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(54) Heat exchanger with compound plates

(57)  Anheatexchanger 30, for donating heat from one
fluid stream to another fluid stream, comprising a plurality
of compound heat exchanger plates 2, each plate having
a corrugated heat exchange portion 4 and a header por-
tion 6 which is not corrugated, the heat exchange portion
4 being a separate component from the header portion
6, and being joined permanently to the header portion 6,
respective plates 2 being joined together to form heat
exchanger cells 16.

A heat exchanger plate 2 may be formed in a method
having the following steps:

(a) forming a heat exchange portion 4, which is of
corrugated cross section;

(b) forming a header portion 6, which is not corru-
gated;

(c) joining the header portion 6 permanently to the
heat exchange portion 4 to form a compound plate 2.

Fig. 2
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Description

TECHNICAL FIELD

[0001] This invention relates to a heat exchanger with
compound heat exchanger plates.

BACKGROUND

[0002] Heat exchangers are used in gas turbine en-
gines as a means of increasing efficiency by extracting
heat from the exhaust gas and donating this heat to the
compressed air leaving the compressor prior to its enter-
ing the combustion chamber. Conventional heat ex-
changers are of two main types, firstly the rotating disc
type, commonly known as the regenerator, and secondly
the static plate type, commonly known as the recupera-
tor, to which this invention is directed.

[0003] Such heat exchangers have to withstand the
considerable temperature experienced by the exhaust
gases, which might be up to 700°C, and the high pressure
of the compressed air, which might be up to eight times
atmospheric pressure.

[0004] The present invention seeks to provide a heat
exchanger which is compact, cheap to manufacture and
technically reliable.

SUMMARY OF INVENTION

[0005] According to afirst aspect of the present inven-
tion, there is provided a heat exchanger, for donating
heat from one fluid stream to another fluid stream, com-
prising a plurality of compound heat exchanger plates,
each plate having a corrugated heat exchange portion
and a header portion which is not corrugated, the heat
exchange portion being a separate component from the
header portion, and being joined directly and/or perma-
nently to the header portion.

[0006] The term "joined permanently" as it is used in
this specification means joined by welding, brazing, ad-
hesive, riveting or by any other physical interconnection,
other than releasable fasteners.

[0007] In accordance with a preferred embodiment of
the present invention, respective pairs of compound
plates are sealed to one another at their edges to define
respective heat exchanger cells, respective cells being
joined together by holes, formed in the header portion of
the compound or combined plates and sealed around
their edges, such holes providing fluid inlets and/or out-
lets to each cell.

[0008] Preferably, the header portion of each com-
pound plate is substantially planar. Preferably, the ma-
terial thickness of the header portion is greater than the
material thickness of the corrugated heat exchange por-
tion.

[0009] The corrugations at an end of the heat ex-
change portion are preferably crushed to the centre line
of the heat exchange portion, forming a planar surface
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to which the header portion may be joined. Preferably,
the portions of the compound plates are joined together
by welding, which may be seam welding.

[0010] Preferably, each compound plate has two
header portions, disposed at opposite ends of a heat ex-
change portion. Preferably, only one side of each header
portion has a plurality of projections. In a preferred em-
bodiment, the projections comprise ribs, which are so
arranged as to constitute flow guides, such that fluid flow-
ing in the cells occupies substantially the full extent of
the cells.

[0011] If the projections are formed on one side only
of each header portion, the surface of the header portion
without projections presents no obstruction to the free
flow of the fluid stream (preferably high pressure gas)
which passes over that header portion, so that the fluid
stream can spread out from the inlet holes over the full
extent of the heat exchanger portion.

[0012] Preferably, the corrugations of the heat ex-
change portion are pressed around the remaining edges
of the heat exchange portion, and respective pairs of
compound plates are welded or otherwise fixed around
their perimeters to form the said matrix of heat exchanger
cells.

[0013] The fluid inlet hole into a respective cell of the
heat exchanger may be provided at one end of the matrix
and the fluid outlet hole from the said cell is preferably
provided at the opposite end of the matrix. The holes in
the cells at one end of the matrix may be staggered rel-
ative to the holes in the cells at the other end of the matrix
in order to equalise flow distribution. Preferably, the holes
are elongated in a direction parallel to the corrugations.
[0014] Preferably, the inlet holes are welded or other-
wise fixed around their perimeters and the outlet holes
are preferably also welded or otherwise fixed around their
perimeters to join together adjacent cells. The holes in
the cells at the extremity of the matrix may be welded or
otherwise fixed to a support structure within which the
two streams of gas are separated and directed.

[0015] In accordance with the preferred embodiment
of the invention, heat is extracted from a first gas stream
atafirsttemperature and donated to a second gas stream
at a second temperature lower than the first temperature
by heat conduction through the said heat exchanger
plates. The two gas streams preferably flow in a substan-
tially counter direction along the corrugations of the ma-
trix. Preferably, the second gas stream enters through
the fluid inlets, spreads out across the unobstructed
header portion to occupy substantially the full extent of
the heat exchange portion and leaves through the fluid
outlets respectively, and the first gas stream spreads out,
directed by the flow guides, and passes in between ad-
jacent cells in a counter flow direction. Preferably, the
first gas stream comprises the exhaust gases of a gas
turbine and the second gas stream comprises the com-
pressed air of the said gas turbine prior to its entering
the combustion chamber of said turbine.

[0016] The cells of the heat exchanger matrix may be
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substantially flat. Alternatively, the cells of the heat ex-
changer matrix may be curved, and may be arranged
together to form an annulus.

[0017] Preferably, the corrugations of the heat ex-
change portions of the compound plates follow an oscil-
lating path, so that the corrugations define a wave pattern
when viewed in a direction normal to the surface of the
plate. The compound plates may be arranged such that
the wave pattern of plates in adjacent cells criss-crosses,
thus allowing greater turbulence in the gas stream and
consequently greater heat transfer. Additionally,
criss-crossing the wave pattern of adjacent plates avoids
the possibility of plates interlocking and provides im-
proved support against pressure forces.

[0018] A particular advantage of the compound plates
of the present invention is that the header portions, being
of a greater thickness, can exhibit a greater stiffness than
the corrugated heat exchange portions. The stiffer head-
er portions require a reduced number of projections to
support them against pressure differences between the
two gas streams when compared with conventional heat
exchanger plates. The reduced number of projections
leads to a reduced pressure drop across each heat ex-
changer cell and hence greater efficiency for the heat
exchanger.

[0019] According to another aspect of the present in-
vention, there is provided a method of forming a heat
exchanger plate comprising the steps of:

(a) forming a heat exchange portion, which is of cor-
rugated cross section;

(b) forming a header portion, which is not corrugated;
(c) joining the header portion directly and/or perma-
nently to the heat exchange portion to form a com-
pound plate.

[0020] Preferably, the step (c) comprises crushing the
corrugations at an end of the heat exchange portion to
the centre line of the heat exchange portion, forming a
planar surface to which the header portion may be joined.
[0021] Preferably, the method further comprises form-
ing a second header portion and joining a header portion
to opposite ends of the heat exchange portion.

[0022] Preferably, the portions of the plates are joined
together by welding, which may be seam welding.
[0023] Preferably, the method further comprises the
step of forming holes through the header portion or por-
tions. The method may also comprise the step of forming
projections on the header portion or portions. The pro-
jections may be formed in the shape of ribs and may be
so formed as to act as flow guides, such that the fluid
flowing in the cells occupies substantially the full extent
of the cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Forabetter understanding of the presentinven-
tion, and to show more clearly how it may be carried into
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effect, reference will now be made, by way of example,
to the accompanying drawings, in which:-

Figure 1 is a perspective view of a heat exchanger
plate;

Figure 2 is an exploded view of the plate of Figure 1;
Figure 3 is a plan view of a heat exchanger cell;
Figure 4a is an end view of the cell of Figure 3;

Figure 4b is a sectional view along the line XX of
Figure 3;

Figure 5ais an end view of two of the cells of Figure 3;
Figure 5b is a sectional view of the cells of Figure 5a
Figure 6 is a perspective view of a heat exchanger
matrix showing an alternative embodiment of inlet

and outlet ports.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0025] Referring to Figure 1, a compound heat ex-
changer plate 2 comprises a central heat exchange por-
tion 4 and two header portions 6. The heat exchange
portion 4 is corrugated, the corrugations following an os-
cillating path so that they define a wave pattern when
viewed in a direction normal to the surface of the plate.
The corrugations at opposite ends 8 of the heat exchange
portion 4 are crushed to the centreline of the heat ex-
change portion so as to present a planar surface. The
header portions 6 are substantially planar and are formed
from a material of greater thickness than that of the heat
exchange portion 4. The header portions 6 thus exhibit
a greater stiffness than the heat exchange portion 4. The
header portions 6 are sealed to the crushed edges 8 of
the heat exchange portion 4 by welds 10, which are pref-
erably seam welds.

[0026] A plurality of holes 12 extend through the head-
er portions 6 to permit the passage of fluid. The holes 12
are elongated in a direction parallel to the corrugations.
Holes 12 in opposite header portions 6a and 6b are stag-
gered relative to each other such that no one hole is di-
rectly opposite a corresponding hole. A plurality of pro-
jections 14 are formed on one side of the header portions
6 in the shape of ribs. At least one rib 14 is disposed on
either side of each hole 12, extending in a direction sub-
stantially parallel to the corrugations of the heat ex-
change portion 4. Those ribs 14a which are disposed
adjacent one of the holes 12 have a slight curvature, fol-
lowing the shape of the adjacent hole. In use, ribs 14 act
as both support for the plate 2 and as flow guides, direct-
ing fluid passing over the plate into the corrugated heat
exchange portion 4.
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[0027] With reference to Figure 2, the compound plate
2 may be assembled by first stamping out a metal sheet
to form a corrugated heat exchange portion 4, having
oscillating corrugations which form a wave pattern when
viewed from a direction normal to the side of the heat
exchange portion. Opposite edges 8 of the heat ex-
change portion 4 are then crushed to the centre line of
the corrugations so as to provide a planar surface for
attachment to header portions. Two substantially planar
header portions 6 are then stamped out or otherwise
formed from a material of greater thickness than that used
to form the heat exchange portion 4. In the illustrated
embodiment, projections are formed on one side of the
header plates 6 in the form of ribs 14 and depressions
15, which may later be cut away to form holes 12. The
ribs 14 are formed so as to act as flow guides, such that
in use, they will direct fluid passing over the compound
plate to occupy substantially the full extent of the heat
exchange portion. The header portions 6 are then weld-
ed, preferably by seam welding, to the crushed end por-
tions 8 of the heat exchange portion 4.

[0028] With reference to Figures 3, 4a and 4b, a heat
exchanger cell 16 comprises a pair of compound plates
2. The plates 2 are welded together or otherwise sealed
around their peripheries 20 to form the cell 16. The free
edges 18 of the heat exchange portions 4 of the two plates
2 are crushed to the level of the header portions 6, thus
presenting planar surfaces for attachment to the adjacent
plate.

[0029] Referring to Figure 6, a heat exchanger matrix
30 comprises a plurality of heat exchanger cells 16 which
are stacked one on top the other. The respective heat
exchanger cells are welded or otherwise fixed together
around the perimeter 24 of each hole 12 as shown in
Figures 5a and 5b. Each set of welded together holes 12
comprises an inlet port 22 or an outlet port 24 which is
in fluid communication with the interior of each of the cells
16.

[0030] In the illustrated embodiment, the heat ex-
changer matrix 30 comprises a recuperator for use in a
gas turbine engine. Cold high pressure air C from the
compressor of the gas turbine engine is directed into the
inlet ports 22 by means of a manifold (not shown). From
the inlet ports, the cold high pressure air C is directed
between the corrugated heat exchange portions 4 of the
compound plates 2 of each heat exchanger cell 16 and
makes its way along the heat exchanger matrix 30 into
the outlet ports 24, which are themselves connected to
an outlet manifold (not shown).

[0031] As the projections 14 are formed on only the
outside surface of the plates of a respective heat ex-
changer cell, the inside surfaces of the plates are clear
of obstructions in the vicinity of the holes 12, so that the
cold high pressure air entering the cell through the holes
12 can spread out unimpeded to occupy substantially the
full extent of the heat exchanger matrix.

[0032] Hot low pressure exhaust gas E from the gas
turbine engine is directed into an end of the heat exchang-
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er matrix 30 and is forced between the cells 16 of the
heat exchanger matrix 30. The gas E is directed by the
ribs 14 to occupy substantially the entire area of the heat
exchange portion 4 of each cell 16. As the exhaust gas
E is forced between the heat exchanger cells 16 and the
colder high pressure air C is forced through the interior
of the heat exchanger cells 16, heat is donated from the
exhaust gas E to the colder high pressure air C. Prefer-
ably, the two gas streams flow in a substantially counter
direction. The corrugations of the heat exchange portions
4 cause the air C to follow a tortuous path. Consequently,
heat transfer occurs over a greater surface area and over
a greater time than if the heat exchange portions were
planar, and the overall heat transfer is thus improved.
[0033] Preferably, the compound plates 2 of each heat
exchanger cell 16 are arranged so that the corrugations
of the heat exchange portions 4 of the plates 2
criss-cross, such that the corrugations of one compound
plate are out of phase with the corrugations of an adjacent
compound plate. Preferably the corrugations are 180°
out of phase. This enables gas entering the cells to
traverse sideways across the corrugations thereby to oc-
cupy substantially the whole volume of the cells 16. Ad-
ditionally, this arrangement prevents intermeshing of ad-
jacent compound plates, ensuring the entire matrix re-
mains rigid and stable.

[0034] Although the heat exchanger of the present in-
vention has been described with reference to substan-
tially flat, planar cells, in an alternative embodiment, the
heat exchanger is formed from curved compound plates
and may be formed from a single, spirally would cell.

Claims

1. A heat exchanger, for donating heat from one fluid
stream to another fluid stream, comprising a plurality
of compound heat exchanger plates, each plate hav-
ing a corrugated heat exchange portion and a header
portion which is not corrugated, the heat exchange
portion being a separate component from the header
portion, and being joined to the header portion.

2. A heat exchanger as claimed in claim 1, in which
respective pairs of compound plates are sealed to
one another at their edges to define respective heat
exchanger cells, respective cells being joined to-
gether by holes, formed in the header portion of the
compound plates and sealed around their edges,
such holes providing fluid inlets and/or outlets to
each cell.

3. A heat exchanger as claimed in any claim 1 or 2 in
which the header portion is substantially planar.

4. A heat exchanger as claimed in any one of the pre-
ceding claims, in which the material thickness of the
header portion is greater than the material thickness
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of the corrugated heat exchange portion.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which the portions of the compound
plates are joined together by welding.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which the portions of the compound
plates are joined together by seam welding.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which the corrugations at an end
of the heat exchange portion are crushed to the cen-
tre line of the heat exchange portion, forming a planar
surface to which the header portion is joined.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which one side of the header portion
has a plurality of projections.

A heat exchanger as claimed in claim 8, in which the
projections are ribs.

A heat exchanger as claimed in claim 8, in which the
projections are so arranged as to constitute flow
guides.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which each compound plate has
two header portions, disposed at opposite ends of a
heat exchange portion.

A heat exchanger as claimed in claim 11, in which
the corrugations of the heat exchange portion are
pressed around their remaining edges, and respec-
tive pairs of compound plates are welded or other-
wise fixed around their perimeters to form the said
matrix of heat exchanger cells.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which the fluid inlet hole into a re-
spective cell is provided at one end of the matrix and
the fluid outlet hole from the said cell is provided at
the opposite end of the matrix.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which the holes in the cells at one
end of the matrix are staggered relative to the holes
in the cells at the other end of the matrix.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which the holes are elongated in a
direction parallel to the corrugations.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which the inlet holes are welded or
otherwise fixed around their perimeters and/or the
outlet holes are welded or otherwise fixed around
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17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

their perimeters to join together adjacent cells.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which heat is extracted from a first
gas stream at a first temperature and donated to a
second gas stream at a second temperature lower
than thefirsttemperature by heat conduction through
the said heat exchanger plates.

A heat exchanger as claimed in claim 17, in which
the two gas streams flow in a substantially counter
direction along the corrugations of the matrix.

A heat exchanger as claimed in claim 17 or 18, in
which the second gas stream enters through the fluid
inlets and leaves through the fluid outlets respective-
ly and the first gas stream passes in between adja-
cent cells in a counter flow direction.

A heat exchanger as claimed in any one of claims
17 to 19, in which the first gas stream comprises the
exhaust gases of a gas turbine and the second gas
stream comprises the compressed air of the said gas
turbine prior to its entering the combustion chamber
of said turbine.

A heat exchanger as claimed in any one of the pre-
ceding claims in which the cells are substantially flat.

A heat exchanger as claimed in any one of claims 1
to 20, in which the cells are curved.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which the matrix is made from a
single spirally wound cell.

A heat exchanger as claimed in any one of the pre-
ceding claims, in which the corrugations of the heat
exchange portions of the compound plates follow an
oscillating path, so that the corrugations define a
wave pattern when viewed in a direction normal to
the surface of the plate.

A heat exchanger as claimed in claim 24, in which
the wave pattern of plates in adjacent cells
criss-crosses thus allowing greater turbulence in the
gas streams and consequently greater heat transfer.

A method of forming a heat exchanger plate com-
prising the steps of:

(a) forming a heat exchange portion, which is of
corrugated cross section;

(b) forming a header portion, which is not corru-
gated;

(c) joining the header portion to the heat ex-
change portion to form a compound plate.
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A method as claimed in claim 26, wherein the step
(c) comprises crushing the corrugations at an end of
the heat exchange portion to the centre line of the
heat exchange portion, forming a planar surface to
which the header portion is joined.

A method as claimed in claim 26 or 27, wherein the
step (b) further comprises forming a second header
portion.

A method as claimed in claim 28, wherein the step
(c) comprises joining a header portion to opposite
ends of the heat exchange portion.

A method as claimed in any one of claims 26 to 29,
wherein the portions of the plates are joined together
by welding.

A method as claimed in any one of claims 26 to 30,
wherein the portions of the plates are joined together
by seam welding.

A method as claimed in any one of claims 26 to 31,
further comprising the step of forming a plurality of
holes in the header portion or portions.

A method as claimed in any one of claims 26 to 32,
further comprising the step of forming a plurality of
projections on the header portion or portions.

A method as claimed in claim 33, wherein the pro-
jections are formed in the shape of ribs.

A method as claimed in claim 34, wherein the ribs
are formed as flow guides, such that fluid flowing
past the plate occupies substantially the full extent
of the heat exchange portion.

10

15

20

25

30

35

40

45

50

55

10












EP 1 643 200 A1

9l

gipo
d|pg

d | pg

dipg
d | bd

g |pd

144

9

8

qv "0

10






N

EPO FORM 1503 03.82 (P04C01)

9

EP 1 643 200 A1

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 05 25 5849

DOCUMENTS CONSIDERED TO BE RELEVANT
Catego Citation of document with indication, where appropriate, Relev_ant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X US 5 582 241 A (YOHO ET AL) 1-5, F28D1/03
10 December 1996 (1996-12-10) 11-13, | F28F9/02
16,17,
21,24,
26,28-32
* column 6, line 34 - column 6, line 67;
figures 15-17 *
A US 2002/023740 Al (LOWENSTEIN ANDREW ET 1-35
AL) 28 February 2002 (2002-02-28)
* paragraph [0048] - paragraph [0050] *
* paragraph [0061] *
A FR 2 852 383 A (VALEO THERMIQUE MOTEUR 1-35
[FR]) 17 September 2004 (2004-09-17)
* the whole document *
A FR 2 077 678 A (CHAUSSON; CHAUSSON 1-35
USINES,FR) 5 November 1971 (1971-11-05)
* page 1, line 16 - page 2, line 36;
figure 1 * TECHNICAL FIELDS
_____ SEARCHED (IPC)
A US 4 470 455 A (SACCA ET AL) 1-35 F28D
11 September 1984 (1984-09-11) F28F
* abstract *
A US 5 697 429 A (LAVERAN ET AL) 1-35
16 December 1997 (1997-12-16)
* column 3, lines 18-21 *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 17 January 2006 Bain, D
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A technological background e et e
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

12




EPO FORM P0459

EP 1 643 200 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 05 25 5849

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

17-01-2006
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5582241 A 10-12-1996  NONE

US 2002023740 Al 28-02-2002 AU 7007601 A 08-01-2002
BR 0112279 A 30-12-2003
CN 1483132 A 17-03-2004
EP 1299681 A2 09-04-2003
JP 2004506863 T 04-03-2004
WO 0201132 A2 03-01-2002
US 2003192682 Al 16-10-2003

FR 2852383 A 17-09-2004  NONE

FR 2077678 A 05-11-1971 BE 762393 Al 16-07-1971
DE 2105203 Al 19-08-1971
ES 387876 Al 01-01-1974

US 4470455 A 11-09-1984  NONE

US 5697429 A 16-12-1997 DE 69601398 D1 04-03-1999
DE 69601398 T2 02-06-1999
EP 0756149 Al 29-01-1997
FR 2737287 Al 31-01-1997

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

13



	bibliography
	description
	claims
	drawings
	search report

