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[57] ABSTRACT 

A heat exchanger is formed from heat exchanger ele 
ments having coextensive parallel channels for carry 
ing the ?uids between which the heat transfer is to be 
accomplished. These channels are relatively narrow so 
as to permit ef?cient heat transfer from the ?uid to 
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the channel walls and may be formed from continuous 
strips of heat conducting material wound in a spiral. In 
order to minimize the pressure drop in the spiral 
shaped channels, they are fed into common channels 
after only a fraction of a full turn. Heat is transferred 
from the ?uid in one of the heat exchange elements to 
the fluid in the other of such elements from the walls 
of the ?rst element through a diaphragm which is in 
terposed between the two elements to the walls of the 
second element. The components of the heat ex 
changer are mechanically clamped together so that 
they can readily be disassembled for replacement, re 
pair or cleaning. 
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1 
HEAT EXCHANGER 

This invention relates to heat exchangers, and more 
particularly to a heat exchanger for transferring heat 
energy between two ?uid media which utilizes a pair of 
heat exchanger elements each having coextensive nar 
row parallel channels for carrying the ?uid. 
A number of prior art heat exchanger devices have 

been devised which utilize relatively narrow channels 
for carrying the heat exchanging ?uids. In some of 
these devices, the channels are wound in a spiral con 
?guration as well as other circular and linear con?gura 
tions. In many of these devices, the channels for the 
two ?uids, between which heat exchange is desired, are 
run adjacent to each other with a common wall separat 
ing the ?uids which also forms one of the walls for both 
of the adjacent channels. Various prior art patents de 
scribing heat exchangers of this general type include 
U.S. Pat. Nos. 1,325,637; 2,995,344; 1,669,062; and 
2,578,059. Swedish patents of interest along these lines 
include Swedish Pat. Nos. 101,116; 106,617; 115,685; 
115,176; 151,318; 166,790; 164,229; 198,092; 90,415; 
and 104,1 16. Many of these prior art devices have one 
or more of the following shortcomings. First, often se 
vere problems are encountered in shielding the flow 
channels from each other and from the surrounding en 
vironment. This is a particularly significant problem 
where the two ?uids are separated from each other by 
a common channel wall in view of the differential pres 
sures on the opposite sides of this wall which impose 
substantial mechanical loads thereon. This often pres 
ents a reliability and maintenance problem and may re 
quire the use of expensive materials and sealing tech 
niques to achieve the necessary mechanical strength. 
For optimum heat transfer from the ?uid medium 

from which the heat energy is to be derived to the ?ow 
channel walls and thence to the ?uid medium to re 
ceive the heat energy, it is desirable that the ?ow chan 
nel be made as narrow as possible. This criterion for 
optimum heat transfer, however, must be considered in 
connection with the pressure drop that narrow chan 
nels produce. It is therefore necessary in any design 
that both these factors be considered. In certain prior 
art designs, one or the other of these considerations is 
severely compromised in favor of the other, which 
makes for a less than desirable end result. 
Another significant factor to be considered in the de 

sign of this type of heat exchanger is that with relatively 
narrow channels there is a good possibility that at one 
time or another the channels may become clogged to 
seriously restrict the ?ow with a consequent intolerable 
pressure drop. In most prior art devices, the channels 
are permanently set in place by welding, soldering or 
the like, such that it is difficult or impossible to clean 
the channels should they become clogged, or to repair 
or replace them as separate units should this become 
necessary. It is further to be noted that where the heat 
exchanger is to be operated at very high temperatures, 
the material for joining the channels to their support 
member must be capable of withstanding such temper 
atures, which in certain instances increases the cost and 
problems involved in fabrication. 
The device of this invention overcomes the afore 

mentioned shortcomings of prior art devices in the fol 
lowing rnanner: Firstly, the heat transfer ?uxes are 
made very high by using extremely narrow channels for 
the ?uid media. Despite the use of such narrow chan 
nels the pressure losses are kept under control by utiliz 
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ing a plurality of coextensive channels which permit 
parallel ?ow. In the preferred embodiment, these chan 
nels are formed in a spiral winding with multiple inlets 
and exits along a turn of the winding so that a reason 

5 ably extensive channel length can be provided without 
the high pressure drop that would be presented if there 
were only a single inlet and outlet for each channel and 
the channels were fed singly rather than in parallel. 

Further, the device of the invention tends to be leak 
tight by virtue of the fact that the two ?uid media- do 
not run in adjacent channels having a common channel 
wall, but rather are in two separate heat exchanger ele 
ments which are separated from each other by a dia 
phragm. Thus, the channel walls themselves are sub 
jected to extremely small mechanical loads and are less 
likely to leak than certain of the aforementioned prior 
art devices. 

Further, the channel members and the associated 
components are not generally permanently attached to 
each other by soldering or welding or the like, the unit 
rather being held together by bolting or clamping tech 
niques so as to enable ready disassembly for repair, 
cleaning or replacement of parts. Also, in view of the 
fact that no bonding medium is generally needed this 
obviates the aforementioned problems of achieving re 
liable bonding, particularly with operation under high 
temperatures. 

Further, the device of the invention lends itself to rel 
atively economical and simple fabrication with rela 
tively inexpensive materials. 

It is therefore an object of this invention to provide 
a highly efficient ?uid heat exchanger which is of rela 
tively economical construction. 

It is a further object of this invention to provide a 
heat exchanger which can be readily disassembled for 
repair, cleaning or replacement of components. 

It is still another object of this invention to provide 
a heat exchanger in which sealing problems between 
the two ?uid exchange media are minimized. 
Other objects of this invention will become apparent 

as the description proceeds in connection with the ac 
companying drawings, of which: 
FIG. 1 is a perspective view illustrating a first em 

bodiment of the invention; 
FIG. 2 is a cross-sectional view taken along the plane 

indicated by 2—2 in FIG. 1; 
FIG. 3 is a bottom plan view of the ?rst embodiment 

with partial cutaway sections; 
FIG. 4 is a perspective view illustrating the inlet and 

outlet ?ow channels of the embodiment of FIG. 1; 
FIG. 5 is a ?ow diagram illustrating the ?uid ?ow in 

the embodiment of FIG. 1; 
FIG. 6 is a cross-sectional view illustrating the ?uid 

channels of the heat exchange elements of the embodi~ 
ment of FIG. 1; 
FIG. 7 is a side elevational view, partially in cross 

section, of a second embodiment of the invention; 
FIG. 8 is a bottom plan view of the second embodi 

ment; 
FIG. 9 is a perspective view illustrating a heat ex 

change element of a further embodiment of the inven 

tion; 
FIG. 10 is a top plan view of a heat exchanger ele 

ment of another embodiment of the invention; 
FIG. 11 is a cross‘sectional view taken along the 

plane indicated by 11—l1 in FIG. l0; 
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FIG. 12 is a top plan view of a heat exchanger ele 
ment of a further embodiment of the invention; 
FIG. 13 is a cross-sectional view taken along the 

plane indicated by 13-13 in FIG. 12; 
FIG. 14 is a cross-sectional view of a heat exchanger 

element of a further embodiment of the invention; 
FIG. 15 is a cross-sectional view taken along the 

plane indicated by l5—15 in FIG. 14; 
FIG. 16 is a cross-sectional view illustrating an em 

bodiment of the invention utilizing stacked heat ex 
changing elements; 
FIG. 17 is a cross-sectional view taken along the 

plane indicated by l7--l7 in FIG. 16; 
FIG. 18 is a side elevational view partially in section 

illustrating a further embodiment of the invention; 
FIG. 19 is a bottom plan view with partial cutaway 

sections of the embodiment; 
FIG. 20 is a side elevation view partially in section il 

lustrating an alternate form of the channels utilized in 
the heat exchangers of the invention which employs 
heat pipes; 
FIG. 21 is a side elevation view partially in section il 

lustrating an alternative con?guration for a casing that 
may be utilized in the heat exchanger device of the in 
vention; and 
FIG. 22 is a cross sectional view illustrating an em 

bodiment of the invention utilizing a single heat ex 
changer element. 
Brie?y described, the device of the invention com 

prises ?uid heat exchanger elements having a plurality 
of coextensive narrow fluid channels which may be 
formed by a spiral winding or the like made from a ?at 
strip of conductive material. The input is in parallel to 
the channels thus formed, with a plurality of common 
outlet and/or inlet channels being provided along the 
extent of the channels so as to minimize pressure drop 
therealong. In the case of channels formed from a spiral 
winding, a plurality of such common channels is pro 
vided along a single turn of the spiral. The channels for 
the ?uid media providing the heat energy and those for 
the ?uid media receiving such energy are separate units 
and are placed on opposite sides of a separating dia 
phragm through which the heat energy is transferred, 
such transfer occurring principally from the walls of the 
narrow channels to the diaphragm. The heat exchanger 
elements with the diaphragm therebetween are me 
chanically joined together by mechanical bolting or 
clamping means such that the device can be readily dis 
assembled for cleaning, replacement or repair. 
Referring now to FIGS. 1-6, one embodiment of the 

invention is illustrated. Housing 11 has ?rst and second 
similar heat exchange elements 12 and 13 mounted 
therein, these elements being separated from each 
other by diaphragm 15, preferably fabricated of a high 
thermal conductive material. The heat exchange ele 
ments l2 and 13 are held in tight engagement with dia 
phragm 15 within housing 11 by means of bolts 17 
which threadably engage ring member 19. Ring mem 
ber 19 is threadably attached to housing 11, the ends 
of the bolts applying force against the bottom wall of 
circular pan-shaped member 22 which drives against 
heat exchange element 13. Heat exchange elements 12 
and 13 are generally similar in con?guration and have 
a plurality of coextensive generally circular channels 
23a and 23b formed therein. The effective length of 
each of these channels is one turn of the spiral windings 
from which they are joined. These channels are formed 
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4 
by spiral windings 25a and 25b, which are wound 
around central core portions 27a and 27b respectively. 
Spiral windings 25a and 25b may be fabricated of a me 
tallic strip or ribbon of a material having high thermal 
conductivity, such as copper, aluminum or steel. the 
strip pins 
The channels 23a and 23b are relatively narrow such 

as to provide highly efficient heat transfer from the 
?uid ?owing in the channel to the walls of the strip ma 
terial. In the fabrication of the spiral windings forming 
the heat transfer channels, the winding thereof may be 
facilitated by placing a wire 30 along the edge of ‘the 
strip as it is wound, which effectively separates the 
windings from each other. Also, radial pins 32 may be 
utilized at several points along the windings to provide 
stiffening, these pins of course not being placed in the 
channels in such manner as to block the ?uid ?ow 
therethrough. The spiral windings may be formed by 
the techniques described in our copending application 
Ser. No. 246,655 entitled METHOD FOR THE MAN 
UFACTURE OF FINNED UNITS: FINNED UNITS 
MANUFACTURED ACCORDING TO THE 
METHOD AND APPLICATION OF SAID UNITS; 
this application having been 

filed on Apr. 24, 1972, now U.S. Pat. No. 3,789,494, 
granted Feb. 18, 1974 

Inlet for the ?uids fed to each of the heat transfer ele 
ments is provided by means of tubular members 28a 
and 28b respectively. The ?uid is exited by means of 
tubular members 33a and 33b respectively. The ?uid is 
fed from inlet member 28a to each of three radial dis 
tributor channels 4la-43a (see FIG. 4), which are 
formed in plate member 45a and are spaced at 120° in 
tervals therearound. Distributor channels 41a provide 
parallel ?uid communication with ?ow channels 23a at 
120° intervals around each turn of channels 23a. Col 
lector channels 48a-50a are formed in plate member 
450 and are spaced at 120° intervals located between 
distributor channels 41a-43a. Collector channels 
48a-50a provide ?uid communication with the parallel 
?ow channels 23a at points halfway in between the dis 
tributor channels. Fluid communication is provided 
from collector channels 48a-50a to outlet tube 33a by 
means of the channel formed by grooved portion 52a 
of plate 45a. Thus, it can be seen that the ?uid input is 
fed from distributor channels 4la-43a into the heat ex 
change ?ow channels 23a in parallel, ?owing in the 
channels axially in opposite directions to the adjoining 
collector channels 48a-50a, from where they are ap 
propriately fed to outlet member 33a. Thus, it can be 
seen that the ?uid ?ows through an angular passage 
only 60° axially in the parallel spiral channels, thus min 
imizing the pressure drop. 
Referring to FIG. 5, the ?uid flow path is schemati 

cally shown of the ?uid ?ow from inlet channel 28a 
through distribution channel 43a through the heat ex 
changer channels 23a to adjacent collector channels 
48a and 50a, and thence through channel 42a to the 
outlet 33a. Flow of course occurs in the same manner 
for each of the other distributor channels and adjoining 
collector channels. 
The construction and operation of the heat ex 

changer element 13 is the same as that just described 
for the heat exchanger element 12, the 12 designated 
components having the same function as the corre 
sponding a designated components with the same nu 
merals described for unit ‘12. It is to be noted that FIG. 
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3 best illustrates the components of heat exchange ele 
ment 13. 
Referring now to FIG. 6, the details of the channel 

forming windings of the heat exchanger elements are 
illustrated. As can be seen, the channels 23a and 23b 
have a relatively narrow width, w, to the assure high 
heat-transfer rates between the channels walls and the 
?uid media. Further, the channels have a relatively 
large height, h, as compared with the width, this to as 
sure large “wetted” areas and to lessen the pressure 
drop. It is also to be noted that the thickness dimension, 
t, of the channel walls is relatively large as compared 
with the width, w, this to give a low characteristic value 
for the temperature differential within the solid associ 
ated with the transfer of heat energy from the walls of 
the input heat exchange element to diaphragm 15 and 
from this diaphragm to the walls of the other heat ex 
change element. It is to be noted in this regard that the 
principal heat transfer between the ?uids is accom 
plished through the channel walls and the diaphragm. 
The dimensions of typical operating embodiments of 
the device of the invention are as follows: 
Channel width, w -- 0.2mm; 
Channel height, h -- 10 mm; 

Thickness, t0.5 - 3 mm; 
Diameter of the spiral -- 100 mm. It is to be noted 

that these dimensions are given for illustrative pur 
poses only and that these various dimensions could 
vary widely in different designs. 

The design is governed by the following consider 
ations. In a heat exchanger involving two ?uid media, 
three temperature differentials must be taken into con 
sideration for a certain total heat transfer rate in the ex 
changer. These are: (l) the temperature differential 
between the ?rst fluid and the wall material adjacent to 
that ?uid; (2) the temperature differential between the 
second ?uid and the wall material adjacent to that 
?uid; and (3) the temperature differential that occurs 
over the body of the wall material. The characteristic 
effective temperature differential between the two ?u 
ids for carrying out the overall heat transfer rate is the 
sum of these three differences. The object in most heat 
exchange designs is to minimize this total temperature 
difference. In view of the fact that for laminar flow the 
heat ?ux is inversely proportional to the heat ex 
changer channel width, this end result is furthered in 
this invention by making the channels very narrow, 
such that very high vlaues of heat flux between the ?uid 
and the channel wall material can be achieved. Further, 
this object is attained by providing a large “wetted” 
area by making a large number of coextensive channels 
and the height of the spiral windings relatively large. 
Also, for optimum heat transfer from the windings to 
the diaphragm it is important that there be good ther 
mal contact therebetween. This can be accomplished 
by grinding the edges of the windings perfectly ?at such 
that when pressure is applied with the tightening of the 
bolts which are used to hold the device together, inti 
mate contact at these interfaces is achieved. It also may 
be found helpful in achieving such intimate contact to 
utilize a diaphragm of relatively soft material and/or 
sharp edges on the windings which dig into the dia 
phragm. In certain instances it may be desirable to 
bond the heat exchange windings to the diaphragm to 
improve thermal contact therebetween. 

In designing a high performance heat exchanger, the 
question of heat losses along the spiral strip also has to 
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6 
be taken into consideration. Obviously a thick and wide 
strip could presentserious heat losses in certain de 
signs. This problem could be alleviated by fabricating 
the strip in sections which are separated from each 
other by thermally insulative portions. 

It is to be noted that the heat exchanger of the inven 
tion can be utilized for both gaseous and liquid ?uids, 
or for heat exchange between a gas and a liquid as well 
as between two liquids or two gases. As to be explained 
further on in the speci?cation, it is also possible to uti 
lize the device of the invention for transferring heat be 
tween ?uids and solids. 

It should be apparent that con?gurations for forming 
the channels other than the spiral con?guration shown 
could be used in carrying out the basic concept of the 
invention as long as the channels are coextensive, i.e., 
run alongside each other, are narrow ehough to provide 
proper heat transfer to the channel walls, and means 
are provided for minimizing the pressure drop by the 
techniques described herein, such as the utilization of 
common channel means spaced along the narrow chan 
nels for distributing andcollecting the ?ows at several 
points along the channels. However, the use of a spiral 
con?guration in forming the channels greatly facilitates 
and economizes the fabrication of the device of the in 
vention and for these reasons appears to afford distinct 
advantages. 
Let us now examine other embodiments of the inven 

tion. It is to be noted that for the other embodiments 
the same numerals are utilized to identify correspond 
ing components of the ?rst described embodiment. 
Referring now to FIGS. 7 and 8, another embodiment 

of the invention is shown. This embodiment utilizes 
heat exchanger elements 12 and 13 which are spirally 
wound around central cores 27a and 27b respectively 
to form the ?uid channels in the same fashion as the 
?rst embodiment. This embodiment principally differs 
from the ?rst embodiment in the implementation of its 
distributor and collector channels and in the structure 
used for assembling the units together in sealed rela 
tionship with seal 15 which in interposed therebetween. 

Distribution of the incoming ?uid from inlets 28a and 
28b is provided directly to the spiral channels 23a and 
23b respectively by means of grooves or slots 60 which 

‘ are milled in the top portions of the channel walls adja 
cent to the inlets. The collecting channels are imple 
mented in the same fashion with slots 62 being milled 
in the channel walls in the vicinity of outlets 33a and 
33b. The inlets 28a and 28b and outlets 33a and 33b are 
located along the periphery of the windings and the 
channels 60 and 62 are tapered towards the center to 
produce a more uniform ?ow velocity in the various 
channels, ‘the objective in this regard being to provide 
resistance to decrease the velocity for the ?ow in the 
more centrally located channels. In this embodiment, 
the ?ow passage is l80°, in opposite directions from the 
inlets 28a, 28b, to the outlets 33a, 33b, as indicated by 
arrows 65. The device has end plates 66 and 67 which 
are spaced apart by cylindrical members 71 and 72, 
sealing for the ?uid conveying portions being provided 
by means of seals 68 and 69. The device is held to 
gether mechanically by means of bolts 78 which extend 
through end plates 66 and 67. These bolts are tightened 
up to provide the necessary pressure between the ends 
of spiral windings 25a and 25b and seal 15 to effect 
sealing therebetween. 
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Referring now to FIG. 9, an alternate con?guration 
for the heat exchanger elements of the invention is il 
lustrated. In this embodiment ?uid is introduced 
through inlet 28 and ?ows from here to four distributor 
channels 75 which are spaced at 90° intervals around 
the unit. Distributor channels 75 are formed by holes 
in the heat exchanger windings 25. Channels 77 are 
similarly formed in the spiral windings to provide col 
lector channels, these collector channels being spaced 
halfway in between the distributor channels. The col 
lector channels 77 provide an exit for the ?uid in a 
common channel (not shown) which may be formed 
around the periphery of unit 12. This embodiment thus 
provides 45° of angular ?ow. 
Referring now to FIGS. 10 and 11, another em 

bodimnent is illustrated. In this embodiment, embodi 
ment distributor channels 79 are in the form of slots 
formed in the cover plate 80 of the device, with the col 
lector channels 33 being in the form of milled out por 
tions of the spiral windings. The windings 25a and 25b 
and diaphragm 15 are similar to those for the previous 
embodiments. 
Referring now to FIGS. 12 and 13, still another con 

?guration for the heat exchanger elements is shown. In 
this embodiment the ?uid intake is distributed by 
means of “distributor channels” in the form of ?ow dis 
tributing meshes 87 which are placed over the top 
edges of the spiral windings 25a. The collector chan 
nels are in the form of grooves 90 milled in the wind 
ings, these channels being covered by plates 91 to avoid 
the short circuiting of the ?ow paths. The meshes 87 
operate to produce a pressure drop for the ?ow passing 
therethrough of such a magnitude that the inlet ?ow is 
distributed relatively uniformly over the channels. 
Other techniques may be used for implementing the 
function of meshes 87 in uniformly distributing the 
?ow, such as for example the use of a porous plate. 
Referring now to FIGS. 14 and 15, another embodi 

ment of the invention is illustrated. Central plug unit 
27a has four inlet channels 95 formed therein and four 
outlet channels 97 which communicate with a common 
channel 99 which is connected to outlet 33a. Flow dis 
tributor channels for carrying the ?uid ?ow to the 
channels 25a of windings 23a is provided by milled out 
portions 101 of the windings, each of which communi 
cates with a separate one of channels 95. The collector 
channels are similarly formed by milled out portions of 
the spiral windings (not shown) which connect with 
outlet channels 97. - 
Referring now to FIGS. 16 and 17, a further embodi 

ment of the invention is illustrated. Shown here is a sec 
tion of a large heat exchanger utilizing a plurality of 
heat exchanger units stacked one on the other. These 
units are all contained within a cylindrical housing 11 
having inlet channels 28 and outlet channels 33 formed 
in the walls thereof. As for the previous embodiments 
the spiral windings 25 are wound around a central core 
27. A cylinder 110 surrounds each of the heat ex 
changer elements and is joined to the housing 11 in 
sealed relationship. The inner wall of the housing and 
the walls of cylinders 110 have a plurality of apertures 
114 formed therethrough to permit the entrance and 
exit of the ?uid to and from each of the heat exchanger 
units. In the embodiment shown there are three equally 
spaced inlet channels 116 and three equally spaced 
outlet channels 117 for each of the heat exchange ele 
ments. Distributor channels 116 and collector channels 
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117 are provided by milling out the windings in an in 
wardly tapered shape as described for previous em 
bodiments. As can be seen, each heat exchanger system 
has its own separate inlet and outlet channels 28 and 33 
respectively so that the ?uid ?ows in each of these sys 
tems are separated from each other. Thus, it can be 
seen that a convenient technique is provided for inte 
grating a number of heat exchange devices of the in 
vention, having separate ?uid inputs and outputs, in a 
single stack. 
The cylinder members 110 are utilized around each 

of the spiral elements to assure proper sealing and 
clamping pressure around the units. O-ring seals 120 
are provided between housing 11 and cylinders 110 to 
assure that there are no leaks between the different 

?uid systems. 
In utilizing systems of the type shown in FIGS. 16 and 

17, very large systems can be constructed using rela 
tively small components. Such a composite heat ex 
changer system could be completely disassembled for 
repair, replacement and cleaning of components. The 
various units can be mechanically clamped together 
utilizing one of the clamping techniques described in 
connection with the previous embodiments. 
Referring now to FIGS. 18 and 19, a heat exchanger 

in accordance with the invention that could be used for 
?uid ?ows with change of phase accompanying the 
heat exchange is illustrated. This embodiment has a 
structure somewhat similar to the embodiment of 
FIGS. 7 and 8, and includes top and bottom plates 67 
and 66 which are drawn together by means of bolts 78 
and nuts 79 to clamp the heat exchange elements 12 
and 13 in sealed relationship against diaphragm 15. As 
for previous embodiments, the distributor channels 120 
and 121, and the collector channels 124 are milled out 
of the spiral windings. 
The input ?uid which may be a liquid is fed to each 

of the four inlets 130 of heat exchanger element 13 
which are located near the periphery of the spiral wind 
ings. The liquid enters each of the four distributor 
channels 120. These channels extend inwardly only a 
fraction of the radius and hence cause distribution of 
liquid into only the outermost channels. The ?uid ?ows 
radially 45° in opposite directions as indicated by the 
arrows, to second distributor channels 121. Channels 
121 extend all the way to core 27b, these channels 
being dead-ended at the core. The ?uid then ?ows radi 
ally 45° in opposite directions from channels 121 to 
collection channels 124, which are connected to ?uid 
outlet 135. 
During its passage through the spiral windings, the 

liquid will vaporize, with the density of the ?uid thus 
decreasing and its ?ow velocity increasing substan 
tially. The vapor will have a tendency to locate itself 
above the liquid and in the hotter parts of the spiral. 
Hence, this embodiment should preferably be located 
with diaphragm 15 horizontally oriented, with the liq 
uid heat exchanger 13 below the diaphragm. The bot 
tom portions of the outer channel of exchanger 13 will 
be ?lled with liquid. After the ?uid has gone through 
a turn and ?ows from channel 121 to channels 124, less 
liquid will be present in the channels. In the top portion 
of the inner channels 125, pure vapor will be present 
possibly in a superheated stage if temperature condi 
tions so permit. In this way, pure vapor is drawn from 
the exit channel 135. Upper heat exchanger element 12 
may be of the type shown in FIG. 6. 
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Referring now to FIG. 20, the use of a heat pipe for 
at least one of the spiral windings is illustrated. The 
upper spiral winding, rather than being formed of a sin 
gle strip as for the previous embodiments, is formed 
from two strips 140 separated by a spacer 142, the spi 
ral heat pipe channel 146 being formed between the 
strips. The inner walls 140a of this channel are covered 
with a capillary pumping wick of sintered metal or the 
like, as is conventionally utilized in heat pipes. Flow 
channels 148 are formed between the walls of adjacent 
windings of channel 146, spacer wire 150 being utilized 
to space these walls from each other. Proper sealing be 
tween channels 146 and 148 can be achieved by solder 
ing the strips to diaphragm 15 in conjunction with 
spacer wire 19. The advantage of using the heat pipe 
spiral in implementing the invention provides better 
heat conduction in the spiral system in a direction per 
pendicular to diaphragm 15. The use of heat pipe spiral 
permits a spiral height that is typically one order of 
magnitude greater than possible with a solid core rib 
bon. However, this approach presents drawbacks, such 
as added heat conduction along the channels, added 
overall complexity, sealing problems, and less rigidity. 
Also, of course, if the heat pipe is soldered to the dia 
phragm, disassembly for cleaning and repair becomes 
more difficult. Spiral strip 25 may be of solid material 
as for the previous embodiments. ‘ 
Referring now to FIG. 21, a packaging structure 

which can be utilized in the invention, and which could 
enable operation at very high working pressures in a 
unit having relatively low weight and size, is illustrated. 
The cover plates 162 of the assembly have thin high 
strength diaphragms 160 which cover them. These 
cover plates can be molded from a material which pref 
erably has low thermal conductivity, such as a suitable 
plastic or ceramic material, and need not have espe 
cially high strength. With a system of this kind, very 
high working pressures can be used and still the weight 
and size can be kept small. The package is held to 
gether by means of clamping rings 170 and bolts 171, 
with ring member 173 being used to provide a guide for 
positioning rings 174 which encircle the heat exchange 
elements 12 and 13. Diaphragms 160 could initially be 
made ?at so that they will buckle to the appropriate 
shape on the tightening of bolts 17]. 

It should be apparent that the invention could be 
practiced in an implementation where heat transfer is 
accomplished between a fluid and an external heat 
source or sink. This end result could be achieved by uti~ 
lizing a single fluid heat exchange element in conjunc 
tion with a diaphragm as described herein with heat 
transfer to the diaphragm from a source or from the di 
aphragm to a sink, as the case may be. The “dia 
phragm” could in such an implementation be formed 
by a wall of a portion of such source or sink. An em 
bodiment of the invention along these lines is illus 
trated in FIG. 22. Heat exchanger element 12 is the 
same as that of the embodiment of FIG. 7. However, 
rather than utilizing a second similar heat exchanger 
element, the spiral windings are clamped against top 
wall portion 15 of heat source or sink 180. Top wall 
portion thus replaces the diaphragm of the previous 
embodiments and transfers thermal energy between el 
ement 12 and member 180, which may comprise a solid 
body or other device which functions as a heat source 
or sink for heat exchanger element 12. The heat ex 
changer element is clamped to member 180 by means 
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10 
of bolts 78 which threadably engage the walls of this 
member. ' 

The device of this invention thus provides a highly 
efficient heat exchanger which is of simple and eco 
nomical fabrication and which can be readily disassem 
bled for replacement, repair or cleaning of compo 
nents. 
While the invention has been described and illus 

trated in detail, it is to be clearly understood that this 
is by way of example only and is not to be taken by way 
of limitation, the spirit and scope of this invention 
being limited only by the terms of the following claims. 
We claim: 
1. A heat exchanger comprising: 

inlet means and outlet means for said ?uid, 
a heat exchange element for receiving the ?ow of 

said fluid, said heat exchange element comprising 
a member having a plurality of coextensive narrow 
?uid channels formed on a single surface thereof, 
said channels being defined by walls extending 
from said surface, multiple distributor means 
spaced at intervals along said channels for distrib 
uting the ?uid from said inlet means to all of said 
?uid channels in parallel, multiple collector means 
spaced from said distributor means at intervals 
along said channels for collecting the ?uid in all of 
said channels in common channels at intermediate 
positions along said ?uid channels located at dis 
tances from the distributor means which are sub 
stantially less in extent than the full length of said 
coextensive channels and means for feeding the 
?uid from said last mentioned common channel to 
said outlet means, and 

means for transferring thermal energy between said 
heat exchange element and a heat conductive me 
dium, the ends of said channel walls away from said 
surface abutting against said last mentioned means 
in ?uid tight relationship, whereby thermal energy 
is transferred between said channel wall ends and 
said last mentioned means. 

2. A heat exchanger for transferring thermal energy 
between a pair of heat conductive media comprising: 

inlet means and outlet means for said ?uid, 
one of said media comprising a heat exchanger ele 
ment for receiving the ?ow of said ?uid, said heat 
exchanger element comprising a member having a 
plurality of coextensive narrow ?uid channels 
formed on a single surface thereof, said channels 
being de?ned by walls extending from said surface, 
multiple distributor means spaced at intervals 
along said channels for distributing the ?uid from 
said inlet means to all of said ?uid channels in par 
allel, multiple collector means spaced from said 
distributor means at intervals along said channels 
for collecting the ?uid in all of said channels in 
common channels at position along said ?uid chan 
nels located at distance from the distributor means 
which are substantially less in extent than the full 
length of said coextensive channels and means for 
feeding the ?uid from said last mentioned common 
channel to said outlet means, and 

means interposed between all of the channels of said 
heat exchanger element and the other of said heat 
conductive media for transferring thermal energy 
between said two media, the ends of said channel 
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walls away from said surface abutting against said 
I last mentioned means whereby thermal energy is 
transferred between said channel wall ends and 
said last mentioned means. 

3. The device of claim 2 wherein the other of said 
heat conductive media comprises a member of solid 
material, said means interposed between said heat ex 
changer element and said member comprising a wall of 
said member of solid material. 

4. The device of claim 2 wherein the other of said 
heat conductive media comprises a second heat ex 
changer element similar to said first heat exchanger el 
ement and a ?uid ?owing in said second element, said 
means interposed between said units comprising a dia 
phragm forming an edge seal for each of said channels. 

5. The device of claim 4 and further including means 
for applying mechanical pressure against both of said 
heat exchanger elements urging them towards each 
other to provide good thermal contact between said el 
ements and said diaphragm, the thermal energy being 
transferred from one ?uid to the other ?uid through the 
intermediary of the walls of the heat exchanger ele 
ments and said diaphragm. > 

6. The device of claim 4 wherein the channels of each 
of said heat exchanger elements are formed from a sin 
gle conductive strip wound in a spiral configuration, 
one of the edges of the strip of one of said elements 
abutting against one side of said diaphragm, one of the 
edges of the strip of the other of said elements abutting 
against the opposite side of said diaphragm. 

7. The device of claim 5 wherein said means for ap 
plying mechanical pressure against said elements com 
prises a housing for said heat exchanger elements and 
screw means threadably attached to said housing for 
tightening said elements against each other within said 
housing. 

8. The device of claim 2 and further including a hous 
ing for containing said heat exchanger element, said 
distributor means comprising an inlet for receiving the 
?uid extending from said housing, a plurality of distrib 
utor channels formed in said housing for receiving fluid 
from said inlet and communicating said ?uid to sepa 
rate portions of said ?uid channels, and said collector 
means comprising collector channels formed in said 
housing between said distributor channels for com 
monly receiving the ?uid ?owing in said ?uid channels 
from said distributor channels, and outlet means for re 
ceiving the ?uid from said collector channels. 

9. The device of claim 6 wherein said distributor 
means for distributing ?uid to said channels and said 
collector means for collecting ?uid from said channels 
comprises apertures extending through said channels 
and spaced from each other at intervals around the spi 
ral, said apertures extending through separate sections 
of said spiral. 

10. The device of claim 9 wherein said apertures are 

tapered. 
11. A heat exchanger for transferring heat energy 

from one ?uid to another comprising: 
a housing, 
?rst and second heat exchanger elements mounted in 

said housing, each of said elements including a plu 
rality of coextensive ?uid channels formed from a 
strip of material wound in a spiral, a ?uid inlet and 
outlet in said housing, multiple ?uid distributor 
channel means extending essentially radially across 
said spiral and spaced at intervals about a full turn 
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12 
of said spiral, said ?uid distributor channel means 
receiving ?uid from said inlet and feeding said ?uid 
in parallel to said channels, and multiple ?uid col 
lector channel means extending’ essentially radially 
across said spiral, said collector channel means 
being spaced from said distributor channel means 
so as to receive in parallel the ?uid ?ow from said 
distributor channel means after it has passed 
through a portion of a single turn of said spiral 
channels, said collector channel means feeding 
?uid to said outlet, and 

a diaphragm interposed between the spiral windings 
of said ?rst and second heat exchanger elements, 
one of the edges of each of said spiral windings of 
said first and second heat exchanger abutting 
against an opposite surface of said diaphragm, ther 
mal energy being transferred between said heat ex 
changer elements through said diaphragm, 

whereby the ?uid is fed to each distributor channel 
means and ?ows in parallel around adjacent chan 
nels of each of said heat exchanger elements to a 
collector channel means after traversing only a 
portion of a full turn of said spiral. 

12. The device of claim 11 and further including 
means for mechanically clamping said heat exchanger 
elements together in said housing with mechanical 
pressure being applied by said spiral windings against 
the opposite surfaces of said diaphragm to provide 
good thermal contact between said windings and said 
diaphragm. 

13. The device of claim 11 wherein said distributor 
and collector channels are formed in said housing. 

14. The device of claim 11 wherein said distributor 
and collector channels comprise apertures formed in 
said spiral windings. 

15. The device of claim 13 wherein said distributor 
and collector channels are tapered. 

16. The device of claim 12 wherein said housing 
means comprises a hollow cylinder having an open end 
and a closed end, said heat exchanger elements, said 
diaphragm and said distributor and collector channel 
means being contained within said cylinder, said means 
for mechanically clamping said heat exchanger ele 
ments together comprising a pan member ?tted into 
the open end of said cylinder to cover said open end 
and bolt means threadably attached to the edge portion 
of the open end of said cylinder, said bolt means driving 
against said pan member thereby applying force there 
against to drive said heat exchanger elements together. 

17. The device of claim 11 and further including a ' 
pair of circular plate members, said heat exchanger ele 
ments being sandwiched between said plate members, 
said ?uid distributor and collector channel means com 
prising grooves formed at spaced intervals in said plate 
members adjacent to said spiral windings. 

18. The device of claim 12 wherein said means for 
clamping said heat exchanger elements together com 
prises a pair of end plate members, said heat exchanger 
elements being sandwiched between said end plate 
members, and bolt means for drawing said end plate 
members towards each other. 

19. The device of claim 11 and further comprising a 
wire placed between the windings of said spiral to pro 
vide spacing therebetween. 
20. A plurality of heat exchangers as set forth in 

claim 11, said heat exchangers being stacked vertically 
one on the other, said housing means comprising a cy 
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lindrical housing for housing said units. the distributor 
and collector channel means for each of the heat cx 
changer elements comprising radial apertures formed 
in the windings of the'heat exchanger elements. 
21. The device of claim 11 wherein said distributor 

channel means comprises a ?rst set of radial channels 
for providing fluid to the ?ow channels near the periph 
ery of said winding, a second set of radial channels ex 
tending radially across the entire spiral spaced between 

5 

1O 

25 

35 

45 

55 

60 

65 

14 
the ?rst set of radial channels, and said collector chan 
nel means comprises a set of radial channels spaced be 
tween said second set of channels for receiving the ?uid 
flow in the spiral therefrom whereby ?uid ?ows in a 
?rst direction in said spiral from said ?rst set of distrib 
utor channels to said second set of channels and in a di 
rection opposite to said ?rst direction from said second 
set of channels to said collector channels. 
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