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DECLARATION AND ASSIGNMENT
NON-PROVISIONAL PATENT APPLICATION

Title of Invention:  Deep Cleaning Alignment Equipment

L Declaration of Inventor

As the below named inventor, I hereby declare that:
This declaration is directed to the following APPLICATION:
X _The attached United States non-provisional patent application, or

—United States non-provisional patent application or PCT international application number
, filed on

The APPLICATION was made or authorized to be made by me,
I believe that I am the original inventor or an original joint inventor of a claimed invention in the APPLICATION.
I'have reviewed and understand the contents of the APPLICATION , including the claims.

Lacknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of
Federal Regulations §1.56.

Thereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.8.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

o, Assignment of the Invention

In consideration of the sum of One Dollar ($1.00) and other good and valuable considerations, the receipt of which
is hereby acknowledged, Thereby do sell, assign and transfer to Precision Iceblast Corporation (hereinafter referred
o as "ASSIGNEE"), a corporation organized under the laws of the state of Wisconsin. and located and doing
business at 801 Maple Street, Peshtigo, Wisconsin 54157, its successors and assigns, my entire right, title and
interest in said invention in my capacity as an inventor or as otherwise acquired by me, to the above identified
invention as set forth in the APPLICATION for United States Letters Patent therefore and any divisions or
continuations thereof, and any Letters Patent obtained for the said invention in the United States and foreign
countries, or issuing out of said application or any such division or continuation thereof, and any reissues or
extensions of any such Letters Patent.

The Commissioner of Patents is hereby authorized and requested to issue Letters Patent for said invention to the
ASSIGNEE, as assignee of the entire right, title and interest therein.

Icovenant that I have full right to convey my entire title and interest in said invention as an inventor, and that I have
not executed and will not exccute any agreement in conflict herewith,

1 further covenant that I will, at any time, upon request, execute and deliver any and all papers that may be necessary
or desirable to perfect the title in ASSIGNEE to said invention or any Letters Patent that may be granted therefore,
and that if ASSIGNEE, or its assignee, desires to. make a substitute, divisional or continuation application for said
Ivention, or 10 secure a reissue or extension of said Letters Patent, to file a disclaimer relating thereto, or an
application for a corresponding patent in any foreign country, and that I will, upon request, sign all papers, make all
rightful oaths, and do all lawful acts requisite for the said purpose, but at the expense of the ASSIGNEE.

I further covenant and acknowledge that the entire beneficial interest in the invention to which the above referenced
application relates is irrevocably vested in the ASSIGNEE including the right to make applications for protection in
all countries abroad and to claim priority under the International Convention for such applications and hereby assent
to the making of any such applications, with or without priority claim, and of any divisional applications resulting
therefrom.

Lfurther covenant that I will at all times, communicate to the ASSIGNEE, its successors, assigns, or legal
representatives, all facts relating to said invention and Letters Patent, or the history thereof, known to me, and testify
as to the same in administrative actions or other litigation when requested so to do.

I hereby authorize the ASSIGNEE or the attorney of record to insert the filing date and serial number of the
APPLICATION in this instrument: App. No. ; Filed:
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DECLARATION AND ASSIGNMENT
NON-PROVISIONAL PATENT APPLICATION

Title of Invention:  Deep Cleaning Alignment Equipment
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This declaration is directed to the following APPLICATION:
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—United States non-provisional patent application or PCT international application number
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Federal Regulations §1.56.

Thereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.8.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

o, Assignment of the Invention

In consideration of the sum of One Dollar ($1.00) and other good and valuable considerations, the receipt of which
is hereby acknowledged, Thereby do sell, assign and transfer to Precision Iceblast Corporation (hereinafter referred
o as "ASSIGNEE"), a corporation organized under the laws of the state of Wisconsin. and located and doing
business at 801 Maple Street, Peshtigo, Wisconsin 54157, its successors and assigns, my entire right, title and
interest in said invention in my capacity as an inventor or as otherwise acquired by me, to the above identified
invention as set forth in the APPLICATION for United States Letters Patent therefore and any divisions or
continuations thereof, and any Letters Patent obtained for the said invention in the United States and foreign
countries, or issuing out of said application or any such division or continuation thereof, and any reissues or
extensions of any such Letters Patent.

The Commissioner of Patents is hereby authorized and requested to issue Letters Patent for said invention to the
ASSIGNEE, as assignee of the entire right, title and interest therein.

Icovenant that I have full right to convey my entire title and interest in said invention as an inventor, and that I have
not executed and will not exccute any agreement in conflict herewith,

1 further covenant that I will, at any time, upon request, execute and deliver any and all papers that may be necessary
or desirable to perfect the title in ASSIGNEE to said invention or any Letters Patent that may be granted therefore,
and that if ASSIGNEE, or its assignee, desires to. make a substitute, divisional or continuation application for said
Ivention, or 10 secure a reissue or extension of said Letters Patent, to file a disclaimer relating thereto, or an
application for a corresponding patent in any foreign country, and that I will, upon request, sign all papers, make all
rightful oaths, and do all lawful acts requisite for the said purpose, but at the expense of the ASSIGNEE.

I further covenant and acknowledge that the entire beneficial interest in the invention to which the above referenced
application relates is irrevocably vested in the ASSIGNEE including the right to make applications for protection in
all countries abroad and to claim priority under the International Convention for such applications and hereby assent
to the making of any such applications, with or without priority claim, and of any divisional applications resulting
therefrom.

Lfurther covenant that I will at all times, communicate to the ASSIGNEE, its successors, assigns, or legal
representatives, all facts relating to said invention and Letters Patent, or the history thereof, known to me, and testify
as to the same in administrative actions or other litigation when requested so to do.
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 33-10022

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Deep Cleaning Alignment Equipment

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Keith R. Boye

Residence Information (Select One) (® US Residency (O Non US Residency () Active US Military Service

City | Hobart State/Province | WI Country of Residencé | US

Mailing Address of Inventor:

Address 1 1257 Thayer Trail

Address 2

City | Hobart ‘ State/Province | wi

Postal Code 54155 | Countryi | us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Matthew Peterson

Residence Information (Select One) (® US Residency (O Non US Residency () Active US Military Service

City | GreenBay State/Province | WI Country of Residencé | US

Mailing Address of Inventor:

Address 1 1237 Shepherds Path

Address 2

City | Green Bay ‘ State/Province | wi
Postal Code ‘ 54313 | Countryi | us

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

EFS Web 2.2.13
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Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 33-10022

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Deep Cleaning Alignment Equipment

[ | An Address is being provided for the correspondence Information of this application.

Customer Number 199904

Email Address docketing@wongmeyer.com

Application Information:

Title of the Invention Deep Cleaning Alignment Equipment

Attorney Docket Number| 33-10022 Small Entity Status Claimed [X]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 21 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this reference
to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under 35
[] U.S.C.122(b)and certify that the invention disclosed in the attached application has not and will not be the

subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (® Customer Number O USs Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 199904

EFS Web 2.2.13




PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

33-10022

L. Attorney Docket Number
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Deep Cleaning Alignment Equipment

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.
Prior Application Status | Pending :
L L ] L Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation in part of 17729133 2022-04-26
Prior Application Status | Patented
Applicati P Prior Applicati Filing Dat Issue Date
Fr)\lpulr%ile?n Continuity Type norNu‘:ﬁt;Z? lon I(WYYE‘-I\?IM-DD) Patent Number (YYYY-MM-DD)
17729133 Continuation in part of 16204281 2018-11-29 11313632 2022-04-26
Prior Application Status ﬁ
o o ] o Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16204281 Claims benefit of provisional 62597179 2017-12-11
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application thai
is eligible for retrieval under the priority document exchange program (PDX) the'information will be used by the Office to automatically
attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate responsibility for
ensuring that a copy of the foreign application is received by the Office from the patrticipating foreign intellectual property office, or a
certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number

Countryi

Filing Date (YYYY-MM-DD)

Access Codé (if applicable)

Add button.

Additional Foreign Priority Data may be generated within this form by selecting the

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition

Applications

EFS Web 2.2.13
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

) ) Attorney Docket Number | 33-10022
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Deep Cleaning Alignment Equipment

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
= contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.13



PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 33-10022

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Deep Cleaning Alignment Equipment

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority
to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see paragraph A
in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant application
(see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an

application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
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
copy 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 Intellectual 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 documents 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

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.

EFS Web 2.2.13
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Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 33-10022

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Deep Cleaning Alignment Equipment

Applicant 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.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section 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 section.

(® Assignee (OO Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O 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. [x]

Organization Name Precision Iceblast Corporation

Mailing Address Information For Applicant:

Address 1 801 Maple Street

Address 2

City Peshtigo State/Province Wi
Country us Postal Code 54157
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.

EFS Web 2.2.13
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Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

) ) Attorney Docket Number | 33-10022
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Deep Cleaning Alignment Equipment

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-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 identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. L]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country Postal Code
Phone Number Fax Number

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/81) on behalf of all joint inventor-applicants.
See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/brad |. meyer/ Date (YYYY-MM-DD)| 2024-07-25

First Name | Brad L. Last Name | Meyer Registration Number | 71766

Additional Signature may be generated within this form by selecting the Add button.

EFS Web 2.2.13
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DEEP CLEANING ALIGNMENT EQUIPMENT
CROSS-REFERENCE(S) TO RELATED APPLICATION(S)

[0001] This present application is a continuation-in-part application that claims
priority to U.S. Patent Application Serial No. 17/729,133 filed on April 26, 2022
and entitled Deep Cleaning Alignment Equipment, that claims priority to U.S.
Patent Application Serial No. 16/204,281 filed on November 29, 2018 and
entitled Deep Cleaning Alignment Equipment, which issued as U.S. Patent No.
11,313,632 on April 26, 2022, which claims priority on U.S. Provisional Patent
Application Serial No. 62/597,179, filed on December 11, 2017 and entitled
Deep Cleaning Alignment Equipment, the entire contents of both are hereby

expressly incorporated by reference into the present application.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The invention relates generally to power plants that produce electricity
including a heat recovery steam generator (HRSG) with boiler tubes therein and,
in particular, to equipment used to improve the ease with which modules housing
these boiler tubes can be cleaned.

2. Discussion of the Related Art

[0003] A combined-cycle power plant uses both a gas and a steam turbine together
to produce up to 50 percent more electricity from the same fuel than a traditional
simple-cycle plant. The waste heat from the gas turbine 18 routed through a Heat
Recovery Steam Generator (HRSG) to the nearby steam turbine, which
generates extra power. The boiler tubes within these HRSG's are contained
within different sized modules and have varying numnbers of tubes within each
module. The modules in the HRSG generally consist of some composition of
the following modules: Feedwater 1, Feedwater 2, LP FEconomizer, 1P

Economizer, HP Economizer, LP Evaporator, IP Evaporator, HP Evaporator, LP
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Preheater, [P Preheater, HP Preheater, LP Superheater, 1P Superheater, HP
Superheater, LP Reheater, [P Reheater, and HP Reheater. When these systems
get dirty, the rate of heat transfer can be reduced, which i turn reduces the
efficiency of such systems.

18004] Cleaning mside of the modules can be very difficult. In the past, the methods
avatlable were only able to clean the first one to two rows of tubes. By creating
an access lane between boiler tubes, enough space can be created between tubes
to insert specialized wands that allow all of the boiler tubes in the module to be
cleaned. In the past, this space would be created by mserting a metallic pomnted
wedge-like lancer between the tubes. Unce the access lane 1s created, a wand 1s
used to spray a ligmid or gas, traditionally air, to clean the tubes and associated
components. Oftentimes, these wands are merely configured to spray aw divectly
ahead. As a result, the wand must be inserted into each and every row of tubes
i order to clean the entire HRSG.

18065] Traditionally, such wedge-like bars were made of steel. Simlarly, most
tubes inside HRSG's are made up of either carbon steel, stainless steel, T22 or
T19. Because of the hard material of the wedge, use of these wedges oftentimes
presented risk of damage to the tubes or associated fins. Additionally, the
wedges are traditionally a pointed lance with a minimal height, which wcreases
the amount of stress caused where the wedge touches the tubes. Furthermore,
these wedges are oftentimes heavy and costly to transport. Further still, while
air 1s effective to clean some tube lanes, if can be meffective to clean hard
deposits.

[0006] What 1s therefore needed is deep cleantng alignment equipment that allows
the tubes to be spread to create an access lane that does not damage the tubes or
associated fins. What 1s further needed 15 a deep cleaning aligmment equipment
configured to spray vartous liquids or gases about the tubes and associated fins

to clean the HRSG. What 1s funther needed 1s a cleaning wand capable of
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spraying the hiquids or gases at a vanety of different angles relative to the tube
lanes.

SUMMARY AND OBJECTS OF THE INVENTION

[0007] By way of summary, the present invention is directed to a deep cleaning
alignment equipment that is used to clean a heat recovery steam generator
system and a method associated therewith. The heat recovery steam generator
system may include a plurality of metallic tubes. These tubes can be vertically
mounted, horizontally mounted, or mounted at various other angles. Each of
these tubes may include a base with a plurality of fins extending outwardly from
the base.

[0008]In accordance with a first aspect of the invention, the deep cleaning
alignment equipment may include an elongate wedge. The elongate wedge
includes a width, a length, and a height and may be configured to contact and
spread the tubes and fins to form a channel between the tubes. The elongate
wedge 1s configured to contact the tubes and fins about an extended surface area.
In turn, this minimizes a stress force between the wedge and the tubes.

[0009]In accordance with another aspect of the invention, the wedge may have a
height of at least six inches. The wedge may further have a height of at least
eight inches. Further still, the wedge may have a width of at least one half of an
inch. Also, the wedge could have a width of one inch. Additionally, the wedge
may have a length of at least three-and-a-half feet. Similarly, the wedge may
have a length of at least five feet.

[0010]In accordance with a first aspect of the invention, the deep cleaning
alignment equipment may include a composite wedge. The composite may be
softer than the metallic material of the tubes and associated fins. For instance,
the composite could be a high strength carbon nylon. More specifically, the
wedge may be made of nylon 12CF. In other embodiments, the wedge may be

of a metallic or other hard material. In yet other embodiments, the wedge may

Page 4 of 35



be made of a metallic or other hard material, but covered in a composite or other
softer material. The wedge may or may not include a handle for gripping.

[0011]In accordance with another aspect of the invention, the deep cleaning
alignment equipment may include a wand. The wand may be configured to spray
one of a liquid or a gas about the heat recovery steam generator system.
Additionally, the wand may be configured to be removably insertable into the
channel formed by the wedge. The wand may have a first end and a second end
opposite the first end. At the first end, a handle is mounted to the wand. At a
second end, an exit may be formed. For instance, the exit may be configured to
spray one of a liquid or a gas at an angle of approximately 30 degrees, 45
degrees, or at other angles relative to the channel.

[0012]In accordance to another aspect of the invention, multiple wands may be
provided. More specifically, a first wand may be provided and a second wand
may be provided. The first wand may be configured to push debris forward.
Additionally, the second wand may be configured to shoot a liquid or a gas. For
instance, the second wand may be configured to shoot dry ice. As stated above,
either wand may be configured to spray liquid or gas at an angle of
approximately 30 degrees, 45 degrees, or any other angle relative to the channel.

[0013] In accordance to another aspect of the invention, a method of using a deep
cleaning alignment equipment used to clean a heat recovery steam generator
system 1s described. The method includes the step of inserting an elongate
composite wedge having a width, a length, and a height, between the tubes to
spread the tubes to form a channel therebetween. The method may also include
the steps of inserting a wand into the channel and spraying a liquid or a gas
through the wand to clean the tubes and the fins. The method may further
include the steps of inserting a first elongate composite wedge having a first
width between the tubes, and then inserting a second elongate composite wedge
having a second width between the tubes, where the first width is smaller than
the second width. Further still, the method may include the step of spraying a
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quantity of dry ice through the wand to an exit to clean the tubes and fins, where
the exit sprays the quantity of dry ice at an angle of approximately 30 degrees,
45 degrees, or any other angle relative to the channel.

[0014]In accordance with other aspects of the present invention, the various
components may be made of a metallic material. In other embodiments, the
various components may be made of composite or other materials. In
accordance with yet another aspect of the present invention, the wedge may have
a handle at an end. In other embodiments, the wedge may not have a handle.

[0015]In accordance with yet another aspect of the present invention, the wedge
may be from approximately six inches to approximately nine feet in length, and
more preferably between approximately three feet and approximately five feet
in length. Additionally, the wedge may have a height of approximately a half of
an inch to a height of approximately two feet, and more preferably has a height
between approximately two inches and approximately eight inches. Further still,
the wedge may have a width of between approximately 1/8" of an inch and
approximately four inches, and more preferably between approximately a half
of an inch to approximately one and a half inches.

[0016]In accordance with yet another aspect of the present invention, the wedge
may have at least one, and more preferably multiple openings formed in the
wedge. These openings are configured such that various devices can be inserted
into one or more of the openings in order to expedite and simplify the removal
of the wedge from the heat recovery steam generator system. For instance, a
lever, L bracket, or other device may be inserted into one or more of the
openings, in which case the device can be used as a cantilever to help dislodge
the wedge from the heat recovery steam generator system. For instance, a user
may first use an outermost opening located closest to the end of the wedge that
1s not inserted into the heat recovery steam generator system. Once the wedge
1s moved away from the heat recovery steam generator system, the device may

be inserted into a second opening that is exposed when the wedge is initially
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moved. The device can then move the wedge further from the heat recovery
steam generator system. As many openings may be included as needed to
incrementally remove the wedge from the heat recovery steam generator system.
Additionally, the devices used to engage with the openings and remove the
wedge from the heat recovery steam generator system may be a mechanical
device where a user uses force to remove the wedge, or a pneumatic device could
be used to simplify and expedite the removal of the wedge from the heat recovery
steam generator system. These holes or openings may be in any desired size and
at any desired spacing, for instance not less than approximately 1/16% between
consecutive holes, and not more than approximately three feet between
consecutive holes.

[0017]In accordance with yet another aspect of the present invention, the wedge
may also be a multi-piece wedge. For instance, the wedge may come in two or
more pieces, which could potentially allow for cheaper and/or easier
transportation of the wedge from one location to another. By way of example
and not limitation, the various pieces of the multi-piece wedge may be secured
to one another using threaded openings, interlocking components, jigsaw
connections, and the like.

[0018] These, and other aspects and objects of the present invention will be better
appreciated and understood when considered in conjunction with the following
description and the accompanying drawings. It should be understood, however,
that the following description, while indicating preferred embodiments of the
present invention, is given by way of illustration and not of limitation. Many
changes and modifications may be made within the scope of the present
invention without departing from the spirit thereof, and the invention includes
all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A clear conception of the advantages and features constituting the present

invention, and of the construction and operation of typical mechanisms provided

Page 7 of 35



with the present invention, will become more readily apparent by referring to the
exemplary, and therefore non-limiting, embodiments illustrated in the drawings
accompanying and forming a part of this specification, wherein like reference
numerals designate the same elements in the several views, and in which:

[0020] FIG. 1 illustrates an isometric view of a deep cleaning alignment equipment
including a wedge;

[0021] FIG. 2 illustrates a top or bottom plan view of the deep cleaning alignment
equipment including the wedge of FIG. 1;

[0022]FIG. 3 is a side elevation view of the deep cleaning alignment equipment
including the wedge of FIG. 1;

[0023] FIG. 4 is a front elevation view of the deep cleaning alignment equipment
including the elongate wedge of FIG. 1;

[0024] FIG. 5 1s a rear elevation view of the deep cleaning alignment equipment
including the elongate wedge of FIG. 1;

[0025] FIG. 6 1s an isometric view of the deep cleaning alignment equipment of FIG.
1 as the wedge is inserted into a heat recovery steam generator to spread a
plurality of tubes to create a channel for a cleaning wand,

[0026] FIG. 7 is a top plan view of the deep cleaning alignment equipment with the
wedge spreading the plurality of tubes and the cleaning wand dispensing a
cleaning solution to the heat recovery steam generator;

[0027] FIG. 8 is a top plan view of the deep cleaning alignment equipment with the
wedge spreading the plurality of tubes and the cleaning wand dispensing a
cleaning solution to the heat recovery steam generator where the tubes are in a
staggered configuration;

[0028] FIG. 9 is a perspective view of one embodiment of a wand used with the deep
cleaning alignment equipment;

[0029] FIG. 10 is a detailed view of an exit of the wand of FIG. 9;

[0030]FIG. 11 1s another perspective view of the wand including a handle

associated therewith;
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[0031]FIG. 12 1s a perspective view of one potential nozzle used with the deep
cleaning alignment equipment;

[0032]FIG. 13 is a perspective view of the deep cleaning alignment equipment
where the wedge has been driven between tubes and fins associated with the heat
recovery steam generator before cleaning has commenced,;

[0033] FIG. 14 is a perspective view of the deep cleaning alignment equipment
where the wedge has been driven between tubes and fins associated with the heat
recovery steam generator after cleaning has been completed;

[0034] FIG. 15 1s an exploded perspective view of an embodiment of the deep
cleaning alignment equipment where the wedge is a multi-piece wedge;

[0035] FIG. 16 is a perspective view of the wedge of FIG. 15 in an assembled view;
[0036] FIG. 17 is a side elevation view of an embodiment of the deep cleaning
alignment equipment with a wedge having multiple openings formed therein;
[0037] FIG. 18 is a perspective view of the wedge of FIG. 17 with a removal bracket

installed relative to one of the multiple openings;

[0038] FIG. 19 is a perspective view of the wedge of FIGS. 17-18 inserted in a heat
recovery steam generator system with the removable bracket inserted therein to
remove the wedge from the system;

[0039] FIG. 20 is a perspective view of another embodiment of a wedge in use with
a plate;

[0040] FIG. 21 i1s a side elevation view of the wedge in use with the plate of FIG.
20;

[0041] FIG. 22 is a front elevation view of the wedge in use with the plate of FIGS.
20 and 21;

[0042] FIG. 23 is an exploded view of the wedge and plate of FIGS. 20-22;

[0043] FI1G. 24 is a perspective view of another embodiment of a wedge in use with
a plate;

[0044] FIG. 25 is a top plan view of the wedge and plate of FIG. 24;

[0045] FIG. 26 is an exploded view of the wedge and plate of FIGS. 24 and 25;
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[0046] FIG. 27 is a top plan view of another embodiment of a wedge that is
expandable and collapsible in a first configuration;

[0047] FIG. 28 is atop plan view of the wedge of FIG. 27 in a second configuration;

[0048] FIG. 29 is a perspective view of the wedge of FIGS. 27 and 28 in the first
configuration;

[0049] FIG. 30 1s a perspective view of the wedge of FIGS. 27-29 in the second
configuration;

[0050] FIG. 31 is a perspective view of another embodiment of a wedge that is
expandable and collapsible in a first configuration; and

[0051]FIG. 32 is a perspective view of the wedge of FIG. 31 in a second
configuration;

[0052] In describing the preferred embodiment of the invention which is illustrated
in the drawings, specific terminology will be resorted to for the sake of clarity.
However, it is not intended that the invention be limited to the specific terms so
selected and it is to be understood that each specific term includes all technical
equivalents which operate in a similar manner to accomplish a similar purpose.
For example, the word connected, attached, or terms similar thereto are often
used. They are not limited to direct connection but include connection through
other elements where such connection is recognized as being equivalent by those
skilled in the art.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0053] The present invention and the various features and advantageous details
thereof are explained more fully with reference to the non-limiting embodiments
described in detail in the following description.

[8084] A deep cleaming alignment equipment 20 and system for cleaning heat
recovery steam generator systems 22 or other types of heat exchangers and
associated tubes 24 1s generally shown in the figures. While the equipment 20
will be described with relation to a heat recovery steamn generator system 22, 1

should be noted that the equipment 20 could similarly be used 1 many other
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mstances where the exterior of vanous tubes needs to be spread apart for
cleaning purposes, such as in other heating, ventilation, and air conditioning
applications. As seen i FIGS. 6 and 7, the tubes 24 may be configared to align
with one another in an “mn ine” configuration. Alternatively, as shown m FIG.
8, the tabes 24 may be staggered relative to one another. Of course, other tube
24 contfigurations could sunilarly be used.

[0055] The deep cleaning alignment equipment 20 is specifically designed to
maximize the efficiency with which the heat recovery steam generator system
22 1s cleaned. The heat recovery steam generator system 22 includes a plurality
of tubes 24. As shown, these tubes 24 extend vertically about the system 22.
However, the tubes 24 could sumilarly be horizontally mounted, or mounted at
other angles as desired. Typically, these tubes 24 are made of steel, although
they could simiarly be made of other materials. While the figures merely show
exemplary cylindrical tubes 24, it should be noted that the tabes 24 may include
a plurality of fins 26 that extend outwardly from the tubes 24, as seen n FIGS.
12 and 13, While these fins are 26 not shown in all of the figures, it should be
noted that the deep cleaning ahgnment equipment 20 s configared to be
stmilarly compatible with any fins 26 or tubes 24 associated with a heat recovery
steam generator system 22.

18036] The deep cleanming alignment equipment 20 may mnclude a wedge/alignment
bar 28 and at least one wand 30, both of which will further be described below.
The wedge 28 is configured to encourage outward movement of the various
tubes 24 1n order to create a channel 32 between the tubes 24, Once the channel
32 1s formed, the at least one wand 30 s used to clean any materials located
about the tubes 24, The wedge 28 may have a handle 56 to provide something
auser can easily grasp to enhance use and movement of the wedge 28. However,
the wedge 28 does not require the mclusion of a handle.

[8087] Next, the wedge/alignment bar 28 as shown m FIGS. 1-5 will be further

described. Among other features, the wedge 28 preferably 1s elongate m shape,
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with an extended body 29 coming to a pomted end 31, As such, the wedge 28
could come in a number of different sizes. For instance, a wedge 28 that is
fonger and taller than other wedges traditionally used in this field could be used.
As a result, when the wedge 28 1s used, the surface arca of the wedge 28 that
contacts the tubes 24 can be wmcreased. In turn, this decreases the amount of
stress between the wedge 28 and the steel tube 24 about any specific point. Thas
wedge 28 would be approximately eight inches deep in order to spread out the
stress point on the about the wedge 28 and the tubes 24, This would also allow
for a greater opening along the length of the tabes 24 which would allow better
access for the cleaning wands 30. The width and the length of the wedge 28
would vary depending on the type of HRSG 22, width of module, type of
arrangement, tube spacing specific to the module being cleaned, and any other
factors that would impact the functionality of the deep cleaning alignment
equipment 20,

[0038] A few embodunents will now be described, although 1t should be noted that
these are exemplary, such that many other potential dimensioned wedges 28
could similarly be used. In a first embodiment, the wedge 28 could be between
three-and-a-half and five feet in length. In this embodiment the wedge 28 could
be between approximately one-half wch and one inch in width. The specific
size could vary based on the size of the module. For mstance, where a boiler
module contains twelve rows of fubes 24, a three-and-a-half-foot wedge 28
would be used. For any modules having over twelve rows of tubes 24, the longer
five-foot wedge 28 could be used. Where the tubes 24 are located m close
proxumation to one another, the skinmier one-half inch wide wedge 28 would
mitially be used. After the one-half inch wedge 28 1s mnserted, a one~-inch wide
wedge can be mserted to further space the tubes 24, Alternatively, tubes 24 with
a greater inifial distance from one another could simply be separated using the

one~-nch wide wedge 28.

Page 12 of 35



18059} According to another embodiment, the wedge 28 could be between two and
six feet m length. In this embodument the wedge 28 could be between
approximately one-half mch and one-and-a-half inch m width. The wedge 28
could further be between one mch m height and eight mches 1n haight

18066 In vet another embodiment, the wedge 28 could be between a quarter inch to
two inches wide. Additionally, the wedge 28 could be between a half an mch
and two inches wide. Also, the length of the wedge 28 could vary, for mstance,
between a foot long and ten feet long. Furthermore, the height of the wedge 28
could vary, between a hatfinch high and twelve nches hagh, and more preferably
between one mch high and eight inches high.

[0061]In yet another embodiment, the wedge 28 may be from approximately six
inches to approximately nine feet in length, and more preferably between
approximately three feet and approximately five feet in length. Additionally, the
wedge 28 may have a height of approximately a half of an inch to a height of
approximately two feet, and more preferably has a height between
approximately two inches and approximately eight inches. Further still, the
wedge 28 may have a width of between approximately 1/8" of an inch and
approximately four inches, and more preferably between approximately a half
of an inch to approximately one and a half inches.

18062] Another feature of the wedge 28 is that the wedge 28 may be made of a
composite component. This composite component is preferably made up of
material that is softer than the steel tubes 24 and fins 26. As a result, when the
wedge 28 18 mserted mto the HRSG 22 and comes into contact with the tubes 24
and/or fins 206, any abrasion from shding the wedge 28 i1 would be absorbed by
the composite wedge 28 wstead of the tubes 24 or fins 26, For stance, the
wedge 28 could be made of a high strength carbon fiber nylon. In one
embodunent, the wedge 28 1s made of nylon 12CF. Nylon 12CF 1s a lightweight
vet durable carbon-fiber remforced thermoplastic. Thus, the wedge 28 15 casily

transportable due to its weight, but still durable enough to be used with deep
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cleaning alignment equipment 20, Alternatively, the wedge 28 could be made
of any other material that 1s softer than the tubes 24 and fins 26 associated with
the tubes 24, which are typically made of steel, for stance, various plastics,
composttes, and nylon matertals. Of course, the wedge 28 could be configured
such that it 1s both elongate and made of the composite component {0 minimize
potential damage to the tubes 24 and fins 26

[0063] Additionally, the deep cleaning alignment equipment 20 may feature at least
one cleaning wand 30, as shown w detail in FIGS. 9-11. The cleaning wand 30
1s configured to spray a cleaning solution 34 of hquid or gas about the HRSG
22, More specifically, the cleantng wand 30 may be configured to spray dry ice.
This could include high densuty dry ice (CO2) pellets. These pellets will be
propelied with ultra-high pressure air ranging from 200 — 350 psi. This would
be advantageous as it would allow for cleaning of the HRSG 22 with the dry ice
eventually evaporating. Of course, other types of media blasting could similarly
occur. For mstance, the cleanmg wand 30 could similarly be configured to spray
other hiquids or gas, mcluding air, water, cleaning solution, and any other
material capable of cleaning the tubes 24 and fins 26.

10064] As shown, the cleaning wand 3¢ may have a first end 36 a second end 38.
At the first end 36, the cleaning wand 30 may 1nclude a handle 40 to allow a user
to firmly hold onto the cleaning wand 30 during use. At the second end 38, an
exit 42 1s formed. A supply channel 44 extends through the wand 30 to deliver
the hiquid or gas fo the exit 42. The exat 42 may direct ligmid or gas straight out
of the wand 30. Alternatively, the exat 42 may direct hgmd or gas out of the
wand 30 at vartous angles. More specifically, FIGS. 7, 9, and 10 show a wand
30 capable of sprayving hiqumd or gas out of the exit at an angle of approximately
45 degrees relative to the wand 30, although the wand 30 could similarly be
configured fo exit af an angle of approximately 30 degrees or any other desired
angle. The wand 30 could also be capable of front blowing and side blowing to

clean the tubes 24 and fins 26. Of course, the wands 30 could similarly blow

Page 14 of 35



hiquid or gas at any other angle as deswed. Additional wands 30 may also be
used, such as a first wand to blow air to remove an untial laver of debris, and a
second wand to shoot higuid or gas into the HRSG 22, Further still, the wand 30
may have any number of different nozzle assemblies 46 to vary the way the
hquid or gas is distributed from the wand 30. For mstance, FIG. 12 shows one
potential nozzle 46 configuration.

[8065] Furthermore, the wands 30 may be made of steel or compostte materials. The
use of composite materials could be desired for the same reasons as with the
compostie wedge 28 to reduce potential damage to the tubes 24 or fins 26 when
the wands 30 are quickly and rapidly moved about the tube 24 and fins 26. The
wands 30 will be moved up and down the wedged channel 32 i order to clean
the tubes 24 from all directions. Cleanmg may take place from each side of the
module (both upstream and downstream faces) with an overlap of the wedges 28
from each side.

[8066] Operating of the deep cleaning alignment equipment 20 will now be
described. Initially, the wedge 28 will be inserted between two adjacent rows of
tubes 24, In doing so, the adjacent rows of tubes 24 will be separated apart from
one another to form a channel 32, Where the adjacent rows of tubes 24 are
narrowly placed relative to one another, multiple wedges 28 may be used. For
mstance, a first wedge having a narrow width could be used to mutially separate
the tubes 24, after which a second wedge having a wider width to further separate
out the tubes 24 to create a channel 32 through which the wand or wands 30 can
be mserted. Once the channel 32 1s formed, the wand or wands 30 can be
removably nserted into the channel 32 to facilitate cleaning about the HRSG 22.

[0067] Additional features of the system will now be described. Turning initially to
FIGS. 15 and 16, the elongate wedge 28 may be a multi-piece elongate wedge
28. These figures show an exemplary multi-piece elongate wedge, but other
multi-piece wedges having different proportions could similarly be used. More

specifically, the wedge 28 may comprise one or more pieces 48 that can be
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releasably connected to one another using a variety of connector interfaces 50.
Such a wedge 28 1s desirable because it makes it easier, cheaper, more efficient,
etc. to ship the wedge 28 from one location to another. As shown, the wedge 28
has three sections 48a, 48b, 48c¢ that can be releasably connected to one another.
The various pieces/sections 48 may be releasably connected using any number
of different connector interfaces 50. By way of example and not limitation, the
connection interface 50 may be a threaded opening, such that adjacent pieces 48
may be rotated relative to one another so that the threaded section engages. In
another embodiment, the connection interface 50 may be an interlocking section,
with potion of adjacent pieces 48 interlocking with one another at the connection
interface. Further still, the connection interface 50 may have a jigsaw or other
connection. Regardless of what connection interface 50 is used, the connection
interface 50 allows the various pieces 48 to quick and easily be releasably
secured to one another with sufficient connection to operate as a wedge as
described herein, after which the pieces 48 can be disengaged from one another.
[0068] Turning next to FIGS. 17-19 show another feature associated with the wedge
28. Again, the embodiment shown in these figures are not made to scale, but are
shown with exaggerated dimensions, sizes, and proportions in order to
demonstrate the underlying features. More specifically, the embodiment shown
in these figures are to a wedge that has at least one, and as shown a plurality of
holes or openings 52 formed in the side of wedge 28. Various devices, such as
brackets, I-brackets, removal brackets, clips, bars, or any other device 54 capable
of being inserted into the openings 52 can be used to engage with the wedge 28
in order to facilitate removal of the wedge 28. As known to those in the art, once
the wedge 28 is installed, it can be difficult to remove the wedge 28 from a lane
of a heat recovery steam generator system or other system. These holes or
openings 52 help to facilitate this removal. As shown in FIG. 19, the wedge 28
1s installed into a heat recovery steam generator system, with an opening 52

exposed directly next to the handle 56. Again, the wedge 28 does not require a
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handle, but for the purposes of description of the location of the opening 52 the
handle 56 1s used as a point of reference to indicate the end of the wedge 28 that
1s not inserted into the system. When a user desires to remove the wedge 28
from the system, the device 54 is inserted into the first opening 52. Thereafter,
the device 54 is either manually grasped by a user and used as a cantilever, or
otherwise connected to another device such as a pneumatic device. The user or
pneumatic or other device pull the device 54 away from the system, and in turn
pull the wedge 28 at least partially away from the system. When the wedge 28
1s securely lodged in the system, it may only incrementally move out of the
system. Once a second opening 52 is exposed, the device 54 can be inserted in
the second opening 52, after which the process may be repeated. The wedge 28
may include as many openings as desired to facilitate incremental removal of
the wedge 28 from the system. The holes or openings 52 may be sized and
spaced relative to one another as desired. For instance, in certain embodiments,
the holes are between approximately 1/16" of an inch from one another and
approximately three feet from one another.

[0069] Turning next to FIGS. 20-23, additional features of the wedge 28 will be
described. More specifically, this embodiment includes a wedge 28 in
combination with a plate 58 or smash plate. The smash plate 58 is releasably
connectable to a near end 60 of the wedge 28. For instance, in the illustrated
embodiment, the smash plate 58 may include a plurality of hooks 62, while the
wedge 28 may include a plurality of compatible protrusions 64 extending from
the near end 60 of wedge 28. As shown, there are four hooks 62 and four
protrusions 64. As such, the protrusions 64 can be placed onto the hooks 62 and
held in place by the hooks. This allows the wedge 28 and the smash plate 58 are
held together during insertion of the wedge 28 into a channel 32.

[0070]In another embodiment shown in FIGS. 24-26, the smash plate 58 may
include one or more brackets 66 having openings 68 formed therein. The wedge

28 may complimentary openings 70 that align with the openings 68 formed in
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the brackets 66. In this embodiment, bolts 72 are inserted through the openings
68, 70, with nuts 74 being secured to the bolts 72. This is another way to secure
the smash plate 58 to the wedge 28. Of course, other fastening and securement
mechanisms, including pins, hinges, joints, locks, and the like could similar be
used to secure the smash plate 58 and the wedge 28 together.

[0071] The illustrated smash plate 58 is substantially rectangular or square in shape,
although it could take any number of different shapes and sizes. The smash
plate 58 provides a surface of contact significantly larger than the surface of
contact of the near end 60 of the wedge 28. Depending on the specific
configuration of wedge 28 and location being cleaned, a variety of different
smash plate 58 sizes may be utilized. For instance, in areas having minimal
clearance, but where a smash plate 58 having at least some additional surface
area is desired, a 3 inch by 3 inch square may be used. In areas having more
room, a 20 inch by 20 inch square may be used. Further still, where even more
space is available, a 36 inch by 36 inch square may be used. Because of this
increased surface area, it 1s much easier for a user or users to contact the smash
plate 58 to drive the wedge 28 further into a channel 32. Typically, these wedges
28 are driven by a sledgehammer or other object using blunt force contact. Thus,
the greater surface area of the smash plate 58 is, the easier to contact than the
near end 60 of the wedge 28 during insertion. This also increases safety for
users in comparison to insertion of the wedge 28 alone having a narrower surface
area using a sledgehammer or other blunt force object.

[0072] Turning next to FIGS. 27-30, further additional features of the wedge 28 will
be described. This illustrated embodiment includes a wedge 28 that has multiple
pieces that can be manipulated relative to one another for improved operational
characteristics. As shown, the wedge 28 includes first and second wedge halves
76, 78. By way of example and not limitation, each wedge half 76, 78 may be
approximately a quarter inch in width, although narrower or wider wedge halves

76, 78 may be used depending on the desired configuration of the wedge 28.
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The first and second wedge halves 76, 78 are manipulatable and movable relative
to one another about a hinge 77 located at the far end 79 of the wedge 28. More
specifically, the wedge halves 76, 78 may initially be in a collapsed position
where they are adjacent or substantially adjacent to one another. See FIGS. 27
and 29. In this configuration, the wedge 28 has a minimum width. Where the
wedge 28 includes quarter inch wedge halves 76, 78, the thickness of the wedge
28 in the collapsed configuration is approximately %2 inch. When in this
configuration, the wedge 28 can easily be inserted into a channel 32.

[0073] Once properly located, the wedge 28 can be moved into an expanded position
in which the two wedge halves 76, 78 are moved away from another about the
hinge 77 to a maximum width. For instance, in FIGS. 28 and 30, the wedge 28
includes a rod 80 such as a threaded rod and a plurality of gates 82 and are
movable when the threaded rod 80 1s rotated. More specifically, when in the
collapsed position, the gates 82 are oriented substantially parallel with the
threaded rod 80 or at an angle relative to the threaded rod 80. When the wedge
28 1s moved to the expanded position, the gates 82 are substantially
perpendicular to the threaded rod 80 so that the wedge halves 76, 78 are at a
maximum distance from one another. Where the wedge 28 includes quarter inch
wedge halves 76, 78, the thickness of the wedge 28 in the expanded
configuration is approximately 2 inches. Again, the wedge 28 may have a wider
or narrower width depending on desired operating characteristics of the wedge
28 and the channel.

[0074] The wedge halves 76, 78 may also be moved between the collapsed position
and the expanded position using other mechanisms that the threaded rod and gate
combination. For instance, as shown in FIGS. 31 and 32, another embodiment
shows the same wedge halves 76, 78 as those described above, but with the
inclusion of an inflatable bag, sack, or other device 84 capable of being quickly
and easily expanded or collapsed. The illustrated bag 84 is inflatable in a way

similar to an airbag used with a vehicle. More specifically, the bag 84 can be
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inflated by an air or other gas supply, or by filling the bag 84 with water or some
other liquid. Any of these gases or liquids may be supplied to the bag 84 about
a hose 86. Once inflated, the bag 84 holds the wedge halves 76, 78 in the
expanded configuration as seen in FIG. 32. After use is completed, the gas,
water, or other liquid can be depleted from the bag 84, through the hose 86 at
which point the wedge halves 76, 78 return to the collapsed configuration about
the hinge 37 as shown in FIG. 31. The wedge 28 can then quickly and easily be
removed from the channel .

[0075] Some general background will now be provided relating to the HRSG
process, as well as related components will now be provided.

[0076]HRSG Function and Design: As stated in Combine Cycle Theory, the
combined cycle setup is a combination of a simple cycle gas turbine (Brayton
cycle) and a steam power cycle (Rankine cycle). The Brayton cycle consists of
the compressor, combustor, and combustion turbine.

[0077]HRSG Function: The exhaust gas from the combustion turbine becomes the
heat source for the Rankine cycle portion of the combined cycle. Steam is
generated in the heat recovery steam generator (HRSG). The HRSG recovers
the waste heat available in the combustion turbine exhaust gas. The recovered
heat is used to generate steam at high pressure and high temperature, and the
steam 1is then used to generate power in the steam turbine/generator.

[0078] The HRSG is basically a heat exchanger composed of a series of preheaters
(economizers), evaporator, reheaters, and superheaters. The HRSG also has
supplemental firing in the duct that raises gas temperature and mass flow.

[0079] This section is intended to provide turbine operators with a basic
understanding of heat recovery steam generator (HRSG) design and operation.
The power generation block of the facility produces electrical power in two
separate islands:

e The first island within the combined-cycle power block is the combustion

turbine (CT) generator set.
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e The second island is the HRSG steam turbine generator set.

[0080] The HRSG absorbs heat energy from the exhaust gas stream of the
combustion turbine. The absorbed heat energy is converted to thermal energy
as high temperature and pressure steam. The high-pressure steamis then used
in a steam turbine generator set to produce rotational mechanical energy. The
shaft of the steam turbine is connected to an electrical generator that then
produces electrical power.

[0081] The waste heat is recovered from the combustion turbine exhaust gas stream
through absorption by the HRSG. The exhaust gas stream is a large mass flow
with temperature of up to 1,150 degrees Fahrenheit.

[0082] Most large HRSGs can be classified as a double-wide, triple-pressure level
with reheat, supplementary fired unit of natural circulation design, installed
behind a natural gas fired combustion turbine.

[0083] The steam generated by the HRSG is supplied to the steam turbine that drives
the electrical generator system.

[0084] HRSG Design: The function of the combined cycle heat recovery steam
generator (HRSG) system 1s to provide a method to extract sensible heat from
the combustion turbine (CT) exhaust gas stream.

[0085] The heat is converted into usable steam by the heat transfer surfaces within
the HRSG. The usable steam is generated in three separate and different pressure
levels for use in a steam turbine (ST) generator set and for power augmentation
of the CT.

[0086] The pressure levels and their associated components are:

o High pressure (HP)

o Intermediate pressure (IP)

o Low pressure (LP)

o Reheat (RH)

o Feedwater preheater (FWPH)
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[0087] All generated steam from the HP, RH, and LP systems is supplied to the
steam turbine, except for some LP steam used for deaeration. The IP steam is
mixed with the cold RH return loop prior to being admitted to the steam turbine.

[0088] Typical heat recovery steam generator circuits have four major components:

o Superheaters
o Evaporators
o Economizers
e Drum

[0089] Since a triple-pressure system may be operated of HP, IP, and LP, these
components may be used for each associated pressure. These components (with
the exception of the drum) are arranged in series in the gas flow path within the
HRSG. Essentially, this means that the heat transfer boiler circuits are not in
parallel with one another with respect to CT exhaust gas flow. The gas, after
having been used to heat the water/steam in the HRSG is released to the
environment through a stack.

[0090] Heat Recovery Steam Generator: The HRSG does not have any moving
parts, but it has thermal inertia, and rapid heating may result in high thermal
stresses, which would affect the operating life of the HRSG. In a HRSG, the
high-pressure drum is most vulnerable to buildup of thermal stresses if heating
i1s done very rapidly. To preclude this possibility, the drum is heated in a
controlled manner. The magnitude of the stress depends on the temperature
difference which, in turn, depends on the material type thickness, operating
pressure of the component, and the fatigue life cycles.

[0091] Controlling the pressure inside the drum can effectively control the
temperature difference. If a certain temperature difference is close to the design
limit, it can be controlled at that level by holding the pressure constant until the
temperature difference decreases because of an increase in the component
temperature due to conduction. The constant pressure or saturation temperature

line on the drum heating chart indicates this.
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[0092] Before an HRSG is put online, it is filled with water, and heat 1s applied. The
cold metal takes some time to get heated, and time is required to soak the HRSG.
The HRSG starts producing steam after a soaking period of a few minutes. If
the steam is not released, then the pressure starts building up. The amount of
steam produced and the increase in the pressure depend on the amount of heat
supplied. More heat produces more steam, and pressure increases at a faster rate.

[0093] The drum pressure can be controlled either by relieving the generated steam
or by controlling the heat input to the boiler.

[0094] Oftentimes, a combination of both means is used to accomplish the
controlled heating of the HRSG. The steam is relieved by venting to the
atmosphere or by sending it to a heat sink such as a condenser. Operating the
CT at reduced load controls the heat input. A gas-side bypass system, which
diverts part of the hot CT gasses to atmosphere, is sometimes used to control the
heat input to the boiler. It is not necessary to run the CT at reduced load if a
bypass system is provided.

[0095] High-Pressure Evaporator: In the HP EVAP section, the phase change
between water and steam occurs. This phase change occurs due to the
convective heat transfer or energy exchange between the CT exhaust gas stream
and the water in the HP EVAP modules. The HP EVAP modules are all single-
pass with no upper and lower header internal baffles. Steam/water mixture flows
in upward direction through the tubes and escapes to the steam drum via riser
system. Water is fed to the modules from the two downcomer feeder header
assemblies. This is referred to as a natural circulation loop.

[0096] High-Pressure Steam Generator: The HPSG is composed of an economizer
(HP ECON), evaporator (HP EVAP), and superheater (HP SH). The HPSG flow
path is from the economizer to the steam drum/evaporator and finally to the
superheater. The sections are located strategically in the exhaust gas stream
according to the declining temperature of the exhaust gas and the increasing

temperatures of the heated feedwater, thus providing maximum energy recovery
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from the CT exhaust. The location of these heat transfer surfaces may be found
on the right side setting elevation drawing.

[0097] The HPSG 1s equipped with a system of three safety relief valves; typically,
two are mounted vertically on top of the drum, and one is mounted vertically on
the HP main steam header. All PSVs are closed during normal operation;
however, in an overpressure situation, the HP superheater PSV will lift first. If
the pressure continues to build, the HP drum PSVs will lift (lowest pressure
setting first). The three PSVs are designed to relieve 100% of the total HP steam-
generating capacity.

[0098] High-Pressure Economizer: Each module is multipass on the water side and
single-pass on the gas side. This is accomplished by internal baffles in the upper
and lower module headers.

[0099] The HPEC receives feedwater from the feed pumps (provided by others) and
absorbs heat from the CT exhaust gas, lowering the CT exhaust gas temperature
and raising the water temperature to near saturation prior to entering the high-
pressure steam drum.

[0100] High-Pressure Superheater: Steam on the inside of the tubes is received from
the high-pressure steam drum at saturated temperature and is heated to final
steam temperature.

[0101] The HP superheater is equipped with an interstage attemperator. The
attemperator control valve and spray nozzle assembly typically is located
between HP SHTR 2 and HP SHTR 3. The attemperator is supplied for final
steam temperature control. The spray attemperation process uses water as the
cooling media. The spray water is directly fed to the attemperator from the HP
feed pumps discharge line. Final steam temperature control is important for
protection of the superheater and equipment served by the HRSG. The spray
attemperation is designed to limit final steam temperature at HP superheater

outlet to final design steam temperature.
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[0102] Intermediate Pressure Steam Generator: The IPSG i1s composed of an
economizer (IP ECON), evaporator (IP EVAP), and superheater (IP SH). The
IP steam generator economizer forms a tube bank consisting typically of two
rows. The IP EVAP consists of many rows and the IP SH consists of typically
only two rows. The IPSG flow path is from the economizer to the steam
drum/evaporator and finally to the superheater. The sections are located
strategically in the exhaust gas stream according to the declining temperature of
the exhaust gas and the increasing temperatures of the heated feedwater, thus
providing maximum energy recovery from the CT exhaust.

[0103] The IPSG is equipped with a system of three safety relief valves; typically,
two are mounted vertically on top of the drum, and one is mounted vertically on
the IP main steam header. All PSVs are closed during normal operation;
however, in an overpressure situation, the IP superheater PSV will lift first. If
the pressure continues to build, the IP drum PSVs will lift (lowest pressure
setting first). The three PSVs are designed to relieve 100% of the total IP steam-
generating capacity.

[0104] Intermediate Pressure Economizer: Each module is multipass on the water
side and single-pass on the gas side. This is accomplished by internal baffles in
the upper and lower module headers. The IPEC receives feedwater from the
feed pumps (provided by others) and absorbs heat from the CT exhaust gas,
lowering the CT exhaust gas temperature and raising the water temperature to
near saturation before entering the steam drum.

[0105] Intermediate Pressure Evaporator: In the [P EVAP section, the phase change
between water and steam occurs. This phase change occurs due to the
convective heat transfer or energy exchange between the CT exhaust gas stream
and the water in the IP EVAP modules. The [P EVAP modules are all single-
pass with no upper and lower header internal baffles. Steam/water mixture flows

in upward direction through the tubes and escapes to the steam drum via riser
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system. Water is fed to the modules from the two downcomer feeder header
assemblies. This 1s referred to as a natural circulation loop.

[0106] Intermediate Pressure Superheater: Steam on the inside of the tubes is
received from the steam drum at saturated temperature and is heated to final
steam temperature.

[0107] Reheater: Steam on the inside of the tubes is received from the cold reheat
line at the HP steam turbine discharge. The cold reheat steam 1s superheated by
the reheater to a final hot reheat steam temperature.

[0108] The RH is equipped with an interstage attemperator located prior to the final
reheater module. The attemperator is supplied for final steam temperature
control. The spray attemperation process uses water as the cooling media. The
spray water 1s directly fed to the attemperator from the IP feed pumps discharge
line. Final steam temperature control 1s important for protection of the reheater
and equipment served by the HRSG.

[0109] Low-Pressure Steam Generator: The low-pressure steam generator includes
an evaporator (LP EVAP) and a superheater (LPSH). The two are circuit
components and are in-series interspersed within the HRSG setting. The LPSG
flow path is from the LP ECON, to the steam drum/evaporator, and finally to the
superheater. There are no intervening valves between the steam drum and the
superheater surface. The location of these heat transfer surfaces may be found
on the Vogt-NEM sectional right-side elevation drawing.

[0110] The LPSG i1s equipped with a system of three safety relief valves; typically,
two are mounted vertically on top of the drum, and one is mounted vertically on
the LP main steam header. All PSVs are closed during normal operation;
however, in an overpressure situation, the LP superheater PSV will lift first. If
the pressure continues to build, the LP drum PSVs will lift (lowest pressure
setting first). The three PSVs are designed to relieve 100% of the total LP steam-

generating capacity, including maximum pegging steam.
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[0111] Low-Pressure Evaporator: The LP EVAP modules are all single-pass with
no upper and lower header internal baffles. The modules are oriented in this
direction to allow steam bubbles generated to escape via the riser tubes to the
steam drum. Water is fed to the modules from the downcomer feeder header
assemblies. This is referred to as a natural circulation loop.

[0112]In the LP EVAP section, the phase change between water and steam or steam
generation occurs. This phase change occurs due to the convective heat transfer
or energy exchange between the gas turbine exhaust gas stream and the water in
the LP EVAP tubes generating steam.

[0113] Low-Pressure Superheater: Steam on the inside of the tubes is received from
the steam drum at saturated temperature and is heated to final steam temperature.

[0114] Feedwater Preheater: The modules have multiple passes on the water side.
This 1s accomplished by internal baffles in the upper and lower headers.

[0115] The FW PHTR receives feedwater from the condensate pump system and
absorbs heat from the gas turbine exhaust, lowering the gas temperature and
raising the water temperature. The FW PHTR increases HRSG efficiency.

[0116] While the above description provides a number of potential uses of the deep
cleaning alignment equipment, it should be noted that there are virtually
innumerable uses for the present invention, all of which need not be detailed
here. All the disclosed embodiments can be practiced without undue
experimentation.

[0117] Although the best mode contemplated by the inventors of carrying out the
present invention is disclosed above, practice of the present invention is not
limited thereto. It will be manifest that various additions, modifications and
rearrangements of the features of the present invention may be made without
deviating from the spirit and scope of the underlying inventive concept. In
addition, the individual components need not be fabricated from the disclosed
materials but could be fabricated from virtually any suitable materials.

[0118] Moreover, the individual components need not be formed in the disclosed
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shapes, or assembled in the disclosed configuration, but could be provided in
virtually any shape, and assembled in virtually any configuration to improve the
efficiency with which the deep cleaning alignment equipment functions and to
prevent damage to the HRSG. Furthermore, all the disclosed features of each
disclosed embodiment can be combined with, or substituted for, the disclosed
features of every other disclosed embodiment except where such features are
mutually exclusive.

[0119] 1t is intended that the appended claims cover all such additions, modifications
and rearrangements. Expedient embodiments of the present invention are

differentiated by the appended claims.
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CLAIMS

What is claimed is:

1. A deep cleaning alignment equipment used to clean a heat recovery steam
generator system including a plurality of metallic tubes, wherein each of the
plurality of tubes includes a base with a plurality of fins extending outwardly from
the base, the deep cleaning alignment equipment comprising;:

an elongate wedge having a near end and a far end separated by a length,
wherein the wedge is configured to contact and spread the plurality of tubes and the
plurality of fins to form a channel therebetween; and

a wand configured to spray one of a liquid or a gas about the heat recovery
steam generator system;

wherein the elongate wedge contacts the plurality of tubes and the plurality
of fins about an extended surface area to minimize a stress force between the wedge
and the plurality tubes and the plurality of fins; and

wherein the wand is removably insertable into the channel.

2. The deep cleaning alignment equipment of claim 1, further comprising a

plate configured to be releasably secured to the near end of the elongate wedge.

3. The deep cleaning alignment equipment of claim 2, wherein the plate has a
first cross sectional area;

wherein the near end of the elongate wedge has a second cross sectional area;
and

wherein the first cross sectional area is greater than the second cross sectional

arca.
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4, The deep cleaning alignment equipment of claim 3, wherein the plate is
substantially rectangular in size; and

wherein the first cross sectional area is approximately nine square inches.

5. The deep cleaning alignment equipment of claim 2, wherein the plate further
comprises at least one hook;

wherein the elongate wedge further comprises at least one protrusion
extending from the elongate wedge; and

wherein the at least one protrusion is configured to releasably engage with

the at least one hook.

6. The deep cleaning alignment equipment of claim 2, wherein the plate further
comprises at least one bracket;

wherein the elongate wedge further comprises at least one opening
compatible with the at least one bracket; and

wherein one or more bolts, screws, and nuts are configured to secure the plate

and the elongate wedge about the at least one bracket and the at least one opening.

7. The deep cleaning alignment equipment of claim 1, wherein the elongate
wedge further comprises:
a first wedge half; and
a second wedge half;
wherein the first wedge half and the second wedge half are movable between:
a collapsed configuration having a first width;
an expanded configuration having a second width; and

wherein the second width is wider than the first width.
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8. The deep cleaning alignment equipment of claim 7, further comprising:
arod; and
at least one gate mounted to the rod, the at least one gate in contact
with the first wedge half and the second wedge half;
wherein the rod is rotatable to move the at least one gate between:
a first position where the at least one gate 1s substantially parallel to
the rod; and
a second position where the at least one gate is substantially

perpendicular to the rod.

9. The deep cleaning alignment equipment of claim 7, further comprising an
expandable bag located between the first wedge half and the second wedge half that
1s configured to move between:
a first configuration where the expandable bag is substantially deflated; and
a second configuration where the expandable bag is substantially inflated and

contacts the first wedge half and the second wedge half.

10. A method of using a deep cleaning alignment equipment to clean a heat
recovery steam generator system including a plurality of metallic tubes, the method
comprising the steps of:

inserting a wedge having a width, a length, and a height, between the plurality
of tubes to spread the plurality of tubes to form a channel therebetween;

inserting a wand into the channel;

spraying a liquid or a gas through the wand to clean the plurality of tubes;
and

removing the wedge from the plurality of tubes.
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11.  The method of claim 10, further comprising the steps of:
releasably securing the wedge to a plate; and
contacting the plate to drive the wedge between the plurality of tubes to

spread the plurality of tubes to form a channel therebetween.

12.  The method of claim 11, further comprising the step of releasably securing
one or more protrusions extending from the wedge to one or more hooks extending

from the plate.

13.  The method of claim 11, further comprising the steps of:

aligning one or more openings formed in the wedge with one or more
openings formed in brackets extending from the plate; and

inserting a fastener into the one or more openings formed in the wedge and

the one or more openings formed in the brackets.

14.  The method of claim 10, further comprising the steps of:

inserting the wedge between the plurality of tubes when the wedge is at a
first width; and

pivoting first and second wedge halves of the wedge about a hinge so that

the wedge is at a second width greater than the first width.

15.  The method of claim 10, further comprising the steps of:

inserting the wedge between the plurality of tubes when the wedge is at a
first width;

rotating a rod located between a first wedge half and a second wedge half in
a first direction to move one or more gates located between the first wedge half and
the second wedge half;

moving the first wedge half and the second wedge half to a second width

greater than the first width.
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16.  The method of claim 15, further comprising the steps of:
rotating the rod located between the first wedge half and the second wedge
half in a second direction opposite the first direction; and

removing the wedge from the plurality of tubes.

17.  The method of claim 11, further comprising the steps of:

inserting the wedge between the plurality of tubes when the wedge is at a
first width; and

inflating a bag located between a first wedge half and a second wedge half to
expand the first wedge half and the second wedge half to a second width greater
than the first width.

18. A deep cleaning alignment equipment comprising:

an elongate wedge configured to contact and spread a plurality of tubes and
fins to form a channel therebetween and having a first piece and a second piece
releasably secured to the first piece; and

a wand configured to spray one of a liquid or a gas about the heat recovery
steam generator system; and

wherein the wand is removably insertable into the channel.

19.  The deep cleaning alignment equipment of claim 18, further comprising a
plate configured to be releasably secured to a near end of the elongate wedge;

wherein the plate has a first cross sectional area;

wherein the near end of the elongate wedge has a second cross sectional area;
and

wherein the first cross sectional area is greater than the second cross sectional

arca.
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20.  The deep cleaning alignment equipment of claim 18, wherein the elongate
wedge further comprises:
a first wedge half; and
a second wedge half;
wherein the first wedge half and the second wedge half are movable between:
a collapsed configuration having a first width;
an expanded configuration having a second width; and

wherein the second width is wider than the first width.
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ABSTRACT OF THE DISCLOSURE

Systems and methods for cleaning a heat recovery steam generator system
including tubes and fins associated therewith using deep cleaning alignment
equipment are described. The deep cleaning alignment equipment primarily
includes at least one wedge and at least one wand. The wedge may be an elongate
wedge configured to maximize the surface area that contacts the tubes and fins,
which in turn minimizes the amount of stress about any specific point of the tubes
or the fins. Additionally, the wedge may be made of a variety of different materials.
The wedge may be releasably secured to a plate to improve ease with which the
wedge may be driven into tubes and fins. The wedge may also include wedge halves

that are movable between expanded and collapsed positions.
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DEEP CLEANING ALIGNMENT EQUIPMENT
CROSS-REFERENCE(S) TO RELATED APPLICATION(S)

[0001] This present application is a continuation-in-part application that claims
priority to U.S. Patent Application Serial No. 17/729,133 filed on April 26, 2022
and entitled Deep Cleaning Alignment Equipment, that claims priority to U.S.
Patent Application Serial No. 16/204,281 filed on November 29, 2018 and
entitled Deep Cleaning Alignment Equipment, which issued as U.S. Patent No.
11,313,632 on April 26, 2022, which claims priority on U.S. Provisional Patent
Application Serial No. 62/597,179, filed on December 11, 2017 and entitled
Deep Cleaning Alignment Equipment, the entire contents of both are hereby

expressly incorporated by reference into the present application.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The invention relates generally to power plants that produce electricity
including a heat recovery steam generator (HRSG) with boiler tubes therein and,
in particular, to equipment used to improve the ease with which modules housing
these boiler tubes can be cleaned.

2. Discussion of the Related Art

[0003] A combmed-cycle power plant uses both a gas and a steam turbine (ogether
to produce up to 50 percent more electricity from the same fuel than a traditional
stmple-cycle plant. The waste heat from the gas turbine 1s routed through a Heat
Recovery Steam Generator (HRSG) o the nearby steam turbine, which
generates extra power. The boiler tubes within these HRSG's are contained
within different sized modules and have varying numbers of tubes within each
module. The modules in the HRSG generally consist of some composition of
the following modules: Feedwater 1, Feedwater 2, LP Economizer, IP

Economizer, HP Economizer, LP Bvaporator, IP Evaporator, HP Evaporator, LP
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Preheater, 1P Preheater, HP Preheater, LP Superheater, 1P Superheater, HP
Superheater, LP Reheater, IP Reheater, and HP Reheater. When these sysiems
get dirty, the rate of heat transfer can be reduced, which m turn reduces the
efficiency of such systems.

[8304] Cleaning inside of the modules can be very difficult. In the past, the methods
available were only able to clean the first one to two rows of tubes. By creating
an access lane between boiler tubes, enough space can be created between tubes
to insert specialized wands that allow all of the boier tubes in the module to be
cleaned. In the past, this space would be created by mserting a metallic pointed
wedge-like lancer between the tubes. Once the access lane is created, a wand 1s
used to spray a higuid or gas, traditionally air, to clean the tubes and associated
components. Oltentimes, these wands are merely configured to spray air directly
ahead. As a result, the wand must be inserted into each and every row of tubes
in order to clean the entire HRSG.

{0005 Traditionally, such wedge-like bars were made of steel.  Sumilarly, most
tubes 1nside HRSG's are made up of either carbon steel, stainless steel, T22 or
T19. Because of the hard material of the wedge, use of these wedges oftentimes
presented risk of damage (o the tubes or associated fins.  Additionally, the
wedges are traditionally a pointed lance with a minimal height, which increases
the amount of stress caused where the wedge touches the tubes. Furthermore,
these wedges are oftentimes heavy and costly to transport. Further still, while
air 1s effective to clean some iube lanes, it can be meffective to clean hard
deposits.

[0006] What is therefore needed is deep cleaning alignment equipment that allows
the tubes 1o be spread to create an access lane that does not damage the tubes or
associated fins. What s further needed is a deep cleaning alignment equipment
configured to spray vartous liquids or gases about the tubes and associated fins

to clean the HRSG. What s further needed is a cleaning wand capable of
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spraying the liguids or gases at a variety of different angles relative to the tube
lanes.

SUMMARY AND OBJECTS OF THE INVENTION

[0007]By way of summary, the present invention is directed to a deep cleaning
alignment equipment that is used to clean a heat recovery steam generator
system and a method associated therewith. The heat recovery steam generator
system may include a plurality of metallic tubes. These tubes can be vertically
mounted, horizontally mounted, or mounted at various other angles. Each of
these tubes may include a base with a plurality of fins extending outwardly from
the base.

[0008]In accordance with a first aspect of the invention, the deep cleaning
alignment equipment may include an elongate wedge. The elongate wedge
includes a width, a length, and a height and may be configured to contact and
spread the tubes and fins to form a channel between the tubes. The elongate
wedge is configured to contact the tubes and fins about an extended surface area.
In turn, this minimizes a stress force between the wedge and the tubes.

[0009]In accordance with another aspect of the invention, the wedge may have a
height of at least six inches. The wedge may further have a height of at least
eight inches. Further still, the wedge may have a width of at least one half of an
inch. Also, the wedge could have a width of one inch. Additionally, the wedge
may have a length of at least three-and-a-half feet. Similarly, the wedge may
have a length of at least five feet.

[0010]In accordance with a first aspect of the invention, the deep cleaning
alignment equipment may include a composite wedge. The composite may be
softer than the metallic material of the tubes and associated fins. For instance,
the composite could be a high strength carbon nylon. More specifically, the
wedge may be made of nylon 12CF. In other embodiments, the wedge may be

of a metallic or other hard material. In yet other embodiments, the wedge may
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be made of a metallic or other hard material, but covered in a composite or other
softer material. The wedge may or may not include a handle for gripping.

[0011]In accordance with another aspect of the invention, the deep cleaning
alignment equipment may include a wand. The wand may be configured to spray
one of a liquid or a gas about the heat recovery steam generator system.
Additionally, the wand may be configured to be removably insertable into the
channel formed by the wedge. The wand may have a first end and a second end
opposite the first end. At the first end, a handle is mounted to the wand. At a
second end, an exit may be formed. For instance, the exit may be configured to
spray one of a liquid or a gas at an angle of approximately 30 degrees, 45
degrees, or at other angles relative to the channel.

[0012]In accordance to another aspect of the invention, multiple wands may be
provided. More specifically, a first wand may be provided and a second wand
may be provided. The first wand may be configured to push debris forward.
Additionally, the second wand may be configured to shoot a liquid or a gas. For
instance, the second wand may be configured to shoot dry ice. As stated above,
either wand may be configured to spray liquid or gas at an angle of
approximately 30 degrees, 45 degrees, or any other angle relative to the channel.

[0013]In accordance to another aspect of the invention, a method of using a deep
cleaning alignment equipment used to clean a heat recovery steam generator
system is described. The method includes the step of inserting an elongate
composite wedge having a width, a length, and a height, between the tubes to
spread the tubes to form a channel therebetween. The method may also include
the steps of inserting a wand into the channel and spraying a liquid or a gas
through the wand to clean the tubes and the fins. The method may further
include the steps of inserting a first elongate composite wedge having a first
width between the tubes, and then inserting a second elongate composite wedge
having a second width between the tubes, where the first width is smaller than

the second width. Further still, the method may include the step of spraying a
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quantity of dry ice through the wand to an exit to clean the tubes and fins, where
the exit sprays the quantity of dry ice at an angle of approximately 30 degrees,
45 degrees, or any other angle relative to the channel.

[0014]In accordance with other aspects of the present invention, the various
components may be made of a metallic material. In other embodiments, the
various components may be made of composite or other materials. In
accordance with yet another aspect of the present invention, the wedge may have
a handle at an end. In other embodiments, the wedge may not have a handle.

[0015]In accordance with yet another aspect of the present invention, the wedge
may be from approximately six inches to approximately nine feet in length, and
more preferably between approximately three feet and approximately five feet
in length. Additionally, the wedge may have a height of approximately a half of
an inch to a height of approximately two feet, and more preferably has a height
between approximately two inches and approximately eight inches. Further still,
the wedge may have a width of between approximately 1/8" of an inch and
approximately four inches, and more preferably between approximately a half
of an inch to approximately one and a half inches.

[0016]In accordance with yet another aspect of the present invention, the wedge
may have at least one, and more preferably multiple openings formed in the
wedge. These openings are configured such that various devices can be inserted
into one or more of the openings in order to expedite and simplify the removal
of the wedge from the heat recovery steam generator system. For instance, a
lever, L bracket, or other device may be inserted into one or more of the
openings, in which case the device can be used as a cantilever to help dislodge
the wedge from the heat recovery steam generator system. For instance, a user
may first use an outermost opening located closest to the end of the wedge that
is not inserted into the heat recovery steam generator system. Once the wedge
1s moved away from the heat recovery steam generator system, the device may

be inserted into a second opening that is exposed when the wedge is initially
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moved. The device can then move the wedge further from the heat recovery
steam generator system. As many openings may be included as needed to
incrementally remove the wedge from the heat recovery steam generator system.
Additionally, the devices used to engage with the openings and remove the
wedge from the heat recovery steam generator system may be a mechanical
device where a user uses force to remove the wedge, or a pneumatic device could
be used to simplify and expedite the removal of the wedge from the heat recovery
steam generator system. These holes or openings may be in any desired size and
at any desired spacing, for instance not less than approximately 1/16™ between
consecutive holes, and not more than approximately three feet between
consecutive holes.

[0017]In accordance with yet another aspect of the present invention, the wedge
may also be a multi-piece wedge. For instance, the wedge may come in two or
more pieces, which could potentially allow for cheaper and/or easier
transportation of the wedge from one location to another. By way of example
and not limitation, the various pieces of the multi-piece wedge may be secured
to one another using threaded openings, interlocking components, jigsaw
connections, and the like.

[0018] These, and other aspects and objects of the present invention will be better
appreciated and understood when considered in conjunction with the following
description and the accompanying drawings. It should be understood, however,
that the following description, while indicating preferred embodiments of the
present invention, is given by way of illustration and not of limitation. Many
changes and modifications may be made within the scope of the present
invention without departing from the spirit thereof, and the invention includes
all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A clear conception of the advantages and features constituting the present

invention, and of the construction and operation of typical mechanisms provided
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with the present invention, will become more readily apparent by referring to the
exemplary, and therefore non-limiting, embodiments illustrated in the drawings
accompanying and forming a part of this specification, wherein like reference
numerals designate the same elements in the several views, and in which:

[0020]FIG. 1 illustrates an isometric view of a deep cleaning alignment equipment
including a wedge;

[0021]FIG. 2 illustrates a top or bottom plan view of the deep cleaning alignment
equipment including the wedge of FIG. 1;

[0022]FIG. 3 is a side elevation view of the deep cleaning alignment equipment
including the wedge of FIG. 1;

[0023]FIG. 4 is a front elevation view of the deep cleaning alignment equipment
including the elongate wedge of FIG. 1;

[0024]FIG. 5 is a rear elevation view of the deep cleaning alignment equipment
including the elongate wedge of FIG. 1;

[0025]FIG. 6 is an isometric view of the deep cleaning alignment equipment of FIG.
1 as the wedge is inserted into a heat recovery steam generator to spread a
plurality of tubes to create a channel for a cleaning wand;

[0026]FIG. 7 is a top plan view of the deep cleaning alignment equipment with the
wedge spreading the plurality of tubes and the cleaning wand dispensing a
cleaning solution to the heat recovery steam generator;

[0027]FIG. 8 is a top plan view of the deep cleaning alignment equipment with the
wedge spreading the plurality of tubes and the cleaning wand dispensing a
cleaning solution to the heat recovery steam generator where the tubes are in a
staggered configuration;

[0028] FIG. 9 is a perspective view of one embodiment of a wand used with the deep
cleaning alignment equipment;

[0029]FIG. 10 is a detailed view of an exit of the wand of FIG. 9;

[0030]FIG. 11 is another perspective view of the wand including a handle

associated therewith;
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[0031]FIG. 12 is a perspective view of one potential nozzle used with the deep
cleaning alignment equipment;

[0032]FIG. 13 is a perspective view of the deep cleaning alignment equipment
where the wedge has been driven between tubes and fins associated with the heat
recovery steam generator before cleaning has commenced;

[0033]FIG. 14 is a perspective view of the deep cleaning alignment equipment
where the wedge has been driven between tubes and fins associated with the heat
recovery steam generator after cleaning has been completed;

[0034]FIG. 15 is an exploded perspective view of an embodiment of the deep
cleaning alignment equipment where the wedge is a multi-piece wedge;

[0035]FIG. 16 is a perspective view of the wedge of FIG. 15 in an assembled view;

[0036]FIG. 17 is a side elevation view of an embodiment of the deep cleaning
alignment equipment with a wedge having multiple openings formed therein;

[0037]FIG. 18 is a perspective view of the wedge of FIG. 17 with a removal bracket
installed relative to one of the multiple openings;

[0038]FIG. 19 is a perspective view of the wedge of FIGS. 17-18 inserted in a heat
recovery steam generator system with the removable bracket inserted therein to
remove the wedge from the system;

[0039]FIG. 20 is a perspective view of another embodiment of a wedge in use with
a plate;

[0040]FIG. 21 is a side elevation view of the wedge in use with the plate of FIG.
20;

[0041]FIG. 22 is a front elevation view of the wedge in use with the plate of FIGS.
20 and 21;

[0042]FIG. 23 is an exploded view of the wedge and plate of FIGS. 20-22;

[0043] FIG. 24 1s a perspective view of another embodiment of a wedge in use with
a plate;

[0044]FIG. 25 is a top plan view of the wedge and plate of FIG. 24;

[0045]FIG. 26 is an exploded view of the wedge and plate of FIGS. 24 and 25;
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[0046]FIG. 27 is a top plan view of another embodiment of a wedge that is
expandable and collapsible in a first configuration;

[0047]FIG. 28 is atop plan view of the wedge of FIG. 27 in a second configuration;

[0048] FIG. 29 is a perspective view of the wedge of FIGS. 27 and 28 in the first
configuration;

[0049]FIG. 30 is a perspective view of the wedge of FIGS. 27-29 in the second
configuration;

[0050]FIG. 31 is a perspective view of another embodiment of a wedge that is
expandable and collapsible in a first configuration; and

[0051]FIG. 32 is a perspective view of the wedge of FIG. 31 in a second
configuration;

[0052]In describing the preferred embodiment of the invention which is illustrated
in the drawings, specific terminology will be resorted to for the sake of clarity.
However, it is not intended that the invention be limited to the specific terms so
selected and it is to be understood that each specific term includes all technical
equivalents which operate in a similar manner to accomplish a similar purpose.
For example, the word connected, attached, or terms similar thereto are often
used. They are not limited to direct connection but include connection through
other elements where such connection is recognized as being equivalent by those
skilled in the art.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0053] The present invention and the various features and advantageous details
thereof are explained more fully with reference to the non-limiting embodiments
described in detail in the following description.

{60541 A deep cleaning alignment equipment 20 and system for cleaning heat
recovery steam generator systems 22 or other types of heat exchangers and
associated tubes 24 is generally shown in the figures. While the equipment 20
will be described with relation (o a heat recovery steam generator system 22, it

should be noted that the equipment 20 could simmlarly be used in many other
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instances where the exterior of various tubes needs to be spread apart for
cleaning purposes, such as in other heating, ventilation, and air conditioning
applications. As seen in FIGS. 6 and 7, the tubes 24 may be configured to align
with one another 1 an “in line” configuration. Alternatively, as shown in FIG.
8, the tubes 24 may be staggered relative to one another. Of course, other tube
24 configurations could similarly be used.

[6055] The deep cleaning alignment equipment 20 s specifically designed o
maximize the efficiency with which the heat recovery steam generator sysiem
22 1s cleaned. The heat recovery steam generator system 22 includes a plurality
of tubes 24. As shown, these tubes 24 extend vertically about the system 22.
However, the tubes 24 could stmilarly be horizontally mounted, or mounted at
other angles as desired. Typically, these tubes 24 are made of steel, although
they could similarly be made of other matenials. While the figures merely show
exemplary cylindrical tubes 24, it should be noted that the tubes 24 may include
a plurality of fins 26 that extend outwardly from the tubes 24, as seen in FIGS.
12 and 13. While these fins are 26 not shown in all of the figures, it should be
noted that the deep cleaming alignment equipment 20 1s configured to be
stmilarly compatible with any {ins 26 or tubes 24 associated with a heat recovery
steam generator system 22,

[0058] The deep cleaning alignment equipment 20 may include a wedge/alignment
bar 28 and at least one wand 30, both of which will further be described below.
The wedge 28 is configured to encourage outward movement of the various
tubes 24 in order (o create a channel 32 between the tubes 24. Once the channel
32 is formed, the at least one wand 30 is used to clean any materials located
about the tubes 24. The wedge 28 may have a handle 56 to provide something
a user can easily grasp to enhance use and movement of the wedge 28. However,
the wedge 28 does not require the inclusion of a handle.

(6857 Next, the wedge/alignment bar 28 as shown in FIGS. 1-5 will be further

described. Among other features, the wedge 28 preferably is elongate in shape,
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with an extended body 29 coming to a pointed end 31, As such, the wedge 28
could come in a number of different sizes. For instance, a wedge 28 that is
longer and taller than other wedges traditionally used 1n this field could be used.
As a result, when the wedge 28 1s used, the surface area of the wedge 28 that
contacts the tubes 24 can be increased. In turn, this decreases the amount of
stress between the wedge 28 and the steel tube 24 about any specific pomnt. This
wedge 28 would be approximately eight inches deep m order to spread out the
stress point on the about the wedge 28 and the tubes 24. This would also allow
for a greater opening along the length of the tubes 24 which would allow better
access for the cleaning wands 30. The width and the length of the wedge 28
would vary depending on the type of HRSG 22, width of module, type of
arrangement, tube spacing specific to the module being cleaned, and any other
factors that would tmpact the functionality of the deep cleaning alignment
equipment 20

(GOS8 A few embodiments will now be described, although 1t should be noted that
these are exemplary, such that many other potential dimensioned wedges 28
could similarly be used. in a first embodiment, the wedge 28 could be between
three-and-a-half and five feet m length. In this embodiment the wedge 28 could
be between approximately one-half inch and one inch in width. The specific
size could vary based on the size of the module. For instance, where a boiler
module contains twelve rows of tubes 24, a three-and-a-half~foot wedge 28
would be used. For any modules having over twelve rows of tubes 24, the longer
five-foot wedge 28 could be used. Where the tubes 24 are located m close
proximation to one another, the skinnier one-half inch wide wedge 28 would
wittally be used. After the one-half inch wedge 28 is inserted, a one-inch wide
wedge can be mnserted to further space the tubes 24, Alternatively, tubes 24 with
a greater initial distance from one another could simply be separated using the

one-tnch wide wedge 28.
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[0059] According to another embodiment, the wedge 28 could be between two and
six feet w length. In this embodiment the wedge 28 could be hetween
approsimately one-half inch and one-and-a-half inch in width. The wedge 28
could further be between one inch 1 height and eight inches in height.

[8668] In yet another embodiment, the wedge 28 could be between a guarter inch {o
two inches wide. Additionally, the wedge 28 could be between a hall an inch
and two inches wide. Alsg, the length of the wedge 28 could vary, for instance,
between a foot long and ten feet long. Furthermore, the height of the wedge 28
could vary, between a half inch high and twelve inches high, and more preferably
between one inch high and eight inches high.

[0061]In yet another embodiment, the wedge 28 may be from approximately six
inches to approximately nine feet in length, and more preferably between
approximately three feet and approximately five feet in length. Additionally, the
wedge 28 may have a height of approximately a half of an inch to a height of
approximately two feet, and more preferably has a height between
approximately two inches and approximately eight inches. Further still, the
wedge 28 may have a width of between approximately 1/8" of an inch and
approximately four inches, and more preferably between approximately a half
of an inch to approximately one and a half inches.

[0062] Another [feature of the wedge 28 s that the wedge 28 may be made of a
composite component. This composite component is preferably made up of
material that is softer than the steel tubes 24 and fins 26. As g result, when the
wedge 28 1s inserted into the HRSG 22 and comes into contact with the tubes 24
and/or fins 26, any abrasion from sliding the wedge 28 1 would be absorbed by
the composite wedge 28 insiead of the tubes 24 or fins 26. For instance, the
wedge 28 could be made of a high strength carbon fiber nylon. In one
embodiment, the wedge 28 is made of nylon 12CF. Nylon 12CF s a lightweight
yet durable carbon-{iber reinforced thermoplastic. Thus, the wedge 28 is easily

transportable due to its weight, but still durable enough to be used with deep
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cleaning alignment equipment 20. Alternatively, the wedge 28 could be made
of any other material that is softer than the tubes 24 and fins 26 associated with
the tubes 24, which are typically made of steel, for instance, various plastics,
composites, and nylon materials. Of course, the wedge 28 could be confligured
such that it is both elongate and made of the composite component to minimize
potential damage to the tubes 24 and fins 26.

[6063] Additonally, the deep cleaning alignment equipment 20 may feature at least
one cleaning wand 30, as shown in detail in FIGS. 9-11. The cleaning wand 30
is configured to spray a cleaning solution 34 of hquid or gas about the HRSG
22, More specifically, the cleaning wand 30 may be configured to spray dry ice.
This could include high density dry ice (CO2) pellets. These pellets will be
propeled with ultra-high pressure awr ranging from 200 — 350 ps1. This would
be advantageous as it would allow for cleaning of the HRSG 22 with the dry ice
eventually evaporating. Of course, other types of media blasting could similarly
occur. For mstance, the cleaning wand 30 could similarly be configured to spray
other higuids or gas, mcluding air, water, cleaning solution, and any other
material capable of cleaning the tubes 24 and fins 26.

[0064] As shown, the cleaning wand 30 may have a first end 36 a second end 38.
Al the first end 36, the cleaning wand 30 may include a handle 40 to allow a user
to firmly hold onto the cleaning wand 30 during use. At the second end 3§, an
exit 42 s formed. A supply channel 44 extends through the wand 30 to deliver
the hquid or gas to the exit 42, The exit 42 may direct hiquid or gas straight out
of the wand 30. Alternatively, the exit 42 may direct liquid or gas out of the
wand 30 at vartous angles. More specifically, FIGS. 7, @, and 10 show a wand
36} capable of spraying liquid or gas out of the exit at an angle of approximately
45 degrees relative to the wand 30, although the wand 30 could similarly be
configured o exit at an angle of approximately 30 degrees or any other desired
angle. The wand 30 could also be capable of front blowing and side blowing to

clean the tubes 24 and fins 26. Of course, the wands 30 could similarly blow
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hiquid or gas at any other angle as desired. Additional wands 30 may also be
used, such as a first wand to blow air to remove an imtial layer of debris, and a
second wand to shoot liquid or gas into the HRSG 22, Further sull, the wand 30
may have any number of different nozzle assemblies 46 (o vary the way the
hiquid or gas is distributed from the wand 30. For instance, FIG. 12 shows one
potential nozzle 46 configuration.

{0665 ] Furthermore, the wands 30 may be made of steel or composite materials. The
use of composiie materials could be desired for the same reasons as with the
composiie wedge 28 to reduce potential damage to the tubes 24 or fins 26 when
the wands 30 are quickly and rapidly moved about the tube 24 and {ins 26. The
wands 30 will be moved up and down the wedged channel 32 in order to clean
the tubes 24 from all directions. Cleaning may take place from each side of the
module (both upstream and downstream faces) with an overlap of the wedges 28
from each side.

[0066]Operating of the deep cleaning alignment equipment 20 will now be
described. Initially, the wedge 28 will be inserted between two adjacent rows of
tubes 24, In doing so, the adjacent rows of tabes 24 will be separated apart from
one another to form a channel 32, Where the adjacent rows of tubes 24 are
narrowly placed relative to one another, multiple wedges 28 may be used. For
mstance, a first wedge having a narrow width could be used to initially separate
the tubes 24, after which a second wedge having a wider width to further separate
out the tubes 24 to create a channel 32 through which the wand or wands 30 can
be inserted. Once the channel 32 is formed, the wand or wands 30 can be
removably inserted into the channel 32 (o facilitate cleaning about the HRSG 22.

[0067] Additional features of the system will now be described. Turning initially to
FIGS. 15 and 16, the elongate wedge 28 may be a multi-piece elongate wedge
28. These figures show an exemplary multi-piece elongate wedge, but other
multi-piece wedges having different proportions could similarly be used. More

specifically, the wedge 28 may comprise one or more pieces 48 that can be
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releasably connected to one another using a variety of connector interfaces 50.
Such a wedge 28 is desirable because it makes it easier, cheaper, more efficient,
etc. to ship the wedge 28 from one location to another. As shown, the wedge 28
has three sections 48a, 48b, 48c that can be releasably connected to one another.
The various pieces/sections 48 may be releasably connected using any number
of different connector interfaces 50. By way of example and not limitation, the
connection interface 50 may be a threaded opening, such that adjacent pieces 48
may be rotated relative to one another so that the threaded section engages. In
another embodiment, the connection interface 50 may be an interlocking section,
with potion of adjacent pieces 48 interlocking with one another at the connection
interface. Further still, the connection interface 50 may have a jigsaw or other
connection. Regardless of what connection interface 50 is used, the connection
interface 50 allows the various pieces 48 to quick and easily be releasably
secured to one another with sufficient connection to operate as a wedge as
described herein, after which the pieces 48 can be disengaged from one another.
[0068] Turning next to FIGS. 17-19 show another feature associated with the wedge
28. Again, the embodiment shown in these figures are not made to scale, but are
shown with exaggerated dimensions, sizes, and proportions in order to
demonstrate the underlying features. More specifically, the embodiment shown
in these figures are to a wedge that has at least one, and as shown a plurality of
holes or openings 52 formed in the side of wedge 28. Various devices, such as
brackets, I-brackets, removal brackets, clips, bars, or any other device 54 capable
of being inserted into the openings 52 can be used to engage with the wedge 28
in order to facilitate removal of the wedge 28. As known to those in the art, once
the wedge 28 is installed, it can be difficult to remove the wedge 28 from a lane
of a heat recovery steam generator system or other system. These holes or
openings 52 help to facilitate this removal. As shown in FIG. 19, the wedge 28
is installed into a heat recovery steam generator system, with an opening 52

exposed directly next to the handle 56. Again, the wedge 28 does not require a

Page 16 of 28



handle, but for the purposes of description of the location of the opening 52 the
handle 56 is used as a point of reference to indicate the end of the wedge 28 that
is not inserted into the system. When a user desires to remove the wedge 28
from the system, the device 54 is inserted into the first opening 52. Thereafter,
the device 54 is either manually grasped by a user and used as a cantilever, or
otherwise connected to another device such as a pneumatic device. The user or
pneumatic or other device pull the device 54 away from the system, and in turn
pull the wedge 28 at least partially away from the system. When the wedge 28
is securely lodged in the system, it may only incrementally move out of the
system. Once a second opening 52 is exposed, the device 54 can be inserted in
the second opening 52, after which the process may be repeated. The wedge 28
may include as many openings as desired to facilitate incremental removal of
the wedge 28 from the system. The holes or openings 52 may be sized and
spaced relative to one another as desired. For instance, in certain embodiments,
the holes are between approximately 1/16™ of an inch from one another and
approximately three feet from one another.

[0069] Turning next to FIGS. 20-23, additional features of the wedge 28 will be
described. More specifically, this embodiment includes a wedge 28 in
combination with a plate 58 or smash plate. The smash plate 58 is releasably
connectable to a near end 60 of the wedge 28. For instance, in the illustrated
embodiment, the smash plate 58 may include a plurality of hooks 62, while the
wedge 28 may include a plurality of compatible protrusions 64 extending from
the near end 60 of wedge 28. As shown, there are four hooks 62 and four
protrusions 64. As such, the protrusions 64 can be placed onto the hooks 62 and
held in place by the hooks. This allows the wedge 28 and the smash plate 58 are
held together during insertion of the wedge 28 into a channel 32.

[0070]In another embodiment shown in FIGS. 24-26, the smash plate 58 may
include one or more brackets 66 having openings 68 formed therein. The wedge

28 may complimentary openings 70 that align with the openings 68 formed in
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the brackets 66. In this embodiment, bolts 72 are inserted through the openings
68, 70, with nuts 74 being secured to the bolts 72. This is another way to secure
the smash plate 58 to the wedge 28. Of course, other fastening and securement
mechanisms, including pins, hinges, joints, locks, and the like could similar be
used to secure the smash plate 58 and the wedge 28 together.

[0071] The illustrated smash plate 58 is substantially rectangular or square in shape,
although it could take any number of different shapes and sizes. The smash
plate 58 provides a surface of contact significantly larger than the surface of
contact of the near end 60 of the wedge 28. Depending on the specific
configuration of wedge 28 and location being cleaned, a variety of different
smash plate 58 sizes may be utilized. For instance, in areas having minimal
clearance, but where a smash plate 58 having at least some additional surface
area is desired, a 3 inch by 3 inch square may be used. In areas having more
room, a 20 inch by 20 inch square may be used. Further still, where even more
space is available, a 36 inch by 36 inch square may be used. Because of this
increased surface area, it is much easier for a user or users to contact the smash
plate 58 to drive the wedge 28 further into a channel 32. Typically, these wedges
28 are driven by a sledgehammer or other object using blunt force contact. Thus,
the greater surface area of the smash plate 58 is, the easier to contact than the
near end 60 of the wedge 28 during insertion. This also increases safety for
users in comparison to insertion of the wedge 28 alone having a narrower surface
area using a sledgehammer or other blunt force object.

[0072] Turning next to FIGS. 27-30, further additional features of the wedge 28 will
be described. This illustrated embodiment includes a wedge 28 that has multiple
pieces that can be manipulated relative to one another for improved operational
characteristics. As shown, the wedge 28 includes first and second wedge halves
76, 78. By way of example and not limitation, each wedge half 76, 78 may be
approximately a quarter inch in width, although narrower or wider wedge halves

76, 78 may be used depending on the desired configuration of the wedge 28.
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The first and second wedge halves 76, 78 are manipulatable and movable relative
to one another about a hinge 77 located at the far end 79 of the wedge 28. More
specifically, the wedge halves 76, 78 may initially be in a collapsed position
where they are adjacent or substantially adjacent to one another. See FIGS. 27
and 29. In this configuration, the wedge 28 has a minimum width. Where the
wedge 28 includes quarter inch wedge halves 76, 78, the thickness of the wedge
28 in the collapsed configuration is approximately %2 inch. When in this
configuration, the wedge 28 can easily be inserted into a channel 32.

[0073] Once properly located, the wedge 28 can be moved into an expanded position
in which the two wedge halves 76, 78 are moved away from another about the
hinge 77 to a maximum width. For instance, in FIGS. 28 and 30, the wedge 28
includes a rod 80 such as a threaded rod and a plurality of gates 82 and are
movable when the threaded rod 80 is rotated. More specifically, when in the
collapsed position, the gates 82 are oriented substantially parallel with the
threaded rod 80 or at an angle relative to the threaded rod 80. When the wedge
28 1s moved to the expanded position, the gates 82 are substantially
perpendicular to the threaded rod 80 so that the wedge halves 76, 78 are at a
maximum distance from one another. Where the wedge 28 includes quarter inch
wedge halves 76, 78, the thickness of the wedge 28 in the expanded
configuration is approximately 2 inches. Again, the wedge 28 may have a wider
or narrower width depending on desired operating characteristics of the wedge
28 and the channel.

[0074] The wedge halves 76, 78 may also be moved between the collapsed position
and the expanded position using other mechanisms that the threaded rod and gate
combination. For instance, as shown in FIGS. 31 and 32, another embodiment
shows the same wedge halves 76, 78 as those described above, but with the
inclusion of an inflatable bag, sack, or other device 84 capable of being quickly
and easily expanded or collapsed. The illustrated bag 84 is inflatable in a way

similar to an airbag used with a vehicle. More specifically, the bag 84 can be
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inflated by an air or other gas supply, or by filling the bag 84 with water or some
other liquid. Any of these gases or liquids may be supplied to the bag 84 about
a hose 86. Once inflated, the bag 84 holds the wedge halves 76, 78 in the
expanded configuration as seen in FIG. 32. After use is completed, the gas,
water, or other liquid can be depleted from the bag 84, through the hose 86 at
which point the wedge halves 76, 78 return to the collapsed configuration about
the hinge 37 as shown in FIG. 31. The wedge 28 can then quickly and easily be
removed from the channel .

[0075]Some general background will now be provided relating to the HRSG
process, as well as related components will now be provided.

[0076]HRSG Function and Design: As stated in Combine Cycle Theory, the
combined cycle setup is a combination of a simple cycle gas turbine (Brayton
cycle) and a steam power cycle (Rankine cycle). The Brayton cycle consists of
the compressor, combustor, and combustion turbine.

[0077]HRSG Function: The exhaust gas from the combustion turbine becomes the
heat source for the Rankine cycle portion of the combined cycle. Steam is
generated in the heat recovery steam generator (HRSG). The HRSG recovers
the waste heat available in the combustion turbine exhaust gas. The recovered
heat is used to generate steam at high pressure and high temperature, and the
steam is then used to generate power in the steam turbine/generator.

[0078] The HRSG is basically a heat exchanger composed of a series of preheaters
(economizers), evaporator, reheaters, and superheaters. The HRSG also has
supplemental firing in the duct that raises gas temperature and mass flow.

[0079] This section is intended to provide turbine operators with a basic
understanding of heat recovery steam generator (HRSG) design and operation.
The power generation block of the facility produces electrical power in two
separate islands:

e The first island within the combined-cycle power block is the combustion

turbine (CT) generator set.
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e The second island is the HRSG steam turbine generator set.

[0080]The HRSG absorbs heat energy from the exhaust gas stream of the
combustion turbine. The absorbed heat energy is converted to thermal energy
as high temperature and pressure steam. The high-pressure steam is then used
in a steam turbine generator set to produce rotational mechanical energy. The
shaft of the steam turbine is connected to an electrical generator that then
produces electrical power.

[0081] The waste heat is recovered from the combustion turbine exhaust gas stream
through absorption by the HRSG. The exhaust gas stream is a large mass flow
with temperature of up to 1,150 degrees Fahrenheit.

[0082] Most large HRSGs can be classified as a double-wide, triple-pressure level
with reheat, supplementary fired unit of natural circulation design, installed
behind a natural gas fired combustion turbine.

[0083] The steam generated by the HRSG is supplied to the steam turbine that drives
the electrical generator system.

[0084] HRSG Design: The function of the combined cycle heat recovery steam
generator (HRSG) system is to provide a method to extract sensible heat from
the combustion turbine (CT) exhaust gas stream.

[0085] The heat is converted into usable steam by the heat transfer surfaces within
the HRSG. The usable steam is generated in three separate and different pressure
levels for use in a steam turbine (ST) generator set and for power augmentation
of the CT.

[0086] The pressure levels and their associated components are:

e High pressure (HP)

o Intermediate pressure (IP)

o Low pressure (LP)

o Reheat (RH)

o Feedwater preheater (FWPH)
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[0087] All generated steam from the HP, RH, and LP systems is supplied to the
steam turbine, except for some LP steam used for deaeration. The IP steam is
mixed with the cold RH return loop prior to being admitted to the steam turbine.

[0088] Typical heat recovery steam generator circuits have four major components:

o Superheaters
o Evaporators

o Economizers
e Drum

[0089] Since a triple-pressure system may be operated of HP, IP, and LP, these
components may be used for each associated pressure. These components (with
the exception of the drum) are arranged in series in the gas flow path within the
HRSG. Essentially, this means that the heat transfer boiler circuits are not in
parallel with one another with respect to CT exhaust gas flow. The gas, after
having been used to heat the water/steam in the HRSG is released to the
environment through a stack.

[0090]Heat Recovery Steam Generator: The HRSG does not have any moving
parts, but it has thermal inertia, and rapid heating may result in high thermal
stresses, which would affect the operating life of the HRSG. In a HRSG, the
high-pressure drum is most vulnerable to buildup of thermal stresses if heating
is done very rapidly. To preclude this possibility, the drum is heated in a
controlled manner. The magnitude of the stress depends on the temperature
difference which, in turn, depends on the material type thickness, operating
pressure of the component, and the fatigue life cycles.

[0091] Controlling the pressure inside the drum can effectively control the
temperature difference. If a certain temperature difference is close to the design
limit, it can be controlled at that level by holding the pressure constant until the
temperature difference decreases because of an increase in the component
temperature due to conduction. The constant pressure or saturation temperature

line on the drum heating chart indicates this.
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[0092] Before an HRSG is put online, it is filled with water, and heat is applied. The
cold metal takes some time to get heated, and time is required to soak the HRSG.
The HRSG starts producing steam after a soaking period of a few minutes. If
the steam is not released, then the pressure starts building up. The amount of
steam produced and the increase in the pressure depend on the amount of heat
supplied. More heat produces more steam, and pressure increases at a faster rate.

[0093] The drum pressure can be controlled either by relieving the generated steam
or by controlling the heat input to the boiler.

[0094] Oftentimes, a combination of both means is used to accomplish the
controlled heating of the HRSG. The steam is relieved by venting to the
atmosphere or by sending it to a heat sink such as a condenser. Operating the
CT at reduced load controls the heat input. A gas-side bypass system, which
diverts part of the hot CT gasses to atmosphere, is sometimes used to control the
heat input to the boiler. It is not necessary to run the CT at reduced load if a
bypass system is provided.

[0095]High-Pressure Evaporator: In the HP EVAP section, the phase change
between water and steam occurs. This phase change occurs due to the
convective heat transfer or energy exchange between the CT exhaust gas stream
and the water in the HP EVAP modules. The HP EVAP modules are all single-
pass with no upper and lower header internal baffles. Steam/water mixture flows
in upward direction through the tubes and escapes to the steam drum via riser
system. Water is fed to the modules from the two downcomer feeder header
assemblies. This is referred to as a natural circulation loop.

[0096] High-Pressure Steam Generator: The HPSG is composed of an economizer
(HP ECON), evaporator (HP EVAP), and superheater (HP SH). The HPSG flow
path is from the economizer to the steam drum/evaporator and finally to the
superheater. The sections are located strategically in the exhaust gas stream
according to the declining temperature of the exhaust gas and the increasing

temperatures of the heated feedwater, thus providing maximum energy recovery
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from the CT exhaust. The location of these heat transfer surfaces may be found
on the right side setting elevation drawing.

[0097] The HPSG is equipped with a system of three safety relief valves; typically,
two are mounted vertically on top of the drum, and one is mounted vertically on
the HP main steam header. All PSVs are closed during normal operation;
however, in an overpressure situation, the HP superheater PSV will lift first. If
the pressure continues to build, the HP drum PSVs will lift (lowest pressure
setting first). The three PSVs are designed to relieve 100% of the total HP steam-
generating capacity.

[0098] High-Pressure Economizer: Each module is multipass on the water side and
single-pass on the gas side. This is accomplished by internal baffles in the upper
and lower module headers.

[0099] The HPEC receives feedwater from the feed pumps (provided by others) and
absorbs heat from the CT exhaust gas, lowering the CT exhaust gas temperature
and raising the water temperature to near saturation prior to entering the high-
pressure steam drum.

[0100] High-Pressure Superheater: Steam on the inside of the tubes is received from
the high-pressure steam drum at saturated temperature and is heated to final
steam temperature.

[0101]The HP superheater is equipped with an interstage attemperator. The
attemperator control valve and spray nozzle assembly typically is located
between HP SHTR 2 and HP SHTR 3. The attemperator is supplied for final
steam temperature control. The spray attemperation process uses water as the
cooling media. The spray water is directly fed to the attemperator from the HP
feed pumps discharge line. Final steam temperature control is important for
protection of the superheater and equipment served by the HRSG. The spray
attemperation is designed to limit final steam temperature at HP superheater

outlet to final design steam temperature.

Page 24 of 28



[0102] Intermediate Pressure Steam Generator: The IPSG is composed of an
economizer (IP ECON), evaporator (IP EVAP), and superheater (IP SH). The
IP steam generator economizer forms a tube bank consisting typically of two
rows. The IP EVAP consists of many rows and the IP SH consists of typically
only two rows. The IPSG flow path is from the economizer to the steam
drum/evaporator and finally to the superheater. The sections are located
strategically in the exhaust gas stream according to the declining temperature of
the exhaust gas and the increasing temperatures of the heated feedwater, thus
providing maximum energy recovery from the CT exhaust.

[0103] The IPSG is equipped with a system of three safety relief valves; typically,
two are mounted vertically on top of the drum, and one is mounted vertically on
the IP main steam header. All PSVs are closed during normal operation;
however, in an overpressure situation, the IP superheater PSV will lift first. If
the pressure continues to build, the IP drum PSVs will lift (lowest pressure
setting first). The three PSVs are designed to relieve 100% of the total IP steam-
generating capacity.

[0104] Intermediate Pressure Economizer: Each module is multipass on the water
side and single-pass on the gas side. This is accomplished by internal baffles in
the upper and lower module headers. The IPEC receives feedwater from the
feed pumps (provided by others) and absorbs heat from the CT exhaust gas,
lowering the CT exhaust gas temperature and raising the water temperature to
near saturation before entering the steam drum.

[0105] Intermediate Pressure Evaporator: In the IP EVAP section, the phase change
between water and steam occurs. This phase change occurs due to the
convective heat transfer or energy exchange between the CT exhaust gas stream
and the water in the IP EVAP modules. The IP EVAP modules are all single-
pass with no upper and lower header internal baffles. Steam/water mixture flows

in upward direction through the tubes and escapes to the steam drum via riser
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system. Water is fed to the modules from the two downcomer feeder header
assemblies. This is referred to as a natural circulation loop.

[0106] Intermediate Pressure Superheater: Steam on the inside of the tubes is
received from the steam drum at saturated temperature and is heated to final
steam temperature.

[0107]Reheater: Steam on the inside of the tubes is received from the cold reheat
line at the HP steam turbine discharge. The cold reheat steam is superheated by
the reheater to a final hot reheat steam temperature.

[0108] The RH is equipped with an interstage attemperator located prior to the final
reheater module. The attemperator is supplied for final steam temperature
control. The spray attemperation process uses water as the cooling media. The
spray water is directly fed to the attemperator from the IP feed pumps discharge
line. Final steam temperature control is important for protection of the reheater
and equipment served by the HRSG.

[0109] Low-Pressure Steam Generator: The low-pressure steam generator includes
an evaporator (LP EVAP) and a superheater (LPSH). The two are circuit
components and are in-series interspersed within the HRSG setting. The LPSG
flow path is from the LP ECON, to the steam drum/evaporator, and finally to the
superheater. There are no intervening valves between the steam drum and the
superheater surface. The location of these heat transfer surfaces may be found
on the Vogt-NEM sectional right-side elevation drawing.

[0110] The LPSG is equipped with a system of three safety relief valves; typically,
two are mounted vertically on top of the drum, and one is mounted vertically on
the LP main steam header. All PSVs are closed during normal operation;
however, in an overpressure situation, the LP superheater PSV will lift first. If
the pressure continues to build, the LP drum PSVs will lift (lowest pressure
setting first). The three PSVs are designed to relieve 100% of the total LP steam-

generating capacity, including maximum pegging steam.
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[0111]Low-Pressure Evaporator: The LP EVAP modules are all single-pass with
no upper and lower header internal baffles. The modules are oriented in this
direction to allow steam bubbles generated to escape via the riser tubes to the
steam drum. Water is fed to the modules from the downcomer feeder header
assemblies. This is referred to as a natural circulation loop.

[0112]In the LP EVAP section, the phase change between water and steam or steam
generation occurs. This phase change occurs due to the convective heat transfer
or energy exchange between the gas turbine exhaust gas stream and the water in
the LP EVAP tubes generating steam.

[0113] Low-Pressure Superheater: Steam on the inside of the tubes is received from
the steam drum at saturated temperature and is heated to final steam temperature.

[0114]Feedwater Preheater: The modules have multiple passes on the water side.
This is accomplished by internal baffles in the upper and lower headers.

[0115]The FW PHTR receives feedwater from the condensate pump system and
absorbs heat from the gas turbine exhaust, lowering the gas temperature and
raising the water temperature. The FW PHTR increases HRSG efficiency.

[0116] While the above description provides a number of potential uses of the deep
cleaning alignment equipment, it should be noted that there are virtually
innumerable uses for the present invention, all of which need not be detailed
here. All the disclosed embodiments can be practiced without undue
experimentation.

[0117] Although the best mode contemplated by the inventors of carrying out the
present invention is disclosed above, practice of the present invention is not
limited thereto. It will be manifest that various additions, modifications and
rearrangements of the features of the present invention may be made without
deviating from the spirit and scope of the underlying inventive concept. In
addition, the individual components need not be fabricated from the disclosed
materials but could be fabricated from virtually any suitable materials.

[0118] Moreover, the individual components need not be formed in the disclosed
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shapes, or assembled in the disclosed configuration, but could be provided in
virtually any shape, and assembled in virtually any configuration to improve the
efficiency with which the deep cleaning alignment equipment functions and to
prevent damage to the HRSG. Furthermore, all the disclosed features of each
disclosed embodiment can be combined with, or substituted for, the disclosed
features of every other disclosed embodiment except where such features are
mutually exclusive.

[0119]1t is intended that the appended claims cover all such additions, modifications
and rearrangements. Expedient embodiments of the present invention are

differentiated by the appended claims.
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CLAIMS

What is claimed is:

1. A deep cleaning alignment equipment used to clean a heat recovery steam
generator system including a plurality of metallic tubes, wherein each of the
plurality of tubes includes a base with a plurality of fins extending outwardly from
the base, the deep cleaning alignment equipment comprising:

an elongate wedge having a near end and a far end separated by a length,
wherein the wedge is configured to contact and spread the plurality of tubes and the
plurality of fins to form a channel therebetween; and

a wand configured to spray one of a liquid or a gas about the heat recovery
steam generator system;

wherein the elongate wedge contacts the plurality of tubes and the plurality
of fins about an extended surface area to minimize a stress force between the wedge
and the plurality tubes and the plurality of fins; and

wherein the wand is removably insertable into the channel.

2. The deep cleaning alignment equipment of claim 1, further comprising a

plate configured to be releasably secured to the near end of the elongate wedge.

3. The deep cleaning alignment equipment of claim 2, wherein the plate has a
first cross sectional area;

wherein the near end of the elongate wedge has a second cross sectional area;
and

wherein the first cross sectional area is greater than the second cross sectional

arca.

Page 1 of 6



4. The deep cleaning alignment equipment of claim 3, wherein the plate is
substantially rectangular in size; and

wherein the first cross sectional area 1s approximately nine square inches.

5. The deep cleaning alignment equipment of claim 2, wherein the plate further
comprises at least one hook;

wherein the elongate wedge further comprises at least one protrusion
extending from the elongate wedge; and

wherein the at least one protrusion is configured to releasably engage with

the at least one hook.

6. The deep cleaning alignment equipment of claim 2, wherein the plate further
comprises at least one bracket;

wherein the elongate wedge further comprises at least one opening
compatible with the at least one bracket; and

wherein one or more bolts, screws, and nuts are configured to secure the plate

and the elongate wedge about the at least one bracket and the at least one opening.

7. The deep cleaning alignment equipment of claim 1, wherein the elongate
wedge further comprises:
a first wedge half; and
a second wedge half;
wherein the first wedge half and the second wedge half are movable between:
a collapsed configuration having a first width;
an expanded configuration having a second width; and

wherein the second width is wider than the first width.
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8. The deep cleaning alignment equipment of claim 7, further comprising:
arod; and
at least one gate mounted to the rod, the at least one gate in contact
with the first wedge half and the second wedge half;
wherein the rod is rotatable to move the at least one gate between:
a first position where the at least one gate is substantially parallel to
the rod; and
a second position where the at least one gate is substantially

perpendicular to the rod.

0. The deep cleaning alignment equipment of claim 7, further comprising an
expandable bag located between the first wedge half and the second wedge half that
is configured to move between:
a first configuration where the expandable bag is substantially deflated; and
a second configuration where the expandable bag is substantially inflated and

contacts the first wedge half and the second wedge half.

10. A method of using a deep cleaning alignment equipment to clean a heat
recovery steam generator system including a plurality of metallic tubes, the method
comprising the steps of:

inserting a wedge having a width, a length, and a height, between the plurality
of tubes to spread the plurality of tubes to form a channel therebetween;

inserting a wand into the channel;

spraying a liquid or a gas through the wand to clean the plurality of tubes;
and

removing the wedge from the plurality of tubes.

Page 3 of 6



11.  The method of claim 10, further comprising the steps of:
releasably securing the wedge to a plate; and
contacting the plate to drive the wedge between the plurality of tubes to

spread the plurality of tubes to form a channel therebetween.

12. The method of claim 11, further comprising the step of releasably securing
one or more protrusions extending from the wedge to one or more hooks extending

from the plate.

13.  The method of claim 11, further comprising the steps of:

aligning one or more openings formed in the wedge with one or more
openings formed in brackets extending from the plate; and

inserting a fastener into the one or more openings formed in the wedge and

the one or more openings formed in the brackets.

14.  The method of claim 10, further comprising the steps of:

inserting the wedge between the plurality of tubes when the wedge is at a
first width; and

pivoting first and second wedge halves of the wedge about a hinge so that

the wedge is at a second width greater than the first width.

15. The method of claim 10, further comprising the steps of:

inserting the wedge between the plurality of tubes when the wedge is at a
first width;

rotating a rod located between a first wedge half and a second wedge half in
a first direction to move one or more gates located between the first wedge half and
the second wedge half;

moving the first wedge half and the second wedge half to a second width

greater than the first width.
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16.  The method of claim 15, further comprising the steps of:
rotating the rod located between the first wedge half and the second wedge
half in a second direction opposite the first direction; and

removing the wedge from the plurality of tubes.

17.  The method of claim 11, further comprising the steps of:

inserting the wedge between the plurality of tubes when the wedge is at a
first width; and

inflating a bag located between a first wedge half and a second wedge half to
expand the first wedge half and the second wedge half to a second width greater

than the first width.

18. A deep cleaning alignment equipment comprising:

an elongate wedge configured to contact and spread a plurality of tubes and
fins to form a channel therebetween and having a first piece and a second piece
releasably secured to the first piece; and

a wand configured to spray one of a liquid or a gas about the heat recovery
steam generator system; and

wherein the wand is removably insertable into the channel.

19.  The deep cleaning alignment equipment of claim 18, further comprising a
plate configured to be releasably secured to a near end of the elongate wedge;

wherein the plate has a first cross sectional area;

wherein the near end of the elongate wedge has a second cross sectional area;
and

wherein the first cross sectional area is greater than the second cross sectional

arca.
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20.  The deep cleaning alignment equipment of claim 18, wherein the elongate
wedge further comprises:
a first wedge half; and
a second wedge half;
wherein the first wedge half and the second wedge half are movable between:
a collapsed configuration having a first width;
an expanded configuration having a second width; and

wherein the second width is wider than the first width.
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ABSTRACT OF THE DISCLOSURE

Systems and methods for cleaning a heat recovery steam generator system
including tubes and fins associated therewith using deep cleaning alignment
equipment are described. The deep cleaning alignment equipment primarily
includes at least one wedge and at least one wand. The wedge may be an elongate
wedge configured to maximize the surface area that contacts the tubes and fins,
which in turn minimizes the amount of stress about any specific point of the tubes
or the fins. Additionally, the wedge may be made of a variety of different materials.
The wedge may be releasably secured to a plate to improve ease with which the
wedge may be driven into tubes and fins. The wedge may also include wedge halves

that are movable between expanded and collapsed positions.
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