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FOREWORD

This report was prepared by Panametrics, Inc., Waltham,
Massachusetts, on Air Force Contract AF 33(615)-3646, ''"Develop-
ment of a Hazardous Vapor Detection System for Advanced Aircraii.”
The contract was initiated under Project No. 3048, Task No. 304807,
The work was administercd under the direction of Tuels, Lubrication,
and Hazards Branch, Support Teclirology Division, Air l'orce Aero
Propmlsion Laboratory. Mr., Jon R. Manheim (APFL) served as
project engineer for the Laboratory.

This supplementary reporti is divided into two paris. Tae first
part concerns the field evaluation of a hazardous vapor detcction
system {or advanced aircraft. The development and construction of
this system has been described in detail in AFAPL- TR-07-123,
"Development of a Hazardous Vapor Uetection System for Advanced
Aircruft." The second part of this report concerns the resulls ob-
tained during the investigation of osmium Kryptonate as a potential
sensor for the detection of oxygen in the ullage space of fuel tanks
aboard advanced aircraft,

he studics prescented here were conducted in the period
1 feptomber 1967 through 31 March 1968, by the Chemistry Depart-
ment of Panametrics, Inc., Dr., Philip Goodman, Director, Mr.
Oslando Cucchiara was the principal investigator.

This report was submitted by the authors June 1968.

This technical report has been reviewed and is approved,

d//.‘;i%ou' V; Q/Z.zJ/»é

Arthur V. Churchill, Chief
Fuels, Lubrication and
Hazards Branch

AT Aero Propulsion Laboratory
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ABSTRACT

This report covers two separate and distinct efforts associated
with the evaluation of hazardous vapors aboard advanced aircraft.

Part I is concerned with an experimontal evaluation of prototype
instruments based on a catalytic oxidation technique for the detection of
hydrocarbon vapors aboard advanced aircraft.

Two hydrocarbon vapor probes were placed in the gngine com-
partments of a JT-12 engine housed in a wind tuannel, The responsc cf
the probes to controlled leakages of JP-4 tuel under varying engine
uperating conditions was ascertained.

The prototype instrun.ents operated completely satisfactorily,
Reproducible results under identical engine operating conditions were
attained, Responso times were of the order of two seconds and the
lower limit of detection was approximatoly 0. 3% of the lowor inflam-
miability limnit for JP-4.

®>::

Part II is concerned with the evaluation of osmism Kryptonatd
for the detection of oxygen in the ullage space of fuel tanks aboard ad-
vanced aircraft. Sengitivities adequate to cover the oxygen concontri-
tion range of interest (0.5% - 40.0% O,v/v) were attained ata sensor
operating temperaturce of 600°)", The response of the sunsor to oxygen
was independent of JP-6 vapor coacentration, Lifctimies attuined during
this investigation were of the ordor of 140% O, - min to 300% Oz - min.
Methods for increasing this lifetime are indicated and are within ihe
present utate-of-the-art.

%A registered trudemark of Panametrics, Inc.
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PART I

EVALUATION OF A HAZARDOUS VAPOR
DETECTION SYSTEM FOR ADVANCED AIRCRAFT
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PART I
SECTION 1
INTRODUCTION

During the period March 1966 through 1 September 1967, proto-
type instruments of a hiazardous vapor detection system {or advanced
aircraft were designed, constructed and laboratory tested, Thesc in-
struments were developed for the detection of JP-6 fuel in advanced
aircraft engine compartments and for uxygen in the ullage spaces in the
fucl tanks of such aircrafi. Detection of both spucies is accomplished
Ly the use of a catalyst coated thermistor senvor. Catalytic oxidation
occurring ut the catalvst surface liberates heat, which is sensed by the
thermistor, The JP-6 detector is simple in concept requiring only a
dutecting probe and assoc¢iated electronics, whereas the oxypen detector
additicually requires a gascous flow sysium, a trap to remove JI2-6
vapor and the introduction of isobutane as the combustion fuel. Theso
wstruments have performeoed satislactorily and reliably duriny the
numecrous laboratory experinienis necessary for development, design
and tesling., The detailed results of this dovelopraent phase are re-
poried in AVAPL-TR-67-123,

' The purposce of tus report is to present tho rosults obtained
during the {iuld tosting of these instruments. Because of the additional
complexity of the oxygen detection instrwnont, the lack ol proper fiold
tosting facilities, and the lack ol time, it was decidoed by the Wright-
Patterson Project Lngincer to lield test the JPP-0 iastruwnents valy.

The terts described in this report wore conducted at Nationel
Aviation Vacilities Lxperimuental Center, Atlaulic Cily, New Jersuy,
utilizing the available wind tunncel facilitics. Twu JP-6 probes were
mwounted at various locations within the caplaos conmipartmment ol w JT-12
jet engine, The JIP-6 probes were comnecled via celectrical cable to the
auxiliary cleclrumics and veadoul located in the control roum of the wind
tumiel, Over forty runs were conducted wnder varying coaditiony of
enpine speed, engine tamperature, enpglae pressurcs, fucl leakage rates,
etc, The results of these tests indicated that the 3 P-6 instruneatation
opirated extremely satisfuctorily, indicating at ali tinues thoe gaveous
fuel concentravion withia the proximity of the probes,
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SECTION II
TECHNICAL DISCUSSION

The evaluation of the JP-6 instrumients was originally to be con-
ducted by in-flight tests ahoard aclected aircraft, It was decided by
WPAFB personnel not to conduct in-flight tests, but rather to utilize
ground bape installations in its stead. This decision was based primarily
vn two facts: the difficulty in obtaining test aircraft during the allotted
test period, and second, turther ground testing was desirable to insurc
that the detector probe itself did not ccnsitute an explosive hazard at
aigh amblent temperatures. As a rosult, all tests were conducted at the
7 wind tunnel site at NAFEC, Atlantic City, N. J., utilizing a JT-12 jot

o eugine., This report presents the results attained during these teste.

A complete description of the hazardous vapor detecticn sysiom
....1s presented in APAPL-TR-67-123 '"Developinent of a Huzarrdous Vapor
" Detection Systen for Advanced Aircraft. ! However, for the purposes

a .7 ef clarity a briei description of the instrwnent includiay its operiting

' | . priaciples and capabilitivs wiil be presented first, The report will then
§ present the tests conducted, rosults of the tests and a discussion of the
i " results, ' - - :

.',7": : . - " .
“A, Background : s "

The hazardous vapor detection systemn developed operates on the
principle of catulytic thermal detection, During the catalytic oxidation
of a binary gas sysiera, the hoat liberated at the surface of a catalyst
coated thermistor is proportional to the gag-phase concentration of the
minor reactant, This principle wap cniployed for the delectivn of both

' JP-b6 vapors in engine compartments (oxygoen in oxcess) as well as fox
oxygen in the ullage space of tuel tanks (isobulane in excess). However,

- this report will be concerned only with the detection of JP-6 vapors,

‘ . For a complete detailed duscription on the employment and instrumentation

: necessary for the detention of oxygen, it is suggested that the reader refer

‘ . to AFAPL-TR-£67-123,

‘5 o The JP-6 detector consists basically of a probe housing three

] thermistors, a control box for bridge circuitu, temperature control,
readout, etc., and an alarm box. These-three units are interconnected
i by clectrical cable o provide for a complete system. Important aspects
A __of the operating principle and the instrument description are presented

“ " below, '

=
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1. Operating Principle

A aumber of gas-phasu reactions proceed al extrumely slow
rates unless they are catalyzed by certain solid materialy, Catalysts
usually cxert their effect by a seleclive adsorptim process in which
moleculus of oue or more of the gaseous specivs aroe held al particular
siles in configurations which make them highly eusceptible to reaction,

If such a reaction is exothermic, then heat will bue liberated
al the reaction site at a rate which is propoztional to the reaction vccur-
ring. DBy measuring the liborated hoat, il buocomes possible to estimate
the relative rate of reaction, and as often happens when one reactant is
present in excess, this rate of reaclion is directly proporiivaal to the
minor gags-phase concuntration,

In gaseovus hydrocurbon-uxygeu mixtures, it is Lound that the
oxidation rate of the hydrocurbon is usually quite low unless very high
temperalures or an initiation procews are present, Howover, by allow-
ing the reaction 1o vccur at a catalytic surfuco, roaction rate is groatly
increasced and o gizable umount of heat is liburated. Surprisingly largo
wmnuunts of heatl enerygy are available in oven scemingly very dilute
hydrocurbun-axygen mixtures, I even a small {»action of this encryy
is tupped, o4 very sensitive detuction techaique would result,

Uy wiilizing a thermistor, coated wilh a catalyst, the liberated
heat dee to catalytic uxidation can by measured conveniontly, The in-
strwment developed ciaploys platinum black, o very finely divided form
of platinum metal, as the catalyst, Thermistors typically have a relatively
lurge negalive temiperature coui'i'ié:iuut of cloctirical resislancoe, varying by
several porcent for a change of 17C.  The thermistors' large tuapera-
ture coutlicients allow oxtremoly sensilive moasuremoents ol small teia-
perature differentials, By eimploying two thermistors in a typical
Wheatstone Bridye circuait, small changes in thermistor resistance
are readily delectled.

The above describes briefly the operating principle used in the
hazardous vapor deteclion system developod,

2. Ingirwment Descriptlion
The sensing probes developed {or the prototype instruments

consist of threo thermistors imbedded in a brass block. The block is
heated by means of a small cartridge-type heater, Two of the three
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thermistors were "matched pairs,' i, o,, the selected pairs matched
cach other to within 0, 5% over the temperature range 290°C to 3109C.

‘ The prohe was designed always to operate in this region, and hence this

is the only temporature range of concern as rogards matching of the

thermistor pairs. One of the matched thormistory is coated with the

-‘ catalydt consisting of an equal mixture of platinum black and silica gel

; -"G, " The silica gel "G" surves to form an adherent coating to the ther-

| mistor suriace, This coating will not shakoe oif, although it can b

rubbed off,

The third thermistor is utilized for controlling the cartridge-
i heater powar, in order that tho hoated block will remain at consiant

- temmperature undor varying ambicat conditivng, This thormistor is

Fiand connectod to a proportional controller, which automatically adjusts Lthe
heater power to maintain it at @ cunslant resistance,

Indiract heating of thoe thermistors rathoer than resistive hoating
was vaployud in ordor Lo cover a greator rango of signalo at the high am-
bival tumperatures and to eliniinate the pogaibility of "hot spots, ' pariic-
ularly at the thormistor-lead wire inturiacu.

[T .

; o E : _ Thoe sensing proboe is connected by cable to a control bux contaia-
- ing the temperature control, bridgoe vircuils, visual readout, as wall wu a
vecorder vutput, An Ovon ladustrice propurtional tamperature conbrollor
was used to rogulito the powor to the cartridge-hoator. A Whoatalone

Lridgo circuil was usod Lo mweasure the imbalancoe ol the nwiched thermiu-
S tors causad by the roaclion of the hydrocarboa vapurs on the suriaco of the
Rl catalvel coated thermislor. A repulatod puwor supply accepts a 115 vult
400 1™ iuput, yielding a dc vutput of 10 volis., Tho inglruwnoant sensitivitly
is doterminad by the portion of this vollago which is appliod to tho bridye;
L this is adjusiable by mcans of a potentivioter, Tho bridge vutpul signal
__ﬁ,,ﬂ; i displayod una 0-bpa notor relay which iy alsu used Lo porate an alavim,
ol The vollayge devolopaed across the melor is also available as o recorder
: output, The Lmipedance or the metor iy 10, 000 vlunw; thureiore 1ull scale
tJ_ ' ' (5pa) coxrrespunds Lo a rocordor ouiput vi 50 v,
--@3 The conlrol hox vorves as a dual unit, containing the necussary
circuitry and controls for vpaerating both a JP-6 dotegtor and an oxyguen
dotecior simultanvously, ‘Thu box contuins two identival bridge civcuils
i and readouts which operate, with individually adjustable input vollagus,
IM a from a conunoun de puwer supply, Suuilarly, thore are individual heater
:=:"'""‘“ controllors for the two sonsors. In the tests discussed below only the
! JP-6 portion of the conlrol bux with the cerresponding JP-6 probe were
; used.
1
b 4
i !
i K }
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B. Test Facilities

Three complete hydrocarbon and oxygen vapor detectivn systems
were constructed. One hydrocarbon and oxygen vapor detection system
way delivered to WPAFDB for in-house analysis, The remaining two in-
struments were delivered to the wind tunnel facility at NAFEC, Atlantic
City, N, J., for testing their ability to detect hydrocarbon vapors in a
J1-12 engine under actual operating conditions,

The Five-Foot I'ire Test Tunnel Facility located at NAFEC is a
fixed installation consisting of an open-circuit, induction-type wind tunnel;
an cngine room containing two turbojet aircraft engines; an operation area;
and ar instrumentation buildup area, The test tunnel is a subsonic wind
tunnel powered by two Pratt and Whitney J-57-519W turbojet aircraft
engines, This facility is used to fire-test small aircraft engines and
aircraft conponents under conditions which simulate actual in-flight
firces. It is aleo used to test and evaluate fire detection systems and
fire extinguishing systems of the types used to extingulsh in-flight fires
that arc subjected to high-velocity air movement. These tests are per-
formed in a 5-foot diameter test section of the wind tunnel by using either
the actual components or scale models. '

A Pratt and Whitney JT-12 turbojet engine was mounted in the test
sectiop ¢ ¥ the wind tunnel. This engine as well as the wind tunnel is in-
struncedled to provide velocity, temperature, pressure, engine speed, etc.
In addition, the JT-12 engine is provided with a JP-4 fuel flow system to
gimulate a leakage of fuel within the accessory compartment of the engine.

Two hydrocarbon detection probes were mounted at various loca-~
tions within the JT-12 engine and their capability of detecting hydrocarbon
fuel vapors under simulated flight conditions were ascertained,

C. Test Conditions

Two probes (Probe #2 and Probe #4) were mounted at several
diiferenl locations within Zone II of the engine compartment of the JT-12
engine, Simple angle brackets with nut and bolt attachments were used
to clamp the probes to the interior engine surfaces. The probes were
connected by cable to their respective control boxes located in the control
room of the wind tunnel. The engine itself is instrumented go that perti-
nent parameters {temperaturss, pressures, engine speed, etc, ), which
might affect the response of the JP-§ senscrs, could be monitored. The
engine was also provided with equipment to enable injection of

Lo Tt har:) VP o
L2

. et i et s i




err . S b A St 4 e o

hydrocarben fuel within the engine compartiaents, By changing the fuel
injector nozzle, or increasing the time the fuel was left on, it was pos-

_8ible to vary the quantity of fuel being injected into the engine compari-

meant.

The JT-12 engine operated on JP~-4 fuel, Since the probes had
been originally calibrated for JFP-6 fuel, recalibration was necessary.
The probes were calibrated using a bubbler arrangement from which
gaturated JP-4 vapor was attained. The conceatration by weight of the
JP-4 in the gas issuing from the bubbler was determined by condensa-

tion (in a cold trap) and subsequent weighing. Sensitivities of the instru-
“ments were set so that 50 mv (full scale) corresponded to 10% by weight

of JP-4. Because of the variable ranlecular weight of JP-4, the volume
percentage can only be estimated. Assuming an "average' molecular

.weight of 100 for JP-4, then 10% by weight corresponds to 2. 9% by volume,

Prior to actual engine installation, the meter readings for both
probes were nulled tu zero. After installation, and without any enginn
power, a "“background' reading of approximately 2-5 millivolts was
observed, indicating a residual hydrocarbon vapor in the e¢ngine comi-
pariment prior to actual fuel injection. During ongine operation, buat
still prior to fuel injection, this "background" reading decroased to
0~2 mv. When the desired engine power was attained, this '"background!

" was nulled to zero. This nulling procedure was employced prior to vach

run.

During the tests, a high input impedance recorder conpatible
with the detector output was not available. As a result, manual record-
ing of the signal as a function of time was necessary., The niotor road-
ing was recorded at 5 second intervals using a stopwatch as a timer.

In general, this technique proved satisfactory. Howoevur, a corlain
amount of data was unavoidably lost, espucially when rapid changes in
signal, duc to rapid concentration fluctuations, occurred.

D. Results

The results attained during tho tesis conducted at NALTIEC aru
shown in the following tables. The first table in each sol prosconts the
engine conditions while the second set proesents the signal attained with

! the probes as a function of time for vach run. DPertincnt notes regard-

ing the data attainment and the results are provided at the conclusiva

. of each set of tables.
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Two probes were utilized throughout these tests. These probes

were designated probe #2 and probe #4 associated with control box #1
: and control box #2 respectively, Both probes were located within Zone
“ 11 of the engine, The fuel injector nozzle was always located at a dig=- T
] tance of ten inches torward of Zone II at 6 ofclock.
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NOTES TO TABLE I AND TARLE 11

Probe #2 was located in the accessory compartment, oft, at
So'clock a dictance of 32 in. from tiie fuel injector nozzle. Probe #4
was located at the midpoint of the louvre at 12 o' clock. The probes
were meunted horizontal to the longitudinal axis of the engine.

Runs #1 tixrough #16 were conducted with the bleed valve upened.
Since it was appareat that very little fuel was reaching the louvre area,
an additional run wag conducted with the bleed valve closed, in order
to increase the JP-4 conceniration in that area. At the coaclusicn of
ran #17, the probes were removed, inspected and tested with known
conventraiions of JP-4, Probe #4 had retained its integrity as well us
its calibration. Probe #2 was found to be ingsencitive to JP-4 vapors,
Cloae lagpection revealed that the catalyst coating had washed ofi the
surface of the thermistor and was tlie result of direct impregnation of
liguid fuel into the probe housing. From the results, it appears that
this "washing off" cccurred during run #15. The recults obtained with
probe #2 fror  run il through run #14 aze believed valid. Resulis
obtained with rohe £4 ave helieved valid for all raas,

Probe 42 was recoated with catalyst aad recalibrated for future

runs., Calibration was maintained at 0. 2% by weight of hydrccarbon/
millivolt, i.e., 10% by weight for fuil scale deflection.
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NOTES TO TABILE HI AND TABLE iV

For runs #19 through #29, probe #2 was located in the accessory
compartment, aft, at 7 o'clock, probe #4 was located in the accessory
compartment, aft, at 5 o'clock, The probes were sepurated by a dis-
tance of 18 inches, and mountcd horizontal to the longitudinal axis « f
the engine, For run #18, probe #2 was located o+ the 5 o'clock position
while probe #4 was located at the 7 ¢'clock positivn. This probe sub-
stitution wa s used to agcertain the reproducibility of the two probes
when located at the same position,

In runs #26 through #29, the injector nozzle was changed so
that a fuel leakage rate of 1. 00 gal/min could be attained.

17
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NOT™S FOR TABLE V AND TABLE VI

Probe #4 was located in the accessory comipartment, aft, at
5 c¢'clock. The probe was mounted vertical to the longitudinal uxis
of the enginc.

Probe #2 was not utilized in thesce runs, A thermistor lead
from probe #2 was accidetally broken during insiallation and the

probe was thus iacj crative,

Run #40 was conducted with the bleced valve clused, runs #30
through #39 were conducted with the bleed valve openad.

Probe #4 was removed from the engine and it> calibration
checked. No change in calibration had occurred.

20
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I, Discussion vl Resultls

A complete and detailed discussion of tho results fs not teasible
without a thorough knowledyge of tho jet engine oparation,; speuvitically,
the aiz flow pithy, flow rates, and lealago fucl mixing characterislics
undesr various ongine couditions must bo known,  Vhis inforivation was
not availuble, A doiailod analysis of the data is left to those personaa
who are axperionced with thoe chariactoristics ot jol cagines, apecifically
ol the J7T-12 engine, aw regards internal gas tlow cunditious,

i

CXIIN

Iowever, the data docs indeed indicate that the hydrocarbon vapor
probes operatod satisfacturily and did indecd doterimine tho actual con-
caniration ol the hydrocarvan vaporse ia the imuadiate viciaity,

Ruans #1 through #16 indicato thai relatively large amounts of
J1'-4 vapurna were prosont in the accessory comuartiment after fuel
ingection,  The actual vapor concentration boing & function ot the total
fual injected an woll as the ongine sapoad, tomperatuive, ete, llowaover,
by the time thcue vapore roachod tho louvrae avea, thoy wore considar-
ably diluted to the ordor of 0, 4% by waight, This valuo is conpidocably
balow tho lewaer intlanunability lanit of J1'=4 (0, 8% by vol, ).) That the
concaoniraticns allainud ware at loast ot tho right order of magnitude
was confirmod by NAFRKC personnel who routinely uso this JT-14 angine
in variouw liro tesis, NAFLEC porsonnel indicatod that a tive cannot bo
startod in the Jouvro wrea, awd ignition of tho fuel always occurs an the
accessory comparimont, Honceo, the JI?=4 vapor concontration in the
louvio avon musl Lo lowor than O, 8% by vul. (~2. 8% by woeighl) and
prveator than this valuo in tho accossory cumpartinont.,  The results
vhiained with the tost J1'-4 probos aroe in agresmont with theso
ovbeervations,

R NP PR R e VP RS-

£ ¢

O

During actual {uol injoction, o fino spray of ligquid fuol is {ormed,
evaporates, and enters the owing fiv stvean padsing through the angine,
Howaver, a conasidecablo guantity of fuel is not vapouricsed and falls as
liguid within tho accessory compartmont, Fhus, une or more "puddlos'
of liguid fucl arve formed during Tuel injoection, Tnalimousl every run, tho
resulis oblained show iwo or mwore cuncontration peeks indicatiag the
prosence of these "puddlos, " The {irst peak in the run is due to the
direct spray injection of the fuul, while subseguent poaks indicate the
presonce of puddies, These puddlos evontually run oif through a drain
provided in the ongine or are ovaporatoed coupletely by the onrushing
air stream. Hence, although actual fuel injection was maintained for a
time period not excoeding 35 soconds, a considerable amovnt of hydro-
carbon vapors porsisted, duce to these puddles, for alinost two minutes,

2l
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Thus it would nut be cxpected that a single hydrocarbon peal would
result, Aand indecd tho data verifios this oxpoctation.

A one would axpoct, the longer tho time that the fucl is injected,
tha greator will be the concentration of hydrocarbon vapors. lor the
rung ln which the monitored engine parameters wore kept constunt and
the fuel Injection time, only, was varioed (e.g.,, Runs 1-3), tho signal
{poal signal as well as tolald quantity of vapor) incroeasvoes with the in-
creasing arvount of fuol injected (soo Figure 1), The maximum peak
wignal incrensows approximatoely linearly witlhi incere. sing amount of

{uei.

Ropruducibility of tho probos under idontical engine vporating
and fuol injection conditivng was satisfaclory, Ruus #13 and #l4 wera
duplicate runs using the same probe,  Althouyh run #14 indicatos throce
peaks while xun #)3 indicatea only two (sve Figure 2) maxiunwn peak
heights for run 913 arc 7.0% and 4% by woight J P-4 and tor run #14,

6. 0% and 3. 6% respoctivaly, ™n addition, the total winount of J1°-4
saon du*lag cach run (tho area under tho curva) is alinowst idential,
booe, J92% 11C-Boc for run #13 and 193% 1iC-sece for run #14, The facl
that threeo poaks aro voon in run #14 ve ouly two for #13 is not surpris-
ing L view of tho dilficully in roproducing exactly the saoae engine
conditions.

Ruas F18 and #19 were oblained under idontical engine operating
conditione, Nowover, run #18 was conductod wilhh probe #2 locatoed at
5 0'cloch att in Zuue Ik, while run #19 was cenducted with probe #4 in
axactly the watne Jocation, 'Thesoe two runs domonsivito excelleni o=
producibility bobtwawn probes under idontical engine cunditions (sco
Figure 3}).

Runa #18 theough #29 wore conducted with both probus lucatod

in the accossory compartmient aft at 5 o'clock and 7 o'clock respactively.

“he probes were suparated by a dislance of 18 inchos, Using tho snall
fuel injoctor nozwle (, 421 gallons per minuto), the 5 o's“ack pusition
congistently rosudts in a higher JP-4 vapor concentration than the

7 o'clock posiiion, whereas with tho large injector nozzle (1. 00 GPM)
the reverso is true. I would appear that the mixing ratio as well as
the gan flow pi th Is different for each nozzle.

In runs #30 threugh #40 the probe (unly one probe was used during
these teots) was mounted at 5 o'clock in Zone U of the engine, however the
probe was mounted normal to the assumed gas flow stream contrary to the

22
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horizontal position used in prior ruas. This relatively small change in

position resulted in approximately a factor of four less in signal {compare

runs #30 thiough #32 with runs #27 througl #29). This would indicate a
stecp concentration profile of the fuel in the gas stream. However, the
fact that the probe sensitivity may be directional cannot be rule out at
the preacnt thine, Laboratory tests have indicated that the signal is
independent of the probe position. However, these laboratory tests
were coenducted at moderate flow rates (1-2%/min), and further testing

e
at the high flow rates attained in an engine is believed warrauted to
elucidate this effect,

It is important to note that during the performance of the tests
that not a single fire or explesion resulted. Thus it can be concluded
that at concontrations greater than the LEL and at environmental tem-
peratures up tc 100°F that the probe will not initiate an explosion or
fire, Indeed, fire was not attained even though the probe itself became
saturated with sufficient liquid fuel to actually wash off the catalyst
coating from the thernistor surface. However, it is strongly suggested
that the probe be further tested at environmental temperatures up to
600°F to insure that the probe will be explosion free for actual deploy-
raeat in advanced aircraft with a Mach 3 capability.

Rosponse time of the inst- nent appears to be limited only by
the gas transport time, During these tests, a meter readout orly was
used, The time constant of the eter is approximately 2 seconds full
sci.le; thus a 711l scale response of less than this value cannot be
attained. A recordor output is provided with the instrument which
by-passes the meter. Using a recorder as a readout which can have
a time constant of one second or less, the meter time constant could
Lhave been eliminatad. Unfortunately a suitable recorder was not avail-~
able during the performance of these tests., The fact that the response
time is limited by the gas transport time can be geen from runs #19
through #23. The ¢irac {or the first peak signal decreases with in-
creasing engine speed {flow rate through engine). For example, first
peak signal during rvn #19 was attained in 10 seconds (engine power 48%)
while first peak signal for run #22 was attained in 5 seconds (70% engine
power). Considering that the signal-time data was attained manually
without service of a recorder, an error in the 5 second increments of
12 seconds is qu:te probable. Referring to run #22, it is seen that the
Q" timme signal, which should, of course, be zero is recorded as 8 mv.
Since the meter {8 known to have a response time of 2 seconds, the

sensor response time must be considerably smalier, i.e., one second
or less,

26
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SECTION III
SUMMARY AND RECOMMENDA TIONS

Prototype insiruments for the detection of hydrocarbon fuel., were
evaluated under simulated flight conditions, These tests were conducted
at the wind tunnet facilivies at WAFEC, Atlantic City, N. J., using a
Pratt and Whitney J'1T-12 turbuj et engine, A complete daia analysis of
the data ig not poseible without o therough knowledge of the flow paths,
mixing ratioy, ete,, of the gas stream within the eagine. Neverihcless,
the data indicate that the hydrocarbon fuel detectors vperated extremely
satisfactorily under actuwal alreorafl eanging operating conditions.

The senmtivilizss of the prototype instrumentr hiave been shown
to be more than adeguate {or detecting 10% of the lower inilamumability
limit of JP-4 (0. 8% by volume or ~2, 8% by weight)., An easily readable
signal of ¢, 5 mv on ths meter readoui corresponds 10.Ul% by weight of
JP-4, This value is approximsiely 0. 3% of the lower inflanumnability
limit of JP-4, Still higher sensitivities ars pogsible by “linply increas-
ing the supply voitage to the bridge circuit, A control is provided for
this purposc. The misimnum detertable quantitiea for the prototype
instruments are estimated o boe less than 2% of the LEL {or JP-0,

(The hydrocarbon fuel for which the instrunicals were oviginally
intended. )

The response and recovery times of the sensors arce independent
of enacentration, and by bypassing the roadout meier and using the re-

corder outpul a reaponse time of less than l second can be achieved,

Although the prototype ingtruments vperated satisfactorily during

" the wind tunnel tests, theore arce several areas which should be investigated

prior to thae development of final instrumeatation, These are:

l. Saturated conceniration of hydrocarbon at 100°F in the presence
of a large excess vl oxygen did not explode or ignite when in contact with
the hot catalytic surfaces of the thermistor probes. Neverthe.ess, tests
uging ' irucarbon vapors a. concentrations greater than the LEL and at
ambic=’ temperatures up to 650°F should be conducted to confirm that
the prubes will not initiate an explosion aboard advanced aircrait with
a Mach 3 capability.
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2. A difference in signal of approxiaately a factor of four was
achieved when at the same engine location the probe was mounted in a
vertical position as compared to a horizontal position., ¥t is not known
at the present time whether this signal was actually due to a concentra- ,
tion gradient or due to the probe sensitivity being directional. A lack J
of directionability was demonstrated during laboratory tests, but such |
tests were performed at gas flow velocities much lower than thuse en- |
countered in the engine. ‘Therefore, it is recommended that the probe '
should be tested at various angles to the flowstream and at flow rates
comparable to those within an aircraft engine to determine whether
this effect does exist and to characterize the effect if, indeed, it is
present,

3. I1n only one instonce did a break in the thermisiwor lead wire y
occur., This break occurred due to mishandling while inserting the
probe ir the engine, No malfunction of the probes c¢r the control boxes
| occurred during actual engine operation. Nevertheless, it is recom- i
mended that the probe be ruggedized by a redesign of the thermistor and
cable connecors, to prevent such an occurrence in the future,

4. In one instance, the catalyst was found to have been physically )
removed from the thermistor surface due to '""'washing' by liquid hydro- 1
carbon fuel. This effect can be prevented by using suitable baffles or by
using a porous metal plug in place of the perforated plate of the present
probes, It is believed that thie change will eliminate any ""washing!
cifect; howaver, such an arrangement may affect the response time as
well as probe directionality., The effect of such a change on these
parameters should be investigated.
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DETECTION OF OXYGEN VIA
OSMIUM KRYPTONATE
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PART II '
| SECTICN I
INTRODUCTION

During the initial phase of this contract, a brief investigation was
conducted to determine if the Kryptonate technique could be developed
into an instrument for the detection of hydrocarbon and oxygen vapors
aboard advancced aircraft, From prior work, © it was known that JP-6
fuel could be detected with platinum dioxide Kryptonate at concentrations
as low as 0. 01 percent by volume at ambient temperatures from 0°F to
750°F, However, preliminary results obtained during the contract indi-
cated that the detection of oxygen via the Kryptonate technique would re-
quire a considerable effort, This effort would be involved not with the
general technique itself, but rather would require the development of a
epecific sensor for oxygen which would he capable of continuous opera-
tion. A number of candidate materials were investigated as to their
ability to detect oxygen. Such materials as copper, zinc, carbon anad
boron Kryptonates were found to be unsatisfactory due to either the for-
mation of protective oxide layers {c.g., copper oxide on copper) or be-

3 cause of the extremecly high sensor operating temperatures required fot
: adequatc sensitivity (e.g., boron required an operaiing temperature of
: 1800°F).

Becausc of the lack of a suitable Kryptonate sensor for oxygen,
v the catalytic combustion technique was selected to be developed into
prototype instruments for the detection of hydrocarboans and oxygen.
However, the thermistor oxygen sensor had become more complex than
originally anticipated, and utilization of a Kryptonate sensor appeared
to be ultimately more attractive, Hence, supplementary funds were
allocated for further evaluation of this technique,.

i~y o

The most likely candidate material for the detection of oxygen
appeared to be osmium Krygtonate. Osmium is a fairly hard metal
with a melting point of 4900 "F. Osmiwn will react with oxygen directly
at 392°F to form the oxide, osmium tetroxide, Cs04. This oxide is
volatile at 214°F and hence, at the formation temperature, ormium
tetroxide would be continuously vaporized, leaving a clean metal
osmiuwm surface for further unimpeded reaction with cxygen, 3
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Instrumentation based on this technique would consist of a sensor
cell, counting chamber, pumyp and associated electronics. The sensor
cell containing the Kryptonate can be located directly within the com-~
partment of interest. The ambient gas is drawn through the sensor cell
and then through the counting charnber by means of the pump. Reaction
cf the gas of interest (hydrocarbon vapors or oxygen) with the Kyyptonate
occurs in the scnsor cell releasing Krypton-85. The effluent activity
released is detected by means of a radiation detector mounted in a
chamber (the counting chamber). The signal {rom the radiation de-
tector can be read directly on a metex in gas concentration units or can
be used to actuate an alarm at predetermined alarm concentrations.

This part of the report is concerned with the preparation and

evaluation of osmium Kryptonate as a potential oxygen sensor for use
aboard advanced aircraft,
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f' SECTION I i
L TECHNICAL DISCUSSION

A, Preparation of Osminm Kryptonatc

@

Thers are two gerieral techniques by which Kryptonates can be
preparcd, viz., ion-bombardment and high-pressure, high-temperature
diffusion, Both these tochniques were employed in an attemps. to pre- :
pare homogceneous osmium Kryptonate,

. 1, lon-Bombardment

Kryptonates can be prepared by ion bombardment with
krypton ions under tho influence of a potential drop. From prior work
it was known that if the solid is heated to high temperatures during the
actual bombardment process ihat mwuch higher specific activity and
groeater penciration can be achieved and therefore a relatively mora
1 homogencous Kryptonate results, This high-temperature bombardment i
§ process had beon conducted with wires. Considerable modification of i
the ion-bombardment system was necessary in order to heat the csmium .
powder during bombardment. ;

!
!
f

The standard ion-bombardment system was modified to auccom-
modate a hvater, osmium powder container and water jacket. The final
sysiem developed is shown in Figure 4, This systern enabled the ocsmium
powder to be heated to temperatures approaching 600°C during actual
bombardment,

Over 25 runs wore conducted with this system usinyg various
pressures, bombardment voltages, currents, time and osmium powder
temporaturcs. In general, the specilic ictivity of the resulling osmium
Kryplonate increases with increasing powder temperature, as well as
with increasing bumbardmment current. The highest specilic activily
attained by ion-bombardment was 0. 16 microcuries/inilligram. This
_ activity level was attained at o bombardment voitage of 3 kilowatls,
| bombardment current of 0, 4 milliamps, a pressure of 1.5 microns
E and a source temperature of 600°C.

‘Approximately 100 milligrams of osmiwm Kryptonate cculd be
prepared in a single ion-bombardment run. 7This amount of material
was sufficienl for evaluation,
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The ion-bombarded prepared Kryptonate was evaluated using a
typical gas flow test system capable of providing concentrations from
0-40% O,. The sensor material (Os-KrSS) we 8 placed in a quartz tuke
which could be heated to temperatures up to 1000°F. Kryptonates pre-
pared a* the higier specific activity levels (0. 1-, 16pc/mg) shewed ex-
cellent initial response and sensitivity (5 sec and 1200 counts per
minute per % O3); however, the signal rapidly decayed with time in-
dicating that homogeneity had nct been achieved. Despite numerous
attempts at attaining deeper penetration levels of Kr8° within the osmium
particles, osmium Kryptonate prepared by ion-bomibardment consistently
proved o be unsatisfaciory, Even though specific activities ultitnately
attained were of the same order of magnitude as those Kryptonates pre-
pared by the diffusion technique (see below), the degrece of homogeneity
achieved {(as measured by the life of the source) was considerably
poorer. As a result, detailed evaluation as to temperature dependency,
concentration dependency, etc., was not conducted with osmium
Kryptonate prepared by ion-bombardment,

2. Diffusion

Kryptonates can be prepared by a high-pressure, high-
temperaturce technique, The sample is placed in an autoclave which is
then pressurized with 5% Kr3% in krypton gas. The autoclave is then
heated to temperatures up to 500°C, Under these conditions, and given.
sufficient time, krypton-85 gas will diffuse into the sample forming a
Kryptonate.

In general, the amount of krypton-85 retained by the sample
will be an exponential function of temperature, lincar with pressure
and will depend on the square root of time.

For a high-melting material such as osmium, the teruperature
is limited to a maximum of 500°C which is the structural limit of the
avrailable autoclaves. The pressure in limited by the amount of krypton-85
available (1 liter-aitm) and the packing volume. Thus the only parameter
that can be increased without limit is the time. Unfortunately this is a
half-order dependency; thus in order to double the specific activity, onc
must Quadruple the time,

A number of diffusion preparations were conducted. The early
preparations were conducted with krypton-85 gas supply which had been _
in use for several years. A nwmnber of lung yuns at n.aximam preparation
conditioas (500°C, 3000 psi, 3-4 weeks) resulted in specific activities of

33




RSV SR S - — U

| . 0. 00} pc/mg to 0, 003 wc/mg. These levels were not sufficient to detect

SR oxygen. It v.as known that the total activity of the krypton-85 gas supply
kad been reduced over the past years. This gas had been and indeed is
still sufficient for the preparation of many various Kryptonates. However,
if this gas supply bad been contaminated, particularly with oxygen, then

_ this contaminaticn coupled with the decreased specific activity of the gas

' would account for the inadequate 9smium Kryptonates which had been

i preparod.

A new krypton-85 gas supply was obtained and was utilized for
all subsequent preparation of osmium Kryptonates. The specific activities
of the Kryptonates aitained and the preparation conditions are shown in the
table below.

Table VII

Oemium Kryptonate Preparation by Diffusion

. Temperature Pressure Tirmne Specific Activity
| Run o (psi} Sfhrsj (s c/mg)
i 400°C 2000 122 0.019
2 a00°c 2000 . 355 0. 035
3 500°C 2200 353 0. 140
| 4 500°C 2200 670 0. 201

From the above, it can be seen that under the same conditions
of temperature and pressure, the specific activity varies as the square
rvoot of the duration of the run (the tirne).

Although the resulting specific activity was of the same order of r
Inagnitude as that obtained via ion-bombardment (0. 16 L c/mg) the degree
of homogeneity (as will be discussed below) was coasiderably improved.

B. Results

The results discusaed below were obtained using the test system

v D'savesmn L lanme woladvery noved b o Lldade. oo oo

the sysiem. The essential element of this system is the sensor cell,
This cell is u quazrtz tvbe containing the osinium Kryptonate. Glass woel
packing was uced to prevent loss of the sensor powder. A wire wound
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heater was used to heat the sensor to the desired operating temperature,
The temgperature of the sensor was constantly monitored by means of a
thermocouple, Flow rates and mixing ratios were determined using cali-
breted flowmeters and controlled hy fine metering valves. An Amperex
Gelger counter (Type 18505) mounted in a 60 cc chamber was used to
wmonitor the effluent activity. The readvut mechanisms consisted of a

Nuclear of Chicago, Model 1620, ratemeter and a Bausch and Lomb
V.O.M. - % recorder.

1. Sensitivity

A rulatively simple Kryptonate detection sysiem was used to
evaluata the osmium Kryptonate, The effluent activity released from
the quartz sensor cell containing the Kryptonate was detected using an
end window Geiger tube mounted in a 60 cc volurme chamber. Even
with this relatively low efficiency counting chamber (approximately 4%
eificient), seansitivities adequate to cover thu desired range of oxygen
concentrations (0 to 40%) were attained.

¥igure 6 prescnta the results attained with a Kryptonate of

specific activity 0,140 pc/my operating at a temperature of 750°F. The
senaitivity ol the Kryptonate at this temperature and with the counting
arparatus employed is 1000 ¢cpm/1% O,. Since the response is linvar,
Bt 4 guaceniration of 40% O,, 40, V00 cpm woald be attained, If it wero
LLrnwsary, thie sonsitivity could be easily increased by increasing the
counter efliciency (20% eliciency cun be obltined with pancake G. M.,
tubos) or by increasing tne specific activity of the sensor, (with the
vsiniwn Kryptonate of #. 20; pe/ing a sensitivity of 1500 ¢pm /1% O,

vrans niteined).  Thus the songilivaty of the osmiun Kryptonato is more
tha:., sdeyuato Lo cover the oxygen concentration rango of interest. With
the reiativaly simple Iabovatory appatatus used in thoase uxporiments,
“Shas venwor can detoct 0, 1% sxygen. This lower limit ¢can be increased
withour dilficuwlty by at lvast & Gclor Gl Wwa.

Uning the Jabucaiory tent wystein depicted in IMigure 5, re-
*o v Llines R08iK0d wore of the order of 5 gecends. The zespunse
Jdoua appokved T bo Mndied only by tuo gas flow x te and couating chamber
vatane,  Thua, adth sl distances besveen the sonker cell aan the
vy g chambor, & small voluware counting chamber (2uce), and with
L v Jlow veo on (34 /aaint response titnes of the vrder of 1 socund
uhone e voewlined. '
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. : 2. Temperature Dependency

' b | The response of the osmium Kryptonate shows an Arrhenius '
e i temperature dependency. The variation of effluent activity rele: sed with |
s : temperature at a constant oxygen concentration of 1% is shown in Figure !
; 7. The response of the osmium Kryptonate can then be completely des- !

: cribed by the equation

. |

5 : 3 i

i -10. 6 x 10

KCPM=7.3x10% O, e T (1)

2

where KCPM is the effluent activity released in thousands of CPM

O, is the oxygen concentration in %

T is the temperature in degrees Kelvin,

e . a8 it e it S e o mmias @

The activation energy for this systern is thus 21 Kcal/molo

& ; (16,6 x 103 x R, where R isg the molar gas constant). !
! i
, 1
|' . From Eq. (1) the tempexatare coofficient of the responsc 1
a i _aignal can be approximated by
!

| {

| AKCEM - j0.6x10° 2% (2

i KCPM 2 {2)
E or, at an asswned operating temporature oi 672K (750''F), ]

P !

AKCEFM . . ;
‘ emdeei L 0235 AL ; ;
. KCPM al (3) :
. H 1
|
: Thus the count rate will incroase Ly as much ay 109% with a ‘
| temperature increase of enly 4°K. It is appurent thatl tenperature 1
if‘ cont rod of the vensor is vxtremely important, 3
] N
’-‘ ]
. !
' 1
| 1
: !

38

B WDN A AP T 343 Wi o rreaion

J— e R e G e v adiyes e A o1 8 | e e . T et e aam—. A
.

)

ﬂ
|
!
|




Jrones hmImm

3. JSensor Lifetime

The sensor lifetinie is dependent on a number of factors
such as temperature, reaction efficiency, flow rate, etc. One of the
most important of these factors is the degree of homogeneity of the
Kryptonate. If the depth of penetration achieved during the Kryptonate
preparation is very shallow, then the effluent activity released on re-
action with a constant gas concentration will not be conatant, Lut
rather will decrease with time,

A measure of the degree of homogencity is the time for
which the eftfluent activity released is constant during reaction with a
congtant gas concentration. This parameter can be expressed in terms
of concuntration-time units (ct). Thus, for example, a particular sen-
sor life can be expressed as 10% Op-~min, This would indicitte that the
sensor would operate continuously for 10 min at a I oxygen concontra-
tion, for 5 min at a 2% oxygen concentration, etc. In actuality, the
signal continues for a longor peried of time than indicated by the ct
value; however, for thne puriuds greator than the value detoruinod
by the ct value, the seonsitivity decreazses as a fanction of tinw, The
¢t valuws pressntad in ihis rvopoil were obtained only whon the eftivent
aclivity released at a constant oxygoen cuncontration was constane with
tiune,

In tho tablo boluw are presonted o concentrativa=tiu o
vaiues attainod fur vivious usudwn Kryptointes, ‘Thene resulis wory
atteined vslnyg the appuratus proviously described with a total flow sate
through the songur cell of U, 5 liters /mdnute,  Cho aenkur cgll wus
loadod with L. U grams of vuwmibwn Keyptonate,

Table VIL : I !

GonesnbvativnTine Viduse

Speacific Oparating i C Kiyptonate
Aciivity Teinpexature : wubcentvulivl-"Tiane  Progarative
{pe Z‘ju“! vy (‘1’1 (')2---11113-';3) N i
L0355 750 ' 5.0 E
. 140 750 ' T . 3
i ' ‘ ‘ o
. 204 750 ' 3.1 ' &
; i
A1) oo 140, i 4

\ 3
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The depth of penetration and hence the degree of homogeneity
is expected to bo dependen: on the square root of the time of Kryptonate
prepuration. That this is true can be seen from the results attained with
Kryptonate sensors 3 and 4, These sensors were prepared under the same
conditions of temperature and pressure; however, the preparation time
for run 4 was L, 9 tixies a4 loug as run 3 (weo Table VII), Ience it would
bo expected that the degree of humogeneity (the ¢t value at the same
operating tumperatuia) for Krypionate 4 would ke 1, 38 higher than for

crun 3. The aclukl value s 1. 530, which is in oxcellent agroament,

In addition, the degrea of hommugonaity siiuuld be an exponontial
function of *he teaperature of proparation. Kryplonato run 2 was cone
ducted &t 400“C while Eryptonste vun 3 was cundacted ad 50074, Doth
ruie were conducted at approxisnately the samoe pressurc and fur the sailie
leagth of thnie. The ot valuss showld then be i the ssinoe vaus as theiv
epoucific wctivition., The o ttual ratios obtained differ by wnly 20% (4.0 Yoy
apouitic activity ve 4, & {or ¢t valuos). This di 'pu envo can by attribiutod
in part to decreaand cumting efficlency fux Kr " bt o lying at gresior
depthy inte the surface of tha Os particlo a5 a4 rasult of atlenualion ul
‘the hats s by the cuvorany e yor,

A 3 vansor vperniing twmparaturs uf 7800 K, the lile uf the
Jt.ull waw appreshinevely 30% Op-nidnale. Thus, G ell woeuld last Lo
3L minutGe Hothe Sveonge conventratlon wae 1% Oy durlog this e pasiod,
Toww b codlh would Jaet for ¥ omdnates L fhe dvorage Op cuncentiaiiun wae
e By vedueihg Bie opyresing tesipacature to bQ0WE e e of the gull
i ancreand to NO% \'.).'pwniu. Shuun the racclann rate davrsanui by a

'}"} fatiur vl toa owves this Teriporatue (usedval (sew Figues 1), B0 would

bo eapaciad that Lo Ladiothne wh BOUYE woald approich 300% wy -,
Thiv disaropnney 1o boliwvad o by due to aXposioieial oxrore, paatl-

"""'-'\"-au.\l,w,iy Ly the nutual budpjiecatune valuas,

L . Yo aw appmsont that s Mlatine 0f Lo avasa ™ can by incrsane

b) m(,x'm-nl'e“ Lhe anugwnuity,  Geasidering the lony prepavcation tiies
‘f e ud, Gide be bwet nageidpuatey by daaroning the Brypiouale povpatas
e tnposatuc e, Hagher peeaparation tataporatavas can be achloved by

Ctdilasng Apacial autealavar 8auh A% valdowalh awt aves wath bntaruud
Choaters,  Suuh kn dppronch wouiy raguide ko eonedderaole soudificabion
wé the grecet Maypiounte appariiud, bat such apparatve te wall within
Lo pranunt statanal thusart, Al bhovease Jo prupatatbon Yoperatuee of
' 'mx‘\y W09 abuve Gio presaid W inunn of 530Y¢, woukd veeult dn &
. tievielival Inureune in e dupih i purotration by o wotuy wi b,
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Assuming that the prasent degree of homogceneity achieved is quite low,
(less than 20%), then a J00°C higher preoparation temperature would pro-
duce & considerably more horaogenoous source. It would be cxpected that
one gram of such & source operated at a temporature of 600¢1" would have
a lafetimas of the order of 1000% O,-minutos,

This lifetime could bo further increased by increasing tho
amount of osmiwn Kryptonate in the sonsor cell, Economic (high cost
ot canalum) a3 well as tochnical tactors (pressure drops) would limit
the quarntity that can be used. However, it would appear that an in-
crease in »onmor mataerial to at least 4 graune would bo practical. This
shouuld result in approxitnately an additional factor of 5 incroase in the
fetime, Thus Jltimate lilatimaes of the order vl 5000% O, -min should
be pusrible,

4. Detoction of Oxygon in the Progsonce of J1*-6

Liy pansing the vxygon contalning tost siream though o
colwnn of iquid J16 fuel, a saturated vapor cons eutration of J1°-6
{0, 6% Ly welyght) cowld bo attaiusd  simultancourly with various uxyygen
wsoncentrativus, Tho eitact of hydrocarbon vapora oa the ovamdan-oxygon
yeactivn could then bo ascortainad, Roveatod tosts conductod in U iy
mwlmer fndicatad ne chango L reaponan of tho osnium Kryptonde to
oxygon, i, 0,, the stinulteneous prosonce of J1°-6 fues at 0, 6% by welgis
and oxygon did not detectably affact the response of thu omium KRryp
tonata tu uxygoen in the convontravion range ol interoat,
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SECTION III

T A RPN I

SUMMARY AND RECOMMENDATIONS

An investigation to determine the applicability of the radio-
cheinical exchange technique uging osmiwna Kryptonate for detecting
oxygoen in the ullage space of fuel tanks aboard acrospace flight vehicles
‘vas conducted,

Deamium Xryptonate prepared by the diffusion technigue showed
excollent rosponse and sonsitivity to oxygon., Tho offluent activity ro-
leasod {rum the Kryptonate gensor was found to be direcily proporticenal
to the oxygen concontration, and at a conetant oxygen concentration, was
found to be an exponentiul function of tompoerature, Sonsitivities adequite
to cuover tho oxyyea concentration range of interest (C. 5%-40. 0% O, v/v)
waoro attained at a sensor operating tomperaturs of 600°F, The simul- j
tuncous preesnce of JI’-6 fual at 0. 6% by weight and oxygon did not i
dotoctably affoct the response of the vsmiwm Kryptonste to oxygoen b
in the concentration raage of intoroat. i

!

e et .+ e . veirnacailhe S 5

Tho lifotinmie of Lho scnser is depondont mainly on the gegroee of
homogaeneity of thy svurca. Lifetimes attained during this investigation
woto vl the vrdor ol 140% 02" min to 300% Oz--min. ‘Vhis lifetiine is
bLeliovod lnadoquate for the intonded application. llowaver, at loast a
faclor uf 29 incrovasa in lifotisne s projectod by incroeaging the humo-
gonoaty of the suutce and by incroasing the asmouni of venniuwng used in
v sansor coll, Tha Lozuogenvity of tho source is bost fucr eanod by 1
winploy.y higher texapdraturoe in the Xeyptonate praparations procoss, \
Whis would requise cunsidorsble wodilication of the prosent propacativi -
Apparatys, i

T T SRR T iy | RIS S KSRV i S £

Basod on the aluve revulds, it iy vecenameonded that:

E

1. Owniuwn Kryptonate Lo proparved &t tunperatures of thy ordar
of THUVC and fur proparation tanes of the vrdox of 700 hours, This wewdd
yroatly dncreaso tuo degvoe uf bunogonoivy Sl hehes dncreane the oparat-
Lig e, Such an it would veguive the use ol spuvinl autociaves that |
wouid be capablo of withutvuding the bighoer temporaturen ul the nvringl
peepuration prapsuros (42000 pai). :
!
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2. The effect on the overall detsction system as a function of
increasing amount of osmium Kryptonate be ascertained, Larger amounte
of vamiurm Kryptonate in the sensor cell will also increase the lifetime.
However, (als will result in increased pressure drops and subsequent
difficulties in the gas flow systemi. The importance of this effect and
the sctual increase w lifeiins with Increasing amount of osmiwm Kryp-
tonate should be ascertained,

3. If the pressurc within the ullage space of the fuel is expected
to ba other ithan ]l atm, then the total presaure dependence of the Kryptonate
sensor should be determined., 7Tt would be expected that the senuitivity of

‘the sensor would vary directly as thy oxygen partial pressure only and be

indupendent of the total pruesure; however, this should be verified.
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1 ARATARCY M his report covers twu separate and distinct aliorts 1ussociated with the
evaluation of hazardous vapors aboard advanced aircrait, Part lis concerned with
an experiment.l evaluation of prototype instrumeonts bascd v @ catalyiiec vxidation
technique fo o the detection of hydrocarbon vapors abuary advanced aireralt, T'wo
hydrocarbon vapor probes weroe placed in the sngine compurimoenis of & JT-12 ongine
housod in a wind tunnel. The responsc of the probes to controlled leakagen of 11'-4
fuol under varying engine operating condiiions was ascertained. The prototyp. i
strwovent: uperated completely satisfactorily, Reproducible rosults under idontical
engino operatinyg conditions were attained. Response times were ol the vrder of .wu
seconds and the lower limit of detectlivn was approximately 0, 3% of the lowoer in-
flammability limit for JP-4, Part 1l is concerned with tho evaluatiun ui uguriwn
Kryptomut *for the dotection of oxygen in the ullage space of fuel tanks aboard
advanced aircraft, Sensitivities adeguate tu cover the oxygeu concentration vange
of intereni (0. 5% - 40, 0% Uyv/v) were attained at a sensor opurating temperature uf
600YF, 'The rusponse of the sensor to oxygen was indepondent of JP-6 vapor con-
ceatration.. ,Luotimes atlained durlng this investigation were of the order of 140%
C2 - min, to 300% 2-1min. Methods for increasing this lifetime are ind’ ated aad
are within the present state.ol-the-art,
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