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‘ ABSTRACT OF THE DISCLOSURE 

Water as a heat exchange ?uid is recirculated in a 
closed circuit in heat exchange relation alternately with 
the diver’s body and with the subject heating apparatus. 
The apparatus has a tubular hollow container divided 
into a ?rst compartment for a ?rst reactant, such as sul 
furic acid and a second compartment for a second re 
actant, sodium hydroxide, the compartments being sepa 
rated by a rolling diaphragm, that is a tubular ?exible 
membrane connected at one end to a transverse dia 
phragm and at its other end to the interior of the con 
tainer at one end thereof so that as the transverse dia 
phragm moves along the container one compartment in 
creases in size while the other compartment decreases in 
size. The ?rst reactant, under control, is fed into the 
second reactant compartment to generate heat without 
substantially changing the buoyancy of the apparatus. 
The rolling diaphragm is biased toward one compartment. 
While sulfuric acid and sodium hydroxide have been se 
lected as exemplary reactants, the invention is not limited 
to any particular reactants, other than they must react exo 
thermically to provide the required heat. 

In the drawings, FIG. 1 is a simpli?ed diagrammatic 
representation of the undergarment and outer gear of a 
diver’s suit and showing a general arrangement of tubes 
for recirculating heat exchange water alternately through 
the chemical pack of the present invention and then in 
heat exchange relation with the body of the diver. FIG. 2 
is an enlarged section through these tubes and the under 
garment to which they are attached and through the 
outer wet suit of the diver. FIG. 3 illustrates the com 
ponents of the chemical pack which heats the recirculat~ 
ing water supplied to the diver’s suit. 

Diver's suit and its heat exchange system 

The diver is clothed in a cloth undergarment 10 having 
hood, torso, arm, leg and foot portions 11, 12, 13, 14, 
15, respectively, this undergarment being shown by dotted 
lines in FIG. 1 and in enlarged cloth section in FIG. 2. 
The outer garment 16 is shown as being in the form of 
separable hood, jacket, pants, boot and glove sections 
18, 19, 20, 211, 22, respectively, these outer garments being 
loosely and removably joined together so that water 23 
can enter the suit and come in contact with the body of 
the diver. 
A system of ?exible heat exchange tubes is built into 

the undergarment 10 for heating the body of the diver. 
Water ‘as a heat exchange liquid, is recirculated from a 
chemical pack via a line 30 through a disconnect 31 
to a line 32 leading to a main supply manifold 34 suit 
ably attached to the middle portion of the diver’s under 
garment 10. From this manifold a series of ?exible heat 
exchange tubes 35 extend in spaced relation to one an 
other along the leg and foot portions 14, 15 of the diver’s 
undergarment to a manifold 36 attached to these foot 
portions. As best shown in FIG. 2, these tubes are pref 
erably stitched to the exterior of the cloth forming the 
undergarment 10 on the exterior side thereof so as to be 
immersed in the water 23 between the body of the diver 
and the outer garment 16 so that the heat of the liquid 
passing through these tubes is transmitted through this 
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water to the body of the diver. A return line 38 receives 
the warm liquid from each boot manifold 36 and con 
ducts it to a pair of manifolds 39 attached to the hood 
portion 11 of the undergarment 10. Flexible heat ex 
change tubes 40 stitched in spaced relation to the ex 
terior of the hood portion 11 of the diver’s undergarment 
10 conduct this warm liquid in heat exchange relation to 
the diver’s head to an outlet manifold 41. The outlet line 
42 from this manifold 41 is attached by a quick discon 
nect 43 to the return line 44 to the chemical pack. 
To heat the torso, arms and hands of the diver, a plu 

rality of ?exible heat exchange tubes 45 are stitched in 
spaced relation to one another to the exterior of the 
torso portion 12 of the diver’s undergarment and these 
tubes continue along the two sleeve portions 13 and glove 
portions 22. The inlet ends of these tubes are connected 
with the supply manifold 34 and their outlet ends dis 
charge into a glove outlet manifold 46 connected by a 
?exible line 48 in each sleeve portion 13 of the diver’s 
undergarment to the return line 38. 

Chemical heating pack 

The chemical heating pack is designated at 50 and is 
shown as comprising an outer jacket 51, preferably ther 
mally insulated from the cold sea water, and having at 
one end an inlet nipple 52 connected to and receiving 
heat exchange water from the line 44 from the suit and 
discharging this heat exchange water into the enclosed in 
terior chamber 53 of this jacket. At its opposite end the 
jacket 51 is provided with an outlet nipple 54 connected 
with the inlet of a pump 55 which discharges into the 
line 30 returning the heated water or other heat exchange 
medium to the diver’s suit. The pump is shown as driven 
by a motor 56 from batteries 57 under control of a 
switch 58 which is designated diagrammatically. 

It will be seen that the pump 55 withdraws the water 
or other heat exchange medium from the suit outlet 
manifold 41 through the line 42, disconnect 43, line 44 
and interior chamber 53 of the jacket 51 and discharges 
it .via return line 30, disconnect 31 and line 32 into 
the inlet manifold 34 of the diver’s suit. 
The present invention is directed to the chemical reac 

tion heater, indicated generally at 60, within the cham 
ber 53 and which is shown as comprising a container 61 
having a vertical tubular side ‘wall 62, having good heat 
transfer characteristics, such as metal, and upper and 
lower end heads 63, 64, also having good heat transfer 
characteristics, forming a closed internal chamber 65 
‘divided into an upper compartment 65a for a ?rst re 
actant, designated as exothermic reactant A, an example 
being strong sulfuric acid and a lower compartment 65b 
for a second reactant, designated as exothermic reactant 
B, an example being a strong base, such as sodium hy 
droxide ‘by a movable partition indicated generally at 66. 
This movable partition is shown as comprising a trans 
verse diaphragm 68 which is shown as being made of 
an elastomer, such as polytetra?uoroethylene, and as 
having an inverted cylindrical cup-shaped metal part 69 
secured to its underside and providing a bottom disk for 
the diaphragm 68 as well as a housing for a helical com 
pression spring 70 in the compartment 65b and which 
biases the diaphragm upwardly, the opposite end of this 
spring being seated on the lower end head 64. The mov 
able partition 66 is completed by a tubular ?exible or 
elastomeric membrane 71 having one end integrally con 
nected to the margin of the diaphragm 68 and its other 
end 72 suitably sealed to the inside of the side wall 62 
in a plane which is at the horizontal center of the com 
partment 65a when the diaphragm 68 is in its lowermost 
position with the compartment 65a of maximum size and 
the compartment 65b of minimu size. It will be seen 
that the diaphragm 68 and the tubular ?exible membrane 
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71 to which it is connected constitutes a so-called rolling 
diaphragm within the chamber 65 which permits relative 
increase in size of the compartment 65b, with decrease 
in size of the compartment 65a, and vice versa. ' 
The compartment 65a can be ?lled with the reactant 

A via a ?ll line 74 containing a valve 75. The compart 
ment 65b can be ?lled with the reactant B, and also waste 
can be removed from this compartment, by removal of 
a plug 78 at the bottom of the pack, the pack being in 
verted, of course, during such re?lling. 

For the purpose of generating heat the reactant A from 
the compartment 65a is permitted to escape via a line 
80 into the chamber 65b, this line discharging from an 
injector 81, such as a cylindrical porous body, which dis— 
charges the reactant A into the reactant B so as to pro 
duce an exothermic reaction. This injector 81 is designed 
to distribute the two reactants so that reaction occurs 
over a large area or volume and temperatures high 
enough to form gas are not gene-rated. This allows noise 
less operation. 
The heat so developed is transmitted through the side 

wall and end heads of the sheet metal container 61 to 
the water or other heat exchange ?uid being recirculated 
through the space in the chamber 53 surrounding this 
container. Preferably a thermostatic valve 82 is respon-. 
sive to the temperature of~this water or other heat ex 
change medium and contorls the ?ow of acid through 
the line .80 so as to maitnain the heat exchange medium 
at any desired level. Desirably the setting of this valve 
is under control of a manually operable valve stem 83 
which projects exteriorly of the jacket 51 so that the 
'diver can conveniently increase or decrease the tempera 
ture of the water or heating medium being recirculated 
through his suit. 
A similarly available manually operable on-olf valve 

84 is also provided in the line 80 supplying the reactant 
A to the reactant B, and desirably a check valve 85 is 
also provided in this line to prevent back?ow of the 
reactant B through this line. 

Operation 

Preparatory to being connected with the dive-r’s suit the 
chemical pack has its compartment 65a ?lled with the 
exothermic reactant A, such 95% sulfuric acid, so as 
to expand this chamber to its maximum extent in which 
the rolling diaphragm 68, 71 is in its full line lowermost 
position shown in FIG. 3. This ?lling is through the ?ll 
line 74, and the pack is then inverted, the plug 78 re 
moved, and the compartment ?lled with the exothermic 
reactant B, such as 50% sodium hydroxide, the plug 78 
thereupon being replaced. 
The chemical pack 50 is carried by the diverclothed 

in the undergarment 10 and outer garment 16 in the 
form of the separable hood, jacket, pants, boot and glove 
sections 18, 19, 20, 21, and 22, respectively. This pack 
can be carried as a backpack so as to leave the diver’s 
arms free for all activity and the disconnect 31 is joined 
to connect the outlet line 30 from the chemical pack 50 
with the inlet line 32 to the suit and the disconnect 43 
is joined to connect the outlet line 42 of the suit to the 
inlet line 44 of the chemical pack. 
The diver starts the recirculation of water or other 

heat exchange medium through his suit and through the 
chemical heating pack 50 by closing the switch 58‘ which 
serves to energize the motor 56 and drive the pump 55. 
This draws the water, warmed as hereinafter described, 
from the chamber 53 of the chemical heat pack and dis 
charges it through the line 32, FIG. 1, to the inlet mani 
fold 34 where it is distributed to the various ?exible 
heat exchange tubes 35 stitched to the leg and boot por— 
tions 14, 15 of the undergarment 10‘ thereby to heat the 
water 23 surrounding the legs and feet of the diver. In 
each boot portion of the diver’s suit this ‘water from these 
tubes 35 enters the manifold 36 and is conducted via 
the corresponding line 38 to the inlet manifold 39' for 
the ?exible heat exchange tubes 40 which are stitched to 
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the helmet portion 11 of the undergarment 10‘. The liquid 
from these heat exchange tubes 40 is discharged into the 
outlet header 41 and thence via the line 42 into the return 
line 44 to the chemical pack 50. 
Another part of the heated liquid so forced into the 

inlet header 34, FIG. 1, passes through the ?exible heat 
exchange tubes 45 stitched to the torso and arm and 
glove portions 12, 13 and 22 of the diver’s suit so as 
to warm the water 23 surrounding the upper part of 
the body and the arms and hands of the diver. This liquid 
enters the outlet manifold 46 of each glove and flows 
via the lines 48 into the cor-responding line 38 to join 
the liquid being supplied to the hood portion 11 of the 
diver’s undergarment as previously described. 
The diver then opens the on-oit valve 84 which per 

mits the ?rst reactant A to ?ow from the compartment 
65a via line 80 through the check valve 85 and injector 
81 into the compartment 65b containing the second re 
actant B. The ?rst reactant A so escaping from the porous 
injector 81 reacts exothermically with the second reactant 
B and this heats the side walls ‘62 and end heads 63, 64 
of the container 61 so as to heat the liquid or other heat 
exchange medium so passing through the chamber 53 
around the exterior of this container 61. The porous body 
of the injector 81 distributes the reacting chemicals over 
a large enough space to avoid local overheating with pos 
sible resultant production of gas and noise. 

Should the heat be insufficient, the diver can turn the 
hand control 83 to adjust the setting of the thermostatic 
valve 82 to a cor-responding setting. 

It will be noted that the heating pack is extremely com 
pact, having its compartments 65a, 65b fully ?lled at all 
times, the movable partition 68 ,71 permitting the change 
in the relative capacity of these chambers as the inter 
action of their reactants A and B proceeds. In addition to 
such compactness, there is no buoyancy problem created 
by a marked change in weight of the pack. Also by the 
use of a high strength reactant, prolonged or higher tem 
perature activity can be achieved in a small pack which 
is easily carried by the diver in such manner as to not 
only leave his arms and legs free, but also to leave him 
freely maneuverable and free from interference from 
umbilical cords from a remote heat source. Also only 
water is recirculated through this suit so that if a rupture 
occurs his skin will not be adversely affected regardless 
of any allergies which he may have. i 

I claim: 
1. Apparatus including a suit for heating a diver im 

me-rsed in cold water, wherein the improvement com 
prises means providing a ?rst compartment adapted to 
contain a ?rst reactant and a second compartment 
adapted to contain a second reactant, at least said ?rst 
compartment having a collapsible wall movable to reduce 
the volume thereof, means transferring said ?rst reactant 
from said ?rst compartment into said second compart 
ment to generate heat and to decrease the size of said 
?rst compartment without substantial change in the 
buoyancy of the container, and means moving a heat 
exchange ?uid in a closed circuit back and forth alter 
nately in heat exchange relation with said means provid 
ing said second compartment and into said suit and in 
heat exchange relation with the body of the diver. 

2. Apparatus as set forth in claim 1 wherein said ?rst 
and second compartments have rigid walls and said col 
lapsible wall is in the form of a ?exible diaphragm form 
ing a common membrane between said compartments 
and wherein the movement of said ?exible diaphragm to 
so decrease the size of said one compartment effects a 
corresponding increase in the size of said second com 
partment. 

3. Apparatus as set forth in claim 1 wherein said first 
and second compartments have rigid tubular Walls con 
nected together at their adjacent ends and said rigid 
tubular walls having end heads at their remote ends and 
said collapsible wall comprises a transverse diaphragm 
movable along the interior of said tubular walls of said 
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?rst compartment, and a tubular ?exible sleeve connect 
ing the rim of said diaphragm to said rigid tubular side 
walls adjacent their connection and rolling upon itself 
as said diaphragm moves to decrease the size of said ?rst 
compartment and to increase the size of said second com 
partment and vice versa. 

4. Apparatus as set forth in claim 3 additionally in 
cluding means biasing said diaphragm toward said end 
head of said ?rst compartment. 

5. Apparatus as set forth in claim 1 wherein said ?rst 
reactant is a liquid and said transferring means com 
prises a transfer line communicating with both of said 
compartments and containing a check valve preventing 
back How of the contents of said second compartment 
to said ?rst compartment. 

6. Apparatus as set forth in claim 5 additionally in 
cluding a thermostatic valve controlling the flow through 
said transfer line and responsive to the temperature of 
said heat exchange medium ?owing in said closed circuit. 
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7. Appaartus as set forth in claim 1 wherein said ?rst 

reactant is a liquid and said transferring means com 
prises a transfer line connecting with both of said com 
partments and having an injector at its outlet end in 
said second chamber to increase the volume of the zone 
of reaction and thereby avoid local overheating and pos 
sible production of gas and noise. 
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