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2 (Cai Ens. (C, 65-46) 
This is a division of application Serial No. 309,416, 

filed September 13, 1952, now patent No. 3,112,792. 
This invention relates to improvements in Personal 

Thermal Devices, and particularly to improved personal 
heating and cooling apparatus of the type wherein a tem 
perature controlling fluid is circulated through a thin, 
flexible heat exchange structure such as a blanket, a gar 
ment or the like. 

It is among the objects of the present invention to pro 
vide an improved personal thermal device of the fore 
going type that is small and light in weight, that can be 
made as an entirely self-contained, readily portable unit, 
that is inexpensive to manufacture, that involves prac 
tically no moving parts, that will operate under a wide 
variety of ambient temperature conditions, and that is 
suitable both for heating and for cooling. 

in accordance with preferred embodiments of the in 
vention, the foregoing and other related objects and ad 
vantages are attained in apparatus wherein a thin, flexible 
heat exchange structure, such as a garment, a blanket or 
a pillowcase insert, is provided with liquid conducting 
passages through which liquid is circulated by means of 
a head operated pump (referred to herein as a thermo 
pump). As will be brought out more fully hereinafter, 
Such an arrangement can be embodied in a very small 
apparatus "package.” Depending on the specific use for 
which the apparatus is designed, the primary heat source 
for the thermopump may comprise an electrical heater, 
a small flame supported by a combustible fluid, or a 
variety of other similar heat sources. 

Because of the simplicity and compact and configura 
tion of the thermopump, the apparatus has unusual versa 
tility, and finds application in a variety of uses for which 
comparable prior art devices are of limited or no utility. 
Moreover, where heating is required, the heat energy is 
used in a dual capacity as a source of motive power and 
for heating the circulated fluid. 
A more complete understanding of the invention can 

be had by reference to the following description of illus 
tractive embodiments thereof, when considered in con 
nection with the accompanying drawing wherein 
F.G. 1 illustrates a heated blanket arranged in accord 

ance with the invention, with a portion of the blanket 
surface broken away to show the interior construction, 

FIG. 2 is a cross-sectional view of the blanket of FIG. 
1, taken on the line 2-2 of FIG. 1, 
FIG. 3 is a perspective view of a header unit used in 

the blanket of FIG. 1, 
FIG. 4 is a fragmentary view of a thermopump, show 

ing electrical heating of the pump generator, 
FIG. 5 illustrates a heated suit arranged in accordance 

with the invention. 
FIG. 6 illustrates a thermopump and fuel container 

assembly suitable for use in the system of the present in 
vention, 

FIGS. 7-9 illustrate modified forms of fluid heating 
circuits embodying the invention, 

FIG. 10 illustrates a cooling and heating system em 
bodying the invention, 

FIG. 11 is a cross-sectional view of the heat exchange 
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2 
structure of FIG. 10, taken on the line 11-1 of FIG. 
10, and 
FIGS. 12-14 illustrate modified forms of fluid cooling 

and heating circuits embodying the invention. 
Already indicated, the particular heat exchange struc 

ture through which the temperature controlling fluid is 
circulated in accordance with the present invention may 
take any one of a variety of different forms. In general, 
what is contemplated is a flexible structure or web of ma 
terial capable of conforming to or serving as a covering 
for part or all of the human body, and may comprise a 
garment, such as a jacket, coveralls or the like, bed 
clothing, such as a sheet, a blanket, a sleeping bag a 
pillow insert or a mattress cover, or similar items of personal use. 
By way of introduction, the invention will first be de 

scribed as embodied in a heated blanket. 
Referring to FIGS. 1 and 2 of the drawing, a heated 

blanket 8 arranged in accordance with the invention com 
prises a thin, flexible two-layer heat exchange structure 
10, 11, provided between the fabric layers 10, 11 with 
liquid conducting passages 2 extending throughout the 
blanket and through which heated liquid is circulated by a thermopump 4. 
The Superposed fabric layers 10, 11 are sewn together 

along the outside edges and along spaced line 13 to pro 
vide channels for holding flexible tubing, such as rubber 
or plastic tubes, forming the liquid conducting passages 
2. 
For clarity, only a small number of relatively large 

cross-section tubes 12 are shown in FIGS. 1 and 2. In 
actual practice, tubing of "capillary' dimensions is pre 
ferably used, not only to decrease the quantity of circu 
lating liquid in the blanket structure and to make the 
Surface irregularities due to the tubing less noticeable, 
but also to avoid stoppages due to kinking of the tubing 
12. For example, tubing with an inside diameter and a 
wall thickness of, say 40 mils, is found to be appropri 
ate. A suitable material for the tubing in a plastic ma 
terial, such as one of the so-called vinyl resins, polyethyl 
ene, or the like. Furthermore, instead of a six tubing 
circuits shown in the drawing, twenty or more such cir 
cuits may be used to distribute the heat more uniformly. 
The loops of tubing 12 are connected between a pair 

of header units 16, 18, one of which (16) constitutes 
an input header and the other of which (18) constitutes 
a return header. The arrangement is such that heated 
liquid will enter the blanket through the input header 
16, flow through the various loops of tubing 12, in paral 
lel and flow out through the header 18. This parallel 
flow arrangement has the advantage that it equalizes the 
heating effect across the blanket, and also reduces the 
pressure drop or resistance to liquid flow in the tubing 
2, as compared with a series path through a single tube 
looped back and forth across the entire blanket. 

It has been found preferable to use small diameter tub 
ing throughout the entire blanket and to connect this 
tubing to Small compact headers or junction units 16, 8 
rather than having large diameter header tubes extend 
along the edge of the blanket. The reason for this is 
that if long header tubes are used, they must be large 
enough in diameter to carry the liquid for substantially 
all of the circuits 12 without appreciable pressure drop. 
On the other hand, tubing of the required diameter is 
Very likely to kink and materially reduce or even com 
pletely cut off the flow of liquid if made flexible enough 
to conform to folds and the like in the blanket. The 
header units 16, 18 can be very compact assemblies, fully 
rigid to obviate kinking and yet extending over no more 
than one or two square inches of blanket surface area. 
As shown in detail in FIG. 3, for example, each header 
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3. 
unit may comprise a short length of metal tubing 20, 
partially flattened to an oval shape throughout a portion 
of its length, and having the oval shaped end 20a sealed 
off. In the oval shaped portion of the tube 20, short 
stubs 24 of very small diameter tubing are soldered into 
the tube 20 in the general plane of the major axis of the 
oval to connect to the blanket circuit tubes A2. The 
round end 20b of the header tube 20 is adapted to be 
inserted in the end of a flexible tube (26 or 28 in FIG. 1), 
leading to or from the blanket 8 and the thermopump 14. 
The thermopump 14 of FIG. 1 corresponds generally 

to the pump described in U.S. Patent 2,553,817-Kleen. 
Briefly, such a pump comprises a vapor generator chamber 
in the form of a tube 29, of inverted U-shape, within 
which to form vapor when heat is applied to the tube 29 
from some source such as an open flame 30. The end of 
one leg of the U-tube 29 is connected through a smaller 
diameter U-shaped vapor transfer tube 32 to a vertical 
tube 34 which constitutes a vapor condenser chamber. 
The lower end of the condenser tube 34 and the other 
leg of the generator 29 are connected through a reservoir 
36. The generator 29, the vapor tube 32, the condenser 
34 and the reservoir 36 constitute a closed loop which is 
coupled to the blanket passages 12 through a pair of check 
valves 37, 39, the flexible tubing 26, 28, and the headers 
16, 18. 
The operation of the thermopump 14 is as follows: 
When the heat of the flame 30 acts on the generator 

tube 29 to vaporize the liquid therein, vapor will collect 
in the upper portion of the U, raising the pressure in 
the pump and forcing liquid to flow downwardly through 
the leg of the generator tube and upwardly through the 
vapor tube 32 and the condenser 34. This, of course, 
will force liquid to flow out through the check valve 39 
and into the blanket circuits 12 through the header 16 as 
the blanket circuits expand slightly to accept the liquid 
forced into them. When the liquid level in the pump has 
been forced down by the vapor to the lowermost point in 
the vapor tube 32, vapor will being travelling up through 
the vapor tube 32. This will create a hydrostatic un 
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balance between the liquid in the generator and condenser 
columns, tending to cause liquid to flow downwardly 
through the condenser tube 34 and upwardly into the gen 
erator 29. This counter-clockwise flow of liquid in the 
pump will force all the vapor out of the generator cham 
ber and into the condenser chamber wherein the vapor 
will condense, thereby decreasing the pressure in the 
pump and causing liquid to be suctioned into the pump 
through the check valve 37 from the return header 18 
and the return tube 28. Thereupon, the system will tem 
porarily come to rest until a new volume of vapor begins 
to collect in the generator tube, whereupon the entire 
cycle will be repeated. A more complete description of 
the features and functioning of the thermopump 14 will 
be found in the above mentioned Kleen patent. 
From the brief description just given, it can be seen 

that the operation of the thermopump 14 will result in a 
continual cyclical delivery of hot vapor to the condenser 
tube 34, and that during the expulsion stroke of the 
pump, liquid heated by the vapor will be forced out of 
the condenser tube. If the volume of the coupling be 
tween the condenser 34 and the check valves 37, 39 is less 
than that of the pump stroke, hot liquid will pass through 
the check valve 39 into the blanket inlet tube 26 on each 
pumping stroke. Thus, it can be seen that the thermo 
pump 14 is peculiarly adapted for utilization in a per 
sonal heating system of the type with which the present 
invention is concerned for the reason that the application 
of heat can be utilized both to obtain the necessary cir 
culating action and to heat the liquid being circulated. 
While the flow of liquid to and from the pump 14 is 

cyclical, rather than unvarying or continuous, the flexi 
bility of the various tubes and tubing circuits is more than 
adequate to accommodate the small changes in liquid 
volume in the system outside the pump 14. 
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4. 
While the heat for generating vapor can be supplied in 

a number of different ways, a flame operated system is of 
particular utility for portable apparatus. So far as is 
known, the system of the present invention provides the 
first entirely practical portable individual heating or cool 
ing apparatus to be proposed. For example, utilizing a 
fuel such as bottled propane gas or the like, readily avail 
able in small containers occupying only a few cubic 
inches of space and weighing about one pound, a system 
of the type just described is ideally suited for individual 
use in cold areas. Such a system is particularly useful 
for evacuation of wounded military personnel from the 
field of action where weight and bulk of the protective 
apparatus must be kept at a minimum, and yet where 
some form of heating is frequently vital to prevent shock. 
Using a fuel supply of the type just indicated, it is en 
tirely feasible to have a complete system capable of 
delivering 1500 B.t.u./hr. to the blanket for 10 hours and 
weighing less than 15 pounds, including blanket, pump 
and fuel. Of course, for heating applications in extreme 
cold, an anti-freeze liquid such as alcohol or the like will 
be used as the circulating medium. Water and other 
liquids are Suitable in situations where the ambient tem 
perature will permit use of higher freezing point liquids. 

In domestic as well as military applications, sportsmen 
and others who have occasion to require some type of 
artificially supplied personal heating in remote localities 
where electrical power is not available can use such an 
apparatus to advantage. Of course, while a bottled gas 
such as propane may be most convenient to use, other 
fuels such as wood alcohol, kerosene and the like can 
also be used where appropriate. 
As is shown in FIG. 4, the pump in the heating system 

of FIGS. 1 and 2 can as well be provided with an elec 
trical heating element 31 wound on the generator tube 29 
in place of the flame heater 30 of FIG. 1. If the pump is 
of metal construction, a layer of insulation 33 will be 
placed between the heater 31 and the generator tube. 
With an electrically heated pump as shown in FIG. 4, 
the apparatus of FIGS. 1 and 2 has important advantages 
for use in the home. It is essentially noiseless in opera 
tion, and as compared with the conventional "electric 
blanket” it involves absolutely no risk of burns or elec 
trical shock to the user. 
As already indicated, the present invention is equally 

applicable to a personal heating unit in the nature of a 
Suit or garment as well as the blanket-type heat exchange 
Structure shown in FIGS. 1 and 2. The tubing 12 can be 
Sewn into such a garment as well as in a blanket. For 
example, as shown in FIG. 5, the tubing 2 can be ar 
ranged in circuits through the body, arm and leg por 
tions of a "coverall” type garment 40, with the pump and 
a fuel container assembled in a cylindrical unit 42 hanging 
from the garment 40 at the beltline. At least one of the 
tubing circuits 2 normally will be provided in each of 
the arm and leg portions of the garment 40, with the cir 
cuit 2 preferably being connected in parallel between 
inlet and outlet tubes 25, 28. Of course, a greater num 
ber of circuits 12 can be provided for more uniform heat 
distribution if desired. 

FIG. 6 is a somewhat enlarged view of the pump and 
fuel container assembly 42 of FIG. 5. As shown in FIG. 
6, the upper portion of the assembly 42 comprises a cylin 
drical shell 43 housing the pump 4 (not shown in FIG. 
6) and having a flue outlet opening 44 in the upper end 
through which to discharge exhaust gases from a burner 
46 in the lower part of the shell 43. The burner 46 is 
coupled to a cylindrical fuel container 48 by means of a 
threaded cap 50 in the bottom of the shell 43 into which 
the fuel container 48 can be screwed readily for quick in 
terchange of fuel cartridges. A control knob 52 is 
mounted on the upper end of the housing 43 beside the 
flue outlet 44 for adjusting the burner output as described 
hereinafter. The lower end of the housing shell 43 is 
perforated as at 54 to supply combustion air for the 
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burner 46 and cooling air for the pump condenser. A 
hook 56 at the top of the shell provides a support for 
suspending the assembly 42 as shown in FIG. 5. 

In FIG. 7, there is shown in somewhat greater detail a 
thermopump system provided with controls for regulat 
ing the delivery of heat to a blanket or garment, as in 
FIGS. 1-4, and including a slightly modified type of 
thermopump. 

In the FIG. 7 apparatus, there is provided a fuel con 
tainer 48, containing a combustible gas Such as propane 
or the like. On the outlet line from the gas container 48, 
there is provided a pressure regulating valve 49 for elimi 
nating fuel pressure vairations due to ambient tempera 
ture variations and the like. Downstream from the preS 
sure regulating valve 49, there is provided a manually con 
trolled valve 51, operable by a control knob 52, for ad 
justing the flow of fuel. The valve 51 connects to a 
burner nozzle 46 which is disposed in the lower end of a 
fue 44. 

Extending laterally into the flue 44 immediately above 
the burner 46 is the vapor generator tube 62 of a thermo 
pump 14a, certain features of which are described and 
claimed in a copending application of R. E. Coleman, 
filed July 5, 1952, Serial No. 297,371, and assigned to 
the assignee of the present invention. 
The lower end of the generator tube 62 is connected 

to a generally vertical cylindrical tube 66 which com 
prises a combined reservoir and vapor collecting chamber. 
The upper portion of the generator 62 is of inverted U 
shape and opens into the top of the vapor collecting 
chamber 66 at a point slightly off center. 

In the center of the top of the vapor collecting cham 
ber 66, a vapor outlet tube 68 protrudes down into the 
chamber 66 for a short distance, and extends from the 
chamber 66 to a condenser tube 70 in a manner similar to 
the vapor tube 32 in the pump 4 of FIG. 1. The con 
denser chamber 70 is connected at the bottom into the 
chamber 66, while the top of the condenser tube 70 is 
coupled through a check valve 39 to a heat exchanger 74 
comprising a coil of several turns around the flue 44 in 
the vicinity of the generator arm 62. It will be under 
stood that the free end of the coil 74 will be connected to 
a header (not shown in FIG. 7) such as the header 16 in 
FIG. 1. Similarly, a return line 28 from a second header 
(not shown in FIG. 7) is connected to the condenser 76 
through a second check valve 37. 

Inside the vapor collecting chamber 66, there is pro 
vided a float 76 which will rise and fall in the chamber 66 
as vapor is alternately collected in and discharged from 
the chamber 66. 
The system shown in FIG. 7 will be put in operation by 

igniting the burner 46 to provide a flame inside the fille 
44. The flame will envelope the generator 62 and at the 
same time supply heat to the heat exchanger coil 74. 
Vapor generated in the generator 62 will pass over into 
the top of the vapor collecting chamber 66 and accumu 
late therein, at the same time forcing liquid downwardly 
in the chamber 66 and up and out through the condenser 
tube 70. Prior to vapor accumulation, the float 76 will 
perform one of its functions, i.e., preventing the flow of 
heated liquid up and out through the vapor tube 68, prior 
to collection of vapor in the top of the chamber 66. 
As vapor continues to collect in the collector 66, the 

liquid level therein eventually will drop Sufficiently to al 
low the float 76 to drop away from the vapor tube 68. 
Thereafter, as further quantities of vapor are collected 
in the collector 66, the float 76 will act as an insulating 
separator, reducing heating of the liquid to prevent over 
heating of the pump System. 
When the level of the liquid in the chamber 66 drops 

below the lowermost point in the vapor tube 68, the pump 
will cycle in the same manner already described in con 
nection with pump 14 in FIG. 1. However, it is to be 
noted that as the liquid level rises in the chamber 66 dur 
ing the condensing or suction portion of the pump cycle, 
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6 
the float 76 will seal off the vapor outlet tube 68 before 
liquid has completely refilled the chamber 66. This tends 
to maintain a quantity of vapor in the top of the collector 
66 at all times, thereby facilitating the start of the next 
expulsion or pressure stroke of the pump. 

it will be understood that by adjusting the control knob 
52, the amount of heat supplied to the pump can be ad 
justed as required, simultaneously changing both the 
pumping rate and the amount of heat put into the pumped 
liquid at he heat exchanger coil 74. While the heating 
of the liquid within the pump itself is adequate for mod 
erately low ambients, the heat exchanger 74 is advanta 
geous for operation under extreme cold conditions. 
As an alterntive to the manual control of heating illus 

trated in FIG. 7, it is quite feasible to have thermostatic 
control of the pump operation or of the temperature of 
the circulated liquid. In other words, the temperature of 
the liquid being circulated can be thermostatically con 
trolled without altering the pump output, or both the 
pump output and liquid heating can be controlled auto 
matically by use of a thermostatic valve supplementing or 
replacing the manual valve 51 in F.G. 7. 
For example, as shown in FIG. 8, the manual valve 5 

of FIG. 7 can be replaced by a thermostatic fuel control 
valve 78 disposed in the return line 28 to be bathed by 
and responsive to the temperature of the liquid returning 
from the blanket through the tube 28. This, of course, 
will control pump output and liquid heating simultaneous 
ly. Alternatively, as shown schematically in FIG. 9, the 
heat exchange coil 74 of FIG. 7 can be connected in paral 
lel with a by-pass line 74a to a two-way thermostatic liquid 
flow control valve 86 disposed in the return line 28 to 
be bathed by the return fluid from the blanket. In this 
case, the thermostatic valve 80 is arranged to direct more 
fluid through the by-pass 74a and correspondingly less 
through the heat exchange coil 74 as the temperature of 
the returning liquid from the blanket increases. Of course, 
a combination of both types of control illustrated in FIGS. 
8 and 9 is entirely feasible. 
As previously indicated, the apparatus of the present 

invention can be used for personal cooling as well as for 
heating. In the apparatus of FIG. 1, for example, if the 
volume of the coupling between the condenser tube 34 
and the check valves 37, 39 is greater than the volume of 
one stroke of the pump 14, it is theoretically possible to 
keep hot liquid from passing the outlet check valve 39. 
Under these conditions, liquid will be circulated through 
the circuits 2 in the blanket 8 without any heating by 
the pump. The circulating liquid will, however, absorb 
heat from a person covered by the blanket, and this heat 
will be lost as the liquid circulates through circuits rela 
tively remote from the body-covering area. Thus, a def 
inite cooling action will be obtained even though the tem 
perature of the circulating medium is not artificially forced 
below the ambient temperature. In fact, experiments 
show that circulating a liquid at temperatures only a few 
degrees below the ambient may create a definitely un 
comfortable “chilly' condition, if the area of body con 
tact is at all extensive. 

Investigation also has shown that there is a psychologi 
cal factor involved in "cooling” that has bearing on the 
apparatus used for cooling, and the way in which it is 
used. This is based on the fact that the average individual 
is accustomed to having his head exposed and the rest of 
his body covered. This means the individual is also ac 
customed to a slightly higher ambient temperature close 
to the body below the neck as compared to a similar area 
about the head. It has been found, therefore, that a 
“cooling blanket,” while cooling the body, is not neces 
sarily the only satisfactory cooling medium, because as 
long as the head is cooled even slightly, it is found that one 
can be quite comfortable on a very warm night. In other 
words, a satisfactory cooling effect can be obtained with a 
“cooling pillow” under the head as well as with a "cooling 
blanket' over or under the body. Experiments have 
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shown that a person using a "cooling pillow' as contem 
plated herein can be quite comfortable under a light 
blanket when the room temperature is such that the same 
person feels uncomfortably warm without the cooling pil 
low, even though completely uncovered. 

It should also be noted that a cooling device of the type 
about to be described is not necessarily limited to use of a 
thermopump as the liquid circulator, since a mechanical 
pump can be used that is arranged to circulate liquid 
through the cooling circuit without affecting the temper 
ature of the circulated liquid. However, the use of a 
thermopump is deemed preferable since it is essentially 
noiseless, is less expensive, requires less maintenance, 
and can also be used for a combination heating and cool 
ing system. 

In FIGS. 10 and 11 there is shown a personal cooling 
system arranged in accordance with the invention. The 
same apparatus can also be used for heating, as will be 
explained shortly. 
The apparatus shown in FIGS. 10 and 11 includes a 

thin, flexible heat exchange structure 81 comprising two 
superposed flexible sheets 82, 83 of water-proof material, 
having approximately the (rectangular) dimensions of an 
ordinary bedpillow. The sheets 82, 83 preferably are of 
plastic material, such as one of the so-called vinyl plas 
tics. The two sheets 82, 83 are sealed together along the 
edges and along spaced lines 84 to define in the unsealed 
areas between the sheets 82, 83 integral passages 86 
through which to circulate cooling liquid. 

Even though the cooling element 81 of FIGS. 10 and 
11, when used in the manner described hereinafter, will 
tend to keep the user comfortably cool, it is possible for 
small quantities of moisture to accumulate under the user's 
head and create a "clammy' feeling. Accordingly, in the 
sealed surface areas 84 between the conducting passages 
86, the cooling element 81 preferably is perforated as indi 
cated at 88 so that moisture will not accumulate on the 
waterproof surface (82 or 83). 

In the cooling element presently being described, as 
compared with the blanket structure of FIGS. 1 and 2, it 
is seen that the passages 86 are arranged in a continuous 
circuit between the inlet and outlet tubes 26, 28, rather 
than all in parallel as are the tubes 12 in the FIGS. 1 and 
2 construction. The reason for this is that in the System 
of FIG. 10, heat exchange between the user and the cir 
culating liquid is more a matter of conduction than of con 
vection. In other words, it is contemplated that the user 
will lose heat to the surface of the cooling element 81 by 
contact therewith (with, perhaps, a pillowcase or the like 
separating the user's head from the cooling surface). Ac 
cordingly, for best efficiency, the circuit 86 should be ar 
ranged so that no matter how limited the area of user con 
tact, substantially all of the cooling medium will flow 
through that area. In the case of the heating blanket, on 
the other hand, what is contemplated is the creation of a 
warm ambient about the user's body, rather than direct 
heat exchange contact between the user's body and the 
warm surface. Therefore, it is not essential that the warm 
ing liquid flow through every one of the blanket circuits 
to every portion of the blanket, but merely that the heated 
liquid flow through a major part of the blanket to create 
warmth beneath the blanket which will dispel itself over 
the entire area covered by the blanket. Secondly, if all 
of the passages in the cooling element 81 were connected 
in parallel between the inlet and outlet tubes 26, 28 the 
pressure of the user's head might well divert all of the 
cooling flow through passages remote from the user's head, 
and the cooling effect would be lost. Of course, it is en 
tirely permissible to have two or more parallel circuits 
through the cooling element, provided that all of the cir 
cuits are substantially coextensive and all extend through 
substantially the entire area of the cooling element. This 
will be further clarified in connection with the description 
of FIG. 12 hereinafter. 

In the embodiment of the invention illustrated in FIG. 
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8 
10, a pair of check valves 37, 39 are provided in the inlet 
and outlet lines 26, 28. A relatively long (i.e. large Vol 
ume) tube 90 and a relatively short (i.e. small volume) 
tube 92 are connected in parallel between a thermopump 
4 and the check valves 37, 39, through a selector valve 
94 that permits the user to select either the long line 90 
or the short line 92 as the coupling, as explained herein 
after. 
. In use, it is contemplated that the cooling device 81. 
will be inserted between the pillow body and the pillow 
case of an ordinary bedpillow. Assuming that the valve 
94 has been set as in FIG. 10 to complete a circuit to the 
pump through the line 90, and with the entire system of 
FIG. 10 filled with liquid, such as water, operation of the 
thermopump 4 will establish a cyclical flow of liquid 
back and forth in the line 99. This will force liquid 
through the check valve 39, around through the passages 
86, and back through the check valve 37 as the liquid 
moves back and forth in the isolation line 90. As the 
liquid passes under the user's head, it will absorb heat, 
and will then lose this heat during circulation through 
parts of the element 8 remote from the user's head and 
through the coupling lines 26, 28. The relatively large 
volume coupling line 90 will ensure against any transfer 
of heat from the pump to the cooling element 81. 

In order to use the apparatus of FIG. 10 as a heating 
system, the valve 94 will be adjusted to place the short 
line 92 in the circuit rather than the long line 94. This 
will couple the pump 14 closely to the element 81 so that, 
on each pump stroke, heated liquid will flow from the 
pump 4 past the check valve 39 and into the passages 86. 
Due to the flexibility of the element 81, it is possible 

that the weight of a user's head may materially restrict 
one or more of the passages 85, cutting down the flow of 
cooling fluid. This effect can be substantially overcome 
the charging the system with fluid at a pressure slightly 
above atmospheric pressure to help maintain the cross 
sectional shape of the flow passages. For example, a fill 
ing pressure of the order of one pound per sq. inch has 
been found adequate and yet does not make the element 
81 objectionably "stiff' or rigid. 
When using the apparatus of FIG. 10 for cooling, the 

large volume isolation link 90 between the thermopump 
condenser chamber and the check valves 37, 39 will in 
Sure against heat transfer from the pump to the cooling 
medium. However, this means that the pump condenser 
will not have the benefit of drawing in relatively cool liq 
uid on each suction stroke. Depending on the heat loss 
characteristics of the coupling line from the condenser to 
the check valves, it is possible for the condenser to over 
heat under these conditions so that the thermopump will 
fail to operate due to failure of condensation. 

Again, it is sometimes found that when the cooling ele 
ment 81 is inserted in a pillow as just described, the pillow 
case does not allow enough heat loss from the circulat 
ing liquid to obtain the desired cooling effect. 
To avoid these difficulties, auxiliary cooling circuits 

both for the pump and for the cooling element sometimes 
can be used to advantage. An arrangement illustrating 
the use of such auxiliary cooling circuits is shown in FIG. 
12. The FIG. 12 system also includes a preferred form 
of cooling element, as well as a circuit arrangement 
whereby the system can be used either for heating or for 
cooling, as desired. 

In the FIG. 12 apparatus, a thermopump 14 is con 
nected to circulate liquid through a heat exchange ele 
ment 8a. Between the pump 14 and the element 8a in 
FIG. 12, there is provided an auxiliary cooling or isola 
tion circuit for the pump 4, comprising a tube 96 and a 
pair of check valves 98, 100. Between the check valves 
98, 100, a “T” connection 102 leads to the cooling element 
circuit through an isolating line 104. 
To provide extra cooling for the liquid circulated 

through the element 81a, the system of FIG. 12 includes 
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a pair of relatively long inlet and outlet lines 26a, 28a, 
rather than the comparatively short lines 26, 28 utilized 
in the FIG. 10 system. 
The cooling element 81a in FIG. 12 is made up in a 

manner similar to that shown in FIG. 11; e.g., by sealing 
together two superposed sheets 82, 83 of waterproof ma 
terial along spaced lines 84 to define liquid conducting 
passages 81a-81p in the unsealed areas between the sheets 
82, 83. In the FIG. 12 element, however, the circuit ar 
rangement is somewhat different. In the FIG. 10 ele 
ment 81, it will be noted that the circuit extends from the 
corner where the liquid inlet 26 is located, to the diagon 
ally opposite corner, along a devious path that extends 
back and forth across the element 8, and then returns 
directly along the edge of the element to the outlet open 
ing connecting with tube 28. 

If the element 81 is contacted by the user's head in any 
given area, the surface "downstream” from that area will 
contain relatively warm liquid, while upstream from that 
area the liquid will be cool incoming liquid. Thus, a 
fairly well defined separation will exist between the warm 
and the cool surface areas. Experiments have shown that 
this is not entirely desirable. Since the cooling effect or 
distribution of cool liquid is not uniform across the ele 
ment 81, there is a tendency for the user to move about 
restlessly in an attempt to use only the coolest part of the 
element. In order to overcome this tendency, it has been 
found desirable to distribute the circuits in such a man 
ner that passages containing relatively cool incoming liq 
uid will be intermingled with passages containing out 
going relatively warm liquid, so that the relatively warm 
and cool liquid areas will not be sharply separated but 
will be mingled in such a manner that the user will not 
prefer one area of the element to another. 
A preferred circuit arrangement for accomplishing this 

is shown in the element 81a in FIG. 12, wherein sub 
Scripts a-p have been added to the passage numerals 86 
to facilitate discussion. 
To avoid confusion, it should be noted first that the 

passages 86a–86p are connected together to form two sub 
stantially identical circuits extending between the inlet and 
outlet connections 26a, 28a. This has the effect of de 
creasing the pressure drop or resistance to flow through 
the cooling element for a given flow rate. For simplicity, 
in the following discussion, it will be assumed that only 
a single circuit is involved. 

Starting from an origin point at the inlet tube 26a, in 
the upper lefthand corner of the element 81a as viewed 
in the drawing, the circuit extends along a devious path 
through passages 86a-86g, traversing substantially the en 
tire area of the element 81, to a relatively remote point 
(i.e., the lower lefthand corner of the element 81a. The 
circuit then returns to a terminal point at the outlet tube 
28a through passages 86h-86p along a path substantially 
coextensive with and closely paralleling that followed by 
the passages 86a–86g, so that the passages containing rel 
atively cool incoming liquid are paralleled by passages 
containing relatively warm outgoing liquid. Of course, 
the point at which the temperature of the liquid increases 
will be dependent on the location of the user's head. 
However, with the circuit arrangement shown, wherein 
the circuit is, so to speak, "folded back on itself,” the 
paralleled incoming and outgoing liquid paths will dis 
tribute the cooling effect more uniformly and across a 
greater part of the element 81a than in the case of the 
circuit in the element 81. 
While the foregoing discussion has been directed pri 

marily to the case of a bedpillow type of cooling ele 
ment, it should be noted that the invention is by no means 
thus limited. For example, a larger element of similar 
construction can also be used for cooling, in the same 
manner, as a mattress cover, an automobile seat cover or 
the like. 
The pump 14 is arranged to be connected to the cooling 
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element circuit in FIG. 12 either directly, or through 
the isolation line 104, by means of a selector valve 94, 
So that the heat exchange element 81a can be used either for heating or cooling. 
For example, if the FIG. 12 system is to be used for 

cooling, the selector valve 94 will be set in the position 
shown to couple the pump 14 to the element 81 through 
the isolation circuit 104. This will cause hot liquid forced 
from the pump 14 to flow past the valve 100, and this hot 
liquid will cool considerably before being returned 
through the valve 98 several cycles later. As before, the 
reciprocating motion of the liquid in the isolation tube 
104 will cause cooling circulation through the element 
81 and the coupling lines 26a, 28a. 

If, on the other hand, the system is to be used for 
heating, the slector valve 94 will be set to couple the 
pump 4 directly to the inlet line 26a. This will force 
hot liquid from the pump 14 directly into the circuit of 
the element 81a on each pump stroke. Since the liquid 
drawn back into the pump from the outlet line 28a will 
have lost most of its heat, the auxiliary cooling circuit 96, 
98, 100 will not be needed. 
A somewhat simpler substitute for the auxiliary 

pump-cooling circuit 96-100 of FIG. 12 is shown in 
FIG. 13. This comprises a tank 06, of volume several 
times that of the pump stroke, in place of the tube 96 
and check valves 98, 190. The tank 106 also can serve 
as a collector for any air inadvertently trapped in the 
system when it is filled. In fact, a small quantity of air 
can purposely be trapped in the tank 106, both to serve 
as a “cushion” for absorbing the pump stroke if the cool 
ing circuit is inadvertently “kinked off,' as well as a 
thermal isolator for reducing the required volume of the 
isolation line 104. In operation, the hot liquid dis 
charged from the pump will rise to the top of the tank 106 
on each pressure stroke, while on the suction stroke the 
pump will refill with relatively cool liquid from the bot 
tom of the tank. At the same time, any air in the system 
will gradually work its way to the highest point in the 
tank where it will collect and serve the cushioning and 
isolation functions already Stated. 

If desired, the control valve 94 in the systems of FIGS. 
10-13 can be in the form of a thermostatic valve, ar 
ranged as shown in FIG. 14, to hold the maximum tem 
perature of the circulated liquid at some preselected 
level. The thermostatic valve 108 is placed in the outlet 
line 28a to "sense' the temperature of the liquid leaving 
the heat exchange structure 81a. With Such an arrange 
ment, an increase in the temperature of the liquid leav 
ing the element 81a will cause the valve 108 to divert 
some of the liquid leaving the pump 14 to flow through 
the isolation circuit 96-100, thereby decreasing the heat 
input to the element 8Ea. In warm weather, of course, 
the thermostatic valve 108 will automatically divert all 
of the pumped liquid to flow through the isolation cir 
cuit 96-100, thereby setting the system for cooling ac 
tion as previously described. 
We claim: 
1. A flexible heat exchange plastic panel structure 

adapted to be placed near portions of the human body 
in heat-exchange relationship therewith comprising super 
posed sheets of flexible, waterproof plastic material, said 
sheets being sealed together along spaced lines to define 
an inlet connection and an outlet connection at a first 
edge of said panel structure, said outlet connection being 
adjacent to said inlet connection, said inlet connection 
branching into a plurality of separate liquid conducting 
passages extending through the unsealed areas between 
said sheets, said passages being joined to form a plurality 
of continuous circuits extending along a devious path, 
traversing substantially the entire area of said structure, 
said circuits beginning at said inlet connection and ex 
tending across said panel structure to an area near the 
opposite edge and then turning and extending back across 
Said panel structure to an area near said first edge and then 
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turning away from said first edge and again extending 
across said panel structure to an area remote from said 
inlet and outlet connections, said circuits returning from 
Said remote area to said outlet connection along a path 
in said panel structure substantially coextensive with and 
closely paralleling the path followed by said circuits in 
extending to said remote area. 

2. A flexible heat exchange panel adapted to be 
placed near portions of the human body in heat-exchange 
relationship therewith comprising two sheets of flexible 
waterproof plastic material, said sheets being sealed to 
gether along a plurality of pairs of continuous lines defin 
ing a plurality of liquid-conducting passages between said 
pairs of lines, said lines defining an inlet at one edge of said 
panel connected to a plurality of liquid-conducting pas 
sages that return to an outlet at said edge of the panel 
near said inlet, said plurality of liquid-connecting pas 
sages being in parallel flow relationship between said in 
let and outlet and traversing back and forth across said 
panel and extending from said inlet to an area in said 
panel remote from said inlet and then traversing back and 
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forth across said panel and returning from said remote 
area to Said outlet, the portions of said passages returning 
from said remote area closely paralleling the portions of 
Said passages extending to said remote area, and said 
panel having a multiplicity of perforations therethrough 
between said passages. 
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