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ABSTRACT

A yrogram was conducted to evaluate techniques for the detection
of hydrocarbon vapors and hydrogen aboard advanced aircraft.

A radiochemical exchange technique utilizing kryptonates can be
employed satisfactorily for detecting hydrocarbon vapors aboard aircraft
with a Mach 3 to Mach 6 capability and hydrogen for Mach 7 and higher
capability aircraft. However, it was shown that it is highly unlikely that
hydrogen will exist in the presence of oxygen at temperatures in
excess of 1300°F. Therefore, :n aluminum oxide humidity elemient was
investigated as to its ability to detect the water formed by combustion.
This element appears suitable assuming that further development of the
element can overcome its present maximum temperature limitations.

A nondispersive, open-path, infrared technique can, in principle,
be upgraded to detect hydrocarbon fuels, (not hydrogen or water), under
the stipulated environmental conditions; however, a considerable
developmental effort would be required.

Catalytic combustion is limited in its applicability due to its
relatively poor sensitivity, stability and operating life. A phntoionization
technique appears most promising but will require a considerable
developmental effort.
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SECTION I

INTRODUCTION

The continuing progress roLade in the development of advanced aircraft
has brought with it ever increasing difficulties of coping with fires and ex-
plosions. Leakage of combustible fuel vapors into various compartments of
an advanced aircraft can rapidly lead to explosive fuel-air mixtures. Under
such conditions, any ignition source with suitable energy, will produce
catastrophic results. Although many standard prevention techniques such as
isolation, venting, purging, etc. are employed to minimize the posbibility of
such a condition, it is anticipated that at some point in the mission profile,
such a condition will exist. The need for reliable instrumentation capable of
in-flight detection of these hazardous vapor fuels is then of extreme importance.
The ambient conditions existing in certain compartments of high-speed air-
craft are extremely severe, making detection of these vapors a difficult
problem. As progress continues in the development of advanced aircraft to
the supersonic and hypersonic regimes, the in-flight detection of hazardous
vapors becomes increasingly difficult and complex.

It is the purpose of this report to evaluate detection techniques for
hazardous vapors of hydrocarbons and hydrogen aboard advanced aircraft
operating from Mich 3 to Mach 8. An investigative and experimental pro-
gram was conducted to define the limitations and capabilities of present
state-of-the-art techniques in satisfying certain physic, 1, operational and
design requirements. These state-of-the-art techniques included a radio-
chemical exchange technique using kryptonates and an open path, nondispersive,
infrared technique.

It is believed that the kryptonates and infrared techniques can be
upgraded without difficulty to meet the requirements necessary for the detec-
tion of hydrocarbon fuels aboard advanced aircraft with a Mach 3 to Mach 6
capability. Although both these techniques can be used for hydrocarbon
detection, the infrared technique cannot be used for the detection of hydrogen
under any conditions. The kryptonate technique can be used to detect hydrogen
under all the specified conditions; however, the existence of this gas is highly
unlikely at the environmental temperatures expected in Mach 7 or higher
capability aircraft. Therefore, an advanced concept employing an aluminum "
oxide hygrometer was investigated. Although the development of this concept
was beyond the scope of the effort, the feasibility of the technique to detect
hydrogen (and hydrocarbon) by measuring the water formed on combustion
was demonstrated experimentallyy.

A detection technique utilizing catalytic combustion was investigated. -
Insufficient time was available for a thorough evaluation of this concept. The
technique appears promising for hydrocarbon or hydrogen detection. However,



limitations in sensitivity, stability and operating life would appear to limit its
applicability.

A brief evaluation of an advanced concept employing photoionization was
conducted. Although this technique is not suitable for the detection of hydrogen,
it is believed that it can be satisfactorily employed as a hydrocarbon detector.
Definite conclusions as to its ability to measure hydrocarbons under the spe-
cified environmental conditions would require a thorough experimenta! evalua-
tion.

IG

I
S°-"- .- " • > ":.:

IL

:iI

_2



SECTION II

TECHNICAL DISCUSSION

An investigative and experimental program to define the limitations and

capabilities of present state-of-the-ert techniques and other advanced concepts j
to provide a combustible vapor warning capability for future aircraft was
conducted, The results of this study are presented below. j
A. GENERAL REQUIREMENTS

The assumed physical and operational parameters and design require-
ments under which the detection system must be capable of detecting fuel
vapors are listed below.

(1) Aircraft to be considered are manned and are propelled by air
breathing systems.

(2) Six aircraft are to be considered with capability for operating at
Mach 3, 4, 5, 6, 7 and 8.

(3) Assumed maximum environmental ambient temperatures for detector
system components are:

(a) Mach 3 - 550F0
(b) Mach 4 - 8500F(c) Mach 5 - 1100°F

(d) Mach 6 - 1200°F
(e) Mach 7 - 1300°F

0(f) Mach 8 - 1400 F

(4) Minimum ambient temperature is -65°F.

(5) Assumed operational altitude is sea level to 100, 000 ft.

(6) Fuels to be considered are hydrocarbon type and hydrogen. Hydro-
carbon fuels are to be considered for Mach 3 to Mach 6 capability and hydrogen
fuel for higher speed engines.

(7) Technique must detect presence of hydrocarbon fuel concentrations
of 1/4 by volume of the lower explosive limit and hydrogen vapor concentra-
tions of 1% by volume.

(8) Response time must be in the order of seconds.

(9) The technique must be selective to the vapor to be detected in the
presence of other gases likely to be present in the atmosphere.
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(10) The technique must be capable of repetitive operation without re-
servicing, i. e., indicate both presence and elimination of hazardous concen-
trations. !

(11) As a special consideration, the detection of hydroger. vapors is
required under the following conditions of dynamic air flow:

(a) Pressure - 250 psia0

(b) Temperature - 1800 F
(c) Air Flow - 1400 pounds per second.

These requirements seriously limit the number of available detection
techniques which could be employed to detect hydrocarbons and hydrogen.
The technique must have rapid response, selectiviLy and wide te, iperature
range operation. In addition, the technique must be capable of detecting
these gases at pressures ranging from those encountered at sea level to
100, 000 feet. Since the detection instrument will be employed aboard advanced
flight vehicles, further requiremcnts on weight, size and power must be con-
sidered.

The most critical requirement and that which most severely limits the
selection of a detection technique is that of high tempera.ture operation.
Ideally, for rapid response times the sensor unit should be placed directly in
the hot compartment of interest. This sensor unit should be capable of with-

standing the environmental temperatures and should not require auxiliary
electronic equipment in its proximity (electronic components such as resistors,
capacitors, etc. cannot operate at temperatures in excess of 300 F). With
such a system, only electrical leads from the hot test compartment leading to

remote auxiliary power and readout equipment would be neceseary. Such tech-
niques as gas chromatography, automated wet chemical analysis, mass
spectrometry, paramagnetism, and electrochemical methods cannot be
designed to meet the above requirements of high temperature operation which
are necessary to achieve fast response times.

The techniques which appeared to most nearly fulfill the above requiLe-
ments are discussed below. These techniques were selected on the ability of
the sensor unit alone to withstand the environmental conditions. It is assumed
throughout the discussion of this report that all associated electronic support
equipment can be Iooated in cooled areas or can be cooled directly in the hot
compartment.

B. EVALUATION OF THE KRYPTONATE TECHNIQUE FOR COMBUSTIBLE
FUEL DETECTION

1. Background

Kryptonates are solid materials containing the inert radioisotope
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krypton-85. The preparation and properties of these unique solid materials
have been described amply in the literature -6. These sources are stable
with time and room temperature, and can be stabilized for use at elevated
temperatures. For the present application, the most important property of
kryptonates is that the solid radioactive source will release gaseous krypton-85
if the surface structure of the solid is chemically altered. Such an alteration
occurs when the kryptenated solid is attacked by a reacting gaseous specie.
The gaseous activity released on reaction ic directly proportional to the rate
of the reaction of the solid with the gas and hence is a function of the gas con-
centration. Thus by monitoring the release in activity on reaction with a
particular gas, the concentration of the gas can be ascertained.

This is precisely the technique which has been employed successfully for
the detection of numerous gaseous species. 4-9 By selecting a solid which
reacts rapidly with a desired gaseous constituent and applying the radiokrypton
homolog of that solid, such varied gases as fluorine, hydrogen sulfide, hydro-
chloric acid, hydrazine, nitrogen dioxide, hydrogen, and others can be
accurately and reliably detected.

The general mode of operation of this technique is shown schematically
in Figure 1. The system consists basically of a cell containing the kryptonate
sensing material and a counting chamber for counting the effluent gas released.
The ambient gas is drawn through the sensor cell by means of an air pump.
Reaction of the kryptonated solid and the reactant gas occurs, krypton-85 being
released in the process. The released krypton-85 is drawn into the counting
chamber and detected with the radiation detector. The count rate obtained is
proportional to the vapor concentration.

An instrument for the detection of hydrogen, fluorine and fluorine con-
taining oxidizers was developed. 9 This instrument was designed as an alarm
type prototype model which would be capable of detecting the above gas con-
stituents around ground base installations. Of most pertinence to this report,
this instrument was designed to detect hydrogen vapor concentrations of 1% or
less with a response time of the order of a few seconds.

The specific sensor used for hydrogen detection was a mixture of
aluminum oxide and kryptonated platinum dioxide. Hydrogen reduces the
platinum dioxide forming water and releases krypton-85. The aluminum oxide
acts as a molecular barrier to oxygen to prevent the catalytic reactior, if
hydrogen and oxygen to occur.

Under normal kryptonating conditions, platinum dioxide particles are
kryptonated for a depth of only about 1000 0 A fr= the surface. Hydrogen
initially reacts with the surface, releasing Kr . Hydrogen rea.;tion continues
with the particle until it is completely reduced to the metal, however, there is
no krypton available at depths below 10000 A to be released. As a result, at the
constant hydrogen concentration the release in activity is !" tially large and
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then decreases. It is apparent then, that an effluent system with an inhomcgen-
eously kryptonate cannot be used for continuous monitoring, nor, because of
the normal hydrogen background, can it be used for an alarm system. The
instrument described above utilized inhomogeniously kryptonated platinum
dioxide. It was therefore necessary to monitor both the direct source strength
and the effluent release. The ratio of these is constant for a constant hydro-
gen concentration and independent of the source activity.

The difficulties described above were overcome with the development of
homogeneously kryptonated platinum dioxide. By varying the kryptonating
parameters, it was found that platinum dioxidt can be routinely prodgced with
krypton-85 distributed throughout the entire particles. It was shown that
krypton-85 will be released continuously at all hydrogen concentrations in-
vectigated, until the entire source was completely reduced to metallic
platinum. The amount of krypton-85 released is directly proportional to the
hydrogen concentration, and remains constant at any constant hydrogen con-
centration.

Since this technique has been well established and indeed can be con-
sidered as a current state-of-the-art technique, an evaluation of this technique
was conducted to determine if the technique could be upgraded to detect hydro-
carbon vapors and hydrogen aboard aerospace flight vehicles under the
stipulated environmental conditions.

2. JP-6 Fuel

JP-6 is a kerosene based fuel consisting of numerous hydrocarbon
components. Preliminary experiments had shown that JP-6 fuel will react with
homogeneously kryptonated platinum dioxide continuously and regroduclbly.
However, since kryptonated platinum dioxide decomposes at 842 F, it was
necessary to determine if a kryptonated sensor could be produced that would
successfully detect JP-6 to a maximum temperature of 12000 F. A factor of
equal importance to be determined was the effect of these high temperatures
on the fuel itself, since it was believed possible that cracking, oxidation or
catalytic combustion of the fuel might occur at these temperatures making
detection of the fuel itself difficult.

a. Test Systems

The apparatus used to evaluate the kryptonate technique for use
in the detection of JP-6 fuel is shown in Figure 2. The essential element of
this system is the environmental test chamber. This chamber consists
basically of a 4-1/2 inch inside diameter, 14 inch long refractory aLumina tube
wire wound with 18 gauge nichrome wire. Alumina wool is used to insulate the
tubing. The entire assembly is housed in transits. A door is provided for
access to the chamber. This oven is used to simulate the engine compartment
or othe r environmental area of a maned aircraft.

7
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The sensor cell containing the kryptonate detector is mounted within the
test chamber. A secondary heater is utilised for the sensor cell to maintain
the sensor at a higher constant temperature than the environmental chamber.
This insures a constant reaction rate and hence a constant effluent signal
even though the chamber itself may fluctuate by several hundred degrees.

Air is ptssed through the bubbler containing JP-6 fuel. The air fuel
mixture is then diluted to the desired concentration and passed through a
coiled quartz tube contained in the chamber. The coiled quartz insures that
the air-fuel mixture reaches the equilibrium temperature of the oven. The
gas mixture is then passed over the kryptonated sensor where reaction
occurs. The released activity due to the reaction is then passed to an
effluent counter and the amount of activity released recorded. Temperatures
of the environmental chamber, the inlet gas temperature and the kryptonate
sensor were monitored by means of chromel-alumel thermocouples.

By simply disconnecting the coiled quartz tube from the kryptonate
source, the air-fuel mixture can be introduced directly into the environ-
mental chamber. The test gas can then be passed over the source by
connecting a small air pump at the exhaust of the effluent counting chamber.
This modification was utilized to investigate the effect of the environmental
walls on decomposition of the fuels at elevated temperatures.

This environmental chamber was used to simulate advanced aircraft
compartments at temperatures from 7 0 0F to 15000F. The kryptonated source
itself could be heated to temperatures up to 20000F.

b. Calibration of JP-6 - Air Mixture

Since JP-6 fuel is a liquid at room temperature, it is not
possible to obtain standard gaseous air-fuel mixtures as is the case with
hydrogen and other very low boiling point gases. There are several tech-
niques that could be used to obtain known gaseous concentrations. One
technique involves the use of a diffuser in which the gas is introduced into a&
air stream by passage of the fuel vapors through a capillary diffusion tube. ""
The concentrations obtained depend mainly on the vapor pressure of the fuel.
A simpler technique is to simply pass an air stream through the liquid fuel.
This stream then becomes saturated with the fuel vapors. A second air
stream can then be used to dilute this saturated air stream to the desired
concentrations. This is the technique that was ultimately used.

Saturation levels of JP-6 fdel in air were experimentally determined.
Dry air was bubbled through the liquid JP-6 at known flow rates for k%"
periods of time. The JP-6 vapors were collected in a water bath at 32 F
using a cold trap of known weight. The cold trap was reweigaed to determine
the weight of JP-6 trapped. Knowing the weight of 3P-6, and the volume of
air passed through the bubbler, the concentration at JP-6 iu the saturated air

9



stream can be readily calculated in terms cf milligrams per liter or in weight
percent. The average molecular weight of JP-6 is not well deiined and can
vary considerably, depending on the ratio I~f hydrocarbon mixtures utilized
(specific gravity range from 0. 78 to 0. 84 A). s a result, all percent
compositions discussed in this report for JP-b vapors will be in terms of
weight percent rather than volume percent.

- The formula used to calculate the actual weight percent of JP-6 vapors
in air after dilution of the 3P-6 saturated air stream with additional air is:

100 w Fs
S JP-6 bywgt = -( F +F (1)

asp a a

where

w = Wgt of JP-6 collected in cold trap (rag)

rF = Flow rate of saturated air stream (1/min)

t = Time JP-6 collected (min)
i• p = Density of air at room temperature ling/11

F = Flow rate of diluting air stream (1/min).

If the saturated air stream velocity is maintained constant, then the
S~equ-,tion can be reduced to

SI(Fa FOs

where K is a constant as long as room temperature does not vary by more
than + 5IF.

With a saturated air stream velocity of 0. 3 I/min the concentration
of JP-6 was found to be 0. 58% by weight. By dilution of this JP-6 saturated
air stream with the secondary air supply, concentrations down to 0.015% by
weight were obtained, i. e., F j(F + F ) 0. 026.

a a a

c. Investigation of Krypvonated Sensors for JP-6
Detection

The obvious choice of kryptonated sensors for 'P-6 fuel are
kryptonated heavy metal oxides. JP-6 fuel is a reducing agent, and as such
it should reduce heavy metal oxides to their elements. The first .,ryptonated I
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homolog investigated was kryptonated platinum dioxide, This sensor was
highly successful for the detection of hydrogen (see Background) and similar
results were zxpacted with JP-6 fuel. Homogeneously kryptonated platinum
dioxide with a coating of inert aluminum oxide was loaded in the sensor cell
of the environmental charr ber. JP-6 fuel at various concentrations was
passed through the quart. ýube and over the platinum dio>. sensor. The
temperature ol" the environr~ental chamber wr.s varied froir .F to 6509 F,
while the kryptonate source temperature was kept at a constant 700 F. The
results of these e:.,'eriments are shown in Table I.

Reproducibility in this temperature range with kryptonated platinum
dioxide was excellent. The resulto of a typical experiment showing the
reproducibility of PtO. Kr 8 5 and the constancy of the signal with time is
shown in Figure 3. Tie variation of signal with JP-6 concentration and
kryptonate cell temperature is shown in Figure 4. From Table I and
Figure 4, it is apparent that within dtatistical deviat.ons, the signal is in-
dependent of the environmental temperature and is linear with concentration.

These results indicate that PtO2 . Kr85 is an excellent sensor for JP-6
fuel at all temperatures up to 800°F. As long as the sensor itself is
operated at a temperature approximately 500F higher than the expected
maximum environmental temperature, envirorricntal temperature fluctua-
tions will not interfere with the constancy of the signal at constant JP-6
concentrations. Thus this sensor material should be suitable for incorpora-
tion into a detection system for JP-6 fuel used in advanced flight vehicles
with a Mach 3 capabili/y.

Kryptonated platinum dioxide cannot be used above 842 F (decomposition
point of PtO ) Hence for Mach 4 and higher speed aircraft, a kryptonated
oxide of higl~er melting or decomposition point must be used. However,
before discussing kryptonated sensors capable of detecting JP-6 above
842 F, the effect of the environmental temperature on the fuel itself will be
discussed.

An investigation was conducted to determi,,,- whether decomposition.
catalytic combustion or partial oxidation of JP-6 occurred at elevated twmp-
eraturas in the presence of air. The walls of the environmental test chamber
(see Figure 2) were lined with 10 mil 302 stainless steel sheet. JP-6 vapors
at a concentration of 0. 15% by weight in air were fed directly into the steel-
lined test chamber. A kryptonated platinum dioxide sensor was mounted
external to this test chamber and maintained at room temperature. The
chamber vapors were drawn through the sensor cell by means of an air
vacuum pump. The JP-6 vapor temperature was monitored within the
chamber as well as at the entrance to the kryptonate test cell.

In order to d~termine the effect of the size of the chamber arc hence
the residence time of the gav on the degree of dissociation cf the 3,-6 fuel,

I1



-'Table 1

Res~ponee 6f PtO-';Kz: at Various'JP-6- Vt~oow Tempe ratui es

£nvlwbArdttaotal -, PtO xt TP-6- Signal
Tepraturo,~ ~ pe'tr Covicentratiora -- (pn

75 -0 1500

i10 700 .013 1360

ai5700, .013 1450

'175- -015 7 1400,

100 700' .013 1440

250 700 .013 1 350I

.350. 700 .03 1380

* 40700 .013- A530

Z25 700 .013 ý1460

500 700ý -011 1440

550 700 - 11 400

600 700 .013 1440

625700 .013 .. 1480

625 .700 .018 2100

625 700 _031 4000

625 700 . 054 6500

I*1
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severai additional experiments were conducted by passing the JP-6 vapors
through closed systems of 3/811 quartz tubing and 3/8" stainless steel tubing
contained in the heated test chamber. As before, the exit fuel concentrations

from the test systems were monitored with kryptonated platinum dioxide
maintained at room temperature. The results of all three tests, i.e.. the
JP-6 fuel vapors directly into the stainless steel lined chamber, and the
closed quartz and stainless steel systems, are shown in Figure 5 for com-
parative purposes, in all three invextigations the flow rate (250 cc/min),

JP-6 vaoor concentration (0. 15% by wgt) and the kryptonate sensor tempera-
tase (70 F) were kept constant.

From Figure 5, it can be seen that for the quartz and stainless steel
tubes, a constant effluent signal is obtained from room temperature to 7000F.
As the temperature is increased the signal increases until at a temperature
of 8000F the signal once again remains constant until a temperature of 1200 F
is achieved. At this point the signal increased rapidly with temperature. The
results obtained with the closed quartz and stainless steel tubes are almost
identical in magnitude and shape, indicating that the decomposition or oxidation
of the fuel occurs identically on the walls of both-these materials under the
conditions of the experiments. Hcwever, when the JP-6 fuel is exposed to the
walls of the entire environmental chamber, a higher signal is obtained at all
temperatures above 6500 F.

The increase in sensitivity occurring in the temperature ranges 700 to
800 0 F and above 12000F is believed to be due to the partial oxidation of JP-6
fuel into aldehydes, ketones and other products. These products probably
react more efficiently with the kryptonated platinum dioxide due to their greater
reducing power. Since the signal obtained from the JP-6 fuel exposed directly
to the stainless steel lined chamber is higher than the closed systems, a
greater percent conversion of the JP-6 fuel to partially oxidized products
must occur under these conditions. This is probably due to the Ibnger
residence time of the JP-6 in this large chamber (3. 7 liters) in comparison
to the residence time in the quartz and stainless steel tubes.

In order to ;-erify the fact that composition changes of the JF-6 fuel were
indeed occurring as the temperature was elevated, vapors of the fuel at room
temperature, 750 F and 1200 F were collected and subjected to gas
chromatographic analysis. The gas chromatographic spectrum for the
vapors collected at room temperature is shown in Figure 6. No attempt was
made to actually identify any of the peaks shown. The fuel itself is a complex
mixture of hydrocarbons, and any analysis would involve considerable time
and effort. The spectra of the samples collected at 7500F and 12000F showed
similar peaks; however, the ratio of these peaks were significantly altered.
In Table 2 are shown the relative heights of the peaks in terms of peak heigi
to total area of the spectrum. Fvery peak showed a change (with the possibl.
exception of number 15) indicating that the composition of the fuel did indeed
change as the temperature was elevated.
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Table II

Gas Chromatographic Results of JP-6 Va ors Collected at 70 F,
750°F and 1200 F

Peak Hgt Peak Hgt Peak Hgt
Area Area Area

Peak No. U(70°0 _ (7500 III (12000F)

1 .075 (2)

2 .200 .285 (2)

3 .150 .360 (2)

4 .138 .390 (2)

5 .150 .420 (2)

6 .375 .961 .128

7 .150 .390 (2)

8 .163 .420 (2)

•.9 .Z75 .721 (2)
10 .188 .480 (2)

11 .238 .511 .096

12 .263 .571 .160

13 .663 .841 .417

14 .550 .571 .352

15 .625 .571 .513

16 .700 .420 .705

17 .538 .270 .609

18 (1) .571 1.923

19 .375 .090 .426

20 .650 .120 .641

21 .225 (2)

z2 .175 (2)

23 .056 (2)

(1) Off Scale

(2) Not Measurable
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From the above results, it is apparent that no significant composition changes
occur at temperatures below approximately 700 F. Thus for Mach 3 type
aircraft, kryptonated platinum dioxide can be used conveniently as a sensor
for JP-6 fuels.

Kryptonated platinum dioxide could be used up to a maximum temp-
do uens

erature of 800 F; however, since combustion changes occur in the fuel, an
increase in signal with increasing fuel vapor temperature would be observed.
Indeed, this effect would be observed for any kryptonate sensor operating at
temperatures in excess of 700 F.

There are two possible approaches which could be employed to over-
come this effect. For temperatures in excess of 700°F, the fuel air mixture
could be passed through a hot zone and then through the kryptonate sensor,
both of which would be maintained at a temperature of at least 50°F higher
than the expected maximum temperature. Physically, a cell of approximately
three inches long and three eights inches in diameter could be employed. The
first two inches of this cell would be the hot zone and the final inch would
contain the kryptonate sensor.

Alternatively, it may be possible to use the kryptonate sensor alone,
without the hot zone area. Although the response of the sensor will change
with increasing vapor temperature, the actual response obtained may be
more representative of the explosive limit of the gas. Since composition
changes of the fuel occur, then it would be expected that the lower explosive
limit of the fuel would also change. In view of the fact that an increased
reduction of the kryptonate sensor occurs as the fuel vapor temperature in
increased, then the partial oxidation products must be more reactive than
the original JP-6 vapors. Since these oxidation products are more reactive,
it is probable that the lower explosive limit of these vapors would be con-
siderably lower than the original JP-6 vapors, and would decrease with
increasing temperature. Thus, the signal observed with the kryptonate
sensor could be ralibrated directly in terms of equivalent explosive hazard
and would be independent of the composition of the gas and hence the vapor
temperature.

d. Investigation of Kryptonated Sources for JP-6
Detection in Mach 4 to Mach 6 Type Aircraft

As discussed above. kryptonated platinum dioxide is an exce#Afti
sensor for JP-6 fu8l at temperatures up to 800oF. However, since PtO . Kr
decomposes at 842 F it cannot be used for advanced aircraft with a Maci 4 or
high,. capability.

An investigation was conducted to determine if a kryptonated sensor
could be developed which would detect JP-6 at temperatures greater than 800°"1.
A large number of kryptnated metal oxides with melting or decomposition
points greater than 1300 F were investigated. The most successful of these
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materials was kryptonated palladium oxide.

Palladium oxide was kryptonated by the high temperature, high pres-
sure diffusion technique. For a standard kryptonating time of two days, a
specific activity of . 08 pc/mg was attained.

This specific activity was somewhat lower than normally obtained with
powders of this type run under identical kryptonating conditions. However,
suff!cient activity was available to perform an evaluation as to the ability of
the kryptonated palladium oxide to detect JP-6 fuel.

The kryptonated palladium oxide was loaded in the sensor cell, which
in turn was mounted inside the environmental test chamber previously des-
cribed. JP-6 fuel at a concentration of 0. 10% by weight was passed through
the quartz tube and over the kryptonate. The environmental chamber was
varied from 7500 to 1200 0 F. Once again the JP-6 vapor temperature inlet
to the sensor cell was monitored continuously to insure that the JP-6 vapors
were at the same temperature as the environmental chamber. The kryptonate
source temperature was maintained at 1300°F, 0 i.e., 100 F higher than the
maximum environmental temperature.

Considerable care was taken to insure that the kryptonate sensor temp-
erature was maintained constant, nevertheless, variation in signals were
obtained att any constant JP-6 concentration. Referring back to Figure 5, the
sensitivity (controlled by the vapor composition) changes rapidly with temp-

0 0
erature at temperatures above 1200 F. A change in temperature from 1200 F
to 1250 F results in a 50% increase in signal. Even a 10 F fluctuation in
temperature at 12SOF can result in a 10% or greater deviation in signal.
With the particular temperature measuring device (chromel-alumel thermo-
couple and Sim-Ply-Trol readout) the accuracy is estimated at + 25 0 F. Thus
a 25% change in signal is not surprising.

Nevertheless, it was possible to obtain a reasonable sensitivity value

for the kryptonated palladium oxide. The average value for the release in
activiq obtained under the conditions of the experiments described above
corresponded to a sensitivity of 800 cpm for 0. 1% JP-6 fuel by weight in air.

The sensitivity attained is sufficient to detect JP-6 at all the required
temperatures (from Mach 3 to Mach 6 capability aircraft). However, krypto-
sated palladium oxide should be capahle of detecting considerably lower JP-6
concentrations than indicated by the above experiments. As mentioned above,
in order to determine the optimum host material for JP-6 detection at higher
temperatures, it was necessary to kryptonate a great number of materials.
Thus long kryptonating times, necessary for high specific activity samples,
were not possible. As a. result, the specific activity of the kryptonated
palladium oxide was only .08 OSc/mg. This specific activity is a factor of
23 lower than the specific activity of the kryptonated platinum dioxide dis-
cussed previously. By kryptonating this palladium oxide to this relatively

20
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high level (achieved by utilizing kryptonating times of the order of two weeks),
an increase in this specific activity by this factor of 23 can be obtained.
Thus the sensitivity would be approximately 18, 000 cpm to 0. 1% JP-6 by
weight in air. With a radiation detector background of 100 cpm, the
kryptonated palladium oxide should be capible of detecting 0. 001% by

V weight of JP-6 vapors in air at atmospheric pressure.

3. Hydrogen

The detection of hydrogen in air utilizing homogeneously kryptonated
platinum dioxide at temperatures up to 8400F has been well established. The
main purpose of the current evaluation was to ascertain if kryptonated sen-
sors could be developed that would detect hydrogen at temperatures in excess
of 1300 F.

The most important factor to consider at these high temperature con-
ditions is that hydrogen may not exist in the presence of oxygen at these
temperatures. Catalytic combustion on hot chamber walls could lead to
immediate reaction with a subsequent disappearance of the hydrogen due to
the formation of water. An investigation was then conducted to determine
if this high temperature combustion did indeed occur.

A simple test apparatus was constructed to determine the effect of hot
surfaces on the hydrogen-oxygen reaction. Hydrogen gas at various concen-
trations in air was first passed through an aluminum oxide-kryptonated
platinum dioxide detection cell maintained at a constant operating temperature

0
of 380 F. The hot zone consisted of 3/8" quartz tubing encompassed by an
oven. The temperature in this tube could be varied from room temperature
to 1500°F. The hot zone and the dttector cell were connected by approxi-
mately two feet of glass tubing. This length of tubing proved satisfactory
to reduce th, gas temperature below the 380 F operating temperature of the
sensor cell. This apparatus is shown in Figure 7.

The first hot sone material investigated was quartz. Hydrogen, at a
concentration of 0. 5% in air was passed through the hot zone as the temperature
of the hot zone was varied from room temperature to 1500°F. Any hydrogen
surviving the hot zone could be detected with the platinum dioxide kryptonate
sensor maintained at its constant temperature of 380 F. The results of this
investigation are shown in Figure 8. As can be seen from this curve, the
hydrogen concentration remains constant until a hot zone temperature of
approximately 1200°F is reached. Above this temperature, the amount of
hydrogen surviving the hot zone rapidly decreases until at temperature of
1350 F, the hydrogen concentration has been reduced to less than 20 ppm
(the lower detection level of the PtO Kr 8 5 sensor under these particular
operating conditions).

Similar experiments were conducted using stainless steel and copper

tubes in place of the quartz, with hydrogen concentrations varying from
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0. 1 to 1. 0% by volume. In all cases the hydrogen gas concentration remained
constant until a hot zone temperature of approximately 13000F was attained,
where once again the hydrogen concentration rapidly decreased to essentially
zero with increasing temperature.

Experiments were then conducted utilizing the environmental chamber
previously described. Although the area to volume r.tio of this chamber is
a factor of ten less than the area to volume ratio oi the 3/8" diameter tubing,
results indicated that once again the hydrogen was almost completely oxidized
to water vapor at tempefature greater than 1300°F.

The above experiments indicate that complete, or almost complete corn-
bustion of the hydrogen vapors with the ambient oxygen occur on the chamber
walls, independent of the initial h'ydrogen concentration over the range studied.
On the basis of these experiments, it is concluded that, in general, hydrogen
will not exist at these high temperatures in the actual compartments of an
advanced type aircraft. Such a conclusion is conditional upon precise
knowledge of the materials of construction, the actual geometry and the lack
of a stoichiometric excess of hydrogen. However, the above expecriments
indicate that the presence of hydrogen at temperatures greater than 13000 P
would be unlikely.

Despite the experimental difficulties in obtaining hrdrugen vapors
known concentrations at temperatures greater than 1300 F, it was possible
to demonstrate that kryptonated sensors could be developed to detect this
gas .. t these temperatures if the gas itself were not destroyed on the hot
chamber walls. This evidence was obtained by passing known concentrations
of hydrogen gas in air at room temperature directly through a kryptonated
sensor maintained at temperatures in excess of 1300 0 F. Although it was
known that a considerable fraction of the hydrogen would be destroyed on
the sensor walls, it was believed that sufficient hydrogen would make direct
contact with the kryptonate to cause a significant reaction.

The first metal oxide tried was kryptonated palladium oxide. Since
this oxide has a melting point of 1380 F and re.icts similarly to platinum
dioxide, it was believed that a significant reaction would occur at the elevated
temperatures. However, repeated experiments, utilizing different molecular
barrier type materials (FeZO 3, Al 0 3) resulted in no response to hydrogen.
These negatie results were probab-y due to the complete combustion of
hydrogen and oxygen on the surface of the sensor at these high temperatures.

What was then necessary was to obtain an oxide which would not de-
compose or melt at temperatures less than 18000F and which would preferen-
tially be reduced by hydrogen rather than cause the catalytic oxidation of
this gas.

Many kryptonated oxides were tried. The most successful was
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kryptonated copper oxide. At an operating temperature of 1500°F, CuO. Kr
with a specific activity of 0. 5 pc/mg indicated a sensitivity of 1200 cpm
for 1% Hl in air. Thispensitivity is considerably lower than is normally
obtained with PtO . Kr at lower temperature (150, 000 cpm per 0. 1% H2
at 350 C) and is partially attributable to the lower specific activity of the
CuO. Kr 8 5 . Undoubtedly, the major factor influencing the sensitivity is the
actual fraction of hydrogen which combusts on the cell walls. Since a
considerable fraction of the original 1% hydrogen is converted to water
vapor, only the small remaining fraction is available for detection by the
kryptonate sensor.

Attempts were made to increase this sensitivity by employing molecular
barrier type material. However, every barrier tried only served to reduce
the sensitivity of the system. This probably occurred because the hydrogen
did not have sufficient time t6 diffuse through the barrier before oxidation
could occur.

The signal of 1200 cpm for 1. 0% H with kryptonated CuO did not vary
2 0tteC

significantly with temperature in the range of 1200 F to 1800 F. This
constant reaction rate with increasing temperature is difficult to explain
without a thorou"gh evaluation of the effects of flow rates, concentrations

and the actual amount of hydrogen reacting with the sensor at the various
tempe ratures.

It should be pointed out that the sensitivity of CuO. Kr85 discussed
above was obtained with hydrogen in air. In the absence of oxygen, extremely
rapid and very sensitive response to hydrogen is obtained with copper oxide
as well as with many other oxides (Fe 2 0 3 , Cr 2 0 3 ). For example, at an
operating temperature of 1450°F kryptonated copper oxide showed a response
of 160, 000 cpm to a 1% hydrogen concentration at a flow rate of 2 liters/min. I
Thus in the absence of oxygen, hydrogen can be readily detected at concen-
trations down to 10 ppm at all the required temperatures.

Although the sensitivity is considerably reduced in the presence of
oxygen; by utilizing kryptonated copper oxide with a specific activity of
approximately 1. 0 uc/mg, it should be possible to detect hydrogen concen-
trations of the order of . 005% or less at all the required temperatures.

ThuswithGuO.85Thus with CuO. Kr85, hydrogen can be detected at the temperatures
which would be expected in Mach 7 and Mach 8 type advanced aircraft and
indeed up t,) a maximum temperature of 1830 0 F, 500 below the decomposition
point of Cu.. However, this estimate assumes that hydrogen will exist in
the L;umpartments of the advanced type aircraft at these high temperatures.

The results obtained during the experimentation described above appear to
contradict this assumption.
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4. Discussion of Results and General Evaluation of the Kryptonate

Technique.

The experimental effort described above was to determine if

kryptonated sensors could be developed that would detect JP-6 fuel and
hydrogen vapors at the high ambient temperatures. It has been shown
that kryptonated platinum dioxide can detect JP-6 vapors at the required

0
concentrations at all temperatures from -60 F to 700°F. In order to
eliminate the effect of ambient temperature fluctuation, the platinum dioxide
kryptonate must be operated at a temperature 50 F greater than the
expected maximum ambient temperature. For temperatures greater than
700°F, kryptonated palladium oxide is satisfactory for the detection of
JP-6. However, since apparant fuel composition changes occur at
temperatures above 700 F it would be necessary to utilize a combination
cell system consis ting of a hot zone and the kryptonated palladium oxide.
In this manner the partial oxidation of the fuel is controlled so that a
constant effluent activity would be attained at any constant JP-6 vapor

concentration. Alternatively, since it would be expected that the lower
explosive limit of the fuel vapor would decrease with increasing temperature
(i. e., as more reactive vapor constituents are formed) it may be possible
to calibrate the response of the sensor directly in terms of equivalent
explosive hazard, thuojiegating the use of a hot zone.

The results indicate that hydrogen will probably not exist in the
presence of oxygen at temperatures in excess of 1200 F. However, since

this combustion depends on many factors including surface materials, flow
rates, pressures, etc., it is possible that under certain conditions hydrogen

will exist in the hot compartments of advanced aircraft. On this basis,
kryptonated copper oxide can be used to detect its presence at 11 the required
temperatures.

The kryptonate technique indeed could be used to detect t e
combustion products of the fuels, viz, water. It has been shown that
kryptonated calcium carbide is sensitive to water vapor. Thus, the technique
could be used to detect hydrogen at the high temperatures even if complete
combustion should occur. However, this sensor for water vapor would
require a considerable developmental effort in order to meet the program
requirements. The aluminum oxide hygrometer discussed in section D is

believed to be more satisfactory for this purpose.

The ability of the kryptonated sensors to meet the other program
requirements of pressure, response time and selectivity has been well
established. A brief discussion concerning these parameters is presented

below.

a. Pressure
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The kryptonates are true mass sensors since their sensitivity is

based directly on the mass of vapor reacting with the kryptonated homolog.
Thus the only ef~ect of pressure on the operation of the kryptonate sensor is
that of effectively reducing the concentration of the vapor of interest. The
question of the ability of the kryptonate sensor to operate at reduced
pressures is then reduced to a question of sensitivity.

For kryptonated palladium oxide at an operating temperature of
1250OF, the lower limit of sensitivity is of the order of 0. 001%1 by weight
of JP-6 vapors in air at atmospheric pressure. Assuming a molecular
weight of 150 for JP-6 fuel, this weight percent corresponds to approximately
.0002% by volume. Assuming it is desired to detect 0.15% by volume of j
JP-6 fuels at all pt 3ssures from sea level to 100, 000 feet, the lowest
effective concentration will occur at 100, 000 feet where the ambient pressure
is 0. 01 atm. At this altitude a 0.15% by volume concentration would be
effectively reduced to 0. 0015%, which is a factor of sever higher than the I
lower limit of sensitivity of the palladium oxide sensor-

Similarily for hydrogen, utilizing kryptonated copper oxide with a
specific activity of 5.I c/mg, a response of 12, 000 cpm to 1% hydrogen
would be attained at an operating temperature of 1800IF. With a counter
background of 100cpm, this sensor can detect. 005% hydrogen at atmospheric
pressuresoro. 576 hydrogen at 100, 000 feet.

b. Response Time

The response time of the kryptonate sensor is limited by the
time for transporting the released gaseous krypton-85 to the radiation
detector. At a flow rate through the sensor cell of 2 liters/minute
through a tube of I cm diameter, a linear flow rate of approximately 1. 4
feet/second would be obtained. The radiation detector could then be
located a distance of approximately 7 feet for a 5 second response. Shorter
distances could be used; however, the problem then becomes one of
maintaining the radiation detector sufficiently cool for proper operation.

Advances are being made in the development of solid state detectors
capable of withstanding high environmental temperatures. It is believed
that in the relatively near future, solid state detectors will be available
that can operate to 1000 F. With additional cooling of such a detector, it is
believed that operation of the detector directly within the hot compartment
would be possible. The detector could then be mounted in close proximity
to the sensor cell, in which case the limiting factor in the response time
would be the electrical time response of the circuit. These electrical time
responses are typically below one second.

c. Selectivity

The selectivity of kryptonated oxides to combustible vapors has
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been dsoonMtuated and report-d. The u~ides investigated during the course

of this program will not jeact with the gases likely to be encountered as
coataminants in compartments of an advanced flight vehicle. Water vapor,
nitrogen, oxygen and :arbon dioxide )Ave no effect obi the operation or
response of these kryptonated oxide sources.

C. EVALUATION OF THE INFIARF) '"FTNIQUE FOR COMBUSTIBLE
FUEL DETECTION

1. Introduction

Another promising device for use in this application is the Infrared
Explosive Vapor Detector, developed by Mine Safety Appliances Co.
(ASD-TDR-62-531, October 196Z). This instrument, although insensitive
to hydrogen, does have the capability of detecting hydrocarbon fuel
vapors at the requisite concentrations and ambient pressures.

A laboratory prototype of this device was made available to
Parametrics to aid in the evaluation of this technique.

The MSA Explosive Vapor Detector is a non-dispersive open path
infrared photometer, which minitors the concentration of hydrocarbon

vapors by means of their absorption of infrared radiation.

For the purposes of optimizing simplicity, sensitivity, and
reproducibility, the device was designed to be a reference-type system,
utilizing one source and one detector, sensitized for two different wavelength
bands. One band, the "signal" band, is that at which the fuel vapor absorbs,
and the other, the" reference" band, is close to the former, but where the fuel
vapor displays little absorption.

In order to visualize the method of operation a simplified sketch is
presented in Figure 9.

The light source is a 60-watt high-intensity (W-I 2 ) incandescent
lamp (filament temp--3000°K). Light from this source is beamed by A
6" ellipsoidal mirror (F. L. =2,, and 42") through the sample space.
It is collected by a deep parabolic mirro7 (f=0. 6) and focused onto
the detector. The detector is of the pneumatic type, consisting of a
hermetically sealed chamber with a thin germanium window which passes
radiation in the appropriate wavelength region. It is filled with gases which
absorb both in the "signal" wavelength band (,-3.4 p ) and the "reference"
wavelength band ('-3. OR). (The sensitizing gases are iscoutane and
acetylene respectively). When the detector is exposed to infrared radiation
in the selected wavelength regions, absorption by the fill gases results in

a temperature increase, which leads to a corr•sponding increase in
pressure. This pressure rise causes movement of a small diaphragm,
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and this movement is sensed by a capacitive pick-up.

Immediately in front of th;. detect-)r is a rotating modulator wheel,
consisting of two segments. One segment is made of polyethylene, which
transmits only the reference band. The other segment is a 50% neutral
attenuator, which transmits half the radiation in both the signal and
reference bands. The system parameters are adjusted so that, in the
absence of hydrocarbon vapors in the light path, the energy absorbed
by the detector is the same regardless of which modulator segment is in
the beam. If hydrocarbon vapors are present, however, the available
energy in the signal band will be diminished (due to absorption by the
vapor). This will cause no change during the half-cycle when the polyethylene
segment is in the beam, but the detector will receive less energy when the
neutral attenuator segment is in the beam. This alternating signal is then
amplified, rectified, displayed, and compared with a predetermined
"alarm" level.

In addition, the instrument has the capability of automatically
compensating for ambient pressure from I atmosphere down to 0. 01
atmosphere. Thib is necessary because a given percentage of
hydrocarbon by volume corresponds to 100 times more absorption at one
atmosphere than at . 01 atmosphere (100, 000 feet). This compensation is
accomplished by appropriately varying the gain of the detector amplifier by

I•.nenb oi a servo-type pressure transducer.

The instrument is designed to operate with a 38" path length
between source and detector. For the sake of compactness and ease of
handling, thy prototype utilizes two parallel inclined plane mirrors to fold
tlhe light path, thus affording a shorter physical length for the instrument.

Although the instrument is designed for open-path operation, it is
morc •,invni,'nt, in the laboratory, to have an enclosed sample chamber
into which test gas nmixtures can be placed. For this purpose, a 21/2" long
test cell is located in the light path (one must make, of course, the appro-
priate path lhngth corrections when using this cell).

In an attmpt to simulate high temperature operation, some
nmdifications of thiw prototype were made. In order not to damage the
basc. of the instrument by rt.st.ng a hot furnace upon it, the source lamp
was remounted 38 inches away from the detector on a straight line, thus
by-passing the diagonal mirrors, and "opening up" the folded path. This
provided sufficient new space in the light path to mount a high temperature
test cell, without damaging the instrument.

The cell (Figure 10) consisted of a 6" x 28" stainless steel tube,

wrapped with nichrome heating elements, and appropriately insulated.

I.
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The tube was provided with gas inlet and exit ports, and temperatures were
monitored by a series of thermocouples placed as shown. The end windows
were 1/8" x 6" Kel-F discs, mounted on water-cooled flanges. Blowers
were mounted externally to cool the windows as much as possible.
Despite these precautions, the windowsstarted to deform at cell
temperatures higher than j-5000 F, thus limiting the operational
temperature range. (The original design called for quartz windows;
however the initial windows received showed spurious I-R absorption
properties. As time limitations did not allow further delay, it was
decided to attempt to use Kel-F despite its temperature limitations).

2. Evaluation

In attempting to evaluate this device for usage under the conditions
specified, it must be borne in mind that this particular prototype was
actually designed and constructed to meet somewhat different specifications,
particularly with respect to concftrations and ambient temperatures,
than are called for in thi3 study. It would therefore be unfair to fault
the basic technique because of any limitation exhibited by the prototype
unless this limitation could be shown ttý be an inherent consequence of
the technique. For this reason, although some experimental tests were
performed with the prototype, the pri mary basis for our evaluation has

S~been to pick out those problem areas which arise from the nature of the

method, rather than the particular design details of the prototype.

Let us review the necessary requirements for the proposed system,
and contrast them with the capabilities which have already been designed
into the prototype. Where a discrepancy exibtsan attempt will be made,

, :o. estimate w'hether or not the limitation may be easily overcome

Desired Capability Infrared Prototype Design

Species Detected

JP-6 JP-4
Hydrogen

Concentration Levels

JP-6 - 0. 15'ro (volume) JP-4 - 0. 2 - 0. .•(volume)
H -2 101 H Z- insensitive

Minimum Ambient Temperature

0 0-6b°F -65 F
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Maximum Ambient Temperature

Mach 3: 5500F
Mach 4: 850F 0S165°F
Mach 5: 1100 F

Mach 6: 12000F

a. Species

The first difference to be noted is that the infrared system
cannot detect hydrogen. This is because hydrogen has no infrared absorption.
Thus this constitutes a basic limitation of ! infrared detection tech-
nique. We will hereafter, then, concern ourselves only with the possible
application of this technique for hydrocarbon vapor detection.

Although this device was developed primarily as a monitor for
JP-4 there is no reason why it should not respond to JP-6 vapor, as well.
The infrared detector is sensitive to spectral abs-orption in the vicinity
of 3.41L, which corresponds to the BC-H stretching frequency; therefore
the technique should be applicable to practically all compounds containing
saturated hydrocarbon groups.

Of course, the degree of sensitivity will be a function of the absorp-
tion coefficient of the fuel vapor and the "match" between its absorption
band and that of the detector fill gas (presently isobutane). However,
we may expect that there will be little difference between JP-4 (for
which the system was designed) and JP-6. jualitative confirmation
of this expectation was obtained in the following way:

A JP-6 air mixture (0. 6% by weight) at atmospheric pressure
was flowed through the test cell, and the signal level observed. This
reading was then compared with that obtained with 0. 5% (by volume)
isobutane in nitrogen (simulant gas).

Unfortunately, neither the average molecular weight of JP-6 nor
its vapor pressure is accurately fixed, so that the volume percentage of
the mixture could not be precisely determined. However, one may make
a rough estimate of the volume p ,rcentage by assigning an "average"
molecula 1aveight of 150 to JP-6. Thus, 0. 6% by weight would correspond
to 0. 6% PJ 0. 12% by _. ie. The ratio of the signal voltages obtained
with the V0 mixtures was:

V(0. 12%P-6) L.3
V(O. 5% isobutane 1."9 (3)

Thus, the apparent relative sensitivity of the instrument to equal
volume percentages of isobutane and JP-6 would be:
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C 4HI 1.9/.5 .(

The original report describing the instrument indicates that its
sensitivities for isobutane and JP-4 are roughly equal. 13 Therefore, we
may safely assume that, although the instrument was designed for
JP-4, it could, with little or sc mo 1fication of parameters, be used
equally as well with JP-6.

b. Concentzation Levels

The desired detection l•vel for JP-6 is given as 1/4 of the LEL
or 0.15% by volume. The prototype instrument has been designed to
alarm between 0. 25 and 0. 5% JP-4 by volume. It appears that there
would be little effort entailed in readjusting the gain settings and alarm
parameters to the new requirements, especially in view of the apparent
higher sensitivity for JP-6 than for JP-4. Cert, -ily the present
requirements should necessitate no major redesign in terms of path
length, Qptics. source intensity, etc.

c. Ambient Temperature

It is by now obvious that the major limitations imposed on this
system will be those due to the extreme high-temperature environment

in which the instrument must operate. The problems introduced by
these high temperatures fall into several categories, some of which are
quite general for any detection system, and others which are specifically
associated with an infra red system.

1) Effect on the Vapor Composition

This effect is discussed in more detail elsewhere in this report.
In essence, it appears that in contact with hot suri&cts, hydrocarbon
vapors undergo chemical decomposition. This is not a surprising
finding, but it does lead to an ambiguity in defining the sensitivity
specifications for an instrument; e.g. shall the device measure only
whatever JP-6 vapor is actually present; or (more desirable) shall it
measure the results of vapor leakage, regardless of what the pyrolysis
products may be. This ambiguity is present, of course, for any contemplated
detection system.

In the case of the infrared system, this ma;- or may not be a major
problem, depending on the particular reactions which the hydrocarbon
vapors undergo. If they are completely oxidized to CO, CO and H 02 20then the instrument will obviously not detect them. On the other
haad, it seems -easonable to believe that although chemical changes
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occur, oxidation will by no means be complete (especially at low
pressures) and that the product molecules will still retain most of
their alkane-type C-H bonds. If this is the case, then the instrument
could still have adequate sensitivity.

It is difficult to evaluate the extent of this problem, in view of
the many parameters which may have a bearing on it, such as:
wall materials, compartment size, circulation patterns, etc.

2) Thermal Expansion

If the compartment being monitored is vented then variations
in the temperature of the gas contained within it will lead to :orrespond-
ing expansion and/ or contraction of the gas. With hydrocarbon vapor
present at any given volume percentage, and at any given ambient pressure,
this will cause variation in the actual absolute vapor concentration
present. This effect is illustrated in Figure 11 which shows, for a fixed
volume percentage, the relative vapor densities at va rious temperatures.
It can be seen that over the range of expected tempe~atures for hydro-
carbon fuels (-65 F to 12000F) the possible variation coversapproximately a factor of four!

Compensation for this phenomenon could probably be supplied by
arranging for a temperature sensor which could appropriately control
the gain of the instrument, in a fashion similar to that already used for
pressure compensation.

3) Effect of Temperature on the LEL

It has been stated that a useful iule of thumb is that the LEL for
hydrocarbon yipors decreases by abnut 8% for each 1000F increase in
temperature. This would imply about a factor of 2 decrease in the
LEL at 1200 0 F. Although the specifications call for a fixed alarm
level at 0. 15% by volume, it might be desirable to consider either
varying the alarm level as a function of temperature or, with a
fixed alarm level, varying the instrument sensitivity (as mentioned
above) via a temperature sensor, to compensate for this effect.

4) Effect on Components

With a few exceptions, the limitations on components introduced
by the extreme high-temperature environment %,.-JI be those that apply
generally to any type of detection system which might be pnstulated.
With respect to the electronic components, the system uses fairly
standard circuitry, e.g. preamplifier, variable gain amplifiers.
rectifier, etc. It seems certain that the present "state of the art'
in these components will not allow them to be directly exposed to the
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expected ambient temperatures, and that a means for keeping them
cool will have to be devised. The bulk of the electronics, of course,
does not necessarily have to be in close physical proximity to the
space being monitored. As there will undoubtedly be other electronic
systems aboard the aircraft, whatever methods may be devised for
keeping these operative will obviously quffice for this system as well. I

The preamplifier stage, however, should be as Close as possible
to the infrared detector to minimize noise and pickup problems. This I'
leads to the problem of whether the detector itself can be exposed to
temperatures as high as 1200 F. It is quite likely that the c•ensitizing
gases (i-butane aAi- acetylene) will undergo thermal degradation
reactions under these conditions. In addition excessive heating of the
detector might distort or damage the germanium window or the thin
diaphragm. Thus, the detector, also, will probably have to be
kept cool in some manner.

Although the lamp, source mirror, modulator, collector and
detector must have optical access to the space being monitored, this
does uot rule out the possibility of physical (and thermal) separation
by means of windows, auxiliary mirrors, etc. This, of course, would
tend to make the overall system more complex in terms of alignment,
necessary space and weight, etc. As the heat loads cannot really be
estimated at this time, it is difficult to predict whether or not it would
be feasible to cool all sensitive optical components.

5) Effect on Infrared Absorption Coefficients

In general, the infrared absorption peaks of the JP-6 vapor
will be expected to decrease in amplitude, and broaden, as the gas
temperature increases. As the instrument sensitivity is a function of
the degree of overlap between the fineline structures of the JP-6 vapor
and the sensitizing gas within the detector, and as these undoubtedly do
not compietely and exactly coincide, even at low temperatures, it is
impossible to predict the effect on instrument sensitivity of operating
the system at high temperature.

Evaluation oi this effect can only be done on an empirical basis, by
measuring any changes in signal caused by heating a hydrocarbon contained
in the sample space, (and, of course, correcting for the oter thermal
effects noted in this section). An attempt was made to do this; however
temperatures higher than -500°F were not attained, and time was not
available in which to redesign the apparatus. We may state that at this
temperature, at least, no large change in sensitivity wa't evident.

6) Thermal Background
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An effect which was apparent, even at quite moderate temperatures,
was that due to "thermal background". This arises from the thermal
radiation emitted by the hot walls of the surrounding container. This
radiation changes the relative amounts of energy "seen" by the
modulator-detector in the reference and signal wavelength bands, and,
in effect alters the "zero" of the instrument.

One may understand this phenomenon by considering the following
simplified picture: Assume that the sensitizing gases in the detector
absorb all incident energy only in the reference and signal bands.
Let the reference band be located at wavelengthXr, and have a finite
width AX r. Similarly, let X and a X characterize the signal band.
Let the energy emitted by the lamp filament (at temperature T ) in
the reference band be proportional to W (X TL) AXr. watts/crrJm where
W 1X T) is the usual Planck expression forrblack-bvdy rad.ation.
si -.11arly W (XsTL) &As is proportional to the energy emitted in the
signal band.

In the absence of absorbing gas in the sample space, the lamp
energy falling on the modulator-detector will be:

L° AL 1W(X TL) 6X r + W (XsTL)As] (5)

where AL is an "effective" lamp area, encompassing lamp size,
emissivity, and the optical efficiency of the instrument.

If one segment of the modulator disc absorbs all energy in the
signal band, then the energy reaching the detector during this half-cycle
is:

AL AL WXrTL) AX r (6)

During the other half-cycle, the modulator acts as a 50 per cent
attenuator, and the energy received by the detector is:

E = 0.5AL [W(kTL) AX + W(XsTL) AX (7)
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.- S= E -E2 (8)

The instrument parameters are such that with no hydrocarbon
present this difference is zero.

sO o E 0 0. 5 AL (X T)Ax W(X T )AX 0
L 1 L 2 L L r L r sTL s

(9)

. W(T)AX = W(XsT ) AX (10)rL r sL s

If the instrument, in addition, "sees" background radiation from

the hot walls, we may write the analogous relations:

0~
= AB W(X TB) AX (11)

1° B [B r (BrT) r

E 0. 5 AB [W(XT Ax + W(XkTB) Ax (12)

S 0. 5 Ar - W (XTBA (13)

where A B effective radiating area of hot "background"

T background temperature. ,
B

Substituting for AX from equation RlO)
r

S0  0.5A [ W(X rTB) W ( sTL)A W(XTAX (14)
W(rT)3
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S 0 0.5A W(X TB)AX WXI L) W (sTB 1 (15)B B rT s[ w(XrTL) BW( TB)(

The ratio W (k T)/W (k T) is a function of T only, and, therefore,
s rif T • TL. the bracketed portion of equation (1 5) will be non-zero,

leading to a finite background signal.

We must now attempt to determine whether this "background signal
(which, in theory, is present to some extent at all temperatures) will b.
significant with respect to the signal levels due to hydrocarbons.

If there is hydrocarbon vapor present in the beam, then the
energy from the lamp reaching the detector in the two half-cycles, instead
of being described by equations (6) and (7) will be modified to:

ELl = AL W (XrTL) AXr (16)

EL 2  0.5 AL IW(krTL) AXr + (l-a)W (X TL) A\kI (17)

where a = fractional absorption due to hydrocarbon vapors.

S= 0.5 AL r )AX - W(XsTL)AXs + a W(ksTL)AXs (18)

and from Equation (10):

SL = 0.5 AL a W(XsTL) AXs (19)

We may now define a fictitious "absorption, " aB, which would give a
signal equivalent to that caused by the background radiation. Combining
equations (15) and (19):

AB W(XrTB) rW(X T ) W(X T)= r., sL (20)
aB AL W(s T'L W(X r T) L W(r T B)
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A rough estimate of AL can be obtained by ,assurning that all 60 watts

of its power consumption is expended as black-body radiation by the

filament at 3000l.

15
The bNasic report indicates that the fraction of emitted source

power brought to the detector via the optics is -15 per cent or 9 watts.

From Planck's relations:

W(X, 3000°K) dX = 460 watts/cm2  (21)

0

2
A X460 watts/cm = 9 watts (22)

L

A 0.002 cm (23)

From tabulated values of Planck' s function:

W(XsTL) W(3.4L, 3000° 6.8 x10 (24)

0

W)rTL) W(3.0•, 3000°K)

and W(%, TL) = W(3.44, 3000K) = 26.6 (25)

Rewriting equation (20), we obtain:

aB W(3. O, T W(3.14, TB)B B B__ _
A 0.02 26.6 F. W(3.O0g,T)

B B

a
Figure 12 is a plot, vs. TB, of L-, i. e., the apparent absorption per
square centimeter of effective B radiating background area "seen" by
the detector.

Of course, AB, cannot be accurately predicted, as it would depend
upon the particular constructional details of the instrument and the com-
partment being monitored. However, as the hydrocarbon levels to be
detected may correspond to as little as I per cenit absorption, it does
appear that at high temperatures thyý thermal background signal may well
constitute art appreciable source af error.
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The above discussion applies to the instrument configuration as
presently constituted. This problem may be almost entirely eliminated,
however, by placing the modulator at the lamp, rather than the detector.
In this way, if only the lamp radiation is modulated, the thermal back-
ground radiation will simply add a constant DC component and not contri-
bute to the instrument output.

3. Conclusiont

An instrument based on detection of hydrocarbons by infrared
absorption such as the MSA detector, should have adequate sensitivity
for detecting JP-6 at the desired levels. Its applicability for usage in
high-performance aircraft will be depcndent primarily upon the ease
with which the thermal effects mentioned above can be compensated for,
moderated, or eliminated. As the magnitude of some of these effects
will depend, in large part, on parameters which are difficult to predict
quantitatively (such as chamber materials, cooling facilities, gas
circulation, etc. ) we have in these cases attempted simply to point out
that problem without making a firm judgment as to whether it can be
surmounted. Such judgments would ultimately have to be made on the
basis of a complex empirical analysis, which could not be achieved under
the limi ed scope of the present study. However, there appears to be
no inherent reason why, with adequate redesign, this technique could not
be utilized for monitoring JP-6 in high-performance aircraft.

D. Aluminum Oxide Hygrometer

The laboratory experiments described above have shown that the
leakage of hydrogen into a hot compartment (> 1300'F) containing air,
will result in an immediate oxidation reactirn with the formation of water.
Thus, it is believed that, in the hot compartments of advanced type air-
craft, it would be highly unlikely that there would be sufficient hydrogen
available for detection. The best means of determining whether hydrogen
has leaked into a hot compartment is then by measuring the rise in amr} ,,
water vapor concentration.

Indeed, since partial oxidation occurs with JP-6 fuel at temperatureb
greater than 700 0 F, it was believed that a suitable water vapor detector
also could detect this fuel by measuring the rise in ambient water vapor
concentration due to this partial oxidation.

Numerous water vapor measuring devices are available. However,
the most advanced stALe-of -the-art technigye for determining water vapor
employs the aluminum oxide hygrometer. The most reliable analysis
of water vapor calls for a sensitive, accurate, fast-responding sensor
capable of direct environmenta! measurements. These requirements are
met by the albminum oxide element.
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This sensor consists of an aluminum strip which is anodized to
provide a porous aluminum oxide layer. A very thin coating of gold
is evaporated over this structure. The aluminum base and the gold
layer form two electrodes of what is essentially an aluminum oxide
capacitor.

Water vapor is rapidly transported through the gold layer and
equilibrates on the pore walls in a manner functionally related to the
vapor pressure of water in the atmosphere surrounding the sensor. The
number of water molecules absorbed on the oxide structure determines
the conductivity of the pore wall. Each value of pore wall resistance
provides a distinct value of electrical impedance which in turn is a
direct rn.asure of the water vapor pressure.

This sensor can measure water vapor concentrations from 20, 000
micrograms of H 0 per liter to 0. 001 RgH 2O/liter. Extremely rapid
response is available from the humidity element. A 63 per cent change
is obtained over the entire dynamic range in a few seconds. Presently,
this sensor is operable over a temperature range of -166 0F to 200oF.

The excellent characteristics of this sensor warranted an investi-
gation as to its ability to detect hydrogen and hydrocarbon vapors by
detecting the water formed on combustion of these fuels.

1. Detection of JP-6 Fuel with the Al 03 Humidity Sensor

A simple, but effective, test apparatus was used to determine
the applicability of the A12 0 3 sensor to detect JP-6. This apparatus
consisted of a 3/8" quartz tube encompased by a resistive wire-wound
oven. In series with this tube was a small chamber containing the humidi-
ty sensor. JP-6 vapors were paased through this quartz tube "hot zone. '•
Any water formed from the oxidation of this fuel could be detected with
the humidity sensor.

The hot zone temperature was varied from room temperature to0
1200 F. Since the presently available humidity sensor cannotjwithstahid
temperatures in excess of 2000 F, the sensor itqelf was maintained at
room temperature. The results of these experiements are gh~wn in
Figure 13. These results are in complete agreement with the ,results
obtained with the kryptonate sensors. No change in ambient water vapor
concentration was observed until a temperature of 700 F was achieved in
the hot zone. At this temperatuire paoial oxidation of the fuel oocurs with
a subsequent increase in water vapor conce-ntration. The signal then
remains relatively constant until a temperature of 1200 F is reached at
which point the water vapor cuncentration again increases. These changes
in water vapoo cunceentration corres,.ond precisely to the changes in
kryptonate sensor signal. Thus, not only must the fuel be cracking to
more reactive constituents, as evidenced by the increase in kryptonate
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sensitivity, but complete oxidation resulting in the formation of water
must also be occurring. Although the amount of water vapor formed at
temperatures in excess of 700 F is relatively small (at least in compari-
son to the amount of water formed on combustion of I per cent hydrogen,
(See Section D-1), it is sufficient to enable detection of the JP-6 fuel.

There are three important factors to consider in the application

of this hygrometer as a possible hydrocarbon detector. These are:

1. The ability of the sensor to detect the water formed on
combustionof the fuel above ambient water vapor concentrations.

2. The ability of the sensor to ,etect the fuel over the entire
range of expectod envirnnmrental temperatures.

3. The ability of sensor to operate over the entire range of
expected environmental ternperatu res.

a. Effect of Ambient Water

Asiuming the humidity sensors were capable of operating at
temperatures up to 1200°F (See Section b), the ideal operating mode
would be to simply place the sensor alone in the hot compartment of al
advanced type aircraft and monitor the water vapor concentration. Any
incre.se in water vapor concentration abav,;, a•,tibient levels would indicate
a leakage of fuel into the hot compartment. It is apparent that under these
condition!;, the humidity sensor would be capable of detec4ing the fuel
only if the compartment temperature was in excess of 7000F wherc
partial oxidation of the fuel can occur. Under :hese conditions, a
concentration of fuel 0. 58 per cent by weight of fuel will oxidize to form
approximately 200 micrograms of H2 0 per liter of air (assuming the
degree of oxidation is similar to that incurred in the laboratory experi-
ments). This amount of water formed is considerably less than normal
ambient water concentrations ai sea level. Hlowever, at the altitudes
where temperature in excess of 800 F will be attained, the ambient water
vapor concv-ntration is so low that essentially any water dete ted i: due
solely to the leakage of the conibustible fuel.

In Figure 14 is shown the variation of water vapor concentration
with altitude as me.4sured with the aluminumn oxide hutnidity element.
The descent curve iiidict'es the true water vapor concentration. (The
ascent curve showti higher levels due to the humidity element detecting the
water vapor from 'he wakc of the carrier ballooti as it rise-i. ) It can be
seen that at altitudes above )0, 000 feet the atmospheric water vaFor
concentration is only of the order of 3 micrograms of H2 0 per liter of air.
The water formed on the partial oxidation of 0.58 per cent of JP-6 fuel is
of the order of Z00 IAgH 20/liter at 800°F and oi the order G1 800 igH O/liter
at temperatures in excess of 1200°F so that atmospheric water vapor

46:



0
0

0
0
0

8

0

0

0

oo

Ih-

0~

47.



wouid not be a seriou:i interfcrunce.

Thus for high altitude (> 30, 000 ft. ) operation and at compartment
temperatures in excess of 700 F, a high temperature humidity element

could be satisfactorily employed as a JP-6 detector. At the lower alti-
tudes ard lower compartment temperatures, other operating modes and

configurations for the sensor must be employed. These conditions are
discussed below.

b. Detection of JP-6 with the Humidity Sensor at Temperatures
<700°F

From the experiments conducted, it was shown that JP-6 vapors

are not significantly combusted to water vapor at temperatures less thar.
700 0 F. Thus, in order to utilize the humidity sensor for JP-6 detection,
an ixdirect means of forming water from the fuel must be employed. In

addition, elimination of the high ambient water vapor concentrations at
the low altitudes must be considered.

The system shown in Figure 15, could be satisfactorily employed
to determine JP-6 vapors at all the ambient conditions. The requirements
for the elimination of ambient water and for thzý c::id.i'= of the fuel
necessitate a flow system to be employed with the sensor. Although this
is somewhat of a disadvantage, if the sensor can withstand the high environ-

mental temperatures, no other electronic components would be involved.
Such a system could operate at all the ambier, conditions direc.tly in the
hot compartment.

At temperatures below 8O0 F, ambient water vapor can be elimi-
nated by .mploying a drying tube with a suitable desiccant huch as silica

gel. Although the capacity of such desiccatits is limited, its efficiency to
remove water vapor would not te significantly altered during the mission

profile of the flight. The JP-6 fuel can then be catalytically oxidized by
passing them over a platinum surface. The amount of water formed on
combustion of the fuel on the platinum surface depends on the temperature
of the surface. B3y oper-ting this surface above the expected environmr ntal
temperatures, environmental temperature fluctuations would bp- eliminated
and the amount of water formed will be constant at any constant JP-6 concentra-
tion.

The system can be designed to detect JP-6 vapors at all the ambient
conditions by utilizing two humidity sersurs. At all temperatures below
700° F. one humidity sensor and associated flow system is used to detect
the JP-6 vapors. The compartment atmosphere is passed through the dryer,

removing ambient water vapor but allowing the hydrocarbon vapors to
pass. The vapors are then catalytically oxidized by the finely divided
platinum forming water vapor. The water formed is detected with the
humidity sensor and evaluated in terms of JP-6 concentration. This system
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A0
could not be used above 70C°F rince the water formed by the self-
generating combustion of JP-6 would be absorbed by the desdicant.

At temperatures above 700 F, sensor #2 is used. Here the water
formed by the reaction of the hydrocarbon vapors and the oxygen on the
walls of the compartment is directly measured with the humidity sensor.
As discussed above, at the expected altitudes, ambient water vapor is
not expected to be an interference.

c. Ability of Humidity Sensor to Operate dt Elevated Temperatures

The current maximum temperature at which the humidity sensor
is capable of operating is 200F. Thus, in order to detect the combustible
vapors at high temperatures, the sensor must be cooled or placed outside
of the hot compartment into a cool compartment. These requirements
result in the same disadvantages and limitations discussed previously for
any sensor not capable of operating at high temperatures.

Theoretically, the maximum operating temperature of the Al 0
humidity sensor is close to the melting point of aluminum (220 0 F). 2 3

However, in practice; the maximum temperature at which the sensor
used in these studies can operate is limited by the thermal degradation of
.. n organic polymer used in insulating the electrical leads from the gold
and aluminum layers. Recent developments have shown that silicon mon-
oxide can be used as an insulator in place of the organic and that the insu-
lating layer itself may be eliminated; however, considerable effort is still
required in this area before definite conclusions can be drawn.

Despite the present temperature limitations, the advantages of
bimplicity, compactness, sensitivity, and response of this A17. 3 humidity
element warrant further inve-stigation of the element for JP-6 detection
but will probably require additional sensor d-velopment.

Z. Detection oi Hyarogen with the Al Z 3 0,,tnsor

The present temperature limitation of the humidity senoor is even
more severe when one c4.,siders utilizing this sensor for detecting
hydrogen at the expected ambients. Even if the theoretic.! maximum
temperature of Z120F were attained for this sensor, it would still not be
sufficient to enable the sensor to operate at the compartment temperatures
expected in a hydrogen powered aircraft. A completely new sensor using
a high temperature metal as the base metal (such as tantalum) would have
to be developed. Although such an element might be developed, considerable
time and effort would be requitd,.

Nevertheless, since most of the present state-of-the-art techniques
would require cooling of the sensor unit, this handicap is no more serious
than for the other techniques. Indeefi, since the experiments conducted
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indicato' that hvdrog4-n does aof exist in the presence of air at tk-rlperaturc s

great.,.r than , 7, hydroge.in rnst be detected by rnf:asuring the water
formed on combustion. An investigation was thus conducted to dett-rrnine

if the Al 2 0 3 sensor could be used to detect hydrogen with the assumption
that the sensor -ould be cooled.

a. Experimental Evaluation of Al 0 Sensor for Hydrogen
2 3

"The "rame apparatus used in evaluating the humidity element for
the detection of JP-6 (see Section D-l) was used. Hydrogen at various
concentrations was passed through the quartz tube hot zone as the
temperature of the hot zone was gradually increased. The humidity
sensor was matintained at room temperature during th, ,orse of the
experiments. The amount of water formed was determined with the
hygromtc," by measuliag its change in impedance. The results of these
experiments are shown in Figure 16.

No increase in wattcr vapor concentration was detected until a
temperature of 1l00°F was attained in the hot zone. The watc r vapor
concentration increased rapidly between 1l000F and 1350 0 F. At tem-
peratures greater than 1350 F, no further increase in water vapor con-
centration was ob.ierved. At temperatures greater than 1350°F, the
results obtained indicate that complete combustion of the hydrogen to
water h'as occurred. Table 3 below shows :, t-urcdi.kal amoumt, of
water formed on 100 per cent combustion of various concentrations of hy-
drogen and the ex erimental values sh 'wn in Figure 16, for temperatures
greater than 1350 F.

Table III

Theoretical aiid Experimental Amounts of H 0
2

Formed on Combustion of Hydrogen

Hydrogen Concentra- Theoretical H 0 Experimental H1 0
tion (016 by Volume) Formed Formed

(ipg111 (g.gl1),-.

0.1 740 710

0. 5 3700 3600

1.0 7400 7500 ii
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Figure 17 compares the results obtained with the kryptonate

sensor and the humidity element for a I per cent hydrogen concentration as
the environmental temperature is varied from room temperature to
1800 0 F. The results are in complete agreement. The kryptonate sensor

signal decreases at 1100°F indicating that hydrogen is being destroed,
and the humidity sensor increases indicating that water is being formed

at the same temperature.

b. Discussion of Results

Basically, the same limitations and capabilities os this sensor
discussed for JP-6 hold for h1ydrogen. It is apparent that since hydrogen
does not combust below 1100 F (in the absence of a hot ignition source)
then the hydrogen must be detected by forcing combustion on a caalytic

surface. Thus the same technique discussed for JP-6 can be employed
for hydrogen, i. e. , using a flow system and a cell of platinum black.
With such a system the humidity element could be used to detect hydrogen
at all the required operational conditions.

Although the necessity of a drying tubu" would be required at sea
level conditions, the high quantities of watcr forriied on the complete

combustion of hydrogen would allow the utilization of a rather inefficient
drying agent. Thus ambient water, especially at altitudes greater than
10, 0Q•0 w•,uld &LvL be a prooiem.

E. Other Techniques

In addition to the techniques discussed above, two other techniques,
viz. , catalytic combustion and photoionization, will be discussed. Insuf-

ficient time and funds were available for a tlorough experimental evalua-
tion of these techniques, however, certain conclusions can be reached
concerning the capabilities and limitations of these techniques for the
detection of hydrogen and JP-6 fuel aboard advanced aircraft. These
conclusiotis are based mainly on the facts which are contained in ihe
literature as well as on minor experimentation conduct-d.

I. Catalytic Combustion

This technique has been successfully fmployed for many years for
the detection of various combustible gases. It consists of an exothermic
oxidation or zeduction of the vapors over a catalys resulting in a rise in
temperature of the catalyst and substrate. The rise in heat content is
measured as a function of the gas concentration.

Normally. two thermistors are utilized in a bridge circuit. One

is left uncoated. The signal is obtained from the imbalance of the two

thermistors when combustion occurs at the catalyst coated thermistor.
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In the absence of the combustible vapor, the thermistors should be in
balance since both thermistors are at the same en;-ironmental temperature.

In principle, this techrnque would be an excellent method to utilize
for combustible vapor detection on advanced aircrafts. The thermistor
system would require no plumbing, windows, motor, or other associated
components. The thermistor imbalance is simply an electrical signal
which can be fed directly to a readout meter.

The detection of hydrogen with this system has been well established.
Con,' ntrations of hydrogen down to 0. 1 per cent can be measured at normal
ambient conditions. The ability of the technique to detect JP-6 vapors
was not definitely established. Therefore, a very brief experimental
effort was conducted to determine if this technique coulr. indeed detect
JP-6 vapors.

JP-6 vapors at a concentration of approximately 0. 1 per cent by
weight were passed over two balanced thermistors, one of which was coated
with platinum black. An imbalance of the bridge circuit of approximately
. 04 millivolts was obtained indicating that the coated thermistor did indeed
increase in temperature due to the catalytic combustion ol the JP-6 vapors
on its surface. Although these experiments were brief, sufficient care was
taken to definitely establish that the technique was capable of detecting JP-6
at concentrations of approximately 0. 1 per cent by weight aL ambient pres-
sure.

When thermistors are utilized for this type of gas analysis, they
0

are operated at elevated temperaL.,ee labove 300 F). This high tempera-
ture causes them to operate in a region where a de...r-se in thermistor
resistance is obtained with increasing temperature. The maxrmwt.
temperature at which these thermistors presently can operate is approxi-0
mately 900 r. These thermistors should be capable of detecting both
hydropen and JP-6 fuel for at least Mach 4 type aircraft or equivalent
compartment temperatures. For higher compartment temperatures, the
thermistors must be cooled to at least this maximum operating tempera-
ture.

Without direct experimental evidence, it is difficult to conclude
whether these thermistors can reliably detect the vapors of interest
while the environmental temperature i, varying from -60 0 F to 900 F.
Although the thermistors should be in balance in the absence of the corn-
bustible vapors, a certain amount of imbalance would occure due to the
differences in heat transfer characteristics between the coated thermistor
and the uncoated thermistor. The degree of imbalance dwe to the tempera-
ture fluctuations and pressure changes occurring within the enviroanental
compartment can be determined best by experimentation. It is be;,.eved
that these effects will be small; however, they may be sufficient, especially
at low vapor concentrations, to require am electrical feedback system to
maintain the thermistors in balance.
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A possible drawback of the technique for its present application
is its relatively low sensitivity. The method is dependent upon the
existence of a significant temperature differential between the two thermis-
tore when combustion occurs. Typicall, . the lower limit of sensitivity
for c.ombustible vapors with this technique is approximately 0. 1 per cent
by volume. The brief experiments conducted using this technique for
JP-6 indicate that it should be capable of detecting . 01 per cent JP-6
by weight. Although this sensitivity is sufficient at sea level altitudes,
lower equivalent concentrations expected at the higher altitudes could
not be determined without sophisticated and complex instrumentation.
Thus it appears that the sensitivity requirements at high altitudes are
beyond the capability of current instrumentation.

The operat.ng life of these thermistors may be limited severely
by catalytic poisoning. Minute amounts of contaminant gases are known
to poison platinum black catalysts thus destroying their ability'to catalyze
the hydrocarbon-oxygen reaction. Although the poisoning mechanism of
catalysts is not well understood, it is known that such gases as hydrogen
dulfide wiIl render a catalyst useless. Since the contemplated hydrocarbon
fuel contains small amounts of sulfur, the formation of hydrogen sulfide
or organic sulfides is highly likely. These gases, or numerous other
trace constituents emanating from the fuel or the materials of construction
of the aircraft, may severely limit the operating life of the thermtstors.

Because of this poisoning, it would be extremely difficult to design
an instrument based on this technique that would be fail-safe. Partial
poisoning would not only decrease the life of these sensors but would also
cause a decrease in sensitivity which would not be detected unless the
system were recalibrated at frequent intervals. This partial or tatal
uoisovlin, wo'd4 m a !. it r."i, Iiiziicuit to ascertain when thermistor
replacement would be required.

Finally, the operation of a catalytic surface at elevated tempera-
• ,'s constitutes an explosion hazard. Unlike the kryptonate sensors,
these catalytic surfaces initiate the hydrocarbon-•c-ygen reaction and
thus can serve as an ignition source. (The kryptonate sensors are de-
liberately coated with a molecular barrier material to prevent catalytic
combustion. ) Thus. a considerable design effort in renderine such a
system explosion proof would Je required to eliminate this possibility.

2. Photoioniaation

The final technique whikh will be discussed is that of photoionisation.
This technique. based upon photuionization of the detected gas, -equires
the generation of light in the ultraviolet region. Provided that the light
used has an energy, hb, greater than the ionization potential, IP, of the
gaseous species to be detected, absorption of a photon will release a
photoelectron, thus forming an ion pair. This absorption is caused to
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ike place in an ion detector chainber containing the gas to be analyzed.
"The charged species formed are collected by electrodes, the collection

current being a function of the degree of ionization and th-- concentration
of ionizable species.

For a particular species and wave length of incident light, the
ionization efficiency is constant and tlh observed current is determined

by the concentration of the gaseous species.

Figure 18 is a simplified representation of a possible intitrument
based on this technique. The light -ource is a H-, dist hargc lamip, ,:'mit-
ting L-',man alpha radiation (1216 A)t with a LiF window (LiF is tr-insparcnt
dow-n to about 1200 A ). The light from this lamp p4-ses throulgh tht. i,;;pie
space as shown. Ions formed by photoionization along this part art, col-
lected by the parallel plate electrodes, the collect'r current being pro-
portional to the rate of ionization in the volume being monitorcd. 7'ý0
prevent spurious curretts due to photoelectrons emitted by the action of
the light upon the collector electrodes, the beam is collimated ds shown.
For the purpose of discussion, let us assurme the following parameters
for this device:

Lamp intensity

(at 1216A)

15
entering sarviple space -10 p]hotons/sec

Electrode length - 5 crn

Electrode steparation crn

18 i
An examination of the ionization potentials of various muiecules

shows that 1216 ý (10. 2 ev) is sufficient to ionize saturated ,ydrocarboa
molecules higher than pentane, which undoubtedly encompasses most of
the conetitutents of JP-6 fuel. On the other hand, this is insufficient
to ionize either He or the normal atmospheric constituents N., 02, HZO, $

CO. and CO2 .

As mentioned above, the collection current will be a fue-tion of

the concentration of the ionizable species. This may be expressed
mathe matic ally:

I IaCI (27)dt
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where d= rate of ionizatiun (ion pairs/sec)dt-*

I =beam intensity (photons/sec)
2

0" = cross-section for ionization (cm /molecule)

C = concentration of ionizable species (molecules/cm )

= length of path

Substituting the value- previously assumed

15
_ X10 aC (28)

dt

As the minimum detection level desired is 0. 15 per cent (by volume)
at 0. 01 atmosphere, and 1200 0 F, this coz :esponds to C 1. 2 x 1014

molecules/cm3

6 x O12 9  (29)
dt9rain

Because of the complex composition of JP-6 fuel, an exact value
for o cannot be calculated. However, a reasonable lower estimate, based
on other species, is 0 = 4 x 10"IN cm 2 /molecule.

2.4 x 1012 ion pairs/sec (30)
dt rain

For 100 per cent collect on efficiency, this corresponds to a collection
current of about 4 x 10'" amperes which is certainly readily measurable
by standard instrumentation.

As the ambient pressure may vary from I atmosphere (760 torr)
to. 01 atmosphere (7. 6 torr). one must ensure that the collection elec-
trod* separation and the applied potential will not present a problem due
to voltage breakdown and yet be adk -• ,ate to provide sufficient collection
efficiency. By use of the usual Paschen relation 19 it can be shown that.
with I cm between the plates, an applied potential of the orcer of 900 volts
should not cause breakdown over the anticipated pressure range. While
this potential may not yield 100 per cent collection efficiency at higher
pressures, it sho-ld be remembered that, at high pressures, much more
ionization will be occurring than that calculated above.
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The abov- has been a simplified treatment of the feasibility of
the photoionization technique. It is recognized that several possible
problem areas remain. Among these are the effect of high ambient
temperatures on the components, the attenuation of the beam by oxygen
absorption, difficulties in constructing a stable lamp, et". In addition,
of course, the phenomenon of thermal degradation of JP-6 vapor may,
as with the other techniques, present problems in interpreting the data.
It is F )bable that, if the vapor is not completely oxidized to C02, the
product molecules will still be ionizable by the selected wavelength.
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SECTION mII

CONCLUSIONS

I. The kryptonate technique can be upgraded satisfactorily to
detect hydrocarbon vapors, specifically, JP-6 vapors, at the required
temperatures and pressures. JP-6 fuel can be detected aboard advanced
aircraft with a Mach 3 capacity utilizing the standard aluminum oxide-
platinum dio dde kryptonate sensor. For aircraft with a Mach 4 or higher
capability, kryptonated palladium oxide appears to be the optimum sensor
material. In the absence of radiation detectors capable of withstanding the
high environmental temperatures, the response times would be limited by
the time required for krypton-85 transportation from the cell to the de-
tector. Such response times would be typically of the order of 5 to 7
seconds. When high temperature radiation detectors do become avail-
able, this response time can be reduced tt, I to 2 seconds.

2. Kryptonated copper oxide can be used to detect hydrogen ,apors
at the specified environmental conditions. However, the results obtained
during this work indicate that the existence of hydrogen at these environ-
mental conditions would be highly unlikely.

3. An instrument based on the detection of hydrocarbons by
infrared absorption should have adequate sensitivity for detecting JP-6
at the desired levels. There appears to be no inherent reasons why this
technique could not be satisfactorily developed into an instrument which
would be capable of detecting JP-6 vapors at all the contemplated environ-
mental conditions and requirements. However, temperature as well as
pressure compensation would be required.

4. The aluminum-oxide hygrometer technique can be used satis-
factorily to detect hydrogen and hydrocarbons by measuring the water
formed on catalytic combustion. At the present tim:, the maximum
operating temperatu-- of this sensor is 200°F. \lthough it is believed
the operating tempe.ature can be increased to approximately 650 0 F, higher
temperatures may yet be availaole but have not been investigated in view
of the improvements believed to be necessary for operation up to 650°F.

5. The catalytic combustion technique appears to have limited
applicability for the detection of hydrogen andhydrocarbons aboard
advanced type Atircraft. Its main disadvantages for the intended usage
is its relatively poor sensitivity, instability, and, most important, the
fact that it is readily poisoned by numerous trace ge-s constituents.

The photoionisation technique appears to be a most promising
method for the detection of hydrocarbons aboard advanced aircraft. A
brief evaluation of this technique indicates that no major obstacles should
be encountered in designing a workable system based on this technique.
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However, since this is an advanced concept, a considerable amount of

experimental as well as further investigative work would be required
before definite conclusions as to its ability to detect hydrocarbons under

the specified environmental conditions could be drawn.

62iI
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