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HEAT EXHANGER 

This invention relates to a heat exchanger, in particu 
lar to a perforated plate heat exchanger. 
A perforated plate heat exchanger is constructed 

from a plurality of perforated heat conductive plates 
which are arranged alternately with insulating gaskets. 
In operation two or more gas streams are arranged to 
flow through the perforations of the plates, being pre 
vented from mixing by suitable arrangement of the gas 
kets. Transfer of heat from one stream to another oc 
curs by heat conduction across the plates. An advan 
tage of a perforated plate heat exchanger is that a large 
effective heat exchange area can be accomodated in a 
small volume. Thus a perforated plate heat exchanger 
can be made of considerably smaller size than a con 
ventional heat exchanger required to perform the same 
duty. For cryogenic applications in particular, this can 
lead to considerable reduction in the size and hence 
cost of the cold box required to insulate the heat ex 
changer. This in turn leads to a cold box of greater insu 
lative ef?ciency. 
Despite their considerable advantages over the con 

ventional type of heat exchanger, the perforated plate 
heat exchangers available hitherto have not achieved 
the theoretically possible levels of efficiency and have 
not attained the commercial success that their concept 
merits. 

In most applications the heat exchanger is designed 
to effect heat exchange between two gas streams, one 
a high pressure stream and the other a low pressure 
stream. Each stream enters the heat exchanger through 
a header which divides the gas stream into a number of 
substreams in accordance with the number of passages 
in each gasket. 

In known forms of perforated plate heat exchanger 
the gasket is designed with passages for alternate high 
pressure and low pressure substreams. This arrange 
ment facilitates good heat transfer between the high 
and low pressures streams. In these forms the gaskets 
are designed and juxtaposed to permit communication 
between passages through which different substreams 
of a particular gas flow. Such communication also facil 
itates good heat transfer by maintaining an even pres 
sure drop across the heat’exchanger for a given gas, and 
thus promoting good flow distribution. 
Generally this form of gasket comprises a frame and 

a series of narrow walls which are integral with and lo 
cated within the frame, and which de?ne the passages 
for gas streams passing through the heat exchanger. 
The walls extend longitudinally from and to end of 

the frame to form the passages, or if the gasket is of cir 
cular cross-section they are located concentrically 
within the frame. With these arrangements however, 
communication between different passages through 
which a particular gas stream ?ows cannot be achieved. 
One known form of gasket which enables such com 
munication includes a rectangular frame and one or 
more substantially U-shaped members within the frame 
and extending across it. This form of construction is 
known as ‘?ngering’ and is described in U.S. Pat. speci 
?cation No. 3,477,504. The U-shaped members divide 
the area within the frame into inter-communicating 
passages within the U-shapes for one gas stream and in 
ter-communicating passages outside the U-shapes for a 
second gas stream. This form of gasket has the disad 
vantage, particularly if provided with a large number of 
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2 
U-shapes, that it is of ?imsy structure and consequently 
prone to damage in handling and construction and, in 
assembling the heat exchanger, can easily be mis 
aligned with respect to the other gaskets. In order to 
make a gasket of such a configuration but sufficiently 
robust it needs to be undesirably thick or of an undesir 
ably small size. 
This invention relates to a form of heat exchanger 

whereby interconnection of different passages of the 
same gas stream can be achieved whilst avoiding the 
?imsiness introduced by ‘?ngering.’ 
Accordingly the invention provides a heat exchanger 

including a plurality of perforated heat conductive 
plates arranged alternately with a plurality of heat insu 
lative gaskets, and inlets to and outlets from, the heat 
exchanger for at least two separate streams of gas to be 
heat exchanged, wherein each gasket has a con?gura 
tion of walls that de?nes a plurality of passages for each 
gas stream, and wherein interconnectionv between dif 
ferent passages of the same gas steam is provided by 
walls of a complementary con?guration in at least two 
neighbouring gaskets. 
Each gasket has preferably a con?guration of walls 

that de?nes separated passages for the same gas 
stream, whereby interconnection of different passages 
for the same gas stream is achieved by neighbouring 
gaskets only. This enables a relatively stiff gasket to be 
made, and so facilitates manipulation of the gaskets 
during assembly of the heat exchanger. 
Each gasket is preferably of identical con?guration, 

interconnection between different passages for the 
same gas stream being effected by the location of at 
least one of the gaskets in an inverted attitude with re 
spect to a neighbouring gasket. 
A preferred form of gasket according to this inven 

tion includes a rectangular frame, the walls of the gas 
ket extending within, and being intergral with, the 
frame and de?ning the passages for the gas streams. In 
this form of gasket several of the walls defining the pas 
sages can extend directly between two sides of the 
frame so as to give a relatively stiff structure. Thus each 
gasket may include a ?rst set of walls parallel to the 
longer sides of the frame and extending directly be 
tween the shorter sides, and a second set of walls paral 
lel to and-inerjacent with the ?rst set, at least some of 
the second set of walls being joined at both ends to dif 
ferent walls of the?rst set by transverse walls to form 
passages each having an enlarged end portion, the pas 
sages apart from the enlarged end portions being dis 
posed in mirror symmetrical relationship with respect 
to a plane bisecting the shorter sides of the frame, 
whereby interconnection between different passages 
for the same gas stream is by overlap of the enlargedv 
end portions of at least one gasket and a neighbouring 
inverted gasket. 

Preferably the gasket includes one or more stiffening 
strips integral with the parallel walls of the gasket and 
extending transversely between, and integral with, the 
longer sides of the frame. In order to avoid the creation 
of intermediate passages having no intercommu 
nication with similar intermediate passages in the other 
gaskets, the or each stiffening strip should be asymmet 
rical with respect to an axis bisecting the shorter sides. 
The stiffening strips help to stiffen a relatively long gas 
ket. ' 

In accordance with standard practice for heat ex 
changer design the gaskets can be designed to provide 
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alternate relatively narrow and relatively wide passages 
for the high pressure and low pressure streams respec 
tively. It is an advantage of the heat exchanger of this 
invention that the relative widths of the high and low 
pressure passages can be chosen to give the desired 
pressure drops for the gas streams. 
For reasons connected with the pressure distribution 

across the heat exchanger it is preferred that the two 
outer passages take low pressure gas. 

Preferably the gaskets are located with several se 
quences of gaskets, each in an inverted attitude with 
respect to a neighbouring sequence. This arrangement 
reduces the pressure drop that would occur during flow 
redistribution with the inverted and uninverted gaskets 
arranged alternately. 

It has been found that the optimum parameters for 
the heat exchanger of this invention are as follows: 

a. the cross-sectional area of each perforation is in 
the range of 4 to 12.5 X 10*‘ in” 

b. the thickness of each plate is in the range 1.0 to 2.0 
X 10“2 in; 

c. the total area of perforations in each plate is in the 
range 25 to 40 percent of the area de?ned by the 
periphery of the plate; 

d. the thickness of each gasket is in the range 0.5 to 
1.0 X 10-2 in; 

e. the width of each wall of the gasket is in the range 
1.0 to 1.5 X 10“ in; and 

f. the aspect ratio of each gasket and each plate is in 
the range 1.5: l to 3:1. 

The gas streams may be introduced into and leave the 
heat exchanger by means of headers. Although the 
headers may be located at the side of the heat ex 
changer, they are preferably located at either end gen 
erally parallel to the plates. 
The heat exchanger according to this invention is 

particularly suitable for use in cooling a gas to cryo 
genic temperatures. For instance in a typical construc 
tion about 500 plates may be required to cool high 
pressure helium from 300K to 80K with low pressure 
helium flowing countercurrently from 75K to 295K. 
An appropriate choice of materials for the construc 

tion of the componenets of the heat exchange is impor 
tant to its performance. For use at cryogenic tempera 
tures the perforated plates are preferably of aluminium, 
the. gaskets of a non-metallic material, for example a 
material based on cellulose ?bre or glass ?bre, and the 
gaskets sealed to the plates by means of an adhesive 
which withstands thermal cycling between ambient and 
the desired low temperatures. If on the other hand the 
heat exchanger is required to cool a inlet stream having 
a temperature greater than about 450K and adhesive 
cannot be used. Thus for such use the perforated plates 

' are preferably of high conductivity, for example cop 
per, and the gaskets are preferably of comparatively 
low conductivity, for example stainless steel, the gas 
kets and perforated plates being sealed together by 
brazing. 
The perforations in the plates may be formed by 

punching or solvent etching and the gaskets may be 
made to the desired con?guration by cutting with a 
forme or by a laser cutting method. Laser cutting is a 
particularly suitable method for slotting the wooden 
base of‘a forme required to cut a complex gasket from 

_ a non-metallic material. 
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4 
Desirably the componenets of the header are formed 

from aluminium. Alternatively the header may be made 
of one piece by casting. 
Desirably jigs are used in assembling the heat ex 

changer to facilitate alignment of the gaskets with the 
perforated plates, and to apply adequate pressure dur 
ing curing. 
When the plate and gaskets have been assembled and 

the headers ?xed in position, clamping means, for ex 
ample, tie-bolts, may be applied about the ends of the 
heat exchanger. This aids in preventing the seals be 
tween the perforated plates and the gaskets from being 
broken by, for example, internal pressure within the 
heat exchanger. Desirably the clamping means is pre 
stressed, for example by means of springs formed from 
a stack of Belville washers. This enables the clamping 
means to adjust to thermal expansion or contraction 
during operation of the heat exchanger. 
The present invention is now described by way of ex 

ample, with reference to the accompanying drawings, 
of which: 
FIG. 1 is a perspective view of a perforated plate heat 

exchanger according to this invention, ’ 
FIG. 2 is a plan view of a portion of a perforated plate 

used in the heat exchanger shown in FIG. 1. 
FIG. 3 is a plan view of a gasket used in the heat ex 

changer shown in FIG. 1; 
FIG. 4 is a plan view of two superimposed gaskets of 

the form shown in FIG. 3, one gasket being inverted 
with respect to the other and the intervening plate 
being omitted for purposes of clarity. 
FIG. 5 is a section through the line A-A' in FIG. 1. 

FIG. 6 is an elevation of a header used in the heat ex 
changer shown in FIG. 1; 
FIG. 7 is a section through the line 8-3’ in FIG. 6; 

and 
FIG. 8 is a section through the line C-C’ in FIG. 6. 

The heat exchanger shown in FIG. 1 is formed from 
a plurality of rectangular perforated aluminium plates 
separated from each other by insulating gaskets. Each 
gasket 4 is bonded between a pair of the plates 2 by 
means of an epoxy adhesive. Thus a rigid structure of 
alternate plates and gaskets is formed. The heat ex 
changer also includes at its ends headers 8 and 10 
which are identical in construction. The header 8 has 
an inlet pipe 12 for a ?rst gas stream and the header 10 
has an inlet pipe 14 for a second gas stream. Thus the 
gas streams pass countercurrently through the heat ex 
changer, the ?rst gas stream leaving the heat ex 
changer, through an outlet pipe 16 of the header l0, 
and the second gas stream through an outlet pipe 18 of 
the header 8. 
The form of perforated aluminium plate used in the 

heat exchanger is shown in FIG. 2. It has equidistant 
rows of circular perforations 20. The holes are ar 
ranged such that an equilateral triangle is formed be 
tween a hole in one row and two adjacent holes in an 
adjacent row. Fabrication by normal methods and to 
normal standards of accuracy, ensures random mis 
alignment between the holes in adjacent plates after as 
sembly. Each plate has a thickness of 1.48 X l0‘I in 
(3.76 X l0_‘m, 2.8 SWG) and each perforation a diam 
eter of 3.1 X 10-‘ in (7.9 X 10“4 m). Each plate has a 
length of 18 in (0.46m) and a width of 7in (0.18m) and 
has an average 408 perforations per square inch. 
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The form of gasket used in the heat exchanger is 
shown in FIG. 3. It has a length of 18 in (0.46m) and 
width of 70in (0.18m) and includes a rectangular frame 
22, the longer sides of which are indicated by the refer 
ences 24 and 26, and the shorter sides by the references 
28 and 30. 
Extending directly between and integral with the 

sides 28 and 30 of the frame, and parallel to the sides 
24 and 26, are six walls indicated by the reference nu 
meral 32. Located between and parallel to each pair 
of the walls 32 are walls 34. A wall 36 is located be 
tween and is parallel to the side 26 of the frame 22 and 
the nearest of the walls 32 thereto. Each of the walls 34 
is shorter than the walls 32, and each is connected be 
tween a pair of the walls 32 by connecting walls 38 and 
40 extending normally therebetween. Each of the con 
necting walls 38 extends from a wall 32 at a region 
proximate to the side 30 of the frame 22 and joins a 
wall 34 at the end thereof. In like manner, each of the 
connecting walls 40 extends from a wall 32 at a region 
proximate to the side 28 of the frame 22 and joins a 
wall 34 at the end thereof. The connecting walls 38 are 
shorter than the connecting walls 40 so that the walls 
34 and 36 de?ne two sets ofv passages of different 
widths. 
The wall 36 terminates at one end in the side 28 of 

the frame and at its other end in a wall 42vwhich is 
equal in length to each of the walls 38 and which ex 
tends normally from the walls 36 and joins the nearest 
thereto of the walls 32 at a region proximate to the side 
30 of the frame. 
Extending between the sides 24 and 26 of the frame 

are staggered stiffening strips 44 and 46. These are 
equally spaced between the sides 28 and 30 of the 
frame and are integral with the walls 32, 34 and 36. 
The parallel walls 32 and 34, the connecting walls 38 
and 40, and the sides 28 and 30 of the frame de?ne a 
series of ten generally rectangular passages each of 
which has a projecting end portion. It can be seen that 
these passages are generally L-shaped. Five of the gas 
sages are defined between each wall 32, each wall 34, 
each wall 40 and the side 28 of the frame 22 and are 
intended for a high pressure gas stream. They are dis 
posed in alternation with the ?ve passages de?ned be 
tween each wall 32, each wall 34, and each wall 38 and 
the side 30 of the frame 22, and are intended for low 
pressure gas. The ?ve high pressure passages are indi-_ 
cated in sequence from the side 24 to the side 26 of the 
frame, by the references 48, 50, 52, 54, and 56 and the 
?ve low pressure passages are similarly indicated by the 
references 60, 62, 64, 66 and 68. The high pressure 
passages are of shorter width than the low pressure pas 
sages as each connecting wall 38 is shorter than each 
connecting wall 40. 

It can be seen that the gasket includes three further 
passages located between the sides 24 and 26 of the 
frame and the passages 48 to 68. Thus a rectangular 
passage 70 is de?ned between the side 24 of the frame 
22, the nearest thereto of the walls 32 and the sides 28 
and 30 of the frame 22. The passage 70 is intended for 
low pressure gas. A further passage 72 for low pressure 
gas is de?ned between the sides 26, 28 and 30 of the 
frame 22, the wall 36, the wall 42, and the right-hand 
end (as viewed) of the nearest to the side 26 of the 
walls 32. 
This passage is generally rectangular having a pro 

jecting end portion located adjacent to the side 30 of 

20 

25 

30 

35 

40 

45 

55 

60 

65 

6 
the frame 22. A sixth high pressure passage indicated 
by the reference 74 is de?ned between the wall 36, the 
wall 42, the side 28 of the frame 22, and is rectangular 
having the same width as the other high pressure pas 
sages. 
Each of the low pressure passages 60, 62, 64, 66 and 

68 has a general width of 14mm. and the passages 70 
and 72 a general width of 7mm. Each of the high pres 
sure passages 48, 50, 52, 54, 56 and 74 has a general 
width of 5mm. The width of the projecting end portion ' 
of each of the passages 48, 50, 52, 54, 56, 60, 62, 64, 
66 and 68 is 22mm and the width of the projecting end 
portion of the passage 72 is 15mm. Neither of the pas 
sages 70 and 74 has a projecting end portion. 

All of the walls 32, 34, 36, 38, 40 and 42, and the 
strips 44 and 46 have a width of 3mm; each of the sides 
24 and 26 of the frame has a width of 14.0mm; and 
each of the sides 28 and 30 a length of 10mm. The gas 
ket thus covers 36 percent of the surface area of a plate 
in the heat exchanger, 19 percent of which is covered 
by the frame and 17 percent of which is converted by 
the walls and the stiffening strips. 
Each gasket is formed from a single piece of glass 

?bre mat by use of a forme made by a laser cutting 
technique. 
FIG. 4 illustrates the manner in which the projecting 

end portions of the passages of the gaskets enable in 
tercommunication between different passages of the 
same gas stream. In FIG. 4 two gaskets of the form de 
picted in, and as described with respect to, FIG. 3 are 
shown, one located above the other. Each rectangular 
major portion of each passage in the upper (as shown) 
of the gaskets coincides exactly with a rectangular 
major portion of a passage in the lower gasket. The in 
tercommunication is achieved by means of the project 
ing end portions of the passages. Considering the high 
pressure passages it can be seen that the end portion of 
the passage 48 in the upper gasket communicates with 
the end portion of the passage 56' of the lower gasket. 
Similarly the end portion of the passage 50 of the upper 
gasket communicates with the end portion of the pas 
sage 54’ of the lower gasket, and the end portion of the 
passage 52 of the upper gasket overlaps with the end . 
portion of the passage 52’ of the lower gasket and so 
on. ' 

With the low pressure passages the end portion of the 
passage 72 of the upper gasket communicates with the 
end portion of the passage 60' of the lower gasket; the 
end portion 68 of the upper gasket communicates with 
the end portion of the passage 62’ of the lower gasket, 
and similarly the end portions of the passages 66, 64, 
62 and 60 of the upper gasket communicates with the 
end portions of the passages 64‘, 66', 68' and 72’ of the 
lower gasket. 
As the stiffening strips 44 and 46 of the upper and 

lower gaskets are not coincident they do not hinder in 
tercommunication between different portions of the 
same channel. 

In the heat exchanger the gaskets are located such 
that, proceeding through the heat exchanger, five suc 
cessive gaskets are in the attitude of the upper (as 
shown) of the gaskets in FIG. 4 and the next ?ve gas 
kets are in the attitude as shown of the lower of the gas 
kets in FIG. 4. It is desirable to form the gaskets having 
index marks joined on their frames, so that during as 
sembly of the heat exchanger the attitude of a gasket 
can be determined by reference thereto. 
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The construction of the header 8 of the heat ex 
changer is shown in FIGS. 6 to 8. The pipes 12 and 18 
are welded to caps 84 and 86. The caps 84 and 86 are 
welded to a thick aluminium header plate 82 which has 
six passages 90 of equal width for high pressure gas, 
and seven passages 92 for low pressure gas. The pas 
sages 90 and 92 coincide with corresponding passages 
in an adjacent gasket. The header plate 82 also has sev 
eral holes 88 formed near its periphery to enable 
clamps to be ?tted. 
The high pressure passages 90 are formed such that 

they extend through the header plate 82 in the path 
thereof that cooperates with the cap 84, but only a part 
of the way through the other half thereof that cooper 
ates with the cap 86. Similarly the low pressure pas 
sages 92 are formed that such that they extend through 
the header plate in the half that cooperates with the cap 
86, but only a part of the way through the half thereof 
that cooperates with the cap 84. 
Thus high pressure gas entering the heat exchanger 

through the pipe 12 is able to pass along the high pres 
sure passages 90 only but is able to ?ow along the full 
extent of these passages. Similarly the low pressure gas 
leaving the heat exchanger through the pipe 18 is only 
able to enter the pipe 18 from the low pressure gas pas 
sages 92 but is able to flow along the full extent of these 
passages. 
The header 10 is identical to the header 8. Both 

headers are bonded to gaskets. 
Referring again to FIG. 1 of the drawings, the heat 

exchanger includes 525 of the perforated plates interja 
cent with 526 gaskets. The total extent of the heat ex 
changer from header to header is 12 in (0.13m). 

It is found that the heat exchanger may be operated 
between a temperature range of 80 to 300K, with a he 
lium gas flow rate forboth high pressure and low pres 
sure streams of 20 g s '1, with a heat transfer ef?ciency 
of more than 97 percent, and with a high pressure 
stream inlet pressure of 40 atm and a low pressure 
stream inlet pressure of 1.1 atm. 

What we claim is: 
1. A heat exchanger comprising a plurality of perfo 

rated heat conductive plates, a plurality of heat insula 
tive gaskets alternately arranged successively with re 
spective ones of said plurality of perforated heat con 
ductive plates, means forming an inlet for each of a first 
and second gas stream passing concurrently through 
said heat exchanger, means forming an outlet for each 
of said first and second gas streams leaving said heat ex 
changer, each said gas stream having a different pres 
sure than the other, said heat insulative gaskets having 
a con?guration of walls formed therein de?ning a plu 
rality of passages for each gas stream and means includ 
ing said walls formed by said gaskets interconnecting 
the passages of each gas stream, said last mentioned 
means being constituted by walls of complementary 
con?guration in at least two neighboring gaskets. 

2. A heat exchanger as claimed in claim 1, in which 
each gasket has a con?guration of walls that de?nes 
separated passages for the same gas stream, whereby 
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8 
interconnection of different passages for the same gas 
stream is achieved by neighbouring gaskets only. 

3. A heat exchanger as claim in claim 1, in which 
each gasket is of identical con?guration, interconnec 
tion between different gas passages for the same gas 
stream being effected by the location of at least one of 
the gaskets in an inverted attitude with respect to a 
neighbouring gasket. 

4. A heat exchanger as claimed in claim 3, in which 
each gasket includes a rectangular frame, the walls of 
the gasket extending within, and being integral with, 
the frame. 

5. A heat exchanger as claimed in claim 4, in which 
each gasket has several of its walls extending directly 
between two sides of the frame so as to give a relatively 
stiff structure for each gasket. 

6. A heat exchanger as claimed in claim 5, in which 
each gasket has a ?rst set of walls parallel to the longer 
sides of the frame and extending directly between the 
shorter sides, and a second set of walls parallel to and 
interjacent with the ?rst, at least some of the second set 
of walls being joined at both ends to different walls of 
the ?rst set by transverse walls to form passages each 
having an enlarged end portion, the passages, apart 
from their end portions, being disposed in mirror sym 
metrical relationship with respect to a plane bisecting 
the shorter sides of the frame, whereby interconnection 
between different passages for the same stream is by 
overlap of the enlarged end portions of at least one gas 
ket and a neighbouring gasket which is inverted with 
respect to said at least one gasket. 

7. A heat exchanger as claimed in claim 6, in which 
the gasket includes at least one stiffening strip integral 
with the parallel walls of the gasket and extending 
transversely between, and integral with, the longer 
sides of the frame, the stiffening strip being a symmetri 
cal with respect to an axis bisecting the shorter sides of 
the frame. ' 

8. A heat exchanger as claimed in claim 3 in which 
the gaskets are located with several sequences of gas 
kets that are each in an inverted attitude with respect 
to a neighbouring sequence. 

9. A heat exchanger as claimed in claim 1, in which: 

a. the cross—_sectional area of each perforation of each 
conductive plate is in the range of 4 to 12.5 X 10‘4 
inz; 

b. the thickness of each plate is in the range 1.0 to 2.0 
X 10-2 in; 

c. the total area of perforations in each plate is in the 
range 25 to 40 percent of the surface area of the 
plate; 

d. the thickness of each gasket is in the range 0.5 to 
1.0 X 10‘2 in; 

e. the width of each wall of the gasket is in the range 
of 1.0 to 1.5 X 10‘1 in; and 

f. each gasket and each plate has an aspect ratio in 
the range 1.5: l to 3.0: 1. 

* * * * 


