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ABSTRACT

A stationary heat exchanger in which a plurality of

" corrugated heat radiating plates are radially arranged

in juxtaposed relation to form independent radial fluid
passages between each other, and fluid is passed in the
every other ones of said fluid passage in one direction,
while another fluid is passed in the rest of said fluid
passages in the opposite direction, whereby heat is ex-
changed between said two fluids.

4 Claims, 18 Drawing Figures .
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STATIONARY HEAT EXCHANGER

This invention relates to a counterflow-type recuper-
ative stationary heat exchanger in which fluids are
passed in adjoining passages in opposite directions to
each other, whereby heat is exchanged therebetween.

The recuperative stationary heat exchanges which
have commonly been used heretofore are classified
into a tube bank type consisting only of tubes and a
tube-fin type consisting of a combination of tubes and
fins. These types of heat exchangers are further classi-
fied into a parallel flow type, a perpendicular flow type
and a counterflow type according to the flow directions
of fluids. The tube bank type and tube-fine type heat
exchangers have the disadvantage that, because of a
large restriction imposed on the inner and outer heat
transfer areas, the types of the inner and outer fluids
are subjected to a limitation. The counterflow type heat
exchanger has the disadvantage that, since different
fluids are passed in opposite directions to each other,
a complex and large-sized mechanism is required for
preventing the fluids from mixing with each other and
further much labor and time are required for manufac-
ture.

In order to overcome the above disadvantages, the
present invention has for its object the provision of a
stationary heat exchanger which comprises an annular
heat exchanger unit composed of a number of corru-
gated plates arranged radially in juxtaposed relation so
as to define independent radial passages between each
other, means for passing fluid in every other ones of
said passages from the outer periphery toward the cen-
ter of said annular heat exchanger unit and means for
passing different fluid in the other every other ones of
said passages from the center toward the outer periph-
ery of said annular heat exchanger unit; and which,
therefore, enables the heat transfer area of said corru-
gated plates to be freely adjusted, any combination of
fluids to be used, the heat transfer capacity per unit
area to be increased, and the incoming and outgoing
fluids to be positively separated by a very simple mech-
anism, and can be easily manufactured.

The present invention will now be described in detail
with reference to the accompanying drawings, in
which:

FIG. 1 is an overall view of an embodiment of the sta-
tionary heat exchanger according to the present inven-
tion, with the half portion in vertical section brreﬂy
showing the construction thereof;

FIG. 2 is an elevational view as viewed from the left
side of FIG. 1;

FIG. 3 is a fragmentary perspective view showing the
front portions of the heat exchanger unit and gas guide
unit;
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'FIGS. 4(A), 4(B), 4(C), 4(D) and 4(E) are fragmen- -

tary perspective views showing in explosion the heat
exchanger unit and gas guide unit respectively;

FIG. 5 is a fragmentary transverse sectional view of
the heat exchanger unit;

FIG. 6is a fragmentary enlarged transverse sectional
view of the gas guide unit taken along the line VI—VI'
of FIG. 1;
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FIG. 7 is a fragmentary perspective view of the pro- .

tective ring member;

2

FIG. 8 is a fragmentary perspective view showing in
detail the connection between the heat exchanger unit
and the gas guide unit;

FIG. 9 is a fragmentary perspective view showing the

‘'sealed lower end portion of the gas guide unit;

FIG. 10 is a fragmentary perspective view of the rear
portions of the heat exchanger unit and the gas guide
unit;

FIG. 11 is a fragmentary enlarged transverse sec-
tional view of the gas guide unit taken along the line XI-
—XI' of FIG. 1;

FIG. 12 is a fragmentary perspective view of another
form of the connection between the heat exchanger
unit and the gas guide unit;

FIGS. 13 and 14 are fragmentary vertical sectional
views showing other forms of the gas guide unit respec-
tively.

Referring first to FIGS. 1 and 2, the heat exchanger
according to the invention comprises a heat exchanger
unit 1 composed of a plurality of corrugated heat radi-
ating plates having convexes and concaves of a rectan-
gular sectional shape on both sides thereof and radially
arranged in juxtaposed relation so as to define radial
passages between each other, and a gas gmde unit 2 for
leading low temperature high pressure air into every
other ones of said radial passages and leading to the
outside high temperature low pressure gas emerging
from the other every other ones of said passages. The
low temperature high pressure air is, for example, air
supplied from the blower to the combustor of a gas tur-
bine engine, and the high temperature low pressure gas
is, for example, the combustion gas generated in the
combustor upon combustion of fuel with said low tem-
perature high pressure air and discharged through the
turbine. The heat exchanger further comprises a gas
guide unit 3 for leading the high pressure air, heated
during passage through the heat exchanger unit 1, to
the outside and also leading the high temperature low
pressure gas into said heat exchanger unit 1, a conduit
4 for collecting the high pressure air heated during pas-
sage through the heat exchanger unit 1, a conduit 5 for
discharging the high temperature low pressure combus-
tion gas, passing through the heat exchanger unit 1, to
the outside therethrough, a conduit 6 for introducing
the low temperature high pressure air into said gas
guide unit 2, a gas’inlet for leading the high tempera-
ture low pressure combustion gas, discharged from the
gas turbine engine, into an inlet opening of said gas
guide unit 3, and a hollow portion 8 formed centrally
of said gas guide unit 3 and having one open end com-
municating with said conduit 4, with the other open
end closed by a cover 9.

The detail constructions of the heat exchanger unit
1 and the gas guide units 2, 3 are respectively shown in
FIGS. 3 and 4(A) — 4(E). Namely, the heat exchanger
unit 1is composed of a plurality of radial heat radiating
elements radially arranged in juxtaposed relation as
shown in FIG. 1. Each heat radiating element is com-
posed of heat radiating plates 10, 11, 13 and 14. The
heat radiating plates 10, 11 are corrugated by pressing
soas to form convexes and concaves of a rectangular
sectional shape on both sides thereof and welded to-
gether with a reinforcing plate 12 interposed therebe-
tween, in such a manner that the convexes of the re-
spective plates 10, 11 confronting each other. The heat
radiating plates 10, 11 are respectively welded to the
heat radiating plates 13, 14 of the adjoining heat radiat-
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ing elements. The heat radlatmg plates 13, 14 are
shaped in the same manner as the heat radiating plates
10, 11 and the pitch or the |nterval H, of the convexes
thereof is equal to the interval H; of the convexes of the
latter. The heat radiating plates 10, 11, 13 and 14 when
connected together in the manner described- above
have the appearance and cross section as shown in
FIGS. 4(C) and 5. As seen, the heat radiating plates 10,
11 and the reinforcing plate 12 define air passages 15,
and the heat radiating plates 10, 11 and 13, 14 define
gas passages 16. The heat radiating element thus con-
structed further define gas passages 17 between it and
the adjoining heat radiating element. The radially out-
ward ends 10a, 11a of the heat radiating plates 10, 11
are tapered as shown in FIG. 4(B), thereby to deter-
mine the flow directions of the low temperature high
pressure air and the high temperature low’ pressure
combustion' gas' passing through the heat: exchanger
unit as will be described later. Likewise, the radially in-
ward ends 10c; 11¢ of the heat radiating plates 10, 11
" are tapered as shown in FIG, 4(D), thereby to deter-
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of the guide plate 18 of the gas guide element corre-

. 'sponding to said one heat radiating element and the ob-

10

15

lique edge 19'c of the guide plate 19" of the adjacent
gunde element are welded together, whereby a space 22
is formed between said two guide elements. The other
end edges 18'¢, 19'¢ of the guide elements are welded

‘together. Therefore, the space 22 forms a: discharge

opening 23 between the guide plates 18, 19’ of the two
guide elements, and the gas passages 16, 17 located be-
tween the two guide elements are communicated with
the discharge opening 23 through the space 22. This is
the case for any adjoining heat radiating elements. -
The gas guide unit 3 is composed of a plurality of ad-
joining guide elements. Each guid_e element, as shown
in FIG. 4(E), is composed of a pair of guide plates 24,

. 25 embracing an extension of the: reinforcing plate 12,

20

mine the flow directions of the low temperature high .

pressure. air and. the high temperature low pressure
combustion gas passing through the heat exchanger
unit as will be deseribed later.

The gas guide unit 2 is composed of a plurality of gas
guide elements, éach for each heat radiating element,
arranged circularly in juxtaposed relation around the
_ heat exchanger unit 1, Each gas guide element is com-
posed of a ‘pair of trapezoidal guide plates 18, 19
welded at their lower edges 184, 194 to the tapered
edges 110b, 115-of the heat radiating plates 10, 11 by

butt resistance welding. The oblique edges 18b, 195 of .

the guide plates 18, 19 are bent outwardly of each
other with a small curvature by pressing, while the
other oblique edges 18c, 19c (FIG.-10) are bent in-
wardly of each other with a small curvature. Further,
the guide plates 18, 19 are gently corrugated such that
each of them has a wavy sectional shape of a small cur-
vature on the cross section taken on the line VI—VI’
of FIG. 1. The guide plates 18, 19 are welded together
at the oblique edges 18¢, 19¢, the flat edges 184, 194
and the end edges 18e, l9e and 18’¢, 19'¢, concurrently
with the welding of the heat radiating plates 10, 11,
with an extension 12a of the remforcmg plate 12 inter-
posed therebetween by butt resistance welding in such
a manner that the recessed and projecting portions of
the guide plate 18 register with the recessed and pro-
jecting portions of the guide plate 19 respectively as
shown in FIGS. 3 and 4. Thus, air inlet openings 20 and
air inlet passages 21 of an elliptical cross section are
formed as shown in FIG. 6, The passages 21 extend
obliquely downwardly toward the right as viewed in
FIG. 3 and communicate with each other at their lower

ends and also communicate with the air passage 15 of °

the heat exchanger unit 1. Thus, it will be understood
that the low temperature high pressure air flowing into
the air inlet-openings 20 of the gas guide unit 2 passes
in the passages 21 and then passes uniformly in the air
passages 15 of the heat exchanger unit 1. On the other
hand, the gas guide unit 2 is closed at the oblique edges
18c, 19¢ of the guide plates 18, 19 as shown in FIG. 10.

FIGS. 3 and 10 show two of the heat radiating unit of-

the construction” described prevnously As seen, ‘the
heat radiating plate 13 of one element is slightly spaced
from the heat radiating plate 14’ of the adjacent ele-
ment to form a passage 17, and the oblique edge 18¢

35 are welded together as shown in FIG. 9. Therefore, a

25

One edges 24a, 254 of the guide plates 24, 25 are
welded to the edges ‘104, 11d of the heat radiating
plates 10, 11 respectively and’ the opposite end edges
24b, 25b and 2dc, 25c thereof ate welded together re-
spectively with the extension 12b of the remforcmg
plate 12 interposed therebetween, by butt resistance
welding (FIG. 10). The guide plates 24, 25 are corru-
gated such that a wavy sectional shape of a small curva-
ture appears on the cross section taken on the line

B—B’ of FIG. 1. Therefore, it will be understood that -

elliptical spaces are formed between the gulde plates

- 24,25 as shown in FIGS. 4(E) and 11 The air passages
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15 of the heat exchanger unit 1 communicate with the

spaces 26. This is the case for any heat radiating ele-

ment. With reference to the two guide elements shown
in FIGS. 3 and 10, an outwardly bulged lower edge por-
tion 24d of the guide plate 24 and an outwardly bulged
lower edge portion 25'd of the ad}acent guide plate 25’

space 27 is formed between the gunde plates 24 and 25’
as shown in FIGS. 3 and 4(E). This is the case for any

" adjacent heat radiating elements. The aforesaid spaces
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26 communicate with the central hollow portion 8 of
the heat exchanger and ‘the spaces 27 communicate
with the low pressure high temperature gas inlet open-
ing 7 at one ends.and with the gas passages 16, 17 of
the heat exchanger unit 1 at the ‘other ends thereof.

- The heat exchanger unit 1 and the gas guide units 2,

3 are mtegrally connected together in the mariner de-'

scribed -above into a cylindrical body. The outwardly
expanding edges 18f, 19f (FIG. 4(A)) of the guide
plates 18, 19 of the gas guide unit 2 are partially
pressed down to form a flange 30 as shown in FIG. 8,
while flexed plates 31 (FIG. 3) are provided integrally
on the gas guide unit 3, and an annular sealing plate 32
is secured to said flange and ‘said flexed plates by butt
resistance welding as indicated by the alternate long
and two short dash line in FIGS. 1 and 8, to seal one of
the heat exchanger unit 1, On the other hand, an annu-
lar sealing plate 34 is secured by butt resistance weld-
ing to plates 33 (FIG. 10) provided integrally on the

heat exchanger unit 1 to seal the other end of the heat

exchanger unit 1 and one end of the gas guide unit 3.
Thus, an axial leakage of the low temperature high

pressure air, supplied into the spaces 21 of the gas -
guide unit 3, from the opposite ends of the heat ex- .

changer unit 1 is prevented. and a leakage of the high
temperature low pressure combustion gas, supplied
into the spaces 27 of the gas gulde unit 3, in the direc-
tion toward the sealing plate 34 is also prevented. Fur-
ther, an annular sealing plate 38 is secured by resis-
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tance welding to a flat portion 35 (FIG. 9) and plates
36 (FIG. 3) as indicated by the alternate long and two
short desh line in FIGS. 1 and 9, said flat portion 35
being formed by partially bending the side edges of the
welded lower portions of the guide plates 24, 25 by
pressing and said plates 36 being provided integrally on
the gas guide unit 3. Notches 53 (FIG. 3) formed in the
lower edges of the guide plates 24, 25 are provided for
the insertion of a lower die of a press and a welding
electrode used in securing the sealing plate 38. A con-
tinuous flange 41 (FIG. 3) formed by projecting por-
tions 39 (FIGS. 3 and 4) of the respective guide ele-
ments of the gas guide unit 2 is shaped by pressing into
a flange 41’ shown in FIG. 7 and an annular protective
ring 43 is secured to said flange 41’ by resistance weld-
ing. Further, O-rings 44, 45 (FIG. 1) are mounted in

grooves 43u, 43b formed in the outer peripheral sur--

face of the protective ring 43 respectively and the as-
sembly of the heat exchanger unit 1 and the gas guide

. units 2, 3 is secured to the inner surface of the conduit .

5 through said O-rings, which conduit 5 constitutes a
housing (FIG. 1). Reference numeral 46 designates an
annular bellows made from a sheet of a heat resisting
material, e.g., a thin sheet of stainless steel, and having
one end secured to the sealing plate 32 as by welding,
with the other end secured to a flange 6a of the conduit
6 by means of bolts or welding. This bellows 46 serves
to prevent a leakage of the low temperature high pres-
sure air passing in the conduit 6 toward the gas guide
unit 2. Reference numeral 47 designates another annu-
lar bellows also made from a thin sheet of stainless steel
having one end secured to the sealing ring 38 as by
welding, with the other end secured a flange member
49 which is connected to the conduit 4 through a pack-
ing 48. This annular bellows 47 serves to prevent a
leakage of the high temperature low pressure combus-
tion gas, passing in the gas inlet 7 toward the spaces 27
of the gas guide unit 3, into the conduits 4, 6 and the
hollow portion 8. Reference numeral 51 designates still
another annular bellows made, for example, from a thin
sheet of stainless steel and having one end secured to
the sealing plate 34 as by welding, with the other end
secured to a flange member 54 as by welding, which
flange member is connected to a conduit 52 through a
packing 56. This annular bellows 51 serves to prevent
a leakage of the heated high pressure air, flowing into
the hollow portion 8, into the conduit § and a leakage
of the low pressure high temperature combustion gas,
. discharged into the conduit §, into the hollow portion
8. :
- The heat exchanger of the invention constructed as
described above operates as follows: Namely, when the
low temperature high pressure air generated by the
compresser of the gas turbine engine is supplied into
the conduit 6, it flows obliquely into the air inlet open-
ings 20 from the outer periphery of the gas guide unit
2 and thence into the passages 21. The air inlet open-
ings 20 are formed slantingly between the oblique
edges 18h..19b of the guide plates 18, 19 and said ob-
lique edges 18h, 19/ are expanded outwardly of each
other as stated above. Therefore, the air inlet openings
20 have a relatively large area and the introduction of
the high pressure air is facilitated. The guide plates 18,
19 respectively have a wavy cross section and are
welded to the extension 12a of the reinforcing plate 12.
Therefore, these guide plates have a large mechanical
strength and will not be subjected to a deformation
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under the pressure of the low temperature high pres-
sure air. The low temperature high pressure air passing
in the passages 21 flows into the air passages 15 in the
heat exchange unit 1 while being guided by the tapered
edges 10a, 11a of the heat radiating plates 10, 11 and,
after passing through said air passages 15, flows into
the spaces 26 in the gas guide unit 3 while being guided
by the tapered edges 10c, 11c on the downstream side
of the heat exchanger unit 1, and then flows into the
central hollow portion 8 to be discharged axially in the
direction opposite to the cover 9. Such flow of the low
temperature high pressure air is indicated by the arrows
C in FIG. 1. During passage of the low temperature
high pressure air in the air passages 15 of the heat ex-
changer unit 1, the high temperature low pressure com-
bustion gas passes in the gas passages 16, 17 of the heat
exchanger unit 1 in the opposite direction to the flow
direction of the air as described later, and gives the
heat possessed thereby to said air. Thus, the so-called
heat exchange takes place between the low tempera-
ture high pressure air and the high temperature low
pressure combustion gas through the heat radiating
plates 10, 11, 13, 14. The heat exchanging ratio in this
case is extremely high because the low temperature
high pressure air and the high temperature low pressure
combustion gas flow adjacent each other and in oppo-
site directions to each other. Because of the pressure
differential between the low temperature high pressure
air and the high temperature low pressure combustion
gas, a force acts on the edge portions 10d, 11d of the
heat radiating plates 10, 11, urging said edge portions
to expand in the directions of the arrows D in FIG. §.
However, the bonding strength at the joints E between
the heat radiating plates 10, 11 and the reinforcing
plate 12 is large enough to overcome such force and
the heat radiating plates 10, 11 will not be subjected to
a deformation. The guide plates 24, 25 of the air guide
unit 3 also have a wavy cross section and welded to the
reinforcing plate 12. Therefore, these plates will not be
deformed by the pressure of the heated high pressure
air.

On the other hand, the high temperature low pres-
sure combustion gas discharged from the gas turbine
engine flows axially into the spaces 27 in the gas guide
unit 3 as indicated by the arrow F in FIG. 1. Since one
end of the gas guide unit 3 is closed by the annular plate
34, the combustion gas passing in the spaces 27 is di-
rected into the gas passages 16, 17 in the heat ex-
changer unit 1 by being guided by the tapered edges
10c, 11c¢ of the heat radiating plates 10, 11. The com-
bustion gas thus passing in the gas passages 16, 17 gives
the heat to the air passing in the air passages. 15 as de-
scribed above and then flows into the spaces 22 in the
gas guide unit 2 by being guides by the tapered edges
10u, 11a of the heat radiating plates 10, 11, to be dis-
charged to the outside from the discharge openings 23.
Such flow of the high temperature low pressure com-
bustion gas is indicated by the arrows F in FIG. 1.

It will be understood from the foregoing description
that the high pressure air and the combustion gas re-
spectively flow along independent paths completely
isolated from each other and pass through the heat ex-
change unit 1 in the opposite directions to each other
and in adjacent relation to each other. Therefore, the
low temperature high pressure air is heated very effec-
tively and the heated air is supplied the combustor of
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the gas turbine engine provided, for example, in the
central hollow portion 8 of the heat exchanger.

In the embodiment described above, the tapered
edges 10b, 115 of the heat radiating plates 10, 11 of the
heat exchanger unit are connected with the edges 18a,
19a of the guides plates 18, 19 of the gas guide unit 2,
and the tapered edges 10d, 11d of the former to. the
edges 2da, 25a of the guide plates 24, 25 of the gas
guide unit 3 respectively, by but resistance welding. It
will be obviously understood, however, that these
plates may be substituted by an integral member made
from a single sheet of metal and shaped into the corre-
sponding shape by pressing, or the longitudinal ends of
the heat radiating plates 10, 11 may be smashed by
pressing to form tapered portions and flat portions 57,
58, 59, 60 and said flat portions may be connected in
plane contact' with the edges 184, 194, 24a, 25q
respectively by butt resistance welding, to obtaine the
same effect as described above. ,

It is also to be understood that the present invention
is not restricted only to the embodiment described and
illustrated herein, but many modifications are possible.
For instance, the corrugation of the heat radiating
plates 10, 11, 13, 14 is not necessarily restricted to a
rectangular shape but an arcuate shape in cross section.
The guide plates 18, 19 of the gas guide unit 2 may be
combined with the extension 12a of the reinforcing
plate interposed therebetween such that the convexes
and concaves thereof are respectively parallel to each
other as shown in FIG. 13, and obviously the guide
plates 24, 25 of the gas guide unit 3 may be combined
likewise as shown in FIG. 14. Further, instead of using
a press for forming the guide plate 13, the heat radiat-
ing plate 10 and the guide plate 24, or the guide plate
19, the heat radiating plate 11 and the guide plate 25,
as a unitary piece, a method may be employed which
comprises preparing a die of a shape complementary to
the unitary piece forming a metal layer on said die by
electric casting which is a sort of plating method and
removing the metal layer from said dic when the thick-
ness of said metal layer has reached a desired value.
Still further, brazing or soldering may be used, instead
of resistance welding, for mechanically coupling the
gas guide unit 2, the heat exchanger unit 1 and the gas
guide unit 3 with each other. The resistance welding is
preferably carried out continuously, for example, by
using the discharge cuirent of a capacitor.

Inthe present invention, as described above, the heat
exchanger unit is composed of a plurality of corrugated
plates radially arranged in juxtaposed relation so as to
form independent radial passages between each other,
and fluid is passed in every other ones of said passages
radially inwardly from the outer periphery of the heat
exchanger unit, while different fluid is passed in the
other every other ones of said passage radially out-
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wardly from the center of the heat exchanger unit. By

selecting the shape of corrugation of the corrugated
heat radiating plates, the heat transfer area can be
freely adjusted. Therefore, the heat exchanger of the
invention can be used with any combination of fluids
and particularly advantageously used for the heat ex-
change between air and air such, for example, as in a
gas turbine engine, which requires a large heat transfer
area on each side of a heat radiating plate. In the pres-
ent invention, two kinds of fluid between which it is de-
sired to exchange heat are passed counterflowwise on
both sides of one corrugated heat radiating plate. This

60
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plus the fact that the corrugated heat radiating plates
are radially arranged in juxtaposed relation, enables
such a remarkable advantage to be obtained that the
heat transfer effect per unit area of the heat radiating
plate can be increased far greater than in the conven-
tional parallel flow type and perpendicular flow type
ones of tube bank type and tubefin type heat exchang-
ers, and consequently the heat exchanger of the inven-
tion can be very small in size with a minimum dead

“space therein, as compared with the conventional ones

for the same heat exchanging capacity.

In the present invention, those corrugated heat radi-
ating plates which are subjected to an internal pressure
resulting from the pressure differential between two
fluids passing on both sides thereof are coupled to-
gether through the ‘intermediary of the reinforcing
plate. Therefore, these corrugated heat radiating plates
are well resistive against such internal pressure by vir-
tue of the bonding strength between said heat radiating
plates and said reinforcing plate, Owing to the presence
of the reinforcing plate, it is unnecessary to register the
pitch of corrugation of the corrugated heat radiating
plates which are coupled together through the reinforc-
ing plate. The heat radiating plates can be coupled with
the reinforcing plate in an optional relative position,
which greatly facilitates the production of the heat ex-'
changer unit. .

In the present invention, the radially opposite ends of
the corrugated heat radiating plates are respectively ta-
pered to form flat portions.which define the radially op-
posité ends of the independent radial passages between
each other. Therefore, the fluid flowing into one pas-
sage and the fluid flowing out of the adjacent passage
can be separated positively and by a simple structure.
Further, the aforesaid tapered flat portions give no re-
sistance to the fluid flowing into or out of the passages,
providing for a smooth uniform flow of fluid. The ta-
pered flat portions at the radially opposite ends of the
corrugated heat radiating plate can be shaped by a sin-
gle pressing operation, which makes the fabrication of
the plate very simple and easy.

What is claimed is:

1. A stationary heat exchanger comprising a heat ex-
changer unit mounted in a housing having means for
passing fluids therethrough for a gas turbine engine,
said heat exchanger unit including a plurality of heat
radiating elements arranged in juxtaposed relation,
each said element being composed of space corrugated
heat radiating plates forming convexes and concaves of
rectangular section and a reinforcing plate interposed
therebetween, said heat radiating plates defining inde-
pendent and adjacent passages between each other,
means for leading fluid into every other ones of said
passages from the outer periphery of said heat ex-
changer unit to pass it radially inwardly therein includ-
ing a plurality of first guide plates, each attached to said
heat radiating plates and means for leading another
fluid into the rest of said passages from the central por-
tion of said heat exchanger unit to pass it radially out-
wardly therein including a plurality of second guide
plates, each attached to said heat radiating plates the
opposite ends of said corrugated plates respectively
being tapered to form flat portions for separating two
kinds of fluids.

2. A stationary heat exchanger as defined in claim 1,
wherein said heat radiating elements are continuously
arranged to form a cylindrical body.
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3. A stationary heat exchanger as defined in claim 1,
wherein said heat radiating plates constituting the heat
radiating elements are provided on their outer surfaces
with means for increasing heat transferring surfaces so
as to promote a heat efficiency.

4. A stationary heat exchanger as defined in claim 4,
wherein gas guide means is provided adjacent the outer

10 _
end of the heat exchanger unit for guiding said one of
the gases into said every other passage, said guide

-means being provided with passages for introducing
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said gas from the outside of the heat exchanger into the

heat exchanger unit.
¥ % % K %



