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(571  ABSTRACT

~ A heat éxchanger for heat exchange between low-

temperature and high-pressure air and high-
temperature and low-pressure gas comprising a hous-

‘ing, a plurality of partition members disposed substan-

tially radially in the housing for defining therebetween
alternate air and gas passages for passing the air and
gas in directions opposite to each other, a first corru-
gated fin disposed in each air passage, and a second.
corrugated fin disposed in each gas passage. The first

fins-are suitably cut out at one end thereof to commu-

nicate with an air inlet of the heat exchanger, and the

- second fins are suitably cut out at the end remote
~ from the cut-out end of the first fins to communicate
 with a gas inlet of the heat exchanger so as to attain

satisfactory heat exchange between the two fluids.

5 Claims, 9 Drawing Figures
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1 B
HEAT EXCHANGER

This invention relates to heat exchangers, and more

particularly to a heat exchanger of the kind preferably
used with an engine such as a gas turbine engine for ve-
hicles. | | o

It is generally most important for a heat exchanger to
accommodate the largest possible heat transfer area
within a limited space, since the largeness of this heat
transfer area is one of the greatest factors governing the
performance of the heat exchanger. Recuperative heat

exchangers known in the art include tube bundle tube-

fin heat exchangers employing solely tubes arranged in
parallel and tube-fine type heat exchangers comprising
the combination of tubes and fins. Plate-fin type heat
exchangers comprising the combination of fluid con-
duits and corrugated fins manufactured by forming flat
plates in the shape are especially widely employed for
the reasons that such a heat exchanger is quite small in
size and has a large heat transfer area. Further, these
heat exchangers are classified into the parallel flow
type, cross flow type and counter flow type depending
on the directions of fluids placed in heat exchange rela-
tion. However, the conventional heat exchangers of the
tube bundle type and tube-fin type have been defective
in that there is a great restriction in the inner and outer
effective heat transfer areas and the selection of work-
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ing fluids is also subject to a limitation. Further, these .

heat exchangers have been defective in that a high heat
exchange efficiency cannot be expected due to the fact
that the working fluids must be inevitably passed in par-
alle]l flow or cross flow relation. The countertlow type
heat exchanger in which working fluids are passed
through adjoining conduits in counterflow relation has
also been defective in that a complex arrangement 1s
required for separating the different fluids from each
“other so that the fluids flowing into and out of the-ad-
joining conduits may not be mixed with each other.

This type of heat exchanger has further been defective

in that it is quite bulky due to the inclusion of many un-

necessary dead spaces in the heat transfer zones and a

very complex process and a long period of time are re-
quired for the manufacture. )
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A further object of the present invention is to provide
a heat exchanger comprising a cylindrical housing, a
heat exchange unit disposed within said housing, a plu-
rality of partition members disposed radially in said
heat exchange unit for defining alternate passages for
a first fluid and a second fluid, a first corrugated fin dis-
posed in each of said first fluid passages, and a second

corrugated fin disposed in each of said second fluid

passages, at least one of said first and second fins being
provided with a cut-out at one or either end thereof so
as to pass these two different fluids through said alter-
nate passages in directions opposite to each other. The
heat exchanger having the features set forth n the
above possesses a large heat transfer area and is quite
small in size due to the fact that unnecessary dead
spaces are substantially eliminated. -

The above and other objects, features and advan-
tages of the present invention will be apparent from the
following - detailed description taken In conjunction
with the accompanying drawings, in which:

FIG. 1 is a partly sectional side elevation view show-

ing the structure of an embodiment of the present in-

vention, - | | | e
FIG. 2 is a partly sectional front elevation of the heat
exchanger shown in FIG. 1; - R
" FIG. 3 is a partly cut-away, enlarged perspective view
showing the structure of one of the core units in the
heat exchanger shown in FIG. 1; | -
 FIG. 4 is an enlarged section of parts-of the air and
gas passages in the core unit shown in FIG. 3; |
FIG. 5 is a partly cut-away perspective view showing

a modification of the core unit shown in FIG. 3;

'FIG. 6 is a longitudinal section showing the structure
of another embodiment of the present invention; -
FIG. 7 is a side elevation of the left-hand half of the

- heat exchanger shown in FIG. 6;

40

With a view to obviate such prior art defects, it is an '

object of the present invention to provide a novel and
improved heat exchanger which comprises a cylindrical
housing, a plurality of core units disposed radially
within said housing, each said core unit including a plu-
rality of partition members arranged in parallel for de-
fining therebetween alternate passages for passing a
first fluid and a second fluid in directions opposite to

each other, a first corrugated fin disposed in each of

said first fluid passages, and a second corrugated fin
disposed in each of said second fluid passages, and a
plurality of first fluid admitting space portions defined
between the inner wall of said housing and said core
units for communication with said first fluid passages in
said core units. The heat exchanger having the features
set forth in the above is quite small in size and the effec-
tive heat transfer area can be adjusted as desired by

suitably selecting the number of the first and second

fluid passages and the number of the core units.
Another object of the present invention is to provide
a heat exchanger of the above character in which at
least one of said first and second fins is provided with
a cut-out at one or either end thereof so as to pass the
first and second fluids in the directions opposite to each

other.
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FIG. 8 is a partly sectional perspective view showing
the structure of the heat change unit in the heat ex-
changer shown in FIG. 6; and | |
" FIG. 9 is an enlarged sectional view of parts of the

heat exchanger shown in FIG. 6.

An embodiment of the present invention will be de-

scribed with reference to FIGS. 1 to 4.

Referring to FIGS. 1 and 2, a cylindrical housing 1
forms an outer shell of a heat exchanger. A plurality of
core units 2 are disposed radially within the housing 1
for the heat exchange between air at a low temperature
and high pressure and gas at a high temperature and
low pressure. A plurality of radially spaced members 3
connect the radially arranged core units 2 with one an-
other in such a manner that a space 4 is defined be-
tween any.two adjacent core units 2. An arcuate space
portion 5 is defined between the inner wall of the hous-
ing 1 and each of the radially outer connecting mem-
bers 3 for admitting low-temperature and high-pressure
air into each core unit 2. Each of these spaces 4 1s

closed gas-tight by the core units 2 disposed on oppo-

site sides thereof and by the associated core unit con-

necting members 3. The heat exchanger is provided

with a plurality of flange portions Sa for mounting on
an apparatus such as a gas turbine engine. The low-
temperature and high-pressure air is supplied from a
compressor (not shown) to be fed through an air inlet
6 of the heat exchanger into each arcuate air admitting
space portion 5, thence into air inlet portions 2a of
each core unit 2. The low-temperature and high-

pressure air is turned into high-temperature and high-



~zontal portions between the corresponding opposite

-~ core unit connectmg members 3 are secured gas-tlght?...gs'
. to the upper and lower ends of the partltron members. .
~ .= 15 in'such a manner as-to prowde the air and gas mlet?-' -
":'-_portrons 23 and 2c of the core. umt 2 BRI

~ pressure air through the heat exchange with the hlgh-_
temperature and low-pressure gas while passing
through each core unit 2 and such air is discharged

through air outlet por’uons 2b of each core unit 2,

thence through an air outlet 7 of the heat exchanger to 5
be supplied to a combustor (not shown). The high-
temperature and low-pressure gas is supplied through
a gas inlet 8 of the heat exchanger into gas inlet por-
tions 2¢ of each core unit 2 to be subjected to heat ex-

change with the low-temperature and high-pressure air 10

while passing through the. core unit 2, and the low-
temperature and low-pressure gas produced by the heat
exchange is discharged through gas outlet portions 2d
of each core unit 2, thence through a gas outlet 9 of the
- heat exchanger to the exterior. The direction of flow of 15
the air in each core unit 2 is opposite to the direction .
~ of flow of the gas. Freely expansible sealing means 10 -
and 11 are disposed between the radially outer con-
necting member 3 and a passage forming member 12

and between another passage forming member 13 and 20

a seal supportmg member 14 respectwely for each core

unit 2. | |
Referring to FIGS 3 and 4 showmg n detall the- o
structure of each core unit 2, a plurality of rectangular

partition members 15 of, for example, stainless steel 25

are arranged in parallel to define therebetween alter-
nate air and gas passages 17 and 18. A first fin 16ain
corrugated form consisting of a series of rectangular
port:ons is disposed in each air passage 17 and a second

fin 165 1n corrugated form consrstmg of a series of rect- 30
angular portions is disposed in each gas passage 18 as

. shown. The first fins 16a disposed in the air passages 17

defined between the associated partition members 15 .
are cut out in the form of a triangle at one end thereof
to provlde the air inlet portions 2a and are not cut to 35
remain in the orlgmal rectangular shape at the other
end -thereof to provide the air outlet portions 2b.
Similarly, the second fins 16b disposed in the gas pas-
‘sages 18 defined between the associated partition
members 15 are cut out in the form of a triangle at the 40
end remote from the cut-out end of the first fins 16ato
provide the gas inlet portions 2c¢ and are not cut outto
remain in the original rectangular shape at the other
end thereof to provide the gas outlet portions 2d. An

~ L-shaped gas sealing member 19 is interposed gas-tight 4
~at its upstanding and horizontal! portions between the

corresponding opposite surface portions of each pair of -

the partition members 15 defining the gas passage 18
~ therebetween. Similarly, an L-shaped air sealing mem- 50
ber 20 is interposed air-tight at its upstanding and hori-.

- surface portions of each pair of the partition members
15 defining the air passage 17 therebetween. These -
sealing members 19 and 20 are alternately disposed in- 55
a confronting relationship as shown. The seal support- .~
ing member 14 of, for example, L-like cross section is -
fixed gas-tight at a posmou at which the horizontally
extending portions of the air sealing members 20 inter- .-

sect the upstanding portions of the gas sealing members 60 ite te SR
~and are combined with heat transfer fins to constitute =~ -

- acore unit, a plurality of such core units being disp‘osedf' e
_radially within a cylindrical housing, and the air pas- =
~-sages in each core unit communicate with an air admit-

ting space portion defined between the inner wallof the .~

~ cylindrical . housmg and the core unit.. The structure. .
. above described is advantageous in that the heat ex- =~ . =
EREE changer is small in size, has a ]arge eﬁ'ectwe heat trans-;_ TR e

~ 19. Another supporting member 14’ is fixedly disposed -
gas-tight. at a position at which the upstandmg portions -

of the air sealing members. 20 intersect the horizontally =
- extending portions of the gas sealmg members 19. The -

3,818,984 R

~In operation, referring to FIG.-'-Z',_ air at'a low temper- -
~ature and high pressure supplied from the compressor -
(not shown) passes through the air inlet 6 of the heat

exchanger into each arcuate space portion 5, and after

changing the direction of flow by 180° the air flows '
~into the air inlet portions 2a of each core unit 2 to pass

| through the air passages 17 1 In the core unit 2. Thus, the
- air flows in a direction X — X shown by the solid line.

On the other hand, gas at high temperature and low
pressure flows through the gas inlet 8 of the heat ex-

- changer into the gas inlet portions 2¢ of each core unit -

2 to pass through the gas passages 18 in the core unit

- 2inadirection Y — Y shown by the dotted line. Thus,
.- the low- temperature and high-pressure . air - passmg

through the air passages 17 having the: first fins 16a
therein is brought into a satisfactory heat exchange re-

~lation with the high-temperature and low-pressure gas
~which passes through the gas passages 18 having the
second fins 16b therein in a direction opposite to the -

flowing direction of the low-temperature -and high-

pressure air, wrth the result that the low-temperature.
and high- pressure air turns into high-temperature and -
high-pressure air and the high-temperature and . low-

pressure gas turns into low-temperature and low-
pressure gas. Then, the hlgh -temperature -and high-

pressure air passes through the air outlet portions 2b of
each core unit 2 to be supplied to the combustor (not

shown) from the air outlet 7 of the heat exchanger

~ while the low-temperature and low-pressure gas passes

through the gas outlet portions 24 of each core unit 2
to. be discharged to the exterior from the gas outlet 9

of the heat exchanger. - S
In the embodiment above descnbed the first and sec-

ond fins 16a and 1654 in each core unit 2 are cut out in

a triangular form at one end thereof to provide the air
- inlet portions 2a and gas inlet portions 2¢ respectively.
Referring to FIG. 5 showing a modification of the core

unit 2 shown in FIG. 3, the first fins 16a drsposed in the
air passages 17 are cutoutina triangular form at oppo-
site. ends -thereof as shown, while the second fins 165

dlsposed in the gas passages 18 are not cut out and have o

a rectangular shape. The first and second fins 16a and.
16b are alternately fixed between the partition mem-

~ bers 15 defining the air and gas passages 17 and 18 so -
’ that the cut-out ends of the first fins 162 provide the air
~inlet and outlet portions 2a and 2b, while the rectangu-

lar ends of the second fins 1656 provide the gas inlet and
outlet portions 2¢ and 2d in each core unit 2. Further,
although the closed space portions 4 are provided:-be-

~tween the core units 2 in the embodiment above de-
- scribed, these space portions 4 may be eliminated and =
~ additional core units 2 may be disposed in these spaces
- so as to increase the effective heat transfer area.

It will be understood from the above desc_rrptron.that,-,f

in the first embodiment.of the heat exchanger accord-
-ing to the present invention, a plurality of partition
members are parallelly disposed to define therebe-
- tween a plurality of alternate air and gas passages for

passing air and gas in directions opposite to each other



- 5
fer area and can be very simply manufactured due to
the fact that the air admitting space portion can be

3,818,984
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' portions. An outer casing 31 is secured as by soldering

- to the second L-shaped sealing members 30b, and the

formed by mere disposition of each core unit in the ra-

dial portion within the cylindrical housing, thereby

flange portion 25 is formed at the left-hand end of the

“outer casing 31 as seen in FIGS. 6 to 8. The right-hand

eliminating the need for provision of any especial air 5

supply conduit for supplying air into the air passages of

the core unit. Further, by virtue of the fact that the core

units disposed within the housing are independent of

each other, leakage of air and gas can be easily de-

tected and leaking parts can be repaired during the
steps of manufacture and assembling. Thus, heat ex-

changer is from any air or gas leakage and the gas and
air passages can be easily cleaned. The present inven-
tion is further advantageous in that the effective heat
transfer area of the heat exchanger can be easily ad-
justed by suitably increasing or decreasing the number
of the core units and also by increasing or decreasing

the heat transfer area of the partition members and |

fins. Furthermore, by virtue of the fact that air and gas
pass through the alternate air and gas passages in direc-
tions opposite to each other, satisfactory heat exchange
between the air and the gas can be attained. Moreover,

any especial means are not required for causing flow of

the air and gas in the opposite directions and the heat
exchanger has a simplified structure. Further, the heat
exchanger has a satisfactory mechanical strength due

10
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fins 28a; partition members 29 and first L-shaped seal-

23

to the fact that the core units are housed within the cy-

lindrical housing.

Another embodiment of the present invention will be

described with reference to FIGS. 6 to 9. Referring to
FIG. 6, a heat exchange unit 22 is housed within a cy-
* lindrical housing 21. The heat exchange unit 22 1s pro-
vided with an annular portion or ring 23 which is bolted
to the cylindrical housing 21 for fixing the heat ex-
change unit 22 to the housing 21. The heat exchange
unit 22 is supported within the housing 21 by a plurality
of stays 24 welded to the heat exchange unit 22. The
heat exchange unit 22 and housing 21 are mounted to
the body of an apparatus such as a gas turbine engine
(not shown) by a flange portion 25 and a ring 26. The
heat exchange unit 22 includes an inner casing 27
which is closed at one end thereof. A plurality of first
fins 284, second fins 28b and partition members 29 are
alternately radially disposed around the inner casing
27. The first and second fins 28a and 28b are corru-
gated and have a width which is gradually enlarged
from the inner toward the outer end. The assembly
consisting of these fins 28a, 28b and partition members
29 is in the form of a thick-walled cylinder. As seen In
FIGS. 6 and 8, the first fins 28a are cut out at one or

right-hand end thereof, while the second fins 28b are

cut out at the left-hand end remote from the cut-out
“end of the first fins 284, and these first and second fins

284 and 28b are alternately arranged with the partition
members 29 interposed therebetween. A first L-shaped

sealing member 30a is in sealing engagement with the

radially inner end edges and right-hand end edges of
the partition members 29 disposed on opposite sides of

each of the first fins 28« as seen in FIGS. 6 to 8. Simi-

larly, a second L-shaped sealing member 30b is in seal-

ing engagement with the radially outer end edges and
left-hand end edges of the partition members 29 dis-
posed on opposite sides of each of the second fins 28b.
Further, these first and second sealing members 30a
and 30b intersect at the opposite ends thereof and the
rings 23 and 26 are welded to these intersecting por-

tions to serve as a sealing means for these intersecting

30
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end of the outer casing 31 registers with the starting po-
sition of the cut-out at the right-hand end of the first
fins 284, and the left-hand end of the inner casing 27
registers with the starting portion of the cut-out at the
left-hand end of the second fins 28b as best shown In

FIG. 6. . _ -
In operation, air at a low temperature and high pres-

sure is supplied from a compressor (not shown) to pass

through the space between the housing 21 and the
outer casing 31 in a direction as shown by the arrow A.
On the other hand, combustion gas at a high tempera-
ture and low pressure is supplied through the opening
of the ring 26 in a direction as shown by the arrow B.
The low-temperature and high-pressure air flows then
in a direction as shown by the arrow C to enter the tri-
angular spaces defined by the cut-out ends of the first

ing members 30a, thence into the air passages defined

‘between the partition members 29 and containing the
first fins 284 therein to be discharged through the space

between the ring 26 and the outer casing 31 in a direc-
tion as shown by the arrow D. On the other hand, the

‘high-temperature and low-pressure combustion gas
flows in a direction as shown by the arrow E to enter

the triangular spaces defined by the cut-out ends of the

second fins 28b, partition members 29 and second L-
shaped sealing members 305, thence into the gas pas-
sages defined between the partition members 29 and

containing the second fins 28b therein to be discharged
through the space between the ring 23 and the inner
casing 27 in a direction as shown by the arrow F. In the
heat exchanger, heat exchange between the low-
temperature and high-pressure air and the high-
temperature and low-pressure combustion gas occurs

through the medium of the first and second fins 28a, .

28b and partition members 29. As a result, the air sup-

plied in the low-temperature and high-pressure state:1s

turned into high-temperature and high-pressure air and
such air is fed in the direction of the arrow D to be sup-
plied into the combustor in the gas turbine engine (not
shown) for combustion, while the combustion gas sup-
plied in the high-temperature and low-pressure state 1s
turned into low-temperature and low-pressure gas and
such gas is discharged to the exterior in the direction
of the arrow F. - '

In the second embodiment of the present invention,
the first fins 28« and second fins 28b are cut out at their
right-hand and left-hand ends in the manner shown 1n
FIG. 6 so as to provide the air and combustion gas inlet
portions respectively. However, the first fins 28a may
be cut out at the left-hand end thereof as shown by the
two-dot chain line in FIG. 6 in addition to the cut-out

at the right-hand end thereof, while the second fins 285

may not be cut out at either end thereof, and the shape
of the first and second L-shaped sealing members 30a
and 30b may be slightly modified. In such a modifica-
tion, the air and combustion gas flow in respective di-

" rections as shown by the two-dot chain lines and satis-

65

factory heat exchange between the air and the combus-
tion gas can be similarly effectively attained.
What is claimed 1s: ' - -

1. A heat exchanger comprising a cylindrical hous-

~ ing, a plurality of partition members disposed within



said housmg for deﬁmng alternate passages for a ﬁrst

fluid and a second fluid, first corrugated fins are each
disposed in each of said first fluid passages, second cor-
rugated fins are each disposed in each of said second
fluid passages, at least one of said first and second fins
" being formed with oblique cut out portions at at least -

3 818 984

one end thereof so as to provide inlet portions for intro-

ducing said two fluids into said alternate passages in di-

rections opposite to each other.

2. A heat exchanger comprising 'a cylmdrlcal hous-.

10

ing, a plurality of core units disposed radially within -

- said housing, each of said core units having a square

cross section and including a plurality -of partition .

for defining therebetween alternate passages for pass-

fluid passages, second corrugated fins one each dis-
posed in each of said second fluid passages, one of said
first and second corrugated fins being formed with ob-

- the inner wall of said housing and radially outer sur-

and second ﬂuld passages being opened to said ﬂllld ad-

mitting space. portions, said cut out portions of the cor-
- rugated fins disposed in the other of sald passages bemg_ o
opened to said cylindrical space. |
4. A heat exchanger comprising a cylindrical hous-

ing, a heat exchanger unit disposed within said housing,

“said heat exchanger unit including a plurality of parti-
~ tion members disposed radially for defining alternate

passages for a first fluid and a second fluid, first corru-

gated fins each having a wedge-shaped cross section

and being disposed in each of said first fluid passages,
second corrugated fins each having a wedge-shaped.

. cross section and being disposed in each of said second
members arranged substantially parallel to one another -

. 15
- ing first and second fluids in opposite directions, first
corrugated fins one each disposed 1n each of said first

fluid passage, one of said first and second fins being

formed with oblique cut out portions at their radially
~ outer ends so as to provide inlet portions to introduce |
" said first or second fluid into said first or second fluid -

- passages, respectively, a plurality of fluid admitting

~space portions defined between the inner wall of said
housing and the outer periphery of said heat exchanger
~ unit for communication with said first or second fluid

20
lique cut out portions at their radially outer ends so as.
to provide inlet portions to introduce said first or sec-
ond fluid into said first or second fluid passages, a plu-
- rality of fluid admitting space portions defined between

25

faces of said core umts for commumcatmn with said

- first or second fluid passages in said core units through -
said cut out portions, and a cylindrical space defined by
“the rddially inner surfaces of said core units at a center

30

portion in said housing for communication wnh the
- other of said first and second fluid passages. -

3. A heat exchanger as defined in claim 2, whefem"*-”

.obllque cut out portions are formed also at the radially -

~ inner ends of the corrugated fins disposed in the other

of said first and second fluid passages, said cut out por-

o tmns of the corrugated fins dlsposed In one of said ﬁrstj_j__ S

passages in said heat exchanger unit through said cut

~ out portions, and a cylindrical space defined by the
inner perlphery of said heat exchanger unit at a center-
portion in said housing for communication with the
_other of said first and second fluid passages. - -
- 5. A heat exchanger as. defined in claim 4 wherein

~ oblique cut out portions are formed also at the radially =
- inner ends of the corrugated fins disposed .in the other . -
of said first and second fluid passages, said cut out por- -
tions of the corrugated fins disposed in one of said first
and second fluid passages being opened to said fluid ad- - R
mitting portion, said cut out portions of the corrugated =
fins disposed in the other of said passages being opened
to said cylmdrlcal space - -
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