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TEST NO.

5

FTEST SPECIMEN S/N 022

200
Table LI

CLEAN CONDITION -~ FLOW RATE VERSUS DITFERENTIAL PRESSURE

FLOW RATE
(liters* GNp/min}

NET DIFFERENTIAL PRESSURE {Rg/cm? Differential)

lg -
15
20
23
30
35
40
45
50
55
60
635
70.
75
8¢
85
90
95
100

CEST SPECIMEN INLET PRESSURE (Kg/cm?)

29,4194,

1. 884
2.585
3.627
£.794
6.036
7.365
‘g.820
10.459
(12,352
14.586
17.263
20.511
24.490

£ s o -y
o~
R o
. ———
e oy 4 b o

50.5333

0.937
1.455
1.999
2.570
3.168
3.792
4.443
5.121
5.825
6.557
7.315
8.099
8.910
9.748

10.612

11.503

12.421

13.365

14.336

2at 21.1°C (70°F) and 1.033 xg/en? (14.7 psia)

71.311€

,0.682
1.061
1.458
1.871
2.299
2.744
3.203
3.676
1,164
4.666
5.181
5.710
6.252
6.807
7.375
7.956
8.550
9.156
$.775
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NOTE: Data values chitained from least square equation of experimental.data in the form:

Iog (Kg/cm2 differential) = a + b (log liters GNy/min) + ¢ (log liters GN;/min}2
+ d (log liters Gszmin)3 + e {(log liters GNz/min)‘

A. Log ('Kg/cm2 differential) = 12.175415 ~ 36.489302 (log liters GNpy/min)}
+ 40,364420 (log liters Guz/min)z - 19 207023 (log liters GNg/mln)3 + 3. 431566

‘ (1og liters GNz/min)4
Sigma = 0.150

B, Log (Rg/cm differential) = -1.166147 +1.280645 (log liters GNy/min) - 0.225500

(log liters GNz/min) + 0.082912 (log liters GNa/min)3
Sigma = 0.022

C. log (Kg/cmz differential) = -1,280171 + 1.194644 {log liters GNz/min)

= 0.131295 (log liters GNz/min)2 + 0.050771 (log liters GNp/min)3
Sigma = 0,012
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TEST NO. 5 Table LII
TEST SPECIMEN S/N 022

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

-

NET DIFFERENTIAL PRESSURE (Kg/em? Differential)
TEST SPECIMEN INLET PRESSURE (Kg/cm?)

FLOW RATE

(Kg GNa/hr) .. 20.419R 50.539% 71.311€
0.5 2,018 0.605 0.441
1.0 - 2.391 1.335 0.973
1.5 3.877 2.112 1.540
2.0 - - 5,595 . 2.943 2.143
2.5 ) 7.490 3.831 2.779
3.0 9,680 4,777 . 3.449
'3.5 12.357 5.785 4,152
4.0 . 15.782 6.856 4.889
4.5 20.305 7.991 5.658
5.0 26.409 9.191 6.461
5.5 ———- 10.458 7.297
6.0 - w———— 11.793 8.166

J

Wintee Division, Brunswick Carporation, 5223 W. Imperial Highway, Los Angeles, CA 50045 USA 213464144300 E@
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NOTE: Data values obtalined from least square equation of experimental data in the form:

Log (Rg/cm? @ifferentiil) = a + b (log Kg GNz/hr) + c (log Kg GNp/hx)2 + & (log Rg GNp/hr)? +
. e {log.Kg (:‘vﬂz/htr)lj

A. Yog (Kg/cm? differential) + 0.378595 + 1.049877 (log Kg GNz/hz) + 1.305730 (log Kg GNp/hr)2

~ 3.468062 (log Kg GNz/hr)3 + 3.584980 (log Kg GNy/hr)%
Sigma = 0.162 . . : :

B, Log (Kg/cm? differential) = 0,125441 + 1.127440 {log Kg GNg/h#) - 0.000549 (log Kg Gszhr)2

+ 0.146884 (log Kg GNa/hr)3
Sigma = 0.01l6

¢. Log {Kg/cm2 differential) = - 0.011987 + 1.130903 {log Kg GNp/hr) - 1.000892 (log Kg szfhr)z'

+ 0.094496 (log Kg GNg/hr)3
Sigma = 0,011
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"PEST NO, 5
TEST SPECIMEN S/N 022

204

" faple LIIT

CLEAN COWDITION = FLOW RATE VERSUS DIFFERENTIAL PRESSURE

HET DIFFERENTIAL PRESSURE (PSID)
~ TEST SPECIMEN  INLET PRESSURE {PSIA}
FLOW RATE -

{SCFM) 418.42 718.88 1014.3C
0.4 ~27.616 14.502 10,570
0.5 33.454 18.653 13,603
0.6 - 41,032 22.911 16.715
0.7 " 49559 27.281 19.905
0.8 . 58,660 31.767 23.172
0.9 68.157 36.372 "26.515
1.0 77.991 41.100 29.933
1.1 88.184 45.954 33.426
1.2 96.809 50.936 -36.995
1.3 1092.976 56.047 40.637
1.4 121.825 61.290 44.355

.1.5 134.516 66.666 48.146
1.6 _ _148.229 72.176 52,011
1.7 | 163.168 77.821 55.949
1.8 179.556 83.604 59.962
1.9 197.644 89.525 64.047
2,0 217.716 95,585 68.206
2.1 240.090 101.786 72.438
2.2 265.127 - 108.129 76.743
2.3 293.238 114.614 81.121
2.4 324.89¢6 121.243 .85.572
2.5 360.641 128.017 90.096
2.6 401,099 134.936 94.693
2.7 e on 142.003 99.362
2.8 ———— 149.218 104.105
2.9 B 156.582 108.920
3.0 ——— 164.096 113.807
3.1 - mmm———— 171.761 118.768
3.2 . cm—m——— 179.579 123.801
3.3 ————— 187.549 128.907
3.4 ————— 195,675 133.086
3.5 cmem—m 203.955

139.338

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, GA 90045 USA 213+641+4300 IB@
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C.

NOTE: Data values obtained frc;m.least sguare equation of experimental data in the form:

Log (PSID) = a + b (log SCFM) + ¢ (log SCEM)2 + d (log SCFM)3 + & (log SCFM)4

Log (PSID) = 1,892045 + 1.282832 (log SCFM) + 0.104842 (log SCFM}Z + 0,753312 {log SCEM)Z

+ 3.607614 (log scrmyd
Sigma = 2,309

Log {(PSID) = 1.613847 + 1.16562L (log SCEM) + 0.1209417 (log SCFM)? + 0.144064 (log SCFM)3
Sigma = 0.224

Log (PSID) = 1.476150 + 1.154553 (log SCFM) ++ 0.083575 (log SCFM)Z + 0.093297 {log SCFM)3
Sigma = 0,158 . '
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- PEST NO. 5 206

TEST SPECIMEN S/N 022 TablellV

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

NET DIFFERENTIAL PRESSURE (PSID)
PEST SPECIMEN INLET PRESSURE {(PSIA}

3]

FLOW RATE

{1bs GNz/hr) 318.4" 718.85 1014.3C

j 1.0 ' ®32.516 7.673 © 5.607
« 1.5 025,751 12.274 8.942
: 2.0 © . +30.879 17.006 12,394
. 2.5 39.113 21.875 ¥ 15.952
i 3.0 _ © 48,789 26.889 19.614
: 3.5 . - 59.258 32,054 © 23,377
o 4.0 ) 70.245 37.378 27.240
: 4.5 '81.683 42.865 31.203
- 5,0 " 93.629 48,520 " 35.266
- 5.5 106.223 54.345 39.427
6.0 119.660 - 60.343 43.687

- 6.5 134.174 "66,518 48,044
7.0 150.040 72.871 $2.500

7.5 " 167.565 79.404 57.054

8.0 187.099 86.121 61,705

8.5 * 209.039 93,022 66.454

9.0 233.840 100,109 71.299.

8.5 _ 262.029 107.385 76,242

10.0 294,213 114,850 81,282

10.5 331.105 122.508 86.419

11.0 373.538 130.350 91.653

11.5 " emm—— 138.405 . 96.983

12.0 ————— 146,648 . 102.410

12.5 ,————— 155.090 107.935

¥13,0 : ———— 163.731 113.556

13.5 crm———— 172,575 119,274

14.0 ————— 181.623 '125.088

14.5 | emm—— 190.875 131.000

‘15,0 cmm———— 200,335 137.009

.

Wintec Dwvision, Brunswick Carporation, §223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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NOTE: Data values cbtained from least square equation of experimental data in the form:

. Log (PSID) = a *+ b (log lbs GNa/hx) + c {log 1lbs GNZ/hr)2 + d (log lbs GNz/hr)3 + @ {log 1lbs GNz/hx)4

A.

C.

Log (PSID) = 1.512097 — 1.633292 (log 1bs GNp/hr) + 7.367765 {log lbs GNz/hr)?
_ §.348530 (log 1bs GNa/hr)3 + 3.570622 (log 1bs CNg/hr) 4
Sigma + 2.316 .

Log (PSID) = 0.884977 + 1.180898 (log Lbs GNa/hr) - 0.153052 (log 1bs GNp/hr) 2
+ 0.147309 (log 1bs GNz/hr)3

. Sigma = 0,222

' log (PSID) = 0.748709 + 1.165743 (log 1bs Gﬂg/pr) - 0,099645 (log ibs GNz/hr)2

+ 0.095188 (log lbs GNa/hr)3
Sigma = 0.159 _ .
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Figure 78
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TEST NO. 6
TEST SPECIMEN S/N 023

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
WITH FLOW IN THE FORWARD DIRECTION (S/N SIDE .
OF SPECIMEN FACING UPSTREAM) R -
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1 2 3 4 5 6718910 2 3 4 s 6 7898100 27 3 & 5 & 7 89000

FLOW RATE (liters?* GN»/min)

#At 21.1°C (70°F) and 1.033 Kg/cm? (14.7 psia)

Wintec Division, Brunswick Corporation, 5223 W. Impenial Highway, Los Angeles, CA 80045 USA 213+641+4300 @
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: ‘Figure 79
TEST NO. 6 ) i
DEST SPECIMEN S/N 023
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

WITH FLOW IN THE FORWARD DIRECTION {(5/N SIDE
OF SPECIMEN FACING UPSTREAM)
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) - . . -“PEST NO. 6 . I- Eigure 39

- TEST SPECIMEN S/N 023 ' S
. -CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE .

WITH FLOW IN THE FORWARD DIRECTION (s/N SIDE .
- OF SPECIMEN FACING UPSTREAM) .
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- ’ . TEST NO. 6 E Figure 81
TEST SPECIMEN S/N 023

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

WITH FLOW IN THE FORWARD DIRECTION (S/N SIDE .
. OF SPECIMEN FACING UPSTREAM) -
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TEST NO. 6 (' Figure 82

CLLAN CONDITIO& ~ FLOW RATE VERSUS DIFFERENTIAL PRESSURE DATA
ACQUIRED USING mpsT SPECIMEN g/ 023 WITH FLOWS IN THE

- FORWARD (&/%¥ SIDE QF SPECIMEN FACING UPS _REAM) AND REVERSED
DIRECTIONS. DATA OBTAINED PRIOR TO HIGH PRESSURE GNp IMPACT TESTING.
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1 2 3 ¢ 5 6 7 8%)g 2 s & 5 6 7 ¥7100 2

FLOW RATE (liters* GNz/min)

sat 21.1°C (70°F) and 1.033 Kg/em? (14.7 psia)

. -
*
L]

Wintec Division, Brun : i r l )
ision, Brunswick Corporation, 5223 W, Imperial Highway, Los Angeles, C 90045 213t641+430 @
A 45 LUSA 2131641+4300 i: =

BRBITWCH



http:Brunsw.ck

f’ URIGINAT, PAGEEE I8
: OF POOR QUALITY
S A
Y 213 '
Figure 8
PEST NO. § 5 g 3
{
' CLEAN CONDITION - FLOW RATL VERSUS DIFFERENTIAL PRESSURE DATA
ACQUIRED USING TEST SPECIMEN S/N 023 WITH FLOWS IN THE -~ .
FORWARD (S/N SIDE OF SPECIMEN FACING UPSTREAM) AND REVERSED - -
DIRECTIONS. DATA OBTAINED PRIOR TO HIGH PRESSURE GNa IMPACT TESTING. ,
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TEST NO. 6 ) Figure 84

CLEAN CONDITION - FLOW RATE VLRSUS DIFFERENTIAL PRESSURE DATA
ACQUIRDD USING TEST SPECIMEN S/N 023 WITH FLOWS IN THE
FORWARD (S/N SIDE OF SPECIMEN FACING UPSTREAM) AND REVERSED
DIRECTIONS. DATA OBTAINED PRIOR TO HIGH PRESSURE GNp IMPACT TESTING.
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PEST NO. G | Figure 85

CLEAN COMDITION - FLOW RATE VERSUS DIFPERENTTIAIL PRESSURE DATA
ACQUIRLD USING TEST SPECIMEN S/N 023 WITIH FLOWS IN THE

* PORWARD (S/N 5IDL OF SPECIMEN PACING UPSTREAM) AND REVERSED

DIRCECTIONS. DATA OBTAINED PRIOR TO HIGH PRESSURE GNz IMPACT TESTING.
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- TﬁST No. 5
PEST SPECIMEN 5/H 023

" ‘CLEAN CONDITE[ON ~ FLOW RATE VERSUS LIFFERENTIAL PRESSURE
’ AT b NOMINAL INLET PRESSURE OF 415 PSIA

3.

- - [OR

HET DIFFERENTIAL PRESSURE {PSID) - -

- o AR APTER 10 HIGH
- PRESSURE {10,000

_Bg‘;’{‘ggg : PSTA NOMINAL) GNp
oEST _A'_ESER PROOF TESE IMPRCT CYCLES

FORWARD FORWARD REVERSE FORWARD REVERGE

PO FLOW PLGHW TLOW PLOW

oEST SPECINEN INLET PRESSURE (PSTA)

w11§§°§@j§§§) par.28 412.0% 417.1° 1410.8" 24,05
B “"—_“'_"—"-'—'— —_—— —— ———r ——
1.5 40,491 22,713 S 10.200 18.847
2.0 . 55.656 27,331 49.986 14.403 24,782
2.5 71.070 34,326 61.569 18.721 31.842
2.0 $7.475 42,455 77.136 23,175 39,503
3.5 105.404 51,227, 92.110 27.785 47.536
£.0 135,296 §0.425 111.586 32.569 55,850
4.5 147,541 £9.984 129.563 37.542 64.429
5.0 172,523 "79.919  148.58% 42.716 73.303
5.5  _ 2080.633 90,307  169.577 48.101 82.530
. 6.0 S 232,279 101.261 193.60% 53.709 * 92,182
6.5 267.901 112.919 222.382 53.547 102.344
S 1.0 307.972 125.440 257.455 65.625 113.132
7.5 353.006 139,003 301.220 71.551 124.586
8.0 403.563 153.805 356.713 78.533 136.875
g.5 e 170.067 e 85,378 150.095
9.0 — 188.032 e 92,494 164,373
9.5 R 207.974 et 99.889  179.844
10.0 —m——— 230.201 S 107.569 196.654
10.5 mmrmnins 255,062 e 115.542 214,964
11.0 ————— 282.950 ——— 123.815 234.948
11.5 —— 314.317 e 132,397 256.799
12.0 ———— 349,574 m—————141.293 280.726
‘125 . 359.622 ———mm 150.512 306.962
.13,0 ——— e ——— 160.060 335.762
“313.5 . e e 169,946 367.410
. 16.0 S i ——— 180.178 402.218
14.5° I PSR —— 120.759 m———
15.0 ———— —————— S 201.703 —————

intec Division, B 5 C n
ViR runswick Corporatron, 3223 W. Ir wenal Highw sy, Los Angel(}s CA 90045 USA 2134641443
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a®

C.

b.

E.

NOTE: Data values obtained from least mquare equation of cxperinental data in the foxm::

Log (PSID) m a + b (log be GNz/hx) + ¢ {log lbg eNz/hr)? + 4 {log lbs GNa/ho)3 + e (leg lbe GNa/hr}é

(log {PSID) = 1.389733 + 1.363379 (log lbs GNa/hr) - 0.895227 (log lbs GNa/nr)? + 0,970825 {log 1bs GNg/hx)3

- +

Bigma = 1.995

Log (PSID) » 1.423241 - 1.267011 (log Lbs GNz/hx) % 6,129034 (log ba GNa/hr)2 - 6.742505 (log lbs Gy /hx) 3

, o ' + 2.819419 (log 1bs GNz/hz}d

Bigma = 2,453 T RS

Log (PSID) = 2.2R5497 — §,857336 (log 1bs GNp/hx) + 19.677023 {log lbs GNp/bx)? = 23.549120 (log lbs Gug/ht)d

. + 10.469036 (log lbs GNa/hz)4
Sigma = 3.013

Log (PSID) = 0.765560 + 2.320825 (log 1bs GNa/hr) = 0.358435 (log lbs GNz/hx)Z + 0.283636 (log 1bs ehg/nr) 3

. .
.

Sigma = 0,388

Log (PSID) = 1.195838 + 0.003346 (log 1bs GNa/hr) + 3.123466 (log Ibs GNp/hr)? - 3.654563 (log 1bs Giz/he)d
' + 1.623616 (log lbs Gita/he)d
Slgma » 1,925

Sy

Al 3lq9eEl
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Table LVI

TEST NO. 5

TEST. SPECIMEN s/t 023

-

“GREAN, CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

"R 7 HOMINAL, INLET PRESSURE OF 415 PSIA

NET DIFFERENTIAL PRESSURE _(PSID)

1

AFTER 10 HIGH
PRESSURE (10,000

BEFORE
- ggg%? AFTER PROOE_TEST Psiapggglgiéisgﬂz

TFORMARD FORRARD REVERSE FORWARD REVERSE
. FLOW FLOV _FLOA__ _FLOW FLOW

e pEST SPECIMEN INLET PRESSURE (PSIR)

S FLOW RATE IBST SRR e
a (SCEM) 421,28 412.08 417.1° 410.8° 414,08
A 47724 ~24,402° £1.737 12.166 21.500
0.5 "L 60,865 29.512  -~53.206 15.853 27.112
- 06 . CF4.s11 .- 35042 . 64.626 19.631 33,404
05T Bg.813 .. 43111 78,437 23,516 £0.106
L0877 ‘104,391 50.739 83,196 27.521 47.083
ST Yo 121,434 58.691 108.326 -31.655 54.275
W N 240.199 $6.014  123.777 35.931 61.666
1.1 160,236 75.410 139.840 40.354 63.271
1.2 " x83.897 §4.216 . 157.036 44.934 77.118
. - - 208,343 93,395 176.047 19.677 85.252
1.4 ' 237.548 103.028 197.705 54.590 33,724
1.5 . * 268.804 113.209 223,008 55.678 102,530
. 1.6, 203.421 124,042 253,167 64.946 111.913
1.7 341.735 135.645 285.6%4 70. 401 121.759
1.8 ' -384.105 148,145 234.456 76.047 132.198
1.9 ——— 161.679 389.927 g1.889 143.308
2.0 v en 176.40L U §7.933°  185.166
v 2.1 —————— 152.478 ————— 04,184 " 167.858
2.2 ISP 210.035 e 100.645 181.475
2,2 . e 229,457 e 107.323 196,116
2.4 st 250.793 e 114.221 211.885
25 . mmeme 2744356 e 121.344 226.898
2.6 B .300.433 R 128,698 247.271%
2.7 e 329,343 e 136.288 267.159
2.8 —— — 361.447 & —emmm 144,127 288.687
209 - e, 397,150 S 152,190 312,020
T80 e e et s 160,514 337.332
e T " tarmiemme | mammman 169.092 364,811
i - et —mmm s 177.929 194,664
3.3 JE ——— e 187.031 m———
3.4 ‘ R ———— 196.402 s
.5 - - —————— 206.048 ———

Wintec Divisi n, B W r 4 +541+4 IE
¥isI0 unswick CO[DO ation, 5223 W, tmperial Highway, Los Angﬂlc5; CA 90045 USA 213+641+4300 %
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B,

B.

. NOTE: "DPata values obiained from lenst squarc equation of experimental data in the forms -~ :.'

Iog (PSID) m 2.146744 + 1.405828 (log SCFM) + 0.962659 (log SCEM)2 4+ 0.0858242 (log SCEM)3

Sigma = 2,040

%og (PSYD} = a + b {log SCFM) + ¢ {log SCFM)? + & {loz SCEM)3 + o {Xog sermy 4

-
v

Loy (PSID) = 1.B825518 + 1.245682 (log SCFM) + 0.106567 (log SCFM}Z + 0,453008 {log SCFM)3 + 2.810328 (log Scemyéd

Sigma = 2.484

‘
)

.

Log (PSID) = 2.092640 + 1.267307 (log SCFM) + 0.162886 (loy SCEM)? + 3,173207 (log scFM)3 + 10.548218 (log :serd

Sigma = 2.961

'

Log (PSID) = 1.555464 4 1,220146 {log SCFM) + 0,183902 (log SCEM)? + 0.283552 (log SCEM)3

Sigma = 0,398

{log (PSID) = 1.790048 + 1.21562 (log SCFM) + 0.092756 {log SCFM}2 + 0.476022 (log scrM)2 + 1.647252.(logy scrmy?

Sigma = 1.942

~ .

0

b -7B>

AT aiqeg
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) Table LVII
" PEST NO. §
* gpeT SPECIMEN S/K 023

CLEAN CONDXTION -~ TLOW RATE VERSUS DIFFERCNTIAL PRESEURE

; AT A NOMINAL INLET PRESSURE OF 29.177 Kg/cm?

-

NET DIFPERENTIAL PRESSURE (Ke¢/cm® Differential)

AFTER 10 HIGH
PRESSURE [703.07

.

BEFCRE - S
PROOF ¥g/emZ NOMINAL)
; - pEeT APTER PROOF TEST GN2 IMPACT CYCLES
) FORWARD FORVARD REVERSE FORWARD REVERSE
- _FLCIW FLOW LOW rLOW FLOW
. TEST SPECIMEN INLET PRESSURE (Ku/cmd)
| FLOW RATE
Ko OH,/hr) - - 29,6102 28,9667 29.323° 28.884° 29.103%
Mg SR 2 28.966°  23.027 A
5.5 .1.866 0.735 — 0.487 1.120
W R £,350 2.108 3.793 1.136 1.939
1.5 . €.908 3.397 6.150 °  1.827 3,121
Y3 0 . 10.076 4.749 °  8.876 2.575 4.419
2.5 - 14,155 %.287 11.558 3,391 5.818
3.0 " 19.450 §.101 16.148 4,283 7.364
_3.5 ) e 10.275 22.745 | 5.257 "9.126
8.0 © T emmane . 12.896 B — 6.310 ~  11.183
s ———— e e 7.476 13.632
5.0 ———— ——— BTN 8.732 16.585
5.5 JR—— ——— e 10,094 20.181
€.0 _ w——— e 11.566 24.590

e

oo

Wintec Divisi
‘ wision, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 LUSA 213464144300 @@
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2.

NOTE:

Iog (Ko_:;/cm2 differential)

Log (Kg/cm? Qifferential)
Slgma = 0,140

Log txg/cmz differential)
Sigma =~ 0,233

Log (Kg/cmz difforential}

' sigma.m O.Zif

Log (Kg/cm2 differential)
Slgma = 0,027

-Log (Kg/cmz‘ditferentlgij

Sigma w 0,136

. .

Data wvalues obtained from least mﬁuuro ogquation of experimentn}l data in the form

wa+b (log Kg GNz/hx} + ¢ {log Xg GNp/Br)2 + @' (log Kg GNy/hxd? + o (log Xg GNp/hx}d !

¥

.

<

.

.

0.638519 + 1.091342 (log Xy GNp/hr) ¢+ 0,109010 (log Xg GNzlhr)z + 0.965732°(lcg Ky GN:/h!)s

0.324098 + 1.242698 (log Kg GNp/hx) - 0.581526 (log Ky GNp/hx)? + 1.140665 (log Xg GMp/hx)3

+ 0.578971 + 0.920769 (log Xg GNa/hr) + 2.835641 {10y Xg GNp/hr)? « §.206425 (J.og Kg GNa/hr)>

»
H

- * lO 502686, (loy Xg GNg/hr)

S

0.055154 + 1.175872 (log Ky GNz/hr} - 0.067993 (log_Kg an/hr)z + 0.284555 {log Kg GHthr)3

.

0.237511 + 1,120023 {log Kg GNp/hr) + 0.511273 (log Kg GNa/hr)?% = 1.431530 (log Xg Gip/hr)?

+ 1.627250 (log Kg GNp/hm)?

IIAT ®lge]
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Table LVIIE

Tzs&'uo. 5
- s - TEST SPECIMEN S/N 023

-~ -

CI»EAN CONDITEO‘{ ~ PLOW RATE VERSUS DIFFERENTIAL PRESSURE
AT A NOMINAL INLET PRESSURE OF 29, 177 Kg/cm

- NET DIFFERENTIAL PRESSURE (Kg/cm® Differcntial)

- - -

"PEFORE

AFTER 10 HIGH
PRESSURE (703.07

- Kg/eme NOMINAL)
gggg? APTDR PROOF TLST GN2 IMPACT CYCLES
" PORWARD PORWARD REVERSE FORWARD REVERSE
FLOW _-?_LOW TLOW FLOW" FLOW
" FLOW RALE TEST SPECIMEN INLET PRESSURE (Kq/cm2)
kliters* GNp /min) 29,6108 28,3555 29.323% 25,8840 29.108%
10 3.064 1.252 3.581 0.737 1.358
15 = - “4.633 2,222 3.947 1.195 2.033
20" . . 6.381 2.113 5.570 1.677 2.850
25 © s, 4.023 7.430 2,177 3,729
30 . 20,827 4.996 9.370 2.712 4.654
35, T 13.685 6.063 11.511 - . 3.280 5.629
‘0 17070 7.271 14.115 7,284 6.669
e - . 21.0m 8.629  17.558 4.527 7.758
i N 25,783 "10.171 22.377 5,210 9.039°
55 - 11,925 ~  —=~—m- 5.936 10.421
60. L pmemee 13.922 ———— 6.707 11.975
65 e 16.195 S 7.524 13.736
.70 o 15.782 wme——- 8.390 15.744
75 - T - 21,721 —— 9,306 18.046
80 PRE. . 25.057 —m——m- 10.275. 20.694
85 ———— 28.841 s 11.298 23.750
0 ———ema w——— ———— 12.376 27.285
85 - p—— S e 13.513 ——————
-160 ————— e e 14.710 —==——-

Bat 21.1°C (70°F) and L. 033 Kg/om? (24.7 psia)

ORIGINAL PAGE I§
DE POOR QUALITY

Wintec Division, Brl..mswmk Corporation, 5223 W. Imperial Highway, Los Angeles, CA 890046 USA 213+684144300 B@
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- D.

-
.

" ¥OTE: Data ‘valuas obtnined £rom lenat squere equntion of uxperimcntal duta in the form:

(%g/cm2 diﬂterentiaz) = o+b {log liters Gszlmin) +c {log liters Gszmin)2 +a (log 1iters GNz/nin)3 ‘e (log Iitern Gnglhin}4 s

-

log (Re/cm differentian w -~ 15211933 4 3.076583 (loy liters GNp/min) - 2. 059a19 (log liters ¢Na/min)? - .
. + 0.631458 (log liters GNz/minm)3.
Sigma = 0,153 .

Log {Xg/cm? differantial) = - 3,581980 & 7, 007782 (log litexrs GNzlmin) w 4.430427 (log liters GNZ/min)2

+ 1,115758 uog,ute:o Ghlz/min}a
Sigma = 0,240 o . .
Log (Xg/cm? disfexantial) w4k 37. 731381 =_111.393256. (log liters GNz/min) + 122 962951 (log liters G’\‘lg/min)z

© - 59.540764 (log 1itern GNz/min)? + 10.793746 tlog liters Gvgfui_"‘*
Sigma = 0,203 . )

N
i

Log (Kg/cm2 difterentlal) m =~ 1,840196 4+ 2.484852 (log liters GNa/min) - 1. 063359 {log 1iters GN;/ming
. : ... . +0.286457 {log liters GNz/min)3
Sigma = 0.023 ’ R ] Lo

3

Log (Kg/cn® differentinl) = 5,137023 - - 16770278 (log 1itcrn GNZ/min} 4 19.416608 {log liters 6Np/min}? | '

: . = 9.338116 (log lters GNp/min)3 + 1.687508 (log liters N, /min)?
?igma n 0,134 .
wNe) ‘ =
=) 8
g <
g .-
o =
2y =
cf Iy
. Eﬁ‘qy'm
.':3. Ex:j
= & -
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ot

_EST WO. 5 s ¢ Table L1X-

2EST SPCCIMEN S/N 023

‘CLZAN CONDITION - FLCW.RATE VERSUS DIFFERENTIAL PRESSURE
e, . AT B NOMINAL INLET PRESSURE OF 1000 PSIA,
.. . . .
L]

NET DIFPERENTIAL PRESSURE (PSID)

AFTER 1¢ HIGH

- $EFORE - PRESSURE (10,000

v AFTER PROOF TEST B oAt CLES
) FORWARD FORWARD REVERSE FORWARD . REVERSE
FIOW FLOW FLOW FLOW TLOW
1'§Low RATE oR§T SPECIMEN INLET PRESSURE (PSIA)

_(lbs GN2/hr) 1008.73 1013.78 1004.2€ 1004.1° 1012.9%
JLs ‘16,577 B.079,  12.255 4.306 7.060-
2.0 - .7 22.054 11.004 - 16.672 5.847 9.672
2.5 27.683 14.044 21.269 7.477 12.372

3.0 33.458 17.191 26.032 9.185 15,149
-3.5 -39.376 20.438 30.947 10.963 17.994
4.0 . 45.432 - 23.782 36.007 12.805 20.902
4.5 " " B1.620 27.216 41.203 14,706 33,856
5.0 57.936 30.738 46.528 16.662 26.984
~5,5 ° 64.375 34.344 51.97% 18.668 29,951
6.0, 70.935 38,032 57.548 20.721 33.065
: 6.5 77.611  41.798 63.231 22.819 36.224
.00 " §4.400 45.641 69.025 24.958 39.425
Y15 91.299 49.559 74.926 27.137 42.666
8.0 98.306 53.549 .  80.931 29.353 45.945
. 8.5 105.418 57.611 , 87.037 31.605 49.262
9:0 112.633 61.742 93,240 33.890 52.514
8.5 119.949 65.941 .59.540 36.207 56.000
10.0 127.363 70:207  105.933 38.554 $9.420
0.5 134.872 74.538 112.418 40,931 §2.872
11.0 142,479 78.935 118.992 43.336 66,355
11.5 . 150,178 83.394 125.654 45.767 $9.868
12.0 © 157.969 87.916  132.402 48.225 73.411
12,5 , 165,850 92.500 °  139.235 50.706 76.982
13.0, 173.820 97.145 146.150 53,212 80.582
13.5 181.878 101.849 153.147 55.740 84.208
-14.0 190,021 106.613 160,224 58,290 87.862
+14.5 198.250 113.435 167.380 §0.862 91.541
15.0 © 206:563 16 315' 174.614 63.454 95.246

Wintec Division, Brunswick-Corporation, 5223 W. imperig! Highway, Los Angeles, CA 90045 USA 213+64 114300 @
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K4 NOTE: ' Data values obtained from least sgharec squation of sxperimental data in ‘the form:

c.

Tog (PSID) ~ a + b (log bs GNz/hx) + ¢ (log 1bs GNz/hx}2 + 4 (log 1bs GNz/hr)? + ¢ (log 1ba GNa/hryd

Log (PSID} = 1.050982 + 0.936239 (log lbs GNz/hr) + 0.117821 (log lbs GN2/hr)?2
Sigrma =~ 0,613

{log (PSID} = 0,722545 + 1,035478 (log lbs CNp/hx) + 0,074861 (log 1bs G-Nz/hr)z + 6.012591 {log 1bs GNz/hr}a ",

Sigma = 0,328

Log (PSID) = 0.983154 + 0.969867 (log lbs GNa/hr) + 0.093044 (log lhs GNa/hr)?

Signa = 0.416

.

Log (PSID) = 0.457186 4+ 0.966088 (leg lbs GN3/hr) + 0,.228988 (log lbs GNz/hr)z'- 0.066188 (log 1lbo GN;/hr)a

Sigma = 0,118

Log (PSID) = 0.658274 + 1:074821 (log lbs GNp/hr) + 0.040836 {log lbs GNa/hr)?® -

Sigma » 0,343

ATVD W00g g0

B A

X173igeL
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ORIGINAL PAGE 16
. OF POOR QUALITY

. 226,
. TEST NO. S
. . Table LX
. -9EST SPECIMEN S/N 023

% CLEAN CONDITION — FLOW RATE VERSUS DIFFERENTIAL PRESSURE
T AT A NOMIMAL INLET PRESSURE OF 1000 PSIA

L] . - R n s

NET DIFFERENTIAL PRESSURE {PSID)

. AFTER 10 HIGH
. ' PRESSURE (10,000

- BEFORE ) S . pSIA NOMINAL) GHp
TEST B AFTER PRCOF TEST IMPACT CYCLLES
FORWARD PORWARD -REVERSE FORWARD REVERSE
. PLOW FLOW FLOW ~ FLOW ' PLOW

FLOW RATE T N 7 TEST SPECIMEN INLET ‘PRESSURE {PSIAn)
. (scEm) 1008.73 1013.7% 1004.2% 1004,10 3012.5%
L 0.4 ,18.145 5.443 - 14.325 . 5,027 8.284
"tle.s -7 23.954 12,027 18,225 . 6.395 10.585
0.6 S . 28,876 14,694 , 22,256 7.827 12.950
0.7 33,909 7.440 26.410 2.318 15.370
0.8 T 39,049 20,261 30.679 10.862 17.841
L9 | 4202 . 23.153 35.057 12,455 20.36¢
~1.0 L. 49.636 26.115 - 39.538 14,093 22.922
% V5 R 55,078 29.143 44,119 15.773 25,525
Sz §0.624 32.235 48.795 17.493 28.166
¥1.3° - . $6.242 35.380 T 53.563 T 19.250 30.844
1.4 71,959  38.605%  58.418 21.042 33.557
%15 . 77.764 7 41,880 63.361 22,867 ° 36.302
2.6 " p3.654 ~  45.212  68.387 24,723 39.079
© 1.7 . 89.628 48.603 73.493 26.610 41.887
18 " 95.683 52.046 78.678 23,525 44,123
1.9 101.818 55.545 83.941 30.467 - 47.589
2.0 108,031 59,037 89,278 32.434 50.481
2. <. 114.321 62.701 34,688 34.427 53.400
%S 120.686 662357 100.171 36.443 56.344
2,3 T 127.126 70,064 105,723 38.482 59.313
2.4 133.639 73.821 111,345 40.542 62.306
2,5 140.223 77.627 117.035 /  42.624 65.323
L 2.6 _ 146.878 $1.482 .  122.791 44.726 68.363
3.7 . 153,603 85.384 128.612 46.847 = 72425
2.8 © 160.396 89,334 134,498 45.987 74.510
2.8 167.257 93,33] 140.447  51.145 . 77:615
- 3.0 174.185 - 97.375 146.459 53.320 80,741
R o 181.178  101.464 152,531 - 55.512 83.888
3.27 © 188.237 105.598 150,665 ' 57.721 87.055
3.3 195,360 109.777 154,858 59.945-. 90.251
3.4 202.547 114.001 171.110 62.184  93.447

3.5 209.797 118,269 177.420 64,438 96.672

i il

Wintec Division, Brunswick Corporation, 5223 W, impenal Highway, Los Angelas, CA 96045 USA 213+641+4300 @@
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A,

B.

cl

D.

E.

[]

Log {PSID) = 1.695798 +'1.086543
Sigma + 0.607

Log (PSID) = 1.416887 4 1.146886
Sigma = 0,325 '

_Log (PSID) = 1.639323 + 1,088671

Sigma + 0.417

Log (PSID) = 1.148991 + 1:177661
Sigme = 0.117 '

Log (PSID) =~ 1.360252 + 1,126830

il

Sigma = 0.344

. NOTE: Data values cbtalned from leant square eguation of exporimentnlidatq in the form:

1

Log (PSID) = a + b (log 5CFM) + ¢ (log SCEMI2 + & (log scF)® + » (log scPM)d |

{lag SCFHM) + 8.117723 (log scr)?¥

.

{log SCEH) + 0,099048 (log SCEMIZ 4 0,016641 (log scrM)3

-

{(log SCFM) + 0.092738 (log SCEM}? °

(16g'SCEM) + 0.104045 (20§ SCEM)2 ~ 0070637 (log tormy®

-

{log SCEM) + 0.040453 (log SCFM)Z

P
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L

= N

m
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% -~ TEST NO. 5 Table LXI
TEST SPECIHEN S/N 023 ‘

- T

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
AT A NOMINAL INLET PRESSURE OF 70.307 Kg/cm?

HET DIFFERENTIAL PRESSURE (Kg/cm’ Differential)

<
: h . : - . AFTER 10 HIGH
: - “. . PRESSURE (703.07
?ggggg N Kg/cmZ NOMINAL)
TEST . AFTER PROOF TEST Gz IMPACT CYCLES
FORVARD FORWARD REVERSE FORWARD REVERSE
FLOW FLOW FLOW . ELOW PLOW
) ) TEST SPECIMEN INLET PRE3SSURE (Kg/cm?)
-” FLOW RATE - o -
{Rg GN3/hT) 70,921 71.2708 70.600C 70.593 71.214
0.5 0867~ 0.411 0.624 -0.222 0.355
T ) ) . o T : .
5 1.0 Too1.711 0.860 1,302 0.457 0.757
T 1.8 2.607 . 1.348 2,041 0.722 1.187
" 2.0 3.549  °  1.869 2.830 1.009 - D640
L .. i . i RS
. 2.5 4.536 . 2,420 3.663 1.316 2.111
3.0 5.564 3,000 ° . 4.538 i.638 2.598
3.5 6.631 3,604 5.449 1.975 ° 3.099
4.0 "7.734 4,235 6.396 2.324 3.613
£.5 . 8.871° 4.888 7.376 . 3.685 .  4.140 -
5.0 10,042 '5.564 8.387 3.055 4.677
5.5 11,245 ‘6,262 9.428 3.434 5.224
6.0 12.478, 6,980 10,498 T-3.822 . 5.781

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213454144300 B@

BRUMEWICK
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A

D.

E.

NOTE:

3 v

Data wvaluos obtained from leaat aquare equation ot exporimsntnl data in tho Lorms"

log- (Kg/em? differential) ma + b (log Rg GN2/hz) #+ ¢ (og Xg GNg/hx}z + 4 (log Kg GNg/hr)3 + e (log Xg anfhx}°
!{

1l .
3

Log (Xg/cn? Alfferontial} = 0,233329 + 1,016985 (log Xg GNa/hr) + 0.117993 (iog Kg'GNg/hr)?
. ' 1 ,

Sigma = 0.043

Log (Kg/-::m2 diffarential)

Sigma = 0.023

Log (Kg/cmz dliffexential)
Signa = 0,029

Log (Kg/cmz. differential)

Sigma = 0,008

Log (Kg/cm? differential)

Signa = 0,024

-

0.174087 '+ 1.03377% (log-Kg GNp/hx) + 0,093075 (log kg GNz/hr)? .

¥
&

¢
]

0.121004 + 1.103497 {log Kg GN2/hr). + 0,040168 (log Kg GNa/hr)2

.

-

ALITVA® ¥00d 30
SI @9V TVNIDIHO
IXT‘alqu
622

0.065379 '+ 1.091733 '(log Ky GNaz/hx) + 0,084298 (log Ky GNa/hx)2 + 0.013292 (log Xg GNp/me)3.

0.339766 + 1,099285 (log Xg GNg/hr} '+ 0.162690 "(log Ky GN¥z/hx)? = 0,067646 (1og Xg Gwz/nraa ‘

b
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i eopsT NO. 5 Tabie LXI11I
_EST SPECIMEN S/N 023

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
AT A NOMINAL INLET PRESSURE OF 70.307 Kg/enl

NET DIFFERENTIAL PRESSURE (Kg/cm® Differential)

; : - : PangR 10 HIGH

BEFOKE ‘ e . Tajond NOHIRALY

- ST APTER PROOF TLST Gilz IMPACT CYCLES

FORWARD FORWARD REVERSE FORWARD REVERSE

F1.OW FLOV FLOW FLOW FLOW

) i ) TEST SPECIMEN INLET PRESSURE (Kg/cm2)
-, FLOW RATE .

. lutters* cip/min)’ 70.921R 72.2708 - 70.600° 70.593° 71.214F
10 1.215 . 7 0.579 _ - 0.883 0.326 0.510

15 1.812 0.899 1.365 0.500 0.794

20 2,428 1.237 .- 1.875° .  0.687  ° 1.091

.25 3.064 1.592 2,419 0.884 .- 1.470

30 . 3,719  1.961 2.968 ~  1.090 1.719

35- " 4.392 2.345 3.548 1.304 2.046

40 5.082 2.742 4,148 1.525 2,381

45 5.788 3.153 4.767 1,752 2.724

150 6.510 3.575 °  5.404 1.985  3.074
85 7.248 4.010 6.058 2.224 " 3.430

60. 8.000 .  4.456 6.728 2.467 3.782

.- 65 2,766 .  4.914 - 7.415 2.715 4.160

~ 70 9.546 5.363  _ 8.17 2.967 4.533
75 10.340 5.862 8.833 3,223 4,912

" 80 11.146 §.352 . 0.565 3.483 5.296
g8’ 11.965 6.853 10,310 3.746 " 5.684

. 80, 12.797 7.363 11.069 4.013 §.077

* 95 13.641 7.884  11.842 "4,282 6.475
-“100 " 14.497 8.414  12.627 4.555 6.877

%AL 21.1°C (70°F) and 1.033 Kg/cm? (14.7 psia)

Wintec Division, Brunswick Corporatian, 5223 W, [mperial Highway, Los Angeles, CA 90045 USA 213464 1+4300 @
SR T

.
Il




WRAEHRTY

@a QOEK+LPS+ELT VSI SHO06 VO ‘sojabuyy 507 "AemyBly [euadil "pn £CZ5 U0NILICdIO) HOMMSUnI g "TUOISIAIQG STRUIAL ,

Xaog (ng/cmz daifferential)

A.

c.

D,

"E.

. s‘ig'mﬂ w« 0,029

‘Sigma = 0.008 . . ' , L . = 0.0615%9 (log liters GNa/mind3 .. i~

.- . P
NOTE: Data values obtained from least squu.:o ec_mation of axperimantal data Ln tha forms

Log (Kg/om? diffexential) = = 0,767541 + 0.740120 (log liters GNa/min) + 0.112142 (log 1iters oy finimy 2 'O‘O '

, . TR
Sigma = 0.037 .- =
log {KXg/cm? differcntlal] = -1.260923 + 0.994617 {(log lirers GNp/min) + 0.008834 (log litexs GNa/min)? e

. Sigma = 0,023 _ ' + 0.020169 (log liters GNz/min)3
.o )

Yoy (Kg/cm? differential) = =~ 0.305604 + 0.827545 (log liters GNa/min) + 0,09046¢ {log liters GNz/min)2 ) ’J o

--sigma = 0,039

» 1 ' ’ 0 ) . '.l n
Log (Xg/cn? difforentlial) = = 1,271580 + 0.4B1456 (log liters GNa/min} + 0.364979 {log liters anlmin)2

.
.

Log (Kg/’o:::::z1 diffarantial) w1,

£ X TEAD. MO0

=&+ b (log litore GNi/min) + ¢ (log liters GNz./min)z + & (1og liters GNa/min}3 +. & {109 li.tera GN:{min)‘

5 wovE

L

',g—k S e — e = e}
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Figure 86

1

6

TEST NO.

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

TEST SPECIMEN S/N 025
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{gure 87

FEST NO. 6

CLEAN CONDITION - ¥LOW RATE VERSUS DIFFERENTIAL PRESSURE

$EST SPECIMEN sfu 025
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Figure 88

6

TEST NO.

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

TEST SPECIMEN S/N 025

e
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Figure 89

6

TEST NO.

CLEAN CONDITION - F

1,0 RATE VERSUS DIFFERENTIAL PRESSURE

]

TEST SPECIMER S/N 025
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Figure 90

6

TEST NO.

CLEAN CONDITION = FLOW RATE VERSUS DIFFERLNTIAL PRESSURE

DATA OBTAINED USING-TEST SPECIMEN S/N 025 WITH FLOWS IN THE
FORWARD (S/N SIDE FACING UPSTREAM) AND REVERSED DIRECTIONS
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FERENTIAL PRESSURE
N 025 WITH FLOWS IN THE

PEST NO. 6

Figure 91

REVERSED DIRECTIONS

RATE VERSUS DIF
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ING UPSTREAM) AND

CLEAN COWDITION - FLOW
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. . Figure 92
TEST NO. 6 )
' CLEAN CONDITION - FLOW RATE VERSUS IDFFERENTIAL PRESSURE
DATA OBTAINED USING TEST SPECIMEN S/N 025 WITH FLOWS IN THE
FORWARD (S/N SIDE FACING UPSTREAM) AND REVERSED DIRECTIONS
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Figure 93

6

TEST RO.

CLEAN CONDITION -~ FLOW RATE VERSUS DIFFERENTIAL PRESSURE

DATAh OBTAINED USING TEST SPRCIMEN S/N 025 WITH FLOWS IN THE
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© Table LXIII
TEST NO. 5
TEST SPECIMEN S/N 025

CLEBN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

NET DIFFERENTIAL PRESSURE (Kg/cm® Differential)
2

TEST SPECIMEN INLET PRESSURE (Kg/cm
FORWARD REVERSE FORWARD REVERSE  FORWARD

FIL.OW RATE FLOW rLOW FLOW FLOW FLOW
(1iters* GHy/min) 25.386R 29,1578 70.865C 70.3220  70.321F
10 1..808 2.268 0.617 1.029 0.617
15 - 2,420 3.623 0.956 1.559 0.952
20 . 3,403 5.129 1.317 2.110 1.307
25 - 4,506 6.751 1.695 2.679 1.683
30 . 5677 8.563 2,091 3.267 2.076
.35 §.922  10.684 - 2.502 3.871  2.486
40 T 8,284 13.262 2,927 4.491 2.911
45 - 9.624 16.480 3.366 5.126 3.352
50 11.619  20.573 3,819 5,774 3.807
55 13.761  25.848 © 4.383  6.436 4.275
60 ' 16.363  —————- 4.750 7.111 4.757
65 - 19.571  --—==-"  5.248 7.798 5,252
70 23.565  —————- 5.747 '8.497 5.759
5 28,583  ~———m- 6.256 9.208 6.279
80 - e . 6.777 9,930 6.810
85 e —mmeem 7.307  10.663 7.352
80 ——— ——— 7.847  11.406 7.906
95  mmeemm mme——e B.397  12.159 §.471
T 8.956 , 12.923 9,047

)

sAt 21.1°C (70°F) and 1.033 Kg/cm? {14.7 psia)

Wintec Division, Brunswick Corporauon, 5223 W, Impenal Highway, Los Angeles, CA 90045 USA 213+64144300 @

WO EVACK
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Log {(Kg/crm? differential) = a + b (log litexs GN3/min} + ¢ (log liters Gﬁzjmln)z o

!
!

NOTE: Data values cobtailned from least sguare equation of experimental‘data‘in the form: '

+ d (1og liters GNg/mmn)3 + e (log iiters Gszmin)4
Log (Kg/cm differential) = 14.526827 -~ 43.312338 (log liters GNz/min) 4+ 47.639599 (log liters

. GNZ/'n:Ln)2 - 22.626927 (log liters GNZ/an)3'+ 4,029868 {loy liters G\Izz’m:.n)4
Sigma = (.156

Log (Kg/cm? differential) = + 5.258398 - 18.515594 (109 liters GNp/min) =, 23.857784, (log liters

GNz/mln)z - 12.838087 (log liters GNp/min)3 + 2.583151 (log liters GN2/min)%
Sigma = 0.184 .

'

Log (Kg/cm? differential)
Sigma = 0,029 --

N i

il

Log (Kg/cm? differential)
Sigma = 0.021

i

Log (Kg/cm2 differentiall}
Sigma = 0.025

IIIX7 @alqe=)l

~1.177866 + 0.870999 (log liters GNy/min) + 0.096995 (log liters GNz/min)2
~1.010520 + 0.857361 (log liters GNZ/min).+ 0.099278 (log;liters an/min)2

~1.139701 + 0.811703 {Log liters GNz/min} + €¢.118192 {log liters GNa2/min)2

Y
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TEST NO. 5 Table LXIV
TEST SPECIMEN S/N 025

CLERN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

RET DIFFERCNTIAL PRESSURE (Kg/cm Differential)
PEST SPECIMEN INLET PRESSURE . (Kg/cmZ)
FORWAED REVERSE FORWARD REVERSE  FORWARD

FLOW RATE FLOW FLOW FLOW FLOW FLOW

. {Kg GN2/hr) 29,3862 29.157B  70.865C  70.3210  70.321%
0.5 2.126 1.709 0.437 0.744 0.436
1.0 2.315 3.444 0.914 1.493 0.907
1.5 © 3,741 5.620 1.435 2.286 1.422
2.0 - 5.382 8.088 1.992 3.117  1.996
2.5 7.169 11.134 3.582 3.983 2.566
3.0 - 9.223 15.192 3.202 4.881 3.187
3.5 11.744 20.858 3.850 5.809 3.839
4,0 15.001 28.999 4.522 6.764 4.518
4.5 19.361  =mmee- 5.219 7.746 5.225
5.0 25,339  —m———— 5.939 8.753 5.956
5.5 ———— e 6.681 9.783 6.713
6.0 ——— ———— 7.444 10.836 7.493

Vhntec Division, Brunswick Corporation, 5223 W, imperial Highway, Los Angeles, CA 90045 USA 213464 1+4300 @@
BAURISWICK.
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Tog (Kg/em? differential} =

Sigma =

NOTE: Data valuas obtained from least square equatioﬁ Ef eiperimental data in the form:

Log (Kg/cm2 differential)

Sigma = 0.148

Log (Kg/cm2 differential)

0.188

Log (Kg/cm2 differential)
Sigma = 0.030°

Log (Kg/cm? differential)
Sigma = 0.024
Log (Kg/cm? differential)

Sigma = 0.025

a + b {log Kg GNo/hr) + ¢ (log Rg GNp/hz}2 + 4 (log Ky GNy/hx)3 +

e {log Kg GNp/hr)?

0.364607 + 1.028845 (log Kg GNp/hr) + 1.451526 (log Kg GNy/hr)?

~ 3.961803 {log Kg GNz/hr)3 4 4.037911 (log Kg GNp/hr)4

0.537006 + 1.195403 (log Kg GNa/hr) + 0.136114 (log Kg GNp/hr)?2

~ 0.816069 (log Xg GN2/hr}3 + 2.545334 (log Kg GNz/hr)4

~ 0.039047 + 1.094718 (log Kg GNy/hr) + 0.097467 (log Kg GNa/hr)?
0.114768 + 1.090749 (log Kg GN2/hr) + 0.095083 (log Kg GNp/hr)?

 0.042502 + 1.089679 (log Kg GNa/hx) +'0.114280 (log Kg GNp/hr)2
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TEST NO. 5 '
| TEST SPECIMEN S/N 025 © Table LXY

.CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
. - -

Tt

NET DIFFERENTIAT: PRESSURE . (PSID)
" PEST SPECIMEN INLET PRESSURE (PSTA)

Forward Reverse  Forward Reverse Forward
FLOW RATE Plow _ ° Flow Plow Flow Flow
_{scFy) 418.0» 414.7°  1007.9¢  1000.2%  1000.2%
0.4 - ——— © 37.039 10.035 16.626 9,980
0.5. - 32.416 ° 48,073 12.781 20.893 12.689
" 0.6 . 33.663 59.845 15.623 25.256 15.496
0.7 - 47.862 °  72.107 18.554 29.711 18.397
. 0.8 56.601 °  B4.B75 21.569 34.252 21.387
0.9 65,664 98,314 24.663 38.B78 24.461
1.0 75.044 0 112.556 27.883 43.584 27.615
1.1 84.699 128,225 31.075 48.367 30.847
1.2 . 94,722 - 145.328 34.385 53.224 34.184
3.3 .. 105.229 164.350 37.764 , 58.153 37.533
3.4 . 116.359  185.715 41,207 63.152 40.982 .
1.5 . 128.278 209.903 44.712 68.219 44.500 '
1.6 141,171 237.463 48.278 73.351 48.084
1.7 - 155,244 269,031 51,903 78.547 51.732
1.8 170,727 305,344 55,585 83.806 55,444 f
1.9 187.879 347,268 59.323 89.125  59.218
2.0 " 206,989 395,818 63.116  94.504° 63.052
2.1 228,387  eme—eew 66,963 99,941 66.946
2.2 - 252,448  mmmemee 70.861  105.434 70.897 J
2.3 © 279,605  ———ee-ee 74.812  110.984 74.906 :
2.4 310.353  ~--=m-- 78.812  116.588 78.972 : ‘
2.5 345.268  ——————— . 82,862 122.246 83.092
2.6 385.017  ——mm==m ' 86.961  127.956 87.267
2,7 == —————— i' 91,107 133.719 91.495
2.8 v mmmm——— ' 95,300  139.532 95.776
2.9 ———— - ——— $9.539  145.395  100.110
3,0 0 mmmmmem seeemee 103.824 151.308 104.494
3.1 . Smemm=l ceecee .108.154 . 157.270  10B.930
3,2 ————e e 112528  163.279  113.415
3.3 m————— m—e————  116.945 169,335 117.950
3.4 s e 121,406 - 175.438 122.534
3,5 e — R 125,909 181,587 127.166 '

Wintec Division, Brunswick Corporation, 5223 W, Impenal Highway, Los Angeles, CA 90045 USA 213464144300 @
w
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NOTE:

T
Data values obtained from least square equation of experimental data in .the foxm:

log (PSID) = a + b (log SCFM) + ¢ (log SCFM)? + d (Log SCFM)3 + e (log scrmyt

Tog (PSID) = 1.875316 + 1.26578% (log SCEM)

Sigma = 2.101
Log (PSID) = 2.051792 + 1.322750 (log SCFM)

Sigma = 2,699

Log (PSID) = 1.,444556 + 1,152007 ({(log SCFM)
Sigma = €.425

Log (PSID) = 1.597016 + 1.146196 (log SCEM)
Sicma = 0.33%2" '

' Log (PSIP) = 1.441144 + 1.156511 {log BCFM)

Sigma = 0.35%9

+ 0.057545

4+ 0.739%9133

-

+ 0.097059

'+ 0,095870

+ 0.114886

(Log sCFM)2 + 0.790129 (log SCFM)3

+ 3.996893 (log ScFM)4

(log SCFM)2 + 2.185270 (log SCFM)3

(log scFM) 2

(log SCEM)?2

{log SCFM??

+ 2.548147 (lLog scrm)?

, o —
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TEST NO. 5 ¢

TEST SPECIMEN S/H 025

CLEAN CONDITION -~ FLOW RATE VERSUS DIFFERENTIAL PRESSURE

NET DIFFERENTIAL PRESSURE (PSID)
o ) TEST SPLCIMEN INLET PRESSURE (PSIR)

-3

[

Table LYVI

Forward

. Forward Reverse Forward Reverse
FPLOW RATE Flow Plow Flow Flow Flow
_(1bs GNg/hx) 418,02 414.78 1607.9€ 1000.2P 1000.2%
1.0- JO—— 23.122 5,618 9.620 5,627
1.5 - 25.586 31.584 8.582 14.349 8.546
2.0 29.993 43.609 11.690 19.211 11.609 -
2.5 37.803 56.947 14.929 24.201 14.808
3.0 47.2.06 70.987 18.288 29,314 18.131
3.5 57.173 85.694 21.759 , '34.544 21.573
4.0° 67.688  101.311 25.335 39.884 25,126
4.5 .78.566  118.217 29.010 45.330 28.786
5.0 89.860 136,881 32.780 50.877 32.546
5.5 101.711 157,843 36.640 56.521 36.405
6.0 114.321  181.718 40.587 52,258 40.357
6.5 127.934  209,216° 44.618 68.086 44401
9.0 142.831  241.166 48.729 74,001 48.532
7.5 159.332  278.544 52,918 80.001 52.750
8.0 177.800 322.516 57.183 86.083 57.050
8.5 198.647 374.479 61.521 92.244 ~61.432
9.0 222.350  mwmeme———— 65.931 98,484 65.893
9.5 249,463  ——mm—m— 70,412  104.830 70.432
10.0 280,634  =———m—— 74.961 % 111.190 75,047
10.5 316.626 ————— 79.576 - 117.652 79.737
11.0 358,342  ———em—- 84,257  124.186 84.499
11.5° 406.856  —=——mem 89.002  130.789 89.334
12.90 nm— —— 93.811  137.461 94.239
12.5 mmemmem e 98.680  144.199 93.213
13.0 Chmmm eme—— " 103.611  151.003  104.256
13.5 ~e  108.601  157.872  109.366
14.0 S S— eem————  113.650  164.805  114.543
14.5 emeemee mee—eee 118.757  171.800  119.785
15.0 m— 123.921  178.856  125.091

Wintec Dwision, Brunswick Corporation, 5223 W. Imperial Highway, Los Aﬂgei-es, CA 90045 USA 213+841+4300 B@
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Log (PSID) =

A.

" Sigma =

t

NOTE: Data values obtained from least square equation of experimental data in the form:

a + b {log lbs GNp/hxr) + ¢ (log 1lbs GNg/hr)z + d (log 1lbs GNz/hr)3 + ¢ {log lbs GNzlhr)4

1.55275 - 2.023642 (log 1lbs GVg/hr) + 8.403450 (log lbs GNz/hr)2 - 9.522875 (log

Log (PSID) =
1bs Gszhr)3 + 4.043446 (log 1bs GNp/hr)?

Sigma = 2.085

Log (PSID) = 1.3640L7 + 0.398365 (log lbs GNz/hr) + 2.789279 (log 1bs GNy/hr)2 - 4.329033 (log
dbs GNa/hr)3 +' 2.553383 {log 1bs GNag/hr)

Sigma = 2.686
ILog (PSID) = 0.749577 + 1.0278%4 {log 1lbs GNz/hr) + 0.097362 (log 1bs GNz/hrJ2
Sigma = 0.424 . '

Log (PSID) = 0.904944 + 1.024442 (log lbs GN2/hx) + 0.095647 (log lbs GN2/hr) 2
Log (PSID) = 0.750315 + 1.010165 (log lbs GNz/hr) + 0.114855 (log. ibs GNa/hr) 2
0.360 '

t

)
t

I
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TEST NO. 5

— ’ - r

CLERN CONDITION - F1.OW RATE VERSUS DIPFERENTIAL PRESEURE CHARACTERISTICS
OF TEST SPECIMEN S5/W 023 UNDER VARIOUS CONDITIONS

(T . AT A NOMINAL INLET PRESSURE OF 29.177 Kg/cm2

I
! l Figure 94
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FLOW RATE (Liters* GNp/min)

At 21.1°C (70°F) and 1.033 kg/em? (14.7 psia)
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; Figure 95
’ PEST NO. 5 )
CLEA'N COWDITION -~ FLOW RATE VERSUS DIFFERENTIAL PRLESSURE CHARACTERISTICS

OF TEST SPECIMEN S/N 023 UNDER VARIOUS CONDITICHS
AT A NOMINAL INLET PRESSURE OF 29.177 Kg/cm2
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’ {Fi gure 96
i

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE CHBARACTERISTICS
"OF TEST SPECIMEN S/M 023 UNDER VARIOUS CONDITIONS
AT A NOMINAL INLET PRESSURE OF 415 PSIA

TEST NO. 5
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S

PLOW RATE (1bs GN2/hr)

.- t
. Figure 97
TEST NO. 5 B
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE CHARACTERISTICS
OF TEST SPECIMEN S/M 023 UNDER VARIOUS CONDITTONS
; n AT A NOMINAL INLET PRESSURE OF 415 PSiA -
1008 - - = I } T 1 i ¥
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i Figure
TEST NO. 5 ! A

98

CLEAK CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE CHARACTERISTICS

OF TEST SPECIMEN S/N 023 UNDER VARIOUS C_O_NDITIONS

FLOW RATE {(liters* GNz/min)

<

#at 21.1°C (70°F) and 1.033 Kg/cm? (14.7 psia)

C ) . AT A NOMINAL INLET PRESSURE OF 70.307 Kg/cm
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Figure 99
TEST NO. 5 !

CLEAN CONDITION - FLOW RATE YERSUS DIFFERENTIAL PRESSURE CHARACTERISTICS

10

w N w

OF TEST SPRCIMEN 5/ 023 UNDER VARIQUS CONDITEONS
AT A NOMINAL INLET PRESSURE OF*70.307 Kg/cm
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: Figure 100
TEST NO. 5 ) ' _

CLEAN CONDITION -~ IFLOW RATE VERSUS DIFFERENTIAL PRLCSSURE CHARACTERISTICS
"' ) OF TEST SPECIMEN S/N 023 UNDER VARICUS CONDITIONS
AT A NOMINAL INLET PRESSURE OF 1000 ESIA
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TEST NO. 5 iFigure 101

! QLEAN CONDITIbN - PLOW RATE VERSUS DIFFERENTIAL PRESSURE-CHARACTERISTICS

[
[=]

w oW G

OF TEST SPECIMEN §/8% 023 UNDER VARIOUS CONDITIONS
AT A NOMINAL INLET PRESSURE OF 1000 PSI1IA

NNag)

RORWARD FLOW
i

P s [ .
1 {5iTGH PRESSURE IMPN

55.733l s & 7 #9100

FLOW RATE (1bs GNa/hr)
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TEST MO, 5

- . TEST SPECIMEN S/N 023

CLEAN CONDITION -~ FI.OW RATE VERSUS DIFFLREMTIAL PRESSURE
AT A NOMINAL INLET PRESSURE OF 29,177 Kg/cm”

- ‘NET DIFPERENTIAL PRESSURS (Fu/em? Differential}

- AFTER 10 HIGH

- PRESSURE {7¢3.07
BgEORu ) . Kg/cm¥ NOMINAL)
,.EggF AFTER PROCF TLST GN2 IMPACT CYCLES

N D P -
FORWARD FORWARD REVIHSE "FORWARD | RLVERSE
FLOW, FLOW FLOH ' _FLOW . FIOM

TEST SPECIMEN INLET PRESSURD {Ka/cm?)

FLOW RATE .
(Liters* Cip/min) 29.610" 26.966° 29.323C | 28.884D 29,1085
10 3.064 1.292 3,581 0.737 1.353
15 4.633 2.222 3.847 1.195 2.035%
20 £.381 '3.113 5.570 1.673 2.850
‘25 B.41.9 4.923 . 7.430 2.1i7%7 3.720
30 " 10.827 4.956 = 9.370 2.712 4.654
35 13.685 €.069 il.511 3.280, 5.629
40 17.070 F.271- 14.115 5. 564 6.063 -
45 21.071 8.629 17.5%8 2.527 ° 7.798

" 50 25,783 10.371 '+ 22.377 5.210 9.030"
Y J—— i 11.925  sm—eme 5.936 10,421

© 60 ———— 13.922  ——eeee 6.707 11.975
Y S— © o 164195 000 = 7.524" 13.736
70 - e B T: T - R p—— g.390 15,744
5 e 21,721 e 9.306 i8.046
Y J—— 25,057  meweee 10.275 20.691
‘85 emmeee _ 28.841  mmmmee 11.298 23.750
" 90 ) R 12.376 27.285
95 ———— e 13.513 ES—
100 e e e 14,720 —emme-

*at 21.1°C (70°F) and L.0D33 Kg/cm? (14.7 psia)

Wintec Division, Brunswick Corporation, 5223 W, Impenal Highway, Los Angales, CA B0045 USA 213464 1+4300 @@
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Log

A,

B.

NOTE: .

Data values obtalned from least squars eguation of exoerimentnl data in the Zorm:

. -

(Kg/em? differential) = a+b (log liters GNz/min) +c (icg liters Gﬁzfminiz +d {log liters GNz/mln)3 +a (lag 11ters szfminji

Log (®g/cem? aifferential}

Sigma = 0,153

Log (Kg/ém2 differential)

" Bigma = 0.240

Ca

Log (Kg/em? differential)

Sigma = 0.203

Lot {Kg/cm® differential)

Sigmas = 0,028

Log (Kg/cm2 differential)

Sigma = 0.134

S

= ~ 1.211933 + 3,076583 (log liters GNa/min) - 2,05981% (log liters GNzlmin)z

+ 0,681454 (log, iiters Guzjnin)3

.

il Y CEE T | LI z

3,581980 + 7,007782 (log liters GHp/min) '~ 4,430427 (log, liters Gszmin)z
' + 1.115753 {log litera Gis/nin} ¥

37, 13138L - 111 353256 {log liters GNa/min) + 122, 962951 {log liters GNz/min)2 e
" - 58.5407564 (log liters GNa/min}3 + 10.793746 (log liters szfﬁi-“

1.840296 ¥ 2. 184852 (log liters GNz/min) - 1.063389 (log litexs GNp/min}?
+ 0.286457 (log ldtexs oNg/mim

5.137023 - 16.770278 (log liter3 GNa/min) + 19.416605 (log liters Gily/mim}2 |
- 9.338116 (log litexs GNp/min)3 + 1.687508 (log liters Gszni.n)'l

g8 :
: ’§ES' : j
o §2
D
L) QLU
=8

o
35,-« " :

.

ITAXT 3navl
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’ TABLE LXVIIL

-, |eEsT NO. 5
I
TEST 'SPECINEN S/N 023

CLEAN CONDITION — FLOW RATE VERSUS DIFFERCNTIAL PRESSURE
AT A" NOMINAL INLET PRESSURE OF 29,177 Kg/cmz

. -
! NET DIFFERENTIAL PRESSIURE '('K':r_/c:m2 Differential)

AFTER 10 HIGH
> PRESSURE (703.07

ngggg; o - SR :Kg/cmZ NONINAL)
TEST AFTER PROOF TEST GN2 IMPACT CYCLES
FORWARD FORWARD REVERSE FORWARD REVERSE
. FLOY FLOW FLOW FLOW FLOW
' PEST SPECIMEN INLET PRESSURE (Kg/cm2)
(Knggéﬁii? 25.6160 28.9668 29,323C 28.8840 29,1088
0.5 ‘ 1.966 0.735 e 0.487 1.120
1.0 4,350 2.109 3.793 1.136 1.929
1.5 6.908 3,357 6.150 1.827 3.121
2.0 10.076 4.749 8.876 2.575 4.419
2.5 14,15¢ - 5.287 11.958 3.391 5.818
3.0 19.450 8,101 16,148 4.283 7.364
3.5 . mme—— 10.275 22.745 5,257 9.126
I T T — 6.319 11.183
45 cmmmm e il —— 7.476 13.632
'5.4 —————— [ 8.732 16.585
B — - ——-7j* S 10.094 20,181
6.9 C e e 11:566 - 24.590

Wintec Division, Brunswick Curporation, 5223 W Imperial Highway, Los Angeles, CA 90045 USA 213464144300 @@
WRMSWICK
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sigma = 0.211 - U U S

1 at

NOTE1  Data values obta.ined from least square eguation of axperimental data in the form

Log (Kg/en? differentinl) = a + b (log Kg GNa/hx) +'c (log Kg GNz/ﬁr)2 + 4 {log Kg Cﬂthr)3 + e {log Rg euth:>4
Log (Xg/em? differential) = 0,638519 1.001342 (log Rg GNa/hr) + 0,108010 (log Kg GNp/hr)? + 0,965732°(16g Xg GNa/hr) 3 .

»

Sigma = 0.140 . C

voy {Xg/om? differsntial) & 0,324098 + 1,242658 (log Ky GNp/hv) - 0.581526 (log Kg Gip/hr) 2 + 1.140665 (log Kg GNp/hr)3
Sigma = 0,233 ’ ' '

Log {¥g/cm? differential) = + 0. 578971 + 0.920769 (log Xg sz/hx) + 2.835641 (log Kg GNZ/hr)Z 5.206425 (log Kg av2/5:33

Log (Kg/cm? differential) = 0,055194 + 1.175373 (log Kg GNz/hr) = 0.067998 (log Kg GN;/hr)z + 0.284555 (leg Kg enzfn:}3

Sigma = 0,027

v i . ) .

tog (Xg/cm? differential) = 0.28751) + 1.120023 {log Xg GNz/he) + 0. 511273 {log Kg GNz/hz)z - 1. aalsao {log Kg GNp/hr)™"

+1,627250 (log Xg Gig/hx)d -
Sigma = 0,136

4 10,5026856 {log Kg Gwzxn:)4

KLITVOD 9004 d0.

-9 gDVd TYNISIHG,

ITIAXT-378YL.
652
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. TEST NC. 5 - TABLE LXIX

TEST SPECIMEN 5/8 023
CLEAN CONDIYION - FLOW RATE VERSUS D1FTERLNTIAN PRESSURE
AT A NOMINAL INLET PRESSURE OF 415 P3ih
’ ‘ORIGINAL PAGE IS

- NET DIFFERENTIAL PRESSURE (PSID) OF POOR QUALITY

-AFTER 10 HIGIL
PRESSURE (10,000

b . ' PSIA NOMIHAL) Givp
T‘EST _‘_ AFTER PROCEF TCEST IMPACT CYULES
FORWMLD N FORWARD REVERSE FORMMRD RLVERSE
_FLOW _ FLOW FLOW FLOW FLOW
POy SPECIMEN INLET PRESSURE (PSIA)
FLGW RATE :
__(SCFM) 421,28 _a12.0® 417.1° 410.8° 414.0%
0.4 . 47.724 24.402 17.727 12.166 21.500
0.5 66.865 29.512 53.206 15.853 27.112
0.5 74,417 35.942 64.626 19.631, 33.404
0.7 £8.813 43.111 78.437 . .23.516 °  40.106
0.8 104.381 50.739 53.196 27.521 47.083
0.0 121.434 58.691 168.326 31.655 54,275
“1.0 140,199 66.914 123.777 35.931 61.666
T 1. 160.935 75.410 .  139.840 46,354 69.271
-1.2 183.897 ,  84.216 . 157.036 44,534 77.118
1.3 209,343 83,395 - 176.047 49.877 B5.252
1.4 237.548 103.028 197.705 54,530 93,724
1.5 © 268.80a 113.209 223.008 " 59.678 102,590
1.6 ) 303.421  124.042 253,167 64.946 111.913
1.7 341,735 135.645  289.684 70,403 121.759
1.8 384.105 148.145 334.456 76.047 132,199
1.9 el 161.679 389.927 81.889  ° 143.308
2.0 e 176,401 e §7.933°  155.166
2.1 mee—e— 192.478 _——— 94.184 - "167.858
2.2 i 210.095 S 100.645 - 181.475
2.3 N 229.457 e 107.323 196.116
77 S, 250,793  mmm—ene 114.221 211.855
2.5 ' [ 274.356 —memeree 121.344 228.898
. 206 eeeseee 200,433 —eeme—m 1:28.698 247.278
2.7 ——— 329.343 ————— 136.288 267,159
0 : S—— - 361,447 RURE S "144.117 288.687
2.9 e 397.150 ———— 152.190 312.020
3.0 0 000000 mmemmem mee— - ————— 16¢.514 337.332
3.1 ———— e ———— 169.692 364,811
3.2 e — — 177.928 394,664
3.3 —-- et e 187.031 S
3.4 e : — i mrnnn 196.402 ———
3.5

mm———— —ar s o ome et e 20£.048 e

memmmmmwmmwwmmmwmmMWMMWmmmmwmwmwmoB@

ERUMSHICK,
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-

NOTE: Data values obtained from least square equation of experimental data in the-foxm:

\ Log (PSID) = a + b (log SCFM) + ¢’ (log SCFM)2 + & (log scrm)3 + e (log scrm)?

? B s '
tog (PSID) =.2,186744 + 1.405823 (log SCFM) + 0.962653 (log SCFM}? + 0.0968242 (log SCFM)3

Sigma = 2.040 . f ' . I .

Log (PSID) = 1.825518 + 1.248682 (log SCFM) + 0.106567 -(1og SCEM)2'$70.453008° (log SCFH)3 + 2.810328 (log scrmd -

Sigma = 2.484

Log (PSID) = 2.032640 + 1.267307 (log SCFM) + 0.162886 (log scr) 2 + 3.173207 {log SCFM)3 + 10.548218 (log SCF)4

Sigma = 2.961 ’ ot ] K . _ . o |
Log (PSID) = 1.555464 + 1.710146 (log SCEM) + 0.183902. (log SCEM)? + 0.283552 (log scr?

Sigma = 0.398 - A ! o . _
(log (PSID) = 1.790048 + 1.21562 (log SCEM) + 0.092756 (Log SCFM)Z + 0,476022 (log scrm 3 + 1.647252° (log scrm)d

5 ™
Sigma = 1.942

XIXT 3Ta¥L
q 08¢




TEST NO. 5

TEST SPECIMEN S/N 023

TABLE

. AT A NOMINAL INLET PRESSURE OF 415 PSIA

.
!

261
LXX

CLLEAN CONDITION - FLOW RATE VERSUS DIFFERDNTIAL PRESSURE

-

, NET DIFFERCNTIAL PRESSURE (PSID)
AFTER 10 HIGH )
BEFORE PTA NOMTHAL) Gy
TRge AFTER PROOF TEST IMPACT CYCLES
" FORWARD FORWARD REVERSE FORWARD REVERSE
FLOW- FLOW PLOV FLOW PLOW
i TEST SPECTMEN INLET PRESSURE -{PSIA) .
'(1§§OEN§?E§) 421.2% .. 412.08 417.1¢ 410.8° 414.0F
1.5 40.491 22,713  cmme—ee 10.200 18.847
2.0 55.656 27.331 49.986 14.403° 24.782
2.5 71,070 . 34.326 61.569 18,721 31.842
3.0 87.475 42.455 77.136 23.175 39.503 :
3.5 105.404 51.227 94,110 «  27.785 47.536
4.0 125,256 60.426 1i1.336 32,569 55.850
4.5 “147.541 69.984 128.563 37.542 64.429
5,0 172.523 79.919 145.592, 42,716 73.303
5.5 200.633 90.307 169.577 48.101 82.530
6.0 232.279 101.261 193,691 53.708 “g2.182
6.5 267.901 112:919 222,382 59.547 102.344
7.6 307.972 125,440 257,455 65.625 173.112 ‘
7.5 353.006 139.003 301.220 71.951 124.586 ‘
" 8.0 403.563 153.805  356.713 78.533 136.875
- - T ——— 170.067 mmewn- - £5.378 150.095
7 S —— 188.032  ————m—— 92,494 164.373
20 S ——— BF10Y 20 7 S —— 99.889 179.844 :
10.0 ——— 230,201 —e——e—e 107.569 196,654 )
10.5 memmmem 1255062  meemme—— 115.542 214.964
T T 282,950  ~————-m 123.815  234.948
) 3 S 314.317  mmmmeme 132.397 256,799
12,0 ——— 349,678 c——meee 1 141.292 280.726
12.5 e 389.622 e 150.512 306.962
13,0 mmmeeee e e 160.060 335.762
13.5 _— —— 169.946 367.410
14.0 S emmmmee eerheee e 180.176  402.218
14.5 JEPEVUNGHERENS UGSV 190,759 meemeee
15,0 ——— e 201,703 = ——eme——e
13
e TRV

WM msbmn MiLicalnnm Deemad
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MOTE:

Log (PSID) = a + b {log 1bs GNz/hx) + ¢ (log lbs GNy/hr)2 + 4

bata values obtained from least square schation of experimental data in the form:

(log 1bs eNz/hr)3 + e (log 1bs Gszhﬁ)d

(log (PSID) = 1. 389733 + 1.363379 (log 1bs GNa/hr) - 0. 39522" (log lbs Gszhr)z + 0. 970825 {log 1bs GN/hc)3

Sigma = 1,995

Log (PSID} =
Sigma = 2.453
Log (PSID) = 2.265497 .

Sigma = 3.013

Log {PSID) = 0.785560
Sigma = 0,388
Log (PSID) = 1.195838

Sigma = 1.925

1.423241

i

L.267011

]

. 5.957336

+ 1.320925°

+ 0.005346

vt ' -
~

(leg lbs GNz/hr} + 6.129034 }log lbs GNg/hr)2 - 6.742505 (log 1lbs GNz/hr)3
+ 2.819418 (log lbs GNy/hr)d

—————

(log lbs GNg/hI) + 19.677023 (1og 1bs GNz/hr)z - 23.549120 (log lbs GNa/hr)3
. ‘ : + 30.469036 (log 1bs GNz/hx) 8

.

{log lbs GNa/hr) — 0.358435 (log lbs GNp/hz)?

+ 0.283636 (log lbs GlNp/hr)3

(log 1bs GNp/hr) + 3,123466 (log 1bs GNa/hr)2 - 3,654563 (log 1Bs GNp/hr)3
+ 1.623616 _(log lbs GNp/hr)?

XX7 318vYL
¢9¢
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- TABLE LXXI

TEST NO. 5

TEST SPECIMEN S/t 023

. CLEAN CONDITION., - FLOW RATE VERSUS DIFFERCNTIAL PRUSSURE
AT A HOMINAL INLET PRESSURE OF 70,307 ¥y/cm?

:

NET DIFFFRCNTIAL PRESSURE (Ko/cm? Difforential)

* AFTER 10 HIGH
PRLSSURE (703.07

ngggﬁ Kg/cm2 NOMINAL)
PEST . AFTLDR PRCOF TEST GN2 IiFACT CYCILS
FORVARD FORWLED REVERSE FORWARD REVERSE ~
FLOW - PLOY FLOW FILOW TLOW
.. TEST SPECIMEN INLET PRESSURE (Xg/cm2)
PLOW IATE -
(liters* GNa/nin) 70.9214 71.2708 70.600° 70.5930 71.214F
16 ©1.215% - 0.579 . 0.883 :Q.325 0.510
Lis 1.81% - 0.839 ©1.365 *0.500 0.794
-20 . 2.428 1.237 1.875 0.687 1.071
-.25 3.064 1.592 2.410. 0.884 - 1.400
30 o3.719 1.961 2.968 "1.090 1.719
<-35 ,4.392 . 2,345 3.348 1.304 2.046
40 . 5,082 2.742 4.148 1.525 © 2.3bl
45 5.788 3.153 4.767 - 1.752 20774
50 . " 6,510 3.575 - 5.404° 1.985 3.074
55 - 7,248 4.010 6.058 2,224 3,430
§0. 8,000. .  4.456 6.728 2.467 3.792
65 ) 8,766. .  4.914 - 7.415 2.715 4.160
70 ' 9.546 5.283 8.117 2.967  4.533
75 . - 10.340 5.862 _ 8.833 3.223  4.912
80 11.146 6.352 . 9.565 3. 483 5,256
"85 11.965 6.853 10.310 3,748 5. 684
$0 12.797 . 7.363 11,069 4.013 6.077
~ . 95 T 13,641 7.884  11.842 4,282 "6.475

100 14.497 8.414 12.627 4.555 €.877

- #at 21.1°C (70°F) and 1.033 Eg/om? (14.7 psia)

Wintec Division, Brunswick Corparation, 5223 W. Impenal Highway. Los Angeles, CA 90045 USA 213+641+4300 @
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1

B.

c.

NOTEt Data valies obtained from least square etzuu‘-ion of experimental dabta in the fcrm:

i Log tkg/en? differential} = a+ b (log liters GNa/min) + ¢ {log liters GNz/min)z + & (log liters G¥2/min)2+ e (log !.M:era Guzlmin)“

R )
Log {Kg/cm differentladl) = ~ 0,767541 + 0,740120 (log liters GNa/min) + 0 112142 (log liters Gl\lg/m:.n)2 .
Sigma = 0,037 . . . >

LA s opdr 4 e )

Log. (Kg/em? differential) = ~'1.260923 + 0,994617 {log liters GN»/min) + 0.008834 (log liters GNp/min}2

Sigma = 0.023 . + 0.020169 (log liters GNg/min)3 '

Log (Kg/cm? differential) B o- 0 505604 + 0.327545 (lag liters GNz,fmin) + 0.09045% (log liters GNz/min)z

Sigma = 0.039 TV L A S L . -

Log {Kg/em® differential) = = 1,271580 + 0.461456 (log liters GNp/min) + D.364978 (log liters GNa/min)?

- - ] iny3
Sigma = 0.008" ] ) . ; - . oo 0.081599 {log J:J.tez:s thg/min) .

Log (Kg/cme differcntiul) = - 1.332813 + 0.994871 (leg liters GNz/min) + 0.045115 {log litars 6Ny /min) 2

Sigma = 0.024

IXX7 379vL
v9e
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TABLE LXXII

TEST NO, 5

. TEST) SPECIMEN S/N 023

CLEAN CONDITION -~ FLOW RATE VERSUS DIFFERCNTIAL PRESSURE‘
AT A NOMINAL INLET PRESSURE OF 70.30G7 Kg/cm2

. ! NET DIFFERENTIAL PRESSURE {Kq/bmz Differential)

y;
; AFTER 10 UIGH
- - . . PRESSURE (703.07
B;§g§§ - T . Kg/cm? NOMINAL)
TéST AFTER PROOF TREST GN2 IMPACT CYCLES
FORWARD FORWARD REVERSE FORWARD .,  REVERSE
FLOW __FLOW FLOW . _FLOW FLOW
'TEST SPECIMEN INLET PRESSURE (Kg/cm2)
"FLOW RATE § D B
~.. -{Kg GN/hr) 70.921* 71.270% 70.600C 70.593 71,214
" 0.5 6.867 0.411 0.624 0.222 0.355
1.0 1.711 0.860 (1.302 0.457 0.757
1.5 - 2.607 1.348 2,041 0.722 ?.187
2.0 3.549 . 1.869 2.830 1.009 - D rd,
2.5 " 4.536 . 2.420 2,663 1.316 2.111 -
3.0 5,564 3,600 3.538 i.632 2.508
3.5 6.631 3.604 5.449 1.975 3.099
4.0, 2.73¢  ° 4.235 6.396 2.324 3,613
4.5 8.871 4.888 7.376 2.685 . 4.140
s.0  ° 10.042 *5.564 © 8.387 3.055 4.677
© 5.5 - 11.245 '6.262 9.428 3.434 5.224

6.0 12,478 "5.980 10.428 _*3.822 5.781

Wintec Division, Brunswick Corporation, 5223 W, Imperal Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
HEWICK
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NOTE:

Log (Kg/cm2 differentlal)

tog (Xg/cm? differential) =
Sigma = 0,043

Log (Kg/cm? differential) =

Sigma = 0.023

Loy (Kg/cm2 differential) =

Sigma = 0.029

Loy (Kg/cm2 éifferential) =

Sigma = 0.008

Log (Kg/cm? differential) =

Sigméd = 0.024

% A ok .« [+

0.233329 + 1.016985 {log Kg.GNz/hr) + 0.117993 (leg Kg GNQ/hr)“

Data values obtained from least square equation of experimental data in the fozm.

N

-= a + b (log Kg GNz/hx) e (1og Kg GNz/hr)2 + 4 (log kg G?z/hr)3 + a ( og Xg. GNZ/hr}4

- 0.065379 + 1.091733 (log Kg GN:s/hr) + 0,088208 (leg Kg GNp/hr)2 # 0.013292 (log g GNp/hr) 3

i
‘

+ 0.174087 + 1.033775 (log Kg GN»/hx) + 0.093075 (log Keg Gz/hr)?

b

N

- 0.339766 + 1.099285 (log Kg GN»/hr) + 0.162639 (log Ky GNz/hr)2 - 0.057646 (log Kg GNz/hx)3

\

- 0.121004 + 1.103497 (log Xg GNu/hr) + 0.040168 (log Kg GNp/hir) 2

v

S8
[
Sg
S
Lr
>
=

5

»
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TEST NO. 5 . S 267
TABLE LXxIII

SPECIMEN S/N 023

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
AT A NOMINAL INLET PRESSURE OF 100G PSIA

NET DIFFERENTIAL PRESSURE (PSID)

AFTER 10 HIGH
PRESSURE (10,600

Bﬁ;ggﬁ ) o PSIN ROMINAL) Gilp
TLET B AFPTER PROOF TEST ‘___EMP.F;CT CYCL"..ZS .
FORWARD FPORWARD' REVERSE FORMARD EVLRSE
FLOW FLOW FLOW ~ FLU(_I’____ _m__
FLOW RATE ' 'llI‘;ST SPECIMEN INLET E’RESF-FFRE' {PSTIE)
(scen) 1008.7R 1913.78 1004.2% 1604.1° 101z.9%
. 0.4 19,145, 9.443 14.325 5,027 8.284
0.5 23.954 - 12.027 18.225 6.3295 10.585
0.6 28.876 ‘14.694 , 22.256 7.827 12,950
" 0.7 33.909.  _17.440 26.410 9.318 15.370
0.8 39,0497 20.261 30.679 10.862 17.841 .
0.0 44.292 . 23.153 - 35.057 12.455 20,360
1.5 . 4%.636 25.135  ° 33,523 14.052 22,522
1.2 55.078° 29.143 " 44,119 15,773 25.525
1.2 ’ 60,614 32,235 "48.795° 17.423 28.166
T.1.3 0 66.242° '35.390° £3.563 19,250 30,864 -
1.4 " 71.959 38.605 % 58,419 21.042 33.557
1.5 77.764 ° 41,880 63.361 22,867  36.302
1.6 - 83.654 45,212 68.387 24.723 38,079
1.7 .. 89.628 48.601 73.493 26.510 41.8e7
1.8 95.683 52.046  78.878 23,525 44.724
P 1.9 101.818 55.545 §3.941 30.467 47.589
© 2.0 108.031 59.097 89.278 32,434 50.491
2.1 . 114321 62.701 94.680 - 34.427 - 53.400 .
2.2 120.636 66:357 100,271 36.443 56.344
2.3 127,126 70.064 105.723 38.482 59,313
2.4 133.639 73.821 © 111.345  40.542 62.306
2.5 ; 140.223 77.627 117.035 ¢ 42.624 €5.323
2.6 145.873 §1.482 .  122.791 14,726 68,363
o210 . 153,603 85.384 125.622 _46.847 71.125
2.8 160,396 89.334 134.498 48.987 74.510
2.9 167,257 93.331 140.447 51.145 77.615
3.0 174.185 97.375 146.459 53.320 80,741
3.1 181,178, 101.46G4 152,531 . 55,512 §3. 88
3,2 188.237 . 105.598 158.665  57.721 87.055
3.3 195,360 103,777 164.858 59,945 90.241
3.4 202,547 114.001 171.110 62.154 93,447

3.5 209.797 118. 269 177.420 64.438 96,672

Wintec Dwision, Brunswick Corporation, 5223 W. Impertal Highway, Los Angeles, CA 90045 USA 213+541+4300 B@
- BsSACH,
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" Sigma + 0.417 "

NOTE: Data values obteined from least square eguation of experim:antal data in the

formz

Log (PSID) = a + b (Tog SCFM) + ¢ (log SCFM)}2 + d (log 5CrM)2 + e (log scrm)?

Log (PSID) = 1.695798 + 1.086543 (log SCFM) + 0.117723 (log
Sigma #+ 0.607 . .

-

Log (PSID) = 1.416887 + 1.146886 (log SCFM) + 0.089048 (log

Sigma = 0.325

Log (PSID} = 1.639%323 + 1.088671 (log SCFM) + 0.092738 (log

Log (PSID) = 1.148991 + 1.177661 {log SCFM) + 0.104049 (log
Sigma = 0.117 S

"

Log (PSID) = 1.360252 + 1.126830 (log SCFM) +'0,040453 (log

‘Sigma = 0.344 . '

[ 8
.

sCEM) 2

LS T | 1

y

SCFM)2 + 0.016641 (log SGFM)3

scrM) 2

sCrM)? ~ 0.070637 (log SCFM)>

SCFM) 2

ITIXXT 379Vl
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TABLE LXXIV

TEST NO. 5

- i

TES SPECIMEN S/N 023

“CLEAN CONDITION -~ FLOW RATE VERSUS DIFFERENTIAL PRESSURE
AT A NOMINAL INLET PRESSURE OF 1000 PSIA

’
.

1 ™
1

NET DIFFCRENTIAL PRESSURE (PSID)

=

AFTER 10 HIGH
PRESSURE (10,000

BororE - ) " ‘PSIA NOMINAL) GH,

e APTER TROOF TEST IHPACT CYCLES _

FORWARD©  FORFARD REVERSE FORWARD .  REVERSE
FLOW " FLOV FLOH__ _FLOW FLOH
FLOW RATE TEST STECIMEN INLET PRESSURE (PSIA)

_(1bs CN2/hr) 1008.72 1013.78 1004.2° 1004.17 1012.8%

1.5 -16.577 "8.079 12.255 4.306 7.060 -
2.0 22.054 11.004 . 16.672 5.847  9.672
. 2.5 27.683 - 14.044 21.369 7.477 12: 372
3.0 33.458 17.191 25.032 9.185 ©  15.149
3.5 35.376 20.438 30.947 10.963 17.%94
4.0 45.432° 23.782 7 36.007 12.805 20.902
4.5 51.620 27.216 - 41.203 14.706 23.866
5.0 57,936 30.738 46.529 16.662 26.884

5.5 64.375 34.344 © T 51.97% 18.668 29.951
6.0 70.935 38.032 57.548 20.721 33.065
6.5 77.611 41.798 63.231 22.819  36.224
7.0 B4.400  45.641 69.025 24.958 | 39.425
7.5 91.299 49,559 74.926 27,137 42.666
8.0 98.306 §3.549 . 80.931 ° 29.353 45,945
8.5 105,418 57.611 87.037 31.605 49.262
9.0 112.633 61.742 53.240 °  33.890 52,614
9.5 119.945 | 65.941 ,99.540 . 36,207 56.000
10.0 127.363 70:207 - 105.933 38.554 59,420
10.5 134.873 74.538 112.418 40,931 62.872
1.0 142.479 78.935 118.952 43.336 §6.355
11.5 150.178 -83.394 125.654  45.767 69.868
12.0 157.969 87.916 132.402  48.225 73.411
12.5 . 165.850 92.500 °  139.235 50.706 76.982
13.0 172.820 97.145 146.150 53.212 80.532
13.5 191,878 101.843 153,147 55.740 84.208
C 14,0 “: 190,021 106.613 160,224 58,290 87.862
14.5 198.250 111.435 167.380 60. 862 91.541
15.0 205.563 116.315 174.614 63.454 95,246

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 21346841+4300 .@
. BECK,
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' NOTE: Data values obtained from least square ecuation of e;periméntal data in the .foxm: -
Log (PSID) = a 4+ b (log lbs GNp/hr) + ¢ (log lbs GNz/hr)? + 4 {log lbs Gﬂz/hrb3 + ¢ (log ibs GNzlhq)ﬂ
A. Log (PSID) = 1.050982 + 0.936239 (log 1lbs CNa/hx) + 0.,117821 {log:2bs GN2/hr)? . i :
Sigma = 0,613 -
: B. {log (PSID) = 0,722540 + 1,035478 {log lbs ONy/hr) + 0.07455} (log 1bs GNz/hx)2 + 0.042991 {log lbs GN/hz)?
_Sigma = 0.3238 ' ) . N
' C. Log (PSID) = 0,283154 + 0.969867 (leg lbs GNz/hrz) + 0.022044" (log lbs GNg/hr)2
Sigma = 0.416 ' : .
D. Log (PSID) = 0.457186 + 0.966088 {log lbs GNz/hr) + 0.228983 (log lbs GNz/hr)2 - 0.066188 (log lbe GNQ/hr)3
‘Sigma = 0,118 » ’ ; 4
E. Log (PSID) = 0.658274 + 1.074821.(log lbs GNp/hr) + 0,040835 (log ibs GNp/hr)2
Sigma = 0.343
=
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Figure 102
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CONTAMINATED CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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" Figure 103

CONTAMINATED CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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" Figure 104

TEST NO. 11
CONTAMINATED CONDITION ~ FLOW RATE VERSUS DIFFERENTIAL PRESSURE

T

NET DIFFERENTIAL PRESSURE (?srn

T T l TEST SPECIﬁﬁﬁ?ﬁ_iﬁ.—?ﬁ IR AR
: R H . | | '
- e SR ’ S S B - ..]}........., PO S ‘. -
| S : ! 3 H
) A .l P } :
SR B b K i~ : e e Tt
. I B : Lo R
! : bde e
------ T : i } :
: oz [ = :' } ‘___.__l i_ -
[: Y P A S SRR DO N W g
' 400 - . S N S _ e
380 _:_, - . .l,. P h i, - - - .
| §360.) |
1340 e _
120, “i” CONTAMINANT TOLERANCE DATA
T : ——EEE pras G |
; =, 3 AVG. | TEST spncmm ' Lo
300 : NLET PRESSURE 416 4 p51a~__.._..__
.AVG. 'TEST SPECIMEN P
. 280 “?}TTF‘" TEMPERATURE .=. .78 .42F ...
‘ ) -4
- )
- 1'
!
i |
!

n -
:
P
S S
SN N
i
BLEE: ' I ol N I DDA N O i NUCISS SR B .
' ]
[ 0.5 scru
- ikt g L —_—
e i BNl P
| e e S i
¥ IR0 40T 50— G0 70T 8090100 :

Mg SYNTHETIC CONTAMINANT ADDED

Wintee Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
- [ S TE e




LI TN W

10 X 10 TO THE CENTIMETER 46 1510
HEUFFEL & ES3ER CO,

*3 % A8 Ot

- -
+
L

ORIGINAL'PAGE IS
OF POOR QUALITY . 274 -
, Figure 105
TEST NO. 11

‘ . | zedw sﬁncmcu S/N 022 | | ,
I S S i, ! :_.:i....i....’.. Lo R
HER R A I i
R S I it S O I CONTAMNANT _TOLERANCE DATA ° TR T
SN PSS S SO Y O s I O T AL I e O
_________________ - RVG. |TEST SPECIMEN INLET PRESSURE = 416.4 PSIA ; .
q00.l | 17| < avg., !TEST__SPECIMEN_INLET TEI-iP.ERATURJ:. = _78.4°F L
P 5 GN5/hr
o .:340 .
L L
o -
-

W L :
T R S . !" :
= —
. g ! 4
-0 . t

S S I A A B l —

[ : - 1
é ! :I. i ;
E -

B ' : E' -

. Z B ) i. .; f"" .-

Z ST S N
Nl - 5 1bs GN3/hr.

- Iy -, " | :

F ' : : : s 4
.—"H - S H B i ;

S T R B VN I Sk L e A

B4 < l i
-..m - - -.~£-— -u;.n. - A —
i 140 : S ‘

: : b . i
. ' R
. L
e 4 1lbs GNp/hr!
. e ! i
! i I "
R i ;
P e I . s
Vo b i
B - —. 2.1bs GN2/hr, .. | ...

: Fy N

3 IO O O I I A TR - i

RN R RN ‘ | - |

G0 200 3040 S50 607 BO 90 100 '

Mg SYNTHETIC CONTAMINANT ADDED

Wintec Division, Brunswick Corporation, 5223 W, Impenial Highway, Los Angeles, CA B0045 USA 213464144300 @@
. WK




10 TO THE CENTIMETER 46 1510
FY AP IS L Y Y

wa 10 %
G-I

. r
o
.

MECUFFEL & CSSEA CO.

'
|
I
i
i
i
i
!
i

O S !_.... e

CONTnMiNnNT’ioLERamcr"nATA

5 TEST spnczmnm S/N 022 ,

|
i
L
t
|
i
I

- AV,'G a
: I

i

TEST S’PECIMEN INLET PRESSURE

- A\iG. ".L;EST SEECIMEN INI.ET TEMPERATURE

71

i
~298 2°C

182 Kg/cmz""”"

o

275
Figure 106
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Figure 107

TEST NO. 11 i

. CONTAMINATED CONDITION - FLOW RATE VERSUS DIFFERENTTAL PRESSURE, '
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"Figure 108
TRST NO, 11

CONTJ\MINATI‘D CONDITION - FLOW .RATE  VERSUS DII‘PBRLNTIT\L PRESSURE .. _
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! Figure 109
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CONTAMINATED CONDITION ~ FLOW RATE VERSUS DIFFERENTIAL PRESSURE

KOMINAY, TEST SPECIMEN INLET PRESSURE = 29,177 Kg/om?

GEST WO, 1L

TEST SPECIMEN 5/W 022

NZ1' DIFFERENTIAL PRESSURE (Kg/cm? -DIFFERENTIAL)

fAt 21.1°C {70°P) apd 1.032 Kg/cm?

TOT 4, CUANTITY OF SYNTHETIC CONFAMINANT ADDED (mé)

FLOW RATE .

{liters C¥2/min)* - - _ 0.1 _13.3
.10 ) 1.516 1,27
“Tas . . 2.560 , - 3.178

20 3,581 4.471
25 . 4,650 5,835
ap ’ 5.824 ' 7.370
a5 . 7.144 * 9.4
40 8.650- + 11.285
e, 4B ) . 10,378, 13.825
: 50 ©o12.367 16.872
55 - . 24.653 20 533
50 . 17,100 24,929
§5 . S 20,335 i
70 23,834  eeeeo -
' 75 27,847 -
20 ————— S
oo
Y S OO
88 e e e

1) S ——

{14.7 psin)

32,0

1.950
3,460
4.890
§.407
B.143

10.2098

12,118

15.782
19.548
24.178

LR |

52.2

2,003
3,531,
4.987
6.554

16.575
13 282
16.636
20.806
25,995

e i et

£.375°

74,3

2,024
3.640
5,194
6.874
g.038

11,223

14.173

17.850

22,448

105.2

2.035

3.608 .

5.142
6.813
8.78b
11.180
14.140

17.826

22.427
28,173

e
= —————
= v
P
R
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NOTE: Data valuzs obtained from laast syuaxe’ equation of expexinental data in the form:
Log (Kg/cm? Aifferential) = a + b {log Kg &¥a/hx) + ¢ {log Kg GNp/hr)? + d (log Kg GNp/r)3 + e (log Xg GNp/hx)?

'Y

“TOTAL QUANTITY -

oF . ' '

cgigﬁiﬁw sp;g?ﬁnﬁﬂigmr, spggfmyggmr - EQUATION 'COEFFICTIENTS S

ALDED (ng) PRESSURE (Kg/cm®)  TEMETpATURE (°¢) " a b e o a e
0.0 29,419 306.9 . 0.86267  1.208332  -0.422051  1.107394 -t

. 16.3 . 29,189, . 296.5 0.479526  1.246B866  ~0,602504  1.572742  wmwe——eum
32.0.. 29.219 . 3013, - 0.515896  1.274052  =0,70B344  -:1,849099  —w-————mm
52,2 < 28,177 © O 298.6 . 0.521935  1,261547 -0,664008,  1.920505  ——eemm ———
74.3 - 29.304 - a0L5 - 0.537365  , 1.393842 ' 10.708715 ' .-1.991838  =s-—w—mmm

105.2 . 29,345 . 205,2 , ' . 0.533953  1.205375  -0.611622  1.80438  memmmemme

[ . N T TR R T Ve we e ;

"BIGMA
0.216
© 0.236
* 0,224

0.278

+0.185 .

0.252

ALXT 9lqer
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FLOW RATE

{Kg GN2/hr)

(=)
s

oo mo Bt e n o

T W A e e W W B

) TEST NO. 11 . _
.CONTAMINATED CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
TE3Y SPECIMEN 8/N 022
NOMINAL TEST SPECIMIN INLET DRESSURE = 29,177 Rg/cm?

SLT DIFFERENTIAL PRESSURE (Kg/om? .DIFFERENTIAL)

" POTAL, QUANTITY OF SYNTHETIC CONTAMINANT ADDED {mg)

0.9 .16.3 32,0 52.2 74.3

0.900 . 1,015 1.042 1.077 1.062

2.434 3.017 3.280 3.349 3.446.

1,908 4.886 5.350 5.460 5.700

5.521 6,569 7.5606 7.393 8.317

7.415 3.537° 15.648 11.047 11.738

9.706 22.826 | 14.5€7 o 15.302 16.335
12,508 27.094 19,8385 21.115 .22.790
15.943 22,648 26300 28.073 ————
,20.151 ———— ——— S— cmm
25,294  meeeew Ve N —

. . :
S5
.

AITTVOD ¥

o 4OVq
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TAXXTE-9[qeL ~
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TOTAL QUANTITY
3

NOTE: Data valuas obtaihed from leust squars’ equation of experimental data in the form:

AvVG. TES?

ERESSURE (Kq/cmz) TEMPERATURE_(°C)

synmimrre
CONTAMTHANT SPECIMEN INLET
ADDED (g}
. 0.0 ) 29,419
6.3 29.189
32,0 29.219
52.2 29.177
. 74.3 29.304
105.2 29.349

AYG. TEST
SPECTME INLET

30049
296.5
301.3
298,86
30L.5
295.2 .

.
. *

EQUATION COEFFICIENTS

Log (Kg/em? differontial) = a + b {log Xg GNp/hr} + ¢ (log XKg GNp/hr)2 + & (log Xy GNz/hr)d + e (log Kg GNp/hx)d

T a b . c s a a " BTEMA
0.386267 1.208332  ~0.422051  1,1079%4 R —— 0.216
0.479516 1.246866 ~0.602504  1,572742  —oeecrees - 0,238
0.515896 1.274092°  ~0.708344  1,848099 ————— 0.224
0.524935  1.262547 ~0,664008,  1,3z0505 —————— 0.278
0.537355 1.303842 -0.708716  1.991838  —-———em- - -0.185 .

. [ LERY i L T a .
0.533953.. 1.277375 -0 S11€22  1,864375  ewmwme—a f.352
. . .
o R
= =
.
. "d% °
o 7
. Y -») f. . '
< -
EQ._. )
= -
R g B
wd
[12]
. f lad
b ]
e
= .
—, (a2
. oy
3
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PLOW BATE

{SCFM)

0.4
0.5
0.6
- 0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

~
o

2.1

N NN
B P )
[=Y - - TN - R A L

-

*
-

Wt WL NRNN R
v

.-

-
T W W

' . npET NO, 11 " )
CONTAMINATED CONDITION - FLOW PATE VERSUS DIFFERENTIAL PRESSURE
DEIT, SPECIMEN S/N 022

NOMINAL TEST SPICIMEN INLET PRESSURE = 415 PSIA "

NET DIFFCRENTIAL PRESSUhE {PSID)

TOLAL QUANTITY OF SVHNTHETIC CONTAMINANT ADDED (mg)

0.0 16.3 32.0 52,2 74.2
25,599 31.263 33,662 34,49¢ 35.104
33.969 42,078 45.735 A6.708 4£.031
42.168 52.511 57,300 58.428 60,510
50.405 £2.928 64.819 70,177 73,064

' 58.860 73.658 80.719 82,416 85.178
. 67.685 84,978 93,359 95,535 100,274
77.007 97.126 v 107,054 109,877 115.727
85.938 110.315 122,091 125.761 132.091
97.581 124.752 138.748 '143.502 152.121
109.035 140.624 157.306 163.425 173.783
121,394 153.167 178.059- 185.074 198.269
134.756 177.567 C.201.322 211.222 226,009
145,218 199.061 ° 227.436 239.282 257.474
164.882 222,896 256.775 272.307 293,182
181.854 249, 536 289753 209,003 333.751
200,248 e 278,669 126,828 350.537 379.812
ot 220,175 311,211, 368,500 397.540 R,
¢ 241,768 347.305 B ]
265,149 387.327 ———— e ———————
290.466" —————— i
"317.864 mmmmmen emmmmem e JOT———
247,502 . O ‘
379.548 " "
424,581 mesoma R

105.2 .
35.076

47.669
53,517
72.334

B5.334
99.459

114,95)

132,172

151.477

173.223

197.796

225,614

257.140

292.889

133.424
379,418

" o v
-

- ot

-

e d

T ad

P s

e

IIAXXT =lqel
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NOTE: , Data values obtained from least squars equatlion of experimental data in tha forms
“ ) | .
Log .(PSID).= a + b {log SCFM) + ¢ (log scEMi2 + & {ley soa)d + o {log scrm)d

0

.

TOTAL QUANTITY .
oF . . ‘
. SYNTHETTC AVG, mEST AVG. TDST " .
CONTAMINANT  SPSCIMEN INLET SPECIMEN INLET EQUATION COERFFICIENTS
ADDED {mg) PRCSSURE (PSIA) TEMPERATURE (°F) . a " b c - ]
0.0 418, 4 8l.9 1.886529  1.247783 . ..0.556115,, ,1,107995  mmeewmwes '
16.3 415,2 74.0 ~ . 4! 1.987335  1.300851  0.785953 1,572742  ~emmee——
TRl e 415.6 82,6 K T 2.029604  1.33758L° ¢10.924090+ ¢ - L,B45098  mmew~mmue,
52,2 415.0 7.8 2.040905  1,370580  1.031464 b P Y1) S —
74,3 115.8 £2.9 T 2.063133  1.404194  1.045730 1.981838  meecmaono
105.2 1.7 2.060511 * T 1.060783  1.894375  , mmmemmend

 d

417.4 ‘ . 1.4.:,552

~

BIGME °
1.066
3.357°

"3.186

3.555
2.630

3.5%2

PIAXXT Blqel

78¢
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FLOW RATE

M T

. .
como Mooyt o

-

.- &

s o= o Sh W h b B W

- '
f
v T w @
- e e+ s
t ot

0.0

10,5

. 110
11,5
2.0 .
12.5
13.0
13.5
14,0
14,8
15,0,

. {1ba GNa/ar¥

5T NO. 11 vh o

r
1

) paser (dd o e v m
CONTAMINATED CONDITION =~ r.uW RATH VERSUS DIPPERENTIAL PRESSURD
TEST SPECIMEN S/N 022 ' .
NOMIMLL TEST SPLCINEY INLET PRESSURE = 415 PSIA
NET DIFFOPENTIAL DRESSURE (PSID) : ' C
DOUAL QUANTITY OF SYNWHETIC CONTAMINANT ADDED (1ng)
. —0.0 LTS 32.0 52,2 4.3 05,2
: 10,713 L1743 11.834 12,260 11,983 ° 12,499
20,903 2,106 25,752 27.494 27.744 27.921
30.712 37.894 41.077 41,995 43,032 42,790 ' °
© 40,195 ° 3.0 54,533 55,618 57.515 56.958
49.662 51969 B7.76L - 69,114 71.927 " 71.205
59,399 74,345 BL.483 83,206 . B7.026, 86.229
69.636 . | #7.503 46,194 98,493 103.453 - 102.656
8a,565 « o l01.822 112,387 115,495 121,792 221,634
' 92,354 C1n7.622 130,496 7 7 13m6$“ " 142,567 241. 665
105.155 135,213 150.9°6  176.579 ' 166,332 165,744 -
119,115 154,904 174,176 182,561 193,668 193.180
134,283 177.019 200,661 210,499 225,216 224,819
151.166 " 201.905 230.916 243,718 261,691 | 261,362 -
169,442 2:9.938 265.516 202,008 303.502 303.600
129,554 2€1.531 “305.106 326,170° 352,770 352,429 -
211.615 - 267,138 350,410 377.098 409,346 403,871
235.809 317,262 |, 402,245 = me-——ee —— - -
262,335 382,459 ’ ————iem ———————
291.404 o fare mmrasanaas y momm—
323,241 e v s
358,391 L - temmemse e —-— “——————
' 396,204 ,, | meee—— - ——— —————— ————

i
3
H
i
1
. .1
mmmmmm— mmeenoe — E
. rea -

__________ rrmn—— —————— o e e = L]
B (== |

—————— - [ ———— o e e e - ta
) mo
_______ . [P E . L - ‘
______ - SO, — D i
a . - t
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ROTE: Data values obtained from least aquare" equation of experimental data in the Lorm: T
| Log (2SID) =@ + b {log lbs GNz/hr) + ¢ {log 1bs GNa/hx)2 + & (log lbs GNz/hx)3 + e (log bs CNp/hr) &

r

TOTAL QUANTITY .t : - ' ' . T '
. OF — e :
SYNTHETYC . AVG. TES? AVG. TEST ,

CONTAMINANY  SPECIMSN INLET SPECTMDN INLET . . EQUATION COEFFICIENTS . )
ADDRD  (mg) PRESSURE (PSIA) TEMEERATURE (°P) . a h . c a - a . SIGMA

0.0 418.4 . 8L ©1.028821 .  1.889944  ~1.563264  1.107994  am-lo——m ' 3,066

16,3 T ogas.2 74.0 1.069761  2.216732  =2.222399 ° 1.572742  e=fe-oe== . ' %3,357
0. . 4155 . . B2.6 * . 1.073135  2.414358° ~2.512882  .1.849100, memwmm=am 13,186
52.2  415.0 - : 77.8 1.088474  2.397619 - ~2.842090 = 1.830504  mw=ieememm ‘3,959
74.3 46.8 . .. 82.9 . " 1.078570 ' 2.494836  ~2,760267¢  1,991635  me—cmmme= . 2.630

i
'
i
2

ITIAXX791498L -

‘ 105.2 w 417.4 ) ) ) ©+ 1,006887  2.375235  =2.562790 ° 1,B34374  memm———e— | 3.582

98
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PLOW RMME
{liters Gla/min}*

4

P

+ 10

15
26
25

30

25
" 40

R 1.1

50
53
60
65
" 70
74
80
85
50

g5

"AL 21.1°C {70°F) and 1.033 Xg/em? (14,7 poia)

oo

‘Pme wO. 11 ‘
CONTAMINATED CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE !
TEST SPECIJEN S/N 022
_ NOMINAL TEST SPECIMEN: ©'LLT PRESSURE = 70,307 Kg/cm2 °

,

NET JLFFCRENTILT, PRESSURS (Kg/cm? DIFFERENTIAY)

. TOTAL QUANTITY OF EYNTHETIC CONTAMINANT ADDED [mg)

0.0~ 16.3 32.9 52.2 74.3
0.689 - . 0,738 9,816 0.833 0.861
ToL.cs2 1.236 1.274 1,316 1.349
1.455 1,744 1.762 ©olle . C 1.676
1.068 2.2%8 2.277 . 2371 - 2.438
< 2.298 2.749. . 2.Bl8 | .2.842 -3.033
£.744 3.342 3.382 3.539 3.658
3.205 3.914 3,968 . 4 . 4.2
3.681 " 4.503 4.575 ., 4.806 1.994
4171 5.108 T5.200 ¢ 5.472- 5.701
4.673 5,718 5.8458 5.160 5.434
5.188 ., 6.303 6.508 - 6.968 7,192
5.716 . 7.8 7.180 ' 7.566 . 7.974
"6.254 T 7.63 7.886 8.343 8.776
6.805 8.3u7 . 8.599 +9.1c8 9,605
7.356 N KT R 9.328 9.890 10,454
7.933 .oeuT2 10.073 -+ 10,680 - 11.325
8.520 10.442 " 10.832 "11.507 12.217
9.123 . 21.164 11,607 12,341 13,130
£ 9,716 11.846 12,395 23,191 14.062

»
.

105.2

0.894
1.395
1.939
2.825
d.nde

3,807

4,500
5,227
5,985
§.775
7.598
8.445
9,324

-10.231

11.166
12.129
13.118
14.134
15.176

|
j
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! ND‘I.‘E: Data values obtained from laast sguare equation of experimental data in the !om: "

\ . .
Log {Kg/cm? dit!erentinl} " ‘ b {log liters GNz/’min) e tlag liters GNz/min)2 + d

v

(1og Yiters GNz/min)3 + o uog liters GN, nin)“‘
L -
TOTAL QUANTITY ' ¥
oF .
SYNTHETIC AVG, TEST AVG. TE5T : - '
CONTRATHANT SPECTMEN INLE® EPECINEN INLET ’ . EQUATION COBFEICIENTS
EDDES (mg) . PRESSUME (Kg/em?)  TEMBERARURE (°C) a b ¢ d a  sIemA
0.0, 71.311 300.0 -1.107773  0.B44688  0.101467 0,015
16.3 70.872 . LA ,-1.135452  ©€.971028  C.067197 ° ° £ ; ' 0.056
—32.0 71.367 295.4 . ¢ ° -1.064167  0.873404  0.102609 | b.028
52.2 « 700014 294,1 © ~1.065542  0.85250 , 0.1b2820 Tl ; 0.045
74.3 - 71,347 . 299.2 .~1.021571  0.828603 _ 0.128106 . . 0.025
108.2 - 71.283 2993, ~0.957078  0.747600 -  0.160760 * L0095
@] -
23
Tk
*'d% .
&2,
LR B
2 vg
gﬁ e
[ep!
| %m

pati-t

‘ ' . . ‘upIsIALg 281U -
@a D0LY+1 PO+ELZ YSN SHO0S VD 's9196uUy 507 "Aemubiy [BL1adW) "M £ZZ5 "HoneIodio] XaiMsunlg "uoIsiAg M .
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!
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FIOW RATE' .

(Kg GN2/hr)

s s & =
wm o W la;

-

oo bW NN D
.
o

h
't o v oW

-

TRET RO. 11
CONTAMINATED CONDITION ~ FLOW RATE VERSUS DIFFERENTTAL DBRESSHRE
' TEST SPECIMEN S/N 022 "
NOMINAY, TEST SPECIMEN INLET PRESSURE = 70,307 Kg/cm2

HET LIFFERENTIAL FRESSURE (Ko/cm? DIFFERENTIAYL)

TOTAL OUANTITY OF SYUTHETIC CONTAMINANT ADDED (mg)

165 32.0 52,2 74,3
0.465 0.5€0 ©0.575 0.588 0,606
0.976 1.2¢1 1.2185 1.25% 1.287
1.536 1.5¢4 .1.921  1.988 2.049
2,139 2.385 .. 2.682 2.798 2.883
2.780 3,549 ' 3.482 ' 517¢ 3,655 3.780
3.456 “4.281 - 4,347 4,553 4.737

. 4.164 5.448 5,243 5.517 5,749
4.902° 6.046 = ° 6.177 6.515 6.813
5.669 6.473  , ., 7,149 7.553 7.928
6.463 7.028 8.158 8.632 5.090

) 7.283 2.0 9.104 9.747 . 10.298
8,129 9,917 11.551

10.266

10.858

" ‘ sg §§ | , ) '
. -E
L . ‘
S |
S g
. [
P

P

105.2"

0.633

" 1.330

2.119
2,950

3.93%8°

4.953
6.037

7.185°

' B,395

9.665
10.554
12.179

JVE N, W

- XHXT alqel
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.
: NOTE: Data values obtained from leas: square aquation of expsrimental data in the form: .
. Log {Xg/cu? differential) = a + b (log Rg GMa/hx) + ¢ (log Kg 6Nz/hr}2 + & (log Xg CNp/hri3 + e (log Xg '‘GNa/hre)d
TOTAL QUANTITY S L | _
oy .
SYNTHETIC AVG., TEST AVG. TEST ' . .
CONTAMINANT SPrCINEN INLEC, , SPECIMEN INLET E EQUATION CORFFLCTENTS
ADDED _(mg) PRESSURE (Kg/em®)  TEMPERATURT (°C) a b c . a : e . BIGMA.
9.0 L 71311 ' 300.0 ' ~0.010759 1.100562  0.206302 © 0.016
- 6.3 v 70.a72 301.3 0.079569 1.123327 °  0.070531 0,085
BT B 71.367 295.4 0.084665 1.111087°  0.Iod60d - : . 0,028
53.2 Y 90,914 SR-1-7 9% SR 0.008536 . 1,125668  0.103829 . 0.045
- S . N . . L [ I a K [ .
S 7T BT I TY 299,2 0.109464. 1.125233  0.128103 0.025
105.2 S 71.283 - 299.3 - 0.123945° 1.1ls44l  0.20075% 1 o,uzs "
.
oS
o
et
g Gé .
A
oo
R=h3
ol
tét‘}
‘ . - N .‘u‘
v ]
£
. = s
. » 18
X
+ . :
i
N
- i
1
' 2

L - . . . EI . TP e PR . s pJ
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FLOW RATE
{SCFK)

0.4
0.3
0.6
0.7+
6.8
0.9
l.¢
1.1
1.2

UNDUMWNI@MNNNN
o 4+ ® & = 4 & W = a&.e »
mﬂ-WN!—‘OwwdmtﬂhUNl"O

"

et BT R R

o7 NO. 11

CONTAMINATED CONDITION ~ FL({W RATE VERSUS DIFFERENT

TEST SPECIMEN S/N 022
NOMIMAYL TEST SPECIMEM INLET PRESSURE = 1,000 PSIA

WLT DIFFERENTIAL PRESSURE (PSIDY

IAL PRESSURE

+

.0

10.706
13.647
16.698
19,852
23,103
26.446
29.877
33.382
36.98%

" . 40.663

54,414
48,238
52,133
56.098,
60,132

) .54.231

68,308
72.623
76.914

+ B1.265
85,676

90.147
~94,.673

99.281
103.902
508.599
113.351
118.157
123.016

127.927°

132,390
137,935

TOTAL OWANTITY OF SYNTHETIC CONTAMINANT ADDED (g}

8.3
12.103
15.799
20.628
24,580

- 28.644
52,841
37.083
41.447
45,901
50,440
5,062
59,764
54,542
§9.395

4310
79.314
B4.376
88,505
94.698

Tt ©9.955

T 105.273
116,652
15.089
121.585
127.138
132.746
128 .410
144.127
149,898
155,721
he1.595
167 .520

32.0

13.292
16,919
20,829
24,803
28.303
33,122

37.4585 .

41..896
46,442
51,099
55.832
60.67L
65,600
70.620
75.726
B0.91%
86.120
91.545
$6.980
162,492
108.082
113.746

119.484.

125.296
131.178
137.132
143,154
149.246
155,405
Lel.63)
167.523
174,280

52.2 74,3
13.676 14,034
17.536 17.983
21.558 22,112
25,730 26.410
30,043 30.869
34.450 35.482
39.064 20.242
43,760 45.144
48,574 50.182
84,500 55.354
58.535 60.654
63.676 66,000
68.921 q1.629 |
74,265 i7.208
79,707 63,083
85.244 80,064
90.875 94,098
96,596 101,122
102,407, 107.355
108,306 113.695
114,291 120,141
120,361 126,690
126.514 133,342
132,749 140.095
139,064 146,948
145,459" 153,900
151,932 160,949
158,483 168,094
165,110 175.334
171,812 182,569
178.580 190,096
15,438 197.617

[LH

105,2
Tl

14.540
18,594
22.B50
27,298
31,931
35,742
41,126
46.875
52,189
57.659
53,285
69,062
74.939

f1.061°

97,276
63 . 633
100,128
106.761
113,530
130,431
127.465
134,629
141,923
149,344
156.892
164.565
172.362
180,282
188,324
196.486
204.771
213.174

.

.l
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NOTE:  Dzta values obtained from least squave eguation of experimental data in the form:
Log {PSID) = a + b {log SCEM) + ¢ [log SCEM2 + 4 (log scrd3 + e (log scmnd
TOTAL QUANTITY
oF
SYRTHETIC AVS. TEST AVG. TEST
CONTAMINANT  SPECIMEN INLET SPECTUEN INLET EQUATION CCEFFICITNTS
ADDED (mg)  DRESSURE {PSTAY PEMPERNTURE (°F) a b e a sTeMa
0.0 1014.3 80.4 2475334 1.162660  0.10701% 0.224
16.3 1008.0 B82.6 1.569179  1.164234  0.0725L8 0.780.
2.0 1515.1 72.0 L.573510 1171477 , ©0.102609 . . .0.398
52.2 1008.6 69.6 1.551778  1.186777  0.103829 0.5628
74.3 ‘1014.3 78.8 1.604679  1,200629  8.128105 0.353
103.2 1011.9 79.0 1.620462  1.214456 + 0.160753 0.35¢
o
2%
2
=2 %:
£ v
5%
.%%Ea
——,

1XXX7 ajqes

26¢
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{ibs Glz/hr) .

1.0
1.5
2,0
2.5

w
* 4 o+ 0= « ® v & =
o thgo v o wuou @ W o
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.

+

[+=]
-
m

9.0

GCONTAMINATED CONDITION ~ FLOW RATE VERSUS DYFFERENTIAL PRESSURE

WEST NO. 11

TEST BPECIMEN S/N 022

NOMINAL TEST SPECIMIN INLET PRESSURE = 1,000 BPSIA

NET DIFFERENTIAL PRESSURE {PSID)

T 0.0

5.984
9.146
12.472

115,948

19.562
23.306
27,172
31,153
35.245

" 39.442

43,741
48,137
52.629
57.213
61.886

' 66,646

71.491
76,419
81.428
B6.5L6
91.683
96.925

102.243

107,635

113.099

118.634

124.240

129.240

135.659.

TOTAL QUANTITY OF SYNTHETIC COMTAMINANT ADDED (mg)

6.3 32.0 52.2
UL 167 7.384 7.53%
11.137 11.343 11.646
1E.318 15.518 15,999
15,686 19,8901 20,574
24.218 24.443 25,351
28,901 26.163 10.317
33.723 34,041 35,459
35,678 39,088 40.769
43.75¢0 44.237 46.238
46,941 49.542 51.860
54,243 54.976 57.623
39,450 66.539 §3.537
}i5.159 66,223 69.583
. 0,765 72,024 75.761
" 716,455 77.939 92.068
12,256 £3.966 £6.500
. U8.136 50.102 95.054
£4,101 96.344 io1.727
100.150 102.690 108.518
106,279 109,137 115.422
12,489 115.684 122,428
118.775, 122.328 129.546
125.137 129.068 126.798
101,573 135.902 144.138
1.8.081 142.829 151.582
14,661 149.847 159,123
141,310 156,954 166,777
158,024 164.150 174.524
104.813 171.432 182.369

74.3 105.2
7.785 8.155
11.964 12.42)
16.409 16,577
21,101 . 21,806
26.020 26,893
31.153 32.227
36.490 37,796
42,020 43,501
47.736 49,606
53.630 55.£34.
59,698 62.259
65.933 68,505 .
72,330 75,739
i8.887" 82,766
g5.598 89,582
92.460 “'a7.385
99,470 104,970
106,625 112,736
113.923 120,679
121.369 128.797°
122.935 ‘137,088
136.645. 145,550
144,488 154.180
152,463 162,977
160,567 171.939
168.799 181,065
177.157 196,352
185.640 199,800
194,346

209,406 —=—,

[IXxx7 @2t4el
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TOTAL QUANTITY

OF
SYNTHETIC * AYG. TEST
CONTAMINANT SPECTMEN INLET

IDOED (mz) PUESSURE (FSIh)
0.0 20343
16.3 1008.0
32.0 1015.1
52.2 1008.6
76.3 1014,8
105.2 . 1013.9 -

AvVG. TEST
SPECIMEN INLET
TEMPELATURE (°F)

NOTE: Dats values obteined from least Bquare equation of experimental data in the form:
Log (PSID) = a + b (log 1b3 GNp/ar) + ¢ (log Lbs GNa/hr)2 # & (log 1ba GNa/hr)3 + ¢ (log 1bs GNa/nr)é

EQUATION COEFFICIENTS

ED.4
B2.8
%2.0
69.6
78.8
79.0

‘ a b [

0.777023 1.027365 0.105384
0.B55361 1.074472 0.070816
0.B68289 1.040630 0.102609 -
0.877298 1.054373 0.103829
0,891236 'L.037269 " - +0.128105"
0.511418 1,005455 0.160759 -

t62
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FIGURE 119

CONTAJINATED COHDITION - IMPACT/FLOW RATE RATE VERSUS
e DIFFERENT[AL PRESSURE . i

!
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':i 1&57 SPECIHEN S/N 928

”.CGNTAMIVANT TOLERANCE DATA _

}SPECIHEN INLET PRESSURE

29 050 Kg/cm

!

SPECINIEN INLET TEMPERATURE = 292:7°x _ i‘ o
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FIGURE 111

CONTAMINATED CONDITION - THPACT/FLOW RATE VERSUS — .
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SPECIHEN INLET PRESSURE =

s j-TAVG}'TEST

i

SPECIMEN INLET TEHPERATURE 291.7°K

N
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{
1
R

H

2 Kg GHp/HR

4. e 3 j R R !
_____ R i IR B - | '
i - — - 1 Kg GHy/HR
i 2: ; } 1 N : ) :
~ . S D c b :
IR R AR S A DR A D
L2 @ ey e i B b .:10 S  —
S ='~§---:“'§3 g’ Synthetw Contamnant Added S
. i" — R H i
NN IE IR b
: : ; : } g - i 1k i 1 I L ' f

Wintec Dwvision, Brunswick Corporation, 5223 W Impenal Highway,

Los Angeles, CAGO045 USA 213+ 641+4300 @@,

[



NO 34DR-M DHETIODEN GRAPH PAPER

EUGENE DIETZDEMN OO,
v MAGE |N’Li‘%ﬂ.FA.' "

MILLIMETER

297

FIGURE 112

FEST HO0. 12
rnNTAMINMED_CUNDI-[.LQN - IHPACT_/FLGN RATE VERSUS DIFFEPI:NTIAL PRESSURE
L dn t... : Tk ; ; i

4 l:-.: ..l:: ': - |-
l

b q47
: SPECINEH S/

T CONTAMINANT TOLERANCE DATA
T AVG. TEST SPECINEN INLET
+-PRESSURE = 413.3 PSIA

CAVG. TEST SPECIMEN IHLET
. TEMPERATURE = 76.2%F

T

i

FFERENTIAL PRESSURE '(PSID)*L

BE
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FIGURE 113
TEST NO. 12

COWTAMINATED CONDITION -INPACT!FLDH RATE VERSUS UIFFERENTIAL PRESSURE

ATEST SPECIHEH 5/u ozs-mi-

*"LCONTAMINANT TOLERANCE DATA ._

‘AVE. TEST SPECIMEN INLET PRESSURE = 413.3 PSIA

AVG, TEST SPECIMEN 1NLET TEHPERATURE = 76 20F

2 lbs.,PNleR

i e e ]
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FIGURE 114
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V6. TEST SPgCIHEN INLET PRESSURE
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FIGURE 115
TEST NOD. 12

CONTAMIVATED CONDITION - IHPACT/FLON RATE VERSUS DIFFERENTIAL PQESSURE
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" FIGURE 116
TEST NO. 12

CQNTA'H"JATED CO"IDITION - I|1P!\CT/FLO"I RATE VERSUS DIFFERENTIAL PRESSURE

CUNTAHIHANT TOLERANCE DATA A

U TEST SPECIMEN INLET PRESSURE = 1095.3 PSIA - ~Fice

~TEST SPECIMEN INLET TEMPERATURE = 70.4°F

_ﬁ 0 5 scfm ﬂlz

I
i
— 1 5 scfm GN2
i e b o) el WO CE !
L TR T ERT Ty scfm i
] i b ; . l___ R

.l,_,, .

'f;”.“"'

CATEA [
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FIGURE 117
TEST WD, 12

COWTAHINATED CONDITION - IHPACTIFLON RATE VERSUS DIFFERENTIAL PRESSURE

‘>:TEST SPECIWEN SIN 028

:CONTAMIQANT TOLERANCE DATA “;T

'SPECIPEN INLET PRESSURE = 1005.

SPECIVEN INLET TEMPERATURE :

B

10'1bs PNZIHR -

T/HR

N A
uapr )

Mg Synthetic Contaminant Added’ - =+t
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TABLE XXVIIY Paxt B
TEST NO. 12
CONTAMINATED CONDITION ~ IMPACT/FLOW RATE VERSUS DIFPERENTYAL PRESSURE
. 'PEST SPECIMEN S/N 028
NOMINAL TEST SPECIMEN INLET PRESSURL = 29,177 kg/cm2
. NET DIFFERCNTIAL PRESSURE {Kg/cm? DIFFERENTIAL) :
TOTAL QUANTITY OF SYNTHLTIC CONTAMINANT ADDED (me) .
e FORWARD FLOW el REVERSE FLOW
~ PLOW TN FORWAND
PLOY RATE DIHECTION FOLLOWING
{1iters* GN2/min} .0 5, pnn 5,2 10,2 5.3 11,1 REVERSE FLOW RUNS.
10 1.543 1.903 1,484 1.297 t.585 1.%85 1.515
15 2.577 3.356 2,610 2,446 2.813 3,603 ) 3.384
20 1.594 £.831 3,746 3,698 4.027 5.435 5.005
25 . 4,655 §.445 4.962 5,151 5,332 7.679 6.981
20 5,806 8.304 6.322 6.907 5.818 10.533 9,932
as 7.081 13.495 7.876 9,071 B.560 14.219 14.689
40 £.510 11,112 9,675 11.764 10,635 19.004 22,588
45 10.122 16.254 11.769 15,125 13,122 25.217 e
50 11.945 20.031° 14.213 19,321 I 13 3 - e
55 14.008 24,575 17.066 24.553 19,910 ———emm e
60 16.345 ———— 20,396 = =meweee 24,035 —— ————
65 16.927 Y, -3 P ——— ————— EO—
70 . 21.972 b1 P L T — - ———— - N
75 25,341 eemee- ———— RPN ————— ——— —————
—q
o
V -
*At 21,1%C {70*P) and 1.033 Xg/cm? (14.7 psia) oy
sdpfear 2 high pressure impact cycles
-
bl
”~
< w
ard
b o
—t (oL
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1
HOTE: Data values chtained from least square eguation of experimental dmta in tha form:

tog iXgfem? differsntidl) = a + b (log liters GNp/min) + ¢ (log liters GNa/min}2 + & (log liters GRa/mim)3

TOTAL QUANTITY
Op

BYNTHETIC
CONTAMINANT
ADDED (mg)

PRESSURE (Kg/cm?)

AvG. TEST
SPECINEN INLET

TORWARD FTLOW

0.0

5.2*

5.2
10.2

- 8.3
1.1

29,230
29,011
29.060
29,179

29,106 °
29,417,

" PORWARD_FLOW AYTER REVERSE FLOW

-

29.060

- #After 2 high prassura impact cycles

AVG, TEST
SPECIMEN INMLET

TEMPERATURE (°C)

298.1
295.1
294.,5
297.7

" 299.6
239.3

297.7

EQUATION COEFFICIENTS

a b [+ [+ S1cMA
-2.925350 , 5.784554 -~3.604603 - 0,933803 0.179
-3.818735 2.063002 ~5.385550 1.420674 0.143
~3,52180% 7-1659?8 -4,607780 1.194883 ’ 0.136
-4.430579 8.978789% =G 052570 1.61770% . 0,136
d,200471 8.731488 =5,.854801 1.523828 0.146
~3,317072 B8.537757 -5,012899 1.691011 0.08%

wld,27793% 32.79656) =24.911103 6.572848 " 0.311
o
@5‘
g8
R
o &
]

I11XXX7 31qs)
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0.5
1.0
1.5
2.0
2,5
1.0
3.5

4.5
5.0
5.5

6.0

THBQE XXVIII - Part A

. TEST HO. 12
CONTAMINATED CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
TEST SPECIMEN S/H 028

NOMINAL TEST STECIMEN INLET PRESSURE = 28.177 Ha/em?

{¥g C¥2/hr)

*aftor 2 high pressurs impact cycles.

v NET DIFFERENTIAL PRESSURE (Kg/cmz DIFFERENTIML)
TOTAL QUANTITY OF SYNTHETIC CONTAMINANT ADDED {mg}
FORWARD FLOW:' _____ . .. EEYEBEEJE@E _________
0.0 5.2% 5.2 _10.2 - 5.3 11,1
0.937 '1.070 0.845 0.636 0.873 1.224
2.451 3.178 2.471 2.300 2.664 1.394
3.920 5.318 4.116 4.128 4.422 §.086
5.510 1.816 5.968 6.437 5.428 9.757
7.340 10.957 8.187 9.538 8.926 15,035
9,499 15.017 10.952 ' 13.787 .,12.143 23,714
12,074 ~20:306 14.388  19.632 16.320 | memmme
15,150 27.201 18,680 27.657 21,790 | ememe .
18,824  mmeene 24.035 - " 28.203 ————
23.205 , e ememn s -
28.413 R - ———
38
. é?-
:
&£
Sr
&8
H

FLOW IN TORWARD .
DIRECTION FOLLOWING
REVERSE FLOW RUMS ,

0.466
3.175
3.562
9.07?
15,6854

-

AIXXX1 @2i9eL
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NOTEs- Data values obtalned from least square eguation of exﬁerimantal data in the form:
Log (Kg/cm? dif:eren:ial) = 2 + b (log Kg GNa/hr} + ¢ (log Kg GN:/hr)2 +d {log Kg GN;/hr)a .
TOTAL QUARTITY
or . . .
SYNTHETIC AVG. TEST AVG. TEST
CONTAMINANT SPECIMEN INLET SPECIMEN INLET EQUATION COEFFICIENTS
ADDED {me) PRESSURE (Kg/cmZ) - TEMPERATURE (°C}) a b c 4 SIGMA .
FORWARD_ELOW .
0.0 29.2120 298.1 0.385276 1.183057, ~0,361244, -0,9337983 0,179 v - h
5.2% 29.011 255.1 0.502052 1.305541 -0.451393 1.420984 0.147 : .%’ .‘%
5.2 29,060 294.5 0.392951 1.301453 -0.457706 ©1.194976 0.117 « * "U 5
10.2 29,179 297.7 0.361721 1.468834 -0.436043 1.617833 0,136 ' 8 E
. . ®E
REVERSE_FLOW N~ '-u .
E;b 2
5.3 29.106 299,6 t 0.425453 1.302237 ~0,562160 1.523858 0.046 Q
1L.1 : 29.417 299,13 0,.530749 1.412390 ~0.,140577 1.691031 T a.084 E 5 .
,FOR¥ARD_FLOW_AFTER_REVERSE FLOW )
——i 29,060 297, 0.501768 1.545300 =2.081682 °  6.57259) 0,311

*After 2 high prassure impact cycles

AIXXXT 9igel
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PLOW BATE

{SCFM)

0.4
0.5
0.6
0.7
0.8
0.9

TABLY KNVIIT Fact D
TEST NO, 12

CONTAMINATED CONDITION = IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
TEST SPECIMEN S/N 028
NONINAL TEST SPECIMEN INLET PRUSSURE = 415 ps1a =~ ¥

NET DIFFERGNTIAL PRESSURE (PSID}

TOTAL QUANTITY OF SYNTILTIC CONTAMINANT ADDED (mg}

FORWARD FLOW RCVERSE_FLOW
. ¥LOW IN FORWARD
- . ' “DIRSCTION FOLLOWING
0,0 5.2% 5.2 10.2 5.3 .11.1 REVERSE FLOW RUNS
25.922 32.607 25,397 22.697 27.272 34,193 29.166
34,213 44.284 31.445 31,972 37i321: * 47,227 44.07%
42,378 55,952 43,477 41,633 46,816 61.086 57,314
50.590 67.939 52.634 51.926 . 56.641 76.285 - 70.387 ,
‘58,999 80,555 62,254 63.118 66,878 23,330 84,956
67.731 94,074 72.333 75.472 77.758 © 112.725 102.591
76.890 108,742 83.128 89.251 89.498 134.887 124,948
86.567 124.795 94._.717 104.726 102.296 169.677 151,993
96. 845 142.464 107.248 122.183 116.344.  +190.406 192,253
107.661 161,985 120.849 141.927 131,834, 224,861 243,107
119.507 183,602 135.648 154,295 * 148.966 264.815 311.16%
122,027 207.576 151.775 189.653 167.951 311.143 , 402,757 .
145.464 234.182 169.359 218.410 18%.012 364.839
159,861 263.722 188.571 251.0L7 212,392 wmeeme-
175.304 296,520 209,535 287.9:17 238.353  mmm--- -
151,871 332.929 232.421 329.851 267,180
209.644 373.333 287.401 377.262 299.184'
228,708  ememee- 284.659 e ~334.705 ———"
249.15)  meem—- - 314,390 374,115 —————
271.066  —-————- 346.806 P AT
294.550 R 382,131 sweseee cececes aseeae- ————
IELTE meemnae E —— cameeaa B e e
346,641  mmmmemmm mmmneme m—e—— - . - ———————
375,469 O —mmm——— e Dm0 e
406,308  meemmee meae—— = mmmnm

*After 2 high prassure impact cycles
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TOTAL QUANTITY
OoF
SYNTHETIC
CONTRMINANT

ADDED _(mg)
FORWARD _FLOW

0.0
5,24

-

HOTE: Data valuss cbtained fxom lemst sguare equation of experimontal data in the foxm:

. Xog (PSIN) = a + b (log SCFM) + ¢ (log SOFMIZ + 4 (Log SorM)?

AVG, TEST
SPECIMEN INLET

PRESSURE {PSIA)

415.7
412.6
413.3
415.0

414.0
418.4.

" #pfrer 2 high presaure impact cycles

AVG, .TEST
SPECIMEN INLET

EQUATION COEFFICIENTS

TEMPERATURE {°F) L.} b [+] d SIGMA
77.0 1.885870 1.223040 0,463133 0.933793 2,544,
71.5 2.036396 1.409037 0,90308%9 | l.420584 2.097
70.4 1.219749 1,342528 0.597251 1.194%7%6 L.660
76.2 1.950612 1.63373k 0.994223 1.617834 1.937
79.6 1.951814 1.367265 0,783139 1.523883~. 2,073
7%.1 2,130293 1.768973 L.352311 1.691033 1.20)
- . -

16.2 2.096730 2.027643 3.720776 6.572593 4.422
P
fu
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®
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TABLE XXVILL Part C
TEST Q. 12 .
CONTAMINATED CONDXTION « IMEACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
’ TEST SPECIMEN S/N 028 T
NOMENAL TCST SPECINEN INLET PRESSURE = 415 PSIA -

NET DIFFERENTIAL PRESSURE (PSID)

TOTAL QUANTITY OF SYNTHETIC CONTAMINANT ADDED (mg)

FORWARD_FLOW REVERSE FLOW

LN

FLOW RATE :
{108 GN2/ht) 0.0 5.2% 5.2 10.2 5.3, 11.1
1.0 11.280 12,478 9,927 7.830 10,079, .  12.997,
1.5 21.295 26.151 20.413 17.757 21,768 27.271
— 2.0 30,981 39.715 30.902 ., 28.294 33,285 42,036
2.5 40,411 53.122 41.291 19.256 45,477 57.642
3.0 49,850 66.847 51.849 50.974 55,753 74.86GD
L5 - 59,534 81.371 52.867 63,853 §7.536" 94.468
— 4.0 69,654 97,111 74.599 78.294 §0.194 117.234
4.5 —~  B0.367 . 114.444 B7.263 24,703 " 44,049 143.961
5.0 92,800 133,727 10L.080 113.499 109,401 175,524
5.5 104,101 155,315 116.229 135,130 126,543 212,908
e 6.0 117,357 179.5758 1 132,910 160.090 145,775 257,236
6.5 -+ 131.489 206.898 151.323 188,929 167.414 309,806
7.0 147.207 237.705 171,676 222,262 191,300 275.119
1.5 164.025 272.456 194,189 260.784 219,304 ———
e 8.0 - 182.260 311.656 219.095 305,281 250,315
2.5 202.031 355.850 246.643 - 285,341
9.0 223,467 405.682 277,118 e 324,819
9.5 246.701 310,801  —w--—- - 369,321 B
10.0 271.873 348,010  m—ewe - - m—————
10,5 ‘ 299.132 389,091  mocmmm -~ chmees " eem——— -
11,0 328,635 memmen eaeem - N —
11.5 360.548 : - — | mmmmmen wmseina
12,0 N 395,049 ) e e v - - - —— -

*Aftar 2 high'pressure impact cycles

" FLOW IN FORWARD
DIRECTION FOLLOWING

REVEREE PLOW RUNS

4,101
20.294
38.475
54,202
69.182
£5.95)

106.923
134.684
172,463
224,635
297.484
399.915

—————

-
-
-

Y
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HOTE: Data valuer obtained Zrom least sguare agquation of axparimantal Zmta in the Zorm
-

%og {ESID} = o + b (log 1ba Giz/hr) + c (log 1bs GNa/hx)? + & {log 1bs Cia/he)3’

Wﬁ)&‘ oocwws;n-mz S0 SY00G VD SaEby S07 AEMUBIH (23T A £225 UONRIOIOD NS TIOISING oI
B

YOTAL QUANTITY
oF
SYNTHETIC AVG. TEST AVG, TEST
CONTIMTRANT SPECTMEN INLET, SPECTIMEN INLET : EQUATION COEPYICIENTS _— -
RDDED (ma)d PRESSURE (PSIA) TEMPCRATURE {°F) a b c a BI6MA
EQEEARDELOW '
0.0 415.7 77.0 1,052292 1.771314 -1,323033 0.933793 © 2.544 |
5.2% 812.6 71.5 1.096147 z.i17980  +1.914978 1.820983 ° 2,098
- . 1 .
5.2 23,3 T0.4 0.996808 21038316 ° <~1.620508 1.194976 15660
10.2 415.0 76.2 0.893774 2,339021  =2,100381 1.517834 ©  1.§37
BEVERSE _2LOW
5.3 . a0 79,6 1.003422 2,227111 - -2,131700 2.523854 2.073
1.1 el 4184 79,0 1.123828  2.106900  -1,882306  2.631032 " 1,201
FORWARD_PLOW APTER REURREW FLOW FOR )
—— N 75.2 0.512358 5.298899  wB.851310 6.57259% ° &.422

*After 2 high pressura

{wpact cyoles

.

-f
g 2
S5 :
SR =
o =
c:gg =

.-g: oo :
i B
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TABLE XXIX Part B

TEST NO. 12
‘ CONTAMINATED CONDLTYON - IMPACT/FLOW BATE VERSUS DIPPERENTIAL ‘PREgSY
. ' TEST SPECIMEN S/N 028 -

NOMINAL TEST SPECIMEN INLET PRESSURE = 70,307 Kg/cm?

NET DIFFERENTIAL PRESSURE {(Kg/cm® DIFFERENTIAL} . .
TOTAL QUANTITY OF SYNTHETIC COMTAMINANT ADDED (ng)
FORWARD FLOW___ . REVLCRSE 'ELOW -
, . T Cor FLOW YN FORWARD
{liters® cNy/min) 0.0 .  5.2*% 5.2 . .10.2 5.3 1.1 D eontn FLo aots.
10 0.636 0,821 0.610 0.525 0,648 0.799 0.747
15 0.984 1,315 0,984 0.885 1.042 1.339 , 1.228
20 1,351 1,846 1,390 1.308 1,470 1.963 1.186
2s 1.733 2,410 1.823 1.781 1.529 2.668 2,420 7
0 1,129 3.003 2.280 . 2.311 - 2,416 3.449 3.128
15 2.538 3.622 2.759 2.893 2.929 7 4.304 3.910
4D 2.95% 4.265 3.257 3.528 3.465 T 5,231 4,764
45+ 3.391 4,931 . 3774 4.213 4,024 . 6.229 5,691
50 2.834 5,618 4,309 2.848 4.604-  7.295 6.609
(1 4.287 6.326 £.960 5,733 5.204 8.431 7.760
60 4.750 . 7.052 5.427 6.567 © 5.824 1 9.634 8,902
&5 5.222 7.796, 6,009 . 7.450 6,462 v 10,904 10.}11’
70 5.702 §.558 6,505 §.381 7.I19 12,240 11.403
75 6,191, 9,337 7.215 8.360 7,794  13.642 12.762
80 6.688 10,132 7.839 10.384 | B.485 15,110 14.194
8s 7.194 10.941 B.476 11.463° §.193 16.643 15.698
90 7.707 11.769 9.125 12.586 9,918 13.240 17.275
95 ,B.227 12.610 9,787 13.757 10,658 19.902 18.926
100 8,755 » 13,465 1C.46¢ 14,976 11.414 21.629 20.650

*Ae 21.1%C (T0°F) and 1.033 Kg/cm? (14,7 psia)
##Aftar. 2 high pressure impact cycles

B goy,

0 %004 4 :
-0
d TVNISIN0
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.
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ALT, N ey Ay

TOTAL QUANTITY
or

SYNTHETIC
CORTNAINANT
ADDED {mg)

FOAWARD BrLOW

NOTE: Data values cbtained from least laquare equation of experimental data in the form

Iog tKg/on? differemtial) = a + b (Log litexs Giz/min} + ¢ {log liters Gnp/min)?

AVG. TEST
SPECIMEN INLET

PRESSURE (Kg/cm?)

70.914
71.046
70.868
71.116

71.403
70,386

FORWALD FLOW_AMTER REVERSE FLOW

70.677

*After 2 high prassure impact Sycles '

AVG, TEST

SPECIMEN IRLET

TEMPERATURE

294.1
292.3
288.5
292.86

298.0
296.1

224.5

(°cy

EQUATION COEPPICIENTS .

2 b [+
~1,135550 0.514158 2.074869
~1.,157038 1.016097 0.056215
-1.319990 1.040457 0.0G4656
~1.325801 0.842113 0.20424)
-1.250545 2.970372 5,051808
-1,142878 0.851748 £0.193608
~1.038688, 0.647771 " 0.264519

- Q
= 'wm
i
35
==y
2w
g;:v
oy
%2254

0.015 *
. 0,020

£.074
0,030

..0,023
. 0,070

0,033

TIAYXXT alqei
¢le ’
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FLOW RATE

(K3 _GNa/hr)

0.5
1.0
1.5
2.0
2.5
3.0 ,
3.5
4,0
4.5
5.0
5.5
6.0

~

TADLE XXIX Paxt A

TEST NO, 12
CONTAMINATED CONDITION =~ YMPACT/FLOW RATE VERSUS DIFPERENTIAL PRESSURE
TEST SPECIMEN S/N 028

HOMINAL TEST SPECIMEN INLET PRESSURE = 70,307 XKg/cm?

WET DIFFERENTIAL PRESSURE (Kg[cmz DIFFERENTIAL}

POTAL QUANTITY OF SYNTHETIC CONTAMINANT ADDED (mir)

FORWARD_FLOW . REVERSE _FLOW :
8.0~ 5.3¢ 5.2 10,2 : 5.3 21
t.449 0,565 0.416 c.351 0,448 0.536
©.940° 1.25) ¢.936 0.837 2.901 1.267
. L83 . 2,020 1.524 1.448 1611 2.176
2.029 2,853 2.165 2.174 2.293 3.248
2,617 3.742 2,852 3.010 3.029 4,474
3,229 4.681 3.580 .  3.952 . 3.s£3|' 5.849
1,864 s.564 | 4345 4,399 ENTED 7.268
4.519 6.689 5.144 6.147 5,514 9.029
5§.194 7,753 5.974 . 7.397 6.425 10.828
5.887 8.952 6.835 8.747 1373 . 22.768
6,597 9.986 7.724 10.197 8.358 14,838
7.324 11,153 a.gN 11.745 9.377 17,045 ,

LS

*Aftor 2 high pressure inmpagt cyclen

FLOW IN PORWARD
DIRECTION FOLLOWING

REVERSE FLOW RUNS |

v

0,513
1.164
1.917
2.346
4.067
5.338
6.758
8.327

10.044 "

1.1

12.928

16.095%

T RIrIvnd 100d d0
- - g1 EOVA TVNIDIEO..
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NOTE: Dath valuss obtained from lLeast square egquation 6f experimental datm in the form:
Log (Xg/tm? dLfferantisl) = o + b {log Kg GN2/hr} + o {log Xg Gia/hr)2 * & (log Xg 6Np/hr)d + e (log %y GHa/he)d
LA :
TOTAY, QUANTITY . .
or - .
SYNTHETIC " AVG. TEST AVG. TEST
CONTAMINANT SPECTMEN INLET SPECIMEN INLET EQUATION COEEFICIENTS .
N ADDED (mg) PRESSURE {Kg/cm2) TEMPERATURED (*C) a b [ JICMA
‘ - EORWARD_FLOW
0.0 70,914 294,1 ~0.026829 ., 0.087518 0.074269 0.016 * 0O
5.2 71,046 . 202.3 0.097311 1.169418 0.066215 0.020 hé-gﬁ
5.2 . 70.865 288,5 -0.028728 1.190168 0.064656 0. 024 - 92
16.2 . 71.116 292, 6 =0.077073 1.315036 0.204241 0.030 %g 2,
=
REVERSE_LLOM ) f % iy
i ' . S
. ] @
.- ) Y s
5.3 71,403 298.0 ~0.004030 1.182954 0.091308 0.023 P
Jdl.E . 70.386 296.1 0.102747 1.300040 0.193504 0.070 g;i 73
v, “ L]
- ? "
FORWARD FLOW AFTER REVERSE FLOW ' ' )
N " 1 R Il R .
0.065835  ° 1.260268 0.264519 - 0:033 _

wa—— 70.677 . 294,53

*afeer 2 high pressure impact cyocles

.

TTIAXXXT. ay1qey
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TBEE oA
conrmm.\'mb COUDITION = IMPACT/FLOW RATE VERSUS DIFFPERENTIAL mu:'.savnz
TEST SPECIMEM $/N 038

NOMINAL ®EST SPECIMEN INLET PRESSURE = 1,000 PSIA

NET DIFFERENTIAL PRESSURE [(PSIR)

TOTAL QUANTITY OF SYNTHETIC CONTAMINANT ADDED {mg)

FORWARD FLOW

‘ *After 2 high pressure impact cycles

FLOW RATE '

{SCEM) . 0.0 5.2% 5,2 10.2
0.4 10.333 13.483 10.036 8.716
0.5 11.14% 17.475 12.089 11.669

, 0.6 T 16.044 21.645 16.248 14.867
0.7 . 19.0L% 25,976 19.561 -  18.33¢
0.8 . 22,066 30.457 22.998 22,051
0.9 25.130 15.076 26.548 25.022
1.0 28,358 39.0826 30,207 30.241
1.1 31.597 44.699 33.987 34,702
1.2 T 34.894 49.690 37.823 33.402
1.3 TR 1T 54.792 41.772 44,338
1.4 41.652 6C.002 45,810 49.509

- 1.5 , 45,109 65.314 49,933 54.911

1.6 48,616 70.727 54,138 60.543

. 1.7 - . §2.170 76.236 58.422 66.403
1.8 55,772 81.837 62.783 72.4%0

~ L9 - T 59,419 87.530 67.220 78.802
2.0 63.111 93.311 71.728 85.339

2.1 66.845 90.177 76.308 92,100

- 2.2 ¥ 70.621 105.127 80.957 95.083
z.21 74.439  '111.158 85.673 106.287
2.4 * 73.296 117.269° 90,455 113.713
2.5 B2.193 123.45% 35,1301 121,359

C 2.6 85.128 120,724 100,211 129.225
2.7 90,101 136.065 105.182 137.311
2.4 . 94,112 142.479 110,214 145,616
2.9 9B.158 148.955 115.306 154.139
3,0 102.240 155.522 120,456 162,880
3.2 106.353 162,148 125,664 171,840
3.2 110,510 166.8493 130,929 181,017
3.3 114.696 175.605 116,849 - 190.412
3.4 118.915 182.434 141.624 200,024
3.5 123,168 1e9.328 147,054 209.854

REVERSE FLOW

--------------------

L .5.3 11.1
10,649 13.276
132.835% 17.659
17.184 22.434
20,633 27.586
24,323 33.103
28,004 36.975
31,991 . 45.194
35.007 51.753
40.137 58.640
44.370 65.872
48.724 73,423
53,174 81.296
57.723 89,488
62.369 97,896
67.109  106.818
71,941 115,951
76,863 125.323
L BL.B73  135.142
86.969 145,197
92,150  -155.556
97.413 166.218
202,737 177.181
108,192 189,444
113,685  200.006
119,265 211,867
124 .922 224.024
130.653 236,479
136.459 249,228
142,338 262,273
148.288  275.613
154,310 209,246
160. 402 303.172:

FLOW IN FORWARD
DIRECTION FOLLOWING
REVERSE FLOW RUNS

12,332
16.230
20.488
25.097
30.051
15,348
40,981
45.953
53.257
55,893
65.859
74,155
81,780
89,733
98,015
106.624
115.562
124.828
134.422
144.1345
154.497
165.173
176.08%
187.332
198,905
210,810
223,047
235.618
248,523
261,763
275,139
289,251

RIFTVAD ¥00d d0 -
ST-EHVJ-TVNIDIHO
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HOTE: Dats valucs obtained from least square egquation of experimental data in the formt
‘tog (PSID) w & + b {log SCFM) + & (log SCFM)2 o
TOTAL QUANTITY s
or '
SYWTHETIC AVG. TEST AVG. TEST ey
CONTAMINANT SPECIMEN INLET * SPECIMEN INLET . EQUATION COEFFICYENTS -,
ADDED (m3} PRESSURE (PSIA) TEMPERATURE (°¥} a b e SICMA
FORUARD_FLOW ) . e - :
0.0 . 1008.6 69.8 1.453677 1:131592° 0074869 0.225
5.2% 2010.5 66.5 1.500169 1.208309 0.066215 0.283°
5.2 1007.9 , 59.8 1.480101 -, 1.228221 0.064656 0.342
10.2 1011.5 67.1 1.480590 1.435242 0.204241 0,423 . ;
=Y =3
REVERSE FLOW = E
e e S , '.-U ;8 ‘
. . _ =g~
5.3 1015.6 76.7 1.505028 ' 1.236988 0.001808 0.332 - - g:
21,1 . loos.2 73.4 1.655076° < . 1.413086 0.193604 v 1.0 ’pl*v
Co S
' ! »
PORWARD FLOW APTER REVERSE FLOW ta-: =
——— 1005.3 70.4 1.612601 © 1,415950 0.264519 0,465 S N
¥
*After 2 hig'h pressure impact cycles o i -
- !
o H
U— 1
1
e o
l""\ o
;,< L]
e
<
L]
<
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TABLE XXIX DPart €
TEST NO., L2

CONTAMINATED CONDITYON = IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

TEST SPECIMEN S/N 028

NOMINAL TEST SPECIMEN INLET PRESSURE.-= 1,000 PSIA

NET DIFFERENTIAL PRESSURE .{PSID)

TOTAL QUANTITY OF SYNTHLTIC CONTAMINANT ADDED {mg)

REVERSE FLOW_

i . T FORWARD_FLOY - "
FLOW DATE - .

{ibs GNp/hz) 0.0 5.2¢ 5.2 0.2
1.0 ' - 5.776 7.188 5.288 4.452
1.5 8.839 11.392 8.454 7.272
2.0 . 12.031 15.884 11.459 10.48%
2,5° ' 15.338 20.624 15.465 °  14.072
3.0 18,750 25.583 19,260 18.010
3.8 22,258 30.741 23,216 22,291

- 4.0 25,856 36,083 27,323 26,905
1.5 29,537 41.596 31.571 31,645,
5.0 33.297 47.269 35.952 37.106
5.5 ' 37.132 53,094 40.453 42,681
6.0 41,039 59,063 45,032 48.568
6.5 . 45.015 65.170 49.821 54.762
7.0 . 49,057 71.10 54.669 61.262

L 7.5 * §3,1631 °  77.776 59.621 58.064

- 8.0 57,329 84.266 64,675 75,167
#.5 R 61,5586 $0.874 69.827 82,568
g.0 . - 65.840 97,597 75.074 90,265
2.5 70,160 104,431 80,413 98,260

10.0 74.575. 111.374 85,842 106.548

10.5 . 79.023 118,423 91,358 115,129

11.0 83,523 125,575 96.95%  124.002

1.5 . - 88,074 132.828 102. 644 113.167

12.0 92,675, 140,179 108,420 142.623

12.5 97.324  147.626 . 114,285 152,369

13.0 102.020  155.168 120,179 162,405

13.5 106,763  162.802 126,178 172,730

14.0 111.552 170.526 132,253 183.344

13,5 116.396 178.340 138,402 * 194,246

; 15.0 121.265  186.241 144.623 205.437

*nfter 2 hioh pressure impact aycles

FLOW IN FORWARD

DIRECTION FOLLOWING .

5.3 11.1 REVERST FLOW RUNS .
5.671  6.796 6.566
4.989 11.060 20,363

12.563 15.689 14.655
16.362 21.248 19.429
20.365 27.111 24.671
24,555 33.459 10.372
26.919 40.278 36.527
33.447 47.555 £3.120
30.132 55,231 50.176
42,965 63.449 57.683
47.940 ' * ¥2.050 65.500 '
53.053  BL.080 73.955
58.298 90,533 82,755
63.671 100,408 91.992
69.168  110.693 101,664
74.786 , 121.392 111,77
80.522 132,499 122,313
86.373  144.013 133,290
92,3316  155.930 144,704
95.408  168.248 156,554

104,588 180,966 168,042

110.874  194.082 181.567

117.263 207,594 154,732 °

123,753 221,801 208,336

130,344  235.801 222,382

137,032 250.494 236,869

143,817 265.577 251.800

150,698 281.052 267.175

157.673  296.915 282,996

RIFTVOD 4004 40
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TOTAL QUANTITY
OF
SYNTHETIC
CONTAMINANT

ADDED (mg)
| FORWARD _FLOW

0.0

5.2%

5.2
1D.2

5.3
1.2

------ =

————

L ’ P

NOTE: Data valvas obtained from least square eguation of aupérimenta&-data in
Log {PSID) m a + b {log lbs GNz/hx) + ¢ {log lba Glip/hr)?

AVG. TEST AVG. TEST

tha form

FORWARD FLOW _AZTER REVERSE_FLOW

YPECIMEN INLET SPECIMEN INLET - EQUATION COEFFICIENTS
PRESSURE (PSIA) °  TEMOERATURE (°F) n b c
1008.6 €s.8 . ° D.761617 11036209 0.074269
10105 ‘ £6.5 R i 1.123952 0.066215
1007.9 : 59.6 : *0.723272 1.145772 9.064656
1011.5 ) 67.1 . ) 0.648510 1.174793 0.204241
l\ N . . ;
= 1015.6 76.7 « . 0.753647 1.110918 2.691808
1008.2 : 73.4 o 0.532224 1.167101 ~  0.193604
1605.3 70.4 © . to.Bl7327 1.072638 0.264519

*after 2 high pressure impact pycles

D.322 °

1,001 .

T 0,488

J% @lqeL:
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SCOPE

This procedure describes the sequence- of events required for
flushing an Apollo Oxygen Purge System (OPS) P/N SV730101-3-10
for the purpose of collecting and characterizing the entrained
contamination.

GENERAL

The flushing process was originally intended to be conducted
in two phases, the system and alsoc the detail level. Upon
examination of the actual OPS system, it is apparent that
system packaging strongly mitigates against flushing the
system in-situ.- If this were to be done, virtually all of the
internal contamination would collect on the regulator outlet
filter. In addition, owing to the attitude and position of
the bottles relative to the regulator and valve assembly, it
would be virtually impossible to remove all of the flushing
fluid.

It has been decided, therefore, to dissassemble the system
and collect and isolate the contaminants relative to their
source in the system.

System Disassembly

NOTE: Numbers in parentheses refer to items on drawing
SV730101-3. All items external to the gas system
shall be packaged in polyethylene bags, sealed and
identified immediately upon disassembly.

Disassembly of the OPS into its components is accomplished
as follows:

a} Remove Ball Lock Pin.

b) Remove remote control actuator (154) from its stowed
position on the exterior ot the OPS cover assembly:

¢} Disconnect the antenna cable connector from its stowage
receptacle {(103)}. Remove screw (114) holding cable
clamp (68} to support plate (X10). :

d)} Remove screws (80) (115) and 1lift off OPS cover.

e) Cut lockwire and remove screws (96). Cut lockwire and
remove screws locking carriage to slide pins. Remove
screws (85). Take out slide pins and remove complete

carriage and actuator assembly.

Untie lacing at screw and washer (37, 39} and retract

sheath (107), exposing hose connection. Remove teflon

tape {151) and remove lockwire (82) and hose clamp (137).

Remove hose assembly (150).

g) Remove screws (92). Cut lockwire (82) and remove screws
(32). Lift off regulator tube (70} and bracket (91}
assembly. Remove teflon gasket (71).

h) Remeve screws holding adapter plate (122) to valve body.

Lift off plate.

WINTEC DIVISION Brunswick Corp. 5223 W, imperiat Hwy., Los Angeles, Col. 90045 + [213) 641.4300




2.3

NOTE: Disassembly operations following this point shall be
performed in a Class 10,000 clean room.

j) Remove nuts, bolts and washers (12, 13, 140, 141) and
lift the oxygen bottle - regulator - valve assembly
off the frame.

Oxygen Bottle Flush

With the assembly supported such that the axis of the bottle
through the neck) is horizontal, remove nuts (19). Wash the
exposed studs with freen and carefully remove the oxygen
bottle (7) from the regulator housing. Place a blind flange
over the hole in the regulator housing and fasten in place
using nuts (19). Turn the bottle so that its neck points
upward and wipe off the upper flange surface with a clean
sponge, soaked with freon. Holding the bottle upright, flush
all external surfaces with freon, including the bolt holes -
in the flange. Take care that none of the rinsing fluid

enters the bottle.

Fill, agitate and drain the bottle three times using 1000 ml
of freon, filtered through a 0.45 micron membrane. Pass the
effluent f£luid through a pre-weighed 0.45 micron silver
membrane.

Repeat the above precess for the second oxygen botitle, accumu-
lating the contaminant on the membrane used for the first
bottle. Dry the membrane, place between two glass plates,
tape the eadges and identify for subsequent evaluation at

NASA %hite Sands.

Regulator—-vVailve Assembly Flush

The assembly shall be held with the regulator outlet pointing
down and the exterior of the unit shall be. thoroughly
flushed with freon.

The component parts of the valve, gauge and regulator assembly
shall be removed from the housing in accordance with Hamilton
Standard Drawing SV730111-9 and Carleton Controls Drawing
2115001-19,

All detail parts and internal housing surfaces which are
exposed to the flowing gas system will be flushed with freon
pre—filtered through a 0.45 micron membrane. The effluent
freon will be passed through a 0.45 micron silver membrane.
Repeat this process for a total of three flushings. Dry

the membrane, place between two glass plates, tape the edges
and identify for subsequent gvaluation at NASA Shite Sands.

WINTEC DIVISION Brunswick Corp. 5223 W. Imperiol Hwy., Los Angeles, Cal, 90045« {213) 641.4300
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~and the original location of the contaminant will not be known.

isolate the contaminants relative to their source in the system.

SCOPE

This procedure describes the sequence of events required for
flushing a Skylab Secondary Oxygen Pack (S0P} PN 132730 for
the purpose of collecting and characterizing the entrained
contamination.

GENERAL - ' o

The flushing process was originally intended as a two phase
operation, at the system as well as the detail level. The
geometry of component placement in the system does not prevent

the system being flushed insitu, however the system filters
will collect the majority of contaminant leaving during flushing

It has been decided to disassemble the system and collect and

SYSTEM DISASSEMBLY i - -

NOTE: Numbers in parentheses réfer to items on drawing 132731.
All items external to the gas system shall be packaged
in polyethylene bags, sealed and identified immediately
upon disassembly.

Disassembly of the SOP into its component parts is accomplished
as follows:

a) Remove screws (44.49) holding restraint assemblies (6, 21)
to shell cover (22). Take off restraint assemblies and
shell suppoxrt (23). Remcve fabric thermal cover (58).

b) Remove screws (48) holding lower cover (11l) to unit and
1lift off lower cover. Slide off shell cover (22) exposing
gas components and feed lines.

NOTE: Disassembly operations following this point shall be
performed in a class 10,000 clean room. .-

¢) Remove tube assembliess (12, 13, 14, 19) and flex hose (8}.
Flush tukes 12, 13, 14 with 50 ml of freon filtered through
a 0.45 micron membrane. Collect the effluent and pass
through a 0.45 micron silver membrane. Dry the membrane,
package between -two glass slides, seal with tape and label
the membrane for subsequent evaluation at Nasa White Sands.
Cover the open fittings in the oxygen bottles, regulator,
shut off valve and thermal storage unit with tape.

WINTEC DIVISION Brunswick Corp. 5223 W. Imperial Hwy., Los Angeles, Cal. 90045 . (213} 641.4300



2.2

d) Remove bolts (37) and lift off lower bracket assembly (18)
with attached regulator (5). Remove nuts (42) holding
regulator assembly to bracket and place regulator in a
clean holding tray for further disassembly.

e) Remove screws (56 & 57) and lift off supports (24, 25, 26).
Remove screws (45 & 46) and take off thermal storage unit
(16}. Remove tape from fittings. Cap the gauge outlet.
Using the regular inlet and cutlet fittings, fiush the
thermal storage unit using 200 ml of freon, filtered through
a 0.45 micron membrane. Agitate and drain the freen through
a 0.45 micren silver membrane. Dry the membrane, place-
between two glass slides, seal with tape and label foxr
evaluation at NASA White Sands.

£} Remove tube from valve (3) to high pressure gauge (4} and
also control knob f£rom valve stem. Remove screws holding
valve in place and 1lift off valve. Put tape over valve
gauge outlet and set aside valve in a clean holdlng tray
for further .disassembly.

g} Remove bolts (37) and screws (47) and 1ift off tanks (2).
Leaving the tape over the inlet/outlet fitting, flush all
external surfaces with freon. Then f£ill, agitate and drain
each bottle three times using 1,000 ml of freon per bottle
filtered through a 0.45 micron membrane. Pass the effluent
fluid through & pre weighed 0.45 micron silver mergbrane.
Dry, package between clean glass slides, tape the edges
and label the membrane for subsequent evaluation at NASA
White Sands.

Reculator and Valve Flush

Leaving the tape over the fittings on both valve "and regulatox,
f£lush the outside of both units with freon. The detail parts
of the valve and the regulator assemblies shall be removed from
their housings in accordance with the respective Airesearch and
Carleton Controls assembly drawings.

All parts and internal housing surfaces which are exposed to the
flowing gas system will be flushed with pre-filtered freon. The
effluent freon will be passed through a 0.45 micron silver mem—
brane. Repeat this process for a total of three flushings. Dry
the membrane, place between clean glass slides, tape the edges
and label for subsequent evaluation at NASA White Sands.

Commentas on Thermal Storage Unit.

It has been noted that this unit is mounted in the system down-
stream of the regulator assembly. This creates a high volume,
low velocity cavity and any contamination which passes through

WINTEC DIVISION Brenswick Corp. 5223 W. Imperial Hwy., Les Angeles, Cal, S0045 - [213) 641-4300
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the regulator filter should collect here. Thus, flushing of

this unit will provide some data on parkticles which pass through
the regulator filters. In addition, the contamination remaining
in the thermal storage unit following manufacture will be collect-
ed. Careful review of this data may enable this latter contam-—
ination to be seperately identified. This will permit recommen~
dations on cleanliiness level cof this unit and also potential
filter placement for the thermal storage housing.

WINTEC DIVISION Brunswick Corp, 5223 W, Imperial Hwy., Los Angales, Cal. 90045 + {213] 641-4300
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1.0

2.0

3.0

4.0

WSP-043

SCOPE

This procedure covers the mounting and handling of silver
membranes for use in contaminant analysis.

GENERAL

Silver membranes are used in fluid systems where high strength
membranes are reguired and also for collection of contamin-
ants requiring electron microprobe analysis. All items

of this procedure must be performed in & c¢lass 16,000

¢lean room.,

MATERIAL

The following materials are used in this procedure:

1) Flotronics Silver Membrane Type FM-47 of selected
micron rating.
Source:  Selas Flotronics, Spring House, PA or 219
Agostino, San Gabriel, calif. 91776.

2) Collodion (U.S.P.) J.T. Baker #9202
NOTE: Do not use Flexible Collodioen

. 3) 2Amyl Acetate (mixed isomers)-J.T. Baker #9094 -

4) N;N- Dimethylformamide, E.I. Dupont Co.
5) Methylene Chlorlde '

§) Aluminum mounting blocks P/N 4-2283

7) Styrofoam shipping tfay P/N 4-2289
METHOD

a) Thoroughly flush the aluminum block with freon to
remove all residual contamination.

b) Mix small quantlty of a 10% (by volume) solution of
Collodion in Amyl Acetate.

c) 2Add 3-5 drops of the 10% COllodlon mixture to the center
of the polished face of the block. .

d) Place the silver membrane on the drops of Collodion
mixture, making sure that the contaminated surface of
the membrane faces away from the block.

€) The Collodion mixture should permeate’ through the
silver membrane onto its top surxface. The surface

—
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WSPF-043

comtamination will now bond to the membrane.

f) Allow to:dry for several hours in a.stable environment.
If insufficient Colledion is evident, a drop may be
added to the +top surface of the membrane. Additional
drying time will then be required.

g) Trim excess. membrane from the edge. of the block.
h) Label thé block with aﬁplicable identification data.
PACKAGING

E 3 T3
When the Blocks are to be shipped out of Wintec for analysis;
care must be taken to ensure that the surface of the membrahe .
is not disturbed. In addition, the membrane surface must
not be in contact with any material ox object.
Insert the blocks carefully into the cavities in the Shipping
Tray P/N 4-2288 . Cut a piece of nylon or Aclar to size and
lay it on top of the tray. Place the :lid over the tray -~
and tape the unit together. Finally heat seal the styrofoam
box into a polyethylene bag.

REWORK

To strip the -membrane from the block, use as a solvent ‘either
N,N- Dimethylformamide or Methylene Chloride. :

WINTEC DIVISION Brunswick Corp, 5223 W. Imperia! Hwy., Los Angeles, Cal, 90045 + {213} 641-4300
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Recommended composition of synthetic contaminant

PARTICLE TYPES IN PERCENT BY WEIGHT

PARTICLE TYPE S0P OPS RECOMMENDED AVG.
Teflon 34 34 34
Sand 16 30 23
Stainless Steel 39 14 . 26
Plastic 11 22 17

Particle size range distribution of contaminant in
percent by weight

SIZE RANGE OF

CONTAMINANT SOP OPS RECOMMENDED AVG.
1-15 58.2 23.9 . 41.0
16-25 3.2 2.1 © 2.7
26-50 3.7 3.0 3.4
51-100 2.1 32.8 20.9

2100 25.8 38.2 32.0



Plot of Particle Count Data suggests that

contaminant assoglated with the SOP.

SIZE OF
PARTICLES

{MICRONS)

1-15
16~25
26-50
51-100

=100

Size Range (Microns)
1-15
16-25
26-50
51-100
>100
DIAMETER
OF VOL. OF
PARTICLES PARTICLES
(MICRONS) * (ce)
7.5 ~ 2.21 x 10710
12.5 1.02 x 10-9
25 §.18 x 10~9
75 2.21 x 1077
150 1.77 x 1078

*Particles assumed te spherical

**Density of contaminant assumed to

the following may be representative of the quantity of

WSTF Data

57,600
1,179
729
231
284

AVG.
NO. OF

PARTICLE

4.97 x
5.98 x
8.53 %

- 7.59 %

-t

be 2.5 g/cc

106
104

103 .

1.02

102

Numbexr of Particles

Wintec Data

9,880,000
118,450
16,332
1,287

268

TOTAL -
VOL. OF
PARTICLES
(CC)

1.10 x 1073

6.10 x 1073

7.0 x 1075
1.7 x 1074
4.9 x 10™4

Avg.

4,968,800
59,814
8,530
759

276"

WEIGHT OF
PARTICLES

{GRAMS)
2.75 x 1073
1.52 x 10-4
1.75 x 1074
4.25 % 104

1,22 x 1073

WEIGHT
PERCENT

58.2
3.2
3.7
9.1

25.8



COMPONENT

VALVE TUBES
%EGULATOR
HOUSING

TWO TANKS
VALVE

TUBE ASSEMBLY

TOTAL NUMBER OF
PARTICLES IN
SIZE RANGE

COMPONENT

VALVE 'TUBES
REGULATOR
HOUSING

TWO TANKS
VALVE '
TUBE ASSEMBLY.

TOTAL NUMBER OF
PARTICLES 1IN
SIZE RANGE

S0P QPTICAL PARTICLE COUNT DATA
WSTF DATA

PARTICLE SIZE RANGE DISTRIBUTION (MICRONS)

<l5* 15-25

62
299
257
284
179

98

117%

26~50

51
190
182
176
59
71

729

WINTEC DATA

51-100

38
87
53
14t
iz
27

231

PARTICLE SIZE RANGE DISTRIBUTION (MICRONS)

<15* 15-25%

26-50

15
8880
405
6819
167
46

16332

51-100

11
601
148
468

37

22

1287

284

(=]

123.

37
83

11l

268




SoP

'PARTICLE SIZE RANGE DISTRIBUTION (MICRONS)
INTO
FOUR CATEGORIES OF FARTICLE TYPES

<15 16~25 26-~50 ' 51-100 >100 . .. .
PARTICLE . NO. NO. NO. NO. . NO. .AVG
TYPE % PRESENT % DPRESENT % PRESENT %  PRESENT % PRESENT . PERCENT
" Teflon 44 11 0 0 23 20 53 ' 46.5 ° 49 42 34
Sand* 16 4 29 5 27 24 5 4 4 3 16
Stainless
Steel** 20 5 71 12 34 29 42 34.5 27 22.5. 39
Plastic*** 20 5 0 0 16 14 2 2 20 17.5 11

L

*Sand particles are those previously identified as sand, clay, calcium, and phosphorous.
**Stainless steel particles are those previously identified as steel, CrP, Ni, and aluminum.

***Particles composed of only carbon are assumed to be plastic materials other than Tefion.



BLANK #1
FOR: SOP VALVE TUBES

.

AREA OBSERVED = 0.393 in.< (% = 50)

Microprobe Particle Size Range Distribution (Microns)

=100

<15 16-25 26-50 51-100 .
20 x 15 Calcium 32 x 25 Sand 70 x 30 Carbon 200 x 275 Carbon
35 x 35 Clay 100 x 60 Aluminum 250 x 50 Carbon
30 x 20 Carbon 80 x 70 Carbon 250 x 200 Aluminum
100 x 30 Carbon 120 x 60 Sand .
80 x 30 Copper 200 x 150 Carbon
700 x 30 Carxbon
250 % 120¢ Carbon
900 x 20 Carbon
300 x 20 Carbon
240 x 20 Clay
Total Blank #1 Particle- Size Range Distribution (Microns)
<15 16-25 26=50 ' 51-100 >100
0 1 Calcium 1 Carbon 3 Carbon 7 Carbon
1 Clay 1 Aluminum. 1 Clay

1 sand ‘L Copper .’ 1 Sand
. ‘ . 1 Alvminum

Particles are predominantly carbon and are probably due to stryofoam package in which the samples were

shipped from Wintec to WSTF. Consider SOP Valve Tubes sample particles composed of carbon to be from

the same source. y

.-

Adjusted Blank #1 Particle Size Range Distribution (Microns)

< 15 . 16-25 26-50 51-100 > 100
0 1 Calcium 1 Clay 1 Aluminum 1 Clay
. 1 Sand 1 Copper 1 sand



AREA OBSERVED = 0.347 in.?2 (3 = 44)

Microprobe Particle Size Range Distribution (Microns)

SOP VALVE TUBES

<15 16-25

25 x 20 Carbon 40
20 x 10 Calcium 40
30
35
35
50
42
50

3 x 3 Calcium
10 x 10 Calcium

LR

20
30
20
15
15
25
20
30

50

26~

Carbon
Teflon
Clay
Carbon
ss
Teflon
Carbon
Carbon

Net* Particle Size Range Distribution {Microns)**

<15 16-25 26-50
4 Calcium 2 Calcium 4 Teflon
2 Clay

2 88

51-100
100 x 80 Carbon
80 x 70 Teflon
70 x 40 Carbon
70 % 50 Teflon
65 x 30 Carbon
55 x 35 Carbon

51~100
4 Teflon,

*Excludes particles composed of carbon based upon blank.

120

120,

250
120
140
120

\

100

VIV VI VIS VIRS

40 Teflon
40 Carxrbon
200 Teflon
8¢ Teflon
60 Carbon.
80 Carbon

== 100

7 Teflon

*#*dunber of particles observed adjusted to represent the number present on the 0.785 sqg. in.

probe sample.

4004 Jo
TVNIOIg
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SOP REGULATOR

[

ARSA OBSERVED = 0.156 in.2 (3 = 2)

Microprobe Particle Size Range Distributed (Microns)

<15 16-25 26-50 51-~100 >100
10 % 10 Teflon 50 x 30 Sand 60 x 40 Teflon 120 % 80 Fe/Sand
15 % 10 FelCr 50 x 30 Teflon 80 x 50 Teflon 120 x 60 Teflon
10 x 10 Carbon 50 % 40 Teflon 100 % 20 Teflon ., 160 x 140 Carbon
. 80 x 50 Teflon
60 x 40 SS .

60 x 45 Teflon

Net* Particle Size Range Distribution (Micxrons)*¥

<15 16-25 26-50 . 51-100 . > 100
5 Teflon ~ 0 10 Teflon , 25 Teflon 3 Sand
5 Steel 5 Sand 5 Steel - 3 Steel
5 Carbon S Carbon
5 Teflon

*Blank particle count insignificarnt; total and net particle count are'ideptical;

**Number of particles observed adjusted to rep%esent the number present on the 0.785 sq. in. .
probe sample.



AREA OBSERVED = 0.123 in.2 (% =

Microprobe Particle Size Range Distribution (Microns)

16)

SOP TWO TANKS

.15 16-258
15 »x 15 Teflon 25 % 20 CcP
T 20 x 20 s8

40
50
50
30

x
X
X
X

26-50

40 CrP
30 Sand
40 CrP
20 Fe

Net* Particle Size Range Distribution (Microns)*#*

<-15 16-25

6 Teflon 6 CxP
6 S3

26-50

12 CxP
6 Sand
6 Steel

51.-100

90 x 50 Teflon
60 x 40 S8

60 x 60 Teflon -

100 x 80 S8
60 x 50 Ni .

51L-100

12 Teflon
12 SS
6 Nickel -

>100

180 x 140 Teflon
180 x 40 Carbon
200 x 10 Aluminum
1100 % 200 Teflon
200 = 150 Teflon
180 x 140 sS85

> 100

19 Teflon
6 Carbon

6 Aluminum
6 55

*Blank particle count insignificant; total and net particle count are identical.

**Humber of particles observed adjusted to represent the number present on the 0. 735 sq. "in.

probe sample.
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SOP VALVE

AREA OBSERVED = 0.230 in.2 (% = 29)

Microprobe Particle Size Range Distribution (Microns)

<15 16-25 26-50 51-100
25 x 25 Sand 3¢ x 15 Sand 70 x 30 Aluminum
50 x 30 Carbon 120 x 20 Teflon
. 30 x 20 58
® 45 x 30 Sand
50 x 30 Sand
30 x 20 85
50 x 30 Carbon

‘Net* Particle Size Range Distribution (Microns)#*¥

<15 16-25 26-50 51~100
0 3 Sand 10 Sand . 3 Aluminum
7 Steel . 3 Teflon
7 Carbon

*Blank particle count insignificant; total and net particle count are identical.

- 100

o+ e ——

=

**Number of particles observed adjusted to.represent the number present on the 0.785 sg. in.

probe sample. .
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SOP BLANK
FOR: SOP TUBE ASSEMBLY, SOP VALVE, SOPF TWO TANKS, SOP REGULATOR

AREA OBSERVED = 0.785 in.? (3 = 100)
Micreoprobe Paréicle Size Range Distribution (Microns) e .
<15 16-25" 26-50 51-100 =100
60 x 30 Sand . 240 x 40 Carbon
60 x 30 Carbon 200 x 20 Carbon_
éOP Blank Particle Size Range Distribution (Microns)*
<15 16-25 26~50 , 51-100 = 100
0 : 0 0 1 Sand . 2 Carbon
1 Carbon

%#0,785 in.2 is the entire area of the probe sample. The very small number of particles observed E
indicates that the blank is essentially nil; sample counts do not need to be adjusted for this blank.

2.



SOP TURBE ASSEMBLY
AREA OBSERVED = 0.255 in.2 (% = 32)

Microprobe Particle Size Range Distribution (Microns)

<15 ' 16-25 26-50 : 51-100 > 100
40 x 20 Teflon 85 % 60 Clay 140 x 60 Carbon
50 x 30 Teflon 90 x 50 88 450 x 25 Carkon
45 x 30 Carbon 100 x 60 SS/Carbon 160 x 80 Teflon
50 x 30 Carbon 70 x 40 Teflon . 140 x 20 Teflon
70 x 30 8S5/Aluminum 100 x 25 Teflon®
- : 160 x 40 Phosphorous

Net* Particle Size Range Distribution (Microns)**

<<15 1€-25 26~50 51-100" ‘ >100
0 0 6 Teflon 6 88 9 Teflon
6 Carbon 2 Carbon 6 Carbon
2 Aluminum 3 Phosphorous
3 Clay
3

Teflon

e . =
vE

N . Ca &
*Blank particle count inmsignificant; total and net particle count .are identical. -

**Number of particles observed adjusted to represent the number present on the 0.785 sg. in.
probe sample, .



SOP HOUSING

AREA OBSERVED = 0.785 in.2 (% = 100)

Microprobe Particle Size Range Distribution (Microns)

<15 16-25 26-50  51-100
S0 % 40 Sand 100 x 20 Aluminum
35 x 25 Aluminum 60 x 40 Teflon

z 30 x 15 Steel 100 x 30 Teflon/Steel
50 x 25 Carbon 60 x 60 Sand
100 x 40 Steel
Het* Particle Size Range Distribution (Microns)
‘§15 16-25 26-50 ; 51-100
0 0 1 8and 1l Sand

1 Aluminum 1 Aluminum
1 Steel . 1.5 Teflon

1 carbon . 1.5 Steel

(AR DL N

*Blank particle count insignificant; total and net particle count identical.

. ->100 .

120
120
120
250
160
120
160

- R

80 Aluminum/SS

60 Steel

40 Teflon

250 Carbon/Aluminu
15 Steel

80 Steel/Teflon
120 Teflon/Steel

>100

1 Aluminum
3.5 Steel
2 Teflon
0.5 Carbon



Plot of Particle Count Data suggests that
contaminant associated with the OPS,

SIZE OF
PARTICLES

{MICRONS)

1~15
16-25
26-50
51-100
>100

Size Range (Microns)

1-15
16-25
26-50
51-100

7100

DIAMETER
oF
PARTICLES

(MICRONS)*

7.5
12.5
25
75

150

vOoL. OF
PARTICLES
(cc)
2.21L x 10-10
1.02 x 1079
8.18 x 10~2
2.21 x 1077

1.77 % 10~6

*Particles assumed to spherical
**Density of contaminant assumed to be 2.5 g/cc

the following may be representative of the quantity of

WSTF Data Wintec Data
112,915 1,464,000
1,138 29,154
. 527 4,786
280 1,885
140 175
_ TOTAL
AVG. vOL. OF
NO. COF PARTICLES
PARTICLE ) (CC)
7.88 % 105 1,74 x 10—4
1.51 x 104 1.54 x 1072
2.66 x 103 2.17 x 1075
' 1,08 x 103 2.39 x 104
1.57 % 102 2.78 x 1074

Number of Particles

Avg.
788,457
15,146
2,656
1,082
157

WEIGHT OF
PARTICLES
(GRAMS)
4.35 x 10~4
3,85 x 1073
5.42 x 1077
5.97 x 104

6.95 x 10~4

WEIGHT
PERCENT

23.9
2.1
3.0

32.8

38.2



OPS OPTICAL PARTICLE COUNT DATA

WSTF DATA

Particle Size Range Distribution (Microns)

COMPONENT ., L15% 15-25 26-50 51-100 >100
Valve/Regulator Housing : 253 137 130 . © 34
Two Tanks ’ 576 203 16 3
Gauge . 309 187 134 103
Total Number of

Particles in Size Range 1138 527 280 140

WINTEC DATA

‘Particle Size Range Distribution (Microns)

COMPONENT < 15% 15-25% 26~50 51-100 >100
Valve/Regulator Housing ' 40 - 38 N
Two Tanks , . 1862 483 10
Gauge | . . 2884 1364 154
Total Number of

Particles in Size Range 4786 1885 175

*Not Counted



OPS

PARTICLE SIZE RANGE DISTRIBUTION (MICRONS)
INTO
FOUR CATEGORIES OF PARTICLE TYPES

15 16~25 26-50 51-~100 100
PARTICLE NO. NO. NO. NO. NO. AVG
TYPE % PRESENT _§$  PRESENT % PRESENT _% PRESENT . _§ PRESENT PERCENT
Teflon - 0 0 0 0 ) 0 32 . <10 69 41 34
Sand* 0 0 0 0 42 11 " 42 P13 i 4 30
Stainless
Steel*# 0 0 0 0 23 6 13 4 5 3 14
Plastic*** 0 0 0 35 9 13 4 19 11 22

. :' S o, I:z\ o'} o
*Sand particles are those previously identified as sand, clay and molybdenum disulfide.
**3tainless steel particles are those previously identified as steel, aluminum and nickel.

kkx*larticles compésed of carbon are assumed to be plastic material other than Teflon.



t

‘ OPS VALVE/REGULATOR HOUSING
AREA OBSERVED = 0.388 in.2 (% =.49)

hicroprobe Particle Size Range Distribution (Microns)

< 15 16-~25 26«50 51-~100
hl 50 x 50 Carbon 70 % 60 Carbon
v ] , 80 x 80 Sand i
E 70 x 40 Sand
i 60 x 50 Teflon
lg 100 x 80 Teflon

- Net* Particle Size Range Distribution (Microns)*#

<15 ‘ 16~25 26-50 51-100

4 Sand
4 Teflon

*Excludes particlés composed of carbon based upon blank.

> 100
600 'x 200 Teflon
125 x 25 Carbon
400 x 150 Teflon.
325 x 75 Teflon
160 x 80 Carbon
250 x 150 Carbon
160 x 100 Carbon
150 x 60 Teflon
170 x 60 Teflon
120 x 60 Teflon
160 x 120 Teflon
450 x 100 Teflon
180 % 140 Carbon
375 x 250 Teflon
160 x A0 Carbon
160 x 80 Clay,
180 x 100" Aluminum
250 = 125 Teflon
> 100
20 Teflon
2 Aluminum
2 Clay

. **Number of particles observed adjusted to represent the number on the 0.785 sq. in. ﬁrobe sample.



BLANK #2
FOR: OPS VALVE/REGULATOR HOUSING

AREA OBSERVED = 0.302 in.2 (% = 38)

Microprobe Particle Size Range Distribution (Microns)

<15 16-~25 26~50 51-100 . =100
i 50 x 25 Clay 100 x 80 Carbon 250 x 75 Carbon .
‘ " 60 x 55 Carbon 200 % 100 Iron
55 x 20 Carbon 160 x 20 Carbon
80 x 50 Carbon 400 x 150 Carbon
' 200 x 50 Carbon
160 x 50 Carbon
250 x 150 carbon
140 x 40 Carbon

Total Blank #2 Particle Size Range Distribution (Microns)

<15 16-25 , 26-50 . . © §1-100 > 100
L Clay 4 Carbon ‘ . 7 Carbﬁn
1 fron

Particles are predominantly carbon and ére prokably due to the styﬁofoam package in which' the samples

were shipped from Wintec to WSTF. Consider OBRS Valve/Regulator .Housing particles composed of
carbon to be from the same source. .

Adjusted Blank #2 Particle Size Range Distribution (Microns)

<15 ) 16-25 26-50 51-100 > 100

0o o 1 Clay 0 1 Iron



OPS BLANK

AREA OBSERVED = 0.785 sg. in (% = 100)

Microprobe Particle Size Range Distribution (Microns)

< 15 16-25 26~50 51~100 > 100
25 2 20 Carbon 30 % 15 Carbon - . 250 x 50 Carbon
50 x 35 Clay : 200 % 50 Carbon
40 x 25 Sand 120 x 80 Carbon °
50 x 30 Carbon 900 x 20 Carbon
50 % 40 Carbon
30 x 30 Carbon
50 x 30 Carbon O
g 35 x 25 Sand 859
40 % 30 Sand §§
40 x 30 Teflon “‘5":
r
OPS Blank Particle Size Range Distribution (Microns)¥* ‘ . 55
< 15 16-25 26~50 51-100 . - > 100 - Lo ]
1 Carbon 5 Carbon ' - 4 barbon:
l Clay + N
3 Sand
1 Teflon

%0.785 in.2 is the entire area of the probe sample. The small number of particles observed indicates
that the blank is essentially nil; sample counts do not need to be adjusted for this blank. -



OPS TWO TANKS

AREA OBSERVED = 0.215 in.2 (% = 27)

Microprobe Particle Size Range Distribution (Microns) . L.

<< 15 l6=25 - 26-50 51-100 -~ 100

50 % 30 Sand/Nickel 80 x 50 Sand 175 % 100 Carbon
40 x 25 Sand/Nickel 90 x 60 Sand/Nickel 180 x 80 Teflon
45 x 25 Carbon 70 x 40 Teflon 180 = 100 Teflon
30 x 25 Sand/Nickel . 160 x 120 Teflon
50 % 40 sand/Nickel ' * 140 x 80 Teflon
40 x 35 Sand/Nickel

35 % 25 Sand/WNickel

Net Particle Size Range Distribution {(Microns)*.

<15 16-25 26-50 51~100 -~ 100
11 Sand 5 Sand 4 Carbon
11 Nickel*¥ 2 Nickel** - 15 Teflon

4 Carbon 4 Teflon- P . :

R |
*Number of particles observed adjusted to represent the number present on the 0.785 iq.z‘probe sample.

**Jickel particles are probably Au-Ni braze particles.
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OPS GAUGE

AREA OBSERVED = 0.319 in.2 (& = 41)

Microprobe Particle Size Range Distribution {(Microns)

<15 16-25 26-50 51~100
50 x 40 Carbon 70 x 50 Sand/Aluminum
40 x 30 Carbon 100 x 100 Sand/Carbon
50 x 40.88 100 x 80 Teflon
60 x 40 Carbon
90 x 60 3Sand/Aluminum

'Net Particle Size Range Distribution (Microns)*

<15 16-25 26-50 _ 51-100
5 Carbon 4 Sand
2 Stainless Steel 2 Aluminuam @ | srotoqy
2 . Teflon . :
4 ‘Carbon |

-

> 100

200 x 100 Carbon

1000 x 25 Carbon

120 x 120 Molybdenum
disulfide

140 x 80 Teflon/Aluminum

120 x 80 Carbon

120 x 80 Teflon

120 x 40 Teflon

- 100

7 Carbon

2 Molybdenum disulfide
6 Teflon

1 Aluminun

v ]

- *Wumber of particles observed adjusted to rebresent the number present on the 0.785 sg. in., probe sample.
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DETATLED PROBLEM STATEMENT

5223 WEST IMPERIAL HIGHWAY s
LOS ANGELES, CALIFORNIA 90346 % 2
Telephone (213} 6414300  Telex. 57-310%

SP" 3400103

T

HIGH PRESSURE OXYGEN FILTER

"WINTEC PART NO. 9-812

! * CONTRACT NAS 9-14466 . °

B. A. " WILSON
PROGRAM MANAGER




[ N
T 1.0 SCOPE
This specification defines the requirements for a fil-
| ter elément to be used in a system for astroraut life
[ support. equipment. .
2.0 | APPLICABLE DOCUMENTS
The filter shall meet the reguirements of the follow-
ing specifications. In the event of.a conflict be- =
tween applicable military specifications and this do-
cunent, the requirements of this document shall govern.
. 11 i
2.1 Speciffbations
Military N

\,

MIL-Q-9858 Quality ‘Control System Requirements
NASZA
SE~F-0044Aa Filters, Wire Cloth Type

Oxygen Aviaéor Breathing, Liguid

MIL-C-27210
” and Gas.

el

MIL:N—Z?éOl Propellant,imitrogen, Pressurizing

NHB-53004 (1B) Quality Program Provisions for Aero-

nautical & Space System Contractors..

MSFC~237A Freon

Statement of Work for NASA Contract
NAS 9-14466.

JSC-SN-C-0005 Contamination Contrcl Requirements
for the Spaceée Shuttle Program.

Federal

Tr-I-645A Iscopropyl Alcochol

STD 209 Clean Rooms

SAE

ARP 901g Bubble Poing-Test Method

ARP 539: Dynamic Test Method for Determining

the Degree of Cleanliness of the
Downstream Side of Filter Eleiments.

-1~
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3.0
3.1

3.1.1

3.1.3

Wintec *

WSF—OOB; - TIG Welding

WSM-803,, Dynalloy Filter Media

WSI-001 Inspection for Burrs

WSC—OUf? Conflguratlon Management and ’
w Control

WSP—OOSi Pagsivation-

WSP—012£ Electrochemigal Marking

WE0-0025 Tdentificatich & Traceability

ATP 9—8%2 Acceptance ngé Procedures, HPQOF

Drawings - Wintec o

9-812

REQUIREMENTS

General Requirements

Workmanship

The workmanship shall bé of sufficiently high grade

to ensure satisfactory operation, reliability and dur-~
ability consistent with the service and application

of the unit. The final assembly and all detail and/or
sub—assenbly parts shall be free from burrs dlscernlble
by ten power magnification per WSI-001.

Reliability

The unit shall be.designed and manufactured in such a
manner that the highest possible reliability is achieved
and maintained. Reliability is defined as the probabil-
ity that the unit will perform its prescribed functions
under the operating conditions and for the life period
reguired by this specificaticon. Operating conditions
include *the testing, packaging, shipment, storage

and installation requirements of this specification.

Conficguration Management

Cénfiguration Management and Control shall be accom=-
plished in accordance with Wintec Specification WSC~001.

oo .
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3.2

3.2.1

3.2.2

3.2.4.1

3.2.4.2

3.2.5

Marking and Traceability

Bach filter assembly will be marked by Part Number and
Serial Number per WSP-012. Traceability of materials,
fabrication and processing of each filter assembly

shall be malntalned in.accor8ancé with WwWS(-002. .

Design Requirements

Configurdtion

The confgguration of the unit shall conform to the
envelope parameters of Winteg drawing '9-812.

Flow Diréction

#

The fllter element shall be capable of flow in both
dlrectlons.

Weight

The unit weight shall be the minimum consistent with
the requirements of this specification and shall not
exceed 2.5 gms (.006 ibs.).

Element Strength

The element must withstand the following conditions
without evidence of permanent deformation.
Application of a 46.0 Ky (100 pound} minimum axial
Joad applied to either surface -A- as shown on Wintec
drawing 9-812.

Application of a pressure shock wave in either flow
direction, of 0 to 845 Kg/per sq cm (0 to 12000 PSIG)
with a .050 second rise time from 0 to full pressure.

Environmental Requirements

The unit shall be capable of satisfying the requirements
of this Spe01flcat10n when exposed to the environmental
conditions given in the following paragraphs.

Performance Requirements

Filtration Rating

The filter element shall not be capable of passing-any
particle with a maximum dimension larger than five
microns.,

-3~
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0 3.3.2

3.3.4

3.3.5.1

3.3.5.2

Fluid

The fluid to be filtered by thi¥ ‘element is gaseous
oxygen .per MIL-0-27210.

Rated Flow
£ E

The allowable flow rate for the filter element shall

be the range of .9 to 5.9 Kg {2.0 to 13.0 1bs.) per

hour - of oxygen per paragraph 3:3.2.

Pressuﬁe Drop ~.

The pressure drop across a clean element when flowing
5.9 Kg -{13.0 lbs.) per hour of oxygen per paragraph
3.3.2 at a temperature of 2940K-(530°R.} shall not
exceed TBD Kg per square cm.-{(TBD PSID). When contami-
nated with 0.1 gms {.0032 azs) of selected contaminant
in accordance with Particle Information Service mix

no TBD, . the pressure drop shall not exceed TBD Kg

per square cm (TBD PSID). The total contaminant shall
be added in five equal increments at constant.discrete .
intervals.

Useful Life

The useful life of each filter element shall be a
minimum. of 100 mission cycles or 15 years. The
gelement will only be removed and replaced in discrete
components during major overhaul and rework.

Migsion Cvecles

A mission cycle includes thea following operations

of the EVA emergency oxygen subsystem: prelaunch
oxygen charge, and system checkout (two system charges
and one blowdown), corbital operations including up

to 6 EVA cycles, (see paragraph 3.3.5.2), post fllght
checkout and deservice {l complete blowdown) .

EVA Cycle

AN EVA ¢ycle includes the following operations of the
EVA emergency oxygen subsystem:

a)- Pre-=EVA checkout (including opening of the manual
shutoff valve and full 12000 psi pressure 'drop a-
cross the filter for .050 seconds until regulator
Sense presSure is satisfied).

oy y
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! b) EVA .(no oxygen flow).
i c)} Post .- EVA shutdown {valve closure).
. d) storage in vehicle (no oxygen flow).

g

3.3.6 Cleanliness

The' fiitér element shall be *cleanied to the Level 25 A .-
of Table:I of NASA Specification,.JsSC-SN-C-0005.

- l]; -

3.3.7 System Pressures

i The filtér element shall be designed to meet the

ﬁ follow1ng pressure spectrums:: o
System Operating Pressure - 563 Kg per sg. cm (8000
PSIG)
Transient Inlet Pressure - Per paragraph 3.3.4.2.
Static Proof Pressure (Differential) - 844 Kg per

sg. cm. for 5 minutes (12000 PSID).
Static Burst Pressure (Differential) - 1125 Kg per
l sg. cm. for 1 minute (16000.PSID).

Following static proof pressure conditions, the filter
element shall exhibit no sign of permanent deforma-—
tion. Following static burst pressure conditions, the
element may exhibit permanent deformation but no
failure mode and it shall not be required to operate
following such exposure.

3.4 Environmental Requirements

3.4.1 Temperature

The unit shall be required to operate over a temperature
range, both fluid and ambient, of —-43°C to 71°9C (-450F
to +160°F).

3.4.2 Vibration

The filter shall be capable of w1thstand1ng the follow-
ing vibration spectrum:

g 20 - 100 Hz Increase +6 db/octave
100 - 400 Hz 0.15 g¢/Hz
400 ~- 470 A=z Decrease -9 db/octave
470 - 800 Hz - 0.1 g2/Hz
ﬁ 800 - 2000 Hz Deckrease -6 db/octave
1

Duration - 2 hours per axis.
_5- J
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3.4.3

3-5

3.5.1

3.5.4

Impact Shock

The unit shall be capable of withstanding a 19.5 g
saw tooth wave with a rise time .of 10-11 milliseconds.,
and a decay time of 0-1 millisecond.

af
Constructlcn, Materlals, Proce551ng and Marking
Requirements

. Euern = . 53

General Construction Features

% ..
The™ unit shall be manufactured dntirely from corrosion
resistant staihless. steel. - -The use of non-metals in.
the construction of the unlt for any purpose isg pro-
hibited. )

Filter Element

o

Repair of the filter element by epoxy patching or
bra21ng shall not be permissable.

Weldments and Joints

All joints and seams in the filter element shall be
jointed by tungsten inert gas welding in accordance
with Wintec Specification WSF-008. Exposure of the
filter media during welding to temperatures causing
oxidation shall not be allowed. — '

All-weld fusions are to be considered critical and any

filler rod used in welding must be compatible with
the parent materials and service fluids.

Finish

The unit shall be brush passivated after welding is
complete on the exterior surfaces only in accordance
with Wintec Specification WSP-005.

Processing

As a minimum, the following requirements must be
satisfied:

1. Theielement shall be cleaned during all stages of
construction. All processing shall be performed in a
clean room conforming to Class lO 000 of Federal
Standard 2089.

2. Assembly, Acceptance Test and packaging shall be

performed in a clean room conforming to Class 10,000
of Fedexal Standard 209.

-6~

?

WINTEC Corporation e 5223 West Imperial Highway, Los Angeles, California 80045 ¢ {213} 641-4300 Telex. 67-3105


http:time-.of

o

4.1.1

4.1.3

4.1.2

QUALITY ASSURANCE PROVISIONS.

Acceptance Tests

Acceptance tests shall be performed on each filter
prlor to delivery of the unit in.accordance with
Wintec ATP 9-812. Acceptance tests shall be performed
in the sequence shown in Table I.

£} 3

TABLE I

o

% ACCEPTANCE TEST SEQUENCE.

=

-Item M Paragraph
ProductyExamination 4.1.1
Proof Load 4.1.2
Dimensional 4.1.1 (c).
Bubble Point 4.1.3
Clean Plow-/:P 4.1.4
Cleanliness 4.1.5

Product Examination

Each unit shall be visually examined to determine con-

formance to the following items.

a) Finish : .

b) Workmanship N

¢) Dimensional - 100% inspection shall be pexrformed on
all dimensions specified on Wintec drawing 9-812.

d) TIdentification and marking of filter.

Proof Load

When installed in a suitable test fixture, the filter
shall be subjected to a proof load of 12000 PSID for
five minutes. A Ffoil leaf shall be used across the
filter to prevent flow.

Bubble Point

. /i
When. tested in accordance with ARP 901 the filter shall

have a minimum initial bubble point of TBD cms (TBD
inches) of water.

Clean Flow—-AP

When installed in a suitable test fixture, flowing
gaseous nitrogen per MIL-N-27401, the filter shall
have a maximum pressure drcop of TBD Kg per sgq. cm. .,

-

v,

WINTEC Corporation o 5223 West Impenzl Highway, Los Angeles, Catifornia, 80045 » (213) 641-4300 Telex: 67-3105



4

[N

—! 4.1.5
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4.2.2

e

(PBD PSID). A tare fixture shall be used in conjunc-
tion with this test in order to obtain a true net-AP.

Cleanliness

a

When tested for cleanliness in accordance with ARP 599,
the cleanliness level shall be in accordance with
Level 25, Table I of JSC-SN-C-0005.

DesigniCertification Tests:- - - 1 . -

Design.certification tests.shall be performed on a
group &f pre-production filter elements in accordance-
with the sequence shown in Table II. The results of
these tests will be approved by NASA prior to any
production units being released.for fabrication

x .

an

TABLE II
* DESIGN CERTIFICATION TESTS

Item Para. Reference

Proof Pressure
Vibration

Contaminant Transmission
Contaminant Tolerance
Burst Pressure

Clean Flow-Pregsure Drop
Clean Condition Transient Pressure
Contaminated Condition Transient Pressure 4.2.8

U OV Uk 0 D

-

- -

NN NN

4
4
4
4.
4
4
4
Ln

Proof Presgssure

The upstream side of the filter element will be
blocked and the unit will be subjected to a proof
pressure of 844 Kg per sg. cm. (12000 PSI) for a2 period
of five minutes. There shall be no degradation or
permanent deformation as a result of this test.

Vibration

The element shall be subjected to the following random
vibration spectrum for two hours in each of the three
major axes. If the unit is symetrical in two of the
axes, a spectrum in one of the symetrical axes will

be run plus the third axis.

-
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l - Frequency. .Intensity
20 to 100 H=z +6 db/octave
100 to 400 Hz : 0.15°'g2/Hz
400 to 470 H=z -8 db/octave
470 to 800 Hz 0.1 g¢/Hz

800 to 2000 Hz -6 db/octave

A bubble point test should be conducted after vibration
to check for degradation in contaminant transmission
index. : ¢ - -

P

4.2.3 . Contaminant Transmission

Using a selected contaminant with-a significant per-
centage of particles in the 0 - 3 and 3 - 5 micron
ranges, -thé element will be.challenged - and the down-
stream flow stream will be analyzed to determine the,
largest size particle which has passed through the
filter.

4,2.4 Contamiﬁaht Tolerance

Using a synthesized contaminant based on the results of
the contaminant source identification tests of the
Apollo Oxygen Purge System (0P3) and the Skylab Secon-
darv Oxygen Pack (80P) under this contract, the contami-
nant tolerance of the filter elament will be determined.
The number and size of contaminant additions will be
selected from analysis of the missicn history of the
flushed systems in comparison' to the desired useful
life as desicribed in paragraph 3.3.5 of this specification.

4.2.5 Burst Presspre

With the upstream side of the filter element blocked,
the wnit shall be subjectsd to a differential pressure
of 1125 Kg per sqg. .cm. (16000 PSI) for one minute.
The element shall not rupture under these conditions
but maintenance of original bubble point and opera-
tional capability shall not be required.

4.2.6 Clean Flow-Pressure .Drop

The filter element shall be subjected to a range of
flow rates using GNy per MIL-N-27410. The range shall
be based .on the oxvgen flow range of the OPS and S0P
systems converted to GNj; values. The pressure drop
across the element shall be measured over the flow
range.

\_ ' __J
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4.2.7 . Clean Condition Transient Pressure

From the transient pressure tests of the OPS and SOP
systems, a "worst case" transient pressure spike of
844 Kg per sg. cm. (12000 PS5I) for .050 seconds has
been selected. The filter element shall be subjected
to this pressure spike and shall not exhibit any sign
of structural degradation alk the completion of the
test.

4.2.8 Contaninated Condition Transient Pressure

Using the maximum contaminated condition from paragraph
4.2.4, the filter element will be subjected to the
transient pressure spike conditions outlined in para-
graph 4.2.7. Analysis of the downstream effluent shall
be made to determine contaminant transmission under
these conditions. '

4,3 Packaging
- In view of the fine degree of filtratien -of this element
and the associated c¢ritical cleanliness level, parti-
cular attention should be paid to the design at a
I packaging system which will aleviate any potential
violation of element cleanliness prior to use.

i,
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TEST PLAN TP-258

2 5223 WEST IMPERIAL HIGHWAY
- LOS ANGELES, CALIFORNIA 90045
mp - Talephoon: (1316414300 Tekex. 673105 REVISION NC

ACCEPTANCE{AND CERTIFICATION TEST PLAN TP 258

A

H;GH PRESSURE OXYGEN FILTER .-

LI

- . WINTEC PART NUMBER 9-812

FOR

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

CONTRACT NAS 9-14466

APPROVED ‘/'/9 /@w- : PATE: /= FT76

¥. BE. Joges, -Laboratory Director -

-:APPROVED: %{%—4’”\ _ pare:_ (- 27-76.

B. A. Wilson, Engineering Manager-
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- .
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Vibration
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Test Schedule

-

TP 258

, - a)
W o 000w 2D N U U o W W k;
. ®

A

WINTEC Corporation §223 West Imperial Highway, Los Angeles, California 90045 ¢ {213} 641-4300 Telex: 67-3105



timg P

-

1.0 _INTRODUCTION

TB 258

1.1 This Acceptance and Certification Test Plan outlines

the proposed hardware conflguratlon, test conditions, .
test objectives, quantity of test specimens, and an ’
overall test schedule for the High Pressure Oxygen
Filter ~(HPOF)} Program.
result in tHe issuance of individuad-Acceptance Test e
and Certification Test Procéedures.. The Acceptance Test
Procedure w1ll define the specifics required to properly
conduct” thé Acceptance Test for al¥ :deliverable HPOF. a
The Certification Test Procedure will outline the certifi
cation test'requirements and as. such will reguire close .
coordination with the Lyndon B. Johnson Space Center

personnel. .

Approval of this test plan will

The individual procedures will address the

.testing activities in a more detailed manner than will
be requlred ;for this test plan.

é

-3-

2.0 APPLICABLE DOCUMENTS
2.1 Spe01f1catlons and Procedures
2.1.1 Wintec
Tp-258 Acceptance and Certification
Test Plan
T TP-259 thceptance Test Procedure
TP-260 Certification Test Procedure
Ep 3400-103 - Detailed Problem Statement - High
Pressure Oxygen Filter
2.1.2 NASA
WSTFI 3.14 " Chemical/Cleanliness Require-
nents for WSTF Test Hardware
and Facility Equipment
WSTF-003 Bubble Point Testing of Filter
Elements
TD-121-025 : | Test Directive -~ Design Certifi-
cation Tests - High Pressure
. Oxygen Filter Program.
2.2 Drawings
2.2.1 Wintec
9-812 ; High Pressure Oxygen Filter

(HPOF)

v,
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3‘0
b3 1.
3.1.1

3.1.2

3.1.3

3.1.4

3.2
3.2.1

TP 2578

TEST HARDWARE CONFIGURATION

Collimated Hole Structure Configuration

The primary or preferred configuration will be a sand-
wich construction consisting of a collimated hole
structure (CHS) on tha inlet and outlet side of the
assembly, a Dynallov X3 primary filter and a sguare
mesh screen on each side of the Dyndlldy to act as

a separator between the Dynalloy and the CHS plates.

The Collimaééa Hole Structure (CHS) 4s fabricated from .
304 CRES shéet .125 inch in thickness. K The collimated .
holes are 7 Microns in diameter and this configuration
has a 42% open area.

The Dynalloj;?3 is a 3 micron rated wsintered felt
fabricated from 304 CRES fibers., .:

* z

The separator. screen is a 22 x 22 sguare weave mesh

, fabricated £rom 304L CRES wire. . All of the noted parts

will be joined together as a SLngle unit by fusion
welding.

Perforated Sheet Configuration

The secondary or back up configuration will be similar
to the CHS configuration. However, perforated sheet
stock will be used in lieu of the CHS end members. The
perforated sheet will be fabricated from .125 inch thick
304L CRES sheet. The open area of perforated sheet
will be 35 to 40%. :

TEST CONDITIONS

Related test -conditions, limitse and controls will be
specified in the following documents as applicable.

TP 259 Acceptance Test Procedure
TP 260 Certification Test Procedure
T™pP-121-025 Test Directive - Design Certifi-

cation Tests - HPOF

TEST SPECIMENS
A minimum of five (5) test specimens will be fabricated

to the selected configuration. The test specimens will
be subjected to the following tests:

-

i

[«
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6.1.1

. 6.1.2

1 6.1.3

T

"

TP 258

Test Specimen Test
Number ‘Numbe;_

Proof Pregssure Test
VYibration

ential Pressure

bDifferential Preassure
Contaminant Transmission Test
Contaminant Transmission Test
Burst Pressure Test

k-]

Versus Differential Pressure Test

Yol O N 1= [FA NV
OV Ulld et i W DN e

Differential Pressure Test

" TEST OBJECTIVES

The test objectives of the certification test program
will be to prove the HPOF will be capable of meeting
the performance and structural regquirements of the
Detailed Problem Statement SP 3400-103.

Acceptaﬁce Tasgts

Bach deliverable HPOF will be subjected to a series of
non destructive tesis that will assure that the parts
meet the performance requirements and limits that are
spec1f1ed in. TP 259 Acceptance Test Procedure. The

six Certification Test units will be tested as deliver-—
able units. Paragraphs 6.l.1 through 6.1.4 delineate
the specific acceptance tests.

Inspection of Product - Fach HPOF shall be inspected for

conformance to workmanship, finish and dimensional re-
guirements. This is to assure that the parts will be
capable of being installed in the test fixtures and
operational systems.

Proof Pressure - A proof pressure test will be conducted
with each HPOF as a non destructive-structural test to

Clean Condltlon-Flow Rate Versus Differ-

Clean Condition—-Impact/Flow Rate Versus

Contaminated Condition-Impact Flow Rate

-

Contaminated Condition-Flow Rate Versus

assure the mechanical integrity of the finished assemblies.

Bubble Point — A bubble Point test, using Isopropyl
Alcohol, will be performed with each HPQF to measure the
largest through flow pore size. This test will also
assure that there is no leakage around the Dynalloy ele-

nent in the HPOF assembly.- This is a non destructive test.

-5
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*6.2.2 Bubble Point Test - A bubble point test.shall -be conduc- -

TP 25 8

6.1.4 Flow-4P ~ Each HPOF will be subjected to a flow test
using gaseoqug nitrogen (GN2) at 'low.inlet pressure (50 psia). |.
The required flow rate will be adjusted to compensate
for reduced dnlet pressure. A maximum limit for the . s
net- AP will be established at the reduced flow rate
and will be included in the Acceptance Test Procedure,
TP 259. Thé limiting of the net-/\F at a given flow
condition will assure against total or partial blockage
of the HPOF, assembly.

6.2 Certlflcatlbh Tasts

Five HPOF assemblles of the approved conflguratlon shall.
be subjected. to the tests outlined in paragraph 5.1 and .
the followihg paragraphs. -Successfull completion of the --
Certificatibn tests will qualify the!HPOF to the require- -
Jents of thg’® Detailed Problem Statement, SP 3400-103. S

6.2.1 Acceptance Test =~ The five Certification Test Units shall
have successfully completed the acceptance test require- -
ments of TP 259 prior to commencing with the certification
tests series. The successful completion of the certifi-.--
cation tests will then serve as a base line for the
acceptance of future deliverable units. Paragraphs
6.1.1 through 6.1.4 outline the type of tests to be
conducted. -

ted before and after each test category or serles- The
maintenance of the same bubble point before and after

a test will show that the HPOF unit under test has not
degraded and that contaminant transmission will not have
increased as a result of the test concerned.

The Acceptance Test Procedure TP-259 and the Certifica-
tion Test Procedure TP 260 will define bubble point limi-
tations.

6.2.3 Temperature - The transportation and operation tempera-
ture extremes are -45° to 160°F. All of the materials
to be used in the fabrication of the HPOF are in the
304 CRES series. Since all of the parts have the same
coefficient:0f expansion, there will -be no measurable
-strains between adjacent parts when the HPOF is subjected
—to any tempegature in the ncted range. .

It is felt that thermal test in the 415° to 620°R
would serve no useful purpose. Thermal testing will not
be included in the Certification Test Series.

¥

-6- y
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T 6.2.4 Proof Pressure - Although the HPOF will have been sub-
. I ‘jected to a proof pressure test during the Acceptance

Test, one HPFOF will also be subjected-to a proof pres- . . -
sure test during the Certification Test series.

A piece of foil shall be placed upon the upstream side

-0f the HPOF :to cover the through flow. openings. A

piece of polyethylene tape will be placed over the foil.
The "unit will be subjected to a differential pressure

of 844~Kg per sq. cm. This pressurge:; shall be maintainedy .
for 5 minutes. The pressurant shall be deionized water
that has been filtered to 0.8 micron or finer level.

The HPQF shall not degrade or take on a permanent de- -
formation a§ a result of the proof test. .- -

6.2.5 Impact Shock - It is felt that mpact shock tests of -
19.5 gs using a saw tooth pulse withla.rise time of s
approximately 10 milliseconds will have far less effect

"upon the HPOF than the impact flew test. In addition, -
impact shock’ testing of the HPOF as a-detail will not

be representative of what the HPOF would experience

under normal use.

s B

LTS [ )

I Therefore, Impact Shock tests will not be conducted as

_part of the Certification Test Series.

. 6.2.6 Vibration - One HPOF shall be subjected to random
vibration tests for two (2} hours in each of the three

- orthogonal axes for a total of six (6) hours. The

. vibration spectrum shall be as follows:

Frequency Range

20 to 100 Hz
100 to 400 Hz
-400 to 470 H=z
470 to 800 Hz
800 to 2000 Hz

Intensity

+6 db/octave
0.15 g2/Hz

=8 db/octave

0.1 g2/Hz
~6. db/octave

The test specimen shall be dry and unpressurized during
the random vibration tests. The test specimen shall be
protected against the entry of Lorelgn contamination
during this ‘test.

A bubble point test, reference paragraph 6.2.2, will

show if the filter media has degraded and if there is a
potential increase in contaminant transmission.

\..

-
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Clean Flowjé}P_T One HPOF shall be subjected to clean
condition flow rate versus differential pressure tests
while operating at selected inlet pressures and flow
rates. Theé dntent of this series is*to map the flow -
characterlstlcs of the selected configuration. The

inlet presdures and flow rates will be defined in the

Certification Test Procedure TP 260.

15 F
N K

Contaminant Transmission - Two HPOP units shall be sub-
jected to a contaminant transmission, test to determine

the largest size particle that wills transmit through e
the HPOF under flow conditions. Spec-Industries Iron
Oxide (FesQ3) mixture B/N 1232 shall be used for the
contaminant ‘transmission tests. The_partlcle size

range distribution of the Iron Oxide mixture P/N 1232

ghall be adg Follows: .
Size.Rangééi Percent in_Séée Range . ~
Microns - ¢ by Weight- .
60-3 i 32,7 ¢
3~-5 o 27.0
5-10 18.8
10 - 15 B.9
15 - 25 6.1
25 - 50 3.8
50 _ 2.7 ~ _
Theléertifi;ation Test Procedure TP 260 will specify

the
and

gas flow rates, contaminant adds and add weights,
other parametric values and limits.

Contaminant Tolerance -~ One HPOF shall be subjected to
a contaminant tolerance test. The contaminant mixture
(reference Table 2, Page 9), shall be representative
of the contaminants that will be found in the Oxygen
system. The gas flow rates, the number of contaminant
additions and add sizes, and other parametric values
‘will be specified in the Certification Test Procedure
TP 260.

Impact Flow - Two HPOF units shall be subjected to a
series of impact flow tests. One unit will be tested
in the clean: condition and the other-unit will be
tested in the contaminated condition. The impact tests

will be conducted with inlet pressures varying from

527 to 598 Xg per sg. cm. (7500 to 8500 psia). These
Pressures are steady state pressured. The impact or

surge pressures will be measured during actual test.

The impact pressures will be considerably higher than

598 Kg per sg. cm. Pressure spikes of 700 to B850 Kg per sq.
cm. may be achieved. .

-

u

s’
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Burst Pressure - One HPOF unit shall be subjected to a

burst pressure test of 1125 Kg per sg. cm. {16000 psid)
for a period of one minute. The HPOF shall not rupture
as a result of this test. The details requirements for
this test will be described in the Certification Test
Procadure TP 260. :

TEST SCHEDULE;

Figure 1 is a proposed test schedule. This schedule
should be reviewed by all part1c19ants of the program
for concurrance with the target dates.

-

4 =

& &

S TABLE 2

2 .

CONTAMINANT'MIXTURE FOR CONTAMINANT ﬂdiERANCE TEST

-(-.

?artlcle Type Percent by Weight

TFF Telfon _; 34

Sand 23

Stainless Steel {304) .26

Plastic (polyethylene or 17

other non halogneated

plastic)

Slze Range of Contamlnant‘ Percent by Weight
Microns L

<15 41

16 - 25 : 3

26 - 50 . 3

531 - 100 ) 21

> 100 32

- g -

-
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WINTYC DIVISION Brunswick Cgrp._ 5223 W. Imperial Hwy., Los Angeles, Cal, $0045

(i e Y
REVISION RECORD
ECL DESCRIPTION OF CHANGE DATE | APPROVED
N/C Initial Release [#2s-7e | Bl
;A Page 3: 'Added Eigure 5 callout. ¢ Pf-7e /?;;Zhhyf
) Page 8: Para 4.1:2: was E.B. Weld :
Para 4.1.3: Was 2.5 grams ,
. Para 4.2:1: Added Figure 5.
: Para 4.2.)3: Was 844 + A4Kg per sq. cm.
2 , (12000 + gHf PsIA)
- Page 2: Para 4.2:5: Deleted Paragrawh
2 Para 4.3:8: Was 1.08 Kg per sg..Ch.
: C v (207 H20) : K
.. Para 4.3.9: was reduce GN2 Pressure.
B Para 4.3.11: was 1.08 Kg per sg. cm. . -
3 : {1 {20" H90). ...0.0127 Kg per
) ) " sg. cm. (5" H30).
- Page 10: Para 4.3.13: Added correction data
Para 4.4.1.1: Revised flow rates per
b B Para 4.4.2.1: Nasa letter Aug 3, 1976.
Para 11: Para 4.4.2.2: Added max -~ P ’
Page 18: Table 3: Revised Item 3
Data Sheets: Revised to conform to latest config- -
uration and new flow reguirements.
: '
' . ORIGINAL PAGE IS -
: * OF POOR QUALITYu
t
L : A
« (213} 641-4300
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SCOPE

‘TP 259

This specif}éati@n defines the procedures to be used in the
Acceptance Testing of the Wintec High Pressure Oxygen Filter,

part number 9-812.

The objectives of these tests is to pro-

vide evidence that the production filters will meet the re-
guirements of the Wintec Detailed Problem Statement SP 3400-103.

APPLICABLE DOCUMENTS

v

The follow1ng abcuments and drawings form a part of thls .-
specification to-the extent specified hereln.

LI

Specifications

Military o
MIT~P-27401 B

FEILIN - TS

BN

MII-C-45662 A

]

MIL~-STD-794 B
MIL-STD~-834 C

MII-P-26514, Type I
Class 2, 1.5 lbs. per
cubic foot Density

NASA

JSC-S5N-C-0005

Tr-I-735 A
Amendment 2

MSFC-SPEC-237 A

NH6000-1 (1A)

Propellant Pressuglzlng Agent,
Nitrogen.

Calibration Standards

Parts and Equipment, Procesdures
for Pac¢kaging and Packing of

Pﬁckaging Data Forms, Instruc-
tions for Preparation. and Use of..

'Polyurethane Foam, Rigid or Flex-

ible for Packacging.

Contamination Control Requiremeﬁt
for the Space Shuttle Program

Isopropyl Alcohol (Isopropancl)

Precision Cleaning Agent (PCA)

Regquirements for Packaging, Hand-
ling and Transport for Aeronauti-
cal and Space Systems, Equlpment
and Associated Components.

WINTEC Corporation o EZZIi-:Westlmberiai Highway, Los Angeles, California 90045 ¢ (2131 641-4300 Telex. 67-3105
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Federal
Fed Spec PPP—B—636 Box Fiberboard
a. Type CF, €lass - :
bDomestic
b. Type CF, Class
Weather -Resistant
1~p-278, Type II Plastic Sheet and Strip, Thin
Grade By Finish I Gage, Polyethylene.
) i“i: l' &
Society of Automotive Engineers o
- 1
ARP~598 T ) Determination ‘of Particulate Con-
1 March 1960 - tamination of -Hydraulic Fluids by

Particle Count Method.

Al Mo & |

ARP-599 A H

Dynamlc Test Method for Determin-.
2 Oct. 1972 E ing the Degréd of Cleanliness of :
. ‘- the Down Stream Side of Filter
- M Elements.
- ARP-901 , - Bubble Point Test Method.
I Rockwell International
- MB096~005 . . Material Cleanliness, Precision
Packaging.
. MB085~006 T Film Transparent Prebision Clean
" Packaging (Tinted).
Wintec ‘
SP3400-103 High Pressure Oxygen Filter,
Detailed Problem Statement of
2.2 Drawings
9-812 High Pressure Oxygen Filter (HPOF)
} 4-2498 ’ Flow & Proof Fixture ,
- 4-2499 "/Bubble Point Fixture :
i : s : .
3.0 TEST CONDITIONS / : '
3.1 Standard Conditions
Unless otherwise specified, all tests will be conducted under
’ the following ambient conditions: -
: Temperature: ) 700 + 20°F
Relative Humidity: 80% Maximum
Barometric Pressure: Local Atmospheric
-5 —)
\..

WINTEC Corporation * 5223 West imperial Highway, Los Ange
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Test Equipment

The reguired iﬂétrumentation will be as shown in the sche-
matic diagrams ‘of Fiqure 1 through Figqure 3.

Refer to Table 3 for instrument type, accuracy, range and
calibration frequency. All instrument calibrations meet

the standards of calibration of MIL-C-45662 with traceability
to N. B. 8. B s

System cleanilness to conform to the cleanliness requirements
of this speglfrcatlon and specxflcatlon*WSQ 005.

Test Fluids v .- .

Nitrogen per MIL~P 27401 or eguivalent.’
Isopropyl Alcchol per TT-I-735, Grade B.
Precision Cledn&ng Agent (PCA) per MSFC-SPEC—237 or equ1valent.

All test flulds entering the HPOF will be preflltered through
a 2 micron absolute {or finer) filter.

L3

¢

Data

A continucus test log will be maintained for each test speci-
men. The log shall contain a record of all operations and
tests performed and the resultant data for each test. See’
Appendix 1 for test log forms.

Test Discrepancies

The failure of any portion of the test equipment will not con-
stitute failure  of the unit being tested. The test sequence
may be continued at the discretion of the cognizant test
engineer if the failure does not represent a danger to the
facility, test perscnnel, the unit undergoing test, or invali-
date the required test objectives.

Fallure Notification

In the event that the unit under test exhibits any failure or
deviation from the test requirements set forth in this proce-
dure, notify Mr.Irwin Smith, NASA-JSC, White Sands Test Facil-
ity, Las Cruces, N. M., that a test failure has occurred as
follows: : -

a) Notify Mr.I. Smith, Telephone (505) 524-5522 within 24
hours after: failure occurance.

b) Prepare and submit a written failure report within seven
{7) calendar days.

-H= _J
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TABLE 2
; .é&CCEPTANCE TEST SEQUENCE

§ ; :

Segquence Description TP 259

Number I Paragraph

‘ 1 - }ns:.pection of Product . 4.1

i 2 Proof Pressure - 3‘4.. 4.2 .
T3 Bubble ;P;t::iqt : 4.3

< 4 i~ Flow-AP 4.4

i s Cleanli"_jniess Verification 4.5

; 6 Drying \ N 4.6

; 7 ¥Final I‘nfspection 4.7

8 Packaging 5.0
Y
i
o T ee J

b
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Test Notification

The Mr. T. Smith, NASA~JSC, White Sands.Test Facility, and
the .Government Inspector, as regquired by the applicable pur-
chase order, shall be notified at least .48 hours prior to the
performance of any scheduled test so that authorized repre-
sentatives may: witness the. test as required.

TEST PROCEDURE s

L3

Unless etherwise specified,the acceptance tests are to.be- -~ -

performed on all deliverable HPCF assemblles prior to de-

11Very. Thé tests are to be performed in the seguence shown:-:

in Table 2. '

PR

Inspection of ﬁioduct .

Bach HPOF assembly (P/N 9-812) shall be iInspected for con-

Formance with the draw1ng requlrements.ijThe,areas of inspec— -
tion shall cover: :

Finish

Workmanship

Dimensions

Identification

Certified Materlals and Processes

Inspect the TIG weld that join;thetmo 20-1265 -
) ringswith a 40X binocular microscope. There shall be
ne cracks or breaks in the welds.
. - 1
Measure the weight of each HPOF assembly to the hearest 10
milligram and record the weight. The weight of the HPOF
shall not exceed 7.0 grams. T

Proof Pressure

Install the HPOF into Fixture 4-2498 as shown in Figure 5.

Install the HPOF and 4-2498 fixture into a proof pressure test
system as shown in Figure 1.

With the outlet ,of the 4—2498 Fixture vented tgp atmosphere,
pressurize the ‘inlet of the fixture to 668 + Kg per -sqg.
cm. ( 9500 + &00 psia) with GN3. Maintain this pressure for
5 + 1l minutes. Reduce the pressure to atmosphere by venting
the Ynlet side of the HPOF.

The HPOF shall not collapse as a-result of this test.

-f-

-
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- 2.5

4.3
‘4.3.1
3

4.3.7

4.3.9

4.3.10

i

4.3.11
K

)
.

- prefiltered IPA.:

- 100 to 190.in.

TP 259

DELETED

Bubble Point

The 4-2499 fixture and transfer tube shall be flushed with
IPA that has been filtered through a 0. -8, micron or finer
nembrane.

4

Install the HPQF.into Fixture 4-2492, Y.
Measure and reqord the surface tenslon and temperature of the
Isopropanol (IPA) that will be used. | .

Prefilter Isopxzopanol (TPA) through .a 0.45 micron membrane. _
Measure and record the surface tension ahd temperature of the
This IPA is 0 be. rese*ve& for bubble
point testing of: the HPOF assemblies.

Attach the HPOF and Fixture 4-2499 to a transfer tube. The
transfer tube iz a3 part of the Bubble Point Test systen,
Figure 2.

Using a Hypodermic syringe, f£ill the transfer tube with IPA
{reference paragraph 4.3.4). . .

Attach the transfer tube to the Bubble Point Test System,
Figure 2. The 4-2499 Fixture shall be in a vertical position.

Pressurize the HPOF to 1.45 to 1.52 X /cn2 (8 to 14 in. Hg,)
H20. The IPA in the transfer tubé
will be forced through the HPOF to wet all internal surfaces
of the HPOF., The IPA will rise in and overflow the open
port of the 4-2499 fixture. All bubbles of entrapped air

- shall cease to emit from the test fixture before proceeding

with the next step.

Reduce GNy pressure to 1.068 Kg/cem?2 (1.0 in. Eq, 14 in. H20)
open valve and allow the excess IPA_in the tfans~

fer tube to drain out of tube. Close the valve
Assure that the open part of Fixture 4-2499 is filled with
IPA,

Increase the GNy pressure to 1.154 Kq/cm2(3 5 in. Hg, 47.6
in. EO)for 2 min.Then increase the pressure at a rate of 1.051
Kg/cm</minute: (0.5 in Hg, 7.0 in. H20/minute.)

until the first train of bubbles emit from the HPOF. This

is the jinitial (observed) bubble point and shall be recorded.
The initial bubble point shall be corrected.

4 B -

-ga
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4.,3.12 Method for determining surface tension correction factor.

A ST =CxXRxD Where:

ST = Surface Tension ~ Dynes/cm

C = 16.5 (Capillary Tube Constahnht)
R = Difference in Rise of Fluid in cm.
D = Density of Fluid at Measured Temp.

'4.3.13 Method for correcting the observed bubble point to standard
' conditions. *

R E 5 Where:
- Pg = {(P-dh) 21.15 Ps = Standard Bubble Point
3 . ST P = Observed Bubble Point

- - ) (in. Hg x 13.596 = in. H30)
: (PSID x 27.687 = in. H,0)

d = Density-
: . . . h = Immersion Depth, Inches
: . T : ST = Measured Surface Tension
: 21.15 = Standard Surface Tension

;4.3.14 The standard bubble point (Pg) shall be greater than (TBD)
Kg per sg. cm. {TBD inches of water).

4.3.15 Remove the 4-2499 fixture from the bubble point test system
and flow prefiltered (0.45 micron} GN, through the HPOF to

‘ -- -- remove all of the residual IPA. S :

4.3:16 Réﬁove the HPOF from the 4-2499 fixture. ' =

4.4 Clean FPlow—- Differential Pressure

4.4.1 Install the 4-2498 flow fixture into a flow system as shown
in Figure 3.

4.4.1.1 Conduct a tare test to measure the system differential pres-
sure (/\P) at flow rates 0.045 0.061 andg.g7s ACFM (128 .
1.71 and 2.14 SCFM) of GN2 with an inlet pressure of 29,18
Kg per sq. cm. (400 + 5psig). Record the tare:A\P at each
flow rate. - :

4.4.2 Install the HPOF into the 4-2498 fixture.

4.4.2.1 Install the HPOF and 4~2498 fixture into the flow system

: (reference Figure 3) and conduct a flow-/AAP test at flow
rates of0.045/0.061 andg_g7¢ ACFM (l.55,1.71 and 2,14 SCFM)
of GN3 with an inlet pressure 0£29.18 Kg per sq. cm. {400

: + 5 psig). Record the/AP and temperature at each flow rate.
This will be the gross~/AP at the three noted flow rates.

o

~10- )
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#“,4.2.2

8.4.2.3

‘4.5
4-5-1

4.5.4 The particulate count shall not exceed Table I, Level 25 of
) JSC—SN~C—0005 as noted below. .
Particle Size Ragge Particles/loo ml '
. < 5 nmicroms . no silting
5 -~ 15 microns 19 )
16 - 25 microns 4 : L
>25 micromns 0
4.5.5 If the particulate count of paragrapﬁ 4.5,4 is exceeded, re-
peat paragraphs 4.5.2 and 4.5.3 until the BPCOF meets the re-
quirements of paraqraph 4.5.4.
4.5.6 Remove the HPOF from the 4-2498 fixture.
A.6 Drying
3 .
4.6.1 Place the HPOF in a precleaned aluminum dish and place in a
- vacuum oven. Dry the HPOF at 170 + 10 degrees F for 15
! minutes without a vacuum and 30 to 45 minutes at a pressure
of 25 to 28" Hg.
’ -11-
L _/

“.other direction. Fifty (50) mil -of PCA effluent shall be
sampled in each flow direction. The effluent samples may be

- TP 259

Subtract the tare-AP from the gross—llP for each respective
flow rate. The difference will be the net-AAP for each flow

rate. The net-AP shall not exceed 300 PSID.

Remove the HPOF assembly from the flow system and the 4-2498
flow fixture and set the HPOF aside.

Cleanliness Verification .

Clean the 4-2498 flow fixture by thoroughly flushing with PCA
solvent that has: been prefiltered through a 0.8 micron or
finer filter. T

Carefully install the HPOF-assembly in the 4-2498 flow
fixture. Flush the HPOF in both directions by flowing pre-
filtered (0.8 micron or finer} PCA through the HPOF. -

After flushing the HPOF in both directions, take a sample Of
the PCA effluent while flowing one direction, then in the

drawn through a Wintec viewer sampler that has been loaded
with a precleaned and pre counted 0.8 micron, 47 min. mem-
brane (Type AA or equivalent). The membrane shall be examined
and a particulate count made per the requirements of ARP 598.

WINTEC Corporation ¢ 5223'West imperial Highway, Los Angeles, Californta 90045 ¢ {213) 641-4300 Telex. 67-3105
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5.2 Unit Packaging
5.2.1 Wrap the packaged unit in a 1/2 inch thick sheet of polyurethane
foam. Tape overlap using 1/2 inch wide masking tape.
5.2.2 Place wrapped unit into box (para 2.7a) and seal using re-
inforced tape. -
5.2.3 Stamp side of each box with the following information:
Item Name: High pressure oxygen filter (HPOF)
: Manufacturer's Part Number: 9-812 - ’
: Quanity in Package = ) B
. Clean Marking: Thise unit has been cleaned to mable I, Level
. 25 of JSC-SN-C-0005.
B Traceability Identification
Serial Number
Mfg: Wintec Division of Brunswick Corporation
! Buyer Purchase Order Number
LR Date of Packaging - : e e
-12- )
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Final Inspection

Visually inspect the HPOF assembly before packaging to assure
the unit did not sustain any damage as a result of the accep-
tance testing and handling. 2Assure that there are no particles
on the exterior surfaces of the unit.

PACKAGING

'
Inner Packaging : °

NOTE: Inner packaging shall be accomplished in the Clean
Room. i

Insert the unit into a 2 mil tinted nylon “C" Bag (para 2.9)
approximately 6 % 3 inches. The inside of the bag shall
meet or exceed the reguirements of PB095-005, ILevel 1.
Partially seal bag leaving corpnsr open, evacuate air, and
final heat seal bag.

Attach an Inspection Seal over the final heat sealed ends of
bag, Figure 4B.

Place the sealed unit into & 6 mil anti-static polvethylene
(para 2.10) contamination barrier bag approximately 6 x 3 -
inches. Insert a Cleanliness/Identification Tag, Figure 4A
into bag and partially heat seal bag, evacuate bag, and final
heat seal bag. The inside of the bag shall meet or exceed
the requirements of PB0295-005, Level 3.

WINTEC Corporation e 5223 West Imperiai Highway, Los Angeles, California 90045 e« (213) 641-1300 Telex. 67-3105
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!b‘,‘v.3 Shipping Container
35.3.1 Unit packzges.shall be placed into a Weather Resistance Fiber-
. board Container.
-5.3.2 Test data and associated data shall be enclosed in an envel-
. ope and placed inside of the Shipping Container. Close and
_ seal conta:.ner ‘us:.ng gunmed reinforceds tape.
$5.3.3 The contai ner ishall be marked with :Lnformatlon specified in
- para 5.2.3., °F . =y
6.0 DATA PACKAGE 1 s
6.1 The data package shall include but not be limited to the follow-
. ing items as applicable: R
3 a) Statement of Certification - o
o b} Visual Inspection Characteristics (data sheetsg)
3 ¢) List of Dimgnsional Imspection Requirements (data sheets)
: d) Copy of Suppliers Shipping Document.
1.
=13~ -
\,
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' FIGURE 1

. | .PROOF LOADING TEST SET-UP
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5 | ' T : ’ Variable Pump
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- : . Valve -, Valve \:D

\x\\\u—~—-Test Chamber
SN ; S

Test Specimen &
42498 Fixture
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FPIGURE 2

BUBBLE POINT TEST SET-UP

5
h &
- L}

i E

GN 2
. Supply
‘ v . Manometer
; ’ Valve

Regulator fC}gfj ;—ﬁ—i_?i::q;ﬁy

0.8 Micron C) . o -
Filter : ) i . . o ’

AR

NE)HPOF & 4-2499
‘,;. Fixture

.
b

e ﬂ,.;, . —— ' e
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‘ FIGURE 3’
i - - GAS FLOW TEST SYSTEM
peem—Z—~ GNp Supply
! Pressure : -
P Regulator
1 -_} --
,—‘Atmosphére ’
. r//-—n--—Flow Meter
’ “- . {T] / " . MVa—lve
L Pressure
i - Gage '
i Throttle (§;>
= Valve ' (:)
_Z/B% 0.45 Micron
\\@; Filter
(:) \\ Temberature
Indicator
g : _ Test Specimen & - o
4-2498 Fixture
-16-
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WIRTEC BIV. - BRUNSWICK CORP.

1 1

5223 Imperial Highway '
Los Angeles, Calif. 90045
Code: 21550
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. TABLE 3
l -E&.}UIPMENT & INSTRUMENT ILIST
;Item No. 1y .. \
. @ Instrument Pressure Gage
) : v tManufacturer US Gauge-s- - p——
R ‘Size 6" Dia._.. e
13 . Serial No. 0018 .
f2 «3Rahge 0-20 ;0001 20 . Bigad -
2 "~ Accuracy I .
i Calibration 90 DaysSy .- . arrar
: (:) Inéirument Pressure Gauge -
> Manufacturer Ashcroft e
‘§ . :S‘izg 5" Di_g“n'{::c B30k e
; - -Sei.‘.jlal No. 0008 ., 1% 12 -
- Range 0-60 psig PR
4 Acturacy . 1% L
: Calibration 90 bays, .
: (:) Instrument AP Transducer System
Manufacturer Validyne
Model No. CDIZ -
l Serial No. 5101 ) o
- Range 0-100,- 0~300, 0-~1000 PSID
Accuracy 1% ’ -
- -Calibration Prior to Use v _
i (:) Instrument Temperature Indicator
+ Manufacturer Barber..Coleman .
© Model No. Type 7
- 8erial No. 46H 2317
Range -3009F to +300°F
Accuracy 20F
Calibration 90 Days
(:) Instrument Flow Meter
Manufacturer Fischer Proter
) _ Model No. 1/2-27-G~10180
Serial No. . FMK-004B
N Range / .2 to 3.4 SCFM GNjy
i Accuracy s .
- Calibration Yearly
FE ) Tl
il
-18-
"
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. TABLE 3
EQUIPMENT & INSTRUMENTATION LIST (CON'T)

- n

" Item Wo.

¥ 13 ' .

- (:) ¢«  Instrument Manometer

3 .. Manufacturer ‘ Meriam ®

- ‘Model No. - 30FrB25 ¢

= Serial No. N 24121, -

3 - Rahge 0 to 50:in. H0
: Accuracy .003 in: H20

3

Calibration DNA*

. i
*DNA = Does Not Apply:

'n-\-t-t-m
!
an kr v

wmt b

) The noted instruments on instrumentation with the _Same
! shall be used for Acceptance Testing. : N

-39~

\..

TP 259

accuracy

_/
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rr"\“f\/’!I“~..i"5‘r£4-:; division _

Hrunswick Corporntion

vy

5223 West trperial Highway | . 5,0, -
Los Angeles, California 80045 °* . ;

$-—* {213} 641-4300 Telex: 67-3105

- '

- - -

s " CERTIFICATE OF CONFORMANCE
; i & . .
: I . -
tDate: i ) Part RNumber .
iCuétomer P.0. No. T - P.0C. Iteijumber

gﬂumher_parts delivered ¥with this shipment
3 ’ :

_Shipper No. I Serial No‘(s)

1. We hereby certify that the units were processed‘ per the above noted
purchase order and specifications, Parts manufactured by Wintec
were fabricated from materials of which i)hysical and/or chemical

test reports are mainteined on file subject to examinatiom,

~

2. Materials furnished by the customer for the manufacture of parts
have been in fact used in their manufacture, \

Ll - ‘i'

A

3, All special processes applied to the above parts have been
accomplished by approved sources.

4, Units have been cleaned and packaged to the following specifications:

PrTr

ot T BY:

QUALITY ASSURANCE
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1HTE

division
Brunswick Corporation

SHIPPER NO, -

s T e § T o —
0. e H
L ’ - - - —
3 ... b e
.r a _ T ) EE T I A
LIS T, o r P 0 ' )
SHIPPED VIA INVOICE NUMBER™ SALES ORDER NUMBER _.ua |, ..

DATE SHIPPED

- r

[ R——

CUSTOMER P.O. NUMBER
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F.O.B. -

TERMS:

-

QUANTITY =
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REPORT TR -359

FATLURE ANALYSIS AND CORRECTIVE ACTION REPORT
TR-359
HIGH PRESSURE OXYGEN EILTER .(HPOE)
* WINTEC P/N 9-812
. " FOR
 NATIONAL AERONAUTICS AND-SPACE ADMINISTRATION
| CONTRACT NAS 9-14466

APPROVED: J@ﬂug : : DATE: & - Z75-2¢

audis

V F. B. Jéﬁes, Labogratory Director
APPROVED: A%g /C%z;a, DATE: &+29.24
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T R. Roma, Qualjty AsKiManager-. : ~
‘APPROVED: 71 N ' DATE ; ’//// 76
T

I B. A. Wilson, Chief Engineer
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1.0 SCOPE
'jl.l This Failure:Analysis and Corrective Actionm Report,

TR 359, willsdiscuss the history of the High Pressure
Oxygen Filters, Wintec P/N 9-812, S/N's 00z, 005 and
006. Im addltlon this report will describe the types
of analyses and tests that were coiiducted, the con-
clugions and the recommended corrective action. In-
cluded are; a; schematlc diagram and an instrumentation

list. ] f
2.0 IDENTIFICA&I@N OF FAILED ITEMS .
2.1 Wintec P/N: 9-812

"8erial Numbers: 002, 005, and 006:

Manufacturer Wlntec Division Brunsw1ck Corporation
Code Indent. :Number: 21550

Description High Pressure Oxygen Fllter (HPOF)

3.0 HISTORY
3.1 The subject Parts, S/N's 002, 005, and 006, were

fabricated to the requirements of drawing- 9-812,
Revision "A" and associated detail drawings. The
HPOFs were subjected to dimensional, proof and flow
tests in accordance with paragraphs 4.1, 4.2, 4.3
and 4.4 of the Acceptance Test Procedure TP-ZSQ
Revision N/C. X

3.2 The HPOF's successfully completed the requirements
of paragraphs 4.1, 4.2, and 4.3 of TP 259.

- 3.3 The HPOF's were individually installed into a flow
test fixture 4-Z2498 and then into a gas flow system
the same as shown in Figure 1. Attempts were made

- to conduct a flow-differential pressure test with an
inlet pressure 3.52 Kg per sg. cm. (35.3 ¥ 2 psig)
while flowing 0.30, 0.60, and 0.90 ACFM (1.02, 2.04,
and 3,06 SCFM) of GN;. The noted flow rates could not
be achieved due to the high differential pressure of

the HPOF.
4.0 FATLURE ANALYSYS
4.1 An attempt was made to determine the minimum inlet

pressure required to permit a flow note of 3.06 SCEM,
This flow test was conducted with HPOF S/N 005. The
flow - AP test was conducted without the use of a
throttle valve on the downstream side of thc HPOF. The
inlet pressure {/AAP) was measured for the flow Tates of
1.0, 2.04, and 3.06 SCFM. The data from this test are
shown in Flgure 2. It can be noted that the slope of

-4-
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5.2

6.0

6.1

the curve is approximately 31%. This shallow slope
is caused by the varying inlet pressure and as such
was used for exploratory 1nformat10n only.

HPOF's S/N 002 and 006 were 1nd1V1dua11y installed
in the flo¥ system (Figure 1) and subjected to flow -
differential inlet pressures. The data for these tests
are shown in Figure 3. During the ccurse of these
tests, it was. found that 300 psig 1nlet'pressure was
nottadequate to permit a flow rate ¢f 3.06 SCEM.

PR
CONCLUSIONS |

The HPOF assembly resistance to flow 15 such that the
required rates of flow cannot be achieved at a low
_inlet pressure of 35 psig. .

A HPOF inlét ﬁressure of 400.psig is réquired to obtain
practlcable flow data over a flow rdnge of 1.02 through
3.06 SCFM.

CORRECTIVE ACTION

It is recommended that the inlet pressure to the HPOF
be increased from 35 p51g to 400 psig for all flow -
AP tests. .

Paragraph 4.4 of the Abceptance Test Procedure TP 259

will be revised to increase the 1n1et pressure to
400 psig. L

-5
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" FIGURE 1°

.- GAS FLOW TEST SYSTEM
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. Item No,

TABLE 1

. g;?IGmAL PAG:E -I"
; “POOR QUAiJT;

EQUIPMENT & INSTRUMENT LIST

Instrument
Manufacturer
Size

S¢rial No.

‘Range

Accuracy
Calibration

Instrument
Manufacturer
Size. '
Serial No.
Range
Accuracy
Calibration

Instrumant

Manufacturer:

Model No.
Serizl No.
Range
Accuracy
Calibration

Instrument
Manufacturer
Model No.
Serial No.
Range
Accuracy
Calibration

.Instrument

Manufacturer
Model No.
Serial No.
Range
AcQuiracy -
Calibration

-9-

Pressure Gage
US Gauge
6" pia. -~
00218 s

) 0"204009 s

1%
80 Days’
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1.0 INTRODUCTION

- This test directive sets forth the requirements for the design certi-

. fication tests to be performed on the High Pressure Oxygen Filter (HPOF)
developed under contract number NAS 9- 14466 with the Wintec Division of

The Brunswick Corporation. The HPOF was developed as a means of pro-

tecting sealing surfaces in high pressure emergency oxygen systems,

The HPOI program is being performed at WSTF in support of JSC Crew

System Division.

2.0 TEST OBJECTIVES

M §

The tests described -in this test directive.are. based upon ’
the design certificdation test plan prepared by the Wintec Division.

- The tests to be performed will verify that the HPOF will meet the proof
and burst pressure requirements and will not be detrimentally effected
by the vibration environment established in the contract statement of
work. In addition the HPOF will be subjected tc contaminant trans-..
mission and tolerence tests to verify performance under both transient
pressure (0-8,000 psi) and steady flow conditions (0.2-1 ACFM). The
data from these tests will be used to certify that the HPOF meets the
requirements of the contract statement of work,

3.0 TEST SPECIMENS
HPOF Test
Specimen Number Number - ~ Test . -
1 1 Proof pressure test (7.2)
1 1 Bursit pressure test (7.3)
1 3 Vibration test (7.4)
1 4 Contaminant transmission (7.5.3)
2 5 Contaminant transmission (7.5.3)
3 - 6 Clean condition flow rate versus
differential pressure (7.5.4)
4 7 Clean condition - impact/flow
rate versus differential pressure
(7.5.5)
5 8 Contaminated condition - impact/

flow rate versus differential
pressure (7.5.6) - .



4.0 TEST HARDWARE CONFIGURATION

A test fixture similar to that illustrated in Figures 1 and 2 will be
used to perform the contaminant transmission and tolerence tests de-
‘'scribed by this-.test directive, Prior to actual testing, a semi-
detailed schematic of the test set-up will be prepared for inclusion
in the operating procedure and as part of the test results furnlshed
the Wintec Division.

.0  INSTRUMENTATION
5.1 General:
The range requirements, real time display and accuracy requirements
of the instrumentation reguired for performance of the tests described

by this test directive are listed in Table I All data instrumentation
-shall be in current. calibration. R

5.2 Specific Test Requirements:

- - 5.2.1 The data shall be recorded on magnetic tape in
bursts of at least 30 seconds duration at points indicated in the
procedure for computer data reduction. An event switch, EV-3 (refer
to Table I} will be activated 20 seconds into each data recording to
provide the computer with a fire switch to simplify data reduction.
Timing shall also be recorded with the data.

- - 5.2.2 The real time strip chart and ocillograph
recordings of the data shall be continuous (slow speed) throughout
specified portions of the tests. The charts and recordings shall be
annotated with the time some specific events occurred and shall be
retained as historical- records of the test. ‘

6.0 CONTAMINANT COMPOSITION

6.1 Contaminant Transmission Tests

Spec~Industr1es Iron Oxide (Fe20 } P/N 1232 with the following
particle size range distribution”shall be used for the contaminant

transmission tests.

Siée Range (Microns) Percent in Size Range
0-3 ' 32.7
. 3-5 27.0
. 5-10 18.8 "
10-15 8.9 .
15-25 6.1 1
25-50 . 3.8

> 50 2.7



6.2 Contaminant Tolerence Tests:

The material to bé used for the contaminant tolerence tests will be
based on the conformation data obtained from the examination 0f the
SOP. and OPS. Exact composxtlon will be specified by NASA.

7.0 TEST PROCEDURE

7.1 General Reguirements:

7.1.1 Normal cleanlng, handling, and clean room
-techniques (references ligted in Appendlx A) will be used when handllng
clean components, 1nstalllng test specimens and samplers or handling’ v
other clean equipment, etc.

. 711.2 The contaminant transmission/tolerence test..
fluid shall be GNy meeting the requirements of WSTFI 3.14, Table I.

' 7.1.3 The critical components of the contaminant
tolerence/transmission test system {cleanup filter downstream to the
sampler} shall be cleaned to the requirements of WSTFI 3.14, Table 14,
Level 1. The remainder of this test system .shall be cleaned to the
requlrements of Table 14, Level 2.

7.2 Proof Pressure Test:

7.2.1° Using Specification WSTF-003 as a guide,
pelform a pre-test bubble point determination (technigue to be
specified by NASA) on the HPOF test specimen selected for this test
(refer to 3.0).

: 7.2.2 In a laminar flow bench install the HPOF test
specimen in a test specimen holder (design to be determined) that has
been cleaned to WSTFI 3.14, Table 14, Level 1 requlrements.

' 7.2.3 Using LJI 5603, Appendix C as a guide, subject
the HPOF test specimen mounted in the nolder to a hydrostatic proof
pressure test at 10,000 psig. Insure that the proof pressure fluid
meets the appropriate requirements of WSTFI 3.14, Table I and is
filtered prior to. use through a 10 micron absolute filter.

7.2.4 Using Specification WSTF-003 as a guide,
perform a post proof .pressure test bubble point determination on the
test specimen.

T3 Burst Pressure Test:

~7.3.1 Using Speciflcation WSTF-003 as a guide,
perform a pre=-test bubble point determination on the HPOF test
specimen.

’



7.3.2 In a liminar flow bench install the HPOF test
specimen in a test specimen holder (design to be ‘determined) with a
netal foil (to be specified) on the upstream side of the HPOF. The
holder and the foil will be cleaned to WSTFI 3.14, Table L4, Level 1
reguirements prior to use. -

. 7. 3 3 stng LJI 5603 Appenalx C as a guide, subject
the HPOF test specimen mounted in the holder to a burst pressure test
at 16,000 psig. The downstream side of the HPOF shall be open to the
environment, Insure that the proof pressure fluid meets the appro-
priate requlrements of WSTFI 3.14, Table I and is filtered prior to
use through a. 10 micron absclute filter.

7.3.4 Using Specification WSTF-003 as a guide,
perform a post burst pressure test bubble point determination on the
~ test specimen.

7.4 Vibration Test:

. 7 4 1 Using SP=- T ~0023Aa (Qpe51flcatlon for
Envxronment Acceptance Testing) and OCP- 200-030 (C126 Space and Cl10
Vibration System Operations) as operating guides, subject the (1) test
specimen holder and (2) HPOF test specimen plus holder to the vibration
spectrum listed below. The tests shall be performed in the X, Y, and
Z-axis for a duration of two hours in each axis.

Vibration Spectrum

.20 to 100 HZ increase +6db/dctave
100 to 400 HZ ,0.15 g2/HZ

400 to 470 HZ decrease -9db/octave
470 to BOO HZ 0.1 g2/u7

.800 +0.2000 HZ ?ecrease -6db/octave

7.4.2 Using Specification WSTF-(003 as & guide, the
specimen shall be subjected to a bubble point determination before
and after the test,

. 7.4.3 Prior to and after the test, the (1) test
specimen holder and (2) HPOF test specimen plus holder shall be flushed
with filter (0.45 micron) solvent and examined for particulate that may
be a result of the vibration test {(media migration),.

7.4.4 The test specimen holder shall be cleaned to
the requirements of WSTFI 3.14, Table 14, Level 1 prior to assembly
of the test system. :

7.4.5 Assembly of the test specimen in the holdex .
shall be performed in a laminar flow bench,



7.5 Contaminant Transmission/Tolerence Tests:

7.5.1 Impact test system tare pressure values.

- 7.5.1.1 Assemble the test system as illus-
“trated in Figure 1 without a test specimen-installed in the test
specimen holder.

7.5.1.2 Install the sampler locaded with a
prepared [verified free of Iron Oxide (Fep03) and pre-~counted] 0.45
mlcron silver membrane filter.

7.5.1.3 Close the flow isolation valve (Ecvf;).
- - 7.5.1.4 Pressurize the GN; resevoir to
8,000 390 psia.

S - . 7.5.1.5 TImpact the test specimen holder with
GN, by opening ECV-1. Close ECV-1l when PT~3, PT-12, and PT-13
-indicate stable pressure.

7.5.1.6 Vent the pressure in the test
SPEClmen holder by cycling ECV-2,

7.5.1.7 Repeat steps 7.5.1.5 and 7.5.1.6
until the 10 impact cycles have been completed at a system inlet
pressure (PT-2) greater than 7,500 psia.

NOTE

THE OSCILLOGRAPH AND MAGNETIC.
TAPE SHALL BE USED TO RECORD

DATA DURING THE PERFORMANCE OF
STEPS 7.5.1.5 THROUGH 7.5.1.7.

7.5.1.8 Safe the test system and open ECV-2.
Purge the test specimen holder through MV—S with GN, at 25 #5 psia
as read on PT-3 for 5 minutes, .

7.5.1.9 Terminate the purge and remove the
sampler installed downstream of the test specimen holder.

7.5.1.10 Examine the 0.45 micron silver membrane
for Iron Oxide (Fe~0,) particles and other particulate generated
during steps 7.5.1.5 through 7.5.1.7. !
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7.5.2 Flow rate/differential pressure test system
tare pressure values.

7.5.2.1 Assemble the test system as
illustrated in Figure 2 without a test specimen installed in the
test specimen holder.

7.5.2,2 Install the sampler loaded with a
prepared (pre~counted) 0.45 microa silver membrane filter.
) . 7.5.2.3 Cycle MV-1l, -2, and -3 to the null
pressure position. . (Provides differential pressure zero data values.)

7.5.2.4 Open ECV-1 and ~2 and initiate a GNy
flow at 0.25 ACFM through the test specimen at 50 +5 psia as read
on PT-3A.

. 7.5.2.5 Record the differential pressure
and other flow associated .measurements on magnetlc tape for a minimum
of 30 seconds. Activate ECV-3 20 seconds 1nto the data recording to
give the computer a "fire switch".

7.5.2.6 Maintain the test specimen inlet
‘pressure (PT-3A) at 50 +2 psia and establish the flow rate through
the test specimen holder at each of the test values listed below.
Cycle MV-1, -2, and -3 as required to observe differential pressure
across the test specimen holder, At each flow rate repeat step
7.5.2.5 to record test data.

Test Values (ACFM) (+5%)

0.25
0.30
0.40
0.50
'0.60
0.70
©0.80
0.90
+1.00

/

7.5.2.7 Repeat steps 7.5. 2 3 through 7.5.2.6
to obtain duplicate flow/differential pressure data. . .

7.5.2.8 Cycle MV-1l, -2, and -3 to the null
pressure position. ' : "\ .

7.5.2.9 Repeat etep 7.5.2.5 to record

differential pressure zero values,
(I {



7.5.2.10 Repeat steps 7.5.2.3 through 7.5.2.9
at the follow1ng test specimen inlet pressures 300, 500, and
.3000 ps;a as read on PT-3 (pressure tolerence = il%)

7.5.3 Contaminant Transmission Test

) 7.5.3.1 Configure the test system as
Allustrated in Figure 1.

7.5.3.2 Using Specification WSTF-9003 as a
guide, perform a bubble point determination on one of the HPOF test
specimens (refer to 3.0) and install it in the test specimen holder.

. 7.5.3.3 Install a sampler with prepared
iverified free of Iron Oxide (Fey03) particulate]l 0.45 micron silver
membrane £ilter in the system.

: ' 7.5.3.4 Add 10mg of Iron Oxide contamlnant
(refer to 6. l) to the upstream side of the test specimen.

NOTE

EXACT METHOD FOR ADDITION OF
CONTAMINANT WILL BE SPECIFIED
BY NASA PRIOR TO ACTUAL TESTING.

) ©7.5.3.5 Install the prepared test specimen
holder in the test system. ) ;

7.5.3.6 Close the flow isolation valve {ECV-1)
0 7.5.3.7 Pressurize the GNj resevoir to
8,000 $300 psia, .
-0 . -
7.5.3.8 Impact the test specimen holder with
" GN» by opening ECV-1l and closing ECV-1 when PT-3, PT-12, and PT-12
- indicate stable.pressure. v

’ 7.5.3.% Vent the pressure_in the test
‘specimen holder by cycling ECV-2,

4

7.5.3.10 Repeat steps 7.5.3.8 and 7.5.3.9 unti
10 impact cycles have been completed at a system lnlec pressure (PT- 2)

greater than 7,500 psia. ;
- - NOTE

THE OSCILLOGRAPH AND MAGNETIC TAPE SHALL
BE USED TO RECORD DATA DURING THE PER- .
FORMANCE OF STEPS 7.5.3.8 THROUGH 7:5.3.10.
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) 7.5.3.11 Safe the test system and open ECV-2.
Purge the test specimen holder through MV-5 with GN2 at 25 +5 psia
as read on PT-3 for 5 minutes,

' 7.5.3.12 Terminate the purge and remove the
‘sampler installed downstream of the test specimen- holder.

7.5.3.13 Examine the 0.45 micron silver
menmbrane for the size of the largest (two dimensions) Iron Oxide
(Fe,03) particle~transmitted by the test -specimen-during steps 7.5.3.8 .
through 7.5.3.12.

: : veasrt  3.5.3.14 Repeat steps 7:553.3 through 7.5.3.13 :
until the specimen has been subjected to 100 high, pressure impact
cycles.

-

7.5.3.15 Clean the contaminated portion of
the test system and .verify the absence of Fej;03; particulate.

- 7.5.3.16 Perform steps 7.5.3.1 through .
. 7 5 3.14 for the second HPOF contaminant transmission test (refer to

3.0).

7.5.4 Flow rate/differential pressure test performed
under clean conditions.

. 7.5.4.1 Configure the test system as
illustrated in Figure 2. .

.7.5.4.2 851ng 59901flcatlon WSTF~003 as a
guide, perform a bubble point determination on the HPOF test specimen
{(refer to 3.0) and install it in the test specimen holder.

"7.5.4.3 Install a sampler loaded with a
prepared (pre-counted) 0.45 micron silver membrane filter.

7.5.4.4 Cycle MV-1, -2, and-~3 to the null
pressure position (provides differential pressure zero data values).

) 7.5.4.5 Open ECV-~1l and -2 and initiate a GNjp
£low at 0 25 ACFM through the test specimen at 50 +5 psia as read on
PT-3A.,

7.5.4.6 Record the differential pressure and
other flow associated measurements on magnetic tape for a minimum of
30 seconds, Actuate ECV-3 20 seconds into.- the data recording to giva
the computer a "fire switch". ) '
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7.5.4.7 Maintain the test specimen inlet
pressure (PT-3A) at 50 +2 psia and establish the flow rate through
-the test specimen holder at each of the test values listed below.
Cycle MV-1, -2, and -3 as required to observe differential pressure
across the test specimen holder. At each flow rate repeat steps
7.-5.4.6 to record test data.

PTest Values (ACFM) (+5%)

0.25
0.30
0.40
0.50
0.60
0.70
. 0.80
0.90
1.00

7.5.4.8 Repeat steps 7.5.4.4 through 7.5.4.7
to obtain duplicate flow/differential pressure data.

7.5.4.9 Cycle MV-1, -2, and -3 to the nuil
pressure position. : .

7.5.4.10 Repeat steps. 7. 5 4.6 .,to record
differential pressure zero values. h

7.5.4.11 Safe the test system and remove the

sampler installed below the test specimen holder. Examine the silver
membrane filter for particulate transmitted or generated by the test

specimen,
NOTE

EXACT EXAMINATION CRITERION TO
BE S5PECIFIED BY NASA.

: 7.5.4.12 Repeat steps 7.5.4.3 through 7.5.4.11
at the following test specimen inlet pressures 300, 500, and
3000 psia as read on PT-3 (pressure tolerence = +1%}).

7.5.4.13 Using Spec1f1cat10n WSTF-003 as a
gulde, perform a post test bubble point determinatlon on the test
specimen., .
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7.5.5 Clean Condition - impact/flow rate versus
differential pressure.

7.5.5.1 Verify the system is free of con-
tamination and assemble the test system as illustrated in Figure 2.

7.5.5.2, Using Specification WSTF-~003 as a
guide, perform a bubble point determination on the HPOF test specimen
(refer to 3.0) and install it in the test specimen holder.

7.5.5.3 Install a sampler loaded with a
prepared {pre-counted) 0.45 micron silver membrane filter.

7.5.5.4 Cycle MV-1, MV-2, and MV-3 to the
null pressure posxtlon (prov1des dlfferentlal pressure zero data
values).

" 7.5.5.5 Open ECV-1 and ECV-2 and initiate
a GNz flow at 0.25 ACFM through the test specimen at 50 +5 p51a
as read on PT—3A. o .

7.5.5.6 Record the differential pressure and
other flow associated measurements on magnetic tape for a minimum of
30 seconds. Actuate ECV-3 20 seconds into the data recording to give
the computer a "fire switch”.

' 7.5.5.7 Maintain the test specimen inlet
pressure (PT- BA) at 50 +2 psia and establish the flow rate through
-the test specimen holder at .each of the test values listed below.

Cycle MV-1l, MV-2, and MV-3 as reguired to observe differential pressur:
across the test specimen holder. At each fiow rate repeat step
7.5.5.6 to recoxd test data.

Test Values (ACFM) ({+5%)

0.25
0.30
0.40
0.50
0.50
0.70
0.80
0.90
1.00

7.5.5.8 Repeat steps 7.5.5.4 through 7.5.4.7
to obtain duplicate flow/differential pressure data. .

' 7.5.5.9 Cycle MV-1, MV-2, and MV-3 to the
null pressure position. : :



: 7.5.5.10 Repeat step 7.5.5.6 to record
differential pressure. zero values.

7.5.5.11 Safe the test system and remove the -
sampler installed below the test specimen holder. Examine the silver
membrane filtexr for. partlculate transmitted or generated by the test
specimen.

NOTE

EXACT EXAMINATION CRITERION TO BE
SPECIFIED BY NASA.

7.5.5.12 Repeat steps 7.5.5.3 through 7.5.5.10
at 500 +5 psia as ‘read on PT-3.

7.5.5.13 Configure the test system as
-illustrated in Figure 1. .

: 7.5.5.14 Install a sampler loaded with a
prepared (pre-counted) 0,45 micron silver membrane filter.

7.5.5.15 Close ECV-~1l and ECV-2. .

. 7.5.5.16 Pressurize the GNj resevoir to
8,000 *200 psia. '

~ 7.5.5.17 1Impact the test specimen with GN,
by openlng ECV~1 and closing ECV-1 when PT-3, PT~-12, and PT-13 ’
indicate stable pressure.

7.5.5.18 Vent the pressure 'in the test
spec1men holder by cycling ECV-2.

7.5.5.1% Repeat steps 7.5.5.16 and 7.5.5.17
untll 10 impact cycles have been completed at a system inlet pressure
(PT-2} greater than 7,500 psia.

NOTE

THE OSCILLOGRAPH AND MAGNETIC TAPE
SHALL BSE USED TO RECORD DATA DURING
‘THE PERFORMANCE OF SmE?S 7.5.5.16
THROUGH 7.5.5.16.

. 7.5.5.20 5Safe the test system and open ECV-2.
"Purge the test specimen holder through MV-5 with GN, at 25 +S p51a as.
read on PT-3 for 5 minutes,
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7.5.5.21 Terminate the purge and remove the .
.sampler installed downstream of retest specimen holder. .

7.5.5.22 Examine the 0.45 micron silver
.membrane filter for particulate transmitted or generated by the test
.specimen during the performance of steps 7.5.5.17 through 7.5.5.20, .

-ROTE

EXACYT EXAMINATION CRITERION TO
BE SPECIFIED BY NASA,

7.5.5. 23 Repeat steps 7.5.5.14 through
7.5.5.22 until the  specimen has been subjectea to, 100 high pressure-

: 1mpact cycles.

’ 7 5.5.24 Repeat steps 7.5.5.1 and 7.5.5.3
~through 7.5.5.12 £& obtain- post impact flow rate.versus differential
_ pressure data.

' 7.5.5.25 Remove the test. specimen from the
test specimen holder and perform a post test bubble point determlnatlon
on the test specimen.

. 7.5.6 Contaminated condition - 1mpact/flow rate
- versus differential pressure test.

) 7.5.6.1 Configure the test system as
illustrated in Figure 1. )

7.5.6.2 Using Specification WSTF-003 as a
guide, perform a . bubble point determination on one of the HPOF test
specimens (refer to 3.0) and install it in the test specimen holder.

7.5.6.3 Install a sample with a prepared
{pre—-counted) 0. 45 micron silver membrane filter in the systen.

7.5.6.4 Add mg of the synthetic
contaminant {refer to 6.2) to the upstream side of the test specimen.

NOTE

. THE AMOUNT ADDED IN THIS STEP WILL BE
EQUAL TO 10% OF THE PREDICTED 100 MISSION
ACCUMULATION OF CONTAMINATION IN A TYPICAL
EMERGENCY OXYGEN SUPFLY,

EXACT METHOD FOR ADDTTION OoF CONTAMINANT
WILL. BE SPECIFIEP BY NASA PRIOR TO
ACTUAL TESTING,
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7.5.6.5 Install the prepared test specimen
-holder in the test system.

7.5.6.6 Close the flow isolation valve (ECV-1).

7.5.6.7 Pressurize the GNy reservoir to
‘8,000 thO psia. - )

7.5.6.8 Impact the test specimen with GN
by opening ECv-1"and’ closing ECV-1 when PT-3, PT-12, and PT~13 indicate-
stable pressure.

7.5.6.9 Vent the pressure in the test
§pecimen holder by cycling ECV-2.

7.5.6.10 Repeat steps 7.5.6.8 and 7.5.6.9
untll 10 impact cycles have been completed at a system inlet pressure
(PT~-2). greater than.7,500 psia.

NOTE

THE OSCILLOGRAPH AND MAGNETIC TAPE
SHALI: BE USED TO RECORD DATA DURING
THE PERFORMANCE OF STEPS 7. 5 6.8
THROUGH 7.5.6,9.

= 7.5.6.11 Safe the test system and open ECV-2,
Purge the test specimen holder thLough.MV~5 w1th GNy at 25 +5 psia -
as read on PT-3 for 5 minutes.

7.5.6.12 Terminate the purge and remove the
sampler installed downstream of the test specimen holder.

7.5.6.13 Examine the 0.45 micron silver
membrane filter for particulate transmitted by the test specimen.

NOTE
‘EkACT EXAMINATION CRITERION WILL

BE SPECIFIED BY NASA.

~ 7.5.6.14 Remove the test specimen holder.
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7.5.6.15 Repeat steps 7.5.6.3 through 7.5.6.14
until 50% of the synthetic contaminant has been added to the specimen
“and 50 impact cycles have been applied te the test specimen. After
. the 50th impact cycle do not remove the test specimen holder. )

"7.5.6.16 Configure the test system as
illustrated in Figure 2,

7.5.6.17 1Install a sampler loaded with a
prepared {(pre-counted) 0.45 micron silver membrance filter.

. 7.5.6.18 Cycle MV-1, -2, and -3 to the null
,pressure p051tlon (prov1des differential pressure zero data values)

A

/ 7.5.6.19 Open ECV-1l and -2 and initiate a GN,
flow at 0.25 ACFM through the test specimen at 50 +5 p51a as read
‘on PT-3A,

S " 7.5.6.20 Record the differential pressure and
other flow associated measurements on magnetic tapeé for 30 seconds.
Actuate ECV-3 20 seconds into the data recording to give the computer
a "fire sw1tcn"

7.5.6.21 Maintain the test specimen inlet
pressure (PT-3A) at 50 +2 psia and establish the flow rate through the
test specimen holder at each of the test values listed below. Cycle
MV-l, -2, and -3 as required to observe differential pressure across
the test specimen holder. At each flow rate repeat step 7.5.6.20
to record test data.

Tast Values {ACFM) (+5%)

0.25
0.30
0.40
0.50

0,60

. 0.70
0.80
0.96 -
1.00

7.5.6.22 Repeat steps 7.5.6.18 through 7.5.6.21
to obtain duplicate flow rate versus differential pressure data.

X 7.5.6.23 Cycle MV-1, =2, and -3 to the null
pressure position, ' : .

7 5.6.24 Repeat step 7.5.6. 20 to record
dxfferentlal pressure zexro values.


http:7.5.6.20
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http:7.5.6.18
http:7.5.6.17
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7.5.6.25 Safe the test system and remove the
sample 1nstalled bhelow the test specimen holder, Examine the silver
membrane filter for particulate transmitted by the test specimen.

NOTE

EXACT EXAMINATION CRITERION
TO BE SPECIFIED BY NASA.

7.5.6.26 Repeat steps 7.5.6.17 throush 7.5.6.25
.at a test specimen inlet pressure of 500 *5 psia as read on PT-3.

7.5.6.27 Remove the test specimen holder.

7.5.6.28

Add the remaining 50% of the synthetic

contaminant and perform 50 additional impact cycles by repeating

steps 7.5.6.3 through 7.5.6.15.

7.5.6.2% Subject the test specimen to a final
flow rate versus differential pressure sequence by repeating steps

7.5.6.16 through 7.5.6.26.
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_ ‘Rev, 1/15/76
" TABL. gaf A

HIGH PRESSURE OXY®WN FILTER PROGRAM

‘ MEASUREMENT LIST

MEASUREMENT

METHOD OF
NO. DESCRIPTION RANGE ACCURACY RECORDING**

PT-1 HIGH PRESSURE RESERVOIR 0~10,000 PSIA 5% D, S

PT-2 SYSTEM INLET PRESSURE 0-10,000 PSIA 5% D, S, F, O
PT-3 TEST SPECIMEN INLET PRESSURE 0-10,000 PSIA 5% .- D, 8§, F, O
PT-3A TEST SPECIMEN INLET PRESSURE 0-500 PSIA 2% D, S

PT-4 FLOWMETER #1 PRESSURE | 0-4,000 PSIA- 2% P, S

PT~4A FLOWMETER #]1 PRESSURE- 0~-500 PSIA 2% L, B

PT-5 FLOWMETER #2 PRESSURE 0-4,000 PSIA 2% D, S

PT-5A FLOWMETER %2 PRESSURE 0-500 PSIA 23 D, &

PT~6 HIGH RANGE DELTA P (PRIMARY) 0-50 PSID .- 3% D, S

PT-7 HIGH RANGE DELTA P (SECONDARY) 0~50 PSID 3% D, S

PT~8 MID RANGE DELTA P (PRIMARY) 0-5 PSID 3% D, S

PT-9 MID RANGE DELTA P (SECONDARY) 0-5 PSID 33 D, S

PT-10 LOW RANGE DELTA P (PRIMARY) 0-1 PSID 3% D, S

PT-11 1,0W RANGE DELTA B (SECONDARY) 0-1 PSID 3% D, S

PT-12 HF SPECIMEN INLET PRESSURE F, O

PT-13 HF SPECIMEN OUTLET PRESSURE ! _ F, O

Fli-1 FLOWMETER #1 (PRIMARY) ' 0.2-1.5 ACFM* 5% D, S

FM-2 FLOWMETER #2 (SECONDARY) 0.2-1.5 ACFM* 5% D, S

N " FLOWMETER #1 TEMPERATURE 32-100°F +3°F

TT*Z:“ FLOWMETER #2 TEMPERATURE ! 32-100°F iﬁ°F

EV~1- ECV-1 EVENT F, O

EV-2 - ECV-2 EVENT F, O

EV-3 FIRE SWITCH D

*AT OPERATING PRESSURE OF 50,
**D=DIGITAL;

F=FM;

MEASUREMENT

S=5TRIP CHART;

306G, 500 AND 3000 PSIA
O0=0SCILLOGRAPH -
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Materials Cleanliness
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Equipment
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Acceptance Testing
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TEST CHANGE REQUEST

_Reference Document No. TD-121-025
. TCR No. 7
Date 4-9-76

“Test Effectivity High Pressure Oxvygen Filter Program (HPCF)

Type of Change:

Objective Instrumentation
Rig Configuration Additional Test
Start Condition X  Other.

Run Sequence

————— et

Description of Change:

1. Replace the bubble point procedure given in TC #2 dated
3-8-76 with Attachment A "Bubble Point Determination
Procedure", revised 4-9-76.

"

2. The HPOF will be cleaned prior to and aifter eaon bubble
. point determination .as outlined in Attachment B; unless
directed otherwise by engineering.

: N ‘ —
Issued By: c& B, A~ Conéurred By: \'\ \Q - (‘,R‘Lﬁ*’

Distribution: Reference Document No. Tp-321-025




ATTACEMENT A

BUBBLE POLNT DETERMINATION PROCEDURE

Revised April 9, 1976



‘BUBBLE POINT DETERMINATION PROCEDURE

NOTES: 1. THIS TEST SHALL BE PERFORMED IN A CLASS 100 CLEAN
ROOM OR FLOW BENCH.

2. THE HPOF WILL BE CLEANED AS QUTLINED IN ATTACHMENT B
PRIOR TO AND AFTER EACH BUBBLE POINT DETERMINATION,
UNLESS DIRECTED OTHERWISE BY ENGINEERING.

1. The 4-2499 Fixture and transfer tube shall be flushed with IPA
that has bdén filtered through a 0.8 -micron or finer membrane.

2. Install the HPOF into Fixture 4~2459.

3. Measure and recoxd the surface tension and temperature of
Isopropanol (IPA) meetlng the requlrementq of WSTFI 3.14,
Table 8 to be used in the test. - .- -

4. Prefilter Isopropanol (IPA) through a 0.45 micron membrane.
Measure and _record the surface tension and temperature of the
prefiltered IPA. This IPA is to be reserved for bubble point
testing of the HPOF assemblies.

$. Attach the HPOF and Fixture 4-2499 to a transfer tube. The
-transfer tube is a part of the Bubble Point Test System, Figure 1.

-6. Using a hypodermic syringe, £ill the transfer tube with IPA
’ (reference paragraph 4) .

7. 'Attach the transfer tube to the Bubble Point Test Systemn,
Figure 1. The 4-2499 Fixture shall be in a vertical position.

8. Pressurize the HPOF to between 100 to 190 inches Hp0. The IPA
in the transfer tube will be forced through the HPOF to wet all
internal surfaces of the HPOF. The IPA will rise in and overflow
the open port of the 4-2499 Fixture. All bubbles of entrapped
air shall cease to emit from the test fixture before proceeding
with the next step.

9. Reduce the GN; pressure to approximately 14 inches of HO0, oped
valve (B and allow the excess IPA in the transfer tube to drain

out of tube. Close the valve (@) .

ldn Assure that the open port of Fixture 4-2499 is filled with IPA.

11. Increase the GNo pressure to the HPOF to 48 inches H20. Then
increase the pressure in increments of approximately 7 inches
Ho0 every minute until the first train of bubbles emit from the
HPOF. This is the initial (observed) bubble point and shall be
recorded. The initial bubble point shall be corrected.



12. Method for determining surface tension correction factor.
ST =CxRxD Where:

ST = Surface Tension - Dynes/cm

C = 16.5 (Capillary Tube Constant)
R. = Difference in Rise of fluid in'cm
D = Density of Fluid at Measured Temp

13. Method for correcting the observed bubble point to standard
conditions.

Pg = (P-dh) 21.15 Where: -:

ST
Pg = Standard Bubble Point in Inches of Hp0

- P = Observed Bubble Point in Inches of H20
d = Density
h = Immersion Depth, Inches
ST
21.15

it

Measured Surface Tension
Standard Surface Tension

n

*14. The standard bubble point (Pg) shall be greater than TBD
inches of water.

15. Remove the 4-2499 Fixture from the Bubble Point Test System
and flow prefiltered (0.45 micron) GN» through the HPOF to
remove all of the residual IPA. .

16. Remove the HPOF from the 4-2499 Fixture.



WSTFI 3.14, Table 5.
GNz .
Sunply

T\ IValve

setator E@

-
Ll

0.8 Micron ()
Filter

FIGURE 1

NG N IPOF & 4-2499

Manometer or Pressure Gage
(0-50in. water)

lL

LSLFixture

BUBBLE POINT TEST SET-UP

" ORIGINAL PAGE 15
OF POOR QUALTIY



ATTACHMENT B

HPOF CLEANING PROCEDURE
April 9, 1976



HPOF CLEANING PROCEDURE

Clean the 4-2498 Flow Fixture by thoroughly flushing with
trichlorotrifluoroethane, meeting the.requircments of

WSTF1 3.14, Table 6, that has been preflltered through 0.8
micron or less membrane filter.

Carefully install the HPOF assembly in the 4-2498 Flow Fixture
with the S/N¥ side todward the inside of the flow flxture. Flush
the HPOF by flowing prefiltered, (0,8 micron or less) trichloro-
trifluoroethane through the HPOF.

Collect 50 milliliters. of trichlorotrifluoroethane for particle
count and NVR determination as outlined in Step 6.

Double or triple bag the outlet of the HPOF flow fixture and
using 0.8 or less micron filtered. GVZ blow the HPOF out of the
flow fixture. .

Repeat Steps 2 and 3, except install the HPOF in the -flow fixture

with the S/N side toward the outside of :the flow fixture.

Combine the two 50 milliliter trichlorotrifluoroethane samples

collected in Step 5. The particle count and NVR shall meet the
following reguirements {JSC-~SN-C-0005, Table I, Level 25A):

PARTICLE SIZE RANGE

(MICRON) PARTICLE/100 ml " NVR
<5 microns No Silting .
5-15 microns : 19 1 mg/100 ml
16-25 microns 4
725 mi¢rons 4]

If the particle count and NVR requirements are not met, repeat
Steps 2 through 6. .



TEST CHANGE REQUEST

Reference Document No. - Tp~121+-025
TCR No. . 8 T
Date 4-12~T76

Test Effectivity High Pressure Oxygen Filter (HPOF)} Program

Type of Change:

‘Objective % Instrumentation
Rig Configuration Additional Test
Start Condition " Other

S ————

X  Run Sequence

Description of Change:

1. ‘Replace Table I in the Test Directive with the attabhed
revised (4-12-76) Table I, "Measurement List."

2. Replace Figure 2 "HPOF Test System ~ Flow Rate Version" with
the attached revised Figure 2 dated 4-12-76. -

3. Revise Paragraph 7.2 to read as follows:

7.2 TFlow hate/Dilfferential Pressure Test System Tare
Pressure Values:

7.2.1 Assemble the test system as illustrated in Figure 2
without a test specimen installed in the test specimen holder.

7.2.2 1Install the sampler loaded with a prepared (pre-
counted) 0.45 micron Millipore HA membrane filter.

702.3 CYCIe W"l, "'2' —3; "'7; "'8; "'9’ and "'10 to the
null pressure position (provides differential pressure zero data
values}.

7.2.4 Close MV-6 and open ECV-1 and -2. Adjust pCv-1
to provide a test specimen inlet pressure of 415 i(ﬂ psia as read
on PT-3. . . “1! NLJ !g
Issued By: (352’5/0*11 9. A?—— Concurred By: \'O ) _%\\\

Distribution: Reference Document No, TD-121-025




., 7.2.5 Adjust MV-4 and MV-6 as required to obtain a
CN, flow at 0.13 ACFM through the flow meter section of the
System at 50 + 2 psia as read on PT-4,

7.2.6 Record the differential pressure and other flow
assoclated measurcments on magnetic tape for a minimum of 30
seconds. Activate EV-3, 20 seconds into the data recording for
ten seconds to give the computer a "fire switch."

: 7.2.7 Maintain the test specimen inlet pressure (PT-3)
at 415 + 4 psia and the flow meter section pressure at 50 + 2 psia
(pT~4A). Establish the flow rate through the flow meter section
of the system at each of the test values listed below. Cycle
Mv-1, -2, -3, -5, -7, -8, and -9 as reguired to observe differenr
tial pressure across the test specimen holder. At each flow rate
repeat step 7.2.6 to record test data. )

Test Valueg (ACEFM) (£ 5%)

0.20
0.25
0.30
0.40
0.50
0.60
6.70
0.80
¢.90 -

7.2.8 Repeat Steps 7.2.4 through 7.27 to cbtain dupli-
cate flow/differential pressure data.

7.2.9 Cycle MV-1, -2, -3, ~7, -8, -9, and -10 to the
. null pressure position (provides differential pressure zero data
values).

7.2.10 Repeat Step7.2.6 to record differential pressure
zero values.

7.2.11 Repeat Steps 7.2.3 through 7.2.10 at the follow-
ing test specimen inlet pressures 700, 1000, and 2900 psia as
read onPT-3B (pressure tolerance = + 1%).

4. Revise Paragraph 7.6 to read as follows:

7.6 Flow Rate/Differential Pressure Test Performed Under
Clean Conditions:

7.6.1 Configure the test system as illustrated in
Figure 2. .
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7.6.2 Using the procedure given in TCR No. 7, Attach-
ment A, perform a bubble point determination on the HPOTF test
specimen (refer to 3.0) and install it in the test specimen
- holder.

7:6.3 1Install a sampler loaded with a prepared (pre-
counted) 0.45 micron Millipore HA membrane filter.

'7.6.4 Cycle MV-1, -2, -3, -7, -8, =9, and -10 to the
null pressure position (prov1de5 d:.:f:ierentla1 pressure. zero data
values).

. 7.6.5 Close MV-6 and open ECV-1 and -2. AdJust PCV~1
"to provide a test specimen inlet pressure of 415 + 4 psia as read
on PT-3,.

7.6.6 RAdjust MV-4 and MV-6 as required to cbtain a GNj
flow at 0.13 ACFM through the flow meter section at 50 + 2 psia
as read on PT-4. .

7.6.7 Record the differential pressure and other flow
assocliated measurements .on magnetic tape for a minimum of 30
seconds. Activate EV~3, 20 seconds into .the data recording for
10 seconds to give the computer a "fire switch."

7.6.8 Maintain the test specimen inlet pressure {PT-3}
at 415 + 4 psia and the flow meter section pressure at 50 + 2
psia (PT-4A). Establish the flow rate through the flow meter
section of the system at each of the test values listed below.
Cycle MV-1, -2, -3, -7, -8, -9, and ~10 as reguired to observe
Gifferential pressure across the test specimen holder. At each
- flow rate repeat step 7.6.7 to record test data.

PTest Values (ACZFM) (£ 5%)

0‘20
.25 .
0.30
0.40
0.50
0.60
.70
0.80
0.90

7.6.%9 Repeat Steps 7.6.4 through 7.6.8 to obtain dup-~
licate flow/differential pressure data.

7.6.10 Cycle MV-1, -2, -3, -7, -8, -8, and -10 to the
null pressure position (provides differential pressure zero data
values}).
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7.6.11 Repeat Step 7.6.7 to record differential pres-
sure zero values,

7.6.12 Safe the test system and remove the sampler in-
stalled below the test specimen holder. Examine the Millipore
HA membrane for particulate transmitted or generated by the test
specimen following the criterion given in TCR No. 5.

*

7.6.13 Repeat Steps 7.6.3 through 7.6.12 at the follow-
ing test specimen inlet pressures 700, 1000, and.2900 psia as
read on PT-3B (pressure tolerance = + 1%). :

7.6.14 Using the procedure given in TCR No. 7, Attachs |
ment A, perform a bubble point determination on the test speci-
nen.



MEASUREMENT
NO.

pPT-1
PP-2
PT~3
PT-3A
PT-3B "
PT-4A
PT-5A
PT-6
PT-7
PT~8
PT-9
PT-10 .
pPT-11
PT-12
PT-13
rM~1
FM-2
TT-1
T2

TABL
HIGH PRESSURE OXYGE

MEASUREMENT DESCRIPTION

HIGH PRESSURE RESERVOIR
SYSTEM INLET PRESSURE

TEST SPECIMEN INLET PRESSURE
TEST SPECIMEN INLET PRESSURE
TEST SPECIMEN INLET PRESSURE
FLOWMETER #1 PRESSURE’
FLOWMETER #2 PRESSURE

HIGH RANGE DELTA P (PRIMARY)
HIGH RANGE DELTA P (SECONDARY)
MID RANGE DELTA P (PRIMARY)

'MID RANGE DELTA P (SECONDARY)

LOW RANGE DELTA P (PRIMARY)
LOW RANGE DELTA P (SECONDARY)
HF SPECIMEN INLET PRESSURE
HF SPECIMEN OUTLET PRESSURE
FLOWMETER #1 (PRIMARY)
FLOWMETER #2 (SECONDARY)
FLOWMETER #1 TEMPERATURE
FLOWMETER #2 TEMPERATURE

* AT OPERATING PRESSURE OF 50 PSIA

*% D=DIGITAL; F=FM; S=STRIP CHART; O0=0SCILLOGRAPH

S‘ILTER PROGRAM
MEASUREMENT LIST

RANGE

0-10,000 PSIA
0-10,000 PsSIA
0-10,000 PSIA
0~-500 PSIA
0-4,000 PSIA
0-100 PSIA
0-100 PSIA
0-50 PSID

. 0-50 PSID

0-5 PSID
0-5 PSIbD
0-1 PSID
0-1 PSID

0.1-1.0 ACFM¥*
0.1-1.0 ACFM*
32-100°F
32-100°F

Revised:

ACCURACY

53
5%
5%
2%
2%,
2%
2%
3%
3%
3%
3%
3%
3%

" 5%
5%

. +3°F
+3°F

4 .

2-76

METHOD OF"

RECORDING**

S.
s, F, O
s, F, O

n

nmnmnoonn nwnnnonnun A



Table I {continued)

MEASUREMENT METHOD OF
NO. MEASUREMENT DESCRIPTION RANGE ACCURACY RECORDING**
PT-14 100 PSID DELTA P 0-100 PSID 3% D, S
PT-15 250 PSID DELTA P 0-250 PSID 3% D, s
EV-1 ECV-1 OPEN MICRO-SWITCH ———————— eem——e—mee F, ©

- ' POSITION ‘

EV-1A ECV-1 CLOSED MICRO=~SWITCH = = =  e==m=mmmome—- o o o e e F, O

: . POSITION

EV-2 ECV-2 OPEN MICRO-SWITCH = = = =——e—em——w | meme————— F, O
POSITION ‘

EV-2A ECV-2 CLOSED MICRO-SWITCH = = =  =ee—em———— s o e s F, O
POSITION )

EV-3 FIRESWITCH = eeeccmcesese sweccceee- D

®#%: . D=DIGITAL; F=FM; S=STRIP CHART; 0=0SCILLOGRAPH
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2i1.3

INTRODUCTION

TP 260+

This Certification Test Procedure, TP 260, outlines the
test conditions, test hardware, test fixtures, and test
systems required for conducting the various tests des-

cribed herein.

In addition applicable documents have been

listed and are referred to in the text as a guide to ma-

terials.selection,

cleanliness levels and test control

conditions:” "In those cases where a test procedure for an
individual test exists, that procedure will be referred
to in the test and become a part of this procedure.

: s 7

APPLICABLE DOCUMENTS

-

The following. documents and drawings form a part of this-
specification. to the extent specified herein. -

§Eecificétions
Military

MIL-P-27401 B

NASA

JSC~-EN-C-0005

TT-I~-735 A

Amendment 2
MSFC-SPEC-237-2A

WSTF-003

WSTF~-0CP-200~03

WSTFI 314

-

Propellant Pressurizing Agent,
Nitrogen

Contamination Control Require-
nent for the Space Shuttle Prooram.

Isopropyl Alcohol (Isopropanol)

Precision Cleaning Agent (PCA)

Bubble Point Testing of Filter
Elements

‘C126 Space and Cl0 Vibration Sys-

tem Operations

"Chemical/Cleanliness Requirements

for WSTF Test Hardware and Facili-
ty Equipment.

*Socisty of Axtomotive Engineers

ARP~598
1 March 1960

ARP~599 A
2 Oct. 1972

Determination of Particulate Con-
tamination of Hydraulie¢ Fluids
by Particulate Count Method.

Dynamic Test HMethod for Determining
the Decree of Cleanliness of -the
Doyn Stream Side of Filter Elements

-4~
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2 2.1

3.2

3.2.1

3.2.2

3.42.3

4

ARP-901

. Wintec

SP 3400~103

TP 258
TR 2839
Drawings
Wintec-
9-812
4-2499
4~2500

- 4~-2503

TEST CONDITIONS

Standard Conditions

-Pp 260 - -

Bubkble Point Test Method

High Pressure Oxygen Filter, De-
tailed Problem. Statement-of.

Acceptance and, Certification Plan-

Acceptance Test Procedure.

High Pressure Oxygen Filter (HROF)
Bubble Point Eixture for 9-812 ...
Vibration Test. Fixture for 9-812

rlow and Proof - Pixture for 9-812. -

Unless otherwise specified, all tests will be conducted

under the following ambient conditions.

Temperature:
Relative Humidity:

Barometric Pressure:

Test Equipment

530 + 30°R (70 + 30OF)
800 Maximum
Local Atmosphers

The required instrumentation will be as shown in the sche~-

matic diagrams of Figure 1 and 2.

The schematics are based

upon test systems availahle at NASA - JSC White Sands Test

Facilities.

Refer to Table 5 for instrument type, range and accurancy.

All fixtures tgat will be used to hold or come in intimate
contact with the HPOF and the downstream sampler and riém-
brane shall be cleaned to the requiremants of WSTFI 3.14,

Tahle 14, Level 1.

All parts of the flow system that will have a contaminant
influence upon the HPOF shall be cleaned to the requirements
of WsTrI 3.14, Table 14, Level 2.

3
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3:4.1

3.5

3:5.1

3.5.2

3.5.‘201

SRams

Data H

" TP 260

Test FPluids

Nitrogen gas per MIL-P-27401 or.egquivalent.

Isopropyl Klcdhol per TT-I-735, Grade.'B. .
Precision Cleaning Agent (PCA) per MSFC-SPEC-237 or equiva-
lent. - ' 2o

All test fIluids entering the HPOF shall be prefiltered
through a 2 micron absolute (or finer) filter.

kS

-

a
c .
*

. A continuous test log shall be.maintained for each test
"specimen. The log shall contain a record of all operations

and tests performed and the resultant data for each test.

Test Discrepancies

The failure of any portion of the test equipnent will not
constitute failure of the unit being tested. The test se~
guence may be continued at the discretion of the cognizant -
test engineer if the failure does not represent a dancer to
the facility, test personnel, the unit undergoing test, or
invalidate the required test objectives.

Failure Notification

In the event that the unit under test exhibits any failure
or deviation from the test requirements set forth in this
procedure, notifv Francis B. Jones, Wintec Div. of Brunswick

" Corporation, 5223 West Imperiel Highwayv, Los Angeles, Calif.

90045, that a test failure has occurred as follows:

a) ©Notify ¥. B. Jones, Telephone (213) 641-4300 within 24
hours after failure occurance.

b) Prepare and submit a written failure report within seven
{7) calendar days.

TEST HARDWARE«

Six {6) 9~812 High Pressure Oxvgen Filters (HPOF) will bhe
supplied by Wintec for the purpose of conducting the Cer-
tification Test Series described herein. In addition one

. prototype HPOF will be supplied for.the purpose of adjust-—

ing the system pressure for the impact tests.

-G~
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6-1_
6.1.1

6.1.2

6.1.3

TP 260

A Bubble Point Fixture P/N 4-2439, Vibration Test Fixture,
P/N 4-2500 and a Flow and Proof Fixture P/N 4-~2503 will he
supplied by Wintec for the testing of the HPOF at NASA~ JSC
at the Wh+te»Sands Test Facxllty.

‘TEST OBJECTIVES

The objectives of this test program are to:
LI 3

a) cCertify that the 9~812 HPOF will be:capable of asgimi-
Yating the high impact loads generated by the oxygen
tank system. R

b) Map cleah conditicn flow - dlfferentlal pressure (AP)

. performance of the HPOF. : ’ :

c) Determ:.nm the contaminant transm1531on characteristics
of the HPOF.

d) Measure the contaminant capac1ty of the HPOF.

-CERTIFICATION TESTS

The following procedures are issued as a guide when con-
ducting the certification test series at the White Sands

~ Pest Facility. Table 2 outlines the seguence of testing.

Flow System Tare-AP

Install the C4-2503 Flow and Proof Fixture, without a HPOF,
into a gas-flow system as shown in Figure 2.

Conduct a system tare-AP test with a test specimen inlet
pressure of 3.52 Kg per sq. cm. (50 + 2 psia) using gaseous
nitrogen (GN32) .at the following flow rates.

Test Values (ACFM) (¥ 5%)

0.25
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00

Record the differential pressﬁré (A P) for each flow rate.

Repeat paragraph 6.1.2 with test specimen inlet pressures
of 21.1, 35.2 and 211.0 Kg per sq. cm. {300, 500, 3,000

~psia with a pressure tolerance of + 1%}.

-7
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TABLE 2

TEST MATRIX

TP 260

‘?Test'Description TP 260 HPOF Number
! & Sequence Paragraph, .. .1 2 3 4 5 &
.éFlow Test System Tare;[%P 6.F.° - - = 2 - -
;Impact Test System Adjusement 6.2 - = = = e -
éhcbeptancg Test 6.3 X X X X X X~
iBubble Point Test 6.4.3 X
EProof Pressure Test 6.5 X
*Bubble Point Test 6.4.3 X
fVibration Test 6.6 X
. {Bubble Point Test 6.4.3 X X
Clean Condition Flow- AP Test 6.7 . X
‘Bubble Pcint Test ' 6.4.3 X X
Clean Condition Impact Test ‘6.8 . X
Bubble Point Test -6.4.3 X X
Contaminant Transmission Test 6.9 X X
“Bubble Point Test 6.4.3 X
Burst Pressure Test 6.10 X
“Bubble Point Test 6.4.3 X X
-Contaminated Condition Impact Test 6.11 X
Bubble Point Test . 6.4.3 X X
Contaminated Condition Flow-AP 6.12 X
Bubble Point Test 6.4.3 X
Contaminated Condition Impact Test 6.13 X
" Bubble Point Test 6.4.3 X
-8
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6i2.1°

6.2.2

653
"9:3.1

:6:4
6:4.1

6;402

6.4.3

6:.4.4

6i5
6.5.1

TP 260

Impact Test System Adjustment

Install the, C4-2503 Flow and Proof Plxture with a proto-..
type HPOF inhtdé an impact flow systei as shown in Figure L:

Conduct thé?nécessary number of tests to determine the

value of GN, pressure in the GNg reservoir that will be
reguired to* result in an impact-pressure of 843.9 Ka per:

sg. ¢cm. maximum and 703.2 Xg per -sg. cm. minimum (12,000

and 10,000 psia) upon the HPOF when BCV-1 is opened. The
impact: pre&%ure-spike should occur-in dess than 50 millimg g
seconds after .ECV-1 was openad.

z

Accpetance Eeéts

The six certification test units shall have successfully’
completed the: *‘acceptance test requirements of the Accept=.
ance Test-Prodedure TP 259 prlor to’commenc1ng the
Certlflcatlon Test Series. -

Bubble Poini Test

A bubble- point test shall be conducted before and after each
major test in order to determine if the HPOF had degraded

- as a result- of the last test.

- WSTF-003 cannot be directly used to determine the largest

and mean pore size of the HPOF. This is due to the fact
that the K factors in WSTF-003 .are related to a simple _
wire mesh screen. The HPOF is a complex structure of a

.series system of two collimated hole structures with a

sintered felt ‘-betwesn them. In .addition, the bubble point,
micron size conversion factor of 207 (with isopropanol)

of wire mesh is not applicable to the sintered felt. The
ARP-901 bubble point test procedure is only partially appli-
cable to the HPOF.

It is recommended that the bubble point test procedure sveci-
fied in paragraph: 4.3 of the Acceptance Test Procedure TP-
259 be used for this program. Use Fixture 4-2499 for the
bubble point test. '

A comparison of the bubble point data and the largest particle
passed during :the transmission tests may. result in an accep-
able bubble pcint - micron size conversion factor.

Proof Pressure Test

Install the HPOF into Fixture C4~-2503. Place a .005" thick

X 1.200 " Diameter shim between the -2 holder and the -3

cap with -6 and -7 "O" rings in place. The -7 "O" ring

shall 'be on' the outboard side or pressure side of the HPOF.

-

1
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6.7
6.7.1

6.7.2

Vibration Test

" 470 to 800 EHz - T 0.1 g2/Hz

TP 260

Install the HBOF and the C4-2503 leture into a proof pres-
sure test system or into the Impact Test System (Figure 1).
With the outlet of the C4-2503 vented to atmosphere, pres-

surize the inlét of the fixture to 844 + }& Xg per sg. cm..

(12,000 + 808 psia) with H,0 for a pericd of five (5) min-

utes. Reducé wthe .inlet. pressure. to atmospheric conditions.
Remove the shim and HPOF from the test. system

The HPOF .shall not collapse as a, xrgsult, of this test.

ENE

- - 2
-

Install the'HPbF into the Vibration Test Fixture 4-2500.

Using SP T—@OZSA (Spec1flcat10n for EHV1ronment Acceptance
Testing) and OCP-200-030 (Cl26° Space and C10 Vibration Sys-
tem Operatlons) as operating guides, .subject the (1) test
specimen holder and {2) HPOF test specimen plus holder to'~
the vibratidén spectrum listed below. The tests shall be
performed in. the.X, ¥, and % axis for a duration of two
hours in each axis.

Vlbratlon SpeLtrum
20 to 100 H=z 1ncrease +6 db/octave

100 to 400 Hz ‘ 0.15 g2/Hz
400 to 470 Hz . decrease -2 db/octave

800 to 2000 Hz decrease -6 db}pctave
. - . . ™
Conduct a media migration test with the HPOF by flushing

freon through the part and sampling the effluent i both
directions. .

Clean Condition Flow-AP Test

Install the C4-2503 Flow and Proof Fixture, with a HPOF,
into a gas flow system as shown in Figure 2,

Conduct a clean system flow-AP test with a test specimen
inlet pressure of 35.2 Kg per sg. cm. (50 + 2 psia) using
GN2 at the following flow rates. .

Test Values (ACFM) (¥ 5%

0.25

0.30

0.40

0.50

0.60°

0.7Q

M 0.80

- ’ 0.90
T 1.00

~hees bae Ananles. CA 00045 USA 213 1 ga114300 B@
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. TPT260°
Record the gross—-2P for each flow rate. The flow~AP test
, may be repeated to verify data for the above.
6:7.3 Upon completion above f£low-AD test, remove the sampler
- installed downstream of the test specimen. Examine the - -

1 silver membrane filter for particulate transmitted or gen-

- exrated by the test specimen.

s “ _ .

6.7.4 Repeat paragraphs 6.7.2 and 6.7.3 at:the following test .
specimen inlet pressures of 21.1, 35.2 and 211.0 Kg per sq.

¥ cm. {300, 500, .3,000 psia with a pressure tolerance of

3 + 18). ' ’ P .

" ' - -

648 'Clean Condltlon Impact Test

628.1 Install the C4-2503 Flow and Proof Fixture, with a HPOF,

1 into an 1mpact ‘test system as shown in ngure 2.
6:8.2 Conduct a clean system f£flow-AP test Wlth a test specimen
3 inlet pressure of 3.52 Kg per sqg. cm. (50 + 2 psia) using
: BNz at the follkowing flow rates. -
- " Test Values (ACFM) (¥ 5%)
0.25
! 0.30
0.40
0.50
6.60
0.70
0.80
0.90
1.00
Record the gross-AP for each flow rate. The flow-AP
test may be repeated to verify the data.

6.8.3 vpon completion of the above flow-/AP test, remove the
sampler installed down stream of the test specimen. Exam~
ine the silver membrane filter for particulate transmitted
or generated by the test specimen.

6.8.4 Repeat paragraphs 6.8.1 and 6.8.2 at a inlet pressure of

: 35.2 Kg per sq‘ cm. (500 psia with a pressure tolerance
of 1%). -

6.8.5 Change the test system to agree with Figure 1.

6.8.6 Install a sampler with a prepared and pre-counted 0.45 micron
silver membrane on the downstream side of the test specimen._

6:8.7 Close the valves on the upstream and downstream side of
the test specimen.

ir "11"
\ ;
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6.8.11
)

VoSH e w

6.8.12

6,8.13

6.8.15
6.9
6.9.1

6.9.3

6.9.3

6.9.4

6.9.5

639.6

v6.8.14

Repeat paragraphs 6.8.1 through 6.8.4.

TP 260

Adjust the GN2 reservoir to the maximum pressure estah-
lished in paragraph 6.2.

Impact the test spacimen by opening and than closing the
valve located upstream of the test specimen.

Vent the pressure in the test specimen by opening and then
01081ng the valve of the downstream side of the test spe-
cimen. T,

Repeat paragraphs 6.8.6 through 6.8.10 to achieve 10 im-
pacts within, ajpressure range of 703,2 through 843.9 Kg
per sg. cm. (10,000 through 12,000 psid). " The pressure
spikes shall bé generated in less than ‘50 milliseconds.

Open the valve downstream of -the test specimen. Purge
the test specimen with GN2 at 1.76 Kg per sg. cm. (20 + 2
psia) inlet pressure to the test specimen for a period of
five (5} minutes. .

Upon completion of paragraphs 6.8.9 through 6.8.12 remove
the sampler installed down stream of the test specimen.
BExamine the silver membrane filter for particulate trans-
mitted or generated by the test system.

Repeat paragraphs 6.8.6 through 6.8.13 until the test

specimen has been subjected to 100 high pressure impact
cycles.

Contaminant Transmission Test

Install the C4-2503 Flow and Proof Fixture, with a HPOF,
into an impact test system as shown in Figure 1.

Close the valves on the upstream and-downstream side of the

test specimen.

Install a sampler with a prepared and pre—counted 0.45
micron silver membrane on the downstream side of the test

specimen.

Inject 10 mg of Tron Oxide mixture P/N 1232 (reference
Table 3) to the upstream side of the test specimen. The
iron oxide mixture must ke injected dry. Attach a hand
vibration to the side of the flow fixture and vibrate for
three to five minutes.

Adjust the GNp reservior to the maximum pressure established

in paragraph 6.2.

Impact the test specimen by opening and then closina the
valve located upstrecam of the test specimen.

-]2-
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6:9.10

T

a2

L

[ X1 Y10

6.9.11

6:10
6.10.1

6.10.2

6.10.3
6.11

6211.1
6.11.2

I 6.11.3

©

TP 260

Vent the pressure in the test specimen by opening and then
01051ng the valve on the downstream side of the test spe-
cimen.,

-

Repeat paragraphs 6.9.6 and 6.9.7 untll 10 impact cvcles
have been cdompleted within the pressure range established
in paragraph 6.2. The impact pressure spikes shall fail
in a range;of. 703.2 through 843.9 _Kg.per sa. cm. (10,000
thropgh 12,000 psia). The pressure spikes shall be gener-
ated in less than 50 milliseconds. *

3 F H . . s
Open the wvalve downstream of the test specimen. Purge the
test specinien.with GN5 at 1.76 Kg pexr sq. cm. (25 + Z psia)
inlet pressure to the test specmmen for a period of five--
{5) minutes. ~

Upon cemoletlon of paracraphs 6.9. 6 .through 6.9. 9, remove .
the sampler installed downstream ofX the test specimen.
Examine the silver membrane filter for the size of the
1argest (two dimensions) particle transmitted by the test
specimen durlng steps 6.9.6 throuch'é. 9 9.

Repeat paragraphs 6.9.3 through 6.9. 10 until the test
specimen has been subjected to 100 high pressure impact
cycles.

Burst Pressure Test

Install the HPOF into Fixture C4-2503. Place a 0.010"

thick x 1.200" diameter shim between the -2 holder and the
-3 cap with -6 and -7 "O" rings in place. The -7 "0O" ring
shall be on the outboard side or pressure side of the HPOF.

Install the HPOF and the C4-2503 Fixture into a burst test
system capable of supplving at least 1125.2 Kg per sa. cm.
(16,000 psia) of deionized water. The water shall have
been filtered through a 10 micron absolute filter.

With the downstream side of fixture vented to atmosphere,
pressurize the upstream side of the HPOF to 1125.2 Kg per
sg. cm. (16,000 + 888 psia) for a period of one minute.

Contaminated Condition Impact Test

Install the c4-2503 Flow and Proof fixture, with a HPOF,
into an impact test system as shown in Fiqure 1.

Close the valves on the upstream and downstream side of the
test specimen.

Install a saﬁpler with a prepared and pre-counted 0.45
micron silver .membrane on the downstream side of the test
specimen.

-13-
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6.11.6

6.11.7

6:11.8

6.11.11

6.11.12

6.11.13

TP 260

Inject 10 myg. of synthetic contaminant (reference Table 4)
to the upstream side of the test specimen. The contaminant
must be injected dry. Attach a hand vibrator to the side

" of the flow fixture and vibrate for three to five minutes.’

Adjust the GN» reservoir to the maximum pressure established
in paragraph 6.2

Impact the test specimen by opening and then cloclng the . . _
valvk located jupstream of the test snecmmen.

Vent the pressure in the test specimen by openine and then )
01051ng the* valve on the downstream side of the test spe- ..

cimen.

Repeat paragrqphs 6.11.6 through 6.11.7 until 10 impact cvcles
have been CGmpleted within the pressure’ range established

in paragraph €6.2. ~The impact pressure SplkeS shall fall.in

a range of 703.2 through 843.9 Ku per sg. cm. {10,000

through 12,000 psia). The pressure spikes shall be genex-
ated in 1ess than 50 milliseconds. . :

Open the valve downstream of the test specimen. Purgé the
test specimen with GNjy at 1.76 Kg per sqg. cm. (25 + 2 psia)
inlet pressure to the test specimen for a Derlod of five

- (5) minutes.

Upon completion of paragraph 6.11.6 through 6.11.9, remove
the sampler installed downstream of the test specimen.
Examine the silver membrane filter for partlculate trans-
mitted by the test specimen.

Close the valves on the upstream and downstream side of the
test specimen. .

Install a sampler with a prepared and pre-counted 0.45
micron silver membrane on the downstream side of the test
specimen.

Conduct a flow-AP test with a test speciﬁen inlet pressure
of 3.52 Kg per sg. cm. (50 # 2 psia) using GN2 at the fol-
lowing flow rates: . /

Test Values (ACFM) (£5%)

0.25
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
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I 6.11.14

6:12.2

6.12.3

6.12.4

6.12.5

TP 260

Re.'cord the gross-AP for each flow rate. The flow AP
test may be repeated to verify the data.

Upon completion of the above flow- AP test, remove the
sampler installed downstream of the test specimen. Exam-
ine the silver membrane filter for particulate transmitted

- by the test specimen.

Repeat paragraphs 6.11l.11 through 6.11.14 at an inlet
presgure of 35.2 Kg per sg. cm. (500 + 5 psia).

Repeat paragraphs 6.11.2 through 6.11.15 nine additional
times until 10 contaminant additions have been-completed.
This will be equlvalent to a predicted, synthetic contami-
nation level of 100 missions.

Contaminated Condition Flow—-AP Test

Install the C4-2503 Flow and Proof fixture, with a HPOF, .
into a flow test system as slown in Figure 2.

Close the valves on the upstream and downstream side of
the test specimen.

Install a sampler with a prepared and precounted (.45
micron silver membrane on the downstream side of the test
specimen. . .

Inject 10 mg of synthetic contaminant (reference Table 4)
to the upstream side of the test specimen. The contami-
nant must be injected dry. Attach a hand vibrator to the
side of the flow fixture and vibrate for three to five
minutes. .

Conduct a flow~ AP test with a test specimen inlet pressure
of 3.52 Kg per sg. cm. ( 50 + 2 psia) using GNj at the fol-
lowing flow rates:

Test Values (ACFM) (¥ 5%)

0.25
0.30
© 0.40
0.50
0.60
0.70
0.80
0.90
1.00

Record the gross-AP for each flow rate. The flow AP
test may be repeated to verify the data. -~
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‘ ‘.i.12.6 Upon completion of the above flow—ZSP test, remove the samp-
’ ‘ler installed downstream of the test specimen. Examine

the silver membrane filter for partlculate transmitted by
the test specimen. -

6.12.7 Repeat paragraphs 6.12.2 through 6.12.6 at an inlet pres— 
sure of 35.2 Kg per sg. CH. .

W ¥ .

6.12.8 Repeat paragraph 6.12.2 through 6.12:7 ‘nine additional
times until 10 contaminant additions have been completed..
This will be egquivalent to a predlcted SVchEtlF contami-
.nation level of 100 missicns. .

LUl

1

-

Contaminated rCondition Impact Test.— Both Directions

[+3}
.
(AT 2
[

Install the C4-2503 Flow and Proof fixture, with a HPOF,
into an impact test system as shown in Figure 1.

(=)}
7%
°

'_l

(=)

s

"_l‘nﬂﬂ te 3 l'l"'!
W

.

o

!

Close the valves. on the upstream and downstream side of
the test specimen.

6.13.3 . Install a.samplér_with a preééred_and pre~counted 0.45
o micron silver membrane on the downstream side of. the test
specimen.
.13.4 Inject 10 mg. of synthetic contaminant (reference Table 4)

to the upstream side of the test gpecimen. The contaminant
must be injected dry. Attach a hand wvibrator to the side
‘of the flow fixture and vibrate foxr three to five minutes.

)

6.13.5 Adjust the GNo reservoir to the maximum pressure esuabllshed
. in paragraph 6. 2.

6.13.6 Impact the test specimen by opening and then closing the
valve located upstream of the test specimen.

6.13.7 . Vent the pressure in the test specimen by opening and then
closing the valve on the downstream side of the test speci-
-men.

6.13.8 Repeat paragraph 6.13.6 through 6.13.7 until 10 impact

cycles have been completed within the pressure range es-
~ tablished in paragraph 6.2. The impact pressure spikes
s . shall fall in a.range of 703.2 through 843.9 Kg per sa. cm.
o (10,000 through 512,000 psia). The pressure spikes shall
be generated in less than 50 milliseconds.

6.13.9 Open the valve downstream -of the test specimen. Purge the
test specimen with GNy at 1.76 Kg per sg. cm. {20 + 20 psia)
inlet pressure to the test specimen for a period of five

I (5) minutes.

=16-
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Var LT

6.13.11

6.13.12

Jaan

6.13.13

6.13.14

6.13.15

6.13.16

sty

6.13.17

6.13.18
f6.13.19

"

‘f:l3.20

TP 260

Upon completion of paragraph 6.13.6. through 6.13.9, remove
the sampler installed downstream of the test specimen.
Examine the:silver membrane fllter zor partlculate trans-
mitted by the test specimen.

Close the valves on the upstream and downstream side of
- the test specimen.
" , E I
Instafll a sampler with a prepared and pre-counted 0.45
micron qJ.lverqmembrane on the downstream side of the test

specimen. ° £ 9

COnduct.é‘flowklﬁP test with a test. spacimen inlet pressure
of 3.52 Kg per sq. cm. (50 *+ 2 psia)” using GN2 at the fol~ .
lowing f£low-rates: ’

(ACEM)

A
P

Test Values

(£ 5%)=

0.25 M
- 0.30 :

d 0.40
0.50
0.60
0.70

" 0.80
: 6.90

- - ’ —-1.00

Record the gross-/A\P for each flow rate. The flow AP

test may be .repeated to verify the data.

Upon completicn of the above flow-AAP test, remove the
sampler installed downstream of the test specimen. Exam-—
ine the silver membrane filter for particulate transmitted
by the test specimen.

Repeat paragraph 6.13.11 through 6.11.14 at an inlet
pressure of 35.2 Kg per sg. cm. (500 + 5 psia).

Repeat paragraphs 6.13.2 through 6.13.15 nine additional
times until 10 contaminant additions have been completed.
This will be equivalent to a predicted, synthetic contami-
nation level of 100 missions.

Remove the HPOF from the C4-2503 flow and proof fixture.
Mark the HPOF to show the direction of flow accomplished.

Conduct a bubble point test per paragraph 6.4.2.

Clean the HPOF to remove the loose particles from the con-—
taminated side of the HPOF.

Repeat paragraphs 6.13.1 through 6.13.16 with the HPOF in-
stalled into the C4-2503 flow fixture and flow system to
permit flow through the HPOF in the opposite -direction.
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SPACE-INDUSTRIES P/N 1232

v

&
Size Rahge ¥
Microns PR
6 - 3~

3~5
5 -10 .
10 --15 .. -

15 - 25 :

25 - 50
> 50

(o]

TABLE 3

IRON OXIDE MIXTURE

TP 260

Percent in Size Ranée
by Weighit

TABLE 4

"CONTAMINANT MIXTURE FOR CONTAMINANT TOLERANCE TEST

Particle Type

TFF Teflon
Sand

Stainless Steel (304)
Plastic (polyethylene or
other non halogenated

plastic)

Size Rancge of Contaminant
Microns

< 15
16 -~ 25
26 - 50
51 - 100

> 100

Percent by Weight

34
23
26
17

Percent by Weidght

..18_

41

'3
i3

21
32

Ty
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MEASUREMERT
¥0.

PT-1
PT-2
PT-3
PT-3A
PT-4
PT~4A
PT-5
PT-5A
PT~6

. Pr-7
PT-8
PT~9
PT~10

. PT-11

. PT~12
Pr-13

Fi-1
Fil-2

TT-1
TTm2
EV-1
EV-2
EV-3

TABLE 5
HICH PRESSURE CXWEEN FILTER PROGRAM

MEASUnEWE\T LEST

MEASUREMENT
DESCRIFTION

. BIGH PRESSURE RESERVOIR

SYSTEM INLET PRESSURE

TEST SPECIMEN INLET PRESSURE
TEST SPECIMEN INLET PRESSURE
FLOWMETER #1 PRESSURE
FLOWMETER #1 PRESSURE!
FLOWMETER %2 PRESSURE
FLOWMETER #2 PRESSURE

HIG RANGE DELTA P (PRIMARY)
HIGH RANMGE DELTA P (SECONDARY)
M1D RANGE DELTA P (PRIMARY)
MID RANGE DELTA P (SECONDARY)
LOW RANGE DELTA ® (PRIMARY)
LOW RANGE DELTA P (SECONDARY)
HF SPECIMEN INLET PRESSURE
HF SPECIMEN OUTLET PRESSURE

FPLOWMETER #1 (PRIMARY)
FLOWMETER #2 (SECONDARY}

FLCWMETER 41 TEMPERATURE
FLOVMETER #2 TEMPERATURE
TCV+1 EVENT
ECV-2 EVENT -
FIRE SWITCH

RANGE

010,000 PEIA
0-10,000 PSIA
0-10,000 PSIA
0-500 PSIA
0-4,000 PSIA

0-500 PSIA-

0-4,000 PSIA
0~500 PSIA
0~50 PSID
0-50 PSID
0~5 PSID

0-5 PSID

0-1 PSID
0~1 PSID

0.2~1.5 ACFM*

0.2~1.5 ACFM®

32~100°F

- 32=100°F

*AT QPERATING PRLSSURE OF 50, 300, 500 AND 3000 PSIA

**D=DIGITAL:

F":I's'l, B3=ETRIP CHART;

O—OSuILLOGRAkH

ACCURACY

5%
5%~

5%
5%
+3°F
+3°F

METHOD OF
RECORDINGH*

D, 8
D, S, F, O
b, 5, F, ©
D, §

o
wn

o
-
T ;m O 0 nmnunn nn oo nn
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NVENT >

1500 Psi
GNa

15 Psi
GNo

1500 PS)
GNp

. PSY-33
G — G-34 :
MY-39 7
3 {2t} ,.-w i DT{‘J ?
F-30 Mv-27
-
{ f cv-24 )
i N iN
' INTENSIFIER
N 1 ouT . OUT
Sv-23 ‘ o Sv-36 o
‘ GV-260
9
v-208 oV-264
Pl.256
OV Ny 81 " F’SV-2$B PSVE59 G\f'253
.- :l PRY-254, { . D‘,-r;:!___
v ' y- ;
. 3 LT . - -Qf 25:? GV-261
L 23 S S B e i kg
B ) 1 ’ e ‘ Nt
GV-Ny82 F=3 cy-290 y-253 PCV-258 Gy-262

vOIR

|

REMOVABLE
SECTION
FOR PCY-!

HPOF TEST SYSTEM

IMPACT VERSION
FIGURE |

i
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115 PSI
Geig

1500 PSI
Cho

PSV-33

. MV-33,

G-34

== kg
F=30 MV2T
. Z TC"‘2° :
1] i *
. . N ™
' . INTENSIFIER
G3% ouT ouUT
Sv-23 Sy-36 ! MV-5
GV-280 - tx
|
%v-zoe G254
_ ' P1-256 )
Gv-Nyal g Py GV-263 '
P 5V2<E° {'@ Pev-2
; . PRV-254 :
V- o
ﬁfzf, asj?r e
e 1
GV-N82  Fe3l V29 ¥-253 PCV-255 oV-262

HPOF TEST SYSTEM
FLOW RATE VERSION

' FIGURE =2

!

TEST SPECIMEN

HOLCER
F-2
(SAMPLER)
PT-4 PT-5
=), R
FM-1 FM-2 Mv-4
Dl rrea{
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FIGURE 3

BUBBLE POINT TEST FIXTURE

P/N 4-2499
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FIGURE 4
VIBRATION TEST FPIXTURE
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FIGURE 5
FLOW AND PROOF FIXTURE
P/N C4-2503
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