CHAPTER 5

AIR REVITALIZATION

A. General Discussion

5A1. NEW EQUIPMENT AND TECHNIQUES

Air revitalization in submarines is becoming increasingly important. In these days of long submerged operations of both conventional and nuclear submarines the problem of submarine atmosphere purification is receiving more and more consideration by the technical bureaus, medical research and, of course, by the operators themselves.

New equipment and techniques for air revitalization arecontinually being devised. During and immediately after World War II, air revitalization consisted primarily of the use of carbon dioxide absorbent and oxygen bottles within the submarine. In most cases, these items proved to be adequate for the type of operations encountered. With the advent of the fast attack type submarine, came the large external oxygen bottles mounted in the superstructure which were to supplement the oxygen bottles already with the ship. This addition was adequate for the fast attack submarines. With the advent of nuclear submarines, however, because of their greater submerged endurance, came the need for better methods. Therefore, in addition to the CO2 absorbent and oxygen bottles, nuclear submarines are being fitted with such items as atmospheric analysers, carbon monoxide‑hydrogen burners, and carbon dioxide scrubbers. Research and development

with this type of equipment

process.

is a continuing

5A2. AIR REVITALIZATION BILL

As most submarine school students will report to conventional submarines, only air revitalization applicable to this type ship will be discussed. The following pages contain the "Air Revitalization Bill" as extracted from the Standard Submarine Organization and Regulations Manual, along with amplifying information.

AIR REVITALIZATION BILL


1. Purpose. To set forth policies for meth​

ods of air revitalization in an attempt to limit

the concentration of carbon dioxide in the air

and for replenishment of the oxygen supply dur​

ing periods of prolonged submergence.

2. Responsibility for the Bill. The Damage Control Assistant shall be responsible for this bill, and shall, under the supervision of the Executive Officer, maintain it in a correct and current status.

3. Information. Rescue of Submarine Personnel, NWP 23‑6 and Bureau of Ships Technical Manual, chapters 94 and 96 provide the necessary doctrine and information for this evolution and theory behind each sequence of action. When the ship is operating under conditions during which the air in the boat cannot be revitalized either by surfacing or by use of the snorkel for periods in excess of fifteen hours, then revitalization becomes paramount. Normally for dives of less than fifteen hours no consideration for revitalization is necessary and only thought for comfort need be given. Prior to escape procedures, air revitalization is always required.

4. Responsibilities.

a. The Commanding Officer shall, when the known situation warrants revitalization, make the decision for necessary action as far as possible in advance of the expiration of time limit.

b. The Executive Officer shall coordinate and directly supervise the revitalization process.

c. The Damage Control Assistant shall:

1) Take charge of the revitalization process throughout the various compartments.

(2) Compute necessary information relative to amount of oxygen to be utilized and inform his assistants of amount to use.

(3) Maintain record of oxygen used and make necessary reports to the executive Office,.

(4) Poet appropriate instructions and data for air revitalization in compartments and at oxygen bottles.

d. The First Lieutenant shall:

1) Assist the Damage Control Assistant in supervising the process of each compartment.

(2) Direct the placing of carbon dioxide absorbing materials in adequate locations and maintain records of expenditures.

(3) Inspect compartments and carbon dioxide absorbing material periodically for any unusual conditions.

e. The Medical Department Representative shall:

(1) Make hourly readings after twelve hours submergence of the consistency of the air; maintain a log of readings.

(2) Observe personnel for signs of fatigue and any unusual physiological symptoms.

(3) Issue necessary medical supplies to personnel requiring treatment.

(4) Maintain records on personnel.

f. The Officer of the Deck shall:

(1) Ensure the watch personnel are properly rotated and relieved to prevent excessive fatigue.

(2) Ensure that smoking regulations as specified by the Commanding Officer are strictly enforced.

5. Procedure. Data for computing air revitalization requirements is contained in figure 5‑1. Limitation of the carbon dioxide content and air revitalization is governed by the following:

a. The maximum allowable percentage of carbon dioxide is three percent (3%0). A concentration of two percent (2%) of carbon dioxide will ordinarily not be noticed, but may cause some discomfort if work requiring strenuous exertion is attempted. Prolonged breathing of air containing more than three percent (3",'0) carbon dioxide causes discomfort in breathing even when the individual is at rest and becomes progressively dangerous at about four percent (4°(,). One percent (1%) or less is harmless and after purification is commenced, efforts should be made to keep the percentage of carbon dioxide from exceeding this amount. Due consideration and tolerance must be made for any excessive pressure that may be in the boat.

b. The percentage of oxygen in the air should not be allowed to fall below seventeen percent (17%). This limit will be reached, with the normal complement on board, after seventeen hours submerged. Reduction of the

percentage of oxygen below safe limits is indicated by difficulty in keeping a safety match lighted, and labored breathing.

c. To maintain the air within the above limits of purity, it is necessary to reduce the increasing carbon dioxide by the use of chemical absorbents and to replenish the decreasing supply of oxygen by bleeding certain amount of oxygen or fresh air into the boat at regular intervals. When it is necessary to revitalize the air supply, it shall be done fn the following manner:

(1) Bleed into the boat 0.9 cubic feet of oxygen at atmospheric pressure per man per hour following the below outlined method:

(a) In releasing oxygen use only one bottle it. the compartment and use it completely.

(o) To release oxygen, open the HIGH PRESSURE gage; crack the LOW PRESSURE gage and bleed oxygen into the compartment until the HIGH PRESSURE gage has dropped 8.65 pounds multiplied by the number of men in the compartment. (Example: Far three men change in reading is 8.65 x 3 = 25.95 pounds. If the HIGH PRESSURE gage reads 1,800 pounds, bleed off oxygen until the HIGH PRESSURE gage reads 1,800 ‑ 25.95 or 1,774 pounds pressure.)

(c) Spread out carbon dioxide absorbent as described in subsequent paragraphs. If there are no bunks inthe compartment, utilize mattress covers or similar materialsto spread out absorbent on and place them in a low position of the compartment away from water or oil.

(2) In lieu of oxygen, bleed into the boat air from the compressed air banks at the rate of 31 cubicfeet ofair at atmospheric pressure per man per hour. For the normal complement, this can be done by pumping a vacuum of two inches (2") in the boat (discharging the air from the air compressors into an empty or low air bank) and then bleeding the air into the boat from another bank containing fresh air until the atmospheric pressure has returned to normal.

(3) Carbon dioxide absorbent is carried in canisters containing approximately fifteen pounds (158) (fig. 5‑2) and are to be found in each compartment. One can will remove the carbon dioxide accumulated during a period of 144 to 150 man‑hours. The contents of the can should be spread evenly over the mattress covers on the lower bunks (normally four will suffice) or in the lower portions of non‑berthing compartments. Care must be exercised to
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	Men Aboard

nNumber Of

Vessel
	Time to Build

up 3% CO,

0 1)
	Time (1) 15#

an 2

sorbent Lasts

(42)
	Gage Press. Drop/Hr.

from (1) ,. Bottle

Required (#3)
	Press. to Pump Down/Hr.

& Restore (Air Comp.) to

Revitalize Air (4,4)

	10
	142 Les.
	15 ms.
	82 psi
	.25" Hg.

	20
	71 hrs.
	7-1/2 hrs.
	163 psi
	.5" Hg.

	30
	47.5 hrs.
	5 lies.
	245 psi
	.75" Hg.

	40
	35.5 firs.
	3-3/4 firs.
	326 psi
	1.0" Hg.

	50
	28.5 firs.
	3 firs.
	408 psi
	1.25" Hg.

	60
	23.5 firs.
	2-1/2 firs.
	490 psi
	1.5" Hg.

	70
	20 firs.
	2-1/8 firs.
	572 psi
	1.75" Hg.

	80
	18 firs.
	1-7/8 firs.
	654 ps i
	2.0" Hg.

	90
	16 firs.
	1-2/3 firs.
	735 psi.-
	2.25' H .

g


Note #1.
Assumes fresh air at time of diving. 3% CO2 builds up in approximately same time 02 content drops to 17,e level.

Note 42. Keeps CO, level at about 2% for length of time indicated.

Note #3.
Bleed down indicated amount/hr. from standard 1.63 cu. ft. oxygen bottle (initial pressure 1800 psi.) at minimum rate. When fully charged, pressure drop will occur in less than an hour at minimum rate obtainable.

Note #4.
Pumping down and bleeding of air should be at slowest practicable rate, with maximum recirculation rate.

EQUATIONS USED:

Col (1): T = .04 x N , where

V = net air space recirculated. N = no. of men in space recirculated, V = compt. _

Col (3); P = _13.3 X N where


V

N = no. of men requiring oxygen

V = volume of 0, bottle

(usually 1.63 cu. ft.)

CAPACITY OF COMPARTMENTS:

Forward torpedo room:
cu. ft.

Forward battery:

Control room:

Conning tower:

After battery:

Figure 5‑1

Col (2): T,= 1N , where

H = no. of men requiring absorbent

Col (4j: K=25 X N X P in inches Hg'/hr., C where

N = no. of men aboard.

P = Press., in boat at start, in inches Hg.

C =net air apace of vessel =

Forward engineroom:
cu. ft.

After engineroom
cu. ft.

Maneuvering room:
‑ cu. ft.

After torpedo room:
cu. ft.

Total:
cu. ft.

.‑Extract from SSORM: data for computing air revitalization requirements.
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B. Carbon Dioxide Detection and Effects

5131. DWYER CO2 INDICATOR

The Dwyer CO2 Indicator (fig. 5‑3) is supplied to each submarine for determining the percentage of C02 In the air. In an isolated compartment where the testing outfit is inaccessible, the percentage of CO, can be estimated by noting the reactions of the men. If accessible, the CO, test set should always be used. It should be available at battle stations for use by the damage control officer. Tests for CO2 with this apparatus are extremely simple and sufficiently accurate for all purposes. Instructions for its use accompany each outfit. These instructions are included here for general information.

a. Operation:

1.
Lower the absorption basket (18) by depressing the lifting rod (11), and open valves (10) and (13) by depressing them. This properly levels the indicating fluid.

2.
Close valves (10) and (13) and set the zero reading of the scale (20) opposite the liquid level in the indicating tube (23).

Scale adjustment is accomplished by scale adjusting nut (29).

3.
Connect the aspirator bulb, and line to


apparatus at connection (26).

4.
Depress valve (10) and flush the sample gas through the instrument using 20 strokesof the aspirator bulb. This should be accomplished as fast as possible without causing the water to bubble over into the sample chamber (25).

5.
Allow valve (10) to shut immediately after


the twentieth pump on the aspirator bulb.

6.
Raise and lower the absorption basket(18)


four times.

7.
Vent the indicating tube by depressing valve (13) until the fluid level has come to rest.

8.
Allow valve (13) to close andread the percent CO2 as the position of the fluid level on the calibrated scale.

b. To Reset:

1.
Open valves (10) and (13) simultaneously, and check that the absorption basket (18) is in the lowered positron.

ensure that the active material does not become moistened and so that it will remain thoroughly dry. Likewise, it roust be positioned so that it will be subject to maximum air circulation, but freefrom drafts and air disturbances thatmight agitate it excessively. This is most important, since the chemical is caustic and its dust will cause throat irritation. After handling the chemical, personnel should not rub their eyes before washing hands. Should the chemical come in contact with the eyes, wash them with a solution of one (1) part vinegar or lemon juice to six (6) parts water. When the chemical absorbs carbon dioxide it becomes moist and evolves heat. When it no longer evolves heat, it has become saturated and should be renewed. If there is any doubt as to whether the chemical is spent, leave it and spread an additional charge on other bunks. As a general policy, sufficient absorbent will be spread at the start of a prolonged dive to take care of the requirements during that dive. Used chemical shall be replaced in the containers, properly tagged and returned to supply upon return to port, for salvage.

Figure 5‑2.‑Older type carbon dioxide absorb​

ent can (lithium hydroxide).
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Figure 5‑3.‑Dwyer CO, indicator.

Precautions:

1.
The plunger valve (10) must be released and allowed to close after the last pump of the aspirator bulb and before the flow of the gas sample through the instrument has materially decreased.

2.
If the plunger valve (10) is accidentally


depressed any time after step 5 under

27

Operation, discard the reading and start over.

3.
Do not raise and lower the absorption basket more than four times or an error will ensue.

4.
Make a reading immediately after the


sample of gas is taken.

5., Readings taken during periods of rapidly changing ambient temperatures are somewhat unreliable.

6.
De not touch the top of the instrument prior to or during an analysis. The temperature change thus caused will produce an error.

7.
Keep the water saturation chamber filled with distilled water to the level of the red line (33) engraved on the front face.

8.
The absorbent solution is good for 500 tests. When the rate of absorption is noticeably slower than normal, refill with new solution.

9.
When recharging the absorbent solution, pour out the old solution, clean with fresh water, and let dry. When dry add the entire contents of one bottle of Dwyer Red Absorbent Solution, touch the rubber gaskets (14) and head threads lightly with vaseline and replace handtight. Do not use a wrench or pliers.

10.
Due to the solubility of carbon dioxide in water, and the accumulation thereof in the water of the Dwyer Indicator, the first analysis run may be in error and should always be discarded.

In the interval that a man consumes 4$'c of the available oxygen from the atmosphere, he will increase the carbon dioxide concentration by about 3%o. It is therefore possible to use this relationship to estimate the percent of oxygen in the atmosphere after the carbon dioxide percent has been determined with the Dwyer:

Oxygen % equals 21 _ (1.5 x CO, 7)

Whenever you are in doubt about the CO2 content of the ship,usethe Dwyer CO, Indicator.

5132. EFFECTS OF CARBON DIOXIDE

UNDER PRESSURE

Individual escape from sunken submarines requires the crew to retreat to the forward or after torpedo rooms, or both, and the equalizing of the sea pressure by flooding such compartments or escape trunks prior loins opening of the escape hatches. Under these conditions the air breathed by the occupants of the

compartments (after flooding has been started) is not at atmospheric pressure but eventually reaches the pressure of the sea at the depth of submergence.

As indicated before, air at atmospheric pressure containing as high as 3%n of CO2 can be breathed for short periods of time. This, however, does not hold true for air under increased pressure. The physiological effects of CO2 do not depend upon the percentage in the air, but uponthe pressure which Asserts. For example, if an escape compartment contains 3% of CO2 before flooding at a depth of 165 feet, or 6 atmosphere absolute, it would still contain 3% of CO2 after flooding. The pressure, however, would have been increased six times, and the physiological effect would be equal to that of air containing 18% of CO2 at atmospheric pressures disastrous condition. Therefore, it is highly essertial that any CO2 THAT MAY BE IN AN ESCAPE COMPARTMENT BE RAPIDLY REMOVED PRIOR TO, OR DURING, THE FLOODING PROCESS.

As much of the CO2 absorbent as can be obtained should be utilized immediately upon closing the bulkhead door. Nothing will be gained by delaying air purification until the CO 2 percentage has risen to an excessive concentration. A given amount of the absorbent will absorb a given amount of CO2. Consequently, the same length of protection will be afforded whether the air purification is started immediately or whether it is delayed until the air in the compartment becomes oppressive.

The absorbent in the escape compartment should be spread on decks, bunks, motors, valves, tubes, lockers, torpedoes, and any other fittings or surfaces in the compartment which will retain it in contact with the air during the flooding process. This procedure will result in the circulation and suspension in the air of a considerable amount of CO2 absorbent dust. The occupants of the compartment should wear their submarine escape apparatus until the dust settles. When flooding begins, the water will gradually rise over the fittings on which the absorbent has been spread. This will render useless only the portion of absorbent that has been submerged. The combination of the chemical and water produces a harmless
