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TABLE 1
GLOSSARY OF ABBREVIATIONS AND TERMS

ADI = Assembly Disassembly Instructions
CHS = Collimated Hole Structure

cm = centimeter

emé = Square centimeter

DCT = Design Certification Test

EVA = Extravehicular activity

GBR = Glass.Bead Rating

GN2 = Gaseous Nitrogen

sz = HWater |

HPOF = High Pressure Oxygen Filter

hr = hour

IBP = Initial Bubble Point

JSC = Johnson Space Center

Kg = Killogram

1bs = Pounds

min = Minute

NASA = National Aeronautics and Space Administration
O0PS = Oxygen Purge System

psi = pounds per square inch

psia = pounds per square 1inch absolute
psid = pounds per square inch differential
psig = pounds per square inch gauge

scfm = standard cubic feet per minute.

S/N = Serial Number

SOP = Secondary Oxygen Pack
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SECTION 1
INTRODUCTION

The experience of the National Aeronéutics and Space Admin-
igtrafion (NASA} ;ifh.extravehicu1ar activ{ty tEVAj 1ife support
emergency oxygen supply subsystems has shown a:jarge number of
problems associatéd w{th.particu1ate contaminafionﬂ These
problems have resulted in failures of high pressure oxygen
component seaTing;surfaces. The resu?ting faiéure analysis and
investigative research indicated the need for a development
program to create-a fi1ter which would protect;tﬁe sealing surfa-
ces in shutoff valves apd pressure requlators from exposure to
particulate contamination above 10 microns absolute rating.
Beyond the normal filtration capability, the developed filter
would be requifed fo withstand the dynam%c 1oadin§_resu]ting
from the instantanecus pressurization from ambient to 6000 to
8000 psi when fhe shutoff valve is opened. This dynamib lToading
represents a unique conditipq which makes standﬁrd filter tech-
nology as developed for the conventional constant.f1ow situation
inadequate.

The filter resulting from the program will be utilized in
the emergency astronaut oxygen subsystem; for the Space Shuttle

LS

Program.

-1-
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. SECTION 2~
SUMMARY

“A program was completed to develop a new design of high
pressure oxygden filter which would:
. Fid B -
a) control the particulate contamination Tevel
in the oxygen system to a .5 micron Glass Bead
Rating (GBR) 10 micron absolute conditign.
b) withstand the’ dynam1c shock condition resu1t1ng
- from the sudden opening of 8000 pS] oxygen
system shutofT valve.
The program was dqv1ded into seven separate:tasks as Tfollows:
Contaminant Source Identification Tests
. "Dynamic System Tests

. HPOF Conéept_Eva]uation

1

2

3

4., Design
5 Fabrication

6. Test

7 Application Demonstration

Durina Task 1, two NASA furnished oxygen systems, the

Apollo OPS (oxygen purge system) and the Skylab SOP (secondary

.oxygen pack) were disassembled and flushed and the entra1ned

contaminants collected, weighed and analyzed. This data was used

by NASA to quide the preparation of cleaniiness specifications
for the Space Shuttle systems. fhis also gave the data necessar&
to determine the requf%ed contaminant tolerance .of the HPOF
des1gn The accumu1ated contaminant was'ana1yzed physically
and chemically by the Propu1s1on Laboratory at the NASA White
Sands Test Facility (WSTF), Las Cruces, New Mexico.

For Task 2, the SOP and OPS systéms wére reassembled,
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modified and instrimented to permit actual blowdown tests. From
these tests, the mqgnitude and duration of the dynamic pressure
spike was determined. This established the structural design
criteria for the HPOF..

Task 3 encompassed the evaluation of a group of concepts
for the HPOF with Fespéct to the performance criteria established
priﬁr to the program apd also by the data.accumulated during
Tasks-1-and 2. The stydy resulted in a rankina of the concebnts
in order of nreference; From this work, the suégested prime
alternates were présen}ed to NASA for review and approval.
Following selection offthe final concépt, the system was optimized
and a detailed problem:statement was prepared based on the detailed
characteristics of the:fiTter.

The compiete desigh of the selected concept was performed
during Task 4 in two stages. Preliminary design was based on
the problem statement and consisted of preliminary layouts
for NASA review. Following avproval, the Final Design phase
was initiated. Detail and assembly drawings were prepared,
together with a precise bill of material, fabrication process
specifications and manufacturing planning documents. The design
package was approved by NASA prior to engineering release of the
test articles for fabrication.

!

The fabrication sequence Was’Task 5 of this program and
was completed successfully, but ﬁot without incident. Difficul-
ties with the electron beam welding proceés required several
changes in the design from a manufacturiﬁg standpoint. The

basic design concept, however, was not changed.

Wintec Division, Brunswick Corporation, 5223 W, Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 {B@
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Task 6 involved the largest singlie phase of the program,

that of acceptance and certification testing.- An overall

€ertification test ﬁ]an and acceptance test procedure were pre=

pared and approved, Acceptance tests were performed at Wintec,
while the.extensive ceréification test program was performed at
the NASA White Sands Test Facility. ' A detailed test plan for
the certification tests was arénafed bv NASA and coordinated
with Wintec. The certification test program was a Tengthy and
exhaustive sequence whﬁch thdrough]y proved the adequacy of

the HPOF design. The results of the test series were presented
to NASA, JSC, Houston and published in detail in NASA WSTF
Document No. TR-121-0256, dated November 15, 1976. 1In view .of
the physical size of this NASA document, it will not Be incor-
porated into this report. It‘h§s_been distributed under sepa%ate
cover to'the desjgnéted addressees and will be referred to

when necessary in this report.

" The final phase of this program was involved with an apolica-
tion demonstration of the aualified HPOF.. An SOP fi11 and
shutoff valve was provided for the demonstration. The valve was
mbdif}ed to receive three of the HPOF assemblies in place--of the
existing three pleated filter discs. Fo]]pwing assembly, the'
valve was shipped to NASA'JSC, Houston for evaluation.

/

i
i
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SECTION 3
CONTAMINANT SOURCE IDENTIFICATION TESTS
1 GENERAL -

In order to identify and quantify the contaminant
contained in a typical oxygen breathing system, two
emergency systems were supplied by NASA for examination.
Following a thorough evaluation of the hardware and assembly

and detail drawings, disassembly procedures were prepared

~ %= -for each of the systems. “

Wintec procedure number ADI 730101 was prepared
. covering disassembly and flushing of the Apollo Oxygen
burge System (OPS)HQamiTton Standard—P/N Sy 730101-3-10.
This procedure was reyiewed and‘approved at a coordination
meeting at NASA Johnson Spacecraft Center (JSC) Houston.
A copy of the procedure is included as Appendix A to this
report. Wintec procedure number ADI 132730 was prepared,
covering disassembly and flushing of the Skylab Secondary
Oxygen Pack (SOP) Airesearch P/N 132730. This procedure
was also reviewed and approved at the coordination meeting.

A copy of this procedure is included in Appendix A.

¢
l

'
.2 DISASSEMBLY AND FLUSHING OF OPS

Disassembly of the OPS commenced in accordance with the

approved procedure. Preliminary work was performed in a.

laminar flow bench. The covers, antenna, hoses, actuator and

Wintec Dwision, Brunswick Corporation, 5223 W. Impenal Fighway, Los Angeles, CA 80045 USA 213+641+4300 B@
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all the anciliiary equipment were removed. The unit was
moved into the winxef Clean Room for final disassembly and
filushing of the components.

The OPS system was completely disassembled to permit
removal of the valve~regulator housing. The valve was
removed from the hbusing and the housing-was flushed with freon
to collect in-situ: contaminant for anal&sis; The housing was :
modified to accomodate pressure taps for the transienf pressure
analysis.

The. valve assémb1y, components and tanks were flushed

» thoroughly with freon. The freon was flushed through silver

membranes and thes?, together with a blank samplie membrane
were forwaraed td:NéSA White Sands Test FaciTif& (WSTF)} for =
anal&sis. A

In removing the plugs from the bottom of the oxygen
tanks,-prior to flushing, it was found that some of the "0"
rings were broken and some of thé’DeTta seals. were distorted
due appargnt?y to incorrect assembiy. This condition was
noted in the historical record for the unif and replacement
seals were requested from NASA JSC. The original seals were
forwarded to NASA JSC for examination.

New O-ring kits for the tank plugs were received from
NASA. The tanks were reasseqb]ed using these seal kits.
In re-assembling the controT'vaTve, it was.detérmined that
special tools would be required. Upon checking, these
were not available from Hamilton Standard, Carleton Controls,

or NASA. The tools were manufactured by Wintec using refer-

Wintec Division, Brunswick Corporation, 5223 W. Imperial-Highway, Los Angeles, CA 90045 USA 213+641+4300 IE))@
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ence drawings from Carleton Controls. Using these tools,
the re-assembly of the OPS -was readily accomplished in
preparation fér the series of fransient pressure analysis
tests.

3-3 DISASSEMBLY AND FLUSHING OF SOP

Disassembly of the SOP was performed in acéordance with
_the approved procédure. Preliminary work was perforﬁed in
a laminar flow bench. Exterior fabric cover and protective
shell were removed. Structural housing components and
thermocoupie wires were also removed, leaving the system
réady for transfer into the Wintec Clean Room for final
disassembly and flushing of the components.

The SOP system-was partially disassembled to permit
removal of the connection tubing. One of the pressure
hottles was removed to facilitate the tube removal. The
tubes were flushed with freon to collect in-situ contaminant
for analysis. The tubes were then cut and special tees
were welded in place to hold the pressure transducers for
the transient pressure analysis.

The system was re-assembled and prepared for the
transient pressure analysis testing. This sequence of tests
is described in detail in Section 4 of this'report.

3-4 MEMBRANE PARTICLE COUNTING '

Aluminum mounting blocks were obtained from NASA WSTF
for mounting silver membranes. A styrofoam handling and
shipping container was designed and procured. In consul-

tation with NASA WSTF, a procedure (WSP 043) was written

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213464 1+4300 ‘@
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covering the mounting and general handling of the silver
membranes. A copy of‘thig procedure is-fnc]uded-as Appendix
B to this report. |

B]énk "backgrbund" membranes and initial flushing
membranes from the S0P and OPS were prepared and preliminary
particle counts wére made by'Wintec. These membranes were
ready for shipment to NASA ﬁSTF for ﬁné]ysiq; however, some
difficulty was experienced in bonding the membranes to the
aluminum support.bjocks. These difficulties were solved
in consultation with NASA WSTF. A slight variation in the
adhesive mix corrected the probleém.

The SOP collection membranes were poupted using routine
statistical techniﬁues. These results showed the regulator
and tanks te be highly contaminated with the valve running
thérd. The particle counts are shown in Table I. .

The membranes frém the flushing of the (OPS system were
counted fo} metallic and non-metallic particles., The
resulting counts are shown in Table I. These results were
forwarded to NASA WSTF with the membranes.

3-5 PARTICULATE ANALYSIS AT NASA JSC, WHITE SANDS

The initial specimen membranes were received at WSTF
and a preliminary analysis was performed.' As a result of
the analysis, a modification wés mgde to Wintec Proce&ure
WSP-043 for packaging and shé%ping the membranes. The
initial membranes were received at WSTF with significant

quantities of styrofoam powder on the membrane surface,

apparently from vibration of the packaging block.

Wintec Division, Brunswick Corporation, 5223 W, Imperial Highway, Los Angeles, CA 90045 USA 213+64 144300 @@
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The detailed analysis of -the specimen membranes
resulted in a much more comprehensive program than had

originally been anticipated. A wealth of data was accumulated

"~ on a wide variety of particles. The majority of particles,

however, were teflon. _

A1l of the analysis details and partic&]ate photographs
.Wwere compiled in f;o volumes of data as NASA WSTF Report
No. TPS3-HPF-0O01. EA copy of each of these volumes has been
distributed to JSC Houston and Wintec. The‘third copy
remains in the JS@%HSTF Propulsion féSt Office- In view of
the voluminous nathre of this document, copies are not
included with thi; report. .

‘A.typica1 analysis of a single particle and a photograph
of .the particle are shown in Tabie I; and Figure 1 respect-
ively. A copy of ail the summarized analytical data is
contained in Appendix C. The final result of the analysis
is contained in-Table III and presents the suggested synthe—
tic contaminant for the contaminant tolerance tests of the
HPOF. JSC WSTF attempted to have this contaminant synthe-
sized but found this to be impossible within the schedule
constraints of the program. Several sources were pursued
with no success. Consideratigh was given to creating a
proportionate mix of avai]abfe standard contaminants and

this was finally adopted as a substitute contaminant.

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angsles, CA 90045 USA 213+641+4300 B@
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ITEM 5
25-50

Valve Details

Non Metallic 2880
Metallic 4
Tanks 2

Non Metallic 1860
Metallic s 2
Valve/Regulator ,
Housing

Non Metallic = 40
Metallic 0
Blank Count 16

Yalve Tubes

Non Metallic
Metallic

Yaive Assembly

Non Metallic
Metallic

TABLE I

PARTICLE COUNTS FOR OPS MEﬁBRANES‘v

PARTICLE
51-100

1360
4

100-250

;118

1

—

PARTICLE COUNTS FOR SOP MEMBRANES

Housing Assembly

Non Metailic
Metallic

Misc. Tubes

~ Non Metallic

Metallic

Tanks
Non Metallic
Metallic

Regulator
Non Metallic
Metallic

Blank Count

70
18

10

> 250

35
0

. 2PN

O =

= D
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4-3

11 A
_ - SECTION 4
" TRANSIENT PRESSURE ANALYSIS

* 4-1 DESIGN OF TEST SYSTEMS

In conjunction with NASA WSTF, the major items of

test instrumentation were selected to provide data with

the required degree of accuracy. High freqdency Kistler
transducers wefe s%ecified and-ordered=w1thﬁspecia1 fittings
for system adaptation. Charge amplifiers (Unholtz-Dickie)
were provided by NASA. The_elgctronic outp&t system

was deésigned and components specified. '

Some high'pre§sure tubing and fittings were procured
and the ba1ance‘oé:the_fittingslweré_specified as items
to be manufactured.. Detail design of these latter items
was -performed. ‘ _

The last part of the design phase consisted of a modi-
fication to the OPS and SOP systems to permit pressure
measureﬁent at the critical zones in. the system.

‘An additional monitoring channel was added to the
oscilloscope and a camera was specified for use with the
scope.

PROCUREMENT OF INSTRUMENTATION

The high frequency transducers and associated fittings
and connecting cables were précured. High pressure standard
fittings and tubiﬁg were purbhased. I

MANQFACTURE OF SPECTAL FITTINGS

All of the machining for the special fittings was

performed by Wintec.
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TABLE 11

SOP Valve

»
~

Sample

1000X
10 microns
50u x 30u

.
.

. .

1vVision

Magnification
1d

Particle Size
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TABLE III

SUGGESTED SYNTHETIC CONTAMINANT

PARTICLE TYPE

TFE TEFLON
PLASTIC

SAND

SfAINLESS STEEL

SIZE RANGE
OF CONTAMINANT

< 15
16-25
26-50
51-100

> 100

PERCENT BY WEIGHT

2

DERIVED FROM OPS PROPOSED
AND SOP DATA MIXTURE
34 56
17 -
23 19
26 25
DERIVED FROM OPS PROPOSED
" AND SOP DATA - . MIXTURE
41 49
3 13
3 10
21 7
32 21
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SIZE RANGE
{M1cRONS)

£ 15

16-25
26-50
51-100

> 100

SI1ZE RANGE

"_{NICRONS}

TOTAL WEIGHT
OF MATERIAL (GRAMS)

% BY WEIGHT

IF THE FE j04 IS CONSIDERED TO BE STAINLESS STEEL, THE % BY WEIGHT FIGURES CHANGE TO:

STAINLESS STEEL:

<15

16-25,
26-50
51-100

> 100

25.3 %

1) LN an' " v L]

maste 111 (CONT)
SUGGESTED SYNTHETIC CONTAMINANT
TOTAL N0. OF PARTICLES PER MIX

0.865 x 108 0.855 x 108 0.855 x 108 5,315 x 10% 7.88 x 108
1.476 x 10° 1.476 x 106 1.476 x 106 . 5.592 x 106 1.002 » 106
1.4254 x 105 1,523 x 105 1.035 x 105 8,593 x 10% 1.25764 x 10
2.326 x 108 " 2,744 x 10% 6.54 x 10 3 4.906 x 1o0? 1.063 x 105
1.364 x 104 1.705 x 104 0 1.025 x 104 4,004 x 104
T0TAL WEIGHT OF PARTICLES PER MIX
e e
STEEL SAND 304 TEFLON {GRAMS ) RANGE
0.04724 0.04724 0.04724 ,  0.29365 0.43537 49,5
0.01664 0.01664 0.01662 0.06305 0.11297 12.8
0.01023 0.01093 0,00743 0.06165 0.09024 10.3
0.01308 0.01544 0.00368 0.02760 6.05980 6.8
0.06036 0.07545 0 0.04536 . 0.18117 29.6
0.14755 0.16570 0.07499 0.49131 )
16.8 18.8 8.5 55.8

SAND:; 18.8%

TFE TEFLON: 55.8%

b as—————
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MANUFACTURE QF SPECIAL FITTINGS.(cont.)

The SOP Systgm tubing was modified to accept the fittings
which were then.we]ged in place and the system reassembled.
The SOP system Qas then proof tested to 10,000 psi and Tloaded
to 6000 psi with GNp ready for test.

The OPS valve and regulator housing was modified to

permit incorporatign of the Kistler transducer fittings. This

modification required installation of a plug-in the gauge
sensing port.

TEST_SET-UP :

The schematicé for the test sét-up werefreviewed and
the reccording instrumentation was specified and obtained from
an instrumentation;]easing company.

The test set—up'was completed and preliminary low
pressure {~~2000 psi) tests were run. The preliminary tests
showed that the pressure spikes are readily obtained.

The test set-up was completed with the addition of- the
oscilloscope camera and an additional monitoring channel.
Some problems were encountered in the calibration of the
oscillograph and oscilloscope in relation to the:-charge
amplifier output. These problems were resolved with the

assistance of WSTF test personnel.
i

SYSTEM TEST

The S0P system was re]oaéed to 6000 PSI.and several
system actﬁations were recorded. The most significant
pressure spike occ&rs as anticipated, in the line between
the valve and the regulator. The gpike in this location is

accentuated by the fact that this feed line is initially

A,

Wintec Division, Brunswick Corporation, 5223 W Imperial Highway, Los Angeles, CA 00045 USA 213+641+4300 B@
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at atmospheric pressure.

Spike data was recorded on the oscillograph tape and
also photographed from the oscilloscope. A typical oscil-
lograph spike is shown in Figure 2 with the oscilloscope
trace in Figure 3.

The test set-up is shown in Figure 4 and a close up
of the SOP showing®transducer instaliation'ﬂocations is
shown ian%gurq 5.; Transducer #1 was located in the line
leading from the outlet of the valve to the inlet of the
regulator. This 1§ne is initia]]x at atmospheric pressure
and sees full systém pressure when the valve is opened,

The most severe pressure spike will occur;in this Tine.
Referring to Figure 6 whith a cross section of the shutoff
valve, this spike will be experienced by the filter in location
#1. The oscilloscope trace of this spike is shown in Figure
3{a). -

Transducer #2 is mounted in a special Titting located
in the high pressure gage port of the valve. This transducer
is initially at 6000 PSIG hence when the valve opens, the
pressure is initially reduced. As the pressure recovers,

a small positive spike occurs. This is from the return
reflection of the pressure spike caused when the valve opens.
This spike is reflected back from the regulator, and is
dampened by line aﬁd bend Tosses and also by Filter #1

(ref. Figure 6). This pressure transient spike will be
experienced by the inlet f{lter at location #2 of the valve

(ref. Figure 6). It should be noted here that the filter at

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213464 1+4300 B@
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location #3 in the valve is only used during the fill process
to filter entrant gas.

The "schematic of the test set-up is shown in Figﬁre 7.

Tnansﬁucer #3 is located in the line between the tanks
and the shutoff valve. This 1ine is also initially at 6000
PSIG hence when the valve opens, the pressure initially
reduces and a negativé spike occurs. -Since this transducer .
is the closest bne:tofthe supply tanks, the magnitude of the
negative spike is minimal and upon recovery, no positive
spike dccurs. The;oscilloscope trace of -this spike is shown
in Figure 3C. In referring‘to the valve, Figure 6, this
spike is an entrance condition only and will not affect any
of- the filters 106atéd internally in the valve.

Tests were.aiso rgh on the bPS system and excellent
data‘was obtained. Figure-S shows the typical trace obtained
from tﬁé monitoring oscillograph. 1In this #ar@icu]ar test
series, the design of the OPS unit dictated monitoring
. pressure in only two locations.

The pressure spikes were a1§0'monitored\by oscilloscope
and the trace photographed. A copy of the photographic
record is shown as Figure 9.

'

"The test series was run using a series of differing
/ .
‘values of sensitivity set on the charge amplifier. Photo-
graphs of this series were rather poor in quality and hence

are not presented in this report.

Wintec Division, Brunswick Carporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 @
WK




Uy p—r——_—— e = -

S T 1ol
i i3 )m ..‘U..M “a e
] w R V) :
s i g 23 % Lo -

,“ x. M 24 -

i o 3 H i

.“_" ' w m T -

3 Iy L3 5 L

. .3 : 3} ‘e N

r _ : - . ;

) ‘ S BRI BRI R .....mwmw%?m%ws

: . N 1. s R TR T B -

. 34 R TR PRI OR QUALITY
et . _o.w .._ .0 uun..»‘. o7 . [ ..
= e 2 P by T k .

o Fal - * Ead i3 N
L o crt D = A
A I TSN (- EOLI |
T R A T .
.__ g ..u oa O o ."_n E- )
¢! i3 = iowm “ o .
Ly i g @ oM wiyoes i
% . nloo, @ 12 ul 2. : . )
Bl S : g tmo gl —w o
Ve . Q- . . ¢ Pt - 3] -
; @ ’ AR & X o e

) & . -ee .\.u o gr o o ) m.

v B« R . - - -4 a9 > [=J=] . : B

i t = n o, ' [ t — g w - o . -

. diga_ L redeep tenete e e LW M Bw T - 1 o )

B9 R B o e, | ¢ & .

¢ @ : o EUC A ] QHE L, - G B

- o m m..n . ! v i - w0 m..unm |- i ﬂ.mﬁlln e e . " 2
B g Tt 1O ] O 8 ot

e -0~ (I “a 0o o vy o . - g N

[ QG a .- - iy o Js SN | R P -

H- £ [ o IR i g AT g AW 1 H -

I col nwlt R E @ L eterd gt 3!

. ,-a..m.m._"""”. £ 15g .m.u.. mm . ; o
TiE, . S8 5 TR L _O R Ao 2

TR AR P : 3 :
m ! .h,_. ’ . ..ﬂ.im...m....lw. N - . i .,ﬂTu_

3 . s.n..q.u ) " a0
* — + T.\. o R - W“.l- _
( Lo
. od
& -
(L]
: e
3 e 5 .
R S a i -
Z -,
[o] i t s
- 0 ..
o ®ooa
13 S M -
oM -
B ZE
_ ge
P, —— =u -
) s Kl
. o o H T -
PR JUSRUINRE * § <
TR [ u ,
F o [ = .
Lt N N 1.
e PP 4
o ag | . .
. - Em |
: & 1.
. : 48 | |
[ e et e n : . .
4 - - - Mm Mt l” l
e i~
om.i - .

: SsER .
g : i T < e e

: ' N e . . m . - .
- ‘ I : N . .. ...T.m.r:. s e P S 8.0

O N Hemrm v mam s T o ved - oS - - P

Wintec Division, Brunswnck Corparation, 5223 W. lmperial Highway, Los Angeles, CA 80045 USA 213+641+4300 _w@
. . N . p



QOCE+ L YQ+ELZ VSN G006 WD 'sajebuy 507 ‘Aemybiy (enadw) M EZZG UORRIOHI0) ¥IIMEuUng *HOISIANG JBTUIM

D3

* LI L LR L ] L I ] ‘. (L3 ]
—— i —— - - e it It e e T - - A
i
o i
4 WW%WWW i % e
/ﬂ‘ i ¢ "ri.'n-"'-llr.’i%'r '}/Jf:ﬁ'a'Wm s M.’A{J#f i Ij’ U/ jlfﬂ _,-'ﬁﬂ‘ , i J’!’ /f?/ '/ a,l"{l! clt %
' .l' ; Fipeeyipin m,:m-nmu -.n- (WP T T 'f,"'f il B o .,.}4-2” /ﬂ, _,,:.,,,#‘ '
: g, 4 : ¥ , i L TS b f"’." .o
! /’,;'f, '.' ' e "”“t’f'm’ e ..’Zt-d}} s g e "f“*z”‘ ,“' : 7 ' .:{,‘ .‘ “"':'l,‘ 4 “afon 1 e l-u» Gt “L“‘Qn-l-"ﬂ- o f {
j,,. . it i ] “_h w'.'..,lﬂ; K . o A eeTs
:" é . b ”??’ff'tr "”"’ b £ ','; T ST '
b1 PP A T ,,,f, LA A T
e o ¢ m' / v y/ D IRV 1o
, 4 . f ; AT
it ' i":" 7";'!3' r}"‘ ”’ 'f"r" ’!fr At " v é i
ﬂ: 4 s b // i}V W.' i T *ﬂ"’" Hrah Litwoon )
e ey / i ”ﬁé%”?/ 77},. i ’gyz‘! gy 1
st » "" 3 o i ," ,"/ i t‘ i '.;,p";'r,.-' v "d oy
.‘ mﬁmﬁ émm dubirid 1 TR T ¢ H'z‘ﬁ%ﬂﬂ"""?”' il / iy f’ f M} e ,
L Ll AR : i % iy A .
e it e T e e ;
I < - L . B iy k oy y ,,flr' e H"”/l, " 1 1
i \ . - i A i ,/ i “’M’*’:’f'ﬁ i A 1 TR !
‘j' ?g ':,,;: - ﬂ;fl;‘:mmlu.mu - / / 'ﬁ,ﬁ', {" /lr,',,f:/f'»#w.w gra i !n ;.'rfnfhwhr,--a.w t,.,,vf.,.,,."' 'L"ff ” " E
# :{1 ,nl'# . = . .; ]t;'jf;:{, i .'f, ;"",,,‘ ! l~' 1-.“- / g ay i
b LG P i,, i -', [T 2N y
_,J;“;f uﬁ{r“a“f ’ﬁ:"}r"éﬁ"-!l-* A /rJ /@;M/{ // ity “"‘( "’“ﬁ A‘, s n: -Hm,:-‘,»:f_:.. J;J-inm:-mull.rm 'T_ g
AL T .-w :, TR U U R o ‘
l/ﬂ RETUIN M /’I i RS A VT e A :
pur } ’ / J i * L ) 4.?;'[ T TR TN O A N
AT e, L vf L j e L e
i " iAo T L
:”, ",j;:'{,:, 4.: o %/,,,f "/ / g{ A i /
AR A R 'n.-'m U a'J; el ,
i
- .
- - - - brmm - !

a) Channel #II ' b} Channel #I11

Initial Press. 0 PSIG . Initial Press. 6000 PSIG
Charge Amplifier:- Charge Amplifier:-

Full Scale 1000 : Full Scale 30

Output Gain 4.0 : "Output Gain 5.0
Oscilloscope:- . . Oscilloscope:~

Horiz. 0.2 secs/division ‘ Horiz. 0.1 secs/division
_Vert. 5 volts/division - Vert. 5 volts/division

FIGURE 3
OSCILLOSCOPE TRACES OF PRESSURE SPIKES
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Initial Pressure: -
6455 PSIG

Charge Amplifier: -
Full Scale 100
Qutput Gain 0
Sensitivity 6.54

Oscilloscope: -
10 mv/cm Pressure
.2 secs./cm Time

-
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4-6 DATA REDUCTION

A problem was-encountered in the data reduction process.
This problem related to the obtaining of the amplification
factor for the pressure spike. The problem was discussed
in depth the NASA WSTF data reduction and test personnel.
An analog simulation was performed which reproduced the
5 pressure spike confiition from the SOP tests. The most
plausible expﬂanatéon of the unexpectedly low spikes was
that the charge amplifier was saturated.

This was verified by altering the sensitivity settings
on the charge amp1%fier for the OPS. Satisfactory readings
: were obtained and zhis permitted calibration of the SOP data.
Data reduction was completed for the OPS and the results

are presented in Table IV.

Wintec Division, Brunswick Corporation, 5223 W, Impenal Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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OPS TRANSIENT PRESSURE TESTS DATA SUMMARY

TABLE 1V

53 Hst

LRI L ] L}

wo¥ el

INLET PRES-| FULL SCALE|SENSITI- | RANGE 0SCILLO- TIME SPIKE | SPIKE | SPIKE REF:
SURE(PSIG) |(CHARGE AMPY| VITY | MULTIPLE |GRAPH  {INITIAL |FULL  [pSIG INLET | 6000 PSIG
. SPIKE 70% | SCALE INLET(PSIG)
6,000 1100 6.54 60 14.2 20 - | 1200 8,529 | 1.42 8,520
6,455 100 6.54 60 16.7 20 120 [10,020 | 1.55 9,300
5,450 100 5.45 50 17.8 20 120 | 8,900 | 1.63 9,780
6,850 300 4.36 40 10.0 25 150 [12,000 | 1.75 10,500
6,450 300 | 3.27 30 13.0 25 140 {11,700 | 1.81 10,860..
6,250 300 2.18 20 18.0 25 125 (10,800 | 1.72 10,320
5,950 1000 1.09 10 10.0 25 125 {10,000 | 1.68 10,080
5,400 100 9.81 90 10.5 | 25 125 {9,450 | 1.75 10,500
>
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SECTION 5
CONCEPT EVALUATION

5-1 CONCEPT STUDY

The current SOP valve design was studied with particular

attention paid to the present filter location. While the

eventual selected filter design may be used in a variety

of system Tocations, the demonstrated application will be

in this particular valve, hence, the design will be initially

tailored to fit this envelope.

Candidate filter media were Tisted for rev{ew and

evaluation. The four primary filter media considered are

described in the following paragraphs.

i)

Dynalloy

This sintered, metailic fiber material is a proprietary
product of the Brunswick Corporation and is available in
several grades of stainless steel and many of the super-
alloys to suit the particular application. Fiber sizes
range down to 4 microns in diameter and the material is
fabricated in sheet form. The sintered structure is a
randomly oriented web of the fibers and has high strength
even at low densities. Its significant sheet thickness
relative to viber diameter gives Dynalloy excellent
contamination tolerance characteristics.

Wire Cloth ‘ -

The wire cloth used in the manufacture of filter elements
is of a type known as "Dutch Weave" and is distinguished

from the more common square mesh weaves by -greater

Wintec Division, Brunswick Corporauon, 5223 W, Impenat Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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. strength and tighter triangular shaped pores. Plain

Dutch Single Weave and Reverse Dutch Single Weave and
Twilled Dutch Single Weave have pores which allow direct
light transmission at almost a 90° angle and thus are

not capable of removing fibers to the extent of the

Twilled Dutéh Double Weave Material which has the %o110wing

characteristicss

a) Twice as many shute wires of the same diameter per

Tinear 1inch.
b} A warped or;bent triangular pore conf}guration which
allows 0n1yfdiffused light transmission at approximate-
1y 30° angies from the surface and which creates a
tortuous f]oq passage through the cloth.
c) A so called "tight" weave which by means of compres-
sion of the shute wires prevents lateral movement
or shifting of the wires in relation to one another.
For these reasons and also because it has the finest
filtration rating of all the Dutch Weave cloths, Twilled
Dutch Double Weave material will be one of the conceptual
study candidates.
Sintered, Laminated Mesh
This material is a composite sandwich of several layers
of stainless steel wire c]Pth. The layers are rolled or
"calendared" to a required thickness and porosity and
the composite is then sintered tc bond the layers together.
The material iszery strong and its filtration character-
istics can be "tailored" to a system requirement by varia-

tions in the types and porosities of wire cloth used in

Wintec Division, Brunswick Corparation, 5223 W. Imperial Highway, Los Angeles, CA 80045 USA 213+641+4300 @@
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the combination., It is recognized that the éintering
operation required to manufacture this type of medium
is in violation of the requirements- of SE~-F-0044 as
applied to wire mesh.
Collimated Hole Structures {CHS)
This unique material is a proprietary product of the
Brunswick Coﬁporition. It consists of a stainless steel
disc containing é mulititude of smatll ﬁoles. The holes
are of equal are% to a high degree of precision and are
exactly parallel*{collimated) and perpendicular to the
disc surface; As many as 500,000 holes can be placed in
a 5/8 inch dfameéer disc with each hole having a diameter
of 4 to 6 microns. The discs have a high strength and are
very precise in their filtration rating. Since the
pores or "holes" are of the "straight through" variety,
contamination is not trapped in pores but rather builds
up as a "cake" on the surface of the disc. Cleaning of
a disc to original condition is thus a very simple
process.
CHS has a very high mechanical strength which gives
excellent shock resistance and eliminates the need for
structural support in this application. Open area is in
thg range of 50 to 65%, giving minimum pressure drop under
a2 given set of fiow conditions. In its regular form,
CHS has a solid oguter, annular ring which readily
facilitates installation and sealing. Use of CHS in this

type of filter appiication will probably require the in-

Wintec Division, Brunswick Corporation, 5223 W. Impenal Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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corporation of a laver of wire cloth or Dynalloy to give
the required absolute ratfng for any dimension of particle.

.The review process was initiated and preiiminary designh
sketches of the various concepts were made.

The results of the analysis are preséﬁted in Table V.
Four concepts are compared based on 2 seriés of parameters
taken from the NASA suggested guide]ines: “ These parameters
are weighted as shown for relative importance. Each
concept is éssigned a graded index for its“perforﬁance
retative to each parameter. While the table is the final
guide,an explanation of tﬁe parameters and their weights
are given in the following paragraphs.

a) Protection of Sgnsitive Component Areas -
This area covers the ability of the filter to protect
the internal parts of a component from the type of
contamination to which it may be sensitive. The normally
sensitive areas in a component are the poppet and seat
combination, orifices and sliding surfaces. The conta-
minant condition may be fibers which tend to lay across
a seat area, coarse particulate which can cause erosion
or block orifices, or fine particulate which causes
silting or “damming” in flow passages and friction
and galling between mating surfaces.
On weight scale of 1-5, this characteristic was assigned
the maximum importance of 5.

b) Integration of Filter Into Component Passages
This factor is concerned with the ease of adaptation

of a filter concept into the flow passages of a typical

Wintec Division, Brunswick Corporation, 5223 W, Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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HPOF CONCEPT STUDY MATRIX

MINOR COMPARATIVE PARAMETERS

M Char::::tl;zzlc ) chti:it:ﬁ:m T cmtﬁ::‘i‘g—f{ﬁﬁ" ] OLLIBATED YOLF SYRUCTURE (6511 COPLAATION DYUALLDY 8 O .
r - .
ete ) ¢ ptt u'a"“ter{-"”c_ t__| Characteristic ity -
Compatibitity with 100£ Totatly compatible, 1 Total compatible, 1 Totally compatible. 5 1 Totalt
Oxygen at 6000 to 106,000 PSI  (Welded 411 stainless Helded all stalnless Welded atl stainiess Heldedyaﬁmﬂﬂmgéz ! ag:zgyaﬁmp:t:b}a. .k
construction. construction, construction, construction. construct[o: plniess '
Teeperature Environment, Totally Compatible 1 | Totally Compatible 1| Totally Compatible 1571 1 1 yors 11y conpat nle, i1 | Totally tompatible 5 11
Storage, Transportation and , .
Doerating. . . :
Static Pressure Environment | Totally compatibie. 1 | Totally Compatible, 1 Totally compatible. ;& |1 | Totally Comnatible 1 Totally Commatible 5 |1 v
'
{pact Shock 19.5 g $&w tooth | Totally Compatible, 1 | Totally Compatible. 1 Totally Compatible. 511 Tetally Compatible \ ¥
T e p 1 Totally Compatfble ] 1
Ran¢am vibratien 20 to 2090 Ilz; Totally Compatible. 1 Totally Compatible. 1 Totally Compatible, 511 Totally Compatible 5 i 1 Totally Compattble ‘|5 * 1 1
2 hrs curation . : ) | . H
H H ' .
* 1
Proof Pressure 12,000 P51 Rill not fail, how- . 2 { beformation to match 2 Totally Compatible, | 5 12  Totally Compatible §11 Total l
5 min. w ever soue deformation holes in perforated e L L P PR, & i ota !y Compatible |5 11
to match back up screbn . is possible, If .
and hales in perforas| ptedting req'd, pleatd )
ted plate 15 possible will collapse ' v s X .
— 3
Burst Pressure 16,000 PSI sgme comment as 2 nge comments as 2 Totally Compatible. 5, 2 | Totally Compatidle 52 Totally Compatible |5 | 2 ‘
above above
T .
Fastenin Helded or mechanical H Welded or mechanfcal 2 Helded Into valve 412 Hilded or mechanicat | 5 ! !
9 Tock internal to lo¢k internal to tck internal to 2 ?ﬁ:ﬁe?nf',',.m"::'“‘ 152 v
vaive valve valve valve i
- i
Height 0014 1ths. éaleu- 2 L0018 1bs. caleu- 2 L0021 Tbs, calowlated t 1) 2 001 1bs calculsted i . y H
9 L ede §i2 092 Tos. calcylated |2 ] 2 .
‘h . . '
Relfability Good, some potential 3 | Good for flat design 3 | Excellent, reference | 2| 3| Ecxellent structur- | 4 ) 3 fioad, sore minor 14fe 3
: 1ife limitation Poor for pleated to structural capa- uralty and for poteon-| t ® 3 1
version. ’ city. Potentfal 1ife tlat jlfife. poten imi tatton : !
" Timitation. . ' . | ,
. Haintenance fenova! and replace- 2 Removal and replace- 2 femoval and replace~ 512 | Remsval and replace- . *
. rent §s simple. ment §s simple. ment is simple, mert 1s simp]e? e Ak ::::vﬂ :‘;g,‘{‘j"““' il 1
13
. Deelopzent Pisk fiace o2} hone 2} tone stz men.  Lsd2_{ vone Cdsls]
Envelope Hae doslan will 2 Msg desian will 2 Bise desinn will 5[ 2} fise darign will A 2 Dlse tests H
adapt easily to adadt easily adapt easily to adspt easily to adant :;s#'l\y':;‘valvc 2 i
. valve passages and to valve passages and valve pessages and valve passages and passages and ports !
ports, Ko minimum ports.  Diameter ports, HNo minimum ports.  Hinfmum Mnirum dianater ;
diameter 1imitation, Hmitation with pleats. diameter Vimitation. dfameter 0,150" 8.150%,
Cost - Filter System (1 plece) $50.00 2 480,00 Flat, 4 $500.00 1] 2] $150.00(4 unit plate)f3 | 2 $250.99 212
$169.00 pleated . (48]
<O
Coit = Installstion $95.00 3 $95.00 Flat, 3 $75.00 51 31 $75.00 513 $75.00 A EN e
{1n valve passage) $11%.00 Pleated J . }
\ ) ! f . . t .'
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\ Collimated Hole '
. . Dynalloy - we Mire Mash ual.~ laminated Mesh ___ e Structure [Ci5) Conbination Dynalloy B CHS
ITw T
Parameter Characteristic | -.,-J-n. Characteristia.. .. . ...} .0 |ty . Characteristic —m .. | 4kt —LCharacteristis. n Characteristic not
—— r '| e mm —
Protection of Sensitiva Pratection Down Pratection to 10 Micron GBR Protection to 5 Micron Protection to 3-7 micron Protection Down to J-4
Component Areas to 3-4 Micron GOR. protects against sbrasien. | 2 (6 68R, Protects against ;a 5 GOR, Protects against i micron GBR. Protects
protects against silting s11ting and abrasion. . abrasion. against silting and
and abrasion. abrasion.
Integration of Fiiter into Yelded in place, weld Welded in place, weld Welded in place or weldl Welded in place or to Welded in place, weld’
companent passages to fitting or mechanical to fitting or mechanical 5 4 [ to fitting, ‘lechanical 3 (4 | fitting or mechanical 5 to fitting or mechani= ¢ 51 4
lock and seal in place. lock and seal in place. Lock not possible owing lack and seal in place. cal lock and seal in
to lateral flaw poten- place. .
tial.
fl
Fatl Safe Design Desdgned to withstand Designed to withstand high WiT1 withstand shock Will withstand shock fesign to withstand )
high pressure shock. press, shock. Supported 2 5| without deformation, 5| 5 | without deformation, 5 high pressure shock. 515
Supported by screen by back up screen and Homogenous construction Homegenous construction. bynalloy supported by
and perforated plate, perforated plate. Blow - - Py . @ CHS on both sides {f
1Blow through potentlal through potential only to . necassary,
only to dia. of perfora- dia of perforation., If .
tion, 9 nlcating req'd. pleats
" may collapse. N :
]
1}
Filtration Rating I3-4 Micron 687, Particle 10 Micron GBR, I ls Micron GBR. Pores : 6 Micron AR current 3 Hicron GBR potential)
lestrusion limited by Particle extrusion is 2: 5 |not necessardly uniform.{ 2, § CHS 3 micron GAN in 2 Addition of Dymalloy 518§
Identh characteristics of feasible. Dependant on materfal i viork. Particle extrusion gives depth filtration] -
‘Dynakloy. : flow during callendering i is possible. capability, |
j ) ;
t L] r . 1
{leanliness to Level 25, Some ¢ifficulty due to ! Original cleaning not Cleaning difficult due H Capacity for cleaning H Some dffficulty due to.
Table 1, J5C-5H-C-005 depth characteristic. 2 difficutt. Recteaning .3 1 4 jto laminated design withf 1° 4 and recleaning excellenti’ denth characteristic 2 4
. of medta and layered after service may be comprossed layer at ! of media and layered T i
naturz of design, difficult dee to layersd outer surface, ! nature of design. Lo
Difficult to retlean . nature of design. H ' Difficult to reclean
after service. . ; | | | after service. 1
: ’ ] : ) i
" . i 1 H
Life - 100 Cycles or § years Ebility to take out flne 10 Wicran G8R will permit ] Limited no. of orifices; High open area reduces Staged fittration will,
{silting) contaminants |3 extended 11fe. 100 cycles & i 4 | per square inch reduce |1 4 | impingement vetocity 5 incresse potential Tife.5 §
will shorten hafe, should be allowable. Hfe, 190 cycles might, hence bridging rather 103 cycles life is f
denending on contaminant ' be feasible denending ! than plugging of orifi- assured. '
Toading, 100 cytles may ! on contamination re- ' ces. 100 eyclas is ] }
Pe satisfactary. ! quirements. : satisfactory. Voot
‘ g z i ' ; '
| Useful Life hssume 109 cycles prior 100-150 cycles prior to i 80-100 cycles prier to 10%-200 cycles prior to 100-150 eycles prior i I
. +to maintenance. Diffi= maintenance, Minor diffi-| 4 ., 3 | maintenance, Difficuld 1l 3 {maintenance. Life limit< § to l:»aiﬂt&‘ﬂiﬂce- t2313
culty 4n racleaning to culties in recleaning : ty in recleaning will ed only by number of Difficulty in pes  * 4
restore ariginal condition will Vimit life to 500-600f ! Timit life to 100-200 [ tines of possible {ns- cleaning to restare !
limits to 250 cycles cycles approx. . cycles. ! tallation. 1000-2009 origina] candition

pprox.

TABLE V

HPOF CONCEPT STUDY MATRIX
MAJOR COMPARATIVE PARAMETERS
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1

cycles possible,

limits life_to 300-4
cycles apprd?!m%]y.
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valve. It is desirable not to use seals in this instal-
lation and to have the unit welded or mechanically locked
in p]ace.‘ The most optimum instailation will be an alil-
ﬁe]ded design with use of a burn down flange technigue
to permit removal and replacement after cleaning.
_Since TIG welding will be the preferred installation
technique, access to the proposed filter location in
the valve will be a consideration.
On a weight scale of 1-5, this factor was given a higﬁ
rating -of 4 in view of the overhaul and useful 1ife
requirements.
c) Fail Safe Design
Anatysis of thé disc type filter designs used in valves
and regulators indicates that the predominant failure
"made 1s a bulging of the filter media culminating in
a "blow-through" type hole. This.is caused by excessive
pressure drop due to contaminant build up or by a pressure
differential shock wave from rapid actuation of the
shut-off valve. This particular facet of the filter
design was the prime motivation for the HPOF program in
view o% some noted failures in an SOP evaluation test
program. This factor was accorded the maximum weight of b5,
d) Filtration Rating | /
This charac;eristic is closely ré]ated to the initial
consideration of protection of sensitive component areas.
The stated performance requiremeﬁts are 10 microns absolute
(i.e. largest particle dimension) with a .goal of 3 microns

absolute. This latter figure can only be approached

Wintec Division, Brunswick Corporation, 5223 W. Imperial Kighway, Los Angeles, CA S0045 USA 213+64144300 @
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by a depth type media with a glass bead rating close
to 3 microns. Open pore type medias cannot give this
degree of control for the Targest dimension, particulariy
in the case of fibers.
This parameter was also given a weight of %5 on the
selected scalex
Cleanliness
The required cleanliness is to Level 25, Table I of
JSC-SN-C-005 sﬁecification. Clieaning to this level is
nat a difficult process, howeQer, the effectiveness is
re1ate& to the:type of media and the nature of the
design. C]eanipg of depth media is inherently more
difficult than the barrier type media since the pores
of the media are not readily exposed to external action
of ' the cleafting_solvents.
The standard Wintec cleaning techniques invoive the
cleaning of the media and mating hardware at each stage
of fabrication and assembly. In addition, all of these
processes are performed in a class 10,000 ciean room
which eliminates the bulk of all contaminants normally
inherent to the manufacturing process.
Cleanliness is important to the filter and to the compo-
nent which it is insta11éd in that it sheuld not add
contamination to the system during use. It has been
given a rating of 4 on our wqight‘scale.
Life

The stated requirement in this area is 100 cycles or

Wintec Division, Brunswick Corporation, 5223 W, Imperial Highway, Los Anceles, CA 90045 USA 213464144300 B@

RS,




g)

L

33
5 years. Inasmuch as none of the concept designs are
time sensitive, the 1ife is totally dependent upon the
number of cycles ot which the filter is exposed. Various
characteristics of the media control the effective 1ife.
Depth media will have a better overall efficiency over
a broad particle size range, hence their Tife will be
more Timited than a woven mesh which has a very discreet
pore size (i.e., Glass Bead Rating) but allows the bulk
of the finer particles to pass through the medija. Staged
filtration wherein the Targe particles are removed by the
initial layer and fines by the second stage will have the
tongest initial Tife.
Initial Tife in the system is important for an astronaut
oxygen system aﬁd it has been assigned a weight factor
of 4.
Useful Life
This characteristic is defined as the maximum possible
1ife which is obtainable from a filter. This is
dependent upon two factors, either one of which may be
the controlling factor in a particular system. One is
the mechanical aspect of the number of times the
filter can be removed from the system and re-installed.
The other item is the capability of the unit to be
re-cleaned to a high percentage of its original condition.
Since the initial life is judged to be more important
than the reusability potential, this has been assigned

a weight of 3 on the scale.

Wintec Division, Brunswick Corporatian, 5223 W. impenal Highway, Los Angeles, CA 90045 USA 213+641+4300 @
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The results of the concept study were reviewed with the

Contractor Monitori Several changes were made in the index
and weight ratings. With these changes the results of the
study were completed. Based on the results of this study,
two concepts were approved for_consideration in the concept
optimization phase ,and for preliminary design effort. These
are: _ )

- a) - Dynalloy

: b) ~ Combination Dynalloy/CHS
CONCEPT OPTIMIZATION "

This portion of the study resulted in a detailed Systeﬁ
Problem Statement.which is contained in Apﬁendix D. This
problem statement outlines all of the performance require-

ments and environmental effects for the HPOF.

Wintec Dwvision, Brunswick Corporation, 5223 W. Impenal Highway, Los Angeles, CA 90045 USA 213+641+4300 @@
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SECTION 6
DESIGN PHASE ‘ :
6-1 PRELIMINARY DESIGN

Preliminary design drawings were made for the CHS/Dynalloy
combinatioﬁ unit. The drawings were reviewed and approved
by the Technical Monitor for creation of the Final Design.
2 The design of the CHS/Dynalloy combination is shown in Figure
10. The Wintec.part number {s 101-1258.
6-2 FINAL DESIGN '

The detail design of the basic HPOF unit was prepared.
The CHS/Dynalloy unit P/N 101-1258 (Ref, Figure 10} 1is

EB Welded into a sleeve to facilitate a wide variety of

[TaIR}

mounting and installation possibilities. The Wintec part
number for this final assembly is 9-812. Final assembly
drawings for the test tooling and fixtures and the manu-
facturing tooling were also prepared. During a review
visit to JSC White Sands Test Facility, it was agreed that
Wintec could both design and fabricate test fixtures for the
White Sands Certification Tests in addition to the fTixtures
and tooling required by Wintec. This enabled schedule

' requirements to be met. _

The Acceptance Test Plan and the Certification Test Plan
were completed and are contained in one combined document.
A copy of this document, Wintec onlan number TP 258, is
included as_Appendix E to this report.

The materials listing is indicated on each of the

appropriate drawings. The biTl of material anq production

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angstes, CA 90045 USA 213+641+4300 E))@
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planning documentation was also prepared.

Much Tater in the program, following the faiﬁu}e of HPOF
S/N 3 under impact testing at NASA WSTF., and urgent redesign
program was undertaken on the structural sieeve which houses
the filter assembly. The failure consisted of the CHS filter
disc being expelled from the sleeve with the failure taking
place in the eTlectron beam welded section

A decision was to abandon electon beam welding as the
final assembly process. The available solid section at
the outside surface of .the CHS unit is apparéntly too thin
to permit adequaﬁe weld'penetratioh. |

An epc1osure type fitting was designed which used TIG
welding as the final process. This design was released
for the manufacture of six test units. Tooling for acceptance
testing was redesigned to accomodate the increased HPOF
diameter. A plug was designed for the proof loading fixture
ti ensure that the load is applied entirely to the CHS filter
surface and hence to the weld and the retention lip of the
structural sleeve. The redesigned HPOF assemb1& is shown

in Figure 11.

6-3 FINAL DESIGN, FABRICATION AND TEST PLAN PRESENTATION

The complete design package was reviewed with NASA JSC

Houston personnel to finalize the approval for fabrication

" 'of the HPOF samples for Certification Test. The proposed

installation for demonstration purposes in the Airesearch
Skylab SOP shutoff valve was also discussed.
The presentation to NASA included a complete briefing

of the program from its inception. The fabrication processes,

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Las Angeles, CA S0045 USA 213+641+4300 B@
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materials and test plans were reviewed and approved.

TEST TOOLING AND FIXTURE DESIGN

Design of tooling and fixtures for flow-pressure drop,

vibration, bubble point and welding were prepared, reviewed

. by NASA personnel and approved. Designs of the various tools

and fixtures are shown in Figures 12 through 15.

£

P B 3

PI
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SECTION 7
FABRICATION PHASE

7«1 FABRICATION OF TEST FILTERS

An order was released to Brunswick in Skokie, I1linois
for manufacture -of the required quantity of CHS units. These
parts were drawn to -size but during the leaching process,
the bridge work between the holes (approximately 1 micron
thick) was attacked by the acid. Metallurgical examination
showed this to be due to sensitization of the matrix during
an imperfect annea]%ng process. -

A second CHS bar -was drawn to size, cut into 1/8" thick
slices and leached %or 88 hours 1in nitric acid. The CHS
were leached comp1e£e1y through by this process, however,
later inconsistencies in flow-pressure drop data confirmed
the belief that varying amounts of core material remained
in the CHS capillaries.

A1l of the CHS slices Qere bubble pointed, selected in
pairs and TIG welded into a sandwich using 3 micron Dynalloy
and two 80 mesh "Tlow disfribution“ layers. The outside
was lightly "“dry" machined to create the filter part no.
101-1258, Following cleaning, this unit was pressed into
a sleeve and electron beam welded to create the final filter -
assembly, part no. 9-812. The first four of these units had
an electron bead penetration of .008 to .010". This penetra-
tion later proved to be insufficient since one of the units
"hlew out" of its sleeve during proof test.

Microscopic examination of the surface of the CHS showed

Wintec Division, Brunswick Corporation, 5223 W, Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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surface attack by the leaching acid, however this condition
was at the surface only and would not inhibit the filtration
characteristics of the CHS. This surface attack did permit
the surface material of the hole "Tattice” to fold over
during the Acceptance Proof Test. This was Fonfirmed by
a series of increasing magnification photographs taken on the
back-scatter electron microprobe at NASA WSTF. The key
photographs are shown 1in Figures 16 and 17.

Following the proof test failure, four HPOF unis were
assembled using a déeper efectron beam weld ﬁenetration.
.This change proved io be unsatisfactory since the additional
shrinkage due to the increased weld depth cfacked the surface
of the collimated hole structure.

The proposed solution to the problem was to machine a
burn-down flange on the inside of the holding sleeve. This
permitted the shrinkage forces to act on thin burn-down
Tip instead of the body of the CHS element. Existing sleeves
were reworked and six new units were manufactured.

Upon examination of the first two units it was found that
the eleciron beam weld penetration was insufficient. This
was an error on the part of the electron beam welder. The
balance of four units were re-wg1ded and weld penetraticn
was satisfactory at. .025 min. /

Anﬂaddition bar of CHS material was drawn down for cutting
into filter slices. These slices were Mpressure-pulse”
leached at the Brunswick Sherwood "Monoject" division in

Connecticut. This particular leaching process is used

Wintec Division, Brunswick Corporation, 5223 W, Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
RURESWCK,




e

f
sty ogwd KT oy

Taftn

et

7-2

42

for rapid removal of core material from hypodermic needles.
The acid used in this process is more concentrated than that
used in static leaching but the exposure time will be sig-
nificantly less. . It was anticipated that this would relieve
the surface etching problem.

A set of six units were manufactured using the pulse Teached
CHS siices. The electron beam welding on thése unjt§ was
marginal. Some surface cracks in the CHS matrix were visible.
The holding sleeves were modified to have a much thinner
burn-down flange (.010). Three of-these units were submitted
to the test department for review. Slight surface cracks
were still evidenti

At this stage'of %he program, HPOF Serial No. 3 was expelled
from its sleeve during thecyclic impact test program at NASA
WST%° This failure prompted a major redesign sequence in
in the program, as described in Section 6.

Four filters of this new design configuration were _
manufactured without difficulty. Welding 6f the new design
was all TIG and since the CHS portion of the filter was not
involved in the welding, there was no problem of shrinkage
cracks or occlusion of the CHS. The only unusual manufacturing

requirement was a higher-than-normal Argon purge pressure
‘requirement owing to the inherent high pressure drop of the
CHS under flow conditions.

FABRICATION OF TEST TOOLING

A1l of the test tooling was fabricated and either held at
Wintec or shipped to NASA White Sands for use in the Certi-

Wintec Division, Brunswick Corporation, 5223 W, Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 [B@
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fication Test Sequence. The -quantity, pért no. , and-des;
cription of test tooling is shown in Table VI. In addition
to this list, an extra Bubble Point Test Fixture was manu-
factured for use at Wintec.’

Problems with galled test fixtures occurred at NASA WSTF.
The bubble test fixture was one of the galled units. It
was forced apart and lack of iubrication was déscovereq at
the apparent problem. This unit was‘modffiéd by NASA to be
a bolted design, thus eliminating the need for threads. |

A galled flow fixture was returned to Wintec. After
separation a 1arge? thread size was machined.into the body
and a new mating f{tting was manufactured, A baked on
lubricant, "Dicronité", was added to the threads and the
unit was returned to NASA WSTF undér the part number 4-2503-20
to'distinéuish this fixture from the standard 472503 in

existence with smaller threads.

Wintee Division, Brunswick Corporation, 6223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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TABLE VI
TOOLS AND FIXTURES

Description Fart Nﬁ.
Flow & Proof 4-2503
Vibration ) 4-2500
Flow & Proof : 4-2498
Bubble Point (9-812) 4-2499

Bubble Point (101-1258)  4-2504
EB Weld Holder 4-2501-1
EB Weld Holder : 4-2501-2

Rt R b g
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" Location

White Sands
Nhife Sands
Wintec
White Sands
White Sands
Wintec

Wintec

Wintec Dwvision, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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FIGURE 1Z

FLOW & PROOF
P/N 4-24398
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FIGURE- 13
VIBRATION
P/N 4-2500

&

N
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BUBBLE POINT
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P/N 4-2499
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SECTION 8 .
TEST PHASE gﬁfgga Pagy s
R Quy
LIty

8-1 ACCEPTANCE TEST PROCEDURE

A comprehensive procedure was written for the Acceptance
Test phase of the program. This procedure was approved and
released as Wintec document no. TP 259. Several revisions
were required duriﬁg the design and test phages of the
program to accoéodgte the changes in design as a result of
thé test findings. - This procedure differs from normal filter
test procedures owing to the unusual bubble point and flow
Itest methods occasioned by the use of the QHS discs as a
part of the sandwich design. TP 259 is inciuded as Appendix F.

8-2 Acceptance Tests

Bubble point tests were run on all of the CHS slices as a
part of receivfng inspection. These tests indicated the
surface corrosion and random incomplete Teaching of the
CHS slices of the initial group.

The first group were not usable,-and, following changes
in the leaching process, an additional group of CHS slices
were processed by Brunswick. These had been pulse-leached
in the Brunswick Sherwood facility in Connecticut.

Bubble point tests were run on this latter group of fifty-
two {52) pulsed leached CHS siices. The discs were numbered
and the recordéd data is shown in Table VII.

Following welding into final configuration the filters,
part number 9-812, were subjected to additional bubble point

and flow-pressure drop tests. Bubble point results are

Wintec-Division, Brunswick Corporation, 5223 W, Imparial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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shown in Table VIII with flow-pressure drop results in

. Table IX. A plot of typical flow-pressure drop data for a

single unit is -shown in Figure 18.

The pressure drop results were inconsistent and high.
These data were given to NASA WSTF who transmitted the data
to NASA JSC Houston. ‘"Tentative approval was given to the
magnitude of the pressure drOp: A Failure Analysis Report
was written for the .high Tlow pressure drop condition,

This was published‘és Wintec Report TR 359 and s included
as Appendix G to this report:

This report discussed the high clean flow-differential pres-

“sure ( AP) experienced with HPOF's S/N's 002, 005 and 006,

Due to flow Timitations of the HPOF it was necessary to

increase the inlet pressure from 3.52 Kg per sq. cm. (35.3

psig) to 29.2 Kg per sq. cm. (400 psig). The Acceptance Test
Procedure TP 259 was revised to permit testing at the new
increased inlet pressure.

In addition, a single unit failed on the proof test., A
Failure Analysis Report (TR 355) was writtén for this condi-
tion also. The method of application of proof load was by
means of a thin foil on the surface of the unit. It was
felt that the use of the thin foil has caused the surface
to lattice to “"fold over". A cﬁange to a different thickness
and style of pressure restraid% for the proof tests was
successful in eliminating this prob]em:

Following the design change to incorporate a burn-down

flange in the retaining sleeve, four units of the revised

design were subjected to Acceptance Testing. Bubble Point

Wintec Dwision, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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51
results for these units are shown in Table X and Flow-Pres-
sure drop results are 1in Tab]g XI,

The NASA Test Directivé (TD121-025) was revised to reflect
changes in test sequence and revised test system schematic.
System pressures were also changed to compensate for increased
pressure drops at rated flow.

Following the impact cycle failure referred to in Section 6
of‘this report, a major design change was occasioned to the
filter retaining sTgevé. '

Three HPOF assemblies of the revised configuration were

'subjected to acceptance test requirements and subsequentiy

shipped to NASA WSTF for testing under dynamic conditions.
The parts of the ré&jsed configuration are joined together
by fusion (TIG) welding of the two outer rings to each other
at the axial center of the filter assembly. Serial numbers
of the initial units of this configuration were 022, 023 and
024.

Following successful cyclic impact testing by NASA of this
design, five additional HPOF assemblies were subjected to
acceptance tests at Wintec and shipped to NASA WSTF. The
units were shipped in two separate lots. Lot #1 consisted
of S/N's 021 and 025. Lot #2 consisted of S/N's 027, 028 and

029. !
/

8-3 CERTIFICATION TEST PROCEDURE

Early in the preparation phase of this document, it became
obvious that the procedure could not be prepared without a

significant amount of NASA WSTF participation and advice.

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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Since ali of the certification testing was to be performed
at WSTF, the available equipment and NASA test methods and
philosophy dictated the content of the. Wintec procedure.'
Publication of this procedure was delayed until the NASA
Test Directive TD~121-025 wés published. Wintec supplied
information and assisted in the preparation of this document
which i1s included in this report as Appendix H. Following
this publication, the Wintec Certification Test Procedure
TP 260 was issued and submitted to NASA for approval. The

procedure was basically petterned‘after the NASA test

" directive but all of the system operation details were

8-4

eliminated. A cobg of the approved Certification Test
Procedure is included as Appendix I fo this report.

DESIGN CERTIFICATION TEST

Test system build up was performed at NASA JSC White
Sands Test Facility unde} the direction of Fred Sabottka
of Lockheed Electronics, the Site Support Contractor at
White Sands. Proof test.for his facility was completed in
March 1976 and verified the operational capability of the
system.

The charge amplifiers Toaned to Wintec by NASA WSTF
for the Transient Pressure tests on the SOP and OPé systems

were returned fo White Sands for use in the Certification

Test Program. The Kistler Transducers and associated mounting

hardware used in the transient pressure tests were also
shipped to WSTF for use in the Certif%cation Test Program.

After review of the Winte¢ Acceptance test. data and

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 50045 USA 213+641+4300 B@
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.., OF POOR QUALITY
f TABLE VII
CHS DISC BUBBLE POINT DATA
UNIT PAIR 1st BP 2nd BP
\ S/N No. in HZ0 in H20
1 1 37.5 39.0
2 1 R 38.75 39.9
3 2 35.4 36.8
4 2 4.3 a7.8
. 5 3 38.0 38.3
6 3 K 35.3 35.9
7 36.1 £4.7
8 & 36.1 38.5
o 4 37.8 37.9
© 10 5 35.3 37.8
11 32.7 1530
12 16 35.5 38.3
13 : 33.0 38.7
14 14 : 34.7 - 37.6
.15 5 . . 36.0 37.7
16 33.5 38.0
17 14 34.6 39.1
18 - 33.7 38.3
19 6 38.0 38.2
20 6 35.5 39.0
21 16 32.8 37.2
22 7 35.3 37.6
23 30.75 38.5
24 13 34.4 38.3
25 13 34.5 36.7
26 32.0 36.5
27 7 36.5 36.6
28 32.0 39.3
29 32.3 39.7
30 31.7 38.3
31 1z 34.0 35.2
32 8 36.2 38.5
33 . 33.7 33.8
34 8 36.9 37.5
35 : 9 36.3 36.5
36 33.5 38.5
37 11 34.3 37.3
38 11 34.3 35.7
39 9 35.5 36.7
40 10 36.2 37.7
41 10 35.7 38.0
a2 38.0° 38.7
43 15 35.0 37.2
44 33.6 37.8
45 15 36.1

Units 46 through 52 not used.

36.6

53
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39.8
40.3
39.3
39.4
39.0
40.7
41.5
41.7
39.0
37.8
39.8
38.7
39.8
39.0
38.5

BOIL
in H20

55.74
55.20
55.74
55.74
55.74
55.74
62.54
55.74
54.38
55.74
55.20
55.74
55.74
55.20
54.38
55.74
55.20
55.74
55.20
54.38
53.70
54.38
54.38
55.74
53.70
55.74
57.10
55.74
54.38
54.38
54.38
56.42
54.38
56.42
56.08
54.38
55.74
56.42
54.38
56.15
55.74
55.20
54.38 °

55.20

Wintec Division, Brunswick Corporation, 5223 W. lmpenal Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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S/N

003
006

101-1258 QD)
" IPB " Hp0

62.883
61.590 -
62.887

Filter

54

maBLg VIII

9-812 ()
IRP " H20'
65.44
67.12
71.38

BUBBLE POINT TEST DATA

Increased .

IBP " H20

2.557

Approx. Decrease
in Microns '
0.029
0.276

0.383

CHS Filter with Ring welded in place and after Proof Test.

Decrease in the size of passages in microns using 207 as a
~bubble point - micron rating conversion factor. :

Winteg Division, Brunswick Corporation, 5223 W Impernial Highway, Los Angeles, CAS0045 USA 213+ 6414+4300 @@
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S/N

002

002

003
003

006
006

Apr (PSID)
@ 1.0 SCFM

32
47

44
‘62

37
53

TABIE IX

" FL.OW PRESSURE DROP TEST DATA

Ap (psIip)
‘@ 2.04 SCFM

78
112

115
162
88
132

AP (PSID)

@ 3.06 sSCFM

138
230

210

158

56 -

Inlet Pressure
PSIG

400
300

400
300

400
300.

Wintec Division, Brunswick Corporation, 5223 W Imperial Highway. Los Angeles, CA 90045 USA 213+ 641+4300 @@
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INLET -PRESSURE
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PRESSURE
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Serial No.

002

002
003
003
006
006

TABLE X

BUBBLE POINT TEST RESULTS"

‘Serial. Number

002
003
006

TABLE XI

- Bubble Point (in.

57

Ho0)

70.876
72.713
77.350

FLOW-PRESSURE DROP RESULTS

}n1et Press,

Press. Drop (PSIG)

PSIG - 1.0 SCFM_ ~ 2.04 SCFM 3.06 SCFM -
400 32 78 138
300 47 112 230
400 . 14 " 115 210
'300 62 162 --
400 37. 88 158
300 53 132 --

/

/

/
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consultation with. NASA JSC concerning the high pressure
drop characteristic. of the. HPOF, the Tower system tare tests
wer eliminated. The test directive TD-121-025 was revised
to reflect this.

The test progrém commenced with.thé performancé of a
series of clean condition-flow rate versus differential pressure
tests. HPOF test ﬁpecimen S/N 6 was used for this series.

The data from the tests are shown in Tables XII through XIV
and graphically shown in Figure 19 through 21. The test
specimen inlet preésures'we?e 417.5, 688.7, 998.2 and
'2887.6 PSIA. ~Other parametric values are shown in the noted
tables. é

The HPOF unit S/N 3 was subjected to @ series of flow tests
including pre-impaét clean filow-differential pressure ( AP}
tests, impact flow-differential preésure tests, and post impact-
flow-differential pressure tests. The first of this series,
the pre~impact clean flow-differential pressure test, using
gaseous nitrogen as a test fluid was conducted at 416 and
1,000 ‘psia inlet pressures. The data from thg tests are shown
in Tables XV through XVIII and graphically shown in Figures
22 - 25.

Upon compietion of the clean fiow-differential pressure
test the HPOF was subjected to GN, impact tests. The unit
'fai1ed during the fourteenth (14th) impact cyclie, The
101-1258 filter was expelled from 20-1237 ring. Testing
stopped and a failure analysis was commenced.

A Failure Analysis Report TR 121-025 was issued by NASA

Wintec Division, Brunswick Corporation, 5223 W. tmpenal Highway, Los Angeles, CA 80045 USA 2134641+4300 B@
BRRESWCK




’ ) : TABIE  X11 -
HPOF TEST SPECIMEN S/N 6
- . CLE2N CONDITICN - FLOW RATE VERSUS pIFFERENTIAL PRESSURE
‘ NET DIFFERENTIAL PRESSURE (PSID)
‘.Fiow Rate TEST SPECIMEN INLET PRESSURE (PSIA)
. |_(SCFM) 417,5" 688.78 993.2C 2887.6°
. 0.4 _ 16,319 8.830 6.539 2.958
' 0.5 21,059 - 11.033 8.170 3.695
- ' 0.6 "25,516 13.292 9.835 4.443
A N : 29.875 15.604 11.534 5.204
) . 0.8 34.253 17.969 13.266 5.976
- 0.9 _ 38.722 20.385 15.030 6.759
3 1.0 "43.330 22.850 16.826 7.553
: 1.1 48,109 25,363 18.652 8.358
; 1.2 .53.079 27,923 20.507 . 9.173
: 1.3 ‘ . ..58.252 30.529 22.391 9.999
1.4 ’ 63.639 33.179 24.302 10.833.
" 1.5 : €9.245 35.872 26,241 11.678
- 1.6 75.072 38.608 28.206 12.531
1.7 : 81.123 41.386 30.197 13.1393
. 1.8  87.396 44,205 32,213 14.264
. 1.9 93,892 47.063 34,254 15.144
2.0 100.607° 49.961 36.319 16.032
2.1 107.538 52,897 38.409 16.928
2.2 114,682 55.872 40,521 17.832
2.3 122.035 58.883 42.657 18.744
2.4 129.590 61.932 44.815 19.663
2.5 137.344 65.017 46.995 20,590
. 2.6 145,291 68.137 49.197 21.525
“ 2.7 153,423 71.293 51.421 22.467
2.8 161.735 ,74.483 53,666 23.416
2.9 © 170219 77.708 5  55.932 24.372
| T 3.0 - 178.870 / 80.966 58,219 25.335
3 3.1 187.679 84.258 60.526 26.305
3.2 .« 196,639 87.583 62.853 27.281
] 3.3 205,742 90.941 65.200 28.264
’ 3.4 214.981 94.332 °  67.567 29,254
3.5 - 224,347 97.754 69.953 30.250 i

— | )

Wintec Divinon, Brunswick Corporation, 5223 W, tmperial Highway, Los Angeles, CA 90045 USA 213164 1+4300 B@
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TABLE XII (Cont.)

_NOTE: Data values obtained from least sgquare equation of experimental
data in the form:
Log (differential pressure) = a + b (SCFM) + ¢ (SCFM)2Z
+d (scFM)3 + e (scrmy?

A. Log (differential 'pressure) = 1.636793 + 1.082282 (SCFM)
+ 0.351928 (SCFM)Z + 0.505787 (ScFM)3 - 0.688616 (scrm)?
Sigma = 0,868 ’ -
.B. Log (dif;erential pressure) = 1.35888 + 1.089462 (SCFM)
+ 0.130107 (SCFM)2 o

: Sigma = 0.534 -

C. Log (differential pressure) = 1.2259%79 + 1.076184 (SCFM)

+ 0.11252 (ScFM)2
Sigma = 0.358

»

D. Log {differential pressure) = 0.878142 + 1.058704 (SCFM)

+ 0.089802 (SCFM)2
Sigma = 0.227 ) . T .

o
.

e

<
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TARIE XI1T
HPOP TEST SPECTVEN S/H 6
CIRSN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

61

TEST SPECIMEN THIET PRESSURE _(PS1f)

(ibs_GNo/hour) 117,54 688,72 988.2C
1.0 ; 8.585 1,546 3,15
1.5 . 13.934 - 7.181 5.331
2.0 19.109 9.838 7.312
3.0 - ' 29.331 15. 453 11.4313
4.0 " 39,842 21.269 15.650
’ 5.0 S s0.9T7 . 27.295 20.001
" 6.0 ' 62,940 33,440 ol 435
" 1.0 . ‘ " 75,881 39.703 28.942
8.0 A ' 89,921 16.069 33.513
4.0 N 105.165 52.526- 38.181
16.0 B U W oV 59.065 42,820
11.0 139.665 65.680 47,545
12.0 159,116 72.363 52.312
- 13.0 180,162 19,110 57.119
e 202,505  85.916 61.962
? 15.0 227.445 92,778 66.839

NOTE: Data valuss cbtained from least square equation of experimental

A.

B,
- c.

D.

the form:
'Mgwﬁmmmmlm%wm)=a+b(mgmsng)
4+ ¢ (log Tbs Giyhr)2 + d (log Tbs GNp/hr)3

o (dfferential pressure) = 0.93373% + 1.271200 (log 1bs Gly/nr)
Iog-g.503528 (log 1bs (}Nz/lfnr)2 + 0.383935 (log 1lbs GNao/hr)
Sigma = 0.719

Log (diffepential pressure)
Sigma = 0.873

0.657616 + 1.113687 (log 1bs GNp/hr)

Iog (dfferentidl pressure}
Sigma = 0.661

fog (differential pressure) = 0.200819 + 1.072338 (log lbs GNp/hr)
Sigma = 0,371

0,533430 + 1,098208 (log bs GNp/hr)

2887.6°

11.585
2,450
3.336
5.153
7.015
8.912

10.836

12.783

14,752

16.737

18.739

20.756

22.786

24,828

26.882

28.946

data in

-
.

Wintec Division, Brunswick Corporation, 5223 W. Impertal Highway, Los Angsles, CA 90045 USA 212+641+4300
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0-5
. 1.0
1.5

2,0

2.5

3.0
3.5
ko
X
5.0
5.5
6.0

HPOF TEST SPECIMEN S/N 6
CIEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE -

TABLE XIV

62

NET DIFFERENTIAL PRESSURE (Kg/cm@ Differential)

o

29.350A
10.792
1.478

L I A 3

s L 2
LT 3,098
. 029
T 5.000°
o 6127
7.292
8.531
‘9,845
11.234
12.696

0.401
0.788
1,199
1.634
2,091
2.567
3.063
3.578
3,109
4.657
5,222
5. 8oL

TEST SPECIMEN INLET PRESSURE (Ke/sg_cm)

48,4238 70.188C

0.297
0.584
0.636
1.203
1.534
1.877
2.233
2.600
2.977
3365
3.762
4,159

203.0190
0.134

- 0.264
0.399
0.540
0.685
0.835
0.989
1.147
1.308
1.473
1.642
1.813

Data values obtalned from least square equation of experimental data in the

form:

Iog (Ke/cm? diffevential) = a + b (Kg/hr) + ¢ (Kg/hr)?
A. Log (Kg/em? differential) = 0.169613 + 0.984020 (Kg/hr) + 0.278001 (Kg/hr)>2

A

Sigma = 0. 295
B. log (Kg/cm2 differential)= -0.103531 + 1. 0131419 (Ke/hr) + 0. 129599 (Ke/hr) 2
Sigma = 0.142
.* C. Ileog (Kg/cm? differential) = -0, 233801 + 1.009695 (Kg/hr) + 0.112600 (Xg/mr)2
: Sigma = 0.095 -
D. Log (Ke/em? differential) = ~0.578458 + 1.0053214_(Kg/hr') + 0.090221 (Xg/hr)2
Sigm = 0.060

Wintec Division, Brunswick Corporatton, 5223 W. impenal Highway, Los Angeles, CA 90045 USA 213+641+4300 B@ ’
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HPOF PROGRAM TEST No. 5

TEST SPECIMEN 5/N 6

FIGURE 20

, CA 90045 USA 213+641+4300 B@
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CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTTAI. PRESSURE
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TABLE XV

HPOF TEST MO, 6
TEST SPECIMEN 8/N 3%

CLEAN CONDITION ~ PRE GNs IMPACT FLOW RL&E VERSUS DIFFERENTIAL PRESSURE

NET DIFFERENTIAL PRESSURE (PSID)

FLOW RATE TEST SIPICIMEN INLET PRESSURE (PSIA)

a

WIS

‘I@a COEP-+1P9+ 12 WS G006 v 'sopabiuy s Aemyubiy jeuadu M 225 ‘UONERI0MI0D YomSunig ‘UDISIAIC] OSIUIM

_{SCFM) 41,68 1006.8%
0.4 13,079 e.gse "
0.5 22.59L 8.803
0.6 27 .585 10.796
0.7 32.872 12.828
0.8 36.355 14.896
0.9 43,984 16.994
1.0 49,7385 19.121
1.1 55,,619 121,273
1.2 61.632° 23.448
L.3 67.796 25.646
1.4 74,132 . 27.863
1.5 80.667 ' 30100 '
1.6 87.428 32.354
1.7 94,445 34.625
1.8 101.750 36.912
1.9 109,374 39.214
2.0 117.353 41,531
2.1 125.720 43.862
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TABLE XV (cont)
NET DIFFURENTIAL PRESSURE ‘(PSID)

TEST SPETIMEN INLET PRESSURE (PSTA)

PLOW RATE

_(scEm) . _412.6% - 1006.8%
2,2 134.514 46,206
2.3 143.773 48,562
2.4 153.336 . < 50,931
i 2.5 163,347 7 25 N
2.6 , 17a.7a9 . TEzl7es T T T
2.7 . 186.290 53.106
2.8 192,518 60,520
2,9 . 211.487 . 62,944
3.0 - 225,251 65,377
3.1 239,871 67.821
3.2, 255.407 - 70.274
3.3 . - 273,926  72.736
3.4 ‘ 289,501 75.207
3.5 308.205 77.626

NOTE: Data values obtained from least square equaizion of experimental data in the form:
tog (differential pressure) = a + b (SC¥M) + ¢ (SCEM)? + & (scrM)3 + e {scrmyd

a. Log (differential pressurxe) = 1.696699 + 1.168452 (SCFM)I+ 0.056939 (SCFM}2 +
' 0.210508 ‘ScFM)3 + 1.199725 (scFm)d

Sigma = 0.884
B. Log (differential pressure) = 1.281507 + 1.119046 (SCFM)
Sigma: 0.652

*Test specimen subsequently failed during GNp impadt portion of test
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TABLE XVI - , :
HPOF TEST 0. § .
TEST SPECIMEN S/N 3*

CLERN CCNDITION - PRE GNz IMPACT FLOW RATE VERSUS DIFFERENTIAL PRESSURE

' NET DIFFERENfIAL PRESSURE (Kg/cmz Differential)

TEST SPECIMEN INLET PRESSURE (Kg/sg cm)

FLOW RATE

WENOMD

_ '@@ OOEP-HP3+E1Z VSN SH006 VD ‘Sajabuy SOTABMYBIH [2UaT] M £225 LORBICLIOD YIIMSUNIE UOISING S31UIM

\NA---r~—

A, Leg (Kg/cm2 differential)
Sigma = 0.363 '

B. ILecg (Kg/cm2 differential)
Sigma = 0.173

(XKg/hr) 2§-.008% 70.7882
0.5 CIBBL - «vn . 1.104290 .. - "
1.0 1.628° 0.630C
1.5 2.512 . 0.991 .
2.0 . " 3.510 N .1.368
2.5 _ 4,622 '1.756
3.0 5.845 2,153
3.5 . 3.178 2.559
4.0 . 'g.622 2.971
4.5 1¢.176 3.390
5.0 . 11.839 . 3:814
5.5 ° 1%.612 4.244
6.0 . 15.495 . .. 4.678 ’

Log (Kg/cm? differential = a + b’ (Kg/hr) + ¢ (Kg/hr)2.

1

il

—-0.200865 + 1.119208 (Kg/hr)

*Test specimen subsequently failed during GNz impact portion of test

0.211713 + 1.0141.38 (Kg/hr) + 0,312667 (Kg/hr)?2

NOTE: Data values obtained from least square equation of -experimental data in the form:
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TABLE XVII
HPOF TEST MC. €

PEST SPECIMEN S/N 3% |

+ .
wed Tpay d41e sag oKWY 4 W E b

[l

CLEAN CONDITION - PRE GNp IMPACT FLOW RRATE VERSUS DIFFERENTIAL PRESSURE

%

FLOW RATE
(liters/min)**

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.a
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0

NET DIFFERENTIAL PFESSURE (Kg/cm? Differential)

TEST SPECIMEIl INLET PREEZSURE (Kg/cmz)

25.008%

I e e s o

70.788% -
0.308, . T etz
0.608
0.929 -
1.268
1.624
1.997
2.385
2.788
3.206
3.635
4,079
4.535
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FLOW RATE
(litzrs/min) **

2.1
2.2
2:3
2.4 .
2.5
2.6
2.7
2.8
2.9
3.0

HOTE:

A. Log (Kg/cm2 differentlal)
- sigma = 0,152 '

B. Log (Kg/cm2 differential)
Sigma = 0.366

. *Pest specimen subsequentl

TABLE XVII(cont.) -

' [ [T

LA BN T LU a M VN Ed n

3

NET DIFFERENTIAL PRESSURE (Kg/cm2 leferentlal)

TeST SPECIMEN HNLET PRESSURE (AQ/Cul}

29.0 cogh

8.817
9.418

? 10.035
10.670
11.322
11.992
12.679
13.384
14.107
34,847

Data. values obtained from least square equation of ex

Log (Kg/cm2 differential) =

70.7383

o . s
v e ey o o et
————n e o e

. San s e b

g 4 o

1

perimental data in the form-

+ b (1itérs/min) +'c (11ters/m1n)

= G.56062§ + 1.20200% (llters/mln) + 0.130507 (11ters/m1n}2

Kk

*#pt test specimen inlet pressure.

0.526369 + 1.191875 (liters/min) + 0.336429 (liters/.mi.n)2

y. failed during GN, impact portion of test.
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TABLE XVIII
HPOF TEST NO. 6
TEST SPECIMEN S/N 3%  ,

CLEAN CONDITION ~ PRE GNy IMPACT FLOW RATE VERSUS DIFFERENTIAL PRESSURE TEST

NET DIF7ERENTIAL PRESSURE (PSID)

TEST SPECIMEN INLET PRESSURE (PSIA) .
FLOW RATE = —
(1bs GNy/houx) 412,6» 1006.8B
1.0 . 13.146 . . .3.697 )
1.8 . 15.360 . 25,8204 .. . w oo
~ . : T
2.0 - 20,746 . 8.031 2
- ) K
3.0 37.390 12.643 Q2
4.0 _ 45,207 17.445 L
5.0 5€.718 22.395 . 8z
6.0 72,990 27.454 Fg
7.0 go.293 . 37.636 a‘ﬁ
8.0 . © 108,977 37.897
9.0 . 121.437 - " 43.238
10.0 - 144,109 48.649
' SR B U0 157.473 54,126
2.0 191.067 ‘ 59,662
13.0 L 224,497 : 65,254 "
14.0 259,458 : 70,898

15.0. 289,746 76.589

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

Log {(differential Preésure) = a + b (log .bs GNzp/hr) + ¢ {log lbs GNz/hr)2
+ d (loy 1lbs GNp/hr)3 + e (log ..bs GNz/hr)4
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TABLE XVIII (cont.)

A. Log (differential'pressure } = 1.118735 + 0.133832 (log lbs GNy/hr) +
2.594326 (log lbs C-}Nz/hr}2 - 2,862557 (log lbs GNz/hr)?’ 4+ 1.204304 (log lbs GNz/I'_lr)4

Sigma = 0.883

B. Log (differential pressure) = 0.567818 + 1.119259 (log 1bs GNy/hr)

Sigma = 0.650

*Test especimen subsequently failed during .GN, impact portion qf: :t_gas:t. . :, -
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White Sands Test Facility to cover the failure of the HPOF

"S/N 3.

'The contaminant stolerance test #11 was performed using
HPOF S/N 020 for the test series. Five additions of synthetic
contaminant; were uysed for a total accumulated weight of
38.9 mg.- Preliminary review of thg test data indicated an
increase of less tﬁan 5 psid in net‘ZSP 6verja flow range of
1 to 13 1bs. per hour of GNp. |

After the additgon of a tofa] of 100.2 milligrams of
synthetic contqmin%nt, the differential pres#ure across the
'test‘Specimen iﬁcr%ased by 28 psid at a flow rate of 6 1bs.
.per hour of GNZ'wifh an inlet pressure of 415 psia. The
“inlet pressure was increased t¢ 1000 psia while maintaining

the same flow rate (6#/hr). The differential pressure across

' the test specimen reduced to 7 psid.

Two of the final configuration (TIG welded sleeve) speci-
mens {(S/N's 023 and 024) were subjected to DCT Test No. 5,
"Clean Condition-Flow Rate versus Differential Pressure” tests
to determine the pressure drop characteristics of the new
configuration. The tests indicated that the net differential
pressure of the new configuration was approximately 36 psid
higher than the old configuration while flowing 6 1bs/hr
with an inlet pressure of 415'psia.

Speciem S/N—024Jwas subjeéted to a-shortened Design
.Certification Test.(DCT)*6 "Clean Condition-Impact/Flow-

Rate versus Differential Pressure” test series. After

completing 80 high pressure (10,000.psia. normal) impact

Wintec Division, Brunswick Corporation, 5223 W, Impenal Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
WO,
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cycles, the post impact flow rate versus differential
pressure portion of DCT #6 was performed. The differential
pressure had decreased approximately 50% from values
observed during pre-~impact flow tests.

Specimen S/N° 021° was subjected to Design Gertification
(DCT) #6 "Cieén!CoqgitZOn -~ Impact/Flow Rate versus Differen-
tial Pressure" test. The pre-impact flow differential pressure
was 106 psid at. a ﬁaow rate of 6 1bs/hr wj;hzan inlet pressure
of 415 psia. Tﬁe épecimen was subjected to one hundred
10,000 psid észiméact cycles. A post impacf test ciean flow
differential pressure test series was conducted. The net

differential pressure of this unit was 46 psid at a flow rate

of 6 Tbs GNp/hour Qi%h an inlet pressure of 415 psia test

_specimen inlet pressure. This is approximately 50% less

differential pressure than fhat observéd'prior to clean impact
flow of specimen S/N 021 at the same flow condition.

Specimen S/N‘s 022, 023 and 025 were subjected to Design
Certification Test (DCT) #5, "Clean Condition - Flow Rate
versus Differential Pressure® tests in the forward flow
direction {S/N side facing ypstream). Review of the data
indicated that the three units exhibited similar pressure drop

f
characteristics at specimen inlet pressures of 415, 700 and

1000 psia.  : i !

Specimen S/N's 023 and 025 were sﬁbjected to "Ciean Con-
dition-Flow Rate versus Differential Pressure" tests in the
reverse flow direction (S/N side facing downstream). The

specimen inlet pressures were 415 and 1000 psia GN,. Preli-

Wintec Dwision, Brunswick Corporatian, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 2134641+4300 B@
RSN,
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FIGURE 22
HPOF PROGRAM TEST NC.

CLEAN CONDITION -~ PRE GNo IMPACT
VERSUS DIFFERCNTIAL PRESSURE
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FIGURE 23
HPOF PROGRAM TEST NO. 6
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FIGURE .25
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minary review of the data indicated the differential pressure
was 100% higher.than the differential pressure with the flow
in the forward gireFtion with the same parametric values. -
Design Certification Test (DCT)} #4 "Vibration Test" was

performed using specimen S/N 025. This test was conducted

" to evaluate the media migration characteristics of the HPOF.

Examination of data®indicated satisfactory pérformance of the
HPOF under vibrétory conditions.

Specimen S/N'023iwas subjected to a DCT #7, "Contaminant
Transmission. Test" ;eries. Tests were conducted to obtain
flow pressure déop éata before and after‘lo ﬁigh pressure
(10,000 psia nominai) GN, impact. cycles. - Da#a evaluation
indicated that the 10 high pressure GN, impact cycles results
in a 50% reduction in differential pressure in the forward
flow direc}ion at a given flow condition. The differential
pressure in the reverse flow direction was significantly
higher after th 10 high pressure GN, impact cycles. Results
of the contaminant transmission test using Fep03 showed that
the largest particle transmitted was 10 x 10 microns in size.
Numerous particles less than three (3) microns in size were
initially traﬁsmitted through the specimen. However, the
quantity of particles transmitted were reduced with subsequent
additions of the Fe,04 contamipant.

Specimen S/N‘Ozziwas subjected to Design Certification Test
(DCT) #11, "Contaminated Condition - Flow Rate versus
Differential Pressure" tests to eva]uaté the contaminant

capacity of the HPOF under simple gas flow conditions.

- h

-y

Wintec Diviston, Brunswick Corporation, 5223 W. Imperial Highway, Las Angeles, CA 90045 USA 213+841+4300Q @
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Approximately 100 milligrams of synthetic contaminant was
added to the flow system .on the upstream side of the test
specimen. Examination of the data indicates the differential
pressure at a given amount. of contaminant addit{on is higher
with the new configuratlon S/N 022 than that exper1enced
with the prior configuratlon S/N 020. )

Analysis of.ihe‘montaminant transmission data obtained Phala il
during the DCT #8, 'Contaminant Transﬁission:Test“, with
specimen S/N 025 inﬁicated the maximum size particle of
Fe203 contamlnant was 10 x 10 microns.

DCT #10 ContamInated Condition - Impact/Flow Rate versus
Differential Prgssuye" Test using the pre-mixed synthetic
contaminant was conhucted with specimen é/N 027. The test
was conducted to evaluate the contaminant capacity of the HPOF
under a combination of high pressure (10,000 ﬁsia nominal)

GNo impact cycles and simple flow conditions. After the .
addition of 15.8 mg of synthetic contaminants to the upstream
side of the specimen and the application of 20 high pressure
GNp impact cycles, normal flow rates could not De maintained
with inlet pressures of 415 and 10900 psia. The results

of this test indicated that the application of high pressure
GN, impact cycles had a detrimental effect upon a HPOF
contaminated with synthetic coptaminafts, probably due to the
teflon content of the contaminént.

Test Specimen S/N 023 was subjected to a series of Clean
Condition - Flow Rate versus Differential Pressure and
Contaminated Condition ~Impact/Flow Rate versus Differential

Pressure tests in accordance with DCT #12. The tests were

Wintec Division, Brunswick Corporation, 5223 W. imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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conducted to determine the:effects of high pressure impact
GN, cycles upon a HPOF contaminated with synthetic contamip~
ants. The tests were conducted in both' flow directions. The
amounf of contaminants and the number of impact cycles were
reduced for this aeries;

Specimen S/N 029 successTully complieted %he required proof

% S
and burst tests:

"

8-5 DATA

~ Data from clean flow rate versus differential pressure
tests on HPOF‘speéTmens S/N 006. and Q03 have been presented

| and discussed in éection 8-4 and wi]f not be duplicated
here. Data from Ehe‘ba]ance of the test series {s reviewed
in the following paragraphs. )

Figures 26 through 29 graphically show the Clean Condition

- =Flow Rate versus Differential Pressure data for test
specimen S/N 020. Tables XIX through XXII show the data
in tabular form.

Figures 30 through 37 graphically show the Contaminated
Condition - Flow Rate versus Differential Pressure data for
test specimen S/N. 020. Tables XXIII through XXX show the
data in tabular form. |

Figures 38 through 41 grapﬁica]ly show the Clean Condition
-Flow Rate versus§Differen£1é1 Pressure data for test
specimen S/N 023. Tabtes XXXI through XXXIV show the data
in tabular fofm. : o « .

Figures 42 through 61 grapﬁically show the Clean tondi—

tion - Flow Rate versus Differential Pressure data (42-45)

LY
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prior to impact test; Clean Condition - Impact/Flow Rate
versus Differential Pressure data (46-49) after 80 high
pressure impacficycTes; and Clean Condition - Impact/Flow
Rate versus Differential Pressure comparison data (50-61)
for test specimen S/N 024. Tables XXXV through XLIII show
the data in tabular form. -

The data meﬁ%ioéad in the foregoing pérag}aph are from
tests conducted at SJSC-WSTF. '

Tabié XLIV outlines the sequence of tests conducted at
Wintec in an efforﬁ to determine the effects of proof loading
'upon the flow and Qubble point characteristics of the HPOF.
Table XLV is the data that was obtained from the test sequence -
noted in Table XLIV.-

Figures 62 through 73 graphically show the flow rate
versus differential pressure data obtained prior to and after
100 high pressure GN2 impact cycles for specimen S/N 021.
Tables XLVI through XLIX show the data in tabular form.

Table L is a summary of impact pressures.

Figqures 94 thru 101 graphically show the Clean Condition -
Flow Rate versus Differential Pressure data for specimen
S/N 023. The tests were conducted in the forward and
reverse flow directions. Tab1g§ LXVII through LXXIV show
the data in tabular form. .

Figures 102 thrdugh 109 shbw the Contaminated Condition -
F]ow‘Raté versus Differential Pressure Data for test specimen
S/N 022, Tables LXXV through LXXXII show the data in tabula-

ted form.

Wintec Division, Brunswick Corporation, 5223 W, Impenal Highway, Los Angeles, CA 80045 USA 213464144300 B@
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Figures 110 thru 117 show the Contaminated Condition -
. Impact Flow Rate versus Differential Pressure data for
test specimen S/N 028. Tables LXXXIII through XC show the

data 'in tabular form.

Wintec Division, Brunswick Corporation, 5223 W. Imparial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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T SECTION 9
CONCLUSIONS

The following conclusions and recommendations are presen-
ted as a result of:the effort performed under this program.
1. Wintec P/N 9-812 High Pressure Oxygen Filter (HPOF)
represents"the~u1timate in state-of-the-art hfgh'

pressure gas filters of low micron. rat1ngjcomb1ned

l

with structurai capaC1ty for 10, 000 ps1 shock cond1t1ons.

.
[ S k)
"

2. Wintec P/N 9- 812 has been thoroughly and effectively

qualified for yse in these systems. -

-

WY E BRE R

3. Storage vessels in gas systems should be cleaned to

iy

much higher Te%eTs of ¢leanliness than Jeve1s presently

-

specified.

- 4. Stbrage vessel d;sign should be optimized to give suitable
stze exit and entry ports for cleaning to be readily
accomplished,

5. HPOF type filters should be installed in outlet of the
valve rather than the inlet of the regulator in systems
which have thbing connections between the two components.

6. Optimize fitting and cavity design relatéd to the use
~and installation of teflon "0" rings and Delta seals

to minimize the gouging. and cutting of these.seals by

:sharp metallic edges.

LN 3]
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FLOW RATE
(Liters GNp/min)=

10
15
20
25
30
35
40
45
50
55
60
. 65
" 70
75
80
85
90
95
100

PRIGINAL P..
OB POOR QUA.

TEST NO. 5

HPOF ‘TEST SPECIMEN S/N 020
_ CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

]
1

NET DIFFERENTIAL PRESSURE- (Kg/cm’ Differential)

89

Table XIX

ind % kY &

TEST SPECIMEN INLET PRESSURE (Kg/cmzl

29,1904

0.995
1.525
2.065
2.626
. 3.212
3.829
. 4.478
5.163
5.884 -
6.645
7.446
8.289
9.176
10.108
11.086
12,113
13.188
14.314
15.493

49,3508

0.568
0.857
1.157

1.466
" 1.785

2.112
2.448
2.792
3.142
3.500
3.865

4,236

4.614
4.998
5.388
5.783
6.184
6.591
7.003

*At 21.1°C (70°F) and 1.033 Kg/cm2 (14.7 psia)

68.050C

0.421
0,634
0.854

© o 1.081
1.315
1.556
1.803

T 2,056
2.314
2.578
2.847
3.120
3.399
3.682
3.970
4.262
4.558
4,859
5.163

Wintec Dwision, Brunswick Cerporation, 5223.W, Imperial Highway, Los Angeles, CA 90045.USA 213+641+4300 B@
: [ P S



http:WPOOQUA.89

WIS

@g’ _008#+1t;9+913 Y SP006 VO "s81abBuy som "AemuBiy (Bladw] "M £ZTG "UONRIOGIDG HIMSUNLY ‘U0ISIMC DFUIM

C.

aal

NOTE: Dabe values obtained from least aquare equation of expe'rimen‘t.al data in the form:

R ' [LTa T LR I I TR B B IS L L

Log (Ks/ema differentisl) = a + b (log 1iters GNp/min) + ¢ (log livers GNp/min) + & (log liters GNalmin)3 )

Log (Kgfen® aifferentisl} = ~1.h12082 +1.990013 {log liters Glp/min) -0.816113 (log liters Gnglmin)e +0.235829 3
. (log iters GNp/min)

Sigma = 0.05%

Log (Ks/en? differential) = -1.148831 +0.809823 (log liters Glp/min) +0.093616 (log liters GNp /min )2
Sigme = 0.019 ' W meas o dora e ‘

~

Log (Kg/em? aifferentisl) = -1.264332 + 0. 789478 (Llog liters GNp/min) + 0.099574 (log liters GNglmin)a
Sigma = 0.006 i ‘ ’ -
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©, Table XX

‘TEST NO. 5
HPOF' TEST SPECIMEN 5/N 020
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

NET DIFFERENTIAL PRESSURE (Kg/cm® Differential)
TEST SPECIMEN INLET PRESSURE (Kb/sa cm)

FLOW RATE
. (Kg_GNo/hr) ‘ 28.190% .49.350B 68.050C
. 0.5 ) 0.627 '0.386 0.286°
. 1.0 : 1.399 0.788 . 0.582
; 1.5 S, 2.7 1.216 0.898
; 2.0 . 2.996 1.668 1.230
: 2.5 ; 3.873 2.140 1.578
: 3.0 2 4.819 2.630 1.939
: 3.5 . 5.845 3.138 2.313
4.0 ' 6.958 3.662 2.698
4.5 8.164 4.201 3,095
5.0 9.471 4.754 3.503
) 5.5 .- 10.884 5,321 3.920
6.0 12.410 5.900 4,348
r"/"
J
/

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

Log (Kg/cm2 differential) = o + b {log Kg G;“lafh;') + ¢ {log Ke GNg/hr)2 + d {log Ke GNalhr)s’

A Log (Kg/en® differemtial) = 0.145693 +1.099554 (log Kg GNp/hr) -0.098008 (log Kg GNa/hr)? +0.322142 (log Kg GNp/hr)3
Sigma = 0.065

B. Iog (Ke/em? aifferentisl) = ~0.103538 +1.05526 (log Kg GNp/hr) +0.087629 (log Kg GNp/hr)?
Sigma = 0,016 ) . T A I N o 1

C. log (Kg/cm? differential) + ~0.234785 +1.051610 (log Kg GNp/hr) +0.090361 (log Xg GNg/hr)E
. Sigme = 0.006
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] o _ ORIGINAL PAGE IS i Table XXI ~
SR N " OF POOR QUALITY S
TEST NO. 5
. ' HPOF. TEST SPECIMEN S/N 020
) - CLEAN CONDITION - E:LOW RATE VERSUS DIFFERENTIAL PRESSURE
.
. . i NET DIFFERENTIAL PRESSURE (PSID)
FLOW RATE TEST SPECIMEN INLET PRESSURE (PSIA}
i . (SCFM) _ u‘ 415 22 701.9B 967.9C
. 0.4 ' 15.265 8.742  6.451
2 0.5 . - 19.563 11.035 8.142
- 0.6 .- 23.878 13.387 " 9.877
; 0.7 = 28.242 15.794 11.652
: 0.8 o . 32.682 18.253 . 13.465
: 0.9 o : 37.219 " 20.763 15.315
) 1.0 ) 41.870 23.319 17.200
: 1.1 R 46.648 25,922 19.117
) 1.2 ) 51.565 28.568 © 21.067
1.3 C. 56.631 31,256 23.048
1.4 61.854 7 33.985 25.059
1.5 67.244 36,753 27.098
1.6 . 72.807 39.560 29.165
1.7 _78.551 42.404 31.260
1.8 ' 84.481 . 45.284 33.381
1.9 90.604 48.200 35.527
2.0 96.926 51.149 37.699
2.1 . 103.453 54.133 39.896
2.2 110.190 57.150 42.116
2.3 117.144 60.198 44.361
2.4 " 124.319 63.279 46.628
2.5 . 131.721 66.3590 48.918
2.6 139.356 69.532 51.230
2.7 . © 147.228 72.704 53.564 .
| 2.8 155.345 75.805 55.919
| . 2.9 163.709 79.135 58.295
3.0 . 172.329 82.393 60.693
i 3.1 181.208 85.679 63.110
3.2 : 190.352 88.993 65.548
3.3 ‘ 199.7§7 52.334 68.005
3.4 : 209.459 95,702 70.483
l;_ ' 3:5 ) 219,432 © 99,097 72,979

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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WOTE: Data values obtained from lemst square equation of experimental data in the form:-

Iog (PSID) = a + b (log SCFM) + ¢ (log SCFM)2 + d (log SCFM)3 + e (log SCFM)Y

A. Yog (PSID) = 1.621903 + 1.125428 (log SCFM) + 0.188038 (log écm)a + 0.319323 (log SCFM)3
Slgma = 0.932 . '

B. Iog (PSID) = 1,36T716 + 1.106307 (log SCFM) + 0.089312 (iog SCFM)Z,  cyia vy N . e
Sigma = 0.232 ’

C. Log (PSID) = 1.235518 + 1.105521 (log SCFM) + 0.088513 (log SCFM)2
Sigma = 0,088
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Table XXII

TN

TEST NO. 5
HPOF TEST SPECIMEN S5/N 020
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

' ) NET 'DIFFERENTIAL PRESSURE (PSID)
TEST SPECIMEN INLET PRESSURE (PSIA)

FLOW RATE _
(ibs GNy/hr) , 415,28 701.9B 967.9C
1.0 Fo © 7.897 4.989 3.694
1.5 . 12.910 7.512 5.555
2.0 ., 17.870 10.120 . 7.478
2.5 22.832 12.809 9.459
3.0 ) 27.850 15.571L 11.494
3.5 ' 32.964  18.404 13.580
4.0 S 38.209 : 21,303 15.715
4.5 B 43.607 24.264 . 17.896
5.0 - . 49,181 27.284 20.120
5.5 - . 54,945 - 30,362 22.386
6.0 i 60.915  33.494 24.693
6.5 ' .« §7.103 36.678 27.038
7.0 73.521 _39.914 29.420
7.5 u 80.179 43.198 31.838
8.0 - .  87.087 46.530 '34.292
8.5 _ 94,254 45.909 ‘ 36.780
9.0 . 101.690 53.332 1 39.301
9.5 109,403 - 56.799 \ 41.854
10.0 117.402 60.309 -\ 44,438
10.5 125.695 - 63.861 \47.054
11.0 . 134.291 67.454 49,700
11.5 143.197 71.087 - 52.375
12.0 152,424 74,759 55,079
12.5 161.977 78.469 57.812
13.0 171.867 82.217 60.572
13.5 T 182,102 86.002 63.360
14.0 : 192.689 89.824 66,175
14.5 203.638 93.681 69.016

15.06 214,956 97.574 . 71.883

Wintec Division, Brunswick Corporatien,-5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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KROTE: Data values obtained from least square equation of experimental deta in the form:

. . Log (PSID) = a + b (log 1bs Glo/hr) + ¢ (log 1bs Gl\lalhr)2 + & (log 1bs GNQIhr)B
A. Tog (PSID) = 0.897436 + 1,277286 (log 1bs GNp/hr) - 0,425329° (log 1bs c;1~:2/1n-)2 + 0.320281 (log 1bs GNs/hr)3
Sigme = 0.929

B. Log (PSID) = 0.698017 + 0.993749 (1dk 1bs GNp/hr) + 0.088619 (log 1bs GNp/hr)2
Signa = 0.230 ) -
C. .I;og (PSID) = 0.567535 + 0.990176 (log lbs GNp/hr) + o.ogoohe‘(l;:g 1bs GNp/hr)?
Sigma = 0.089 :

.
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. TEST NO. 11
CONTAMINATED CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 3
TEST SPECIMEN s/u 020 ‘ ' Figure 30
T . 7 T : i ! ,' : o
b - [ 's'i--?'- . E‘ "“1 W‘l
| 2y : i - . ._~__j________i ___CONTAMNANT ‘I‘OLPRANCI: DATA ;
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: — 23 -l nlet pressure. =.29,22. Kg/cuz
Z Lt I : :...... 5..-.
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FLOW RATE

(Kg Gia/hr)

0.5
1.0
1.5,
2.0
2.5

UE™ DIFCHRLRIIAL PREZSSURE (Kg/cm? DIFFERENTIAL)

. TEST NO.
’ 0
CONTAMINATED CONDITICN - FLOW RAYE VERSUS DIFFERENTIAL PRESSURE

1l

TEST SPECIMIN s/N 020
NOMINAL' TEST SPECIMEN INLLCT PRESSURE = 29.177 }'{g/cmz

Table XXIII

0.0

4.9

TOTAL QUANTITY 0. SVNTIETIC CONTAMINANT ADDED (mg) ’

16.7

11.3 2421 0038090 ke r 5309 ¢ ¢ 67,30 - 83.5 - 100.2
0.627 0.600 0.649 0.646 0.606 0.762 0,770 0.871 1.154 . 1,387
1.399 1,392 1.470 1.466 1.466 1.561 1.577 1,723 1,752 1,78

v 2,178 2.184 2.309 - 2,304 2:32570 0 24844 "' 2,536 2,793 2.863 ' 2.84]
2,996 7 3.011 , 3.198 3.197 3.229 3.481 3.502 3,985, 4.127 4.123

3.873 ) 3:.894 4.157 4.169 4.214 4.569% 4.759 £.324 T 5.530 5.54

4,819 - 4.850 5.19%9 5.235 5.302 5.779 6.076 6.868 7.144 7.18

5.845 5.8390 6.335 6.408 6.511° 7.146 7.583 8.690 9.077 9.14

. 6.958 7.023 7.574 7.693 7.860 8.709 9.332 16.875 11.469 11,58

8.164 8.258 8.924 9.116 9,363 10.512  ° 11.376  13.527 14.500 14,69

9.471 9.603 10,393 10.673 11..037 12.604 . 13,780 16,771 ~  18.405 18.74

10.384 11.067 11.989 12.378 12,898 15.039 16.619 20.759 23,453 24,10
12,410 12.658 13.719 14.241 14.965 17.882 19.97%  25.682  ~m=mm= ==-—n}

25.682 e
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Table XXIII

.

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

Log {Kg/em? differential) = a + b (log Xg GN2/hx} + ¢ (log Kg sz/hr)2 + d {log Kg GNz/hr)3 + e (log Kg Gszhf)dx

TOTAL QUANTIVY

or .
b A A . =

cgfriglf:ﬂxr SPLCIMEN SRLET SPRCIREN TNLET EQUATION CORFFICIENIS

LDDI (mg) PRESSURE (BSIA)  TEMPERATURE (°F) ‘ a. {_ b &’ ’ 4 e srem
0.0 29,150 297.6 . 0.145693 1.099554 -0.092008 0.322142  mesmwmsem Lo 'o.oi
4.9 29.217 296.8 ' . 0.143724 1.128544 ~0.169942 0.389166  =mmmme- - . 0.0
11,3 28.971 ° 301.0 0.167424  1.110751°  Loo%bame 1 833308 0 c-eemeee LT 0.1
16.7 ) 28.920 299.5 0.166075  '1.120757  -0.09615§  0,368398 Gt .07
24.1 29.304 299.5 - 0.166160 1.160662  -0.225818  0,514615  ==—m-—mm 0.04
38.9 29,445 . 303.5 0.193537 1.127521 - 0.135895  =0.34B465 0.718379 0.0
53.9 29,416 299.8 ’ 0.197734 1.149132 0.16L647 =0.421566 0.810811 0.0°
67.3 ° 29.31% _303.5. 0.236378  1.158639 0.267813 ~0.685100 1.179051 0.0
B3.5 29,203 ' 360.9 " 0.243634 1.119816 * 0.827164  =2.214470 2.474530 0.1

190.2 29,249 298.2 0.2444728 1.054087 1.213296 -2.956009 t2.967916 0.14

a
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' . TableyxXxiyv

17.234

ﬁ
TEST NO. 11 . .
CONTAMINATED CONDITION - FLOW FATC V3IRSUS DIFFERENTXAL PRESSU . o
TEST SPECIMEN S/N 020 '
NOMINAL TEST SPECTMON INLET PEFESSURE = 20.177 Ke/em?
NET DIFFERENTIAL PRESSURE (Kg/cm? DIFFERENTIAL) '

1 OW RATE TOTAL (UANTITY OF £YITHETIC CONTAMINANT Anpnd {mer) ' '

ars Gua/min)* 0.0 4.9 11.3 16.7 24.1 34.9 53.9 67.3 ' 83,5 " 100.2
10 0.995 0.978 1.030 1.036 ' 1.020 " 1.134 1.329 1.247 {.322 1.403
13 1.525 1.517 1.598 1.603 1.607 1.702 1.721 1,889 1.926 1.917
20 2.065 2.063 2.180 2.187 7, * 2.203 2.348 2.397 2,641 2.706 2.691
25 2.626 2.629 2.788 2,800 2.822 3.038 3.125 3.459 3.566 3.564
20 3.212 3.220 3.426 3.447 3.478 “al7e6 7t T ri3looRt T 4,340 4.487 45497
as 3.829 3.841 4.101L 4.134 £.175 4.535 4,732 5,203 5,481 5.493
4¢ 4,478 4.4986 4,814 4.865 4,920 5.356 5.628 6.336 6,570 £.577 "
45 5.163 5.188 5.570 5.643 ° 5.716° 6.239 6.59% 7.493 7.789 7.799
50 5.884 5,919 6.369 6.472 5.569 7.188 7.664 8.787 9.175 3.179
55 . 6.645 6.691 7.215 7.353 . 7.483 8,247 8.838 ° 10,247 10.774 10.302
60 T~ 7.446 7.506 8.10? 8.289  ° B.462 9.402 10.139 11,506 12.641,  12.727.
85 8.23¢9 8.367 9.054 9,283 9.509 10.679 11.587 13,801 14.838 15.041
70 9.176 9,274 10.05) 10.337 19.627 12096 13.204 115,974 17.443 17.846
75 10.108 1c,231 11.102 11.454 1L.822 13.673 . 15.013- 18. 474 20.548 21,275
82 11.086 11,238 12.208 12,636 13.087 15.434 17.043 21,357 24.266 |, 25.422
-85, 12,113 12.298 13,373 13.885 14,4586 17,403 19..323 247,688 26,733 ——————
90 - 13,188 13.412 14.598 15.204 7 15,902 19.607 21.883 28.544, ——mrre ———————
55 14,314, 14.582 15.884 16.525 17.441 22,078 24.775  =emmmmm emeeme - ee
lo0 15.493 *15.810 18.662 19.075 24.852 28.028

LOT.
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Table XXIV

R *

f

4

DVATHETTC

TQIAL QUANTITY
or

KGIE:

AVG. TES

Pata

T

values obtained from least square cquation of exﬁerimental data in the form:

AVG. TEST

drsvansant SPLCIMEN INLET  SPRCINEN INLET - BUUATION COEPFICIENTS '

" OLLS (rg) » PRES3URE (DPSIA) TCMRERATURE (°F) a * b [~ g, .~ e SiGMA
0.0 ' 29,190 297.6 »1.432082  1.990013  ~0.B1€113 0.235828  ~mmumans 0.038
4.9 29,217 296,8 . -1.563501  2.231730 ~1.005364 0.277552  memwanas c.042

11.3 26.971 301.0 ~1.464982  2,113327 -0.868267 - 0.253993 wwemmmnes ,6.106

' il fTan [ [ 51 M - X 3 (33

16.7 1 28,920 299.5 -1.472521  .2.1:8896 " -0.945149 0.273986  mmmmwminm 0.070

24.1 29.304 299.6 ~1.763665  3.806802 ~1,391466 0.377100  memmmeee - 6.052

38,3 29,445 303.5 2,576€101 ~9.429755 11.430694  =5,539506 , 1.017052 0.055

55,9 28,416 299.8 2.305675 -8.751939  10.795909  ~5.276740  0.979755 0.062

67,3 ° 2%.311 303.5 3.480150 +12.130055  14.556821  =7.138782  1.327809 0.056

3,5 29.203 300.9 7.340883 -23.157747  26.294913  -12.548582  2.201846 0.127

 0c, 2 . 29,249 2982 * 11.906909 -35,869404  35.487559  ~18.674366  3.316252 0.157

e, ) : " ‘ '

I

Sg

1 ]

Eg |
g

5? 5]

k_ : . y

Y
! .

1 (Kg/cmd differentinl) w a + b (log liters GNa/min) + ¢ (log liters GNs/min)? +d (log liters GNa/min)3 + a {log liters GRy/min}
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~ Table XXV

t Y kHia UId ¥mr it -Hlitiﬁu H walt W "H"ﬁ
.

' MESD FO. 11 )
CONTAMINATED CONDITION - FLOW RATL VERSUS DIFFERENTIAL ERESSURE'
TEST SPCCIMZN S/N 020 , .
NOMINAL TEST SPECIMIN INLET PFESSURE = 70.307 Kg/em? -

NET DIFFLRENTIAT, PROSSURE (Kg/em? DIFFERENTIAL) ‘
o RATE TOTAL QUANTITY OF §YNIGETIC CONTAMINANT RDDED (mg) .
: GNp/hr) . 0.0 4,8 1.3 16,7 24.1 38,9 53,9 67,2 83.5 160.2
0.5 0.286 0.280 0.264 0.278 0,282 0.285 0.287 .298 .  0.31L ' 0.322
}.0 . 0.582 .  0.57L 0,559 0.570 " 0.581 0.535 0.593 . 0.627 0.647 0.675
1.5 . 0.898 . 0.882 0.573 0.851 0.903 0.930 0,926 0,991 | 1.022 1.073
2.0 1.210 1,208 1.203 1,211 1.245 1.287 1.285 1.386 1,434 1.513
2,5 1.578 1.547 - 1,546 1.556 1.605  “1.663 1.667 ©1.608 1.880 1.990
.0 "ML 1.939 0 1.900 1.900 1.915 1,981 3.esh U Flesd.' " Y2355 2,356 - Ta2.503
3.5 . 2,313 2.263 2,264 2.287 2.372 2.466 2.491 2.725 2.862 3.049
1.0 2.658 2.638 2.637 . 2.672 2.777 ' 2.8%0° 2.932 3.217 3.395 3.627
4.5 3,085 . 3.022 3.013 3.067 3.195 3.328 3.389 3.730 . 3.956° 4.236
5.0 3.503 3.416  3.407 3.474 ' 3.625 3.779 ' 3.064 _  4.263 4.543 ° 4,375
5.5 N 3.920 3.818 3.803 3.891 4.067 = 4.242 4,354 4.815 5,155 5.543
6.0 e~ L4.a48 4.230 4206 4.318 4.521 4.718 «  4.860 5.386 5.792 6.239°
o2
0 | ’:j E
1 § .%"
-
“©
£
S =
t-q m
B B
e
Er
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"~ ‘Table XXV

TOLAL QUANTITY
oF
CYNTHELIC .
ONTAMISANT |
"ODED  (mg)

NOTE: Data values obtained from least square cquation of exporimental -data in the form:

AVG. TEST
SPECIMEN INLET

AVG. TEST .
SPECIMEN INLET,

PRESSURE (BSIA) , TEMPERATURE {°F)

g.0
1.8
11.3

24.1
38.89
53.9
67.3
83.5

16.7 e

100.2 .

68.050
62.750
70.461
69.708
70.321
70,043
70.865

70.698
71.283

- 71,297

301.9
299.3
r298.1
295.0
299.4
300.4
. 295.2
300.2
297.1
300.1

.

Log (Kg/cm? @ifferential) = a + b (log Kg GNy/hr} + ¢ {log g Giy/hr) 2 + & (log Kg GN,/hz)3 4 e

+
4

{log KngNg/hr)é

. .

EQUATION COEFFICIENTS

a b [ =} e .
~0,234785 1.051610 0.080361
~0.243¢20  1.055540  0,079310  mee—mesX
~0,252721 1.093923  0.041813 . e
“0.244481  1.062413+ 03088811+ 4 mem—mmeen o :
-0.236126  1.072357:  0,094065 - = .
-0,2258%7 1.088116 0.087287 ——m
-0.2272:8 1.080954 0.120127 -
~0.202068  1,109803  0.116467 ==me—- - emme——
~0.189414 1.102934 ., 0,155216 '
-0.170778 1.116276  0.160672 ' .
SE
o QY
. g
; =] = .
2 g
LR
':J B
K
7,
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. . — . Table XXVI o
4 ‘ . TEST WO. 11 T, "“"" )
' CONTAMINATED CONDITION - FLCW RATS VERSUS DIFFERENTIAL PRESSURE | ' st '
TEST SFRECIMIN §/H 020 '
. NOMINAL TEST SPECIMEN INLET PRESSURE = 70.307 Kg/om?
) NET DEIFFERCNTIAL EREASURE (Kc;/cn.z DIFFERCNTIAL)
. FLOW RATE , TOTAI'J QUE\NTITY'OF‘ SYNTHCTIC CONTAMINANT ADDED {mg) | -
it} rers GNp/minye 0.0 4.9 11.3 1.7 24.1 38.9 53.9  67.3 83.5 100.2
, 10 0.421 ' 0.409 0,402 0.409 0.417 0.422 _,,,0.423 , 0.440. 0,456 0,478
. 15 " 0.631 . 0.619 0.613 0.619 0.633 0.646 .  0.645 0.682 0.701 0.738
20 0.854  0.836 - 0.831 0.837 0.858 0.880 °  0.879 - 0,939 0.965 1.018
25 © 1081 L.06y . 1.05,  ° 1.062 ! 1,092 1.125 1.128 1.209 1.245 1.317
e 1.315 ° 1.290 1.285 1.285 1.335 w1.378 .o, 1.3BL , .. 1.492 1,540 *  1.633
. 35 . 1.556 + 1.526 1.522 1.534, 1.585 1.540 1.647 1.787 1.850 1.966
: 40 1.803 .  1.767 1,764 1.779 1.842 1.309  1.922 2.993 2,374 2.314
15 2.05% 2.014 2.010 2,031 2.105 2.185 2.206 2.409 2.512 2.€77
50 2,314 . 2.265 2.261 ©  2.268 '2.375 . 2.468 2,499  2.735 2.863 3.056
55 . .2.578 2.521 2.517 °  2.551 2.651 2.758 2.799 3.070 3.226 3.448
\ 60 © e 2.847 2.73) 2.776 ¢ 2.818 - 2,934 , 3,054 . 3.108 © 3,415 3.602 3.854
i 65 3.120 3.045 3.640 3.091 | 3.22) 3.356 3.424 3.763 3.990 4.274
ik 70 3.399° 3.314 . 3.307 3.369 3,515 3.664 3.748 - 4.330 4,389 | 4.706
N T 3.692 3.587 3.578 3,651 3.813 3.978 | 4,078 4.500 4.800  -5.152
: 80 . 3.97¢ 3.864 '3.853 3.938+ 4.117 4.297 | 4.41% 4.879 5.222 5.610
, 85 . ) 4.262 1 40144 2.131 4,229 4.425 ' 4.621 | 4,761 5.265 5.655 6.080
' 80 . ) 4.558 4.428 4.412 - 4.524 4.739 * 4.950 5.112 ' 5.659 6.098 6.563
' 95 © 4.859 4,705 | 1.697 4.824 5.057 5.285 5,470 6.0660 §.553 ' 7.038
100 5.163 . 5,006 1.984 5.128 5.380 5.624 5.834  6.469 7.017 7.564
. i
& e
2
%
® B .
_ . | £ C -
*24 21.2°C (70°F) and 1.033 Xg/cm? (14.7 psia) Lot - Ll ep)
.. . ! , vt:"m .
. L ' R i

111,
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NOTE:

Data values obtained f*-o-n least squa*‘e cquation of e:.perimental data in the form:

v

1 ' )

13

INTHETIC AVG, TEST AVG. TEST " -
chiviranne ¢ SPLCIMEN INLET SPLCINEN INLET : EQUATION COEFFICIENTS
LD {ng) PRESSUFL {PSIA)  TEBLPLRATURE (°R) A b G a [ SIGHA
0.0 68.050 201.9 ~1.264332 0.789478 0.099574 0.006
4.9 69.750 299.3 ' »1.312439 0.843088 . 0.081441 ‘0,006
11.3 70.461 298.1 o =1.352331 0.889262 0.067854 0,013
16,7 69,708 . 295.0 ~1.266933 0.8L4006 0.094678 0.012
wl e N . B . LN AR Y ¢ 2 a 3 A - 1 ~, 3
24.1 70,321 289 .4 ~1,.295594 0.817375 0. 097910 e 0,013
38.9 70.043 300.,4 . -1,320315 0.855212 0.089538 0.014
53.9 ' 70.885 295.2 ~1.275048 0.781892 0.119301 0.0L14
67.3 70.628 300.2 -1:308814 0.845249 0.107280 0.020
23.5 71.283 297.1 ~1.223663 * 0.730333 0.152194 -— 0.023
co.2, ~— 71.297 300.1 ~1.209192 © .0.733448 0.155265 -— 0.022
oo
=%
=t
I .6
!81E P
TR
)
'.U »'s
SEY
EH ..
- y

‘e

'Kg/c"\z differential) =.a + b (1og liters GN3/min) + ¢ (log liters GNz/mm)z # 4 (log liters GNZ/min)3 +e (log: litcra G'\lg/min) 1

AN}
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THST rO. 11
CONTAMINATED CONDITION - FLOW Az22 VERSUS DIFFERENTIAL PRESSURR v ’
+ TEST SPCCIMEN S/N 020 L .
NOMINAL TEST SPECIMUN IMLET PRESSURE = 415 PSIA
NET DIFFERDNTIAL PRESSURE (PSID}
v oW RATE TOTAL QUANTITY (I SYNTHETIC CONTAMINANT ADDED (mg)
fiscr) 0.0 4.9 11.3 . 16.7- 24.1 38.9 53.9 67.2 83.5 100:2 ]
0.4 15..265 15.05¢6 15.951 ) 15,898 1 15.986 -1'7.0.43.. »a - 37,123 4‘ - 18.754 19.635 20,154
0.5 19.563 19,461 ' 20.547 20,483 - 20.473 21.81%8 22,028 24.072 24.498 24 .56
0.6 23.878 22.863 25 180 25.107 25,247 26.835 27.223 " 29,810 30.27¢9 30.127
0.7 28,242 2B.296 29.883 29.308 30,058 32,032 32.640 35.854 316.609 36.38¢
6.8 = 12,682 32,793 34.685 34,618 - 34.%49 .,-", 37.,38% .. 38,258 . . 42.159° 43.307 43.084
0.9 37.219 ° 37.377 39.606 39.562 39‘.958 42,906 44.079 48,724 50.294 50.134
1.0 41.870 , 42,069 44.666 44,661 45.115 48.597 50.119 55.570 57.548 57.473 o Q
1.1 46,648 46.887 49.878 49,931 50,445 ° 54,482 56,401 " 62,731 . 65.094 B5.11- v ?3
‘ 1.2 §1.565 51.844 ~ 55.258 55.387 55.970 60.587 62.954 76.252 72.974 73.094 v %
1.3 56.631 56.954 60.814 61.044 61.710 66.938 69.810 78.184 81.256 Bl.'h‘:'j 8 »\;,
1.4 €1.854 62.228 66.558 66,911 °  67.683 73.565 77.005 856.5385 90.018 90.361 = o
1.5 67.244 67,674 « 72,498 *73.002 73.906 80,499 84.574 95.515 99,351 99.81 % ge]
1.6 72.807 73.304 78.644 79.325 80.394 87.772 92,557 105,038 109,356 109.95f b %
1.7 78.551 79.126 §5.003 85.890 87.163 95.415 100,993 115.226 120.154 120.89 E—: =
. 1.8 £84,431 85.147 91.584 92.708 94.226., 103.465 2109.924 126.151 131.837 132.77 :% v-c;.,‘
1.9 £0.604 91.377 ‘98,393 29,788 101.599, 111.856. 119.396 . 137.894 144.567 145.13
2.0 96.926 97.821 . 105.438 107,137 109,295 220.825 129.453 150.540 158.482 159,93
2.1 103.452 104,489 112,727 114_756 "117.328 1306.41) 140,146 164,181 173.746 175.55%
2.2 110,150 111.387 :120.2653 122,683 125,712 140.454 | 151.525 178.916 190.538 192.89
2.3 117.144 l18.522 128.060 130.856 134.462 |, 151.097 , 163.646 19:,4.851. 209.4059 ’ 211.9G
2.4 124,319 125.901 136,120 135.418 143.592 162.383 . 176.586 212,104 229.523 233.09 ﬁ
2.5 131.721 233.533 144.449° 148.250 153.115 174.361 190,346 230.799 252,213 256.67J L
2.6 139.356 141.423 ,153,056 157.407 163.047 187.079 ° 205,051 25L.072 277.3719 28é.96
2,7 147.228 149.579 161,948 166.896 173.402 200.590 220,751 273.071 305.349 3.2.32
2,8 155.345 158.008 171.130 ° 176.726 184,196 214,949 237.518 296.957 336.479 345.17
2.3 163,709 166.7L7 180.611 186.507 195,443 230.213 255,432 322,906 371.172 381.97
3.0 172.329 175.713 190.396 197.447 207.,15% 246,446 274,575 351.107 403.E81 ——————t
3.1 181.208 185.004 200.493 208.355 . 219,361 263.712 . 295.036 381.758 -
3.2 . 190.352 194.597 210,910 219,642 232.063 282.081 316,911 - memmmes wme——— - e ]
3.3 199,767 204,429 221,652, 231.315 245.284 302,627 340,299 eevnmema - i
\_3.4 208,459 214.718 232.727 243,386 259.0239 322,427 365,310 ————— e -————
=377 ALY 29,7261 24q. 142 255 .Ek4 273.3T% V314558 3970657 =STTS - e—n e -
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NO'I:é: Data values cbtained from least square eguation of experimental date in the form: .
tog (PSID) = a + b {log SCRM) + c (lecg SCE)Z +'d (log SCEM)3 + e (log SCFM)?
] -
TOTAL QUANTITY
=
SYRTHERIC . AVG. TEST AVG, TEST e

CONTA/INANT * SPECIMON INLET  SPECIMEN INLET 1. EQUATION , COBPF ICIENTS 8 :
ADDED (mg) PRESSURE {PSIA)  TEMPLRATURE (°F) 2. vhrr b v g a~ e SIGMA
0.0 £15;2 76.0 1.621903 1,125428 - 0.18B038 G.319323 ————— 0.5%
4.9 " 415.6 74.5 " 1.623964 LiL29680° T "0.174783 0.3687222  seemmm——- - 6.5k
11.3 412.1 az.1 1.649378% 1.149395 0.197486 0.334420 —————— 1.438
16.7 i 421.3 79.4 1.649325 1.160229  0.228911 0.366846 ——————— 1.0p
24.1 416.8 19.6 1.65431% | 1.161303 0.227025 0.517629 ————— - 0.905
3503 418.8 . B6.6 1.686309 1.190245 0.199111 0.496878 0.731871 . 0,957
53.9 , 418.4 79.9 1.699399 1.228355 0.232890 0.542265 0.784871 0.7
£€7.3 o .416.9 86.7 1.744338 1.259013 0.276774 0.692140 1.176255 0.702
§2.5 — - .. Als.4 81.9 1.760240 1.284840 0.152460 0.633694 2.520708 S 1635
100.2 416.0 77.1 1.759147 1.302%09 0.146386 0.535207 2.972947 1.4:h

- o
S §
1 g -
S5 |
i = g
o o
qg . 7
Ba :
g2
&

\. )
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(" ' , : Y w&
. TEST No. 11 ' g%
CONTAMINATED CONDLTION — FLOW RATE VERSUS DIFFERENTIAL PRESSURE = %;
. ) TEST SPECIMEN S/M 020 L g
NOMINAL TEST SPECIMEN INILET PRESSURE = 415 PSIA gﬁ %5
‘ N¥CT D*FFERENTIAL. PRESSURE (PSID) ﬁ W
PLOW RATE TOTAL QUANTITY OF SYNTUETIC CONTAMINANT ADDED (mg) "
ibs G¥p/hr) *- 0.0 4.9 11.3 16.7 24,1 _38.9 53.9 67.3 _  _83.5 100.2 g
1.0 7.397 7.471 8.138 8.087 7,457 9.977 10.117 -+ 11.674 17.070 21.857 ; o
1.5 12,910 12,630 13.447 13,404 13.063 14,580 14.650 16,217  .17.559 18.67: y
2.0 17.570 17.728 18.738 18,681 18,599, ., tg.908 . 20,059 , 21.925 , 22.436, , 22.669 ., -
2.5 22.332 22.729 24.059 23.9386 24.094 25.013 25.935 28.403 23.841 28.724 i
3.0 27.850 27,900 29,464 29,383 29,622 31,557 32,135 35.312 36.045 35.81 A
3.5 32,964 _33.080 34.9595 34.922 35,255 ° 37.73‘3 38.607 42.570 43,746 43,537 ‘
4.0 38,209 38.377 40.687 40.640 41.045 44.113 45,351 50.173 51.824 51.701 !
4.5 43.607 43,822 45.566 46,568 47.040 50,729 52,392 58.156 50.263 60.23 E
5.0 45.181 49.440 52.655 52.731 53.276 57.615 59,766 66,577 69.107 69.22" i
5.5 Tt 54945 55,252 58,972 59,151 59,786 64,812 67.519 75.511 78.445 T4, 69)
6.0 60.915 61.275, 65.334 63,847 66,597 72.362 75.704 83,039 88.387 88.7¢
6.5 67.103 67.527 72.354 72.835 73.736 §¢.313 84.375 95.255 $9.070 99, 574
7.0 73.521 74.021 79.446 .  80.132  81.226 B§.712 93,522  +106.257  110.645  111.2¢ :
7.5 B0.179 20.770 86.822 87.753 gg8.091 97.610  103.415  118.151  123.260  224.03] .
8.0 87.087 87.763 94.495 95.711 97.352  107.05¢  113.912  131.054  137.165  138,19; )
8.5 84,254 95.086  102.475  104.022  106.031 . 117,114 125,350  145.091  152.509 .,  153.813 :
9.0 101.690 . 102.676  110.773 112,698  115.150  127.831  137.204  160.395  169.548  171.22) M|
9.5 109.403  110.569  119.400  221.752 ‘ 124.73Q  13¢.272 _ 150.152 177,118  .188.544  190.701 o !
J:0.0 ., 117.402 118.776 123,357 131.200 134.792 151".501" + 164,072 195.419 209.798 212,607 )
‘10.5 125.695  127.308  137.683 141,053  145.358  164.584 179,068  215.474  233.648 237,30
il.0 . 134,291 126.177  147.360 151,325  156.450 178,593  195.220 ©  237.478  260.478 265,25 i
11.5 ° - 143.197 145,383 157.408. 162.031  168.090 - 193.604  212.636 261,645 290,728  296.94 o
12.0 152.424  154.967 ., 167.838  173.182  180.301  209.697  231.426  236.208 324,903  332.97 :
12.5 161.977  154.910  17B.559 184,794 193,106  226.961 251,705  317.427  363.578  374,01] :
11.0 171.867  175.233  1£9.882 196,880 206,529  Z245.485  273.605  349.586 407,417  ===—-—} :
13,5 182.102  185.948  201.518  209.455  220.593  265.369 . 287.255 385,000  =e—cmme  seeoa-
14.0 192.689 L97.065 wl13.577 22%2.531 235,324 286,718 322.B16 2 ——=mm—m mmmma—a e
14.5 203,638 208.596  226.07%  236.125 250,747  309.644 350,433  wecemm-. VRIS,
k_}s.o 214.956  220.552 239,011 250,250  266.887- 334,268 380,283  ~-mmemm  meeoem e
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ROTE: Data values obtained from least square equation of experimental data in the foxm:

10G (PSID) = a + b (log Ibs GNa/hr) + ¢ (log lbs GNp/hr)? 4 & -(log Lbs GNz/hr)® + e (log lvs 6ty /he) ¢

DIAL QUANTITY

AVG. TEST
SPECIMEN INLET
PRESSURE (PSIA)

:

AVG. TEST
SPECIMEN INLET
TEMPLRATURE (°F)

0.0
4.9
11.3
15.7
24.2
28,9
53.9
67.3
83.5
100.2

415,2
415.6
412.1
411.3
416,8
418.8
418.4
416.9
415,.4
416,0,

76.0
74.5
82,1
75.4
79.6
86.6
72.9
86.7
81.9
77.1

_ " TableXXVIII ‘
X - Y
.
EQUATION COEFEFXCIENTS .

2 b =] - & EICMA
0.897436 _1,277286 -0.425329  0.320281  smemeeme 0.929
0.873360  1.383621  =0.572194  0.389341  emmmmmem 0.50¢
0.91053.  1.306138  ~0.442554  0.334337  =mmmmmem 1.444
0.908347 . 1.314791  =C.471546  0.368346  =mmmm--n 1.¢60
0.87259  1,500244 -0.739105  D.515933  sm—meree 0.943
0.999020  0.796623  1.001527  -1.336519  0.719764 0.959
1.005050  0.747466  1.185546  ~1.533361  0.BL0947 0.734
1.66722Y ° 0,542729 1.832258 =2.293742 1.176794 - 0,622
1.232237  ~0.621876  4.835066  ~5.590354  2.456727 1.632
1.339557  -1.306387  6.362640  ~7.039501  2.271339 “*  1.431

911
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M
[ TEST NO. 11 . T "
CONTAMINATED CONDITION - PLOW FATE VLCRSUS DPIFFERENTIAL PRESSURE
; ' TEST SPECIHEN 5/N 020
NOMINAL TEST SPECIMEN INLET DRESSURE = 1,000 PSIA '
NET DIFFIRENTIAL PRESSURE (PSID) !
rlow mae TOTAL QUANTITY OF SYNTHETIC CONTAMINANT ADDED (mg)
_Isce 0.0 4.9 11.3 16.7 24.1 38.¢ 53.9 67.3 83.5 100.2
0.4 . 61451 6,332 6.238 6.297 6.401 " 6.533.  6.528 6.661  7.088 7.383
0.5 8.142 , 7.998 7.908 7.963 B.116 8,312 £.287 - 3.764 9.035 - 9.434 )
0.6 9.877 5.704 9.619 9.675 ,  5.882 10.148 ' 10.107 16.745 11.070 11.585 _ !
0.7 . . 11.652 11,448 11.369 11.429 11.6986 12.037,, .11.988 _ 12.798 13.190 . 13.833 o O
0.8 13.465 13,228 13.155 13.224 13,556 13.975 13,924 14,920 15.391 16.173 e>] 5} :
0.9 . 15.315 15,041 14.974 15.055 15.458 15.960 15.91% 17.108 17.671 18.602 o Ga
1.0 c17.200° ) 16.886 16.824 16.923 17.402 17.588 17.959 19.359 20.026 21.117. 8 E
1.1 19.117 18.762 18.704 18.826 19.384 20.050 20,052 21.669 22.455 23,715 ] g: :
1.2 21.067 20.667 20.613 20.761 21.404 22.172 22,193 24,038 24,955 26.394 ¥ ‘
1.3 23.048 22.601 22.549 22,729 23.460 24,321 24.381 26.463 27.525 29,1582 q;p?
1.4 ~—_  25.089 24.561 24.511 24.727, 25.552 26.508 26.615 28,942 30.162 31,988 sgg
1.5 27.098 26.548 26.489 26,755 27.677 28,732 29,893 31.475 32.866 24.399 ey
1.6 29,165 28.56L 28,511 23,012 29.835 - 30.99) 31.214" 34.058, 35.635 37.835 Cf'
1.7 31.260 30.598 30.546 30.897 32.024 33.283 33.577 ' 36.693 39.467 40.943
1.8 33.381 32.659 32.504 33.009 34,245 35.609 35.981 39,376 41.252 44.073
1.9 35.527 34.743 34.584 35.148 36.496 37.967 '38.426 42.107 44.318 - 47,274
2.0, 37.698 35.859 36.785 37.313 308.777 40.356 40.909 . 41,885 47.335 50.544 :
2.1 39.896 38.979 38.908 39,503 41.086  42.775 43,432 47,709 50.412° " 53.882 :
2.2 42.1)6 41,130 ‘41.050 41.718 43.424 45,225 45.592 50.579 . 53.547 57.288 . ~I
2.3 44,361 43.302 43,213 43,957 45.790 . 47.704 . 48.5089 53.493 - . 56:740 . 60.761
2.4, 46.628 45.495 45.395" 46,220 48.182 50,212 51.224 56.450 59,991 64.299
2.5 48,918 47.708 47.596 43.507 S5G.601 S2.747 ., 53.894_ 59.451 63.298 57.l902
2.6 51,230 49.941 49.816 50.816 53.046 55.311 56.599 62.434 66.660 71,570
2.7 53,564 52.194 52.054 53.148 55.517 57.901 59.340 65.578 70.078 75.302
2.8 55.919 54.466 54.309 55,501 58,013 60.518 62.115 68.704 73.551 °  79.097
2.9 . 5B.295 56.757 56.582 °°  57.877 60.534 63,161 64,925 71.87¢C 77.078 32.954
3.0 60.693 59.066 58.873 60,274 £3.080 65.820  67.768 75.077 80.658 B6.573
3.1 63.110 61.393 61.180 62.692 65.649 68.524 70.644 78.323 84,292 90,854
3.2 ' 65.548  63.739 63.503  *'65.131 £8.242 71.243 '73.5582 81.608 87.977 ', 94.895
3.3 68.005 66.102 65.843 67.590 70.889 73,987 76.493 84.931 * ,81.715 98,997 |
\ 3.4 70.483 £6.482 63,198 70,269 72.499 26155 79457 28203 05 505 301 15 e
1.5 72.979 70.820 70.571.  72.568 76.161 79.547 B2.471 91.692 °  99.3i6  107.38D-!
»,
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- SOTEs Data values cbtained fron least square equatien of experimental data in the form: '
Log (2SID} = a + b (log SCEM) + c (leg seem)2 & 4 (log serm? + e (log SCEM)4 .
zbTAL QUANTIYY - : o -
.0 ) .
SIWTRRTIC AyG. TEST avG, TEST R f
| CNTAM-NANT - SPECIMEN INLET .. SPECIMEN INLST EQUATION COBSTICIENES
ADDSD_Img)- SoESSURE (PSIA)  TEMPERATURE (°F) a_ b ) 4 e SIS
c.0 967.9 . 83.7 1.235513  1.105521  0.088313 0088
4.5 592.1 79.1 1.227933  L.10497%  0.079187 - 0.069
11.3 1002.2 77.0 1.22503L  1.108886  0.065494 S 0.182
16,7 991.5 71.4 1.228483  1,1141gL"" 01088215  »-wmTmemeae TUTOTTET 0,186,
24.1 1600.2 78.2 . 1.240587  1.128190  0.092337 mmm—— mm———— 0.148
28.9 ©996.2 80.9 1.254993  1.139738  0.085261 - - .20
53,9 - | 1007.9 7L.8 1.254571  1.151759 , 0.119501 e m— 0.168 -
67.3 1005.6 30.6 *1.286873 1.178286 0.11617% | —-mmomes et 0.287
23,5 . 10139 75.1 1.401893  1.194694  0.153908 i e 0.272
160.2 . Tlou4.y ‘80.5 1.324622  1,210830  0.160562 0.295
O
- 'y 'g W r '
g5
SE.
£
S
B
=
\_ e . ' .
./

81T

o/
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. TEST W2 1L B
CONTAMINATED CONDITLON - FLOW RATI: VERSUS DIFFERENTIAL PRESSURE .
: TEST SPECIMEN 5/N 020 - N
HOMINAL TEST SPECIMEN INLE! PRESSURE = 1,000 BSIA ’ :
NET DIFFORENTrAL PRESSURE {(PSID)
FLOW RATE TOTAL QUAKTITY OF SYNTHETIC CONEAMINANT ADDED (mg}, . :
(fos GNo/hr) . 0.0 4.9 11.3 16.7 24,1 38.9 53.9 67.3 83.5 100.2

- —— e e et et —
1.4 3,694 3.609 3.51% 3.581 *3.620 3.662 . 3.703 " 3.826 4.009 4.150
1.5 5,555 5.445 5,350 5.409 5,498 5,58 , 5,600 5.857 6,073 5.312
2.0 . ) 7.478 7.340 7.249 7.304 7,442 7.607 7.588 8.004 8,263  B8.618
z.5 9,459 9,289 9.205 9,260 9.456 9.700 9.662 10.257 10,574 11:060
3.0 . 11.494 11.29%0 11,213 11.273 11.835 11.865 11.816° 12.508 12.9%9 13.630
3.5 ) 13,5860 13,329 13,268 132.338 13.675 3145098 ¢ A4:0457 .. 15.05) 15,832 16.324
4,0 15.715 15,432 15.368 15.456 15.871 16.387 16.347 17.5%8L 18.16% 19.135
4.5 . 17.896 17.567 17.508 17.61% 18.12L 18,738 . 18.717 20.193 20.906 22,060
5.0 20,120 19.743 19.688 19.9028 20.423 21.143 . 21,152 22.884 23.740 25.094
5.5 22.3R86 21,956 25.905 22.079 - 22.774 23,601 23,651 25,651 26.667 28.234
6.0 - 24,693 24,208 24.150 24.372 25.17% 26,100 . 26,210 28,491 29.684 toa1.477
6.5 T~27._538 26,492 26.444 26.704 27,614 25.666 29,829 11,401 312.79% 14.822
7.0 29.420 za.81% 28.742 29.075 30.101 31,269 ° 3L.505 34,350 35,983 38,3265
7.5 31.838 31,164 - 31.111 31.483 32,631 33.917 34,235 37.425 39,260 41.804
g.0 34,292 33,547 33.491 . 32.926 35.201 "a6.609 - | 37.022 40,536 42,620 L5.438
8.5 . 36,739 35.962 35.8929 36.405 37.6811, . 29.343 19,861 43,709 46.061 49,164
5,0 . 35.30L 38.407 = 38.336 38.917 40,461 42.119 42,751 46,944 49.5582 52,983
9.5 L41.854 40.880 40.800 43.463 43.148 44,924 45,692 50,240 53.181 56.391
i0.0 44,438 43.382 43.29) 44.040 45.872 47.789 48,683 53.594 56.857 60,887
10.5 47,054 45.912 45.807 45,650 48.533 50.681 51.722 -+ 57.007 60,610 64.971
i1.0 . ¢ ’ 43,7060 48.468 48,349 49.290 51.429 53,611 -54.809 60.477 *64.437 , 69.141
11.5 . 52,375 51.051 50.915 . - 51.960 $4.260  56.578 57.943 * 54.002 £8.339 ————
12.0 . ) 55,075 83.660 53.505 54,659 57.124 59,580 _61.123 - 57.583 ———— R
12.5 57.812 ' 56.295 56.118 57.337 60.022 62.617 64,349 ———— e ——————
13.0 60.572 + 58.954 58.755 60.144 © £52.953 65,689 67.619 « =——-m= ——— —————
13.5 " 83.360 §1.637 . Bl.414 62,929 €5.,916 £8.795 mmemmm  mmems - - cmmm——
14.0 56.175% 64.-344 64.095 65.741 £8.911 m———— e ' ————— —— e
14.5 69.016 67.075 G6.798 68.500  —mmmmm mmeee - B

15.0 71.883 69.029 69.522 B ————— T e ————— =
\_ . '
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) NOTE: Data values obtained from least square equation of experimental data in the formi
, Log (25ID) = a + b (log 1bs GNz/hr) + ¢ (log 1bs G¥z/hr)2 + d (log 1bs GMo/hr)? + ¢ ({log 1bs GNp/hr)d SR
1 TOTAL QUANTITY i
! oy )
i SYNTUETIC . AVG. TEST AVG. TEST .
: CONTAMINANT *°  SPECIMEN INLET SPECIMEN INLET - EQUATION COEFFICIENTS L
__»ADDED (m7} PRESSURE (PSIA)  TEMPERNTURE (°F) a b a 4 e SIGMA
0.0 967.9 83,7 0.567535 0.990175 0.090048 —— g.089
' 4,9 992.1 79.1 0,557715 0.999920 0.079977 0.073
N 1.3 1002.2 77.0 0.545038 ° 1.024280 0.066177 - 0.133
P 16.7 991.5 71.4 0.553¢91  1.001935 0.087526 8.183
] 24.1 1000.2 79.2 . 0.559637 _ 1.007692 0.004022 meemm———— —————— _0.147
I 2.9 996.2 §0.9 0.563474 1.028605 0.087045 -~ 0.201
‘ ' r
; 53.9 1007.9 71.8 0.389530 0.999010 0.119836 0.158 N
; 67.3 1005.6 80.6 0.582699 1.030071 0.116350 + ==- - ; 0.283
yol £3.5 1015.5 75.1 0.603032 0.596845 0.154908 me—meemm | e 0.267
7
o 100.2 1014.1 * ' B0.5 0.6181:68 1.095710 0.160748 m————— —— 0.283 !
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Figure 39

6

HPOF PROGRAM TEST NO.
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

TEST SPECIMEN S/N 023
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HPOF PROGRAM TEST .NO.
TEST SPECIMEN S/N 023

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

HPOF PROGRAM TEST NO.

TEST SPECIMEN S/N 023
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o L . . . f Table XXXI
TEST NO. 6 '

‘ PEST SPECIMEN /N 023
CLEAN CONDITION ~ PLOW RATE VERSUS DIFFERLNTIAL PRESSURE

NET DIFFERENTIAL PRESSURE (Kg/cm2 Differential)
TEST SPECIMZN INLET PRESSURE (Kg/sg cm)

© FLOW RATE
(Liters* GN,/min) 29,6107 70.9213
0 - , 2,064 . 1.215
15 ' " 4,633 1.811
20 - 6.381 2.428
25 8.419 3.064
30 - 10,827 T 3,719
35 = 13,685 - 4,392
10 : 17.070 . 5.082
45 -~ 21.071 5.788
50 -+ 25.783 6.510
55 ———c 7.248
60 e 8.000
. 65 ; ————ee 8.766
70 C — 9.546
5 | m— 10.340
80 | mee—-= 11,146
85 O emm— 11.965
30 C e 12:797
95  em—— 13.641
100 - ——— 14.497

*At 21.1°C (70°F) and 1.033 Kg/cm® (14.7 psia)

L

. Winteg Dwision, Brunswick Carporation, 5223 W. tmperial Highway, Los Angeles, CA 90046 JSA 213464 1+4300 B@
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NOTE: Data values obtained from least e;quare equation of experimental data in the form;

Log (Kg/cm2 dlfferenta.al) =a+b (1og liters: GNz/mJ.n) + ¢ {lLog liters GN;;;/mln)2 +
d (log liters GNz/m:.n)3

A, 'I.og (:Kg/cm2 differential) = -1,211933 + 3. 076583 {log liters GN;/min) -2.059819
' {log liters GNp/min)? + 0.881454 (log liters GNp/min)3
Sigma = 0.153
B. Log (Kg/cm2 differential) = ~0,767541 + 0.740120 (log liters GNz/min) + 0.112142 .
y ' . {log liters GNz/m:i.n)2
Sigma = 0,037
et
[+]]
=
m
-
-
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Table AXXII
TEST NO. 6

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

NET DIFFERENTIAL PRESSURE (Kg/cm? Differential)
PEST SPECIMEN INLET PRESSURE (Kg/sq cm)

FLOW RATE
(Kg GNo/hr) 29,610% 70.921B
0.5 1.966 0.867
1.0 . 4.350 1.711
1.5 . 6.908 2,607
2.0 . 10.076 - _ 3.549
2.5 . 14.156 4.536
3.0 19.450 5.564
.5 e ' 6.631
40 e 7.734
4.5 e 8.871
5.0 ——i 10.042
©. 5.5 e 11.245

6.0 C mme———— 112.478

;_‘:..f-:-‘-‘*‘lllu:lt:ec Division, Brunswick Comorstian, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 @@
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NOTE: Data values obtained from least square equation of exberiméntal‘data in the form:

Log (Kg/cm? differential) = a + b (log Xg GN,/hr} + ¢ (log Ky GNz/hr)2 + d (log Kg GNZ/hr)3

0.638519 + 1.091342 (log Kg GNz/hr) + 0.109010 (log Kg GN2/hr}2 +

A, ILog (Kg/ém2 differential)
‘ 0.965732 (log Xg GNp/hr)>

Sigma + 0.140

B. L&g (Kg/qm2 differential)
Sigma = 0.043

[

0.233329 + 1.016985 (log Xg GNy/hr) + 0117993 (log Kg GN2/hr)2

8¢t

IIXXX Si4qel
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' | Table XXXIII
TEST NO. 6 -

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

NET. DIFFERENTIAL PRESSURE (PSID)
TEST SPECIMEN INLET PRESSURE (PSIA)

PLOW RATE

(SCFM) N 421.2% 1008.7°
0.4 _ - 47.724 19.145
0.5 60.865 23,954
0.6 ' . 74.417 28.876

0.7 ' 88.813 33.909
0.8 : © 104,391 39,049
0.9 121.434 T 44,292
1.0 140.199 . 49.636
1.1 160.936 : 55.078
1.2 183.897 60.614
1.3 - 209.343 © 66.242
1.4 " 237.548 71.959
1.5 " 268.804 77.764 .
1.6 303.421 83.654 "g‘RIGHVAL PA. '
1.7 341.735 89.628 F Poog QUAL? Is
1.8 : 384.105 95,683 - Ty
1.9 —————— 101.818
2.0 e . 108.031
2.1 ———’ . 114.321
2.2 ——— 120.686
2.3 —— -— 127.126
3 S ——— . 133.639

2.5 emema- » 140.223
2.6 emeee—- 146.878
27 emee——- . 153.603 -
2.8 - e 160.396
2.9 eeeeea 167.257

" 3.0 ———— . 174.185

- 3.1 - ©181.178
3.2 —— 188.237
- 7 S 195.360
3.4 eee—ee- 202.547
3. emeeee- 209.797

Ty . ; .
N -’ﬁ*{:ptec Dwision, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 20045 USA 213+641+4300 B@
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NOTE: Data values obtained from least square equation of experimental data in the form:
Log (PSID) = a + b (log SCFM) + ¢ (log SCFM)2 + d (log scrm)3
Log (PSID) =

2.146744 + 1.405828 (log SCFM) + 0.962659 (log SCFM)? + 0.968242 (log scru)3
sigma = 2,040 '

Log (PSID) = 1.695798 + 1.086543 (log SCFM) + 0.117723 (log scrp)?2
Sigma = 0.607 , '

~
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Table XXXIV
] ~ TEST NO. 6
. TEST SPECIMEN S/N 023
CIgEAN CONDITION - FLOW RATE VERSUS DIFFERENTIP:L PRESSURE
{ .
NET DIFFERENTIAL PRESSURE {PS1ID)
FLOW RATE TEST SPECIMEN INLET PRESSURE (BSIA)
(1bs GNp/hr) - 4212 - 1008.7B
1.0 . 24.532 11.246 .
1.5, . -~ 40.491 16.577 -
2.0 . . 55,656 . 22.054
2.5 : 71.070 27.683
3.0 . 87.475 33.458
3.5 . 105.404 : 39.376
4.0 125.296 - . 45,432
4.5 -147.541 51.620
) 5.0 . 172.523 57.936
" 5.5 "200.633 64.375
6.0 232,279 " 70.935
6.5 .267.901 77.611
7.0 - T307.972 84,400
7.5 353.006 ' 91.299
8.0 " 403.563 98.306
s.s e _ 105.418
9.0 . T el ' 112.633
‘9.5 ————— - 119.949
10.0 . e 127.363
10.5 [N _ 134.873
11.0 . m———— 142.479
11.5 ———— 150.178
12.0 , C L emm———— 157.969
12.5 © mmm—— . 165.850
13.0 e : 173.820
13.5 cm————— 181.878
14.0 © | emem—— ~190.021
14.5 e 198.250
15.0 " i © 206,563

L

" .
intec Division, Brunswick Corporation, 5223 W, Impenal Highway, Los’ Angeles, CA 90045 USA 213+641+4300 @@
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Table XXXIV'
~ TEST NO. & '
‘ TEST SPECIMEN S/N 023
“ CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTI&L PRESSURE
) NET DIFFERENTIAI PRESSURE (PSID)'
FLOW RATE TEST SPECIMEN INLET PRESSURE (PSIA)
(1bs GN,/hr) .ot 421,22 1008.78
1.0 ' _ 24.532 11.246
1.5 : 40,491 T 16,577 :
2.0 " 55,656 . 22,054
2.5 _ 71.070 27.683
3.0 . : 87.475 " 33.458
3.5 - . 105.404 . 39,376
4.0 " 125,296 _ 45.432
4.5 ' " 147,581 51.620
5.0 _172.523 57.936
5.5 ' 200.633 64.375
; 6.0 , : 232,279 70,935
6.5 . .267.901 77.611
7.0 - 307.972 84,400
7.5 T 7 353.006 " 91.299
8.0 ) 403.563 98.306
8.5  memeeen ' 105.418
‘5.0 . - J— ' 112.633
9.5 _ oo —— - 119.949.
10.0 - . mm———— - 127.353
10.5 e 134.873
11.0 C 142.479
11.5 S 150.178
12.0 ——— 157.969
12.5 S " emmm——— .- 165.850
13.0 : ——mem : 173.820
13.5 . ———— 181.878
14.0 _ ——— 190.021
14.5 : . mm——— 198.250
- 15.0 R — ‘ ° 206.563
[}

Wintae Division, Brunswick Corporation, 5223 W, Imperial Highway, Los: Angeles, CA 90045 USA 213464 1+4300 B@
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B.

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

Log (PSID) = a + b (log 1bs GNz/hr) + ¢ {log 1bs GNa/hr)2 + d (log lbs GNy/hr)3

Log {PSID) = 1.389733-+ 1.36337% (log lbs GNz/hr) -0.895227 {log lbs GNz/hr)
0.970825 (log lbs GN2/hr)3

\

Sigma = 1.995 .

r

Log (PSID) = 1.050982 + 0.923623% (log lbs GNp/hr) + 0.117821 (log 1bs GN2_/hr)2

Sigma'= 0.613

RIXXX -219eL
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Figure 42°

6

TEST NO.
CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

TEST SPECIMEN S/N 024

Prior to Impact Data
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FLOW RATE (liters* GNp/min)

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

Wintec Division, Brunswick Corporation, 5223 W, [mpenal Highway, Los Angeles, CA 90045 USA 213+641+4300 @

BVRSNCK



135

Figure 43

6

TEST NO.

TEST SPECIMEN S/N 024
Prior to Impact Data

CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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Figure %4

_TEST NO. ©

CLEAN CONDITION — IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

TEST SPECIMEN S/W 024
Prior to Impact Data
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Figure 45

6

TEST NO. .
CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
TEST SPECIMEN s/N 024
" Prior to Impact Data
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. Figure 46
] ' " TEST NO. 6

CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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Figure 47

6
CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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Figure 48
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Figure 49

6

TEST NO.
CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

TEST SPECIMEN S/N 024
DATA AFTER 80 HIGHE PRESSURE (10,000 PSIA NOMINAL) GNs IMPACTS

el it
ESUX[ L AP
1= 0 ) I PR PPN el
TS T T P
5. N [ S
RN O Tiilie s
.Smnvd iR S ERR
L B4 N ’ bl PO vy
S.m..w_. e [T s T
EY B e s ad il Ml
A ] (€ (e B R
¥ | O I L f=d
o S SA Bendbeier
oS | ] IR L AU D
= 5
- 5 .
. il N

106

5 6 7 88

«1

oo~ v on

o

¥Eak J0IR QD HISSI § ILANIN

F370A0 € X € OINHAIHYDDT

HoH

FLOW RATE (1bs GNp/hr}

, CA 80045 USA 213464144300 @@

Wintec Dwvision, Brunswick Corporation, 5223 W. Imperial Highway, L.os Angeles

BsrSACK



FPUHTWCK

142

Figure 50

6

TEST NO.
4 WHICH WAS NOT PROOF-PRESSURE-TESTED

FLOW RATE (SCFM)

USING SPECIMEN S/N 02

CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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Figure 51
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CLEAN CONDITION ~ IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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Figure 52

6

CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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Figure 53

)
CLEAN CONDITION ~ IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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GN2 IMPACT CYCLES ON THE FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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Figure 54
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Figure 56
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Figure &7
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Figure
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Figure 60

CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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USING SPECIMEN S5/N 024 WHICH WAS NOT PROOF-PRESSURE-TESTED

7 INOMINALl TEST

GN; IMPACT CYCLES ON THE FLOW RATE VERSUS DIFFERENTIAL PRESSURE

CLEAN CONDITION -~ IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
INFLUENCE OF 80 HIGH PRESSURE (10,000 PSIA [703.07 Kg/cm2} NOMINAL

i

al:

{4, fan|:

FLOW RATE {Kg GNp/hr)

Wintec Division, Brunswick Corparation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 IB@
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: Table XXXV
TEST NO. 6

TEST SPECIMEN S/N 024
CLEAN CONDITION = IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

. A .

: )
Prior to Impact Data

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

[N B S E ]

FLOW RATE

(Liters* GN,/min) 29,2545 49,2815 70.740C
10 3.115 1.628 1.186

15 4.706 2.471 1.762

20 6.460 3.333. 2.359

25 ) 8.504 4.223 2.977

30 - - 10,933 5,147 3.614
038 13.836 6.108 4.270
40 _ 17.305 7.110 4.944

45 L 21.441 8.153 5.636

T 80 26.358 . 9,239 6.344
55 o m—— % 10.370 7.069

60 cmmmmm . 11.546 7.809

65 ———— 12.768 8.565

70 cmmee- 14.038 9.335

75 eeee—- 15.356 10.120

g0 - emeca 16.723 10.818
85  emeee- 18.140 11.731
50 e 19.608 12.556

T —— 21.127 13.395
100 ——— 22.698 14.247

Wintec Division, Brunswick Corpaoration, 5223 W, Impenal Highway, Los Angeles; CA-90045 USA 213+641+4300
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NCTE: Data values obtained from 1ea'st square equatlon of experimental data in the form:

log (I'{q/cn:l2 differential) = a + b (log liters GNp/min) + ¢ {(log liters Gl\lz/min)2 +
d@ (log liters GNz/min)3

A. Log (Kg/cm differential) = ~1.412402 + 3. 592114 (log liters GNz/mln) ~2.478313
- (log liters GNp/min)2 + 0.792008 (log 1iters GNzlmin)3
sigma = 0.232 )
B. log (Kg/cm differential)= =-1.007939 + 1.557547 (log 1iters GNy/min) -0, 488360 " b |
. (log liters GNz/m:l.n)2 + 0. 150283 (log liters GNg/min)B
Sigma = 0,049 '
C. ILog (Kg/cm? differential) = -0.755153 + 0.7.04066 (log liters GN,/min) + 0.125189

. ‘ {log liters Grslg/m.’m)2
Sigma = 0,034 g ’ ’

3
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FLOW RATE

(kg GN2/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

<

TEST NO. 6

TEST SPECIMEN S/N 024
. CLEAN CONDITION - IMPACT/FLCW RATE VERSUS DIFFERENTIAL PRESSURE

)

Prior to Impact Data

156

-

Table XXXVI

NET DIFFERENTIAL PRESSURE {Kqg/cm? Differential)

TEST SPECIMEN INLET PRESSURE (Kg/cm?)

-

" 29.2542

2.057
4,399
6.993
10.211

. 14.312

19.553
26.224

49,2818

1.093
2,314
3.567
4.887
6.289
7.785
9.381
11.085
12,901
14.833
16.887
19,065

70.740C

06.848
1.660
2.524
3.438
4.399
5.404
6.451
7.538
8.662
9.823
11.019
12.249

Wintec Division, Brunswick Corporation, 5223 W, Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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NOTE: ﬂata values obtained from leagt square equation of experimental data in the forn:

Log (Kg/cm? differentlal) = a + b (log Kg GNp/hr) + ¢ {log Kg GNz/hr)2.+ d (log Kg GNz/hr)3

A,

Ce

Log (Kg/cm dlfferential} = 0. 643403 + 1.084085 (log Kg GNa/hr) + 0.195607 (log” Kg GNz/hr)2 +

. 0.792200 {log Kg GNz/hr)
Sigma + 0.149
] . L

Log (Kg/cm? differential) = 0.364406 + 1.062489 (log Kg GNz/hr) ~0.007234 (log Rg GNz/hr)z
. : S . 2.0.198300 (log Kg GNz/hr)3
Sigma = 0,047 _ ) '

Log (Kg/cm d:.fferential) = 0,220091 + 1 009544 {log Kg GNg/hr) + 0.136121 (log Kg GNz/h:r:)2
Slgma = 0,035 °

!
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CLEAN CONDITION - IﬁPAC'I‘/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
.

FLOW RATE

{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
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5

Fra

TEST NO.

6

TEST SPECIMEN S/N 024

Prior To Impact Data

{

NET DIFFERENTIAL PRESSURE (PSID)

158

Table XXXVII

TEST SPECIMEN INLET PRESSURE (PSIA)

£16.1%  700.9B  1006.2°
48.435 25,502 18.609
61.520 32,364 23.236
75.185 38.295 27.979
. - p9.B24 46.331  32.838
105,680. 53,499 37.809
123,033 - 60,820 42:890
142,073 68.310 48.077
163.024 75.981 53.368
186.101 83.844 58.760
211.526 91.908 64.250
239.528 -~ 100.182  69.837
270.352 108:670 75.518
304.254 117.38% 81.291
341.508  126.319  87.154
382.407  135.490 93.106
------- 144.899 99.144
——— 154,550  105.268
------- 164.448  111.475
------- 174.596  117.766
-------- '185.000  124.137
———— 195,663  130.589
———— 206.588  137.119
’ ————— 217.781  143.727
———— 229,244  150.412
comamas 240.982 157.173
———— 252,998  164.009
c———— 265.296 170.918
S 277.880  177.901
—c—— 290.753  184.956
------- 303.919  192.083
-------- .317.381  199.280
Semmeda 331,144 206.548

*

i

-

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 80045 USA 213+641+4300 B@
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NOTE: Data values obtained from least square'equﬁﬁioﬁ'of experimental data in the form:

Log (PSID) = a + b (log SCEM) + ¢ (log scrm 2 + & (Log scrn>

Log (PSID) = 2.152511 + 1.404914 (log SCFM) + 0.893650 (iog SCFM)? + 0.790199 (log SCFM);
Sigma = 2.095 '

o - o . ] .
Log {(PSID) = 1.834482 4+ 1.109429 {log SCFM) ¢10.156?53 {log SCFM)2 + 0,202773 (log SCFM)3 .-
Sigma = 0:676 ' '

LR Y lk".l"fbl i H 1= 1 ud 1

Log (PSID) = 1.681937 + 1.089817 (log SCEM) + 0.135634 (log SCFM)2
Sigma = 0.503 ) .

!
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FIL.OW RATE
{ibs GNz/hr)

1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
' 6.0
6.5
7.0
7.5
8.0
8.5
5.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5
15.0

TEST NO.

G

TEST SPECIMEN S/N 024
CLEAN CONDITION -~ IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

Prior To Impact Data

NET DIFFERENTIAL PRESSURE (PSID)

160

Tabkle XXXVIII

TEST SPECIMEN INLET PRESSURE (PSIA)

216.1%  700.9%° 1006.2%
26.083  13.938  11.017
41.407  21.817  16.135
56.336  29.685  21.402

.. 7L.815 37,626  26.824
88.463 . 45,700  32.399

106,725  '53.950 38.123

126.968  62.407  43.993

149,525  71.094  50.003

174.720  80.029  56.150

. 202.885  89.226  62.428

234.364 " 98.697  68.836

| 269.521  108.453  75.368

308.744 118.504 82.023

352,452 128.856  88.797

401,061 139.519  95.687

------- 150.499  102.692

------- 161.803  109.809

------- 173.437  117.036

------- 185,407 124.370

—————— 197,720 . 131.811

—m—— 230.381  139.356

------- 223.395  147.003

------- 236,769  154.752

—m———— 350,508  162.600

P— 264.617 170.547

------- 279,102  178.591

——— 293.969 186,730

——— 309,222 194.964

——— 203.291

324,867

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 80045 USA 213+641+4300 @@
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Ao Log {PSID) = 1.416352 + 1,222198 (log

1L Y
' i \ . wir erer LR TR LA I W g Il
! wilrr

NOTE: Dpata values obtained from lease square equation of 'expei'iméntal data in the for:Ine

Log (PSID} = a + b (log lbs GNa/hr) + ¢ (log lbs GNp/hr)? + g (log 1bs GNp/hr)?

’

1bs GNz/hx) -0.605237 (log 1lbs GNp/hr)2 + 0.783060

, (log 1bs GNp/hy)3
Sigma = 2,118 o - " .
' !
Be Log (PSID) = 1.144190 + 1.136008 .(log 1bs GNy/tr) ~0.209811-{log" 1bs GN5/h#)2 + 0.19774¢"
) ’ . (log 1bse GNg/hr)3
Sigma = 0.684. ' : . ‘ . '

+

C.. Log (PSID) .= 1.042060 + 0.917266 (log 1bs GNp/hr) + 0.135390 (log 1bs GNp/hr)2

Sigma = 0.501

. Co

ITTAXXYX 3l9®)
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- : TEST NO. 6 : Table XXXIX
TEST SPECIMEN S/N 024

CLEAN CONDITION - IMPACT/FLOW ‘RATE VERSUS DIFFERENTIAL PRESSURE

Q 5 DATA AFTER 80 HIGH PRESSURE {703.07 Kg/cm NOMINAL) GN» IMPACTS
) NET DIFFERENTIAL PRESSURE (Kg/cri® Differential)
FLOW RATE TEST SPECIMEN INLET PRESSURE (Kg/cm)
s (liters* GNy/min) - 29.343R 49.4338 70.837C
10 - 1.792 01903 0.684
s 15 ! 92,286 1.360 1.009°
. 20 -3.201 1.816 1.342
: 25 . : J4.022 2.278 1.682
: 30 ‘ "4.991 2.748 2,030
- 35 " .5.995 3.231 2.384-
3 40 : ‘ %7.048 3.728 2.746
V2 45 8.174 4.239 3.114
. 50 9.403 4.766 3.489
: 55 10.770 5.310 3.869
) 60 . . 12,317 5.872 4.256
65 14,088 6.451 4.649
.70 16,138 7.048 5.047
5 75 18.529 . 7.664 5.450
. 80 - 21.336 " 8.299° 5.859
85 24,647 8.953 6.273
i 90 28,571 9.628 6.723
95 10.322 7.116
- 100 11.036 7.545

#At 21,1°C (70°F) and 1.033Kg/eu? (14.7 psia)

—~

Wintec Division, Brunswick C. ;poration, 5223 W. impenal ngh\.\;av. Los Angeles, CA 90045 USA 213+641+4300 IB@
IFRTWICK
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NOTE: Data values obtained from least square equation of experimental data in the form:

Log'(Kg/cm differential) = a + b (log liters GNy/min) + c {log liters GNZ/min)2
d (log liters GNj/min)3 + 3 (log liters GNa/min)4
A. Iog (Kg/cm® differential) = 11.632920 - 33.789530 (log liters GNa/min) + '
] 36.182736 (log liters GNp/min)2 - 16.646127
(log liters GNz/min)3 + 2.873332 (log liters GNg/min)4
Sigma = 0.131 Lo Eeme
B. Log (Kg/cm2 differential) = «1,330455 + 1.711651 (log liters GN3/min) -0.588602
" (log liters GNp/min)? + 0.163049 (log liters GNp/min)3
Sigma = 0.052 . .
Log (Kg/cm? differential) = -1.008060 + 0.742811 (log liters GN,/min) + 0.100031
. {log liters GNz/min)2
Sigma = 0.039 . »
- —
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o
“
>
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TEST NO. 6 " Table XL
TEST SPECIMEN S/N 024
CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

DATA AFTER 80 HIGH PRESSURE (703.07 Kg/cm? NOMINAL) GNy IMPACTS

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

'FLOW RATE .
(Kg GN,/hr) ® 29,3438 49.4338 70.837€
0.5 2,023 0. 601 i 0.483 - .
1.0 Y 288 1.273 0,956
1.5 L 336 - 1.935 - 1.429 -
2.0 ) 4,716 2.611 . 1,932
2.5 6.173 3.313. 2.454
3.0 © o ‘n.1s8 4.049 2.992
- 3.5 S 19,557 "4.823° »3.547 .
4.0 ‘ © 11.686 T 5,650 4,117
4.5 ) 1. 14,285 © 6.501 4.702
5.0 ’ B 17.529 7.410 " 5.300
5.5 21,643 8.368 5.912
6.0 . " 26,922 ' 9.378 6.537
/.‘
.{l
/

—

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 80045 USA 213+641+4300 {B@
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NOTE: Data values obtained from least square equation of experimental data in the form:

(Kg/cmzidifferential) = a + b (log Kg GNy/hr) .+ ¢ (log Kg GN /hr)2 + d {log Kg GN /hr)3.+
. 2 2 | 2

e {log Xg GNZ/hr)4
Log (Kg/cm differential) = 0.333983 + 0.914813 (log Kg GNy/hr) + 1, 450049 {log Kg Gszhr)2

Sigma = 0,132

Log (Kg/cm differential) = 0,104923 + 1, 039567 (log Kg GNz/hr) -0.079457 (log Kg GNg/hr)

i PO -

3.356703 (log Kg GNz/hr)> + 2.966974 (log Kg Guz/hr)4

'0.235767 (log Kg Gszhr)3
Sigma = 0. 052

Log (Kg/cm? differential) = - 0.024038 + 0,999302 {log Kg GNz/hr) + 0.102065 (log Xg GN,/hr)2

Sigma = 0.037

X slqey
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TEST NO.

6

TEST SPECIMEN S/N 024
CLEAN CONDITION — IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

166

: Table XLUI

* DATA AFTER 80 HIGH PRESSURE (10,000 PSIA NOMINAL) GN2 IMPACTS

NET DIFFERENTIAL PRESSURE (PSID)

-

FLOW RATE
{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
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5

417.4%  303.1B  1007.5C
. 25.829 14,098  10.613
30.263 17.823  13.237
36,276 21.525  15.906
43.116 25.230 18.621
50.429 28.958 21,380
58,032 32.722 . 24.183
65.836 36.535  27.027
73,816 40.406  29.912
-81.986 44.342 32.837
90.388 48.349 35.801
69,081  52.432 38.802
108.140 56.595 ° 41.839
117.647 60.843  44.912
“3127.694 . 65.179  48.020
138.382 69.606  51.162
149.817 74.126 - 54.338
162.115 ©78.742  57.546
175,404 - 83.457 60.785
189.818 88,273 64.057
205.510 93.191  67.359
222.642 9§.215  70.691
241.397  103.345  74.053
" 261.975 ©  108.585.  77.444
284,601  113.934  80.864
309.523  119.396 84.313
337.018 124.972 87.789
367.398 130.663  91.293
401.012  136.472  94.823
————— 142.400  98.381
———— 148.448  101.965
------- 154.619 105.575
—=e=l-=’ 160,913

109.211

* @EST SPECIMEN INLET PRESSURE (PSIA)

Wintec Division, Brunswick Corporation, 5223 W.

Impenal Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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NOTE: Data Values-obtained from least square equation of experiméntal data in the form:

Log (PSID) = a + b (log SCFM) + c (log SCFM)Z + @ (log scrMy3 + e (log scrmy?

Log (PSID) = 1.818463 + 1,198842 (log SCFM) + 0.027053 (log scEM)2 + 0.130891 (log SCEM)S
2.977611 (log Scrm)®

Sigma = 1.885 i

0.226061 (log SCFM)3

& &

Log (PSID) = 1.562714 + 1.051215 (log SCFM) + 0.120053 (log SCFM)2 +

Sigma = 0,742

Log (PSID) = 1.431800 + 1.060084 (log SCFM} + 0.100362 (log SCFM)2
Sigma = 0.526

11y e1qey
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CLEAN CONDITION -

TEST NO. 6

TEST SPECIMEN S/N 024

PR -168

Table XLII

IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

"DATA AFTER 80 HIGH PRESSURE (10,000 PSIA NOMINAL) GNp IMPACTS

FLOW RATE
{lbs GN3/hr)

1.0-
1.5
2.0’
2.5 = T
- 3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0 _
7.5 - -
8.0 - -~
8.5
9.0
9.5
10.0
10.5
11.0.
11.5
12.0
12.5
13.0 )
13.5
14.0
14.5
15.0

NET DIFFERENTIAL PRESSURE (PSID) -

.

3

TEST SPECIMEN INLET PRESSURE (ESIA)
T 417.4B 703.1%- 1007.5¢
. 33.235 7.627  6.269
24,708 12,043  9.211
" 28,265 16.360 - 12.207
= -0 34,737 20.630 15.264
Tl 42.487 24.896 18.382.
- 50.900 29.190 21.559
. 59.689 33,534 24.793
© - 68.736 37.945  28.082
- 78.019 42.436  31.425
87.581 47.018 34.820
97.504 51..698  38.265
i 107.894 56.484 41.760
118.877 61.382  45.301
"130.595 . 66.397 48.889
143.200 71.534 52,522
_ 156.863 76.796 56.198
171.768 §2.187 59.918°
- 188.118  87.711 63.679
206.137 93.372  67.482
" 226.075 99.172 71.325
. 248.215- 105.113  75.207
C- 272,869 111.200 79.128
_300.396 ~ 117.435 83.087
© 331.200  123.820 87.083
"~ 365.739 . 130.357 91.117
404,537  137.051 95.186
—mm——— 143,902  99.291
————— 150.913 103.430
ER— 158.088 107.605

* Wintec Division, Brunswick Corporation, 5223 W, Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300
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NOTE: - Data values obtained from least square equation of experimental data in the form:

Log (PSID) = a + b {log 1lbs GNz/hr) + ¢ {log lbs GNz/hr)2 + d (log 1lbs GNZ/hr)3 + e (log lbs Gszhr)4

A, Log (PSID) = 1.521591 - 1.751523 (log 1bs GNy/hr) + 7.011529 (log 1bs GNZ/hr)2 -

Sigma = 1.874

B. 1Iog (PSID) = 0.882374 +.1.174645 (log 1bs GNy/hr) -0.313020 (log lbs GNy/hr)? +

Sigma = 0.739

C. log (PSID) = 0.797231 {log 1bs GNp/hr) + 0,930919 (log lbs GNp/hr)2 + 0.101038 (log 1bs GNp/hr)3

Sigma = 0.526

7.435352 (log 1bs GNp/hr)3 + 2,967910 (log lbs GNp/hr)?

'0.226217 (log 1bs GNp/hr)>

117X atqel
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PRESSURE
) UPSTREAM
IMPACT OF ECV-1
NO. s PT-2 (PSTA)
1 10,530
2 10,490
3 10,51¢

demomer ard

N s .
. .4

", vVosien B Porla e

TEST NO, 6
HPOF SPECIMEN S/N 024 .
TYPICAL GN2 PRESSURE IMPACT DATA

Il

PEAK PRESSURE VALUES (PSIA)

" " ) \

RATIO OF
PEAX IMPACT
PT-12 KISTLER PRESSURE TO PT-13 KISTLER
_UPSTREAM OF ECV~-1 INLET . DOWNSTREAM OF
TEST SPECIMEN PRESSURE « . R8P SPECIMEN : . :
9,859 0.936 3,835
« 9,837 0.938 3,851
9,794 v 0.932 3,926

APPROXIMATE TIME
OF pT-13 PEAK
PRESSURE AFTER

"PT-12 PEAX VALUE (SEC)

0.2
0.2
. 0.2

)
2

9!.:7!9.!.
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Table XLIV
P/N 9-812 S/N 030
'\F'I'O\-.' - AP, Proof and Bubble Point Tests
Sequence  Description - |
1 Initial Bubble Point
2N Flow- A-P in Normal, Flow Direction
2R Flow- AP in Reverse Flcw Direcf{on
3 Proof Pressure Normal Direction
4 Initial Bubble Point
?N Flow- A P in ::Nor-mal Direction ..
5R Flow- AP in Reverse Direction
6 Proof Pressure Normal Direction
7 Initial ngb{e Point
8N Flow- AP in Normal Direction
8R Flow- AP in Reverse.Direction
9 Relzx Overnight-Stalic Condition
108 Flow- AP in Normal Direction
10R Flow- &P in Reverse Direction
11 Proof in Normal Direction
12 Initial Bubble Point
13N Flow- AP in Normal Dir‘ec’tion
13R Flow- AP in Reverse Direction
14 Relax Overnight—gtatic Condition
15N  Flow- AP in Normal Directicn
15R Flow- AP in Reverse Direction
i6 Proof Pressure Reverse Direction
17 Initial Bubble Point
18N Flow= AP in Normal Direction
\ 18R Flow- AP in Reverse Direcgion

o - . .
. Wintec Division, Brunswick Corporatinn, 5223 W. Impenal Highway, Los Angeles, CA 90045 USA 213+64 1+4300 B@
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Table XLIV

P/N 9-B812 . S/N 030
Fiow* AP, Proof and Bubble Poipt Tests

Sequence Description

i9 Relax Overnight-Static Condition
20N Flow- AP in Normal Direction s
20R Flow- AP in Ré:verse Direction B

an
v

Hhen the part is fn iﬁ% normal direction, the S/ﬂ is on the
upstream side of the part. . . -

A11 flow tests conducted at 400 PSIG inlet pressure.

'Normal Flow Direction

-

N
R

4]

Reverse Flow Direction

Wintec Division, Brunswick Corporation, 5223 W, Imperial Highway, Los Angeles, CA 90045 USA 213464144300
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e et —o -OF.POOR.QUALITY . __ . .. . .. :
' ACCEPTANCE TEST DATA -4
. 173 ace ATA SHECT
N - REVISIOR = -
.:3 . TABLE XLV 5 030
: . : — /N
£ WINTEC CORPORATION 210 X
g P ; N Los Angeles, California 0045 HT. oF
-—-——:- CUSTOMER CUST. SPEC. REV. CUSTs F/H AEV. WINTEC P/N REV.
-o-= - NASA ) 9-812
Gross & Net AP are the same because of no measurable difference
in the tare .

U R = E T
‘ s o o= |la= n_ = la= - 8 g g lg 'g 2
OB KE s [ds 1s ]S 18 ES o R e e Jos 2K

= [Tg] [ 72 ] vy 75 7.} [ W = e o > T [T | |5 ] o UT
*  {w W g vy 7 kn o L. U . FmSe O O e [ @ e
- = M oo 17 T S P R Y=t o >t oy cHY W e w by, Yu tn [ = B
sl e ER B BR iRt By |ew SpEB2El2 15 |55 (85
- ¢ o (5= D e liBou~ 5oy o« fmmr o o e ko o o = fvne
- 1 ~= - -= -~ 3- -~ | =" ~- 4.25157.783 759|.781% 21.2467. 148
TofeN c {159 | 162 (199 284 laco 400 |-- — |- I I
: JZR 162 178 1255 295 399 400 |-~ — —- S R -— -
‘s - - T O ae liorma - o -= == - —
4 - -— UV R (N - -~ 3.937 53.5627] 75 |.7812121.2452.911
5N 87 93 .128 142 180 | 205 400 f-- —— -— - -— — -—
5R 143 |i55 209 250 | 345 | 399 200 - — -— - -— _ _—
6 -~ —- -- - - -— -~ Normal - - -— - - -—
A FUS IR RSN RN - P P P 4,375/59.482) 75 |.7812121.24 58,841
BN j120 130 1178 | 190 | 240 285 1400 j-- -~ - |- |- R
8R 78 84 115 1128 ) 160 | 183 1409 | -- - - - -— - -
g Relad overnight 4 24 ndurs—— | -~ .- —- _ . . -_ e _—
100 120 [ 130 | 170 190 24 1285 {400 |[-- - . —- -— — —_—
10R 76 84 | 115 1125 | 160 {185 1400 |-- - - - - —_— -
11 - -] -- - — _— |- Norma - - - - - -
N = Hormal Dirkctio
R = %ever[-:e Di ~ecti%n
INSPECTION ACCEPTANCE
TEST INSP, Py E3-1 3 wTa PROQF LEAK FLOW CLEAN GOV'T.
' WIRTEC
CUSTOMER
PATE
INSTRUMENTATION LISTY
PARA, CDODE RAKRGE S5TX. ¥ CALIB. PARA: COnE RANGE ST, 2 CALIg.

J

Wintec Qivision, B i v
© Livision, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 80045 USA 213464144300 B@
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-1 . - 1 7 4 ACCEPTAHCE TEST DATA SHECT I
v o . : . TP .
a ) . e TABLE XLV REVISION -. i
- $70 HO, S/N 030 '
WINTEC CORPCRATION
P - Los Angeles, Californio 90045 SHT. or |
:_: CUSTOMER CUSTs SPEC, REV. CUST. P/R REVY. wINTEC P/H RE V. '
“«1 NASA . 3-812
.. Gross & Net AP are the same because of no’ méasurgb_] e difference i
in the tare " ’ ’ S TEY ;
- -~
. E E . E
z a= jlax |lpeEafoE o= b= 7 - O o | IE Jo L.
7] L. T L I 7 T b le z L% Lt o pOo|o ‘E wa
| 8RS K N U Mg Vg Fu | = “Bel TR 13T les [EUS
+ 23] w [%,] v (o] (7, 2 [« % L N e = = O e G oo o —
" = |lrnw lvnw |nn— s juis koW =27} oy 2 Y e Vi f4 0 o
S BIET ET BN BT BT OED ES |22 22mB8F2 |8 {58 153
h G |G o= o= oo Wod o o a oo WMo e o v~ e
Y -~ |- — el i R - 4.0054.384 72 |.7827]21.45/53.138
< JiaN | 78 |84 (115 |128 |1s2 [188 ) 400 | -~ O P I D A
- AR 115/122 1170 188 | 240 |290 | 400 | -- — S S R
- 134 Relay Overfight | -- - — - - - - - — | - -
: 15N 80 | 86 {115 130 160 | 185 400 | -- _— — - I - i
15R 115 | 125 {170 190 242|285 400 | -- - - - N _
16 e e — | == 1 - -- | Reverse — el — ] =] -
17 -—- == |- o M - | = . 13.875052.684 74 {.7817{21.33{51.857
18N | 122 {135 148 1198 | 250 {299 j400 | - — - S .-
[ 18R |86 93 lizs - | 135 | 165 {185 {400 | -- S IPUR e S I
18 Relax {Overniight - | - -- -~ -- - - R . —
200 |108 |122 |162 181 | 235 | 273 1400 - - - - U -
20R | 85 |91 ji20 {130 {165 |185. |400 | -~ - O | e | --
N = Normal.Directiosn
R = Reverpe Difection
INSPECTION ACCEPTANCE
TEST INSP, Pu 18P wT. PROOF LEAX FLOW CLEAN GOV T.
B WINTEC 3
CUSTOMER "
DATE —
INSTRUMENTATIOR LIST
PARA. CODE RANGE STX. # CALIO. PARA. CODE RANGE 5TK. 8 CALIA.

Wintec Division, Brunswlqk Carporation, 5223 W. Imperial Highway, Lds Angeles, CA 90045 USA 213+641+4300 B@
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' ., Figure 62

i

TEST NO. & )
TEST SPECIMEN S/N 021

CLEAN CONDITION —.IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
FLOW RATE VERSUS DIFFERENTIAL PRESSURE DATA PRIOR TO GNo IMPACT CYCLES
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R°E LOGARITHMIC 3 X 3 CYCLES
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A RS e :

AL R - v
1 100 L5 8T 8 %000

FLOW RATE (liters* GNz/min)

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

\..
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Figuré 63

6

TEST NO.
TEST SPECIMEN S/N 021

CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
FLOW RATE VERSUS DIFFERENTIAL PRESSURE DATA PRIOR TO GNg; IMPACT CYCLES
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Figure 64
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CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

‘-FLOW RATE VERSUS DIFFERENTIAL FRESSURE DATA PRIOR TO GNp IMPACT CYLES
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CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

OF POOR

FLOW RATE VERSUS DIFFERENTIAL PRESSURE DATA PRIOR TO..GN» IMPACT CYCLES
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- , - OF POOR QUALITY TEST NO. 6 ‘ 179
TEST SPECIMEN S/N 021 Figure 68

CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE )

- - FLOW RATE VERSUS DIFFERENTIAT. PRESSURE DATA AFTER 100
(703.07 Kg/cmZ NOMINAL) GN; IMPACT CYCLES

i

: K i T ' I 1
: i : o i | f 1
] L ’
7 - 1
] .-
- S .o o
s 7::'}.
L@
4 i
4y
“ 3 bt
LH O
= heiiy— 1.1
:'-!—-l'g':
2 2 Ly
= e
-8 -8
N e
=0 - B
Q Dgel
1 10[ S
= - T
y o
z L
7—--:!—:-
Z i EE
H 5 NE
o popd 5
IR ST
3 pom bl
P
T B
2 'é'
. "‘E N
83 R
R =
533 128
x§ 2 :
32 = i
tﬂ 'f = _ . -
a<:§"’::: -
63 il L AVG.- PRESTSPECIMEN
N B :|:{:| INLET. PRESSURE (Kg/cm?)
o - s . - .
xB:;. R N N ] -
. - e : 7144232
i N I RS EhES BN I
R : : Tt _-:f‘l;O 23 I SRR
is : AR R N
: 224 50L
\ DU Nt I A B )
.l B o H.on
z 3 4 5 6 785910 2 3 4 5 6 783100 2 3 4 5 6 7 8931I00(
2
.B - - - M
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*At 21.1°C (70°F) and 1.033 Kg/cm2 (14.7 psia)
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TEST NO. 6 Figure 5&;
TESYT SPECIMEN S/N 021
CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

FLOW RATE VERSUS DIFFERENTIAL PRESSURE DATA AFTER 100
(703,07 Kg/cm? NOMINAL) GNy IMPACT CYCLES
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TEST NO. 6 ) Figure 68
) TEST SPECIMEN S/N 021 ) )
CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

FLOW RAT.‘E VERSUS .DIFFERENTIAL PRESSURE DATA AFTER 100
{10,000 PSIA NOMINAL) GNz IMPACT CYCLES
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46 7400

1
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SSURH (PSID

TEST NO. 6 . Figure ss _.
PEST SPECIMEN S/N 021 ‘ :
CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
z FLOW RATE VERSUS DIFFERENTIAL PRESSURE DATA AFTER 100
. {10,000 PSIA NOMINAL) GNp IMPACT CYCLES
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LOGARITHMIC 3 X 3 CYCLES

HoB REUMPEL & E5SER 20. shos s A

. 183
QUALITY | gigure 70

LFAR N

TEST NO. 5
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

PRESSURE DROP CHARACTERISTICS OF TEST SPECIMEN S/N 021 BEFORE
AND AFTER 100 (703.07 Kg/cm2 NOMINAL) GNz IMPACT CICLES
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FLOW RATE (liters* GN2/min)

%At 21.1°C (70°F) and 1.033 Kg/cm2 (14.7 psia)
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TEST NO. 5 QUALITY Figure 71

-CLEI_\N CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE

PRESSURE .DROP CHARACTERISTICS OF TEST SPECIMEN .S/N 021 BEFORE
. AND AFTER 100 (703,07 Kg/cm2 NOMINAL) GN; IMPACT CYCLES
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TEST NO. § Figure 72

CLEAN CONDITION -~ FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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PRESSURE DROP CHARACTERISTICS OF TEST SPECIMEN S/N 021 BEFORE
AND AFTER 10C (10,000 PSIA NOMINAL) GNp IMPACT CYCLES
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) TEST NO. 5 : : -
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE -
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PRESSURE DROP CHARACTERISTICS OF TEST SPECIMEN S/N 021 BEFORE
AND AFTER 100 (10,000 PSIA NOMINAL) GN; IMPACT CYCLES
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TEST NO. 6 Table XLVI

TEST SPECIMEN S/N 021
CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

z FLOW RATE VERSUS DIFFERENTIAL PRESSURE DATA AFTER 100
[703.07 Kg/cm2 NOMINAL] GNp IMPACT CYCLES
‘ . NET DIFFERENTIAL PRESSURE (Kg/cm? Differential}
 FLOW RATE TEST SPECIMEN INLET PRESSURE (Kg/cm?)
(liters* Gia/min) 29.504" 50.235°  71.423C

s 10 o 0.640 0.344 0.260
X 15 "1.018 0.547 0.414
- 20 1.425 0.766 0.580
- 25 1.862 0.999 0.756
3 30 : 2.331 1.245 0.940
z 35 ; 2,831 1.502 1.133
- 40 3.364 1.771 1.333
] 45 3.931 2.049 1.540
- 50 4.531 2.337 1:754
- 55 © . 5,165 2.635 1.974
60 5.834 2,941 2.200
65 6.540 3.256 2.432
70 . 7.281 3.579 2.669
75 8.059 . 3,910 2.911
80 8.875-  4.249 3.159
85 - 9.729 4.595 3.411
90 . 10.621 4,948 3.668
95 11.553- 5.309 3.930
100 12.525 5,677 4.196

apt 21.1°C (70°F) and 1.033 Kg/om? (14.7 psia)

Wintec Oivision, Brunswick Carporation, 5223 W. Imperial Highway, Los Angeles, CA 90048 USA 213+641+4300
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NOTE: Data values obtained from least square equation of experimental data in the form:

Log (Kg/cm2 differential) = a + b {log liters GNp/min) + c {log liters GNz/min)2 +
d (log liters GNz/min)3_+ e (log liters GNz/min)4'

Log (Kg/cm? differential) = -1.457866 + 1.529421 (log liters GNz/min) -0.405005 (log liters GN3/min) 2

+ 0.139604 (log lifers GNp/min)3
Sigma = 0.030

Log (Kg/cm2 differential) = =~1.499668 + 0.946370 (log liters GNz/min) +0.090255 (log liters GNzlmin)?

Sigma = 0.018

Log {Kg/cm2 differential) = =~1.648694 + 0,991528 (log liters GNp/min} +0.072928 (log liters GNg/min)2

Sigma = 0.009

IATY =Lqel
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6 Table XLVII

TEST SPECIMEN S/H 021
CLEAN CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE
FLOW RATE VERSUS DIFFERENTIAL PRESSURE AFTER 100 -

[703.07 Kg/cm? NOMINAL] GNp IMPACT CYCLES

NET DIFFCRENTIAL PRESSURE (Kg/cm? Differential)

TEST SPECIMEN INLET PRESSURE (Kg/cmz}

29.5043

0.403
0.937
1.531
2.189
., 2,915
- - 3.714
4.589

. + 5.544
6.583
7.707
8.922

10.231°

50.2358 71.423€

0.223 0.176

0.499 0.388
0.812 6.627
1.155 0.889
1.524 1.170
1.917 1.468
2.332 1.783
2.767 2.113
3.221 2,457
3.694 2.815
4.183 . 3.1i85

4.689 3.568

Wintec Division, Brunswick Corperation, 5223 W. Impenal Highway, Los Angeles, CA 90045 USA 213+641+4300
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NOTE: Data values obtained fxom least square equation of experimental data in the form:

Iog (Kg/cm differential) = a + b {log Ky GNZ/hr) + ¢ {log Rg GNz/hr)2 + 4 {log Kg GNz/hr}3
e (log Kg GNz/hr)4

Log {Kg/cm? differential) = ~0.028075 + 1.201939 (log Kg GNz/hr) + 0.008772 (log Kg GNg/hr)2
0.206678 (1oq Kg ‘GN2/hr)3

Sigma = 0.034
Log {Kg/cm2 differential} = =0.301694 + 1.1848L7 (log Kg GN2/hr) + 0.0836@4:(109 Xg GN;/hr)2

Sigma 4 0.015

Log (Kg/cm? differential) = ~0.410913 + 1.168038 (log Kg GN2/hr) + 0.089866 (log Kg GNg/hr)2

Sigma = 0.006 ‘ ; ' .

IIATY ®=lqel
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TEST KO. 6 Table XLVIII:.
TEST SPECIMEN S/N 021 ’
CLEAN CONDITION -~ IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

FLOW RATE VERSUS DIFFERENTIAL PRESSURE DATA AFTER 100
(10,000 PSIA NOMINAL] GNp IMPACT CYCLES

NET DIFFERENTIAL PRESSURE (PSID)

] FLOW RATE - ZEST SPECIMEN INLET PRESSURE (PSIA)

{SCFM) 419.6%  714.58  1015.9C
' 0.4 Lt 9.994 5.359 4.183
. 0.5 _ 13.081 6.968 5.419
) 0.6 . - 16.296 8.658 6.713
0.7 o 19.643  10.423 8.062
. 0.8 . Lo .23.128  12.257 9.462
Do 0.9 . 26,754  14.155  10.910
’ " 3.0 : - 30.527  16.115 12.403
i 1.1 ' 34.450  18.133  13.939
- - 1.2 ’ 38,528  20.207  15.517
T 1.3 _ - 42,763 22.334  17.134
1.4 ) 47.158  24.5I3  18.789
1.5 51.719  26.742  20.482
1.6 . 56,447  29.018  22.210 -
1.7 - -61,345  31.342  23.973
1.8 66.418  33.711  25.770
1.9 ’ . 71.667  36.124  27.600
2.0 77.097 - 38.580  29.462
2.1 - _ . 82,710 41.079  31.356
2.2 -88.509  43.519  33.280
2.3 94,497  46.199  35.235
2.4 100.677  48.818  37.219
2.5° 107.054 ° 51.477  39.232
2.6 113.628 *© 54.173  41.274
2.7 120.405  56.907  43.344
2.8 127.386  59.678 45,441
2.9 134,575  62.485  47.566
3.0 . 141.975  65.328 49,717
3.1 ' 149.590  68.206  51.895
3.2 157.423  71.118  54.098
3.3 165.476  74.065  56.328 : 1
3.4 173.753  77.045  58.582 ‘
3.5 ' 182.258 . 80.058  60.862

L

X Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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NOTE: Data values oﬁtpined from least square equation of experimental data in the form:

Log (PSID) = a + b (log SCFM) + ¢ {log SCFM)Z + 4 (log ScFM)3 + e (log scrm)?

Log (PSID) = 1.484688 + 1.260296 (log SCFM) + 0.189342 (log SCFM)2 + 0.212759 {(log SCFM)3

Sigma = 0.484

Log (PSID) = 1.207233 + 1.234530 (log SCFM) + 0.082784‘ {log SCFM)2

Sigma = 0.218

Log (PSID) = 1.093530 #+ 1.221429 (log SCFM) + 0,088763 (log SCFM)?

Sigma = 0.084

ITIATY dtqel
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Table XLIX
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. . “TEST SPLECIMEN S/N 021
CLEAN CONDITION ~ IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE

~  FLOW RATE VERSUS DIFFERENTIAL PRESSURE DATA AFTER 100
[10,000 PSIA NOMINAL] GNp IMPACT CYCLES

NET DIFFERENTIAL PRESSURE (PSID)
TEST SPECIMEN INLET PRESSURE (PSIA)

FLOW RATE S

. (1bs GN2/hr) ' 519.6®  714.58% . 1015.9°
1.0 g 5.066 2.846 2,248
1.5 . 8.377 4,522 3.542
2.0 - _ 11.859 6.327 4.930
2.5 ' 15.509 8.245 6.399
3.0 . .. 19,336  10.262 7.942
3.5 - © ' 23,345  12.373 . 9.553 '
4.0 - 27.545 14.569 11.227
4.5 . .. 31,941 16.845 12,960
5.0 .. 36.539  19.198  14.750
5.5 ) .7 41.344 21.623 16.594
6.0 . '46.362 24,117  18.489
6.5 _ 51.597 . 26.678 . 20.434
7.0 . 57.054  29.302  22.426
7.5 . o 62.739 . 31.989 24.465
8.0 ' . 68.655  34.736  26.548
8.5 74.807  37.541 - 28.675
9.0 81.201  40.403  30.844
9.5 . 87,839  43.320  33.055
10.0 ' 94,727  46.290 35.306
10.5 . © 101.870 49,314  37.596
11.0 N 109.272  52.389  39.925
11.5 . 116.938. 55.514 42,292
. 12,0  124.872 . 58.689  44.696
; 12.5 ' ' 133.079  61.912  47.136
13.0 _ 141.564  65.183 ~ 49.612
13.5 150.331  68.500  52.123
14.0 . 159.386  71.864  54.669
14.5 ) 168.733 75.273 57.249
15.0 ~ 178.377  78.726 . 59.863

Wintec Division, Brunswick Cerporation, 5223 W. Impenal Highway, Los Angeles, CA 90045 USA 213+641+4300 B@
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NOTB: Data values obtained from least square equation of experimental data in the form:

b

A. Log (PSID) = 0.704640 + 1.270367 {log lbs GNz/hr) - 0.206283 {(log 1lbs GNz/hr)z + 0.207751
(log 1bs GNp/hr)3

Sigma = 0.478

B. Log (PSID) = 0.454185 + 1.27636 {log lbs GNa/hr) + 0.083670° (log 1lbs GNp/hr)?

Sigma = 0.216

‘G, Log (PSID) = 0.351782 + 1.105770 {log 1bs GNy/hr) + 0.090291 (log lbs GNp/hr)?

-
-

Sigma = 0.084

Yog (PSID) = a + b (log lbs GNg/hr) + ¢ {log lbs GNa/hr)Z + d (log lbs GNz/hr)3 + e (log lbs GNa/hr) 4
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TEST NO. 6 L
“TEST SPECIMEN S/N 021

* TYPICAL GN7 IMPACT PRESSURE DATA

PRESSURE PT-12 KISTLER
UPSTREAM PEAK PRESSURE
IMPACT OF ECvV-1 UPSTREAM OF
NO. PT~2 (PSIA) TEST SPECIMEN
1 16,440 9,458
5 16,500 9,458
10 10,540 9,425
15 * 10,500 9,442
20 10,360 9,301
25 10,540 9,491"
30 10,560 9,632
35 10,590 9,577
40 10,470 9,480
45 110,490 8,554
50 10,730 9,460
55 10,510 . 9,217
60 10,530 - 9,137
65 10,540 9,164 -
70 10,480 9,212
75 10,510 9,241
80 10,520 9,273
85 10,680 9,599
30 10,555 9,534
95 10,520 9,371
100 10,540 9,490

o195

PR
j Table &

RATIC OF
PEAK IMPACT
PRESSURE TC
ECv-1 INLET

PRESSURE

0.906
D.801
0.894
0.899
0.898
6.900
0.912
0.904
0.905
0.815
0.882
0.877
- 0.868
0.869
0.879
- 6,879
0.881
0.89%
0.903
0.891
0.9060

Wintec Division, Brunswick Corfaration, 5223 W. {mperial Highway, Los Angeles, CA 90045 USA 213+641+4300
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Figure 74

5

TEST NO.

TEST SPECIMEN S/N 022

CLEAN CONDITION = FLOW RATE VERSUS DIFFERENTIAL.PRESSURE
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Figure 75
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TEST NO.
TEST SPECIMEN S/N 022
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Figure 76

5

TEST RO.
TEST SPECIMEN S/N 022

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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9EST SPECIMEN S/N 022

CLEAN CONDITION - ELOW RATE VERSUS DIFFERENTIAL PRESSURE
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