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METHOD FOR CONNECTING HEAT EXCHANGING SURFACES TO A MAIN STRUCTURE OF

A BOILER, BOILER AND BOILER MODULE

The method for connecting heat exchanging

surfaces to a main structure (2) of a boiler comprises
erecting the main structure (2), assembling modules (5)
comprising atleast outer hanger supports (6) and periph-
eral heat exchanging surfaces (7), connecting the outer
hanger supports (6) to the main structure (2), connecting
together the peripheral heat exchanging surfaces (7) of
adjacent modules (5).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for
connecting heat exchanging surfaces to a main structure
of a boiler, boiler and boiler module.

[0002] Preferably, the boiler is alarge boiler of a power
plant for electric power generation.

BACKGROUND

[0003] Boilers are known to comprise a main structure
(also known as steel structure) that supports heat ex-
changing surfaces such as (from the top of the boiler
downwards) an economizer, a reheater, a superheater,
an evaporator.

[0004] Typically, during the erection of the boiler, the
main structure is erected first and the heat exchanging
surfaces are then element-by-element connected to the
main structure, often by handling them with large cranes.
[0005] This erection process is very time consuming,
because of the element-by-element connection and, in
addition, because the large cranes could hinder each oth-
er.

SUMMARY

[0006] An aspect of the invention includes providing a
method for connecting heat exchanging surfaces to a
main structure of a boiler, a boiler and a boiler module
that allow a quick boiler erection. In particular, the heat
exchanging surfaces can e.g. be the economizer and/or
reheater and/or superheater and/or evaporator.

[0007] These and further aspects are attained by pro-
viding amethod for connecting heat exchanging surfaces
to amain structure of a boiler, a boiler and a boiler module
in accordance with the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Further characteristics and advantages will be
more apparent from the description of a preferred but
non-exclusive embodiment of the method, boiler and boil-
er module, illustrated by way of non-limiting example in
the accompanying drawings, in which:

Figures 1 and 2 show steps of the method for con-
necting heat exchanging surfaces to amain structure
of the boiler;

Figures 3 and 4 show different examples of boilers;
Figures 5 through 8 show different examples of mod-
ules;

Figures 9 and 10 show different examples of recip-
rocal connection of peripheral heat exchanging sur-
faces;

Figures 11 and 12 show different examples of recip-
rocal connection of internal heat exchanging surfac-
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es;
Figures 13 through 18 show the steps of the method
for assembling a module.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0009] In the following the boiler and the modules used
to erect the boiler are described first.

[0010] The boiler 1 (figures 2 and 3) comprises a main
structure 2 including a tower 3 and a top grid 4 above the
tower 3. The main structure 2 supports heat exchanging
surfaces. The boiler can be any type of boiler, such as
e.g. a tower boiler or a two pass boiler.

[0011] The main structure 2 is connected to and sup-
ports modules 5 that define heat exchanging surfaces.
According to the specific design of the boiler, the modules
5 can be a whole or a section of: an evaporator, a super-
heater, a reheater, an economizer.

[0012] Each module 5 comprises (figures 5-8) outer
hanger supports 6 and peripheral heat exchanging sur-
faces 7; preferably each module defines a cross section
of the boiler.

[0013] The outer hanger supports 6 can be connected
to and support the peripheral heat exchanging surfaces
7 e.g. via posts (other example are anyhow possible).
[0014] The outer hanger supports 6 can be solid bars
or tubular bar, e.g. to allow steam circulation through
them, in order to allow a similar thermal expansion for
the outer hanger supports 6 as for the peripheral heat
exchanging surfaces 7 and counteract differential expan-
sion through the boiler that could cause stress.

[0015] The peripheral heat exchanging surfaces 7 can
be defined by tubed walls, e.g. they can comprise tubes
8 and fins 9 (but the fins 9 are optional).

[0016] The outer hanger supports 6 are directly (i.e.
the supports 6 are connected to the main structure 2) or
indirectly (i.e. the supports 6 are connected to another
element that is in turn directly or indirectly connected to
the main structure 2) connected to the main structure 2.
Preferably the outer hanger supports 6 are directly or
indirectly connected to the upper part of the main struc-
ture 2 and/or top grid 4.

[0017] The peripheral heat exchanging surfaces 7 of
each module 5 are connected to the peripheral heat ex-
changing surfaces 7 of another module 5.

[0018] In one example (figure 9), the connection of the
peripheral heat exchanging surfaces 7a, 7b of different
modules 5 can be done by welding each tube 8a of the
peripheral heat exchanging surfaces 7a to another tube
8b of the peripheral heat exchanging surfaces 7b. Ref-
erence 11 indicates the welds between the tubes 8a, 8b.
Preferably the welds 11 are also provided between the
fins 9a, 9b of the peripheral heat exchanging surfaces
7a, 7b.

[0019] In another example (figure 10), the modules 5
can have peripheral heat exchanging surfaces 7a, 7b,
having collectors 12a, 12b connected to a headers 13a,
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13b. The header 13a of a module can be connected to
the header 13b of the other module in order to realize
the connection. This connection can for example be
made with a pipe 14.

[0020] Naturally the connections by directly welding
the tubes 8 (and possibly the fins 9) and by connecting
together the headers 13a and 13b can be implemented
in the same boiler but at different parts thereof.

[0021] The modules 5 can comprise internal heat ex-
changing surfaces 15 located within the peripheral heat
exchanging surfaces 7 (figures 5-7). The module prefer-
ably defines a cross section of the boiler.

[0022] The internal heat exchanging surfaces 15 can
for example define a superheater or a reheater or an
economizer. In addition, they are preferably defined by
coil pipes.

[0023] The modules 5 have inner hanger supports 16
connected to the internal heat exchanging surfaces 15.
The inner hanger supports 16 can be defined by solid
posts or by tubes, in this last case the hanger supports
can be part of a superheater or reheater and are con-
nected to headers.

[0024] The internal heat exchanging surfaces 15 of a
module are connected to the internal heat exchanging
surfaces 15 of another module.

[0025] Also this connection can be done in different
ways.

[0026] In one example (figure 12) the internal heat ex-
changing surfaces 15a, 15b (i.e. the coil pipes defining
them) of differentmodules 5a, 5b are connected together,
e.g. welded. For example an intermediate pipe 16 could
be used (but this is not mandatory).

[0027] Inanother example (figure 11), the internal heat
exchanging surfaces 15a, 15b (i.e. the coil pipes defining
them) have headers 17a, 17b and the internal heat ex-
changing surfaces 15a, 15b are connected by connecting
the header 17a of an internal heat exchanging surface
15a of a module to the header 17b of the internal heat
exchanging surface 15b of the other module. For exam-
ple anintermediate pipe 16 can be used also in this case.
[0028] Advantageously the inner hanger supports 16,
the internal heat exchanging surfaces 15, the outer hang-
er supports 6 and the peripheral heat exchanging sur-
faces 7 are connected together.

[0029] In the following specific examples of boilers are
described more in detail.

EXAMPLE 1 - figure 3

[0030] Figure 3 shows the main structure 2 with a top
grid 4 supporting the modules 5a-5e. The modules 5a-
5c have their peripheral heat exchanging surfaces 7 that
define sections of the superheater; the module 5c has its
inner heat exchanging surfaces 15 that define an addi-
tional section of the superheater. The modules 5b and
5a have their inner heat exchanging surfaces 15 that de-
fine a reheater. The modules 5d and 5e define an evap-
orator.
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[0031] All modules 5a-5e have outer hanger supports
6 that are connected together; the outer hanger supports
6 of the module 5a are directly connected to the top grid
4 and the outer hanger supports 6 of the other modules
are connected to the outer hanger supports 6 of overlay-
ing module.

[0032] In addition, the modules 5a-5¢ also have the
inner hanger supports 16 connected together; the inner
hanger supports 16 of the module 5a are connected to
the top grid 4 and the inner hanger supports 16 of the
other modules 5b, 5c are connected to the inner hanger
modules 16 of the overlaying module.

[0033] A first duct 20 connects the headers 13e of the
module 5e to a water supply; for example the first duct
20 is connected to a supply pump and a condenser, pos-
sibly via a reservoir.

[0034] The module 5e and 5d are connected by welds
11 provided between the tubes (and fins) of their periph-
eral heat exchanging surfaces 7.

[0035] The heaters 13d are connected to the upper
headers 13a, the lower headers 13a are connected to
the upper headers 13b; the lower headers 13b are con-
nected to the upper header 13c; the lower headers 13c
are connected to the lower header 17c of the inner heat
exchanging surface of the module 5c¢; the upper header
17c is connected to the high pressure turbine.

[0036] The upper headers 17a of the inner heat ex-
changing surface 15a of the module 5a is connected to
the high pressure turbine outlet, the lower headers 17a
is connected to the upper headers 17b and the lower
headers 17b is connected to the low pressure turbine.
[0037] In this example, the modules 5a-5¢ have the
peripheral heat exchanging surfaces 7 provided with col-
lectors and headers and the inner heat exchanging sur-
faces 15 provided with headers; the connection can thus
take place by connecting the headers. For example this
connection can be done by providing pipes between the
headers.

[0038] The modules 5d and 5e (defining the evapora-
tor) are reciprocally connected by welding their tubes 8,
while the connection with the other modules or water sup-
ply occurs via headers 13d, 13e.

EXAMPLE 2 - figure 4

[0039] Inthis example the boiler has a similar structure
as the boiler of figure 3, but the modules are connected
in a different way, i.e. some connections that in the ex-
ample 1 are done by collectors and headers are done in
this example by directly welding the tubes 8.

[0040] The modules 5a-5b have their peripheral heat
exchanging surfaces 7 whose tubes 8 are directly con-
nected together by welds 11. The inner heat exchanging
surfaces are also in this example provided with headers.
The modules 5d and 5e are connected as described with
reference to the example 1.
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FURTHER EXAMPLES

[0041] Naturally even if only two example of boilers
have been specifically described, the connections
among the modules can be any; e.g.:

the modules 5d and 5e can be connected together
by collectors ad headers instead of directly welding
their pipes;

some of the peripheral heat exchanging surfaces 7
of different adjacent modules 5 can have their tube
directly welded together while some others can be
connected through collectors and headers;

some of the inner heat exchanging surfaces 15 of
different adjacent modules can have their tubes 8
directly welded together while some others can be
connected through headers.

[0042] In addition it is clear that the specific described
configurations for the boilers are not mandatory and the
boiler configuration can be any according to the needs;
e.g. the evaporator can be defined by one or more mod-
ules, the superheater can be defined by one or more
modules and/or by peripheral and/or inner heat exchang-
ing surfaces; the reheater can be defined by one or more
modules and/or by peripheral and/or inner heat exchang-
ing surfaces.

[0043] In the following some specific example of mod-
ule are described in detail.

EXAMPLE 3 - figures 5 and 6

[0044] Figures 5 and 6 show a module without one
peripheral heat exchanging surface 7 (for clarity); these
figures show a module having the peripheral heat ex-
changing surfaces 7 that are not provided with any col-
lector or header. This module further has inner heat ex-
changing surfaces 15 that are provided with headers 17.
For example the peripheral heat exchanging surfaces
define a superheater or a section of a superheater and
the inner heat exchanging surfaces can define a super-
heater or a section of a superheater or a reheater or a
section of a reheater.

EXAMPLE 4 - figure 7

[0045] This module is similar to the module of the ex-
ample 3; in particular this module has the peripheral heat
exchanging surfaces 7 with collectors 12 and headers
13. The inner heat exchanging surface 15 has headers
17 as well. For example the peripheral heat exchanging
surfaces define a superheater or a section of a super-
heater and the inner heat exchanging surfaces can define
a superheater or a section of a superheater or a reheater
or a section of a reheater.
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EXAMPLE 5 - figure 8

[0046] This module has the peripheral heat exchang-
ing surfaces 7 without collectors or headers. No inner
heat exchanging surfaces are provided. For example the
peripheral heat exchanging surfaces can define an evap-
orator or a section of an evaporator (in particular an in-
termediate section of an evaporator to be connected to
other sections of evaporator by welding both ends of the
tubes 8 of the peripheral heat exchanging surfaces to the
tubes 8 of the peripheral heat exchanging surfaces of
other modules).

METHOD

[0047] The present invention also refers to a method
for connecting heat exchanging surfaces to the main
structure 2 of a boiler.

[0048] The method comprises

erecting the main structure 2 (figure 1); typically the tower
3 is erected first and preferably the top grid 4 is not pro-
vided on top of it at this stage;

assembling the modules comprising atleast outer hanger
supports 6 and peripheral heat exchanging surfaces 7,
in addition, preferably the module to be connected to the
top of the main structure 2 can be connected to the top
grid 4;

connecting the outer hanger supports 6 to the main struc-
ture 2; this is advantageously done by lifting the modules
5 as indicated by the arrow F, e.g. with strand jacks 29;
the strand jacks 29 can be temporary (i.e. in aremovable
way, such that after erection they can be removed) con-
nected to the main structure 2 (figure 2), when the top
grid 4 is part of a module 5 (the module to be connected
to the top of the main structure 2), the top grid 4 is lifted
via the strand jacks 29 and is then connected to the main
structure 2;

connecting together the peripheral heat exchanging sur-
faces 7 of adjacent modules 5 (figures 3 or 4).

[0049] Connecting the outer hanger supports 6 to the
main structure 2 comprises directly or indirectly connect-
ing the outer hanger supports 6 to the main structure 2.
This connection can e.g. be a welded connection.
[0050] Connecting together the peripheral heat ex-
changing surfaces 7 can be done in different ways.
[0051] Inone example connecting together the periph-
eral heat exchanging surfaces 7 comprises welding each
tube 8 of a peripheral heat exchanging surface 7 of a
module 5 to a tube 8 of a peripheral heat exchanging
surface 7 of another module 5.

[0052] In another example, modules can have periph-
eral heat exchanging surfaces 7 having a collector 12
connected to headers 13; in this case connecting togeth-
er the peripheral heat exchanging surfaces 7 comprises
connecting the header 13 of a module 5 to the header
13 of another module 5.

[0053] When the modules 5 further have internal heat
exchanging surfaces 15 located within the peripheral
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heat exchanging surfaces 7 and inner hanger supports
16 connected to the internal heat exchanging surface 15,
the method further comprises connecting the internal
heat exchanging surface 15 of a module 5 to the internal
heat exchanging surface 15 of another module 5.
[0054] Also this connection can be done in different
ways.

[0055] In one example, connecting the internal heat
exchanging surface 15 of a module 5 to the internal heat
exchanging surface 15 of another module 5 is done by
directly welding the internal heat exchanging surfaces 15
together or via the intermediate pipe 16.

[0056] In another example, when the modules 5 have
internal heat exchanging surfaces 15 having headers 17,
connecting the internal heat exchanging surface 15 of a
module to the internal heat exchanging surface 15 of an-
other module comprises connecting the headers 17 of
the internal heat exchanging surface of the module to the
header 17 of the internal heat exchanging surfaces the
other module.

[0057] Advantageously, the module 5a connected first
to the main structure 2 (this module can comprise the top
grid 4, but this is not mandatory) is directly hanged to the
main structure 2 (e.g. via the top grid 4 according to the
design), and the other modules 5b-5e successively con-
nected to the main structure 2 are indirectly connected
to the main structure 2 by connecting them in sequence
below the modules already connected to the main struc-
ture 2.

[0058] Preferably, during lifting the strand jacks 29 are
connected to the outer hanger supports 6 and to the pe-
ripheral heat exchanging surfaces 7 and to the internal
heatexchanging surfaces 15 (if provided). In case a mod-
ule (the one to be connected at the top of the main struc-
ture 2) is provided with the top grid 4, and (as preferred)
the outer hanger supports 6, the peripheral heat ex-
changing surfaces 7 and the internal heat exchanging
surfaces 15 (if provided) are connected to the top grid 4,
the strand jacks 29 can be only connected to the top grid
4. The present invention also refers to a method to as-
semble a module.

[0059] This method comprises (figures 13-20)
providing a module assembling table 30 (figure 13),
providing peripheral heat exchanging surface assem-
bling tables 31 (figure 13),

providing the module assembling table with lifting towers
32 (figure 14),

assembling the peripheral heat exchanging surfaces 7
on the peripheral heat exchanging surface assembling
tables 31 (figure 15), possibly the peripheral heat ex-
changing surfaces 7 can also be provided with buckstays
33 (i.e. stiffening elements for the peripheral heat ex-
changing surfaces 7; figure 16),

lifting the peripheral heat exchanging surfaces 7 in ver-
tical position on the module assembling table 30 (figure
17),

removing the peripheral heat exchanging surface assem-
bling tables 31 (figure 13),
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providing outer hanger supports 6 (figure 18) and, if need-
ed, the collector and headers and protections for the col-
lector and headers.

[0060] Inaddition, at least an internal heat exchanging
surface 15 can be installed at least while providing the
outer hanger supports 6.

[0061] Naturally the features described may be inde-
pendently provided from one another.

REFERENCE NUMBERS

[0062]

1 boiler

2 main structure

3 tower

4 top grid

5, 5a-5e module

6 outer hanger support
7,7a, 7b periferal heat exchanging surface
8, 8a, 8b tubes

9, 9a, 9b fins

11 weld

12, 12a, 12b  collector

13, 13a-13e header

14 pipe

15, 15a, 15b  internal heat exchanging surface
16 inner hanger support
17,17a,17b  header

20 first duct

29 strand jack

F lifting

Claims

1. A method for connecting heat exchanging surfaces
to a main structure (2) of a boiler, the method com-
prising erecting the main structure (2), character-
ized by
assembling modules (5) comprising at least outer
hanger supports (6) and peripheral heat exchanging
surfaces (7),
connecting the outer hanger supports (6) to the main
structure (2),
connecting together the peripheral heat exchanging
surfaces (7) of adjacent modules (5).

2. The method of claim 1, characterized in that

assembling modules (5) further comprising providing
a top grid (4) connected to at least at least outer
hanger supports (6) and peripheral heat exchanging
surfaces (7), and

connecting the outer hanger supports (6) to the main
structure (2) comprises connecting the top grid (4)
to the top of the main structure (2).

3. The method of claim 1, characterized in that con-
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necting the outer hanger supports (6) to the main
structure (2) comprises directly or indirectly connect-
ing the outer hanger supports (6) to an upper part of
the main structure (2).

The method of claim 1, characterized in that con-
necting together the peripheral heat exchanging sur-
faces (7) comprises welding each tube (8) of a pe-
ripheral heat exchanging surface (7) of a module (5)
to a tube (8) of a peripheral heat exchanging surface
(7) of another module (5).

The method of claim 1, characterized in that atleast
two modules (5) have at least a peripheral heat ex-
changing surface (7) having a collector (12) connect-
ed to a header (13), wherein

connecting together the peripheral heat exchanging
surfaces (7) comprises connecting the header (13)
of amodule (5) to the header (13) of another module

(5).

The method of claim 1, characterized in that atleast
two modules (5) further comprise

an internal heat exchanging surface (15) located
within the peripheral heat exchanging surfaces (7),
inner hanger supports (16) connected to the internal
heat exchanging surface (15),

the method further comprising connecting the inter-
nal heat exchanging surface (15) of a module (5) to
the internal heat exchanging surface (15) of another
module (5).

The method of claim 6, characterized in that the
module (5) has an internal heat exchanging surface
(15) having a header (17), and

the other module (5) has aninternal heat exchanging
surface (15) having at least a header (17),

wherein connecting the internal heat exchanging
surfaces (15) of a module (5) to the internal heat
exchanging surfaces (15) of another module (5)
comprises connecting the header (17) of the internal
heat exchanging surface (15) of the module (5) to
the header (17) of the internal heat exchanging sur-
faces (15) the other module (5).

The method of claim 1, characterized in that a mod-
ule (5) connected first to the main structure (2) is
directly hanged to the main structure (2), and at least
a module (5) successively connected to the main
structure (2) is indirectly connected to the main struc-
ture (2) by connecting it below the module (5) already
connected to the main structure (2).

A method to assemble a module (5), characterized
by comprising

providing a module assembling table (30),
providing peripheral heat exchanging surface as-
sembling tables (31),
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10.

1.

12.

13.

14.

15.

providing the module assembling table (30) with lift-
ing towers (32),

assembling the peripheral heat exchanging surfaces
(7) on the peripheral heat exchanging surface as-
sembling tables (31),

lifting the peripheral heat exchanging surfaces (7) in
vertical position on the module assembling table
(30),

removing the peripheral heat exchanging surface as-
sembling tables (31),

providing outer hanger supports (6).

The method of claim 9, characterized by installing
at least an internal heat exchanging surface (15) at
least while providing the outer hanger supports (6).

A boiler comprising a main structure (2) and modules
connected to the main structure, wherein

each module (5) comprises at least outer hanger
supports (6) and peripheral heat exchanging surfac-
es (7),

the outer hanger supports (6) are connected to the
main structure (2),

the peripheral heat exchanging surfaces (7) of each
module (5) are connected to the peripheral heat ex-
changing surfaces (7) of another module (5).

The boiler of claim 11, characterized in that each
tube (8) of the peripheral heat exchanging surfaces
(7) of a module (5) is welded to another tube (8) of
the peripheral heat exchanging surfaces (7) of an-
other module (5).

The boiler of claim 11, characterized in that

at least two modules (5) have peripheral heat ex-
changing surfaces (7) having a collector (12) con-
nected to a header (13), wherein

a header (13) of a module (5) is connected to the
header (13) of the other module (5).

The boiler of claim 11, characterized in that at least
two modules (5) comprise

internal heat exchanging surfaces (15) located within
the peripheral heat exchanging surfaces (7),

inner hanger supports (16) connected to the internal
heat exchanging surfaces (15),

wherein the internal heat exchanging surfaces (15)
of a module (5) are connected to the internal heat
exchanging surfaces (15) of the other module (5).

The boiler of claim 14, characterized in that

at least two internal heat exchanging surfaces (15)
have headers (17), and

the at least two internal heat exchanging surfaces
(15) are connected by connecting the header (17) of
aninternal heat exchanging surface (15) of amodule
(5) to the header (17) of the internal heat exchanging
surface (15) of the other module (5).
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The boiler of claim 15, characterized by comprising
internal heat exchanging surfaces (15) located within
the peripheral heat exchanging surfaces (7),

inner hanger supports (16) connected to the internal
heat exchanging surfaces (15).

A boiler module comprising at least outer hanger
supports (6) and peripheral heat exchanging surfac-
es (7).

The boiler module of claim 17, characterized by fur-
ther comprising

internal heat exchanging surfaces (15) located within
the peripheral heat exchanging surfaces (7),

inner hanger supports (16) connected to the internal
heat exchanging surfaces (15).
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