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Method and apparatus for the heating of underwater equipment.

@ The heating of submersible hulls, diving suits and other
underwater equipment usually involves use of electrical bat-
teries. However, in cold water operations these electrical bat-
teries prove quite inadequate for the task. The invention pro-
vides for a self-contained heating system involving the bring-
ing together in a submerged reaction zone (15) of substances
capable of reacting together exothermically. Preferably one of
the substances is a metal e.g. aluminium in ingot form and the
other substance is an aqueous solution of sodium hydroxide
and is fed to the ingots (14) of aluminium. The invention
embraces also an apparatus for carrying out the reaction and
transferring the heat generated.

Croydon Printing Company Ltd.



Fig.1.

23




10

15

20

25

30

35

TiTLE RSIRED

1 see front page

Improvements in or relating to the heating of

underwater eguipment.

This invenfion relates to the heating of underwater
equipment such for example as hot-water diving suits and
submersible hulls used in diving operations.

There exists a need for a simple, safe and efficient
autonomous underwater source of heat for use in heating
divers working in the water and/or for use in heating the
interior of submersible hulls such, for example as sub=
marines, submersibles, diving bells and hyperbaric evacuation
chambers. Thus, the comfort and even survival of an operator
for any length of time in the pressurized helium-oxygen
atmosphere of a submerged hull depends on maintaining
relatively high gas temperatures, as the thermal conductivity
of this gas is extremely high compared to sea-level air.

For some time now the heat source used in heating such
equipment has been an electrical battery system. However,
with the present increasing use of submersible hulls (so-
called diver lock-out submersibles) as a base for cold-water
operations, such a heat source is quite inadequate for the
task. That is, there is at present no satisfactory method
of heating the divers on an autonomous operation, or for
maintaining the lock-out compartment temperature at an
adequate level for any length of time if for some reason
the submersible cannot be recovered immediately. As one
of these submersibles typically carries 40 kW-hours of
batteries in toto, use of these batteries to heat water to
be passed to the diving suit in the open-circuit technique
is obviously not feasible. Various substitutes have been
tried, among them electrically-heated suits and closed-
circuit hot-water suits (sometimes coupled with a heat pump
to further increase thes efficiency). These methods have the
disadvantage of being complicated and delicate, and the
result is that there iz a lowering of output of productive
work by the diver.

The object of the iwnvention is to provide for the gener-
ation of heat under wate:r in such a manner that the aforesaid
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dlfflcultles are obv1ated or m1t1gated

According to the present 1nventlon a method of gene-
rating heat at an underwater locatlon comprlses bringing
together in a submerged reaction zone substances capable
of reacting together exothermlcally. Preferably the
substances are respectively liquid and solld substan~
ces. More preferably one of the’SubStanCeS"is a metal,

Most preferably'the'metal is aluminium and the reactant
is an aqueous solution of sodium hydrox1de “the eXothermic
reaction being: 2A1 + 2NaOH + ZH 0= 2NaA102 + 3H

Advantageously aluminium 1s in 1ngot form,

20

Said reaction ylelds about 93 k -cal of heat per gram
molecule, or about 2% kW of heat energy per pound of

‘aluminium.

By virtue of the 1nvent10n autonomous underwater heat
is produced with well over 1l- 1/2 orders of magnltude more
power per unit of volume or mass than is p0551b1e with
lead-acid batteries. Thus;'suitably sized heat—generating
means associated with a submer51b1e ‘would. prOV1de ample
heat for hours of open- 01rcu1t d1v1ng sult heating, and
also heating backup in the lock out compartment of the
submersible for a con51derab1e t1me 1n the event that a
problem arose. Said heat- generatlng means also of course
frees the usual electrlc battery system of the submers1b1e
for tasks more suitable for it, such as the dr1v1ng of
motors, pumps and electrlcal systems '

Further accordlng to the present 1nvent10n I prov1de
submersible apparatus for use in underwater operations,
comprlslng a hull to house personnel ‘heat generatlng’means
associated with the hull 1nc1ud1ng (a) arreactlonichamber
having there;n,a reaction zone,jorVsubstances'capable of
reacting together exothermicaily and (bj dispensing means
for liquid reactant connected to the ‘reaction chamber to
enable feedlng of 11qu1d reactant to the reactlon zone.,
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In a preferred apparatus a venting tube extends
from the top of the reactien chamber to discharge into the
ambient water, and in the bottom portion of the reaction
chamber there is an aperture which has a disc or valve
for opening the aperture at a predetermined temperature
to enable entry of water to the reaction zone or dumping
of the contents on temperature runaway, the water being
sucked through the aperture by the "air-1ift'" effect of
gas exiting through the venting tube.

Preferably the dispensing means for a liquid reactant
include an accumulator of the separated type adjacent to
the reaction zone chamber, one side being connected to the
water supply ducting and the other for the liquid reactant
being connected to the reaction chamber so that pressurised
water in the one side compresses the other to force the
liquid reactant into the reaction zone.

More preferably the accumulator is a jacket and
bladder accumulator.

Preferably also the apparatus includes liquid heating
means having a heat exchanger in the reaction chamber,

Most preferably the heat-generating means are on the hull
exteriorly thereof, and the heating means include a pump
for loéation in the cold water outside the hull, supply
ducting extending from the pump through the hull interior
to the heat-exchanger inlet, and discharge ducting extending
from the heat-exchanger outlet into the hull interior.

Preferably also the discharge ducting includes a
stand pipe extending upwards. from the heat-generating
means and into the hull and connectible at its upper end,
to the upper end of a diver's hose to enable use of the

heated water to heat a diving suit.
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The,preferred:apparatus;further'inciudes'a branch pipe

| extending from the supply ducting’in the hull to the hull

exterior and has a valve 1n the brancn plpe to enable ad-
justment of the head pressure and water flow through the
heatlng system Advantageously th1s apparatus also has =z
branch pipe extendlng from the supply ductlng in the hull to
the reaction zone in the reaction chamberiand,has a valve in
the branch pipe to enable the'introduction of cold water to
the reaction zone so that the reactlon is dampened and si-
multaneously combustlon products are forced from the reac--
tion chamber through the ventlng tube .

‘The apparatus may include a water radlator in the hull,
a water supply,llne extending from the,dlscharge ducting to
the radiator iniet, and a water exhaust line extending from
the radiator outlet and through the hull to discharge into
the ambient water. - a ,

The water exhauSt'iine mayrbe:a heat exchanging helical
coil, which enCloses,a.portion of the supply ducting exten-
ding between the hull and the heat—eXChanger inlet and has
a heat- 1nsu1at1ng ‘housing mounted on the reactlon chamber -
and enclosing the helical coil. : ,

7 Preferably the reaction chamber is of'upright'generally
cylindrical form with;the'reaction zone in the lower portion -
thereof, and the heat exchanger is an upright helical tube
disposed in therchamber above the reaction zone.

In an equally preferred'bufmodified émbodiment of the
apparatus of the present invention the heat- generating means
are in the 1nterlor of the hull, the reactlon chamber and
the hull abut one-another; and the area of abutment forms a
heat-conductive partition to enable heat-transfer to the
hull interior. S o -

In this modified embodiment the reaction chamber and
the hull may be contained within a'commoniinSUiating layer,

Freferably the reaction heat from the reaction chamber
in the modified embodiment is conducted via the heat con-
ductive partition to'arfinned,heatrexchanger on'the—interior
surface of the hull, o | |

Embodiments of the invention w111 be descrlbed by way
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of example with reference to the accompanying diagram-
matic drawings in which Fig. 1 and Fig. 2 are fragmentary
sectional sidé views of submersible apparatus for use in
cold-water diving operations. )

ge erring to Fig. 1 of the drawings:-

The apparatus consists of (a) a hull 1 having
therein a diver lock-out compartment 2 with an opening 3
in the floor 4 thereof for passage of a diver fitted with
an open-circuit water-heated diving suit 5 fed by a length
of heat-insulated water hose 6 passing through the opening
3 (b) heat~generating means 7 mounted on the floor 4 of the
compartment 2 adjacent to the floor opening -3 and extending
exteriorly of the hull 1 and (c) heat-exchanging means
including water tubing 9 extending through the heat-genera-
ting means 7 and connected to the diver's hose 6 and to
a hot-water radiator 10 in the compartment 2.

The heat-generating means 7 include exteriorly of the
hull 1 and mounted thereon a heat-insulated reaction chamber
11 in the form of an upright cylinder with a domed top end
12 and a domed bottom énd 13, ingots 14 of aluminium in a
reaction zone 15 formed by the lower end portion of the
reaction chamber 11, and a jacket-and-bladder type accu-
mulator 16 disposed alongside the reaction chamber 11
and connected thereto to dispense a stored, agueous solu-
tion of sodium hydroxide (47% NaOH) as reactant by passing
same into contact with the aluminium in the reaction zone
15, an accumulator bladder 17 storing the reactant solution
and being compressible by pressurized water fed to an
accumulator jacket 18 to force the reactant solution into
the reaction zone 15 through a tube 40 and a check valve
41, A short, open length of stainless steel venting tube
19 extends from the top end 12 to release gaseous reaction
products from the reaction chamber 11 into the ambient
water W. A large central safety feed-through opening
in the bottom end 13 is closed by a disc 20 which melts
at a critical temperature (in the order of 190° F.)

The water tubing 9 of the heat-exchanging means include
an upright helical coil 21 of water tubing within the

upper portion of the reaction chamber 11 for contact by
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the products of combustion rising,frdm.the reaction zone
15. The ends of the'cbil 21 are disppsedfat the"top of the
chamber li, the inlet end 22 of'the'eeilrﬁeimg'eenneCtedr '
to one end of ajmanifold water'supplyrpipe7237bf,stain1ese
steel extending within the compartment 2, and an immersed'
sea-water pump 24 dellverlng about 1.7 gal/mln belng
connected to the other end of the manlfold supply pipe 23
through the floor 4 of the compartment The,outlet end 25
of the coil 21 is connectedrto the 1n1etlend'of7the diver‘s
hose 6 through a heat-insulated stand pipe 26 penetrating
the floor 4 of the'cqmpartmentr2 and havingrat the top
thereof a shut-off valve 27 controlling the Tlow to the’
diver. A branch pipe 28lWithra needle valve 29 therein
connects the top of the stand pipe 26€toﬂthegradiator 10
within the compartmentrz,rahdfa:heateexchanging,outlet
pipe,31'frem therradiatorjloris eeiled;aroundran exterior
downstream end'portion of thermanitOIdapipe'23:to transfer
heat to the entering watef,iand aischargesﬁimto:the ambient
water W, the coiled butlet pipe 31'peing enciosedrby'an
insulating housing 32 mountedron'the ehamber li;ekteriorly
thereof and capablemof withStanaihg external pressure. The
manifold pipe 23 has three valteecentrelled branch pipes
opening therefrom,'the:first°33iextending through the floor .
4 into the ambient watef;W and”having'therein a by?pass'
valve 43 to provide for adjustment of head pressure and flow
through the syStem the second. 34{eXtehdimg”through the |
floor 4 to the bottom of the. reactlon chamber 11 to dis-
charge water into the reactlon zone 15, through a check
valve 42 and thereby dampen the,reactlon,,and the third

35 extending through the floor 4 to theftop'bf the accumu-
lator jacket 18 to cbntrbl a'smali fiew’of'water to the
jacket. A pressure gauge 36 on the manifold p1pe 23
indicates the pressure head, whlle a temperature gauge 37
at the top of the stand plpe 26 1nd1cates the water output
temperature
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In operation of the submerged apparatus, ambient sea
water continually flows through ‘the manifold pipe 23 and the
coil 21, picking up combustion heat in the reaction chamber
11. The heat is generated by the reaction of Al, Hzo and
NaQH. A small amount of water is tapped off from the mani-
fold 23 through a needle valve 38 in the third branch pipe
35 to control the flow of NaOH into the reaction chamber 11,
An important point is that the NaOH flow and the water flow
through the manifold pipe 23 and the coil 21 are both sub-
ject to the same head pressure, so that first order effects
which would change the water output temperature at the stand
pipe 26 are avoided. Also, if the pump 24 fails, the Tlow
of caustic soda into the reaction chamber 11 automatically
stops. Hot water passes through the water hose 6 to the
diver's suit 5 to heat the diver, and also passes through
the radiator 10 which heats the compartment 2.

If the reaction temperature increases unduly, it can
be brought under control by opening an ol-off valve 39
in the second branch pipe 34 so as to dump cold water into
the reaction chamber 11 and force hot water, NaOH? H2 and
NaA102 out through the venting tube 19. Said on-off valve 39
is also used to shut the reaction down at the end of a dive
and before the submersible leavels the water.

The disc 20 closing the bottom safety opening acts as
the final safety device on temperature runaway. Upon
melting of the disc 20, sea water is sucked through the
opening by the'air-1ift" effect of hydrogen gas exiting at
the top of the chamber 11, and guickly damps the runaway
reaction. A large open ball valve (not shown) may be pro-
vided at the outside of the disc 20 to enable the reaction
to be restarted if necessary. Alternatively, extra discs
may be provided.

The reaction used in thdis embodiment is:

2A1 + 2NaOH + 2H20 —> 2NaAlo, + 3H

2 2
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yielding about 93 k cal of heat perigram?moiecule; or about
2-1/2 kKW of heat energy per pound of aluminium. The reac-
tion chamber 11 holds nine three-kilo and two one—kllo
ingots 14, giving a total of 29 kilos or 63.8 1bs of
aluminium. .The accumulatorilﬁris sizedhaeeordingly plus

a 20% overage. This arrangement delivers nearly 160
kW-hours of heat energy, but with insulation and heat-
exchanger losses, thisrreduces to somethlng over 150 kW-
hours of usable energy. In the North Sea, 18 kW is enough
to provide a minimum comfortablerfiowaof warm water to a
diver, and 1 kW is about the amount needed:te maintain a -
suitable anbient temperature in the:diVer,loCk-out com-
partment. Thus the 1507kw'ef this embodiment is enough to

heat the compartment for the normal 8-hour'mission duration,

plus 6 hours of diver lock-out time, plus 1-1/2 days of

emergency heatlng capablllty (1nclud1ng the heat productlon
of the dlvers themselves) i
Advantageous features of this embodlment are:

-(a) The venting tube 19 at the top of the reaction

"chamber 11 vents the hydrogen gas, and at the same time

restricts the interchange of caustic seda:and sea-water.

(b) The safety disc 20 at the hettom end 13,of'the
reaction chamber 11, when combined with (a)rahove results
in an alrllft sucking-in seawater when the disc fails, or
a dumping of liquids through the ‘bottom end if the sub-
mersible is out of the water ,

(c) The coupling together of the head pressures on
(i) the water flow through the cqll 21 in the reaction
chamber 11 and (ii) the flow of caustic soda into the
reaction chamber, resultlng in an automat1c coupllng to—'
gether of heat supply and demand ' B

(d) The manual over—rlde and shutdown feature of the

valve in the second branch plpe 34

[P

[PPSRV
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(e) The use of surrounding water to dampen the
reaction in the event that the reaction temperature is too
high.

(f) 1In the event of clogging o6f the system by
reaction products (NaAlOz), water may be introduced by
the valve 39 in the second branch pipe 34 to dissolve
the highly soluble NaAlO2 and force it out through the
venting tube 19, In that case, the venting tube 19 is
made larger, is insulated, and is concentric around the
stand pipe 26 for a few feet adjacent to the reaction
chamber 11, so as to act as an exchanger which puts the
heat taken out in the venting tube 19 back into the
circuit,

For circumstances where the system is primarily
required to provide emergency heat in a hull it is possible
to omit altogether the source of electrical power from
the hull.

Thus a second embodiment of the invention, referring
now to Fig. 2, the apparatus consists of (a) a submersible
vessel hull 1 having therein a diver lock-out coﬁpartment
2 with an opening 3 in the floow 4 thereof for passage of
a diver, (b) heat generating means 45 mounted exteriorly
on the hull, and (c) heat exchanging means including a
system of fins 46 mounted interiorly on the hull, to pro-
vide radiative and convective transfer of heat from the
heat generating means 45 to the compartment 2 by means of a
heat-conductive intermediate partition 47 between the heat
generating means 45 and the fins 46,

The heat-generating means 45 include exteriorly of
the hull 1 and mounted thereon a heat insulated reaction
chamber 48, the top of which is provided with an upright
venting tube 49 to release gaseous reaction products from
the reaction chamber 48 into the ambient water W.

A central feed-through aperture 50 in the bottom is
closed by a disc 51 which melts at a critical temperature
(in the order of 190° F.).
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A wire screen 55 covers. the aperture 50 and the dlSC S1.

A caustic soda accumulator (not shown) is prov1ded as in
the first embodiment and caustlc soda is drlven to a reac-
tion zone 32 contalnlng alumlnlum 1ngots 53 by a hand crank
(not shown) interior of the hull, operatlng a perlstaltlc
pump (not shown) on the exterlor of the hull 1 to pump
sea water into the caustic soda accumulator as before.

Heat 1nsulat1ng materlal 54 envelopes the hull 1 and heat
generating means 45, , jf ,

Heat transfer is thus- d1rect rather than via water
and heat exchangers. For fine temperature control 1n the
hull, removable 1nsu1atlon _panels (not shown) may be ‘used
to lower the transfer. of heat: and of- course more caustlc
soda is added to increase the heatlng effect

In place of the safety dlSC'Of the reactlon'chamber
a snap—actlon bl—metalllc element may be used which auto-
matically reseats upon cooling of the reactlon zone |

In this way the apparatus may be used as an emergency
heater capable of supplylng heat for several days as
required but requiring no electrlclty for 1ts operation,

By combining the apparatus of the- flrst,andrsecond
embodiments to form a compositefapparatus; thertemperature"
of the atmosphererin the compartmentVZ'may'be controlled by
covering and uncovering the fins 45 (Flg.'Z) to vary the
convective exchange, whilst'the temperature in the reaction
chamber 41 (Flg 1) is controlled to su1t the needs of the
diver (s).
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CLAIMS.

1. A method of providing heat at an underwater location
comprising bringing together in a submerged reaction
zone substances capable of reacting together exothermi-
cally.

2. A method according to claim 1, wherein the substances
are respectively liquid and solid substances.

3. A method according to claim 2, wherein one of the
substances is a metal.

4., A method according to claim 4, wherein the metal is
aluminium and the reactant is an aqueous solution of

sodium hydroxide, the exothermic reaction being

2A1 + 2NaOH + 2H20 - 2NaA102 + 3H2

5. A method according to claim 2, wherein the aluminium
is in ingot form.

6. A method of generating heat at an underwater location,
as claimed in claim l,.and substantially as hereinbefore
described.

7. Submersible apparatus for use in underwater operations,
comprising a hull to house personnel, heat generating means
associated with the hull including (a) a reaction chamber
having therein a reaction zone for substances capable of
reacting together exothermically and (b) dispensing means
for liquid reactant connected to the reaction chamber to
enable feeding of liquid reactant to the reaction zone.

8. Apparatus according to claim 7, wherein a venting tube
extends from the top of the reaction chamber to discharge
into the ambient water.

9. Apparatus according to claim 8, wherein the reaction
chamber has an aperture in the bottom portion thereof and
has therein a disc or valve for opening the aperture at
predetermined temperature to enable entry of water to the
reaction zone or dumping of the contents on temperature
runaway, the water being sucked through the aperture by

the "air-1ift" effect of gas exiting through the venting
tube,
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10. Apparatus according to any one of claims 7 to 9,
wherein the dispénsing means for a liquid reactant include
an accumulator of the separated type adjacent to the reaction
zone chamber, one side being connected to the water supply
ducting and the other for the liquid reactant being con-
nected to the reaction chamber so that pressurised water

in the one side compresses the other to force the liquid
reactant into the reaction zone.

11. Apparatus according to claim 10, wherein the accﬁmula-
tor is a jacket and bladder accumulator.

12, Apparatus according to any one of ciaims 7 to 11,
including liquid heating means having a heat exchanger

in the reaction chamber, '

13. Apparatus according to claim 12, wherein the heat
generating means are on the hull exteriorly thereof and

the heating means include means for supplying water under
greater than ambient pressure through the heat exchanger to
the hull interior. '

14, Apparatus according to claim 13, wherein the heating
meaﬁs include a pump for location in the cold water'outr
side the hull supply ducting extending from the pump through
the hull interior to the heat exchanger inlet, and dis-
charge ducting extending from the heat-exchanger outlet into
the hull interior. ' o

15. Apparatus according to claim 14, wherein the discharge
ducting includes a stand pipe extending upwards from the
heat-generating means and into the hull and connectible

at its upper end to the upper end of a diver's hose to
enable use of the heated water;to heat a diving suit.

16. Apparatus according to claim 14 or 15, wherein a branch
pipe extends from the supply ducting in the hull to the

hull exterior, and a valve is provided in the branch pipe

to enable adjustment of the head pressure and water flow
through the heating system.

17. Apparatus according td any one of claims 14 to 16,

wherein a branch pipe extends from the'supply ducting in
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the hull to the reaction zone in the reaction chamber,

and a valve is provided in the branch pipe to enable

the introduction of cold water to the reaction zone

so that the reaction is dampened and simultaneously
combustion products are forced from the reaction chamber
through the venting tube.

18. Apparatus according to any one of claims 14 to 17,
including a water radiator in the hull, a water supply

line extending from the discharge ducting to the radiator
inlet, and a water exhaust line extending from the radiator
outlet and through the hull to discharge into the ambient
water.

19. Apparatus according to claim 18, wherein the water
exhaust line comprises a heat-exchanging helical coil
enclosing a portion of the supﬁly ducting extending between
the hull and the heat-exchanger inlet and has a heat-insu-
lating housing mounted on the reaction chamber and enclosing
the helical coil.

20. Apparatus according to any one of claims 12 to 19,
wherein the reaction chamber is of upright generally
cylindrical form with the reaction zone in the lower
portion thereof, and the heat exchanger is an upright

helical tube disposed in the chamber above the reaction
zone,

21. Apparatus according to any one of claims 7 to 11,

wherein the heat generating means are in the interior of the
hull.

22, Apparatus according to claim 20, wherein the reaction
chamber and the hull abut one another, and the area of
abutment forms a heaf-conductive partition to enable heat-
transfer to the hull interior.

23. Apparatus according to claim 21, wherein the reaction
chamber and the hull are contained within a common
insulating layer.

24. Apparatus according to claim 21 or 22, wherein reaction

heat from the reaction chamber is conducted via the heat-
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conductive partition to a finned heat exchanger on éhe
interior surface of the hull.

25. Submersible apparatus for use in diving operations,
substantially as hereinbefore described with reference
to Fig. 1 of the accompanying drawings.

26. Apparatus according to claim 25 but modified sub-
stantially as hereinbefore described with reference to

Fig. 2 of the accompanying drawings.

[
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