as
fuel.
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HIGH TEMPERATURE SUB-CRITICAL BOILER WITH STEAM COOLED UPPER
FURNACE AND START-UP METHODS

ABSTRACT OF THE DISCL RE

A boiler is disclosed in which the fumace is divided into a lower furnace and an
upper furnace. The lower furnace uses water-cooled membrane walls, while the upper
furnace uses steam-cooled membrane walls that act as superheating surfaces. A
steam-cooled circuit includes a steam separator, a primary superheater, and the steam-
cooled membrane walls of the upper furnace. During start-up, a diversion path is
opened that reduces dry steam flow through the primary superheater and increases dry
steam flow through the steam-cooled membrane walls of the upper fumace. This
protects the steam-cocled membrane walls from excessive thermal stresses during

start-up.
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and its related bibliographic data, (2} any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
(1).

|B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
mey of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Inteliectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any decuments and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ 1 application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
|NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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PTOMALAM S (11-15)

Approved for use through 047302017, OMB DES1-0032

LS, Palent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papervork Reduction Act af 1885, no persons are required to respond 1o & coBaction of informafion unbess it contains & valid OMB control numbar.

Attorney Docket Mumber | Case 7709
Applicaticn Number

HIGH TEMPERATURE SUB-CRITICAL BOILER WITH STEAM COOLED UPPER FURNACE AND START-UP
METHODS

Application Data Sheet 37 CFR 1.76

Title of Inventicn

Applicant Information:

Providing assignmenl information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant |1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this seclion should not be completed,
The information to be provided in this seclion is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this seclion.
Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor
& Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated inventor:

if the Applicant is an Organization check here. &

Organization Name Ime Babcock & Wilcox Company
Mailing Address Information For Applicant:

Address 1 20 S, VVan Buren Avenue
Address 2
City Barberton State/Province OH
Country | IS Postal Code 44203
Phone Number Fax Number
Email Address
Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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LS, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1885, no persons sre required to respond fo & collecion of information unless it contains 2 valld OME conitrol number.

Attorney Docket Number | Case 7709
Application Number

HIGH TEMPERATURE SUB-CRITICAL BOILER WITH STEAM COOLED UPPER FURNACE AND START-UP
METHODS

Application Data Sheet 37 CFR 1.76

Title of Invention

Assignee h

Complete this section if assignee information, including non-applicant assignee information, is desired o be included on the patent
application publication. An assignes-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if idenfification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]
Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 [ ]
Address 2

City State/Province

Countryi Postal Code

Phone Number Fax Mumber

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14|c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/E1) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature I'nwansyn\om' Date (YYYY-MM-DD)| 2016-04-05
First Name | Michael Last Name Seymour Registration Number | 54436
Additional Signature may be generated within this form by selecting the Add button.
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.5, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Ast of 1295, no persons are required o respond 1o a collection of information unkess it contains a valid OME controd number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number | Case 7709
Application Number

Title of Invention

HIGH TEMPERATURE SUB-CRITICAL BOILER WITH STEAM COOLED UFPER FURNACE AND START-UF
METHODS

This collection of information is required by 37 CFR 1.76. The informalion is required 1o obiain or retain a benefil by the public which
is ta file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheel form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent fo the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. §3-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent, Accordingly, pursuant to the requirerments of the Act, please ba advised that: (1) the general authority for the collection of this information
is 35 ULS.C. 2(b)(2); (2) fumishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the US, Patent and
Trademark Office is to process and/for examine your submission related to a patent application or patent. If you do not furnich the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

Haekﬂmﬂmprwhedbymhﬁishmwﬁbeaﬁeﬂhﬁ:&fdhw&qmﬂmm

1 Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act {5 US.C. 552) and the Privacy
Act {5 U.5C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2 Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, Including disclosures to opposing counsal in the course of sattlement negotiations.

3 Arecord in this system of records may be disclosed, a a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4. Arecord In this systern of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in onder to perform
acontract. Recplents of information shall be required to comply with the requirernents of the Privacy Act of 1974, as amended, pursuant to 5 US.C
552a(m).

5, Arecord related to an International Application filed under the Patent Cooperation Treaty in this systern of records may be disclosed, as a routine use,
to the Intermational Buresu of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 ULS.C, 187)
and for review pursuant fo the Atomic Energy Act (42 US.C 218{c)).

7. - Arecord from this system of records may be disclosed, as a routine use, to the Adminlstrator, General Services, or his/her designes, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommand improvernents in records management practices and
programs, under authority of 44 U.5.C, 2904 and 2806. Such disclosure shall be made in accordance with the GSA regulations governing inspection of

records for this purpose, and any other relevant (l.e., GSA or Commerce] directive. Such disclosure shall not be used to make determinations about
individuals.

8. Arecord from this system of records may be disclosed, 25 a routine use, to the public after elther publication of the application pursuant to 35 US.C
122{b) or issuance of a patent pursuant to 35 US.C 151, Further, a record may be disclosed, subject to the limitations of 37 CFR 1.4, as a routine use,
ke the public if the record was filed in an application which became abandened or in which the proceedings were terminated and which application is
referenced by sither a published application, an application open to public inspections ar an issued patent.

9, A record from this system of records may be disclosed, a5 a routine use, 1o a Federal, State, or local law enforcernent agency, if the USPTO becomes
awars of a violation or potential violation of law or regulation,
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