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OF IGNITION FOR A TURBOJET COMBUSTOR 

By Hampton H. Foster, Edward A. Fletcher, 
and David M. Strai ght 

SUMMARY 

An invest i ga tion was conducted to determine the feasibility of us 
ing aluminum borohydr ide - hydrocar bon mixtur es as a source of ignit i on 
in a s ingl e tubular turbojet - engi ne combustor. The hydrocarbon diluents 
invest i gated were isopentane , JP - 4 fuel, and mineral oi l . The combustor 
was operated on a modified JP - 4 fuel . The combustor- inlet air pressur es 
that limited ignit i on wer e deter mined for air flows in the range of en
gine al t i tude starti ng conditions . Ignit i on l i mits observed with single 
inject i ons of 2 cubic centimeters of the ignit i ng mi xtures were compared 
wit h those obtained wi th electric spark systems and with the steady- state 
burning l i mit s of the combustor at similar flows . 

The combustor ignition limits obtained wi th a 40 percent by volume 
solution of aluminum borohydride in JP - 4 fuel were almost a s good as 
those with undiluted aluminum borohydr i de for the range of alt i tude in
let conditions investigated . With 10 and 20 percent concentrations, the 
ignition characteristics were very erratic . Altitude pressures which 
limited igni tion with the 40 percent bl end were about 2 inches of mer 
cury l ower than those obtained with a 10- joule electric spark system and 
were within 2 to 3~ inches of mercury of the steady- state burning limits 
of the combustor . These results were obtained with O. 025 - inch- diameter 
capillar y injection tubes j lar ger tubes (0.075 and 0.20 in . diam) resulted 
in poorer ignition limits . 

At a combustor -inlet a ir temperat ure of 100 F, mineral oil and JP- 4 
fuel blends ignited the combustor with approximately equal effectiveness. 
At _400 F, better results wer e obtained wi th mineral oil blends . Very 
poor ignition character i stics were obtained wi th isopentane as the 
diluent . 

+n an extension of the present work, aluminum borohydride was suc 
cessfull y used as a stand-by ignition source for a 48-inch ram- jet engine. 

, 

I 
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INTRODUCTION 

The problem of in- flight ignition of thermal-jet engines becomes 
more difficult with the ever increasing demand for higher flight speeds 
and higher altitude operation of the engines. Means of i gnition other 
than conventional electric sparks are being investigated at the NACA 
Lewis laboratory . This report describes the use of dilute solutions of 
aluminum b9rohydride for ignition of a turbojet engine combustor. Its 
use as a stand-by ignition source for a 48 - inch ram-jet engine is also 
described . 

Successful ignition has been obtained with single small injections 
of aluminum borohydride at combustor conditions far more severe than 
those which limited ,ignition with an experimental high-energy electric 
spar'k system (ref. 1). This chemical is one of a number of compounds 
that are spontaneously flammable in air and have a high rate of energy 
rel ease . Although excellent ignition characteristics were obtained, 
practical difficulties in the use of aluminum borohydride could be ex
pected because of its tendency to plug injectors, to volatilize, and to 
build up high pressures in containers under storage conditions in high
sPeed ,aircraft . 

In the static - chamber tests reported in reference 1, ignition was 
obtained with blends of aluminum borohydride in a hydrocarbon fuel. The 
results indicate that such blends could be more easily handled and intro
duced into the combustor and less prone to plug injectors and to build 
up pressures in closed containers . A study was therefore undertaken at 
the NACA Lewis laboratory to evaluate the ignition characteristics of 
dilute solutions of aluminum borohydride in a single tubular turbojet 
combustor . Three different diluents were used, isopentane, MIL-F-5624B, 
grade JP- 4 fuel , and mineral oil. Ignition mixtures of 2-cubic centi
meters containing 10, 20, 40 , and 100 percent aluminum borohydride by 
volume were packaged in pressurized glass capsules with capillary meter
ing tubes ; the tubes were broken to introduce the ignition mixtures into 
the combustor . A 0 .025-inch- diameter injector capillary tube was used 
to obtain most of the data; however , comparative data were also obtained 
with tubes of two larger diameters (0.075 and 0.20 in.). 

The combustor - inlet air pressures which limit burning and those which 
limit ignition were determined for three air flows (in the range of alti
tude engine windmilling conditions) using a modified JP-4 fuel. The 
combustor - inlet air and fuel temperatures were held constant at 100 F. 
Data were also obtained at low (-400 F) combustor - inlet air and fuel tem
peratures for one air - flow rate . The combustor ignition limits obtained 
with the several concentrations of aluminum borohydride were compared with 
those obtained with spark systems at energy levels of 0 .3 and 10 joules 
and with the steady-state burning limits of the combustor. 



NACA RM ES 4Kl2 3 

Data on the extent of decomposition of a sample of aluminum borohy
dride during long- term storage are presented . 

APPARATUS AND PROCEDURE 

A single J33 turbojet -engine combustor (fig . 1) was installed in a 
direct-connect duct test fac ility, which supplied the desired combustor 
inlet and -exhaust conditions . The test facility and instrumentation 
for indicating combustor - inlet and - outlet air total pressures , air and 
fuel temperatures, and air and fuel flows are described in detail in 
reference 2 . A large (3- by 11 . 5 - in . ) transparent plastic window in the 
outer shell of the combustor permitted visual observation of the flame . 
A 10.S- gal lon-per -hour, fixed-area fuel nozzle having an 800 spray- cone 
angle was used in this investigat ion. The fuel passed through a copper 
cooling coil (SO ft long and 3/8- in . O.D.) immediately before entering 
the nozzle (fig . 1) ; the fuel temperature was, therefore , very near that 
of the inlet air. The combustor was supplied with a low-volatility, modi 
fied MIL-F- S624B, grade JP - 4 fuel ; anal ysis of the fuel is given in 
table I. 

Ignition Systems 

Aluminum borohydride system . - Aluminum borohydride was i ntroduced 
into the combustor from an injector designed to fit into the spark -plug 
hole (fig . 1). A detailed diagrammatic sketch of the injector is pre 
sented in figure 2. A glass capsule containing 2-cubic centimeters of 
the aluminum borohydride mixture was mounted in the injector as shown in 
figure 2 . A manually operated trigger arm was used to break the sealed 
tip from the capillary tube, allowing the contents of the capsule to be 
injected into the combustion chamber . The capillary tubes had an inside 
diameter of 0 . 02S inch for most runs . (All tubes were notched 3/4 inch 
from the main body of the capsule to provide a reproducible breaking 
pOint.) The capsule and injector designs were generally similar to those 
described in reference 1 . I gnition capsules were charged as follows . The 
desired amount of hydrocarbon diluent was first introduced into the open 
capsule by means of a pipette or burette and the capsule stoppered with 
a self- sealing biological-vial rubber stopper . The capsule was then 
cooled in a dry-ice slush bath and the air evacuated through a hypodermic 
needle. Aluminum borohydride was then added in the desired amount from 
a calibrated burette equipped with a similar hypodermic needle . The cap
sule was finally pressurized with nitrogen to slightly above 1 atmosphere 
through a third hypodermic needle. The capsules were stored in powdered 
dry ice until shortly before firing; just before they were inserted into 
the injector they were warmed by hand so that the contents would be thor 
oughly mixed. 
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Electric system. - The electric spark-ignition system used to ob
tain comparative data is described in detail in reference 3. Energy 
levels of 0 . 3 and 10 joules of stored condenser energy per spark with 
a spark rate of 8 sparks per second were used (estimated effiCiency, 
20 to 25 percent of stored energy available at spark gap). 

Test Procedure 

Burning limits . - For comparison with ignition- limit data, the mlnl
mum combustor - inlet air pressures at which burning could be maintained 
were determined for three air flows (1.87, 3 . 75, and 6.0 lb/Csec) (sq ft), 
based on a combustor maximum cross - sectional area of 0 . 267 sq ft) at con
stant air and fuel temperatures of 100 F . A description of the method 
used to determine the combustor limits is presented in reference 3. 

Ignition limits ' with aluminum borohydride - hydrocarbon blends. -
The minumum combustor - inlet air pressures at which ignition of the com
bustor could be obtained were determined for inlet conditions similar 
to those for the burning -limit tests (air flows: 1.87, 3 . 75, and 6 .0 
lb / (sec) (sq ft ) at 100 F). After the desired inlet conditions were es
tablished, fuel was admitted at a rate previously determined to be opti
mum for ignition by sparks (fuel -air ratiO, approx . 0.015). The aluminum 
borohydride - hydrocarbon blend was then injected into the fuel -air mix
ture . Ignition was indicated by a temperature rise and by observation 
of flame through the window in the combustor. Except with a few injec
tions of 10 and 20 percent blends, flame was always visible, at least 
momentarily, whether or not the combustor was successfully ignited. The 
criterion for satisfactory igni tion was that the flame filled the combus
tor and continued after the igniting fluid had been expended . 

Although a few preliminary tests were made with isopentane as the 
diluent, most of the data were obtained with JP - 4 fuel as the diluent; 
the aluminum borohydride conceptrations were 10, 20, 40, and 100 percent. 
Some data were also obtained wi th a 40 percent aluminum borohydride con
centration with mineral oil as the diluent. 

Ignition l i mits with electric sparks . - The minimum combustor-inlet 
air pressure at which ignition could be obtained with a spark- energy 
level of 0 . 3 and 10 joules (at 8 sparks/sec) was determined for the 
aforementioned combustor - inlet flow and temperature conditions. A de
tailed descript i on of the ignition procedure used is presented in refer 
ence 3 . 

RESULTS 

Turbojet - combustor i gnition data obtained with aluminum borohydride 
and aluminum borohydride - hydrocarbon blends over a range of combustor
inlet air conditions are presented in table II . These data will be 
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compared with ignition data obtained with an electric spark ignition 
system and with combustor steady-state burning-limit data (also in
cluded in table II). 

5 

The initial part of this investigation was conducted with aluminum 
borohydride blends containing isopentane as the diluent. The static
chamber tests of reference 1 had indicated that aluminum borohydride 
blends of a similar fuel, E -pentane, containing as little as 20 mO.le 
percent aluminum borohydride were spontaneously flammable at pressure 
and temperature conditions far more severe than those encountered in 
turbojet - engine operation. Preliminary combustor ignition tests with 
isopentane containing 40 percent aluminum borohydride, however, were 
successful in starting the combustor at or near sea-level pressure con
ditions only (see table II). Because it was considered that excessively 
rich vapor fuel-air mixtures may have existed in the ignition zone when 
isopentane was used, or possibly because of the high spontaneous igni 
tion temperature of isopentane, subsequent tests were performed with 
diluents of lower volatility and, inCidently, lower spontaneous igni 
tion temperature. 

Ignition Limits of Aluminum Borohydride - JP-4 Fuel Blends 

Effect of air-flow rate . - Combustor ignition-limit data for alumi
num borohydride concentrations of 10, 20, 40, and 100 percent in JP-4 
fuel are shown in figure 3. The injector capillary was 0.025 inch in 
diameter. Several chemical- ignition- data points are presented for each 
test condition. In general, the inlet pressures that limited ignition 
increased with an increase in air flow as was expected from previous 
research (ref. 1). The indication of the reverse trend with the 20 per
cent aluminum borohydride blend is probably insignificant in view of the 
observed scatter of the data points . The 10 percent blends failed to 
ignite at the highest air flow (6 Ib/(sec)(sq ft)), and only occasionally 
was combustor ignition obtained even at the lower air flows. The 20 per
cent concentrations ignited and combustor ignition was obtained at all 
the air flows. combustor ignition with either the 10 or 20 percent 
concentration was quite erratic. With the blends containing 40 percent 
aluminum borohydride, there was a marked improvement in ignition charac 
teristics. The minimum pressures for ignition were reduced and ignition 
was much more consistent . The ignition limits obtained with the 40 per 
cent aluminum borohydride blend were almost equivalent to those obtained 
with the undiluted aluminum borohydride . 

The data presented in figure 3 are summarized in figure 4 for com
parison with the combustor steady- state burning limits and with ignition 
limits obtained with electric spark systems . The ignition limits ob 
tained with the 40 percent aluminum borohydride blend are about 2 inches 
of mercury lower than those obtained with the 10-joule spark system and 
are within 2 to 3.5 inches of mercury of the steady-state burning limits 
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of the combustor . A spark energy of 10 joules (stored energy) repre 
sents the probable upper energy limit for proposed electric spark sys 
tems. The 0 . 3 joule (stored energy) ignition- limit curve shown was 
obtained in a previous investigation (ref . 3) and represents the energy 
level supplied by one turbojet - engine ignition system at 20 sparks per 
second . At a combustor - inlet pressure of 15 inches of mercury absolute 
(0 .5 atm)) the air - velocity ignition limits of the 40 percent aluminum 
borohydride blend were about 30 percent greater than those of the 10-
joule spark system and more than double those of a 0 . 3 - joule spark 
system . 

The ignition limits obtained in this study with undiluted aluminum 
borohydride were somewhat lower than those reported in reference 1) 
probably because of improved metering . They are within about 1.5 to 2 
inches of mercury of the combustor burning limits . Sudden changes in 
the air pressure or fuel flow at these conditions resulted in flame - out. 
For this particular combustor, these burning limits are below the limits 
at which an engine could be easily accelerated . 

Effect of inlet air temperature . - The effect of combustor - inlet 
air temperature on i gnit ion limits was investigated with the 40 percent 
aluminum borohydride b lend only; the results are presented in figure 5 . 
The minimum pressur e for i gnition i ncreased about 10 inches of mercury 
with a decrease in inlet air temperature from 100 to -400 F. As noted 
in figure 5, this increase was considerably greater than that previously 
observed (ref . 1) with e i ther the undiluted aluminum borohydride or the 
spark system. An inspection of the capsule just before firing at -400 F 
showed that the aluminum borohydride and the JP- 4 fuel were well mixed 
and flowed freely in the capsul e . The appearance of the flame flash was 
similar to that observed at the 100 F temperature condition. The capil
lary tube diameter was 0 . 025 inch for these tests . 

Effect of injection duration . - Figure 6 shows the effect of injec
tion duration on the combustor ignition limits. The time intervals 
shown were obtai ned from high- speed motion-picture films of the flame 
flashes of the i gni ter fluid in the combustor. Increase in injection 
durat ion improved the ignition limits considerably. The ignition limit 
would be expected to approach closely the combustor burning limit with 
even longer inject ion times . Increases in injection duration also in
creased the probability of ignition; that ' is, i gnition was more consist
ent with l onger injection durations . 

Ignition Limits with Aluminum Borohydride - Mineral Oil Blend 

It was previously noted that considerably better i gnition charac
teristics were obtained when the volatility of the diluent incorporated 
into the blend was reduced . Thus, ignition was improved when JP-4 fuel 
replaced isopentane as the diluent. It was theref ore considered desirable 
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to obtain combustor ignition data with an aluminum borohydride diluent 
even less volatile than JP - 4 fuel . Mineral oil was chosen for additional 
ignition tests inasmuch as it is readily available for such an applica
tion and is relatively free of unsaturated hydrocarbons, which react with 
aluminum borohydride . 

Figure 7 compares combustor ignition limits for 40 percent aluminum 
borohydr i de blends of the two diluents J at one air flow (3 . 75 Ib/(sec) 
(sq ft)) and two inlet air temperatures. At 100 F, the ignition limit 
of the aluminum borohydride - mineral oil blend is at least somewhat 
lower than that of the aluminum borohydride - JP-4 blend; none of the 
five capsules tried failed to ignite the combustor . With a decrease in 
inlet a i r temperature from lOo to _400 F J the ignition-limiting pressure 
for the aluminum borohydride - mineral oil blend increased about 3 inches 
of mercur y, which is about the same change as that obtained with pure 
aluminum borohydride and with the spark- ignition system (ref . 1) . The 
corr esponding change in ignition limits for the aluminum borohydride -
JP - 4 fuel blends is considerably greater. The capillary injection tube 
of O. 025 - inch diameter was used for both mixtures. 

Ignition with Aluminum Borohydride in 48 - Inch Ram-Jet Engine 

The encouraging results obtained in the ignition tests with alumi 
num borohydride and with aluminum borohydride blends led to the use of 
aluminum borohydride for igni tion of a 48 - inch experimental ram- jet en
gine installed in an altitude chamber at the Lewis laboratory (ref . 4) . 
The aluminum borohydride was packaged in 1- and 2-cubic-centimeter q,uan
tities in glass capsules . To obtain ignition) a capsule was fired by air 
pressure through a long steel tube into the combustor (fig. 8) . Impact 
of the capsule upon the walls of the ram- jet pilot broke the capsule) 
releasing the aluminum borohydride in the region of the pilot fuel spray . 
The ram- jet engine was operated on MIL-F-5624B J grade JP-5 fuel. Some 
results of the ignition trials are presented in table I II and figure 9 . 
The ignition limits obtained with aluminum borohydride were considerably 
better wi th this combustor at low air flows than those obtained with an 
electric spark system (subsequent work with other combustor configura
tions has shown that the spark- ignition limits ~an be considerably im
proved by changes in combustor design) . Insufficient data were obtained 
at the higher air flows to establish a pressure limit. It is believed 
that even better ignition characteristics might be obtained with a more 
refined injection technique . 

Aluminum Borohydride Decomposition 

One reason for considering the use of dilute solutions of aluminum 
borohydride in place of pure aluminum borohydride is the decomposition 
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that may occur during storage . Only meager experience with hydrocarbon 
blends is avai labl e to indicate the seriousness of the problem . The 
following information was obtained in storing undiluted aluminum bor o 
hydride at the Lewis labor atory . 

In the summer of 194~, a 1000- cubic - centimeter steel tank contain
ing 380- cubic centimeters of al uminum borohydride was stored in an outdoor 
shed and left undisturbed until February 1954 . The hydride had thus 
undergone storage for about 6! years at prevailing outdoor temperatures. 

2 
Careful inspection of the tank prior to its being opened revealed no 
evidence of l eaks . The hydrogen pressure inside the tank at the end of 
the ~ years had r i sen from 0 to 150 pounds per square inch gage. This 
increase corresponds to the liberation of about 16 volumes of hydrogen 
gas (at atmospheric pressure) per volume of liquid aluminum borohydride 
originally present, or about 2 percent of the hydrogen potentially avail
able . Thus , decomposition did not seriously reduce the quantity of alu 
minum borohydride available , but the resulting pressure rise must be con
sidered in the design of the container . 

DISCUSSION 

There is ample evidence that undiluted aluminum borohydride will 
i gnite a conventional hydrocarbon fuel in a turbojet combustor near the 
burning limit and that the ignition limits were better than those ob
tai ned with a 10-joule (stored energy) spark-ignition system. It was 
predicted in reference 1 that longer injection duration would improve 
ignition limits . Two possible methods of accomplishing this increase 
with a given quantity of chemical are (1) making use of capillary in
jection tubes of smaller diameters, or (2) diluting the aluminum boro
hydride with hydrocarbons to increase the total volume of the liquid 
injected. 

The data presented in this report indicate the trend of improved 
ignition limits obtainable with longer injection duration resulting from 
decreasing the diameter of the capillary injection tube. A minimum prac
tical diameter may exist, however, since the use of small capillaries 
may be conduc i ve to injector plugging difficulties . Plugging of the 
capillaries was not experienced in the present investigation even with 
the smallest diameter capillary, 0.025 inch. These capsules were pres
surized wi th nitrogen, which suggests that some of the plugging diffi
culties reported in reference 1 may have been due to insufficient pres 
sure in the capsule . The propane used as the propellant gas in the tests 
of reference 1 was probably appreciably soluble in t he aluminum borohy
dride and hence reduced the pressure available for injecting the aluminum 
borohydride i nto the combustor . Even so, experience gained during this 
and related research indicated that the plugging problem associated with 
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metering tubes and orifices should be considered in the design of chemi 
cal injection systems . 

The second method of obtaining l onger inject ion duration ) the use 
of a luminum borohydride - hydrocarbon blends ) would also appear to al
leviate the plugging problem) since liquid- flow rates would be hi gher 
and the potential amount of ash per unit volume of fluid injected would 
be lower. Suitable mixtures would also have a lower volatility during 
storage in the high- temperature aircraft environments encountered at 
hi gh - speed flight condit i ons . The primary objective of the present in
vestigation was to determine the effect on i gnition l i mits of blending 
aluminum borohydride with hydrocarbons . The data presented indicate 
that aluminum borohydride can be diluted with hydrocarbons to at least 
as low as 40 percent aluminum borohydr ide and yet retain i gnition per 
formance that is nearly as good as that obtained with the undiluted 
aluminum borohydride . 

The volatility and viscos i ty of the hydrocarbons used in the mix
tures would be expected t o play an important role in i gnition with the 
system used in this investigation . For exampl e) isopentane blends) 
containi ng the most volatile hydrocarbon) had the poorest i gnition limit) 
whereas mineral oil blends ) containing the least volat ile diluent had 
the best i gnition limit (particularly at _400 F). It should be noted 
that isopentane also has a higher spontaneous i gnition temperature. It 
is believed that excessively rich vapor fuel -air mixtures may have ex
isted i n the i gnit ion zone when the highly volatile isopentane was used . 

The viscosity of the diluents affects the flow rate and thus affects 
ignition . Mineral oil) being much more viscous than either JP-4 fue l or 
isopentane) increased the injection duration through the capillary tube 
and thus aided ignition. The lower concentrations of aluminum borohydr i de 
in JP - 4 fuel ) although having somewhat higher viscosity than undiluted 
aluminum borohydride) gave poorer ignition l imits . This was due simply 
to dilution and lower flammab i lity. At the combustor - inlet temperature 
of _400 F) mineral oil as a diluent considerably improved the i gnition 
limit over that of JP - 4 f uel as a diluent . This improvement is probably 
due to the increased injection duration resulting from the greatly in
creased viscosity of mineral oil at the lower temperature. 

Other methods of injecting aluminum borohydr ide into a combustor 
may prove feasible now that i t has been established that aluminum boro 
hydride is still a good t gnition source when diluted with hydrocarbons . 
For exampl e) aluminum borohydr ide could be fed into one or more of 'the 
main fuel nozzles on an engine in such a manner that dilution of the 
aluminum borohydride with fuel is not excess ive. A technique such as 
this may prove useful in overcoming some of the current ignition and 
acceleration problems as well as the more severe problems anticipated 
in future engines . 
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Engines are already being operated under conditions such that if a 
flame -out were to occur, combustor - inlet temperature and pressure would 
drop to near the burning limits of the combustors. It is anticipated 
that these conditions will become even more severe in the future. For 
example, if a supersonic turbojet -powered aircraft were to encounter 
flame-out near its operational ceiling, the combustor-inlet pressure 
and temperature would drop to well below the burning limit of the com
bustor with conventional fuels . Continued improvement in combustor de
sign will help alleviate both the burning and the starting problems. 
Even so, with conventional fuels, starting is limiteQ by the low pres
sures and temperatures regardless of the design of the combustor. An 
ignition source having a much higher heat-release rate than the spark
ignition systems currently used will be required if present-day fuels 
are used . It is believed that chemical ignition may supply the required 
high energies. A type of continuous chemical ignition source is visual
ized that can be used on demand for the required interval and furnish 
enough heat to ignite and stimulate burning of the combustor fuel to the 
point where there is sufficient heat release to improve burning condi
tions and accelerate the engine. 

The general term "chemical ignition" is used here to indicate that 
there are many other chemical compounds which could be expected to give 
similar results and may have more desirable physical or chemical proper
ties than aluminum borohydride. It is believed that continued research 
on chemical ignition is warranted in view of the potential gains possible. 

SUMMARY OF RESULTS 

From an investigation to determine the feasibility of using alumi
num borohydride diluted with hydrocarbons as a source of ignition for 
a turbojet combustor operating on a modified JP-4 fuel, the following 
results were obtained with single injections (2 cc) from pressurized 
glass capsules . 

1 . The combustor ignition limits obtained with a 40 percent concen
tration of aluminum borohydride in JP- 4 fuel were almost as good as those 
obtained with undiluted aluminum borohydride for the range of altitude 
inlet conditions investigated . The ignition characteristics were erratic 
with aluminum borohydride concentrations of 10 and 20 percent. 

2 . Altitude pressures which limited ignition with the 40 percent 
aluminum borohydride - JP - 4 fuel blend were about 2 inches of mercury 
lower than those attained with a 10- joule spark system, and were within 
2 to 3 . 5 inches of mercury of the combustor steady-state burning limits. 

__ I 
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3 . At an inlet temperature of 100 F, mineral oil was at least as 
good a diluent as JP - 4 fuel ; at _400 F better results were obtained with 
mi neral oil as the diluent . Very poor ignition character istics were ob 
tained with isopentane as the di luent . 

4 . I n general, increasing the duration of injection resulted in 
improved ignition characterist i cs . 

5 . Aluminum borohydride was successfully used as an i gnition source 
for a 48-inch ram-jet engine in an alti t ude test setup. 

Lewis Flight Propulsion Laboratory 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, November 17, 1954 
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TABLE I - FUEL ANALYSIS 

Fuel Property 

A. S .T.M. distillation D86 - 46, of 
Initial boiling point 
Percentage evaporated 

5 
10 
20 
30 
40 
50 
60 
70 
80 
90 

Final boiling point 
Residue, percent 
Loss , percent 

Reid vapor pressure, lb/ sq in. 
Hydrogen- carbon ratio 
Heat of combustion, Btu/lb 

Specific gravity 
Freezing point , of 
Viscosity, centistokes at 1000 F 

NACA fuel 50-197 (modified 
MIL-F- 5624B grade JP - 4 

181 

242 
271 
300 
319 
332 
351 
356 
381 
403 
441 

508 
l.2 
0.2 

l.0 
0 .170 

18,691 

0 . 780 
< - 76 
l.05 
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TABLE II . - IGNITION llA.TA WITH ALUMIN1JM BOROHYDRIDE - HYDROCARBON MIXTURES PACKAGED IN PRESSURIZED GlASS CAPSULES 

Run 

1 
2 , 
• 
5 

6 
1 
8 
9 

10 

11 
12 
B 
14 
15 

16 
11 
18 
19 
20 

21 
22 
2' 
2' 
25 

26 
21 
28 
29 
'0 

'6 
31 
'8 
39 
40 

U 
42 
43 
44 
45 

46 
41 
48 
49 
50 

51 
52 ., 
5' 
55 

56 
51 
58 
5. 
60 

61 
62 
6' 
6' 
65 

66 
61 
68 

69 
10 
11 
12 

" ,. 
15 
16 
11 
18 

,. 
80 ., 
8 2 ., 

CombU8 tor Over~all 
a1r flow~ ruel ~a1r 

Ib ratio 
(sec }(sq tt) 

1.81 

3 . 75 

1 
6 . 0 

' . 75 

~ 
6 . 0 

6.0 

1 
3.15 , 
1.87 

3. 15 

1.87 

3.75 

6 . 0 

3 . 75 
t 

6 . 0 
t 

0 . 018 

. 0114 

. 0114 

~ 
.011 

. 0114 

! 
.011 

j 
. 0114 , 
. 018 

.0114 

. 018 

.0114. 

. 0114 , 
.011 

T 

Quanti ty 
injected, 

2.0 

aPuel flow may have been Inadequate. 

Concentration 
aluminum 
borohydr l cte , 

percent 

'0 

100 

i 
100 

20 

10 

20 

10 

20 

10 
t 

~~~!;lary f---'C:.:om=bU:.:.c:t;::or:.....:':.:nl:.:.c:t_--I 
In . ~~a~:tu, Tempe~;ture. 

0 . 20 

. 075 

j 
. 025 

12 . 0 
15.0 
20 . 0 
25 . 0 
32 . 0 

12 . 5 
25 . 0 
25 . 0 
12.0 
11.15 

12.0 
13 . 0 
11 . 0 
10 . 0 

9 . 0 

8 .5 
15 . 0 
14 . 0 
13 . 0 
12 . 0 

11.0 
10 . 6 
17 . 0 
16 . 0 
15 . 0 

14 . 0 
10.0 
10.5 
11.0 
16 . 0 

15 . 0 
14 . 0 
10 . 6 
10.5 

9 . 5 

10 . 0 
14.0 
14 . 5 
18 . 0 
17 . 0 

17 . 5 
14 . 0 
12 . 0 
8.0 
8.3 

11 . 0 
12.0 
13.0 
14 . 0 
16 . 0 

29 . 5 
21.5 
23 . 3 
23 .0 
14 . 0 

12 . 0 
13 . 0 
13 . 0 
H . O 
14. . 0 

16 . 0 
17 . 0 
17.0 
29 . 2 
29 . 2 

28 . 5 
21.5 
23.0 

22 . 0 
14 . 0 
16 . 0 
18.0 
21.0 

24 . 0 
23 . 0 
22 . 0 
22.0 
20 . 0 

18.0 
20 . 0 
19 . 0 

~:~ i 

10 

D1luent Obaervatlon 

Isopentane Flame, no start 
Plame, no start 
Flame, no start 
Flame, no start 
Starts and continues 

JP-4 fuel 

Hon. 

1 
JP-4 fuel 

None 

Plame, no start 
Flame, no start 
Plame, no start 
Good start, blows out after several sec 
No start, burns several seca 

Start, blows out after several seca 
Excellent start, blows out 1:> sec later 
Excellent start, blows out 10 sec later 
Excellen t start, continues 
Excellent start, continues for several sec 

Excellent start, blows out 
Excellent etart, continues 
Excellent etart, continues 
Excellent start, continues 
Excellent start, continues 

Excellent start , continues 
Excellent start, continues 
Excellent start, continues 
Excellent start, continues 
Excellent start, continues 

Good light, blows out 
Good l1ght . blows out 
Good light, blows out. 
Good light , continues several sec 
Good Beart, continues 

Good start, continues 
Good l1ght, blows out 
Good l1ght, blows out 
Excellent start , continues 
Good light, blows out 

Excellent start , continues 
Good light, blows out after several sec 
Good start, continues 
Good start , continues 
Good light, blows out 

Good start, c ontinues 
Good s t art, continues 
Good l1ght, blows out 
Good light, blows out after severa l sec 
Lights , burna several sec 

JP - 4 fuel Small light , blows out 
Small light , blows out 
$111&11 light, blows out 
$1Il811 light, blows out. 
Small light, blows out 

Excellent start . continues 
Good light , blows out arter several Sec 
Good light, blows out after several s e c 
Good start , continues 
Good start, continues 

Oood start, blows out 
No l1ght 
No l1ght 
Light, blows out 
Good light, blows out 

Good light, blowB out arter several sec 
Good l1ght, blow" out 
Small light , blows out 
No light 
No light 

Good start , continues 
Good light, blows out 
Good start .. continues 

Good light, blows out 
Good light, blows out 
Good light, blows out 
Good light, blows out 
Good light, blows out 

Good start .. continues 
Good start, continues 
Good start, continues 
Good start , continues 
Good start , continues 

Good Btart, continues 
Good start, continues 
Good start , cont inues 
No light 
No light 



TABLE II . - Concluded. IGNITION D\TA WITH ALUMINUM BOROHYDRIDE - HYDROCARBON M=URES PACKAGES IN PRESSURIZED GlASS CAPSULES 

Run 

8. 
85 
8S 
87 
88 

89 
90 
91 
92 
9~ 

9. 
95 
96 
97 
98 

99 
100 
101 
102 
10~ 

10. 

105 
106 
107 
108 

109 
110 
111 
112 
11~ 

114 
115 
llS 

117 
118 

119 
120 
121 
122 
123 

124 
1 25 
12S 
127 
128 

129 
130 
131 
132 
13~ 

13' 
135 
136 
137 
138 
139 
140 

141 
142 
14~ 
144 

Combustor 
all" flow, 

1b 
r~tJ 

3 . 75 

1.87 

6.0 
1.87 

.3 . 75 
6 . 0 

.3. 75 

1.87 
3 . 75 
6 . 0 
.3.7S 

1.87 
.3.75 
6 . 0 
~ . 75 

Over - aU 
fuel-all" 
rat10 

0.0114 

. 018 

t 
. 011 
.018 

. 0114 

'T 
. 0114 

. 018 

. 0114 

. 011 

. 0114 

.018 

. 0114 

.011 

. 0114 

Quanti ty 
injected, 

cc 

2 . 0 

aMinlmum exhaust pressure available. 

Concentration 
aluminum 
borohydrlde , 

percent 

10 

20 

100 

40 

CapUlary 
s1ze , 

In . 

0 . 025 

. 200 
f 

. 075 

.200 

t 
. 075 

. 200 

.075 

.020 

. 20 

Combustor inlet 

i~~8~~r:b8 I Tempe~;ture , 

28.7 
22 . 0 
18.0 
20 . 5 
22 . 7 

2 4. 0 
30 . 0 
24 . 0 
26 . 0 
25 . 0 

25 . 0 
25 . 5 

8 . 6 
8 . 5 
8 . 9 

10 . 2 
14.3 
14 . 0 
14 . 3 
14.1 

13.5 

13 . 5 
13 . 0 
13 . 5 
14.0 

15 . 0 
16.0 
17.0 
18 . 0 
19 . 0 

27.0 
24 . 0 
12 . 3 

11 . 5 
11.0 

10.8 
10.4 
12 . 0 
14.0 
17 . 0 

14 . 0 
15.0 
16.0 
17 . 0 
14 . 0 

16 . 0 
15 . 0 
16 . 0 
17 . 0 
18 .0 

17.5 
18.0 
22 . 3 
10.5 
13.5 
17.0 
16.5 

6.5 
9 . 0 

13 . 0 
11.0 

10 

- 40 

- 42 
-4 1 
-42 

- 40 
- 40 

10 

- 40 

- 46 

Diluent Observation 

JP-4 fuel I Good start, continues 
Good start, continues 
Good l1.ght. blows out 
Fall" light, blows out 
Fair light , blows out 

None 

Mineral 
011 

Good start, continues 
No flame 
Light, blows out 
Good start, continues 
No light 

Good light, no start 
Good light, no start 
Good l1ght, burner continues several sec 
Good light, burner cont inu es several sec 
Good light, burner continues several sec 

Good start, cont inues 
Good. start , continues 
Good. light , blows out 
Good. start , cont1nues 
Good start, continues 

No light 

Good start , continues 
Good l1gh t, no start 
Good light , blows out a fter several sec 
Good light , blows out 

JP-4 fuel I Good 111!,ht, blows out 
Good light, blows out 

Mineral 
011 

Good light, continues for f ew sec 
Go od light, continues for few sec 
Good light, continues f or few sec 

Good start, continues 
Good start, continues 
Excellent start, continues 

Excellent start, continuee 
Excellent start, continues 

Excellent start , continues 
Excellent start, continuesa 

JP-4 fuel I Light only, no start 
Light only, no start 
Good start , continues 

Light, nO start 
Small light , no start 
Small light, no start 
Good start , continues 
L1ght, no start 

Oood. start, continues 
Light , no start 
Light, nO start 
Light, no start 
Oood start , cont i nues 

Light, no start 
L1ght, no start 
L1ght, no start 
Minimum combustor-inlet total pressure for 

ignition with an electric spark energy 
of 10 Joules 

Mini mum combustor-inlet total pressure 
for 8 teadY-8 tate burning 

Ret. 1 

I-' 
~ 

~ 
~ 

~ 
tzj 

~ 
P'l 
I-' 
N 



Run Nominal 
air flow, 

Ib/sec 

1 BO 
2 BO 
3 BO 
4 BO 

5 110 

6 110 
7 BO 
B BO 
9 BO 

10 BO 

TABLE III. - IGNITION DATA WITH ALUMINUM BOROHYDRIDE IN 4B-INCH EXPERIMENTAL RAM-JET ENGINE 

Nominal Total Inlet Calculated Fuel Quantity Observation 
air flow, pressure) temperature, reference injector aluminum 

Ib in. Hg abs of velocity, configuration borohydride, 
(sec )(sq ftJ ft/sec cc 

6.4 14.B 525 320 Pilot only 1.0 Good start 
6 . 4 9.2 

~ 
514 Pilot only 1.0 (Exhaust nozzle open) light, no start 

6.4 12.7 372 Pilot only 1.0 Lights pilot only 
6.4 9 . 2 514 Pilot + main 1.0 (Exhaust nozzle open) pilot lights and 

blows out 
B. 75 12 .0 500 530 Pilot only 1.0 (Exhaust nozzle open) no light 

B.75 14.B 

j 
430 Pilot only 1.0 No light 

6.4 15.6 296 Pilot only 1.0 (No ignition with spark) starts with hydride 
6 . 4 14 . 1 323 Pilot only 2.0 Starts with hydride 
6.4 11.03 419 Pilot only 1.0 No start 
6.4 15.6 296 Pilot only 2 . 0 Star ts 

-- -- ---

~ 
~ 
t:<j 
(Jl 

~ 
t-' 
l\) 

t-' 
(Jl 



COOling coil 

Fuel SUPPly 
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ThermoCOuPle 

(fuel t emperature) 
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Al uminum borohYdride injector 

Combustion- chamber outer shell 

Combustion-chamber inner l iner 

000 
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000000 0 
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Figure 1. - Diagrammatic cross section of Single tubular combustor. 
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Control 

Rubber stopper 
wired in place 

Gl ass capsule 

17 

I CD-3726 I 

Trigger arm 

Capillary tube 

Figure 2. - Diagrammatic sketch of injector using pressurized gl ass capsules 
with capillary tube for single charges of chemical igniter. 
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• Combustor ignited 
o CO"albustor failed to ignite • 
cr Alumi num borohydride 

fa iled to ignite ~ , 
/ 

• :z 

o 

/ 

z..,~ V 
V 

~o 

~'! 
v 

(a ) 100 Percent aluminum 
borohydride . 

• 
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0 

• 
0 
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0 
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0 2 I 

1>. 
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V 

• --2 

---- --2 
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0 

(b) 40 Percent aluminum 
borohydride . 
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0 -0 

0 
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0 
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2 4 6 0 2 4 
Air flow, lb!(aec)(sq ft) 

(c) 20 Percent aluminum 
borohydride. 

(d) 10 Peree.t aluminum 
borohydride • 
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t!f 

Figure 3 . - Combustor ignit i on limits for various concentrations of aluminum 
borohydr i de . Diluent, JP-4 fuel; combustor-inlet air and fuel tempera
tures, 100 F . 
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Chemical ignition I Irl - - Spark ignition 
Aluminum 

... 
III 
~ Steady-state burning limit 

/ borohydride 
I-t 
~ 
al 

concentration, ttl 

percent 
III 18 I-t 
PI 

';;j I Ref. :3 
-P 
0 

Spark energy, -P 
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10
1 

10 

I ~"'\.'r No burn1ng or ~ 

6 I 1 .. " - 1 1 I I 
012 :3 456 

Air flow, Ib/(sec) (sq. ft) 

Figure 4. - Comparison of combustor burning limits with combustor 
ignition limits obtained with two concentrations of aluminum borohy
dride and with electric sparks as ignition sources. Diluent, JP-4 
fuel; combustor-inlet air and fuel temperatures, 100 F; capillary tube 
diameter, 0.025 inch. 
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4 I I I I I I 
• Combustor ignited 
0 Combustor failed to i gnite 

40 Percent aluminum borohy-
dride in JP-4 fuel 

A --- Undiluted aluminum borohy-
dride (ref. l) 

r ~ 
" 

6 

2 

8 

(D ~ 
" '" ~ 

~ " ~ 
"-.. 
~- '" '" 1'r7-P-

" "-.. ~ 
..... _-2 

'I, 
' 11111. 'flll'l'T7n, 

............... 2 

'TTT7//iJ 

Steady-state burning "/11, " , 

limit (ref. l~ I 

, /, 
' " 1111/ 

~O -40 -20 J 20 
Temperature, ~ 

Figure 5. - Effect of inlet-air and -fuel t emperatures on 
combustor ignition and burni ng limi ts. Aluminum bor ohy
dride concentration, 40 percent ; air flow, 3.75 pounds per 
second per square f oot; capillary tube diameter, 0.025 inch. 
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Figure 6. - Effect of injection duration on combustor ignition limits. Aluminum borohydride concentration, 
40 percent; diluent, JP-4 fuel; inlet-air and -fuel temperatures, 100 F; air flOW, 3.75 pounds per second 
per square foot; capillary length, 0.75 inch. 
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24 
• Combustor ignited 
o Combustor failed to ignite 
cf Aluminum borohydride failed-

f', 
to ignite 
40 Percent aluminum borohy-. 

~ 20 " dride in mineral oil 

" -- 40 Percent aluminum borohy-

8 
-60 

,,~ dride in JP-4 fuel 

... , 
"'\. 

" "-
• ~ ~ " .... -..< i', 2 / .............. 

~ 
~ ... ~ 

~ ' ...... /~ ~ 
" "'/~ ~ 

Steady-state burning 
limit (ref. 1) 

I 

-40 -20 
Temperature, OF 

" ...... // 

o 

• 
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• 

20 

Figure 7. - Effect of diluent and inlet-air temperature on 
combustor ignition limits. Aluminum borohydride concen
tration, 40 percent; diluents, JP-4 fuel and mineral oil; 
air flow, 3.75 pounds per second per square foot; capil
lary tube diameter, 0.025 inch. 
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Figure 8 . - Aluminum borohydride injection system for ignition in 
48-inch ram-jet engine. 
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• Ignition (1 cc aluminum bor ohydride) .- Igniti on (2 cc aluminum borohydride) 
o No ignition (1 cc aluminum borohydride) 

~ I I I 

~ 
Estimated ignition 
with electric spark 

~ ~ 
system, 3 joules 
(3 sparks/sec) 
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Figure 9. - Ignition data obtRined in 48- inch ram-jet engine 
with aluminum borohydride as ignition source . Inlet-air 
temperature, 5250 F (approx); fuel, JP-5. 
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