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ABSTRACT

i

An independént closed circuit regenerative type of breathing apparatus has been developed for isolating
the respiratory tract fipm the ambient medium for use during breathing by personnel working in underwater or
polluted atmosphere. An oxygen reducer is used in the design of this apparatus for catering to the required flows
of dxygen for breathing during usd of the apparatus and thus avoiding oxygen poisoning. The paper describes
some of the salient aspects of the breathing apparatps to be deployed for submariners and other diving personnel
of the Indian Navy and its potentilal usefulness as alife saving equipment.
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1. INTRODUCTION i

Any desx!ent into the sea is known to increase the
pressure around the human body significantly. In the
case of personnei descending, into water, it becomes
necessary to supply air under pressure to prevent the
exposure = of blood in the iungs to extremely high
alveolar gas pressures and thus to keep the lungs frdm
collapsingl. Normally, nitrogen, oxygen _ ahd
carbondioxide are the three gases to which a sea diver
is exposed, although helidm also sometimes can be used
as a substitute for l}itrogen ih the breathing mixture?.

It is however well known that nitrogen which
approximately constitutes four-fifth of the air and which
at sea level pressure; is not observed -to cause any
adverse effect on the body physiology, can be expected
to produce varying' degrees of narcosis at pressures
beyond 8.5 atm>. Sometimes, the diver becomes
ineffective as a result of nitroécn narcosis. To overcome
these environmental stresses, the diving underwater
personnel needs an  underwater breathing-apparatus.
During ascent, the diver faces S'et another problem in
which gases in the breathing bag cx?and‘because of
reductien in pressure leading to increase in buoyancy,
thereby causing rapid and uncontrolled ascent to the
surface. This leads to decompression sickness®. To vent
out the excess gases, a pressure release safety valve has

been provided in the design of the breathing apparatus.
The paper describes the breathing apparatus which has
been indigenously developed and its usefulness for the
Indian Navy.

2. MATERIALS & METHODS

The indigenously developed underwater breathing
apparatus (Fig. 1) is, an independent close circuit,
regenerative type system that can be conveniently used
up to depths of 120 m. Its main function is to isolate
the respiratory tract from the ambient medium and use
the same for breathing when working in underwater or
in a poisonous atmosphere. The regenerative system
produces additional oxygen for enhancing the
endurance limit of the apparatus besides enabling
absorption of carbon dioxide. The requirement of
oxygen for breathing during use of the _apparatus is
taken care of by an oxygen reducer which gives
appropriate flows to avoid oxygen poisoning.

The underwater breathing apparatus consists of
the following components :

2.1 Annular Breathing Bag

It is made out of rubberised nylon cloth with good
wear resistance, flexibility, and light weight. It endures
foldings without getting damaged at the crease.
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Figure 1. Underwater

2.2 Pressure Release Safety Valve

It is provided with two mushroom'type diaphragms
and is fixed on the lower front side of the breathing bag.
This valve has a dual function: it works as a safety valve
by releasing excess gas from the bag to ambient during
ascent and as a relief valve when pressure in the
breathing bag exceeds 400 mm of water.

2.3 Automatic Demand Valve

It allows gas mixture to the breathing bag at depths
below 55 m on demand. This valve is located at the rear
side of the breathing bag and is directly connected to
the gas mixture reducer. This valve opens at
rarefactions ranging between 100 to 160 mm of water.

2.4 Valve Box

It is connected between inspiratory and expiratory
tracts of the apparatus through corrugated hoses. A
control cock is provided on the valve box which
facilitates changeover of breathing, i.e., from apparatus
to the atmosphere and vice versa. Inlet and outlet valves
of the valve box are provided with spring controlled
diaphragms. For effective breathing cycle, outlet and
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inlet valves are closed during inhalation and exhalation,
respectively.

2.5 Oxygen & Gas Mixture Reducers

These reducers are designed to give LP pressure
from 200 kg/sq cm to 5.5 kg/sq cm. Gas mixture reducer
is connected directly to demand valve (Fig. 1) and
supplies gas mixture to the breathing bag on demand
through the automatic demand valve. During ascent,
this reducer works up to 55 m depth beyond which the
oxygen reducer takes over automatically. The oxygen
reducer, apart from reducing pressure, also controls the
flow of oxygen at different depths ranging from 0.5 to
4.4 I/min to prevent oxygen poisoning.

2.6 Canister

It is provided with two shells. The outer shell is
provided with two unions for connecting the inhale and
exhale tubes of the breathing bag. The inner shell is
filled with regenerative chemical which absorbs carbon
dioxide from exhaled gas and produces additional
oxygen which helps to enhance the endurance of the
apparatus.
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I
2.7 Oxygen & Gas Mixture Cylinders

These are made out of seamless steel tube and
charged with medical oxygen and gas mixture of
nitrogen, hel’ium and oxygen at 200 kg/sq cm pressure.

All these apart, there exist (i). inlet and olitlet
hoses, made of leak-proof corrugated rubber hose with
fabric braiding, (ii) Fecuring belts, made of heavy duty
nylon material and have strong buckles, and (iii)
non-return valve of oxygen connection, which is a
one-way vPlve. | l

3. DESIGN CONSIDERATIONS

All the metal compoenents Iof this apparatus have
been manufactured out of Naval brass which is known
for its corfosion resistanée in the marine atmosphere.
The length of the cylinder used in the apparatus has
been limite& to 250 mm to prevent obstruction during
escape while crawling through the torpedo tube. The
volume of the breathing‘lbag of the apparatus has been
limited to 7 I which is equivalent to lung capaéity. Any
change in the capacity of the Bag has been found to

adversely affect the buoyancy’ of the apparatus. N

|
The othet salient features of the breathing
apparatus are : | l

(a) Theannular type breathing bag is madlp out of neoprene
rubber cqated on nylon fabfic which has a capacity of
7 1 and consists of automatic demand valve, pressure
release safety valve, valve box/chest, and cylinder bib
with waist belt, lower brace and snap hook.

|
(b) The canister is filled with h carbon dioxide absorbent
such as potassium superoxide. |

5. FUNCTIONAL EVALUATION

() Oxygen and mixture gas cylinders fitted with reducers
are also provided in the breathing apparatus.

4. OgERATION OF UNDERWATER BREATHING
APPARATUS

At predetermined depths, the user dons the
breathing apparatus, opens both the reducers and starts
ascending towards surface. Up to 55 m depth, the gas
mixture of nitrogen, helium and oxygen is used by the
user. During ascent, the exhaled gas enters the canister;
carbon dioxide and moisture in the exhaled gas get
absorbed by the absorbent in the can:ister. In addition,
the absorbent releases oxygen, which re-enters the
breathing circuit of the apparatus along with purified
gas mixture through the outlet of the canister. The
breathing bag is always full with bréathing gas.

During inhalation cycle, ' pressure in the
breathing bag falls. When pressure difference between
ambient and bag falls between 100 to:160 mm of water,
the automatic demand valve opens and the gas mixture
from the gas mixture cylinder through mixture reducer
enters the breathing bag till the pressure equalises. This
process continues up to 55 m depth. At this depth, the
supply of oxygen to breathing bag is taken over by the
oxygen reducer. In-addition, the oxygen reducer also
supplies appropriate flows depending upon the ambient
pressure  which varies from 0.5 to 4.4 I/min. These
flows are regulated automatically by the changeover
valve of the oxygen reducer. After reaching the surface,
the user puts the control cock of the valve box to
‘atmosphere’ to allow atmospheric air for breathing and
at the same time cuts off the supply of breathing gas
from the apparatus.

Name of component Test mode

Result required

T

Breathing bag

)
Opening pressure of préssure

release safety value !

When cover opened

Automatic demand valve

Leak test at 400 mm of water

When cover closed

At rarefaction of 100 to 160 mm of

No,le;k shall appear
250 to 400 mm of water

Not to exceed 150 mm of water

Valve has to open

water inside the breathing bag

Valve box assembly

Leak test for inhdle/inlet

Not to exceed 0.5 Vmin

valve at 400 mm of water inside the

'breathing bag

Contd on next page
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Name of component

Canister

Oxygen reducer with high
pressure of 180 to 200
kg/sq cm and low pressure
of 5.5 to 6.5 kg/sq cm)

Test mode

Leak test for exhale/outlet valve at

Result required

Npt to exéeed 0.5 /min

400 mm of water inside the

breathing bag

Leak test at 100 mm of water

Flows in (I/min) during
Descent
Surface
2.4 kg/sq cm
3.0 kg/sq cm
6.8 kg/sq cm
Ascent
6.8 kg/sq cm
4.5 kg/sq cm
3.0 kg/sq cm

Surface
Safety valve

operating pressure (kg/sq

Mixture reducer with High
pressure—180 to 200 kg/sq cm,
low pressure 5.5 to 6.5 kg/sq cm

(kg/sq cm)

Safety valve operating pressure

Nil leakage

36-44
30-44
05-1.1
Nil

. Nil
1.1-05
3.0 - 4.4
32- 44
11-15 |

14-17"

6. DISCUSSION ' !

The breathing of oxygen at very high alveolar
oxygen pressure due to extremely high tissue partial
pressure of oxygen can be detrimental to many of the
body’s tissues. In fact, an exposure to 3 atm pressure
oxygen will cause convulsions followed by coma.in
most persons after one to several hours>. The conv
ulsions often occur without any warning and, for
obvious reasons, are likely to be lethal to the divers
submerged beneath'the sea.

If the diving éear is properly designed and also
functions properly, the divers have no problem from
carbon dioxide toxicity, for the depth alone does not
increase the rate of carbon dioxide partial pressure in
alveoli. However, ih certain types of diving gears, such
as diving helmet and different types of rebreathing
apparatus, carbon dioxide can frequently build up in the
dead space of the apparatus and be rebreathed by the
diver. Up to 80 mm Hg level, the situation is flexible,
but beyond that the situation becomes intolerable®.

In very deep dives, helium is used in place of
nitrogen because it has only one-fifth of the narcotic
effect of nitrogen. No ill-effects of helium are obderved
until a-person descends below 180 m. Beyond this
depth, the divers begin to experience a so called ‘high
pressure nervous syndro}ne’ which is characterised by a
tremor at about 230 m and drowsin$ss beyond that.

To enhance the endurance of the apparatus, the
exhaled gas is passed through the canister for

158

absorption of ca}bon dioxide and regeneration of
oxygen by the carbondioxide absorbent. The flow of
oxygeniinto the breathing bag is c?ntrolled by
providing automatic sensors in the form of nozzles as it
increases the depth of operation by contrélling partial
pressure of oxygen’7. f

i

7. CONCLUSION !
The breathing apparatus developed indigenously at

this laboratory can be used in conjunctioxJ with the

submarine escape suit to enable the submariners to
escape from a depth of 120 m, ‘Lafely.
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ANNEXURE 1
Table 1. Results of user evaluation of underwater breathing apparatus
Component Test mode Required value Actual value Remarks
Leak test )
Valve open
pressure in (mm of water)
Valve closed ' Not to exceed 400 380 Satisfactory
(pressure in mm of water)
Automatic demand Operating vacuum 110 - 160 145 Satisfactory
valve pressure (mm of water) ',
NRYV for oxygen Leak test No'leak No leak Satisfactory
connection of BB
Valve box assembly Leak test No leak No leak : Satisfactory
Corrugated tubes Leak test No'leak No leak, Satisfactory
Inlet valve Leak test (/min) Not to exceed 0.5 0.1 Satisfactory
Outlet valve Leak test (I/min) Not to exceed 0.5 0.2 . Satisfac(osy
Canister '
1
Outer shell Canister pressure No leak No leak Satisfactoty
test by PKY at
100 mm water
Inner shell Canister pressure No leak No leak } Satisfactory
test by PKY at
100 mm water
Oxygen reducer HP (kg/sq cm) 180 - 200 80 - 200 Satisfactory
LP (kg/sq cm) 55-65 6 Satisfactory
Flow ratc,(in I/min) at
Surface 36-44 34 Sa&isfactory
2.4 kg/sq cm 3:0-44 1.8 Slight
lower side
3.0 kg/sq cm 05.-1.1 1.2 Slightly
higher side
6.8 kg/sq cm 0 0 Satisfactory
10.0 kg/sq cm 0 0 | Szltisfaclory
13 kg/sq cm 0 0 Satisfactory
6 kg/sq cm 0 0 ! Shtisfactory
6.8 kg/sq cm ° 0 0 Satisfacto
4.5 kg/sq cm 0 0 Salisfactoz)
2.0 kg/sq cm 3.0 - 4.4 Vmin 2.2 Vmin Slightly
lower side !
Surface 3.2 - 4.4 Vmin 2.2 Vmin Slightly
lower side
!
Residual ' 160 - 170 100 - 150 Satisfactory
pressure (kg/sq cm)
Mixure reducer Leak test No leak No leak Satisfactory
}
LP kg/sq cm 55-65 6 Satisfactory
Safety valve operating 14 - 17 15 Satisfactory
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pressure (kg/sq cm)



