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FOREWORD

The design concepts reported herein were developed by the author, Chief,
Design & Fabrication Branch, Biotechnology Division, Biomedical Laboratory.
The work was performed as the result of a request by the Multienvironment
Division, Aerospace Medical Research Laboratories, under Project No. 7222,

S~"Biophysics of Flight." The research was initiated February 1960 and
completed June 1962.

The author is grateful to Mr. Lonnie Yeery of the Aeronautical Systems
Division for his participation in making all the valves and accessories; for
standing by during the author's diving experiments; and for modifications
made directly at the pool.

This technical report has been reviewed and is approved.

WAYNE H. McCANDLESS
Technical Director
Biomedical Laboratory
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ABSTRACT

Two water-pressure-compensated breathing devices for prolonged immersion
have been designed, fabricated, and tested underwater. One valve is a
continuous-flow regulator and the other is a demand regulator. Both valves
allow exhalation through a hose directly into the surface atmosphere for air
analysis. One of the two valves has been used extensively during prolonged
weightlessness simulation tests by immersion.
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SECTION I

INTRODUCTION

For prolonged water immersion experiments, an adequate breathing system,
using filtered compressed a'r, was required. To analyze the subject's
exhaled air continuously, it had to be brought above the surface through d
hose while the subject's body was still subjected to water pressure.

Standard underwater demand valves, such as those used with various scuba
outfits, could not be used without modification, because the exhaled aif
would bubble to the surface where it could not be collected effectively for
analysis. However, standard equipment may be used if modified with an
underwater-pressure-compensating device as described in this report, pro-
vided the breathing resistance is not too high, which unfortunately exists
in most straight demand outfits commercially available.

This report describes two pres sure- compensated, underwater breathing
regulators suitable for use by a person immersed for a long period of time in
a water tank or pool of any size and depth. Both regulators were designed,
fabricated, and tested by the Aerospace Medical Research Laboratories.

SECTION II

DESIGNS

The first design, a continuous-flow valve, was used during prolonged
immersion research tests. 1

The second design, an advanced underwater-nrcs•sure-compensated demand
valve, was tested underwater to a depth of 2.6 meters (8.5 ft) with the
exhalation hose leading to the surface for the p,.rpose of analyzing the
exhaled air. This valve follows the breathing pattern during shallow or
deep breathing/ and allows collection of the expired air for analysis.

1 Graveline, D. E., Maintenance O Cardiovascular Adaptability During

Prolonged Weightlessness, ASD Technical Report 61-707, Aeronautical
Systems Division, Wright-Patterson Air Force Base, Ohio, Dec 1961,
(AD 273 605).
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WATER-PRESSURE-COMPENSATED CONTINUOUS-FLOW AIR CONTROL VALVE

Figure 1 shows the subject floating under water in the tank. His body is
subjected to different pressure levels according to the depth of the different
body parts. This fact was considered in determining the right depth posicion
for the air control valve.

As shown on figure 1, the cormpresscd air is taken from the house air line or
from separate air tanks. After passing through an air filter, the air flows to
a manually adjustable flow control valve connected to an air flowmeter, where

the amount of adjusted air flow can be read. From here the air flows into a
flexible air hose that floats in the water tank and leads to the subject's
helmet. An air--,tream distribution system within the helmet circulates airflow
around the subject's head, where part of the air is inhaled and the remainder
flows with the exhaled air, through the water-pressure-compensated, con-

tinuous-flow air control valve into the exhalation hose. The exhaled air flows

through the hose to the surface of the water either directly into the atmosphere
or into an air analyzing system.

AIR ANALYZER
•m~l..•; •-PRESSURE CONTROL

SVALVE

L..-.L •\ ' F"FLOW METER

WMANUAL FLOW

CONTROL VALVE

Figure 1. Underwater Application of Continuous-Flow Air Control Valve
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Since the submerged subject is exposed to water pressure, he cannot exhale
directly into the atmosphere by means of a hose, because of the pressure
against his chest and the lower atmospheric pressure within his lungs.
Therefore, the compensating breathing control valve is required between the
surfacing exhalation hose and the helmet. The valve operates as follows
(see figure 2): Port Arr -.y be connected either to the helmet or to a hose
leading to the helmet. Port B is connected to an exhalation hose leading to
the water surface. A free floating but guided valve plate touches the valvf
seat and shuts off the airflow coming through port A by means of a water pres-
sure actuated diaphragm, the diaphragm plate and the guided pin. The
effective area of the compensating diaphragm and the valve seat are equal.
If the valve is balanced for the same water depth as the subject's chest, the
pressure is equalized against his chest and the builtup air pressure within the
valve, helmet, and lungs.

DIAPHRAGM

SURFACE zzzz

___--_DIAPHRAGM PLATE

PORT 171VALVE PLATE

VALVE SEAT

PIN

PORTAJ \\"--TO HELMET

Figure 2. Continuous-Flow Air Control Valve
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During inhalation, the water pressure against the diaphragm and pin closes
the valve against the seat. During exhalation, the air within the system
accumulates and builds up pressure equal to the water pressure against the
diaphragm. When the pressure within the system exceeds the water pressure,
the valve opens and both the exhaled air and the unused supply air flow
freely through the exhalation hose to the surface.

Through use of the described pressure-compensated, airflow pressure control
valve, the air pressure within the helmet can be balanced with the water.
pressure against the subject's chest. This can be accomplished at any
depth, and the most suitable and comfortable pressure can be obtained for
the subject by moving the control valve up or down.

Figure 3 shows the water-pressure-compensated air control valve in actual
use.

Figure 4 shows a system almost equal to figure 1, except that the airflow can
be regulated from within the tank by the subject instead of from outside the
tank by the attendant.

UNDERWATER-PRESSURE- COMPENSATED DEMAND VALVE

The continuous-flow air system previously described has certain disadvan-
tages. For example, analysis of expired air is difficult because it is diluted
with unused compressed air that flows during the exhalation phase and during
shallow breathing.

For exact air analysis and to provide more comfort for the subject, an under-
water-pressure-compensated demand valve was developed by Aerospace
Medical Research Laboratories. This valve, designed to have very low
breathing resistance, was tested under water at the maximum depth of the
pool [2. 6 meters (8. 5 ft) ] with the exhalation hose leading to the surface.
Figure 5 shows this valve during a pressure compensdting underwater test
with the subject's chest at a depth of 1. 2 meters (4 ft).

To obtain the right breathing resistance and good valve performance, the
valve must be moved up or down with respect to the chest position and then
fastened in place when the correct position is achieved.

The underwater application of the compensated demand valve is shown in
figure 6, and the valve operates as shown in figure 7. A hose supplying air
at approximately 4-5 kg/cm2 (60-70 psi) pressure is connected to the demand
valve at A. Fitting B is connected to either a mouthpiece or to two short
helmet hoses, and fitting C is connected to the exhalation hose leading to
the water surface.
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Figure 3. Testing the Continuous-Flow Air Control Valve

AIR' ANALYZER

"GAS METER

FLOW ADJUSTMENT

BALANCED PRESSURE
CONTROL VALVE

S.... -FILTERI L

COMPRESSED AIR HOSE

Figure 4. Underwater Application of Airflow Adjustment
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Figure 5. Testing the Water-Pressure Compensated Demand Valve

AIR ANALYZER

WATER-PRESSURE COMPENSATED
DEMAND VALVE

r"-"••. •FILTER

Figure 6. Underwater Application of Water-Pressure
Compensated Demand Valve
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COMPENSATION DIAPHRAGM

EXHALATION PLATE.

EXHALATION PLATE SEAT

C TO WATER •'

SURFAC DEMAND VALVE LEVER
-AIR INLET

DEMAND DIAPHRAGM

REGULATOR HOUSING

VALVE SEAT A TO COMPRESSED
AIR

B TO HELMET

Figure 7. WArater-Pressure Compensated Demand Valve

When the subject inhales, he creates a slight negative pressure within the
regulator housing which forces the demand diaphragm Inward, whereby the
demand valve lever is pressed inward also and the valve seat within the
compressed air line Is unseated, allowing compressed air to flow into
the housing and from there into the lungs of the subject. When the subject
ceases to inhale, the negative breathing pressure within the regulator housing
ceases to exist and, therefore, the diaphragm moves back into its neutral
position which then removes the opening force from the demand lever and
valve seat, closing and cutting off the airflow.

During the subject's exhalation phase, the air passes into the regulator
housing and from there to the exhalation plate. The exhalation plate is
pressed against the seat by water pressure transmitted by means of the
diaphragm. Sirnce the effective area of the diaphragm is the same as the
effective area of the valve plate, the exhalation force is balanced with the
water pressure regardless of the water depth, assuming that the subject's
chest is at the same depth as the demand valve. If the exhalation air pres-
sure exceeds the water pressure on the compensating diaphragm, the seat
opens and the exhalation air flows freely through fitting C into the exhalation
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hose and to the atmosphere outside the water tank. If this demand valve
system is to be used for a limited time only, a mouthpiece can be connected
directly to fitting B (figure 7) and the subject may wear goggles for eye
protection.

For a prolonged underwater test period with the subject wearing a helmet,
a second tube system (figure 5) with built in inhalation and exhalation valves
between helmet and regulator should be supplied to reduce the dead volume
of the system used during the tests.

8



UNCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D
(Security claelslication oa title, hody of absttact and indexing Annotatlon must be entered when Che overall report Is classfied)

I ORIC.INATIN G ACTIVIY (Corporate authr) 20. R;PORT SECURITY C LASSIFICATION

Aerospace Medical Research Laboratories, UNCLASSIFIED
Aerospace Medical Division, Air Force Systems 2b ou-P

Command, Wright-Patterson AFB, Ohio N/A
3 FlEPORT TITLE

UNDERWATER PRESSURE- COMPENSATED BREATHING CONTROL
VALVES FOR PROLONGED WATER IMMERSION

4. DESCRIPTIVE NOTES (Type of report and inclusive defse)

Final report, Februaer 1960 - June 1962
S. AUTHOR(S) (Last name. first name, initial)

Seeler, Henry W.

6. REPORT CATD b 70. TOTAI. NO OF PAGES "b. NO. OF RIP'S
December 1964 8• 1

O. CONTRACT OR GRANT NO. go. ORIGINATOR'$ REPORT NUMBER(S)

b. PROJECT NO 7222 AMRL-TR-64-130

C. 9b. O'HER RPORT NO(S (Any other num~ber. det maybeass1 iedn
this report)

d.

10. A VA IL ABILITY/LIMITATION NOTICES

Qualified requesters may obtain copies of this report from DDC.
Available, for sale to the public, from the Clearinghouse for Federal Scientific and
Technical Information, CFSTI (formerly OTS), Sillk Bldg, Springfield, Virginia 22151.
II. iUPPLEMENTARY NOTES 1!2, SPONSORING MILITARY ACTIVITY

Aerospace Medical Research Laboratories,
Aerospace Medical Division, Air Force

13.__ABSTRACT_ Systems Command, Wrlght-Patterson AFB, Ohi
13. ABSTRACT

Two water-pressure-compensated breathing devices for prolonged immersion
have been designed, fabricated, and tested underwater. One valve is -
continuous-flow regulator and the other is a demand regulator. Both valves
allow exhalation through a hose directly into the surface atmosphere for air
analysis. One of the two valves has been used extensively during prolonged
wieightlessness simulation tests by immersion.

Fl QRMDD, IJAN 64 1473 UNCLASSIFIED
Security Classification



UNCLASSIFIED_

security Classification
14. L1NK A LINK P LINK C

KEY WORDS ROLK WT ROLE WT ROLE *T

Protective clothing
Respiration
Breathing apparatus
Breathing masks
Pressure breathing
Pressure regulators (water-press L. e-compen sated)

S~Weightlessness (simulated)

INSTRUCTIONS
1. ORIGINATING ACTIVITY: Enter the name and address imposed by security classification, using standard statements
of the contractor, subcontractor, grantee, Department of re- such as:
fense activity or other organization (corporale author) issuing (1) "Qualified requesters may obtain copies of this
the report, report from DDC."

2a. REPORT SECURTY CLASSIFICATION: Enter the over- (2) "Foreign announcement and dissemination of this
all security classification of the report. Ind;,cate whether
"Restricted Data" is included. Marking is to be i report by DDC is not authorized."
ance with appropriate security regulations. (3) "U. S. Government agencies may obtain copies of

this report directly from DDC. Other qualified I)DC2b. GROUP: Automatic downgrading is specified in TioD Di- users shall request through
rective 5200. 10 and Armed Forces lndustr.al Manual. Enter
the group number. Alsc, when applicable, show that optional ."
markings have been used for Group 3 and Group 4 as author- (4) "U. S. military agencies may obtain copies of this
ized. report directly from DDC. Other qualified users

3. REPORT TITLE: Enter the complete report title in all shall request through
capital letters. Titles in all cases should be unclassified. ,9
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis (5) "All distribution of this report is controlled. Qual-
immediately following the title. ified DDC users shall request through

4. DESCRIPTIVE NOTES: If appropriate, enter the type of ._
report, e.g., interim, progress, summary, annual, or final. I; the report has been furnished to the Office of Technical
Give the inclusive dates when a specific reporting period is Services, Department of Commerce, for sale to the public, indi-
covered. cate this fact and enter the price, if known.
5. AUTHOR(S): Enter the name(s) of author(s) as shown ,nn 11. SUPPLEMENTARY NOTES: Use for additional explana-
or in the report. Enter last name, first name, middle initial, tory notes.
If nilitary, show rank and branch of service. The name of
the principal .,,thor is an absolute minimum requirement. 12. SPONSORING MILITARY ACTIVITY: Enter the name of

the departmental project office or laboratory sponsoring (payr
6. REPORT DAT-. Enter the date of the report as day, ing for) the research and development. Include address.
month, yea?; or month, year. If more than one date appears
on the report, use date of publication. 13. ABSTfPACT: Enter an abstract giving a brief and factual

summary of the document indicative of the report, even though7a. TOTAL NUMBER OF PAGES: The total page count it may also appear elsewhere in the body of the technical re-
should follow normal pagination procedures, i.e.. enter the port. If additional space is required, a continuation sheet shall
number of pages containing infcrmation. be attached.

76. NUMBER OF REFERENCES, Enter the total number of It is highly desirable that the abstract of classified reports
references cited in the report. be unclassified. each paragraph of the abstract shall end with
8a. CONTRACT OR GRANT NUMBER: If appropriate, enter an indica~ion of the military security classification of the in
the applicable number of the contract or grant under which formation in the paragraph, represented as (TS), (s), (C). or (u)
the report was written. There is no limitation on the length of the abstract. How.
Sb. &-, & 8d. PROJECT NUMBER: Enter the appropriate ever, the suggeste-d length is from 150 to 22S words.
military department identification, such as proj.ct number,
subproject number, system numbers, task number, etc. I 14. KEY WORDS: K•ey words are technically meaningful terms

or short phrases that characterize a report and may be used as
9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi- index entries for cataloging the report. Key words must be
cial report number by which the document will be identified selected so that no security classification is required. Identi-
and controlled by the origincting activity. This number must fiers, such as equipment model desigration, trade name, military
be unique to this report. project c.de name, geographic location. roay be used as key

Qb. OTHER REPORT NUMBER(S): If the report has been words but will be followed by an indication of technical con-
assigned any other repcrt nimbers (either by the originator text. The assignment of links, rules, and weights is optional.
or by ihe sponsor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lirn.
itations on further dissemination of the report, other than those

UNCLASSIFIED
Security Classificaticn


