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NOTICES

When U.S. Government drawings, specific~ations, or other data are used for any
purpose other than a definitely related Government procurement operation, the
Government thereby incurz =: cesponsiiliy nor any obligation whatsoever, and
the fact that the Government may have formulated, furnished,;or in any wuIy supplied
the~ Gaid drawings, specific~ations, or other data is not to be regarded by implication
or otherwise, as in any manner licensing the holder or any other person or corpora-
tion, or conveying any rights at-po-'rmission to manufacture, use or sell any patented

invention that may in any way be related thereto.
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FOREWORD

Thi-s repor.& was prepared by the Engine Comnponents Branch. J.:1uid
Rocket Division, Air Force Rocket Pripulsion Laboratory. The ivestiga-
tion was conducted under Project 305810lORH, "Valx'n Leakage Correlation
Progra m, t ' from' July 1971 to Msrch 197$, with SSgi'rG. J. Gunderson as
Project/Test Engineer. This test program was requested by the Spaco
and Missile Systems Organization 'SAMSO) and the Aerospace Corporation.
The work described herein comvletes the current program, the objectives
which were threefold:

(1% To demonstrate simple, reliable trteasuy,-'inent techniques for
valve seat leakage (liquid 1hydrazine aird gaseous niilogen)

(2) To investigate pressure, ternperaiare and cycling effects on
valve seat leakage, a:--

(3) rTc establish a correlation between liquid hydrazine leakag.a and
gaseous nitrogen leakage.

This technical report has bee~n reviewed anid is approved.

P1Hi. S. NIARTh'J, Capt. USAF
Acting Chief, Engine Components B ranch
Liquid Racket Division
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ABSTRACT

Thsreport docu.nents an in-house test program which was conducted
* by the Air Force Rocket Prop&ai.sior. Laboratory IAFRPL) to expand under-

starnding of the gas and I'quid leakage I-low phenomna associated withn mono-
propeili-nt hvdrazine attitude control system fAG'.S) valves. Over 8-00 gas
initrogen) and liquid (hydrazine) leakr-age tests were conducted on t-wo (each)
PARE R-_HANNiFI!N hard seat, PARKER- HA'NNIFEN teflon seat, and
HYDRAULIC RESEA4RCH AND MANUFACTURINGM hard seat valves. Analy-
sis of the leakage test Cita for these particuilar valves indicates the
followving:

While nitrogen. gas leakage is a strone function of valve inlet Pressure,
liquid hydrazince leakag-e is a very weak function of inlet pressujre.

Liquid hydrazine leakaze exhibits definite tendencies to decrease with
valve expnosure time to propellant.

rernperature studies to 250F deractnstrated an inverse relationship
betwveen valvwe tem~rnecature ;rid nitrog-en leak rate.

Cy.cline swsduies demnonstrated a rarndotin ieckage variation with each
vale ctuaition, but a dcttt ecreasL ±nintrogen leakage wi.-th extended

* cycling in 04e nyadrazznt oronellant.

Attemlpts to establishi a well-defined correlation L-rtWer-n byd~lraz-ine
and ndtrogen leaklage were ni-ncered by the sgicatiiquii, leakage
variatxscn -t&itn timne.

Addit ionally. tle tuiity of a tiny. cornmercialE ax-ailable rotane-ter
to insranta-neouslv n-easure sm-all an-ount:__ o: nye raz~nc lefa4 age is discussed.
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SE~CTION I

INTRODUCTION

At I-le reqU0.4t Of the Air Force Space and Missile Systems

OrVgitni'.tiOli (SAMSO) this program was conducted tC) expan~d the under-

ttanding of the gati and liquid leakage flow phenomena associated with

monopropellant hydrazine valves.

'['he prediction and measurement of valve ieat leakage in liquid rocket

attitude control systems (ACS) is a serious problem and an area CA general

uncertainty. The complexity of these leakage phenomena increases con-,

siderably when realistic valve hardware is being investigated with. artual

propcllants. The difficultics involved In measuring minute amounts of

I.irtuicI leakage, even at the component level, bave resulted in a lack of

PXperim-rental liquid leakage data on current ACS valve hardware. Without

t'he neces sary experimental data needed to effectively characterize gas and

liquid leakage through actual valves with actual propellants, standard gas

leakago! mcajurement procedures (e.g. , with nitrogen gas) are commlonly

used as the tools for establishing~ current leakage specificv'tiomns for ACS

'/aletH aLt the component, subsystem, and system levels. TPhese spec Ii ca-

tiOnS, thuIS established, are now suspected to be overly co~nservative with

retipcct to the actual liquid propellant leakages that they are thoughl to

reprement. High valve rejection rates (possibly due to an overly conserva-

tive gas spec) or die necessity for replacing or flushing valves already

miated to thrusters can considerably increase mission costs.

For this Investigation, off-the-shelf valve hardware wvas to he pro-

cured and tested to note pressure, temperature, time, and cycling effects

on seat leakage. The valves of interest were applicable to monopropellant

catalytic hydrazine ACS thrusters of the live-pound thrust family. The

generattion of enough liquid and gas leakage correlation dlata to ultimately

provide the b~asis for estalishing mnore realist~ic g;i.q leakage criteria f'or

acceptance tui;t purposes wvas the primary goal of the program.

1



Several other organizations have made attempts to correlate gas and

liquid leak rates (References 1 through 4) and have generated data to that

end. Unfortunately, for one reason or another "r, ;nerally satisfactory

correlation has been found which is accepted by the propulsion community"

(Reference 5).

An in-depth discussion of the gas and liquid fow phenomena, with a

detailed explanation of the leakage data presented in thizs report is beyond

the scope of this investigation. Consequently, the reader will note that

sophisticated analyses of every leakage test in all test series have been

carefully omitted. In those cases where explanatory remarks have been

made, pertaining to leakage theory and the data observed, they reflect

solely the judgment of the author. Since a limited number of tests were

made on a small number of valves, applic tion of the results to other

hardware of t,.e same or similar design should be done with caution.

In summary. it is hoped that this program has further illustrated the

complexity of the valve leakage problem in liquid rocket systems. Some

light has been shed on the various approaches which may be used to

measure small amounts of valve 1cakage. For the valves studied, certain

temperature, pressure, cycling and time effects have been r-oted. It is

unfortunate that the correlation of liquid to gas leakage, whicn has been

so earnestly sought after, still did not come forth.

_-



SECTION 11

APPROACH

FU The program was dividod into five tasks. T,,sk I entitiled selection

of the particular valves of most interest to SANISOAEROSPACE. The

selection of Ehe Parker and Hydraulic Research- designs was made in light

o. their availability and the ti-me/funding conbtraints imp'Psed upon the4

program. The Task A effort consisted of the selection and qualification A

of the techniques to be used for measuring gas anid liquid leakage. Partic-

ulai dt~eflLion was devoted to the study of earlier efforts in this ar.ea

(References 2 and 3) and 'the tLechniques which had been used in those invet'-

fl.-Itionb. Having decided upon the methodology to be used ior measuring
&RI

the gas and liquid leaks, Taslk III of the program entailed incorvoration of
the scee(ted techniques into a hydrazine flow system. Design, buildup,
a.(d checkouit of tlw system, with an adjustable mironitrnedevlet

sima~late tiny leak-, was accomplished. Li Task 1V the a Cual gas and

liquid leakag teting was done. Selected Kaete-alveb from those procured in

Task I were laisfalled individually in the test system, and observed to note

pressure, temper.ture, cycling a;ad time effiects or. leakage. The data
may be found! in Tables I through VIIT in Section "I of this report along with

zdiscus 5 ion of thiose results. Programn Oocurne.±'tttn A':S aICCOrrllsled

97 in -ijask V of the p~rogram.

bN5
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SECTION III

TEST VALVE DESCRIPTIONS

PARKER HANNIFIN VALVES

Two varieties (hard seat and teflon seat) of Parker Hannifin solenoid

va-ves were of particular interest to SAMSO due to their current applica-

tion on an operational USAF system. These particular valves are used to

control the flow of hydrazine to a Rocket Research Corporation catalytic

engine in the five pound thrust range.

Depicted schematically in Figure I (shown with the teflon seat swaged

in) the valve is normally closed until the coil is energized. Upon release

of power, the stainless steel poppet (17-4 PH) is forced against the scat

(either flat lapped 304- L or teflon) and held there by the coil spring and

also the upstream pressure force. General operating characteristics of

the Parker valve are listed in Table IX.

For this investigation, a total of six Parker valves, each of varying

gas leakage characteristics, were procured. Three were of he hard seat

variety and three were of the teflon seated variety. Within each group of

three, one valve (for control purposes) was manufactured entirely to the

Rocket Research production specification, while the remaining two differed

only in their "built in" seat leakage. The valves were made to leak by

physically abrading tihe poppet sealing faces to varying degrees of surface

roughness. Baseline leakage characteristics of the valves can be found in

the tabulated data in Section VI of this report.

HYDRAUIC RESEARCH VALVES

The Hydraulic Reseairch andi Manufacturing Company valve was also

selected by SAMSO to be tested, considering its successful use on the

Intelsat ;atellite series. Depicted schematically in Figure 2, these valves

4



use permanent magnet tarque motors to drive their fiat, lapoped m~etal

poppets. Each valve unit consists of two tungsten carbide seat/poppet

sets in saric--s to Provide sealing redundancy 1r, the normally closed off

-~~~ position. The general operating characteristics of the Hydraulic Rsac

Valves are listed in Trable X. They are used to control hydrazine flow to a

amnilton Standard catalytic engine, in the five :%ound thrust range, for

5atellite attitude control.

For this investization.---hree Hydraulic Research valves of vairying gas

leakage characterist -cs -.,ere procured. As in the case of the Parker valves

discussed earlier, one valve was built comPletely to the engine specifica-

Affilamtion. while the remaining two differed only in in' rnal ceat leakage. Again,

degradation of the poppet sealing surface fifnxish was used to inciuce ie, kage.

Baseline leakage characteristicf. of these valves ma-- alst. be foun6 in thze

tabulated data in Section VI of this report.

- - -- -~ 4



SECTION IV

TEST SYSTEM DESCRIPTIONS

GAS LEAII GEF SYSTEM

Measurement -.)f nitrogen gas leakage through the valves was

accomplished with a Ncordquist Mark Ii Leak Meter manufacired by

1-Madlab, Inc. This instrutnent utilizes interchangeable glass pipette

flow tubes which range from one-ten'h of a cubic centimeter to ten c-ubic

centimreters fuli scale. The volurnef-ric Leak rate of t-he valve under test

is measured byr noting with a stop watch the trne necessary for a slug

of colored isoprfopyl alcehol to traverse a known increment cf volume.

In addition to being sturdy and relatively i.nexpensive, the Mark 1ii

Leak Metir readily providss for horizonital positioning of the flow tubes

and rapid re.-no-. al. oi the tubes to accomnmodate range changes. Addition-

ally, a vent immediatel-f upstream of the flow tube provides a secondary

esca:pe path for the leaking fl uid to prevent :bolg the isopropyl

alcohril slug out the end of the tube. Repositioning of the isopropyl alcohol

slug to the zero locatiorn )Iy physically tilting the entire apparatus allows gas

Leakage -neasure-m-nts to be repeated with a minimumn amount of effort.

For ccrisistency of test purposes, all nitrc-'gen&4s leakage measure-

mernts wer.- made,&Z Live minute Intervals af-rer a thirty minute "stabiliza-

ticr." period wher- p-ressure and ternperatrure conditions of the valve were

chawiged. Fig-are 3 is a schematic reprezentation of the system used to

P-eas nitroJgen gas leakage. RepeatablL y of st,-- watch readings was

usually witi-in *.! percent and a ±5 percent overall leak rate error is

probably a realistic figurr..
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LIQUID LEAKAGE SYSTEM 4

DernoniIation of a technique(s) t) easily measure liquid hydrazine

leakage through the test vr-lves was '.ne of the primary objectives of this
PI 9 og16. ny technique/Idevice seleci-I needed to bu capable of metsur-

ing liquid hydrazine flow down to aboui 0. 011 cc per hour, compatible with

the hydrazine propellant, and, of course, reliable and leak free to at

least 300 psig. -

Earlier experinienters had used known-valume gl.11. Capillary sight
tubi-s upstream of the 1e.-)Yng est valve (References 2 and 3). 'Positioning -4

a havdrazine aneniscus in that lass capillary tube and measuring its posi-

tion change wlih time under ow-i temperature and pressure condiiors

allowed direct calculation c ie volurnetric liquid flow rate over the time

increment. Initial attempt . utilize this technique in this investigationI

resulted in the emergence i aumerous difficulties. Securing a leak-free

3eal betw %een the glass tu'.es themselves and the fittings used to incorporate

those tubes into the rect of the f-low system was the initial prioblem encoun-

iei-ed. The fragile nature of the tubes themselves m '. breakage a con-

tinuous problem. Utilization of I-eat shrinkabl!e polyethylene tubing around

the glass tubes and a ny) 4sleeve around te poly-rA-hylene nmaterial to

parovide the s-_l material into which the swo~elol ferrule "bites" was a

successf'.A approach to solve the external leakage problem.

Troublesonme bubbles and wv-Xot zippeared to be vapor locks in the capil-

lary tubes were also sourrc olf concern. Additionally, thermnal expansion

M-9 ~ '~ ctrtion effects on the colluIms o.- hydrazin± -isible anwotatithin the tubes

due to ternperature changes sometimes o-cr-A adowcct the -meniscus position
ch;;Pesdue to lea*,-aige. Repositioning thtL 11V~r-fzine ieniscus wxas A slow

vrocess in itself. and. .' facters conls Lc-- ed, tnhe - chniqsue wa-s tedious
a d time censuiga et Consequently. . -hen the av lhlt fa

WE a~2oniic ,ble maicroflowm-eter (GilRnont Instrumervs. Incl 1 -ecame kr.--w-. th:e

sight glass teclhn.iqu-e was casZ, nsiele.



VE7 T he selected rni',rofIowmneter (Figure 4) is essentially a tiny rotaneter

(I calibrated fOr both air Rlow (I to 900 scc per hour; and water fiaw (0.012

to 7. Z cc per ho-ur) but this intv-stigation was used only to measure

l iui: hydrazine leallae isoiyad4etA cu,..-C'±tions allow th;4

user to calculate calibration curves fci -ther fluids. Standard gas equa-

tions may be used to correct for non-standard pressure and tc.AIperature

conditidons. Construction being entirely of glass and teflon, with a syn-

thoe'ic ruby float, the flowmeter is- compatible with a w;,e varietyo

kt ~corrosive fl-uids. The fiowrneter (and the plastic safzty shield) -. as eaeily

adapted to the pressurized flow system with the- fitting arrangement

depicted in Figure 5 and 1&es leak tight to 400 psig. A schematic of the

total system used txo measure liquid hydrazine leakage cluring this

in-,.e-tigationr depicted in Figure vi.

I -si being leak free. totally compatible with hydrazine, and indi-

-i'Aual1v calibrated, this typte of rotarneier has yet another signific--nt
dvna.t over the sight Elass-meniscus technique. La aedt a

be the.-A at indi;dul oints in tim-.e, not as an a.trage volumetric

Iilow --ate over Somne arbitrary time period. The ability to observe the

-.%.mat~c -var:atioai fdecreazse) of liquid hydr.zzine leakage with time with

thsdevic2 r.nade it iNeal -for this application. Veado; literature hjghlibhts

te necesb.i-ty to follow strvingent cleanliness precautions when using the

rutameter so as not to impedle the inoverncnM- oi the-Z-at with residual

debris. Svstern filtration imn-tedial.:iv 1"s-rearn of the flowmeter elimi-

rate-! that orobilem. A *10 percent error in HOLqUi Leakage measuremnent

as sug _csted 1-y thet- -nanufalctoxer for rotameters in this size range is

probah-ly a realistic figure.



W SECTION V

tTEST RESULTS

PRESSURE EFFECTS ON LEAKAGE

When the leak rates of the respective valves were measured, whether

with g'.s or liquid, that amount measured represented a summation of the

fluid flow through each of the individual leaking "paths" present across the

valve sealing area. The.number and geometric coiuiguration (length, shape,

effective diameter, etc.) of these individual leak paths were unknown. Con-

sequently, the particulanan vode of flow oc-urring within each path was also

unknown. Cas flow may be either molecular, laminar, or turbulent, while

liquid flow through cach path could also be laminar or turbulent. It is

highly probable that within a leaking valve under ir-lestigation. one would

find numerous flow modes occurring L. each of the neighboring leak paths

and possibly even within a single leak path itself. Consequently, the mea-

st'red lcakage may be considered to be a "consolidation" of each of the

distinct flow modes as well as their respective transition regimes. These

facts alone make it a task of enormous complexity to predict the effect of

valve inlet pressure on total valve seat leakage, when that fluid flow is a

different function of AI'- each flow mode.

From Reference 1, if P 1 and P 2 are downstreamn and upstream

k pressures respectively,

For Gases in the Molecular Regime. Flow is proportionaI

to ;P7 " PI%

For Gases in the Laminar Regime. Flow is proportional

to (P22-P12)

Fnr Gases ;n tne Turbulent Regime, Flow is proportional

to !V - 1 i2

06Q
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For liquids in t1he Laminar Regime, Flow ii proportional

to (P - Pul

For Liquids in the Turbt ient Regime, F!o_, is preportional
to (P2 - v )lI/

In this investigation it is unlikely that rnolec1lar flow of gases or

turbulent liquid leakage occurred through any of the valves, but there is

no way of being certain of that fact-

Nitrogen and hydrazine leakage measurements were made at three

distinct pressure levels characteristic of the "blow-down" pressuvre range

arevalent in the mission situation. Inlet pressures .of 250, 180, and

85 psig were arbitrarily selected. For gas measurement, the valves

were leaking to atmosphere (NORDQUIST leak meter on downstream side)

while liquid leakage was to a downstream pressure of approximately

2 mm Hg.

The data as presented in Tables I through VMI for nitrogen and

hydrazine leakage srJest two things relati-e to pressure dependency.

Gas lealkfae appears to be a relatively strong function of inlet pressure.

while liquid leakage appears to be a relatively weak function of inlet pres-

sure. in some cases, iquid leakage actually contuned to decrease with

time as the inlet pressure was increased. To illustrate the Pressure -

Time - Leakage relationship, Figures 7, 8 and 9 were prenared for both
nitrogen and h vdrazine leakage of each of the three selected valve designs.

In each case, the ma.imum and Minnnm 'X -zeakage rates measured at the

respectiv-eAPs have been nlotted for visualization. All measurements

were made without va-:-e actua-ion. Of particular interest is the inability

to make repeat liquid leakage measurements at the given pressure levels

Or veritcation purposes. due to a time dependency. The gas leakage -

versus - inlet pressure relationships, on the other hand, were as expected.



It might be noted that the rate of increase in gas leakage for the Teflon

M . seated valves rom 180 to 250 osid was lower than that increase between
85 and 180 osid. This was not the case with the hard seated valves,

where tl.e slope of the line between 180 and 250 psidtA-as greater tha-

ibetween the lower pressures A possible explanation is the fact th.t at

me higher pressure leadings with the Teflon seat, the eaective I K path

diameters were signifi-cantly ecrea.sed and Spin ay hav bee.. tZ!

nated entirely. The liquid hydraz-ne leakage being more depe ident on

time than on pressure drop made correlation studies difficul. and will be

discussed in the liquidlgas correlation section of this report.

= TEMPERATURE JEFFECTS ON LEAKAGE

The overall effects of increased valve temperature (to simulate ther-

Mal soakback) on sea' leakage are presented in Figures 10 and 11. The

S., data indicates a significant decrease in itrogen leakage at each inlet

pressure level when the valves' temperature was raised to 150 and 250°F.

This phenomenon occurred with both the hard and teflon seated valves

which were -studied. Tests i through 64 in Table I £.td Tests I through 73

in Table I illustrate this decrease dramatically. Attempts to cause a hard

seat valve to leak h-drazlne by raising its temperature were unsuccessful

(Table VU, Tests 29 throuah 35k Also. in Tests 31 and 32 of T_..tt ,Jti.

liquid hydrazine leakage of anotner hard seat valve was not significantly

affected by raising its teilxterature to ZS0°F. it is orobable that the tem-

verature efiect or liquid hydrazine leakage Is over-shadowed by the time

effect which was discussed earlier.

_.he- o-verall tenz erature effect on val-e seat Lrkage is undoubtedly
MW mde up of its individual 'I-ts on fluid prcpaties and .eak path geom.etry.

The lack of exoerimentbidata relative to --he kq"uid hvdrazine leakage vari-

ation with 'ern-crature prohibits spmeculation a: thi.. tim.e. The ef-.cts on

gas leakage de:nonstrated n Fig,;res i an4 i, warrant !':rte discusslc.'

-=----~
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Gases are known to become rore viscous at elevated temperatures,

and according to Reference 5, nitrogan viscositv increases from-.,i8 to

0. 022 centipoise between 70°F and 210°F-, Since fluid flow is inversely

proDortiona! to viscosity, this could account for part, but certainly not
all of the leakaae decreaie at elevated temperature. It is likely that the

thermal expansion effects of the eievated temperatures on the vaive body
and internal parts arc of _reater siinifican .e. _.j;n and contraction

of the end cap outlet (Figure I Iholding the seat- -,s well as the spring
forcing the povet against the seat could significantly affect valve sealing

properties. On a smaller scale, especially in the inetal-to-metal seat

configurations, the leak path diameters could be zffected ty the elevated

temperatures. As depicted in Figures 10 and I, as he valve was cooled

down. the leakage rates returned nearly complet ey to their initial values.

A slight change In the leakage characteristics of the teflon seated valve was

noted, but thiq should be exnected, due to the 5waged va-tare of that seat

configuration that is unrestrained un one side.

I CYCIEiG EFFECT NI.r..nGE

The effect of valve acrziation am- a hvdrazine environment or. valve seat

leakage is illustrated Figures 12 and 13 for both the hard and tezon seat

designs respectively. The Parke-r hard seat vaIve S/N 103 was acnated

S10, 0*0 times at a frequency of 1 Hz in hydrazine.zt a 10 psi pressure drop

to conserve propeianm. A defi-nite decrease in nitrogen leakage character-

istics tabula!ed in Table i. (Tests 89 through 101 and 159 through 1781 waa

noted. Similar.l, the P;a-ker Teflon seat v-alve S/N -i, was actuated a

tc':l uf 12_ OO times with an e-en more significant decrease in nitrogen

leakage noted LTrbie , Tests 53 -hr.U-1 t ant0 through 94}

Whereas onenln . r_'t c ng a valve usually resulted in randovn r- v

ation of ieaeme charac:erisf-s. estended cycling in a relatively

narticula.e- free - ef::roimen: dfUeczs re nonpet; seat interface roughness

- -a
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to a ch greater dge.Pea'.se and vlescausing, leakage may he

twought to 'oe ound"ed Cowxn wvith the repeated impact condition. With the

rt-snltant im~provemneaC in surf'ace roughness characteristics in sealing

AreCas, the internAe l;akagc, mnight !zt exrpected to ec-east. The 1cakage[ Tata generated in. this krograrn sieems to substantiate tbiat hypothesis.

-iCORRELATION ,OF LIQUIDl AND GASLEKG

C Th-1--e oriinarv abiec ive ofthis! investiglailut t 'Z~~

nil corTrelation, LD-etwecn ntrueen gas and_ hydrazine- l.jtid leakage at pres-

sures ranging fromn IS5 to -650 psad. A band of correlation data was

exezd since gas nc"ai lows increase atl diferent rates .-,ith nres-

sutre. As explained by Mzarr lRefference 11 the mnost familiar fio;Cw equation

M! tar the laminar flow of gases through a straight tube of circular cross-
2ttin a deoped by Poise-zille !Reference .

Q - na~e 71cv- o~f gis in uanitz of J m c c ;imze

d iameter qw-vlo path,-

- pt
averafac pre 5su%- ;.crorL th ci: ath

abLs&-'tute vis~-tosity of the g-!

Iength -C the flu- path

P, inlect nresure

cu1t Drttzture

- 1si!~I. croenn urua:fo of a liquid Qtough the sZ.tub~e.



Although we recognize that the flow phenomenon under consideration here

is not through single, uniform diameter, uniform length, circular le-kF paths, the equations may stil' be used to predict the liquid/gas relation-

ship as explained below.

The tezms _10 appear in both equations. Therefore, unless

the valve is actuated, alI leakage should be through the same paths when

Iv chang;ng from gas to liquid so the common terms reduce to a commron

geometric constanLt aad h oerali relationshipi reduce to:

Q =K Pa - or gasesgeom ~ o

and

QK --I (P 2 -P 1 ) for liquids

so, M:Ithough we de not know the exact values of i. d, etc, we assume they

will be the same for both gas and liquid flow since the valve is not actuated.

By measurement of gas leakage, and knowing the pressure conditions,

Kgeom may be calculated and used in -he second equation to predict the

liquid flow. rhe theoretical correlation band between 85 and 250 psid

shown on Figure 14 was constructed using this technique- Santler and

Moler -Reierence 4) ha-ve used these equations to cons*,uc! a nonomgranh

which is widely used for prediction purpoae's.

A major probiem was encountered when approaching the gas leak and

tinuid leak data presented in Tables i through VIl fror fhe correlation

Ssandrinr. As Figures 7 8 azd 4 illustrate, a wid. ra-gc= siqud leak

rates are found to correspond to tbe gas lealag-r -ea red a a pattictuar

pressure level. As discussed prtieously, the liquid lcak raze nsrt1ly de-

creased with ti.me (Table i. !4.." 136 through 141). For cor.s:-stency. and

-maintai-- the htthest degree of conservatism possible, the Iarges: hvdrnzne

leaitage rates were paired with their corresponding rr-ir.i-w't attrogen leakage

in the correlation data summary in Table XL These 9 -a are plotted O,

Figure 14 alone- with the the-oretical cty'rrclation.

14



01To noete the effect of particulate contamination --.:n the liquite'gas

_correlation (esstt1-y inducing a chiange in the leadk nath geomnet-r)

W T  sel~eteei valv ts were contaminated withi 3-26 micrcn lng sit' al umtt-

aiim powd,-er 'see Tables:* and fIM. Thos- ;Ltz_ _-e aso s-nuninarized in

T able Xl and identified on Figcre 14. It shouild be noted that the- ten-den-

-d des for iq~uid leakage to decx ease wit time were more pronounced in

those cases where the valv.es- had been artificially czsntaminatJec wtth the

tiny :,articles. it is conceivable thac althousgh the trapped particies

allow.ed much more nitrogen to Leak (many relatively small lealk paths)
thezmnlkrnrt sies id ot ilo th liuid to leak through. Pa-rticle

movement into and trugh the leak paths may ha-ve caused dezreases in >

effe:'hve diam-eter and perhaps clogging ox some of the paths entirely.

Thorough e~clanations of any or :A1 o; rhe 62 ,resented here is only
speclatie at best, and cannot Le fi'lly s oFbstantiate inhis *n-estigation.

The liwjted numb, er of valves used and the statisticallyv small zarnto

data collected shs'4.d temper any xonclusions drawn by the r( acer.

t

ME



SECTION VI

CONCLUSIONS -

A number of overall conclusions can be drawn from analysit: of the

leakage test data generated during tis program. Ths1.cusosae

1. While nitrogen gas leakage is a strong functiur, oi valve inlet

pressure, liquid hydrazine leakage- is a very weak function of inlet

pressure.

Z. Liquid hydrazine leakage exhibits definite tendencies to decrease

with valve exposure time to propellant. -

3. Temperature studies to 250 F demonstrated an inverse relation-

ship between valve temperature and nitrogen leak rate.

4. Cycling studies demonstrated a random leakage variation with

each valve actuation, but a definite decrease in nitrogen leakage with

extended cycling in the lydrazine propellant.

5-~~~~ Atepst .

5. Atemts t esablisb a wel.-defi.-A correlatien between hydrazine

- - fd nitrogen leakage were hindered by ft e ' ignificant liduid leakage

variation with time.

In addition, the demonstrated ease of use of a s£;mali, commercially avail-
able rotameter indicates its excel.ent applicability to the nieasurement of

small hydrazine leak-ge rates.

-
-
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TABLE I. LEAKAGE DATA

TEST ITEM: PARKER VALVE/HAIRD SEAT, 103

Tet 4. hid Val-ve Temnp Inlet PresSure Ltakag*

TestNo._ lui 
0 F *2 psis cc per hr ________

I Nitrogen Amhi! nt 85 psig i 31 4ccilhr

2 125

3 138

-, 137

5 1 3S

6 ' 36

7 13125

$ 135

1015

1 36

14 136

iS 136

46110 psig 469

17 472

is 470

471

71 250 psig 800

22 I

23' 756

25 i:z~aO

27 225

*310 ?80 P'lik 3

31 383

31



TABLE 1. LEAKAGE DATA (Const'd)

Va-'e Temp bile4 Pressure 1.,eakage
Tcst No. Plaid OF*2 p~-cc Pa. I Rrrnarhe

34 Nirrcgcn 150F Is() psig 384 scc per hour

35 O" 250; psig 492

36 4032

:-7 492

38 491

39 491

40 180 ofsi-g (09

4110

-30

43

44 303

4585 puig 17

54; 107

Is- -i'g b05

'- p U-I

616

64Q



RI:!M: _j

TAB LE T. I tr 3E DATA (Cont'd

ztt:4. FluB r ~ z psig cc per hr Rlemarks

&7 e fty zine Ambienft bSpsig . 77 c per hu

7.n

- :~,~txcdhrs

N-i r 85~.31, prZg '4 ,w e



TABLE L LEAKAGE DATA !Cont'd'

- Valve remp Irnet PrtssireCL eakage
Test No. Fluid *2 psi- -c p-.r hr Remarks

99 Nitrogen Ambient 180 pao.i 400 scc per hour

101 40.1

102-39

103 -4;6

104 250 psig 674

liii 674

106 674

107 6 "

108 -, 72 Repeat NH 4 Taets

109 fy.Irazine Amr-bient 85 PSIS .211 cc per hr

113 ZOO

Ii14 .200

115 2-30 psig ,211

117 .1", Isolated in N'P 4

C-85 psig for 64 hrs

118 hydraine Am~bient 251P psig .246

119 .111

1-20~ .081

121 .064

122 .058 Isuiated in :,H 4

@85 psig for !8 hrs

-3 Hv,.h!r4l Amb;ent 5 psig .';-:

U24 .36iZ.=  ~t pig • <;69

126 .0-

C. 4SCl 10. 00-1 time:$
P7opeilalt

34

'C - -!-- --



51.
TABUSC 1. LEAKAGE DATA (Cont'd)

Valve Temp -inlet Pressure, Leakage
West No. Fluid 0 p* sg c e rRemar,-sIL

:so H3i'Jra zie, Ambti.±nt 335 psig .189. CC par htxZ7r

IISO psig .141

.30 psig 0a

140 .049

1 .044 !ROlated in -NZ-
h,8i5 psig far 16 tin

Ai14?35)pi .069

141

145~ 44'

151sg .4[F3 [ ~- IS ozq

W 3~ 5
-sc PC-

131 .35



TABLE I. LEAKAGE DATA (Cont'd)

Valve Temp net Pressure Ltea.-w
Test No. Fl-id OF ±2 p . cc ner-au Remarks

16! Nitrogen Ambient 85 psig 99 scc per hr

I C'. 399

S16 100

164 IOU

166 100

167 100

168 99

16 130 psig 302

170 302

171 302

17Z 300

173 302

174 250 psig 517

175 517

176 514

177 517

178 314 into Ambient
Storage

174i Nitrogen Ambient 85 psig 103

180 105

182 180 psig 277

183 277

184 277

135 250 psig 424

186 419

187 424 Contaminated with
tungsten particles

185 Nitrogen Arb.bienmT 85 psig 541

189 534

190 5z2

192 1525

36
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It TABLE I. LEAKAGE DATA (Cont'd)

Valve Temp Inlet Pressure I ea?-,
- - Test No. fluid *= *2 usig CC peCrT-n Re.narks

!Q3 Nitrogen Amb Dient 1860 viig 1525 5cc per hr

-4 250 psig 2504

in 2549
- 196 2549 Begin NH 4 Tests

197 -Hydrazine Ambient 85 psig .025 cc per hr

- 198 .020

i99 .015

P0O 180 psig .025

201 .020

-P 202 250 psig .040 -_

203 --- .036

204 .029

205 -025

206 025
S2u7 -022

208 .020

209 .1

zz0 iD 15

*3

212 .010 iboiated in NH.
p-- -Ssgtfor 8hrs

213 Hydrazine AmbLien 2--- psig N-ot Meisurable Vacuum Baked 30 hrs

214 Nitroger Ambient SS psg 2 118 scc per hr

215 2113
•216 2-093

217 160 asic 4500

7z 220 i8S 8 s: 4717

223 .737

ii37

Z £23 Nirgcn A .bie:nt 2S- psig t-007 scc mer hr

.24 0

225 _Q07

137

taa



r TABLE 1. LEAKAGE DATA (Cont'd)

Valve Temp Inlet Pressure Leakage
Test No. Fluid ±2 psg cc per hr Remarks

226 Hydr ine Ambient 85 psig .032 cc per h-our

227 .02

229 .02

210 .020

231 .015

2 32 ISO psig .020

Z33 .015

234 250 nzig .053

235 -049

236 .244

237 .04C

239 . 136

240 - 332

241 .029-

242 .022

243 022

244 .020

246 -0.0 Vacuum Sake 18 hrs

247 Ni:rcgen Arnbicnt 8t5 psig 2G .6 c: pe- hr

24b 243z

249 246i

250 153O pSig o 7

251 --42"-

252

253 Zs- psig 0,000

254 10 Z ,58

255 i0.020 Final Test

38



:TABLZ MI LE-AKAG;': DAT-A

TEST ITMi: PARIKEIR VALVE! TEFItON SEAT, 102

Valve Tem.p :niet Pressuxrc Lrakagc
Te st No . Fluid or2 osig tt %r hr Rerk *s

Ltiroe nbien:t 85 psis 12 *cc per hoaur

ME2

142

232

133 <;



TABLE U1. LF:A.-CAGE DATA jCont'd)

-e:rN- Ilad2r :lop cc ce ~Remxrks

-4~ z %re ~ 250 set 7 c per ho f

7. 77

!80 7

43 z I

,44

47 2 3 0

4B 8

53? 1

zi4flSp..* t

514 Om



TABL.E IL, LEAKAGE DATA (Cont'd)

Va! ~~- i!.n rcst.-re trakage
ca 2ps!; cc ;Ar hr Rem~arks

~~0*a'- nszg $0 cc ne sair

-4 ; D MrZeczzzic Beg in Test

4"' Hvdrzin Axnbi6tinale Cvl ire

a-ii

M-

3.5

u.3



TABLE iLL LEAKAGE LATA

TEST iTEM: PA.R ER VALVEIHARD SEAT, 102

Valve Term Wet Pressure Lt:
Test No-. Fluic * s . e. Remarks

I ttrgt Atit 5 prig 25 scC per hr

#1 25

' S iI'
r. * 74

Li 77-

17 -0

IS -S.'

a- t

_ U
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,3 ± - . _ =Z r -= --- _... . . . - .

.4;

* TABLE III. LEAKAGE DATA iCotd)

w43-e Teto-p kte! rt ht;ek~

- ±2 Wit cc ner- r _ __

FT .-" -

34 itdrnic Atiier'50 pss .0~ cc per hir

-040

_4-

7 s

4c -_--
.27?-- iI3

43

~~-2



TABLEM LEAI GEDATA 'Cntd

Valve Iemp Inilet Prebsurv Leakaq,
rest Lio. 'Fluid OF ps~g - cc per hr Remarks

66 Nitrogen Ambien't 85 psig 22 zcc p.~r br

67 zz

68 2

7092 Contmnai*4

71 Nitrogen Ambient ?5P~ig -5

7Z 9

73 769

74 1 SC nsi;? 5737

75 5757

76 77 -2

25.0 psig 12, 53s,

76 Z,..562

79 U 6

.1 L1 11.219

8 3 U1 psig 5742

$4 5680

65 5 6 pi i 207

1168

b~i iy~cazne n~b~ntbs psig .g 3 cc per hr Bci ,M rz

91Oa

-43 180 ;35;g .;I20

94 0 17

.4

dar



TABLE III. LEAKAGE DATA (Cont'd)

iatve 'e:znp LnPet Prez-uee Leakage
Ttst No. Fluid OF *2 p ig •t per hr ,e-tarks

97 liydrazine Atabient -0 nsig .012 cc pir hr

D250 psag .012

1301

" 02.1 ~lt: inl N-t 4
@35 psig for 23 hrs

10ICS ps~g Not nw--:s.rabh

"104 161 psig Nut rrehurable V

105 250 us -4 N't mcasurable Valve actuated once

i&J ;:S5(,ps~g .29

107.

.025

11I 
. 02 S)

tI i 3
!!2 020

114 .012 Isolated in NH 4

@ 250 psig for 20 hrs

215 5 " psig Not measurable Vacuum Bake 18 hrs

116 ir-rogen Am:Aert n A - 76,A cc per hr

i 174
8 '7S~

q 150 psic 2i. 000

I 2r 26. 000

122 V- prig 45,000

323 45.00P')

iZ4 4.5, 000

I 45

NM



TABLE IH. LEAKAGE DATA "Conlt'd)

Valve Tem'p Inlet Prettvie Leakage
N. Fud*2 pslg cc rpcr hr Reinsrk--

!25 fiyiraine Armbieit ?.50 Psig 340 cc per hr BegLin N?F 4 tet.

U7 .298

128-25

129 . 258

13i zoo4

i~i .20

13 3

'-34 i8t) 0S~g -- 1813
41 -88

015

13 9 7

142 07

143 65 Psix 113lf

!45 .m

GIZ01 TUOItd-la in NH
-8psfor 16 Isrs

,33 -9f53

I54 25.) PS-- .0

155 .

156 .075



UM
ok! TABLE U1. LEAKAGE D-ATA (Cont'd)

-VAlve Temp~ Wnet Preimr Leoaage
Test _______ Kui2 Remzrks

158 .069

%gC64 Vacu Bake I8 hrs

160 %Mtrogei Ambient a!; psq ?04 -.cc pl-h

06~ p 26C

165216-

160250 P512 3-461

i69 ~~180 sz 10

i70 256

171 2 M0

17Z 35 ig 7196

17A F0 rnal Test

47

- __- k-aT-.- -,- 
-- _



TABLE IA-. LEAKAGE DATA

T E ST I TEAM: PARKER VALVE/TEFLION SEAT, 103

'Valve Temp :nlat Press-are Leakdg-
X'est INO. Flui.4 *Z psig cc per hr Remarks

I Nit.og ~ Abe 85 Psig 26 -;cc p r hozar

27

4 28

Z7

o 28

ipti

52

5, 52

52

NAC paig 5

276

60 I psir, 45

46

48



TABLE iV. LEAKAGEDATA (Cont'd)

Valv Temp r'i~ Pe i' Q:t c ;
a t Ne Ri-alid oszA rtc Ptr hr Remar-ks

A ir~e . AnIibknt .0Qp;3 5 3 Sec per tour

107

x 3 pi -. -

3--.--e '1- Be i

iivdsnn Amnien p~4  .04 c per:AC.'r egia n14 Tests
45t2

z-hD

.? 45 sq

21 1,

SI-



I
z TABLE IV. LEAKAGE DATA (Cont'd)

Li

Valve Temp Wet Pressure Leaflg-I Test ?o. F-1d o Z pig cc per h r Remarks

* 67 Nitrcsen Ambient 85 psig 20 ,cc per hour

9 180 psig 43

v 42

40

41

41

745 psig 50

51

7759

7S l Final Teat

5o

I



TABLE V. LEAKAGE DATA

TEST ITEM: HYDRAULIC RESEARCH VALVEIUPSTREAM SEAT, 102

Valve Temnp Wnet Pressure Leakage
Test No. Fluid *2 psig cc ner hr Remnarks

1 Nitrogen Ambient 835 pal; 4. 1 -cc -pZr hour

4. 0

4 4.1

5 4.1

C5 9 10.9

1.01.

11 250flsiE 175

12 17.9

15 1.

16 Myi-drazine A..tient 55 psg Not Mea-suraile Begin z t Tests
17 180 psig NtMaual

18250 naig Not Mlea,:zra-b~e Valve Actuated Once

8 5 psig No, e~uad

Mesurault- vaire Acrjated
1times

22 855 osig Not Mea surable

23183 psig Not Mfeasurzbl

Z 50 psig Notz Me~raAbi*-

25 :a 0 F85 psig Not MeasUratiet

26180 psiC Not Measzrablec

Z? 50 ::ixg Not Mea-surable Vacu-n B.Nkc- 18s hrs

4221



TABLE V. LEAKAGE DATA (Cont'dl

Ic

lest No. fluid tZ pgig -c pe hr

1-4 Amnt cnt p5 i 7.1 sccner

!:.

-: -~p i 4 A. 0."

f 2F

7.0

33ga~ A



TABL',;- LEAlKAGE DATA

TES T ITEM:. HYDRAJIC RESEARtCH VAL~f t :

-U ±Z ps cc -taPClr3

eL: Z. G- -c N*.r flui

t -

* !itt~cr At~tia iz vs .: Acc .e bca

'4-=-B 7-.t

4zl Lj'

IfI

- 'i-



I T

Test la Via XtZ psig cc zer hbr Remarks

EE:0 rI Pzint Arnbea3 250 puig - 017 cc per hr 7.Lcaz Bak- 31 hrs

85 i tc'm

-- :rzrh

-. 321

4-

4

4S4



TABLE V-1 1 AA~,)I

TE-ST tT=,M:1 J1-!Y RAW tIC RE-SEAr',CP VALE

1?STEAM!SEAT, 103

-Valre Tri. -t e rcnr 1~2
Xia cc,____ m ter hr Yesn.ark*

N'-ct n pe1'.ai

4 ~44
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TABLE VI I LAK AGEO A(~d

Alvt in fit!e ?rcasirer Leakag,

:ei* Il~ ps___ - -_ Rena es

34 Hledrzzize zO2IZ ?sDtig Nca Ueasnmrable Valve Actuated Oece

35 nrnbient$ p ! cc -.er -1out

I-I

4,i-

4
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TABLE VIII. LEAKAGE DATA

TEST iTEM: HYDRAULIC RESEARCH VALVE/
DOWNSTREAM SEAT, -03

Valvt Tern-) Inlet Pressure Leakage

Test No. Fluid ,rh Z Z ir._ pr Remar1rs

Nitrogen Ambnient 85 p .ig 16 src per hour

3 16

4 L6

516

6 .80 pslg 49

7 50

8 50

9 45

10 51

ii250 n3sig 536

12 87

13 87

14 87

i5 87

16

17 86

i3 Hydrazine Arnuient 85 psig .075 cc per hour Begi't 7 Tests

i9 .075

20 .069

21 .053

zz 1-0 psi& .05R

- ° 3 .051

24 .049

Z5 -F0 nig .040

2'.,, .040

27 .036

28 .0Z9

29 .0ozz

3' .020

31 200°F Z50 psig .015

32 .019 Vacuum Bake 18 hrs

• . . w~ . -: .. ... ._ .... .. , _ ....58
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TABLE VIII. LEAKAGE DA~IA (Cont'd)

ii_

valve Tremp Inlet Prv-sure Leak~ge
Test No. Fluid F -2 psig cc per hr Reriarks

33 Nitrogen Ambient 85 psig 1175 scc per hoar

M34 169

35 1154

36 180 psig 41S6

37 4186

4235

250 p;ig 7385 

40 7200

41 7385 Final Test

g 5

I 
a-

:11

59
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TABLE IX. PERFORMANCE CHARAZTERISTICS

PARKER VALVES

PROPELLANT: HYDRAZINE; 0.0117 LB/SEC @ 14.6 PSID MAX

TEMPERATURE:

AMBIENT +35OF TO +250OF

FLUID +40°F TO +1401F

? JRGE- +225°F

OPERA1 ING PRESSURE: 0 TO 300 PStG

PROOF PRESSURE: 600 PSIG

BURST PRESSURE: 1200 PSIG

OPENING RESPONSE: 7 MSEC MAX @ 24.VDC, 215 PSIG, +250°F

CLOSING RESPONSE: 7 MSEC MAX @ 56 VDC EXT VOLTAGE

REPEATABILITY: * 0.5 MSEC AT 28 VDC. 215 PSIG, 70°F

INTERNAL LEAKAGE: 10 SCC PER HOUR GN, @ 300 PSIG

EXTERNAL LEAKAGE: 6 X 10C6 SCe PER SEC He @ 300 ."iG

WEIGHT: 0.41 LB MAX
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TABLE X. PERFORMNANCE CHARACTERISTICS

HYDRAUL IC RESEARCH VAL VES

PROPELLANT: HYORAZ'ONE; 0.0224 LB/SEC @ 28 PSIO MAX

y TEMPERATURE:

OPERATING .35F TO 250OF

AMBIENT -6'50 F TO 250OF

OPERATING PRESSURE: 335 PSIG

KPROOF PRESSURE: 670 PSIG

BURST PRESSUE: 780 PSIG

OPENING RESPONSE: 17 MSEC

CLOSING RESPONSE: 8 MSEC

RESPONSE REPEATABILITY: 1 MSEC OPEN/CLOSE

INTERN~AL LEAKAGE: I SCC PER HOUR GN 2 @300 PSIG, 70PF

EXTERNAL LEAKAGE: 1 X 10-6 SCC PER SEC He @s 300 PSIG

WEIGHT: 0.47 LB MAX
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TABLE XI. SUMMARY OF CORRELATION DATA

LEKGE LAKAGE LE&AKAGE
VALVE 1DENht FiCATION FLUIDO 4'Bs SIG igiVOMSG *250 PSIG AEM1ARKYS

P ARKER HARD SEAT, 102 m .4G ' 6 s 4CNTAKtE

vm G -.2 7 3 3 5 6 31 - 1
MAXftH 0214 AG0f

MIAX. oiz "4 .01 itM = -11 * ~ VC ~

MM iJG%-2  1c 2773 J 45. j FtI R~a

MAXN~ 2  
ae-l- 70,D40SAKE

FAIN5 N .3 1 040

W4AX.M2H 21 zw -24 C CCS

A",ALH G"2 3w 54 STRG

M__ _ IN Gu"* sv WS I* VAC ".&E

* ruft

f I ~
HDRALISEA;C I*2 I2.- 1cj

MAX.M 0t 0 V~r9 1
ro I Ar I 61 o y-i

WA N2AUI i's a 0VACSAK

LOS PEAAS jEA &T4 !6L& 92 1(--

- IMAX C-" an I~ cz - ~v i.
" "~4 i I

cm,~ ~ is - .3 x

D.RE-R R -,Is SAT %=h 1 4' AV W

IT -. % AT I W7IM-

o IJ( B-AK

I 44 -:R- W - 83 - f ;ZE

6-A
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