APOLIO 14 MISSION REPORT

PLSS/OPS (EVA-1)

The PLSS/OPS performance during the first EVA was excellent, and the
telemetry data obtained compares well to data generated during preflight
ground testing. (Appendix II). Comparison of the amount of expendables
consumed (6xygen and water usage) was good. Based on metabolic determina-
tion from oxygen consumption, feedwater usage and thermal balance, the

CIR worked at an average rate of 750 BTU/hr while the IMP worked at 900

BIU/hr during this EVA. Both crewmen maintained a comfortable temperature

~and only the IMP had to change diverter valve positions. Tables I, II, III, and
IV provide a listing of expendables used, metabolic rates, assumptions

used for calculating metabolic rates, and possible errors and their effects

on metabolic rate determination.

Comnunications Check 52 Minutes

(From power on at 113:08:08 IMP and CDR to fan on at 113:59:40 LMF and CDR).
When the RCU switches were properly positioned, communicstions were good

in all modes. The 02 quantity as indicated on the RCU was 89% for the CIR
and 927 for the LMP. Currept and voltage readings were normal and all

sensors were reading as expected.
The initial POS charge as indicated on telemetry was 1000 psia for the COR

and 1020 psia for the IMP. This compares favorably with pre-flight ground-
data, which indicated a 1025 psia charge for the COii and a 1023 pcia charge

[
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The comnunications check required about 52 minutes because there was

confusion as to what position the LM and RCU switches were to be in.

Communications and the telemetry problems were resolved at 113:50:20, about

30 minutes longer than planned.

PLSS Start Up 26 Minutes

(Fan on to feedwater flag clear at 114:25:20 CDR and 114:24:50 LMP). After

initial fan start up flow was verified. The PLSS pump of the CIR was
started up at 114:13:00 and that of the LMP at 114:13:00. The current

and voltage readings were normal during startup; the current stabilized

at 2.58 amps for the CIR and 2.7 amps for the LMP. These values are .l

amps lower than those during SESL tests for the CDR and the same value as

during SESL for the LMP.

Initial pressurization of the PGA's resulted in a 55 psia pressure drop in
POS pressure for the CIR and a 65 psia drop for the LMP. These values are

3 psia and 21 psia higher respectively than data obtained during chamber
testing. 1Initial cabin depressurization began at 114:17:00 and the hatch
was opened approximately 4 minutes later. The CIR's low feedwater pressure
warning flag deactivated 4 minutes after turning on the feedwater., It

took 3 minutes and 30 seconds for the LMP's low feedwater pressure indicator

to deactivate.



EVA 278 Minutes

(From feedwater flag clear to feedwater valve closed at 119:03:15 IMP and
CIR.)

The CIR began the EVA at 114:26:30 with the diverter valve in the minimum
cooling position. Throughout the EVA the CIR remained in minimum cooling.
The LMP egressed the LM at 114:35:00 with fhe diverter valve at the
minimun position. Throughout the EVA, the LMP switched between minimum
and intermediate positions, making 2 diverter valve changes. The LMP

ingressed the LM at 118:57:30 and the CDR was back in the LM at 119:02:00.

Oxygen consumed was 490 psi for the CDR amd 725 psi for the LMP. Total
EVA time was 4 hours 49 minutes for the CDR and the LMP. The higher oxygen

consumption usage rate of the LMP was due to a leak in the system,

PISS Shut Down 23 Minutes

(From feedwater valve closed to power off at 119:26:00 for the LMP, and

for the CDR.) -

Cabin repressurization and PLSS shut down went smoothly with no léss of
cooling being reported or indicated on telemetry. The crewmen shut off

their PLSS oxygen supplies when the cabin pressure reached 2.5 psia. The
CIR's POS pressure dropped 4O psi during repressurization while that of the
IMP dropped 15 psi. The cabin reached 3.5 psia at 119:08:00. Feedwater
pressure dropped off normally, and fan and puwp shut downs occured at 119:23:40

for the IMP and 119:23:55 for the CDR, The EVCS mode switch was turned to "O'

at 119:26:00 for both crawsen.
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PLSS Recharge and Feedwater Collection

The IMP's PLSS oxygen recharge began immediately after cabin repressurization.

LiOH cartridges and batteries were replaced on both PLSS's. Measurements
of the feedwater bags were performed similar to those on Apollo 12. When
the scale was zeroed, one RCU with a lnown earth weight was weighed to
provide a conversion from lunar kilograms to earth pounds.

Using this factor, the lunar weights of the feedwater, and the initial
charge of feedwater, the amount of feedwater used was calculated and a
metabnlic rate established to compare to rates calculated by the thermal
balance method and the oxygen consumption method. Lunar weights of feedwater
collected was 0.25 XG and 0.19 KG for the CIR and LMP respectively.

Topping off the PLSS POS was then performed. The POS pressure at the start
of the second EVA was 980 psia on both PLSS units, verifying that a full

charge had been accomplished.

PLSS/OPS (EVA-2)

Preparation for the second EVA progressed more smoothly than it did for the
first EVA, and the actual EVA was completed without EMU problems. Generally,

the second EVA was a repeat of the first, with good correlation between
telemetry data and chamber test data.

The amount of oxygen and water consumed compared well during this EVA also.
1

Bused on metabolic determinations from O, consumption, ard
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thermal balance, the CDR worked at a rate of 900 BTU/hr and the LMP worked

at a rate of 1050 BIU/hr.

Comunications Check 8 Minutes

(From power on at 131:36:54 CIR and LMP, to fan on at 131:45 CIR and
IMP).

No problem occurred during this portion of the pre-egress activities and
communications were good in all modes. The CDR had 85% oxygen and the LMP

85% as indicated on their oxygen quantity gauges. Telemetry indicated 98C psia
for the CDR and the IMP.

Current and voltage readings were again normal and warming tones and flags

performed properly.

PLSS Startup 8 Minutes

(From fan on to feedwater flag clear at 131:54:00 IMP and CIR.) Fan and

pump startups were nbrmal, and the current eventually stabilized at .1l

amps lower than ground level tests. Actual current values were nearly the

same as those during the first EVA,

Oxygen was turned on at 131:43:15 for the CDR and the IMP. The POS pressure
drop during suit pressurization was 65 psi for tﬁe CDR and 60 psi for the
iMP. These values compare with those during the first EVA quite well; 55
psi for the COR and 65 psi for the LMP. Cabin depressurization began st

131:47:40, and the hatch was opened about 5 minutes later.
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Elapsed time from feedwater on to feedwater flag clear was 3 minutes 26

seconds for the COR and 3 minutes 26 seconds for the LMP.

EVA 270 Minutes

(From feedwater flag clear to feedwater valve closed at 136:20:50 LMP, and

136:24:00 CIR).

The CIR egressed the IM at 131:53:50, and the IMP followed at 132:00:00.
The CIR began the EVA with the PISS diverter valve in the minimum cooling
position, as did the LMP,

Throughout the EVA, the CIR switched between minimum and intermediate
cooling. The LMP also changed diverter valve positions between minimum and
intermediate cooling.

The IMP ingressed the LM at 136:06:00, and the CDR ingressed at 136:16:30.
(xygen consumption was nominal for the time périod with hSO_psi being used

by the COR and 680 psi by the LMP.

P1SS Shut Down 6 Minutes

(From feedwater valve closed to power off at 136:30:10 COR and LMP).

Cooling performance was good from feedwater off to cabin repressurization
at 136:23:50. The POS pressure loss during cabin repressurization was 40

pei for the COR and 20 psi for the IMP. The CDR and ILMP shut off their
oxyegen valves at 136:23:00.
Veedwalor pressure dropped off properly, and voltage and current data was

normal during fan and pump shutdown.. The Mode selector switches were placed

in the "O" position at 136:30:10.



EXFENDABLES DATA

MITCHELL
AMT., USE RATE | TIM® TIME TD/S ;
MOUNT _AMOUNT USED USED AMOUNT DURING iUSED REMAINING AVAILARLE |
EVA I RE EVA JPRE EVA |EVA |POST EVA | TOTAL REMAINING EVA (HR) (HR) (TOTAL HOURS)
Dxygen (PSIA) 1020 65 | 725 15 | eos 215 | 157.7 B2 s.es  o.6s 5,52
Feedwater (1b.) 8.66 42 | 5.23 5.65 2.05 1.12 1t c
- usable bl 4469 LRgS 6.2
Li0H - - - - - - - 5.40 4,60 Plug 11,00 plus
Power {watt hours)| 279 32 217 n 260 19 L4.6 wattJ 6.27 A3 6.70
EVA II
Dxygen (PSIA) 980 60 (670 | 20 750 230 [154.8 B2 | 4 65 0.7 5.39
Feedwater (1b.) 8.96 28 | 6.53 - 6.81 1.32 |13 1b | 4.56 93
. . . L i 43 1b A . 5.48
(assumed) : usable hr _
L10H = - - - - = = 5.00 3.00 plus 8.00 plus
Power (watt hours) 279 20 206 1 226 53 L4.0 wattg 5.20 1.20 6.40
TABLE II.

(See pages 11 and 12 for methods of determining expendables data.)



Summarz
EVA 1

Shepard

Cas Inlet Temp. D.P. (°F)
Thermal Balance
0, Consumption 1

Feedwater Consumption

Mitchell

Gas Inlet Temp. D.P. (°F)
Thermal Balance
02 Consumption 2

Feedwater Consumption

FVA TIT

Shepard

Gas Inlet Temp. D.P. (°F)
Thermal Balance
02 Consumption 3

Feedwater Consumption

Mitchell

L.
2
3.

Gas Inlet Temp. D.P. (°F)
Thermal Balance
0, Consumption 4

Fecedwater Consumption

-9 <
TABLE IIX.

No Heat Leak
No Suit Leak

68 s 60
870 788 717
780 780 780
628 628 628

895 795 710
1220 1220 1220
T il ] 77

No Heat Leak
No Sult lLeak

67 63
1017 916 8239
1080 1080 1080

Not Avail.

3 69 65
1268 1168 1082
1210 1210 1210
Not Avail,

Assuned lecakage used is that during PIA

As:umed leakage
A ueed leakase
Acstod teakase

non

300 scc/min
175 scc/min
130 sece/min

With Heat Leak (~140BTU/hr)
§qd Suit Leak

68
973
743
740

988
900
889

2{1
881
743
740

69
888
900
889

60
810
743
740

65
803
900
889

With Heat Leak
and Suit lLeak

(+135 BTU/hr)

67 63
927 826 749
900 900 900

Not Avail,

13 8 65
1178 1078 992
1050 1050 1050
Not Avall,
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TARLE IV

METABOLIC DETERMINATION ASSUMPTIONS

02> Consumption

Aasumptions - K.Q. = 0.85 (input from Humbert)

Feedwater
Assunptions:

Z heat generated by CO2/LiOH = 0.276 (metabolic)
For EVA I: Heat Leak = -140 BTU/hr

Thermal Balance

Ventilation Loop + Liquid Transport Loop
Assunptions:

Ventilation flow - Based on PLSS/PGA PIA performance data corrected
for LiOH cartridge and wet system.

Liquid flow - Based on PLSS/LCG performance data corrected for
temperature.

EVA I: Heat Leak = -140 BTU/hr EVA II: Heat Leak = 135 BTU/hr

Possible Errors

0o Consumption

PGA leakage - 1 cc/min 1 BTU/hr

R.Q. - 0.01 change 2 BTU/hr

0o pressure - 1 psi 2 BTU/br
Feedwater

EVA II - O - 0.6 H,0 remaining in the sublimator - 0-130 BIU/hr
Heat leak - 100 BTU (neg)/hr 80 BTU/hr increase

Heat storage - 0-100 BTU 20 BTU/hr

Thermal Balance

Heat Storage - 0-100 BTU 20 BTU/hr
Flow (liquid) - 0.1#/min 6 BTU/hr
Delta T - 0.19F 25 BTU/hr
Vent Flow -~ 0.1# 1 hr 4 BTU/hr

Dew Point - 1°F 20 BTU/hr



EMU HEAT LEAKS

= .
ua Condition Heat leak,
Sun_angle, deg MU Btu/hr
1 12 Clean -140
25 Partially LS
dirty

“Rough lunar plane.
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METHODS OF DETERMINING EXPENDABLES DATA

Oxygen
A). Amount Pre EVA:
B). Amount Used Pre EVA:
C). Amount Used — EVA:
D). Amount Used - Total:
E). Amount Remaining:
F). Use Rate During EVA:
G). Time Used:
H). Time Remaining:
I). Time Available:
Feedvwater
A). Amount Pre EVA:
B). Anount Used Pre EVA:

For both EVA I and IJ, this is the Quantity of
0, each crewnan had prior to turrning on the 02
v%lve

This is the amount of axygen used to pressurize
the PGA

This is the amount of oxygen used during the
actual EVA, time span being fram after initial
suit pressurization to tefore catin repressurization.
This is the time periocd used to calculate the
oxygen use rate

This is the amount used during EVA end pre EVA

This is the amount of oxygen remaining Just before
cabin repressurization

This is the amount of oxygen used during EVA
di ided by the time discussed in section G

This is the tim=z period where the usage rate is
stable - fram after suit pressurization to before
cgbin repressurization

This is calculated using the use rate during EVA
and the usable amount remaining. 7The usable amount
remaining is that amount remaining just before
cabin repressurization less 135 psi

This is the time used plus the time remaining, Timc
used is from O, on to O2 off

For EVA I this is the deita weight of the PLSS
when charged for flight at KSC. For EVA IT it is
the same weight as EVA I {aszuned ) plus .30 1b.
assumed to be left in the line to the sublimator

This is the amount of feediwater used to dissipate
heot, built ue uvrior to turnirg ths pump on



C)-

D).

E).

F).

G).
H).

| g
e

The -$6

Power

Aomcunt Used - EVA: For EVA I, this is determined by taking the amount
of pre EVA feedwater {corrected for hose expansion)
and subtracting the amount coilected using feed-
water collection bag weights (corrected for slave
water and bag weight). Froam this number is
subtracted the amount of feedwater used in pre EVA,
For EVA II, it is calculated using a metabolic rate
based on O2 conaumption

Amount Used - Total: This is the amount used during EVA plus the amount
used to dissipate heat built up prior to EVA

Amount Rewmaining: For EVA I, this is the amount collected by the
feedwater collection bag less the bag weight. For
EVA II it is calculated using a metabolic rate
based on O2 consumption

Use Rate During EVA: This is the smount of feedwater used during EVA
divided by the time from feedwater ON to feedwater OFfT

Time Used: This is the feedwater (N to feedwater OFF tim2

Time Remaining: This is calculated using the use rate during EVA

amd the amount remaining {usable)
Time Available: This is the time used plus the time available or

the total EVA time before the feedwater would have
been depleted

PLSS LiOH expendable curve was used to determine the time remaining.

Although 279 watt hours is the specification sinimmm pre EVA power available,
FLSS batteries have always exceeded this and the lowest ever recorded was
282 watt hours.



APPENDIX I
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Appendix ) METABOLIC DETERMINATIONS

Mctabolic rates were determined by thermal balance, axygen consumption, and
feedwater censumption.

Thenaal balance consists of adding the hea£ absorbed by the Transport Water
Loop and the Oxygen Vent Loop to obtain the total amount of heat generated
by the crewman. The metabolic rate exerted upon the Transport Water Loop is
equal to the LCG AT multiplied by the LOG Flowrate. The LCG AT is obtained
fran the actual EVA data, and the LCG flowrate is obtained from the preflight
PIA data. The metabolic rate is then wmultiplied by the time spsan involved
to determine the total amount of heat input by the crewman to the Transport
Water Loop.,

Heat Load on the Oxygen Vent Loop is determined by calculating the change in
enthalpy of the vent loop from sublimator gas outlet to gas inlet. Varisus
gas inlet dew point temperatures are assumed. The Vent Loop flowrate is
then determined fran the Intersection of the. ciwrves of the PLSS fan aP vs
Flowrate and PGAA P vs Flowrate, The PISS fanaAP is corrected for LiOH
cartridge and wetted loop, while the PCAAP i3 corrected for altitude and
flowrate. Multiplication of enthalpy change and the Vent Loop flowrate yields
the total heat load output of the crewnan to the Vent Loop. |

The time period used for the oxygen consumption method is that where the
usage rate stabilized to a nearly constant rate. The equation used is an
empirical one. Knowisng starting and final POS pressures over this given time
span, the weipght of oxygen used 1is ‘calculated using the iniversal Gas Law,

P = QZ&'I‘, where P is pressure, T is temperature, O is density, and 2z is the

conpreanibility factor, Compressibility factors are obtuined from roferences



A

stated in "Canpressibility Factors for Oxygen for Temperatures from 490°R
to 620°R and for Pressures fran 200 psia teo 3600 psia', Report No.
5~294,0-2-Y8U-980 (CSD), April 8, 1970, by R.V. Monzingo. The weight of
oxygen consumed is then used in the empirical equation, and metabolic rate
is determined.

Feedwater consumption methed is used to determine the metabolic rate by the
amcunt of Ifeedwat,er used during the EVA. The time period used is fram
feedwater on to feedwater off, This method was not used for EVA II because
no feedwater collection was made after this EVA.

The feedwater used te dissipate heat prior to EVA is determined by
calculating the heat lead built up by the system prior to EVA, The system
builds up heat from helmet on to feedwater on. Sources of the heat are

the crewman, LiOH/C.2 reaction, eltectrical lead, and the fermation of ice
in the sublimater. It was assumed that the crewnan built up heat at a

rate of 600 BTU/hr and that 0.6 lb. of water freezes in the sublimator

during the time from helmet on to feedwater on.
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Final Mectabolic Rates

EVA 1

Shepard

There is excellent correlation between metabolic rates based upon feedwater
consumption and oxygen consump£ion. The Ozdconsumption method using no

oxygen leakage shows that the maximum metabolic rate at which the CD worked

is about 780 BTU/hr. Assuming an 0, leak rate the same as during preflight
PIA data givcs a metakbolfc rate of 743 BTU/hr, This agrees with the feed-
wilur consumption method which produces a mctabolic rate of 628 B81TU/hr
assuming no heat leak, and a rate of 740 BTU/hr with a heat leak of -140 bTU/hr.
This value of the heat leak is gotten from the Apollo EMU Performance Data
Book,

From these two results, it is likely that the CDR's metabolic rate was about
750 BTU/hr.

The results of the thetmal balance method do not agree with this result.
llowever, the thermal balance method is the lcast accuratc of the three methods.
As is shown in Table IV, there are many sources of error involved in this
method, 1t is possible that nefther Transport Water flow nor Oxygen Vent Flow
were as expected by preflight PIA data. The AT readout may have becn in error,
and the gas inict dewpoint is unknowm. .

It is reasonable to assume that the thermal balance method does not dispute

the results determined by the other two methods, and thal the CD 's

metaboiic rate was 750 BTU/hr.

Mitchell
Feedualer consuept jon shows that the LMP workcd at a mctabolic vate of E39

it ey ingluding hcat leak,  From this resuli, it i+ Likely that the metaboiiy
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rate was about 900 BTU/hr during this EVA, Oxygen consumption with zero

0, leakage yields a metabolic rate of 1220 BTU/hr. However, the LMP did

have a high oxyzen leakage rate. It is reasonable to assume that the

leakage was about 300 scc/min, which would make the metabolic rate 900 BTU/hr,
which agrees with the feedwater consumptioﬁ method.

in addition, thermal balance method with a gas inlet dewpoint of 69°F shovs

a metabolic rate of 888 BTU/hr, including the -140 BTU/hr heat lecak. Tests
run at HSC show that this is a reasonable dewpolnt tempcrature. Despite
errors involved, thermal balance method in this case substantiates well the

z
tesult gotten from the feedwater consumption method.

EVA 11

Shepard

No [eedwater measurement was made after EVA 11, so feedwater used is unknown.
Results obtained from the thermal balance and 02 consumption methods 2ive a
rangc of metabolic rates from 800 - 1000 BTU/hr. 1t can be concluded that the
COR worked at an average metabolic rate of 900 BTU/hr. An 0, leakage of

1?5 scc/min would result in a metabolic ratc of 900 BTU/hc. 1t is not
untikely that the leakage rate for the CDR during this EVA would be on that
order. fleat leak during EVA IT was 4135 BTU/hr. This value of the heat leak
s gotten from the Apolto EMU Performance Data Book.

Mitchell

As for the CDR, no feedwater collection was taken for the WMP after this EVA,
SO no exact metabotic rate can be pinpointed. However, results oblained show
that the mctabolic rate was betwcen 850 and 1250 BTU/hr. Usfng the same 0,
leakane a~ in EVA 1 Zives a metabolic rate of 900 BTU/Hir hy the Oxvien Consu- (it

Mcthod. Thermoal balance calculitions give metabolic rates of up to 1200 LTU/hr.
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The onty conclusion which can be drawn is that the metadolic rate was

Letween 900 and 1200 810/hr, er about 1050 BTU/hr.



Thermal Balance Methed (Zero Heat Leak)

A. Transport VWater Loop

Shepard mVA T

MR = LCC T x LCG B/R

- 18 ~

ML = MR x t
LOG LCG F/R  LOG F/R MR HL
Time Period t, T Az, T (PFM) (PPH) (BT /hrs)  (BTU)
114:19 1:13 1.50 | 81 L.30 258 387 471
to
115:32 1,217
N15:32 3:36 | 2.2 | 73.8 L.38 263 531 1910
to
19: 08 3.6
Total¥MlL = 2381 BTU
Mitchell EVA I
LCG LG F/R LCG F/R MR hid
Time Peried g T AV, T (PPM) _ (PPH) (BTU/hrs) (BTU)
114:19 :13 | 1.0 85 3 4.03 24,2 242 52.5
to
11/,:32 .217
114:32 2: 52 andd | 6.5 4,35 261 456 1310
to
ﬁi?:zu 2,867
7:2, 04 | L4 70.2 | 4.31 259 1140 76
t.o | | |
117: 28 L067 |
117: 28 1:40 |1.7 | 75.6 4.35 261 443 740
to
119: 08 1.67

Tot.al ML = 2178.5 BTU




Shepard EVA 11

19 -

pires 1cG F/R LCG PR MR HL
Time Period t T AvV. T (PPM) (PPH) (BTU/hrs) (BTU)
Et:ha 1:52 | 1.45 79.7 4.34 26 .5 378 705
[o]
133:40 1.867
02 |4 g0 L.4 264 1057 35.2
.033
2 |4 79 L LO 264 1057 35.2
.033 e
Q07 | 5.6 75.8 4,45 267 1495 174
Q166
1:02 | 4.2 63.6 4.50 270 1134 1172
1.0333'
135: 14 1:06 1.8 72.4 4,40 264 L75 526
to
[136:23 1.15 t
110 '{2.0 81.3 ' 4.33 260 520 86.5
167
Total ML= 2733,9 BTU
Mitchell EVA I1I
LCC LG F/R  LCC F/R MR HL
Time Period t T AV, T (PPM ) (PPH) (BTU/hrs) (BTU)
131: 48 TESB =LY LA 4.29 257.5 437 713
to
N13: 26 1.633 _
133:26 42 | 4.8 61 L.58 275 1320 923
to
l'ih:m i?
134:08 3 | b7 75.9 4.35 261 NN 251.5
to
134: 42 567 | s
134:02 1:41 | 4.1 61.5 L.57 274 1223 1890
to
134:23 1 623 |

Total ML = 3777.5 BN
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B. 02 Vent Loap
Shepard EVA 1

Flow = 6.32 acfm = 8,08 pph

Fram psychrametric charts n(42% DP) h{In, DP) Ah

680F inlet dew point and I.-ZgF outlet D.P. 33 80.5 47.5 BTu/1b
64 F inlet dew point ard 42 F outlet D.P. 33 70.1 7.7

60°F inlet dew point and 42°F outlet D.P, 33 61.1 28.1

MR = 47.5 BTU/1b x 7.90 pph = 375 BTU/hr &8°F D.P.
I¥ = 375 BTU/hr x 4.817 hr = 1808 BTU

MR = (37.1) {7.90) = 293 BW/hr 64°F D.P.
HL = (293) (L.817) = 1412 BTU
MR = (28.1) (7.90) = 222 BTU/hr 60°F D.P.

HL = (222) (4.817) = 1070 BTY

Mitchell EVA 1

Flow = 6.22 acfm = 7.95 pph

Fron psychrametric charts h(47°F DP) h{In. DP) Ah

73°F inlet dewpoint and 47°F outlet D.P.  39.2 96 56.9 sTU/1:
69°F inlet dewpodnt and 47°F outlet D.P. 39.2 83.4 LL.2

65°F inlet dewpoint and 47°F outlet D.P.  39.2 72.4 33.2

Dry F/R = 7.95 {1-.0245) = 7.76 pph
MR = (56.9) (7.76) = 442
KL = (442) (4.817) == 2127

MR = Ga.2) (7.76) = 343
HL = (343) (4.817) = 1651

MR = (33.2) (7.76) = 258
HL = (258) (4.817) = 1240
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CoVent. Loop
Shepard EVA I1

Flow :- .32 acfm ~ 8.08 pph

From poychrometric charts

7121—“ inlet D.P. and h52? outlet D.P.
6701“ inlet D.P. and 45 F outlst D.P.
63°F inlet D.P. and 45°P outlet D.P.

Dry F/R = 8.08 (1-.022) =17.90
MR = (53.2) (7.90) = 420
HL = (420) (4.583) = 1928

MR =(u8.5) (7.90) = 320
HL = (328) (4.583) = 1468

MR = (30.7) (7.90) = 243
HL = (243) (4.583) = 1112

Mitchell EVA II
Flow = 6.22 acfm = 7.95 pph

Frap psychrometric charts

73;’1? inlet D.P. and a7§r-‘ outlet D.P,
69°F inlet D.P. and h?oF outlet D.P.
65°F inlet D.P. asd 47°F outlet D.P.

Dry F/R = 7.95 (Q-.0245) = 7.76 pph
MR = (56.9) (7.76) = u42
HL = (442) (4.583) = 2030

L.42) (7.76) = 343
353) (4.583) = 1572

(
(
533.2) (7.76) = 258

MR =
HU =
MR

HL = (258) (4.583) = 1163

n(45°F n.r.) h(In.DR) Ah

75.8 YO.0  53.2 BTU/1b
36.8 en 40,5
36.8 67.5 30.7

h(47°F D.P.) h(In, D.P.) Ah

39.2 96 56.9 BTU/1b
39.2 83.4 Li.2
39.2 72.4 33.2
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EVA I
Shepard
Assumed Gas I let T= D.P. &8 éﬁ 5‘2
ML Evenﬁ 1808 1412 1070
ML {T/W) g1 238l 2381
Total ML (BTU) h%'i 3793 3451
EVA time 4.817 hrs.
" M/R (BTU/hr) . _8% _88__ _ _17
Av. M/R (BTU/hr) 792
Mitchell
Assuned Gas Inlet Temp D.P. 73 69 65
ML (Vent) 2127 1651 1240
ML (T/W) 21 2179 219
Total ML (BTU) - b 3830 3419
EVA tims 4.817 hrs.
¥/ (BTU/hr) 895__795 _ __ 710
Av. M/R (™U/hr) 800
EVA 11
Shepard
Assumed Gas I let Temo D.P. 71 6 63
ML (w/mﬂ 19268 1L68 111}2
ML (3/W) %& 2734 222.:
Total ML (BTU) L6062 4202 384
EVA time 4.583 hrs.
M/R (8TV/hr) 1017 _ 96 _ _ _ _839
Av. M/R (BTU/hr) 924
Mitchell
Assumed Ga&s 1 let Temp D.P, 723, 69 65
ML (Vent 2030 1572 1183
ML (T/W) 2778 2778 3178
Total ML (BTU) 5808 5350 4961
VA tunz 4.583 hrs,
M/R (BTU/hr) 268 _n68_ _ 108

Av. M/R (BTU/hr) 1173
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J I 02 Censumption Method

EVA I

Sheeard

_ D5 used - 02 leaked
- .0001648 '

ML RQ = 0.85.(see page 24)

Time: 114:38 to 119:06 = 4:28 =™ 4,467 hrs.

At 114:38 P8S pressure = 945 psia, @, Wt. = 1.190 lb.

At 119:06 POS pressure

490 psia, 0; Wt. = 0.615 lb.
0y used = 1.190 - 0,615 = 0,575 1b,

For zero 02 leakage, O used - 0y leaked = 0,575 lb.
0.575

ML = A 3490 BTU
3490 BTU
L = sl B
e ke - 780 BTU/br

For preflight PIA data, suit leakage was 147 scc/min

147 x 1LBO = 35,8 scec/min at altitude
T40

0, leaked = 35.8 scc/min x 2,92 x 10 1b/scc x 268 min = 0.028 lbs.

0, used - 0p leaked = 0.575 - 0.028 = 0.547 1b.

2

_ 0.547 -
ML = mioai 3320 BTU

3320 BTU_ _
ML = 4,467 hrs. 743 BTU/br

Mitchell
Time: 114:3C to 119:06 = 4336 = 4.6 hrs.

1,213 1b.

At 114:30 POS pressurc = 960 psia, 0, Wt.
At 119:06 POS pressure = 235 psia, 0, wt. = 0.288 1b.
0, used = 1,213 - 0.288 = 0.925 1b.
Yor zern O2 teakuasle, MR = 1220 BTU/hr

From preflight PIA data, suit leakage was 70 scc/min, 17.0 scc/wmin
at altitude,

MR = 1202 BTU/ur
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EVA 11

EhoEard
Time: 132:12 to 136:20 = 4:08 = 4,133 hr.

At 132:12 POS pressure

910 psia, 0, Wt. = 1,150 1b.

2

At 136:20 POS pressure = 335 psia, 0, Wt. = 0.415 1b.
0, used = 1.150 - 0.415 = 0,735 1b,
Per zerd 0, leakage, MR = 1080 BTU/ht

Using preflight PIA lcakage, MR = 1042 BTU/hr.

Mitchell

Time: 132:00 to 136:20 = 4:20 = 4.333 hr.

At 132:00 POS pressure 920 psia, 02 we. 1.187.1b,

0,293 1lb.

At 136:20 POS pressure = 250 psia, 0, Wt.
0, used = 1.157 - 0.293 = 0.864 1b,
For zero 0, leakage, MR = 1210 BTU/hr.

Using preflight PIA leaksge, MR = 1192 BTU/hr.

Empirical Equation for Metabolic Load by 07 Consumption

05 used - 07 leaked

.0001708 - (R%-ﬂ.?u?} (.0000123)
02 9:3

For RQ = 0.85, the equation teduces to:

Metabolic Load =

Mctabelic Load = 0; used « 0, leaked
.00016438
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III. Metabolic Rate Based on Feedwater Consumed

Shepard EVA I

RCU Earth Weight = 5.14 Lb.
RCU Lunac Weight = 0.382 kg
5.14 1b. _
BTSEE_EE.- 13.52 lb/kg

Lunar weight of feedwater bag from Shepard's first EVA = 0,25 kg
Earth weight of dry feeawater bag = 0.47 lb.

Feedwater collected = (lunar weight x 13.52) - 0.47 .

(0.25 kg x 13.52 lb/kg) - 0.47 1lb.

2.91 1b.

8.59 = .13 (due to hose expansion)
8.46 1b.

Initial charge

Initial charge - (feedwater collected + 0.83slave water)
8.46 ~ {2.91 + .83)
4.72 1b.

Feedwater used

Feedwater used to dissipate heat built up prior to EVA =

(1.276) (600) {.361) + f182)(0C.6) + 54.6
1038

= 0.42 ib.
Feedwater used during EVA = §4.72 - 0.42 = 4,30 tb.

Metabolic Rate = Heat of Conversion x Weight - Electrical Load
(1.276)4.7)

NOTE: The constant 1,276 provided by HSD accounts for the percent
of heat generated by the CO,/LiOk reactioa.

The cabln temperature priov to EVA I was 70°F (D. BoydslLon ECOH)

MR

Ir

Heat of conversion X Weivht - Electrical load
(1.276)(4.7)

[1075.8 - (Tcabin - 32)] 4.30 lb, - 690
6,00

(1037.8) 4.30 - 690 = 3770 = 628 BTU/hr
6.00 6. 00




Mitchell EVA I
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Feedwater used = 5.60 1b.

Feedwater used during EVA = 5,60 - 0.42 = 5,18 1b.

MR = (1037.8) 5.18 - 716 = 4654 = 777 BIU/hr

6.00

Flectrical lLeagd

Shepard EVA 1

54
6.00

43 x 3.415 x 4,7 = 690 BV

Mitchell EVA I

L4.6 x 3.415 x 4.7 = 716 BIU

Feedwaler used to dissipate heat prior to EvA

lleat
tHicat
Heat
Heat

tleat

l.oad duc to crewman: (600)(.36l% = 216.5 8TV

Load duc to Li®H/CO, vreaction: (.276)(600)(.36L) = 59.7

Load due to ice formed in sublimator: 61144 + (70-32)] = 109.1
l.ond due to Electrlcal lLoad = 54,6

of Conversion

Total Heat Lead = 439.9 BTU
1038 BTU/LDb,





