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ABSTRACT: An underwater heating system for a swimmer or
diver operating in frigid underwater environments wherein the
heat is produced by reacting two chemicals such as ammonia
and water. The chemical reaction takes place throughout the
length of a heating tube filled with water located within a
swimmer’s diving suit or underwater chamber. The heat sup-
plied to the swimmer is controlled by regulating the amount of
ammonia mixing with water in the heating tube from a soaker
line located within the heating tube.
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UNDERWATER HEATING SYSTEM
BACKGROUND OF THE INVENTION

The recent relates in underwater exploration by various
research groups has emiphasized the need for a self-contained
lightweight and inexpensive heating system for a swimmer to
wear when subﬁnerged in cold water environments for pro-
longed durations. y

Conventional foam neoprené wet suits provide adequate in-
sulation where the water temperature is 50° F. or above and
the swimmer is not operating at very great depths. However,
wet suited swimmers operating in arctic ‘waters, where water
temperatures approaching 29° F. may be encountered, are
restricted to spending less than an hour in the water due to the
numbing effect of the extreme cold. Where submersion for
longer durations is required, supplemental heat must be sup-
plied to the swimmer. In order that purpose be able to operate
in an unrestricted manner, it is necessary that supplemental
heat be supplied by units which are self-contained, light, and
easily transportable by the swimmer.

Previously, the only effective underwater portable heating
system was developed by the Navy and the Atomic Energy
Commission for use in Sealab III. This system utilizes a radio
isotope used in conjunction with a liquid coolant garment and
a battery operated liquid pump. The cost and complexity of
this unit makes it completely impractical for general purpose
use. Also, because of heat losses due to the complex plumbing
and heat exchanger thermal losses to the ocean, the system
has to generate 30 percent more heat than reaches the man.

Other prior systems have attempted to use the heat

produced by certain chemical reactions as the heat source for
similarly underwater heating unit. In these systems, the chemi-
cals are mixed at the inlet of a heating garment and the heated
mix is then circulated through the garment with frangible bat-
tery powered pump. These systems are unsatisfactory because
all the heating takes place at the point where the chemicals
mix and the liquid circulated through the garment is uncom-
fortably hot at some parts at the expense of other parts. Addi-
tionally, there is an excessive amount flow thermal loss to the
ocean because for safety reasons the chemical reaction must
take place outside of the diver’s suit. In these suits, pump
opening battery failure or a breakage at a joint in the heating
garment tubing could result in severe injury or even death to
the swimmer where he was operating at great depths in cold
water. .
It is therefore an object of this invention to provide a self-
contained heating unit to supply a uniform, controllable heat
to a swimmer or pressure during prolonged submersion in cold
water.

An additional object of the invention is to provide an un-
derwater heating unit which will be self-contained, compact
and lightweight,

Another object of the invention is to provide an underwater
heating unit which will have a simple heat supply control and
does not require a mechanical liquid pump.

Another object of the invention is to provide a self-con-
tained underwater heating unit which is inexpensive to con-
struct, requires minimal maintenance and operates at ex-
tremely low costs.

Another object of the invention is to provide a self-con-
tained underwater heating unit which will quickly provide
heat to a diver with high system efficiency.

SUMMARY OF THE INVENTION

In accordance with one aspect of my invention, the
swimmer or diver is supplied with the heat produced when two
chemicals such as ammonia and. water react exothermically,.

The ammonia is supplied in a gaseous state through a soaker

tube along the length of a water-filled heating tube which is
close proximity to the swimmer. The heat produced uniformly
over the length of the heating tube warms the swimmer.
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2 o
BRIEF DESCRIPTION OF THE DRAWINGS

The specific nature of the invention, as well as samel3 ob-
Jects, aspects, uses and advantages thereof, will clearly appear
from the following description and from the accompanying
drawing which illustrates an embodiment of my self-contained
underwater heating unit in accordance with my invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The embodiment of my heating system shown in the draw-
ing operates on the exothermic chemical reaction: NH;+H,0
=NH,OH + Heat. While other chemicals will function in a
manner similar to ammonia to provide comparable heats of
solution, the particular characteristics of ammonia are espe-
cially suited for a wheel system such as described herein.

As illustrated in the drawing, ammonia is stored in liquid
form under pressure (approximately 114 ps.i.) in a small
storage canister 10 which can be fastened to the diver’s
breathing tanks. The liquid ammonia passes through a control
valve 12 to a heat exchanger 15 where heat absorbed from the
surrounding water vaporizes the ammonia. The ammonia gas
at the heat exchanger output is fed to an expandable bag 21
within reservoir 20 and the input of soaker tube 28. The gas
pressure within the bag 21 is transmitted to the water within
the reservoir 20 thereby forcing the water to slowly flow
through tube 19 and water control valve 26 into one end of a
continuous plastic heating tube 18 which exhausts at its op-
posite end 30 to ambient water. The soaker line 28 is con-
structed similar to a garden soaker hose. It is a small tube
closed at one end and has a surface which is uniformly per-
forated along its length with a series of tiny holes through
which the ammonia gas can escape. The soaker line 28 is
coaxially located within the length of the heating tibe 18 so
that the water flowing through the heating tube 18 passes over
the surface of the soaker line 28. The ammonia gas escaping
from the soaker line 28 comes in contact with the water flow-
ing over its leveled, and the exothermic chemical reaction oc-
curs throughout the heating tube 18. Heat is thereby produced
uniformly over the entire length of the heating tube. The am-
monia hydroxide produced by the chemical reaction is vented
to the surrounding water through the open end 30 of the heat-
ing tube 18.

By placing the heating tube 18 adjacent those areas of the
body requiring supplemental heat, the swimmer is provided
with a uniform source of controllable heat. A possible ar-
rangement is shown in the drawing where the heating tube 18
is shown located along a swimmer's vest 34 for providing heat
to the chest area of the body. It should be readily apparent
that the heating tube could be also located to provide heat to
any area of the swimmer’s body or within a diving chamber.
This system can also be used to complement use of my inven-
tion for “Underwater Air Gloves” described in a copending
patent application Ser. No. 761,040, filed Sept. 20, 1968 and
assigned to the assignee of the instant application, )

For safety reasons the system is provided with a safety pres-
sure relief valve 17 connected. to the output of hLie heat
exchanger 15 and is designed to oper if the ammonia gas pres-
sure exceeds a predetermined limit, normally around 20 p.s.i.
If, for any reason the gas pressure causes the relief valve 17 to
open, such as where the main control 12 is opened too wide,
the audible noise of the escaping gas will provide an alarm
signal to the swimmer and he can make adjustments ac-
cordingly.

A check valve 32 s also provided on the reservoir to allow
water recharging of the reservoir 20. If the system is not in use,
the reservoir can be filled merely by allowing water to enter he
open check valve 32 with the water control valve 26 closed.
Trapped air within the reservoir 0 can escape from the check
valve through an inlet cap which can be provided. The reser-
voir 20 can also be recharged during operation of the system
by merely turning off the ammonia flow at the main control
valve 12. After the gas stored in the inflated bag 21 is ab-
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sorbed by the water through the soaker line 28, the resultant
reduced pressure in the reservoir will cause a rapid inward
flow of water into the reservoir 20 through the check valve 32,
In this manner, water recharging can take place in less than 1
minute. .

Operation of the heating system is controlled by regulating
the flow of ammonia into the system with control valve 12
The setting of water control valve 26 remains fixed during
operation thereby providing the swimmer with complete con-
trol of the system with the valve 12. If the swimmer finds him-
self getting cold, a simple adjustment of valve 12 to allow
more ammonia into the system will provide him with addi-
tional heat.

One of the primary advantages to using ammonia. in my
system is that it provides a heat of solution of about 900
b.t.u.’s for every pound of ammonia vapor absorbed. With the
water control valve 26 properly set it will normally provide a
mixture of roughly three parts of water to one part of am-
monia by weight (at sea level). After losses to the water are
accounted for, about 800 b.t.u.’s are available to the swimmer
for every pound of ammonia absorbed. The heat requirements
of a swimmer in water of 29° F. runs around 1200 b.t.u.’s per
hour and therefore, about 1%pounds of ammonia will be
required to heat the swimmer every hour. Because ammonia
can be supplied at about 15 per pound and it is readily
available in liquid form, the features of minimal cost and ready
availability of materials are an especially attractive feature of
this device. : '

Another advantage of my system is its light weight. The total
weight of a system capable of supplying heat on a 4-hour mis-
sion would be approximately 13 pounds. This includes 6
pounds of ammonia in-a 1 pound storage canister, a heating
garment, heat exchanger water reservoir and contro! valves,
Tests have shown that the weight of the system is well within
the limits to provide the swimmer with almost complete un-
restricted freedom.

From the standpoint of safety, tests have also proved that
there is no tendency for the system to overheat. Additionally,
the simplicity of the system coupled with the fact that all
storage tanks and tube connections in the system are external
to the swimmer’s wet suit alleviates the danger of chemical
burns to the swimmer,

The only significant limitation on my system is that it is
limited to an operating depth of about 175 feet due to the fact
that ammonia at ocean temperatures will remain in a liquid
state at a pressure equivalent to the 175-foot depth. Because
the system is based upon the large increase in enthalpy,
produced by vaporizing the ammonia preceding absorption by
the ocean water, the system is ineffective below the specified
depths.

It is to be understood that the foregoing description is
directed to one embodiment of the invention. Various alterna-
tives which may be employed include the reaction of chemi-
cals which are both in a liquid state or variations in the design
of the heating tube such as where the heating tube and soaker
tube are adjacent rather than coaxially disposed to each other.

[ claim my invention to be: .

1. An underwater heating system comprising:

a. chemical storage means;

b. a heating tube adapted to have water flow therethrough,

¢. a reservoir for water, said heating tube being connected
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to the output of said reservoir to receive water therefrom;

d. pressure means within said reservoir to receive a chemi-
cal from said chemical storage means and simultaneously
expel water from said reservoir into said heating tube; and

e. chemical mixing means located along said heating tube
and connected to said chemical storage means to mix said
chemical with the water along the length of said heating
tube thereby producing heat along the heating tube as a
result of an exothermic chemical reaction between said
chemical and said water.

2. The system of claim 1 further comprising a heat

exchanﬁer connected to the output of said chemical storage
means for supplying heat to the chemical from said chemical

storage means passing through said heat exchanger sufficient
to change said chemical from a liquid to a gas.

3. The system of claim 2 wherein said chemical mixing
means includes mixing a tube of smaller diameter than said
heating tube disposed within said heating tube, said mixing
tube having one end connected to receive chemical gas from
said heat exchanger and the other end closed, and being
uniformly perforated with a series of holes so that the chemi.
cal gas will be discharged through said holes into the water
along the length of the heating tube.

4. The system of claim 1 wherein said pressure means within
said reservoir is a bag connected to the output of said heat
exchanger and inflatable by the chemical gas flowing
therefrom so that as the bag inflates, water surrounding the
bag and contained by the reservoir will be forced into said
heating tube. .

5. The apparatus of claim 1 wherein said chemical is am-
monia.

6. An underwater heating suit to provide heat to a swimmer
in cold water comprising:

a. a storage tank for storing a liquid chemical;

b. a heat exchanger connected to the output of said storage
tank to change the chemical flowing therethrough from a
liquid to a gas; ’

c. areservoir for water;

d. a heating tube having one end connected to the output of
said reservoir;

e. an inflatable bag disposed within said reservoir and con-
nected to the output of said heat exchanger so that chemi-
cal gas from said heat exchanger will inflate the bag and
force water within said reservoir into and through the
heating tube; and

f. a mixing tube located within the heating tube and con-
nected to the output of said heat exchanger and adapted
to mix chemical gas from said heat exchanger and said in-
flatable bag along the length of said heating tube with the
water flowing therethrough.

7. The underwater heating suit of claim 6 further including a
valve connected to the output of said storage tank to control
the flow of liquid chemical into said heat exchanger.

8. The underwater heating suit of claim 7 further including a
pressure relief valve connected to the output of the heat
exchanger and designed to automatically open if the pressure
of the chemical gas from the heat exchanger exceeds a
predetermined limit. '

9. The underwater heating suit of claim 8 wherein said
chemical is ammonia.



