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GLOSSARY

BPM breaths per minute

Canister Breakthrough point at which CO, concentration in the breathing -
gas reached 0.5 pércent surface equivalent

°C temperature in degrees Centigrade

cm H20 centimeters of water pressure (differential)
C()2 carbon dioxide gas

EDF Experimental Diving Facility

FOD Explosive Ordnance Disposal

°F temperature in degrees Fahrenheit

gpm gallons per minute

H.P. Sodasorb high-performance Sodasorb

H20 wvater h

kg m/1 work of breathing per liter of ventilation
L.PM liters per minute  (flow rate)

LTV tidal volume (liters)

NEDU Navy Experimental Diving Unit, Panama City, Florida
OSF Ocean Simulation Facility

O2 oxygen

P02 partial pressure of oxygen

AP pressure differential (cm HZO)

psig pounds per square inch gauge

RMV respiratory minute volume in liters per minute
SEV surface equivalent value

sd standard deviation

T in temperature of inspired gas

T exp temperature of expired gas

UBA underwater breathing apparatus



ABSTRACT

NEDU performed unmanned tests on the MK 11 UBA incorporating Field
Change Number 979A (modified canister configuration containing a heated cen-
tral core and Koegel check valves in the M~11 mask). Breathing resistance
and canister duration were evaluated at depths ranging from 250 to 725 fsw.
Results showed breathing resistance to be significantly improved over previous
designs and capable of supporting heavy work at depths to 650 fsw. Canister
durations were improved to 450 fsw; however, most of this improvement was
lost at 650 fsw in water below 40°F.
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INTRODUCTION

From June through September 1979 NEDU performed unmanned tests on the
life support characteristics of the MK 11 MOD O Semi-Closed Circuit Mixed
Gas UBA. Breathing resistance and CO, absorbent canister duration tests
were conducted at depths ranging from 250 to 725 fsw. Water temperatures
ranged from 29 to 40°F. All tests were conducted using the M-11 mask with
Koegel check valves and a modified absorbent canister incorporating a heated
central core (Field Change Number 979A).



EQUIPMENT DESCRIPTION

The MK 11 MOD O is a semi-closed circuit, mixed gas, underwater breathing
apparatus and is designed for use in saturation diving operations at depths
to 650 fsw. It contains a carbon dioxide absorbent canister which incorporates
hot water heating by an external canister jacket, and internal heating via
stainless steel tubing. Oxygen makeup is accomplished by various sized orifices
with pressure controlled by an absolute pressure regulator. Emergency gas can
be supplied in either the semi-closed or open circuit modes. The M-11 full face
mask is used in conjunction with the MK 11 MOD C UBA and incorporates an oral-
nasal mask, communications, open circuit emergency second state regulator, and
inhalation/exhalation hoses- which attach to the backpack for semi-closed
circuit use.
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DESCRIPTION OF MK 11 MOD O TEST CONFIGURATION

The MK 11 MOD O UBA was set up in the EDF chamber complex as shown in
Figure 2. Appendix B lists all equipment used during unmanned testing.

BREATHING RESISTANCE TESTS

The MK 11 MOD O UBA and M~11 mask were positioned in the wet test box
in the EDF chamber. A 1.00 psid pressure transducer tapped into the oral-nasal
mask to measure exhalation and inhalation pressures. The output of this
transducer fed into an x-y plotter along with the output of a linecar position
transducer mounted on the breathing machine. The combination of these two
inputs created the pressure-volume loops (P-V loop) on the x-y plotter from
which breathing resistance and breathing work are computed. Ambient water
temperaturec was 70°F and the exhaled gas was not heated or humidified. Para-
meters controlled, measured, computed, and plotted are listed under Test
Procedures.

CANTSTER DURATION TESTS

L) L L AL A e 1522

For canister duration tests the MK 11 MOD O and M-11 mask were positioned
in the wet test box the same as for breathing resistance tests. Sample lines
were connected to the inhalation and exhalation hoses which attached to the
MK 11 backpack. These lines carried samples of the inspired and expired gas to
the Beckmian Infrared Analyzers which determined SEV CO, concentrations out of
and into the canister. A closed-loop reservoir and pumip assembly supplied hot
water al the required temperature to the MK 11 absorbent canister at 2.5 gpm.
Chilling coils in the wet tesl box from the EDF life support loops appropri- .
ately controlled the ambient water temperature. Diver exhaled gas was heated, it
humidified and laden with CO_, in a manner consistent with an actual working )
diver. Parameters measured, controlled and plotted are outlined in the .§
following section.
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TEST PROCEDURE

TEST PLAN
The complete test plan is provided in Appendix A. All applicable NEDU
test standards for unmanned testing were followed. Test equipment is listed

in Appendix B and illustrated in Figure 2. A breathing machine simulated
inhalation and exhalation at various depths and diver work rates.

CONTROLLED PARAMETERS
A. Breathing Resistance Tests
The following parameters were controlled for breathing resistance tests.

1. Breathing medium

HeO2 Mixes: Depth (fsw) 250 450 650 725
(%He/%Oz) 82/18 90/10 93/7 93/7
2. Breathing rate/tidal volume RMV « Simulated Diver Work Rate
a. 15 BPM/1.5 liters 22.5 RMV Light
b. 20 BPM/2.0 liters 40.0 RMV ‘ Moderate
c. 25 BPM/2.5 liters 62.5 RMV ~ Moderately Heavy
d. 30 BPM/2.5 liters 75.0 RMV Heavy
e. 30 BPM/3.0 liters 90.0 RMV Extreme

3. Exhalation/inhalation time ratio: 1.00/1.00
4. Breathing waveform: sinusoid

5. Incremental descent stops for breathing resistance tests:
250, 450, 650 and 725 fsw

6. Water temperature: 70°F

B. Canister Duration Tests
The following parameters were controlled for canister duration tests.
1. - -eathing medium

HeO2 Mixes: Depth (fsw) 250 450 650 725
(%He/%OZ) 82/18 90/10 93/7 93/7

2. CO2 breakthrough tests were conducted using H.P. Sodasorb at water
temperatures of 40, 35 and 30°F (#2°).



3. C02 add rate:

a. 0.9 LPM at 23.0 RMV (2.0 LTV x 11.5 BPM) during 4-minute rest
cycle

b, 2.0 LPM at 50.0 RMV (2.0 LTV x 25 BPM) during 6-minute work
cycle

NOTE: The CO, add rate is cycled between 0.9 and 2.0 LPM at 4-
and 6-minute intervals, respectively, for the duration of
the canister tests to simulate a man working at an oxygen
consumption level of 1.56 LPM,

g

4. Relative humidity of exhaled gas: 90 percent relative humidity
(2 percent).

£
= 5. Control of exhaled gas temperature followed the formula that expired
= gas tempevature equals 24 + 0.32 times inspired gas temperature (T exp = ‘
%% 24 4 0.32 T in °C). NOTE: "T in'" was assumed to be 10°C above ambient water
%% temperature.,
=
Water Teﬁgerature (°F) 30 35 40
= Exhaled Gas Temperature (°F) 80.3 81.3 83.5

6. Depth stops for canister duration tests:
250, 450, 650, and 725 fsw

7. Hot water temperature to 002 canister: 110°F and 95°F

8. Hot water flow rate to 002 canister: 2.5 gpm

g A

' 9. The following matrix shows the depth and water temperature comhi-
nations which were studied to determine the canister duration scenario, A
minimum of 4 tests were run at each set of test conditions.

Ambient Water Tempersture (°F) .40 35 _ 40

Canister Inlet Water Temperature (°F) 110/95 110/95 110795

Depth (fsw) 250 - X/~ --
450 - X/~ -~
650 X/- X/X X/X
725 -- X/- --




MEASURED PARAMETERS
A. Breathing Resistance Tests
1. Tnhalation/exhalation peak AP (cm H20)
B. Canister Duration Tests
1. CO, level out of scrubber, expressed as a percentage of SEV

2

2. CO2 level into scrubber, expressed as a percentage of SEV

COMPUTED PARAMETERS

Respiratory work in kg m/liter tidal volume was computed from AP vs.
tidal volume plots obtained from breathing resistance tests.

DATA PLOTTED
A. Breathing Resistance Tests

1. Total breathing resistance vs. depth

2. Respiratory work vs. depth Qt constant RMV and supply pressure
B. Canister Duration Tests N

1. CO2 (% of SEV) out of scrubber vs. time



RESULTS AND DISCUSSION

BREATHING RESTSTANCE TESTS

Rreathing resistance was measured at five RMVs to simulate light
through extreme diver work rates. Light work was measured at 22.5 RMV,
moderate work at 40 RMV, moderately heavy work at 62.5 RMV, heavy work at
75 RMV, and extreme work at 90 RMV. These tests give a comprehensive look at
the full range of MK 11 MOD O performance.

Breathing resistances plotted are the pcal exhalation to peak inhalation
values measured during one complete breath at a given depth and RMV. Peak
to peak values, rather than individual inhalation and exhalation data, are
plotted since it is impossible to reduce the data into exact individual compo-
nents on closed and semi-closed circuit UBA.

In general, at 22.5 and 40 RMV each inhalation and exhalation value
contributed approximately 50% to the iotal breathing resistance (Figure 3).
At 62.5 through 90 RMV, exhalation resistance represented about 60% of the
lotal value plotted. This is tu be expected since the placement of the CO
absorbent canister in the exhalation flow path adds a small but measurable
amount of resistance over that experienced upon inhalation.

Analysis of the data shows breathing reésistance to be less than 25 cm HZO
in either direction at all RMVs tested at depths to 650 fsw. Breathing
effort increased dramatically at 725 fsw at RMVs over 62.5. This is a strong
indication that at heavy work rates the MK 11 breathing loop is reaching its
design limit at depths over 650 fsw. .

BREATHING WORK

Breathing work is defined as the external respiratory work required by
the diver to operate his UBA. Since work is equal to pressure multiplied
by the change in volume, respiratory work can be measured as a function of
the area enclosed within the pressure-volume loop generated during breathing
resistance tests (see Figure 4). While peak inhalation and exhalation pres-
sures offer satisfactory data for evaluating UBA performance, breathing work
is a morc accurate indication of rig performance.

Figure 5 plots breathing work versus depth at all RMVs tested. Work
levels were below 0.30 Kg m/1 at all RMVs tested to 650 fsw. However, 725 fsw
produced respiratory work requirements which were beyond 0.30 Kg m/1 at 62.5 RMV
and higher.
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CANISTER DURATION TESTS

The MK 11 MOD O absorbent canister incorporated Field Change Number 979A.
This included a modified canister configuration containing a heated central
core. The purpose of this heated core was to help maintain the absorbent
temperature at a sufficiently high level to improve canister durations. Dura-
tion tests were conducted at depths ranging from 250 to 725 fsw. Ambient
water was varied between 30, 35 and 40°F, while hot water to the canister
outer jacket and heated core was varied between 95 and 110°F. A minimum of
4 tests were run for each set of test conditions which are summarized, along
with the mean times to 0.5% €O, SEV and 1.0% CO., SEV, in Table 1. These re-
sults are also plotted in Figures 6 through 13.7 All tests were conducted using
a rest/work cycle sequence of CO, addition to simulate the manned canister dur-
ation tests conducted by NEDU in“the OSF (see Test Procedure). In addition,
diver exhaled gas temperature and relative humidity were controlled to accu-
rately simulate a working diver.

Canister durations given in Table 1 are the mean of four runs, and the
data plotted in Figures 6 through 13 are those tests which most closely
approached the mean values, respectively. It is important to note that
canister test results under the same test conditions were quite erratic.
Durations varied as much as 50 minutes between identical tests. Absorbent
canisters normally vary no more than 20 minutes from run to run under identi-
cal unmanned test conditions. This wide variance in the data is a strong
indication that the canister design is margingi at the depths and temperatures
evaluated. While significant gains in duration were achieved at 250 and 450
fsw over previous designs (reference 1), most of these gains were lost at 650
and 725 fsw in ambient water temperatures below 40°F.

One problem was noted during canister duration tests. There is an erratic
tendency for blow-by at the Koegel check valves in the M-~11 mask. At non-
periodic intervals the valves start to leak which causes high CO, concentrations
in the diver's inhaled gas, even if the scrubber is still functi6ning properly.

13



5°C1F 661 ¢ 50+ 991 o1t Gt

1°C1+ 09¢ 7rol® LT Uil cY
0Tl wET 8 2¢+ 661 011 13
1°91I+ L1 9*91% g¢c1 9 ce
g L1+ 181 £°4T% 1¢T o1l Gt
621+ %91 #g°60F <71 S6 ot
1°91% 04T gCl® Sne g11 113
L*11% 867 9°01* 89¢ ) St
z ps: ; Ps? NCL NQL .
A3s ‘0o %0°1 A3S “0n 2€ 0 ©°3 dusy G°H 1331STUBD dual @°H IMLTQLY
(ury) wIL ueay (Uiu) IwI] UBdK

SITASTY HOTIVYIO ¥ALSINYD GINNVIAN]
(V6.670d) 0 Q0x 1T i 30 AIVAIIS

T 3TEVL

T : e SRR e oyt = A N




=

P AR g W R .. W - g e e e =
L - T
IWII SASYIA 4349a40S 4C 1ao Nco INIO¥3d 9 F¥ATI4
(SILNNIN) FAIL
008 082 082 O¥c 02 002 081 081 Ol 021 00l Q3 09 oF¥ Cc< 0

D 2 Sa b & 0 Q3 A {3 & B . 3 3 L 3 - oo.

- 80°

— Ol

~ &I

v 1S3 ® XHOM — 02’

%S Pl - 8%’

|uwuwh<m 1NILINOD FHUNLSION LN3ISHOSSY L g¢°

.:#o«u XiN S¥9 ONIHiVIuE - §¢"

1001l —3UNLVEIdNIL ¥3LVM HILSINYD

408E JYNIYEILNIL HILVM ¥3AID - 0p ©
Ms4d 052 H1d30 O
T
s ¥
%
m

SL

e 1 A A




@Ermﬁa—i.l, T e e - [ - .

_ J—— -

R

[45)
1
(_\
i
.
{al
[
2y
(4]
]

(SILNNIN) 3NIL

00¢€ 082 082 OPT 032 002 O8I O91 OPi 02 OOI 0B 08 OF O o
IO N N S N N A A B 34 d— Y W & L 1 oo

v ¥ ®
. - g0
v # ﬁ. oI
- Gt
‘ ,
ﬁ 91534 sxuom } [ 02
; g2’
Yoo ti B
—— 3ONVHE LNILNOD 3MNISION LNIGHOSHY = (a0
209%0!
IHB06 ————————— XIA SVY9 ONIHLVIYS - [*1
4001 —3IHNIVHIINIL B3I LV HISINYD
4688 ——— JUNLVEIJANIL ¥3IVM ¥3AI0 L 0 O -
MS30SH HLd3C o =
N
~~
&
»
™

s AT R




S e SR e

— JE. S

00g 082 092 Obe 032
' U WO DA NN NS (NS NS W N

(P A3 T S SO T BT _— -

IKIL SISH3IA ¥4840¥OS 30 110 Sy 1ydo¥ad "€ F¥ADIL

0Oz 081 051 Ol ©21 OCI 08 09 o 02 Q

(SILNNIW) IWIL

¥ 1S3 @ %HOM
S L bt

—3JONYH IN3ILNOD 3HNLSION INIGHOSBY
20%¢

8H%Y%ES X SY9 SNIH1Y3INE

4066 —IUNIVYISNIL WALV HIISINYD
400¢€ JUNLVHIdWIL HIALVM HING

MS4089 Hi430

L 4

"' (%) 00

| T




g

sl R 4 I A . .
P S O T L A5 T G s B e
nﬁ m»

1

PO - ST T M JURE-J- R R EEUEE § R SO

{(SILNNIN) 3NIL
00g 082 092 Obz 022 00¢ 08I 081 Oyl Od OOl 08 09 oOF 02 O
' DS W D T N N N U S U N B G S | S O | —d—

%

v 1S3y o XHCA

{
s
<

-
-
@
>
—
-
&~
[ =
3

Yo ¥!
—39NVH LNILNOD JHNISION INIBECSEV
0% 2
¥H %¢t6 XIW SVO OHiH1Y34¥8

400l -3dNIVEIINIL 31VM HIUSIRYD
4008 ——3uNivHIdWIL Y3 Lvm ¥IAID
MS3 059 Hid3C

i




i

l

]

s .ﬁ%ﬁii;@é@uﬁ%;@%ﬁﬁ

i ——— -

e o iat i il

4RII SAS¥3A ¥3ggmids 50 110

1

i

e T TR sAETE T

Ncu INA2YEd

(S3LNNIN) 3WIL
00e 082 092 Ove Oz 002 O8i

o9l O¥l 021 001 08 09
1 | . y -

1

(et (3

T01 3¥N014

il GniRa il

v L334

@ MEOM

Y 8'¥!

20%<¢
% e

406%

—— 3oNYd LNILMOJ FUNLSICK LN3IEHOSEY

X1 SY9 ONIHivIHE
3056 — JUNLVYILNIL HILYAM 43L1SINYD
IYNIYHINIL H3L1VA ¥3AC

sS4 052

H1d3d

i

LT —— -

..ﬁ@%%w =




L T re "
e T STo IR LD e

T3 8§3SuIA ¥ArELgos 40 Lt Ce INYSHIS T11 3WWIA

(SILANIN) 3NWil
o0s 082 092 Ob2 022 002 08I 09 O¥l 02 ool o8 09 ovr 02 O
} &

___________._L__L__. P U U WD U W W .
— # b33 00

- GO’

, - ol

__., / - Gl

w1534 .xmo.s_ - 02’

0\0m.¢_ mN
—'39NVH LNILNOD FUNLISION INSBU0SEY - 0%’
20 %L

34 %6 ————— XIN SVO ONIHIVIZT -1

4011 —3¥NLYHILHIL H3ivM HILSINYD

e

‘, 4oG6€ JYNLYH3dNIL ¥ILWA Y3AIC — 0%
’ ASd 059 H1430 <
- G¥

‘38 (%) €00

0 T A A T A T T TP



A O A S S A

et e, 2 "
e o,

IWIL SNS¥IA ¥IFIMIDS 40 1A0 Nou 143o¥dd 71 JWASLd

(S3LNNHA) 3WIL
cOoS 092 092 Oy2 032 co2 031 G Ol Ozl Qo o8 o¥ 02 0

_nrp___: _ 00"
9 A ~ 40’
Y - O1°
— GI°
L1930 » HPGR — 82°
% vl il
—3ONWH LNILNGD FUNLSION LNIBYOSEY L o6’
I 20%L
YRS XN SYD SWIHAVIHE - g¢-
40011 —3¥N1VHIGAIL HILVA ¥ILSINVD
_ b 4009 JYNIVUIGMIL YT iR HIAD L oy &
! 1454069 H1d3d o
, gy ™




%ﬁﬁsﬁﬁéﬁ%ﬁ%ﬁs@ﬁ%§§§%§§§§%§@%§§E§§g§E,EEE%%%%E@%&? MBIy s T g

3411 305430 ¥353NE0S A0 110 Y INIDFIE g1 F¥ASIs

(SILNNIA) 3WiIL

OOt o082 092 092 022 002 081 091 oyl 02 o001 08 0% o oe 0
1 { ol —

| S T N S N O 1 P

444 o0
‘ - §0°
- or
- GI
vi§3Y o NuOM - 0¢
Y% £y - 82
luwqu IN3LNOD IWNISION LNISHOSEY - o¢"
209 ¢
M %cE XIN SVO OWIHIYING | | gg-
' 4501 —~3WNIYYIGRIL WILVM ¥31SIHYD
do5¢ IUNLVYIGHIL YIIVM ¥3IA0 - Op°
b MSd 2L Hld3g 3

"3'S (%) 0D




CONCLUSIONS

T N o T

Field Change {##979A has produced considerable improvement in the breathing
resistance and breathing work characteristics of the MK 11 MOD 0. However, the
occasional tendency for the Koegel check valves in the M-11 mask to leak gas is
a potential problem. Low resistance replacement valves such as the mushroom
valves found in the AGA A.C.S5.C. Full Face Mask have been shown to perform as
well as the Keoegels buv provide a more positive check valve function.
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Canister durations were improved at 250 and 450 fsw with FC#979A.
However, most of the gain was lost at 650 fsw or deeper in water below 40°F.
This fact, coupled with the erratic duration and times which were measured
under identical test conditions, indicates that the design is marginal.
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APPENDIX A

TEST PLAN FOR BREATHING RESISTANCE TESTS

1, a. Ensure that MK 11 is set to specification and is working properly

b. Chamber on surface
¢. Calibrate transducers
d. Open make-up gas supply valve to test UBA

¢. Pressurize chamber to 250 fsw

t. Adjust breathing machine to 1.5 liter tidal volume and 15 BPM
and take readings

g. Adjust breathing machine Lo 2.0 liter tidal volume and 20 BPM
and take readings

h. Adjust breathing machine to 2.5 liter tidal volume and 25 BPM
and take rcadings

i. Adjust breathing machine to 2.5 liter tidal volume and 30 BPM
and take readings

j. Adjust breathing wachine to 3.0 liter tidal volume and 30 BPM
and take readings

= k. Stop breathing machine

2. a. Pressurize chamber to 450 fsw
b. Repeat Steps 1f thru 1k
3. a. Pressurize chamber to 650 fsw

b. Repeat Steps 1f thru 1k

4, a., Pressurize chamber to 725 {sw

b. Repeat Steps 1f thru 1k

Bring chamber to surface

[
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b. Check calibration on transducers
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TEST PLAN FOR GO2 CANISTER DURATION EVALUATION

‘ 1. a. Ensure that MK 11 is set to specification and is working
properly using H.P, sodasorb

b. Chamber is on surface

¢. Calibrate transducers and Beckman 865 Analyzer

d. Open makeup gas supply valve to test UBA

COz is reached:

g' ¢. Pressurize chamber to 250 fsw

§ f. Water temperature to be 35°F

gi g. Canister inlet water temperature to be 110°F

g; h., Start humidity add system

%i i. Start CO2 add and maintain following procedure until 1.0% SEV
§

4 minutes at 0.9 LPM CO2 add/2.0 Titer tidal volume a.d
1..5 BPM

(O GTHTT

6 minutes at 2.0 LPM CO, add/2.0 liter tidal volume and
25 RPM 2

j. Take data every 10 minutes to breakthrough

2. Repeat Bteps la - 1j with the following number of tests at cach
depth/water temperature combination:

! Ambient Water Temperature (°F) _o.. 40 35 30

00 L B

Canister Inlet Water Temperature (°F) 110/95 110/9% 110795

Depth (FSW) 250 - 4/- -
450 - /- -
650 4y~ 4/b 4/
725 - 4)~ .
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APPENDIX B

TEST EQUIPMENT
I. Breathing machine CO2 add system/humidity add system

2. Validyne DP-15 pressure transducer w/1.00 psid diaphragm (oral
pressure)

3. Wet test box

4. The heating and cooling systems from the EDF life support loop
to control water temperatures

5. MFE Model 715M X-Y plotter

6. Validyne CD=23 traunsducer readout (1 ca)

7. Beckman 865 Infrared Analyzer for analyzing C()2 out of scrubber
8. Beckman 865 Infrared Analyzey for analyzing CO2 into scrubber
9. NEDU EDF chamber complex

10. Chamber depth gauge

11. External gas supply pressure gauge

12, Test UBA: MK 11 MOD O

13, Hydrodynamics relative humidity sensor

14. Breathing machine piston position transducer

15. Gould Brush Model 2600 strip chart recorder

16. YS! Medel 701 thermistors for monitoring wet box and canister inlet
water temperatures (2 ea)

17. Digitec Model 5820 thermistor readouts (2 ea)
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