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The "altitude effect" on the ignition of self-igniting bi-propellants,
first reported by vurray and Hall was furth,r investigated using a Walter
109-509 stage I injector. Tests without combustion chamber show that the
effect is pronounced at altitudes below 30,00 ft. This is at variance
with the results of tests on iYinginL4- joia obtained by Mvurray and Hall.
The r(esults of the tests described in th1s note were widely scattered andthis is considered to be chiefly duo to the design of the injector.

During tests wfith a combustion chamber at ground level pressure,
many explosions occurred and it is concluded that those were due to deton-
ation of the mixture rather than normal burning of an accumulation of
propellant.
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1 Introduction

After the failure of the "Alpha" rocket motor to ignite correctly at
34,000 ft,1 laboratory experiments were conducted at R.A.E. 2 )3 to inves-
tigate the effect of reduced pressure on the ignition delay of bi-liquid
propellants. The sxueriments were carried out in an 8 ft-diameter decom-
pression chamber using a "twin-jet" apparatus4 . A range of expulsion
pressures from 4 to 13 lb/sq. in. was used and orifice diameters were
chosen so that the total propellant flow was about 75 co/min (0.003 lb/sec)
and-the linear jet speeds were about 200 cnVsec. The oxidant in all cases
was H.T.P. (80%) and the fuels were C1, (30.2% hydrazine hydrate, 56.7%
methyl alcohol, 13.1% iiater) C2 (3Y hydrazine hydrate. 35.6% propyl
alcohol, 34.14% water) and bydrazine hydrate. Other variables were the
altitude (0 to 61 ,000 ft), ambient temperature (-220 to +150C) and pro-
pellant temperatures (00 to 250C). The main result from these tests was
that there was a markcd "altitude effect" for all the propellant combina-
tions tested, the ignition delay increasing with altitude. There appeared
to be a certain altitude ,bove which ignition could not be achieved.

All these tests were carried out under conditions vastly different
from those obtaining in practice. The present note describes a series of
tests which were carried out during 1949 on a full-scale burner and were
intended for conparison Ydth the laboratory results. The Walter 109-509
stage 1. (Fig. 1) inj.ctor was used since this was the burner used in the
"Alpha" motor. The injection differential pressure under normal running
conditions was 142 lb/sq. in. and gave a total propellant flow of about
1.37 lb/sec. The waork was divided into tio main sections, open-burning
tests and tests with a combustion chamber. The present note describes
the former series and the first few tests with a combustion chamber.
C-fuel (3C/ 1ydrazino hydrate, 57% methyl alcohol, l3o water) and 80/%
H.T.P. woJrc used throughout.

2 Test Rig and Methods of ivieasurement

The test equipment was installed in a ijobile Decompression Chamber
I,&. I (Fig. 2). The seats and the original equipments for the oxygen
supply and inter-oi-nunication were stripped out and the windows replaced
by steel plates fixed in place by means of Bostik and anchored by chains.
These plates were designed to blow of-C at a pressure of 4 to 5 lb/sq. in.
gauge and were intended to act as safety links.

Fig. 3 is a schematic layout of the test rig. This was divided into
t,io main sections; (i) the propellant tanks and pressurizing equipment
outside the decompression chaiber, and (2) the firing valves and injectov
head inside the chamber The method of operation w,ias as follows. The
propellant tanks were first pressurized from the nitrogen bottle through
the reducing valves I and 2 and stop valves 3 and 4. The firing v,;lv,,,-
5 and 6 were then operated. The solenoid valves sup2lying the operating
nitrogen for the firing valves were connected to a boib-s-vitch and enur-.
gized for one second only, thus limiting the amount of propellant accuiu-
lating in the decoipression chamber in case of a very long ignition delay.
As a further safety measure a tray of water was placed beneath the injector
to dilute unburnt propollants and only a limited quantity oi each prop l
lant was put into the ianks for e ach firing.

For this work it -aas ossential that the ring valves should give a
perfect seal, but great difficulty was experienced in achieving this. In
the first instance German solenoid valvs 5 were used as shown in Fig. 4,
but it was found that the.3e opened momentarily when the propellant tanks
were pressurized and before the actuating solenoids were energized; these
values were also slow and the time of opening was variable and indeter-
minate. Several modifications were tried, but none of these was satisfac-
tory. Next -pneumatic valves designed at R.P.D. were tried, but after
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exhaustive tests it was found that the poluchene seats used would not
stand up to the high impact loads obtained durinL_ rapid opening and
closing. Finally V.2 H.T.P. pieumatic valves 6 were tried; these were
found to be quite successful and wore used in the majority of the tests;
although even these valves develoo slight luaks after a period of use.

The injection time uf the propellants was mcasured by means of pres-
sure pick-ups in the propellant lines, close to the injector head. Indi-
cations from the pick-ups were recorded on a iviller recording equipment.
The time of ignition was indicatod by m(-ans of a photocell facing the
injector head and was also recorded w ith the same time-base as the pros-
sures. A typical record is shown in Fig, 5. Preliminary water tests were
made to determine whether the press.ure pick-ups gave an accurate indication
of the time of injection of the propellants. A pair of very light contacts
were placed immediately below the injector in the path of each propellant
stren in turn. The contacts were set 'dith a small gap, and connected to
one channel of the lviiller recorder in such a way as to produce a kick on
the trace v.hen the contacts closd. For both uropellant lines the pressure
pick-ups lagged behind the contacts by 0 to 5 i. sec. This was considered
satisfactory and so for aIl tests thu pick-up pressures were used to give
an indication of the injection times.

As time was wasted both in waiting for records and in duplicating
tests where, for one reason or another, the viillur record was unsatisfac-
tory, an attempt was made to develop a direct-reading instrument. As a
first step a number of tests woru made using a light-bean shining across
the propellant spray on to a photocell. As the propellant spray starts
the photocell output diminishes and when ignition occurs, it increases
thus giving two datum points; the time interval between these two points
could then be measured by means of suitably developed electronic circuits.
Unfortunately, the spray-indication was indeterminate and the device would
only indicate the time of entry of the first spray and not that of the
second. It was hoped to imakc both propellant valves open at thu same time
or to obtain a constant delay botweon the two, but as neither of these
objectives was achieved the work was stopped.

As an alternative, pressure-operated switches were attached to the
propellant lines at the same point as the pressure-pickups to indicate the
time of entry of the spray, and a separate photocell was used to indicate
ignition. The time elapsinc betw(Len the injection of the second propellant
and ignition was measured directly using a modified version of the elec-
tronic timer devised for the drop-t,-sts used in ignition delay measurement 7,
The ignition delays thus obtained were 35 to 11 5 msec. longer than those
obtained from the 1iillcr records. The discrepancy between the two sets of
measurements was considered to be due to two effects: (i) The pressure
switch was very sensitive and opened before the Miller recorder indicated
a rise in pressure, (ii) The photocell used with the electronc timer .:a
loss sensitive than thL.t used with the kller recorder. This meant that a
higher light intensity would be required for the electronic timer than for
the Miller recorder and thus any variation in the place where ignition
coimenced or in the spread of theu flame would cause an indeterminate in-
crease in the measured ignition delay. In order to make the pressure
switch less sensitive it was re-sot to open at about 55 lb/sq. in. (original
setting 20 lb/sc. in. )o In this way better agreement was obtained between
the two sets of figureso, but the results obtained by the electronic timer
still differed from those obtained by the iiller recorder by -12 to +38
m.sec. This discrepancy was not eliminated and the electronic timer was
used mainly as a check in c'se the Miller recorder failed, which in fact
did occur on several occasions.
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High-speed photographic records were made for some of the tests with
a combustion chariber and for one open burning test in order to obtain acomparison with the results obtained by the !iller recorder; good agree-
ment was found between the results.

3 Tests without combustion chamber

Calibrations of the Vialter 109-509 injector with water at a pressure
drop of 142 lb/sq.in. (the nonal working pressure drop of the injector)
gave the following rates of flow with water:-

C--fuel side o.568 lb/sec.
H.T.P. side o. 86 "

This is equivalent to 0.35 lb/sec C-fuel, 1.00 lb/sec H.T.P. and a
total propellant flow of 1.35 lb/sec giving a mixture ratio, C-fucl/H.T.iP,
of 0.35. For the majority of the tests injection pressures of about 330
lb/sq. in. were uscC% giving a total propellant flow of 2.05 lb/sec.

Using the injector and head only, without combustion chamber, a series
of tests were carried out at pressures equivalent to altitudes from ground
level to 30,000 ft in steps of 5,00 ft. The results are given in Table I
and plotted in Fig. 6, 7 and 8. The results obtained by Murray and Hall
are also plotted for cojaparison. It will be noted from Fig. 6 that the
present results are very widely scattered, -wiheruas the results of Murray
and HLII over the swn oressuru range (0 to 30,000 ft) arc consistent and
show little variation with pressure. Reference to Fig. 7, however in
which L,urray and Hall's results for lower pressures (corresponding to
altitudes up to 60,00t- '°t) ha-ve LLlSo been included, shows that, when the
Ltitude effect becomes noticeable their results are also considerably

scattred.

It has been sho-vi i t Lor diesel engines3 and for rocket motors9
there is a relationship between the pressure and ignition delay of the
form lo-(Zpn) = A + B, where Z i,; the ignition delay in seconds, p
the ambient pressure in atImos79heres absolute, T the wnbient temperature
in degrees absolute, and in, k, are constants. This work related to
experiLents at pressures above one atiiospicre and it is obvious from the
form of the equation that if a certain pressure exists below which igni-
tion will not take place, then the equation cannot be applied down to
zero pressure. It seems fesible, however, that the present results with
measurable ignition delays could be made to fit this form of equation and
so they have been plotted on a log - log bLsis in Fig, 3. The points do
tend to lie in a band, but again there is a great deal of scatter. The
only other ignition delay Icasureraunts :iae on this type of injector hLve
been made at ground level pressure and agree well with the present re;ults
the values obtained ran'ing from 86 to 230 soc. In one or two instuno.s
at high altitude the electronic delay indicator tripped long before actual
ignition took place as indicated by the Kviller recorder. This s.ug6gsts
that non-propagating flashes occur before the main ignition, as reported
by i urray and Hall.

The scatter of the results is large. 2_1hs may be due to the random
nature of the ignition process in a droplet cloud, combined with thu poor
mixing obtained with this type of injector. However, other factors may
have influenced the ignition delay and various possibilities are reviewed
here. The independent variable in the tests was the ambient pressure and
ull other conditions wore hold as constant as was deemed necessazr, but
it is obvious that a further independent variable exists'. This variable
must be a function of the equipment, the. experimental conditions or the
methods of me ureaent.. Throughout this work the test rig remained
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unaltered, but, as an injector seized in the head and had to be turned
out, a second injector was used. There is, however, no significant dif-
ference between the rtsults obtained with the two injectors. On the other
hand this design of injector had previously been found to give an unreliablu,

ignition d(elay. This defct, was thought to be caused by the small angle
at which the propellant sheets met and the consequent poor mixing. From
the photographs taken it can be seen that ignition is initiated at varying
distances from the injector and it is, therefore, considered that this
poor initial mixing is a major cause of the scattered results.

The following additional factors may have af'cted the ignition delay:

(I) The air tempierature was not Iopt constant. According to iviurr y
and Hall, a decrease in the air eiiierature rai3es -the ignition delay at

ground level, but has much less effect on it at 3,0(0 ft. Only a few
results were obtained, but they are sufficient to show that in the present
series of tests, in which the air temperature varied from 0 to 20 0 C for
various runs, the results should not be aq s-ci ably affected,

(2) The temoeratu re of the injector head and associated pipework wau
not controlled and the temperature of the propellants and tanks was only
held within certain limits. As thermostwtically controlled baths were not
available at the time, the temer_tur(. of th , storage vessels was kept as
near as possible at 200C by means of water-baths over an open fire. The
propellant tank temperatures were similarly regulated. By these means th(;
propellant temperatures -ere kept within a few degrees of 200C, although
in a few cases the diffurence may have aounted to as much as 50C. The
fact that the temoeraturc of the head and usociated pipework was allowed
to vary may have meant that there was a s;1ght change in the propellant
temperature before the ropell,nt p ssed through the injector, but as the
pipe lines wore short (- 2 ft) and tho flow v(,locities low (- 6 ft/sec. )
the change in propellant temper'ature ws;: ,oroe bly not appreciable and the
maximum variation probably not more tIa 50C. According to Broatch4

this would be ecuivalent to a vari.tion of + 50 in the ignition delay at
ground level; no comp,-able figus a,- v il ble for low ambient pres-
sures. It should be noted thu.t this deviation woId in any case apply to
only a few of the result and Fig. slhows that the results at any given
pressure are fairly evenly scattered over the ange. This would appear
to indicate that the variation of propollant temperature was not the main
reason for the scatter of the results, although its effect may have boen
appreciable in some cases and closer control should be exercised in any
future work of this kind.

(3) The exact ambient pressure at the moi%ent of ignition was not
knovn. The method of determining the pro, ,ure was to evacuate the decom-
pression chamber to a predet,riinud value, 3m,itch off the vacuum pump and
carry out the test, the predetermined prussure being tWen as the test
figure. In practice this was not ouite .,aCurL to as the vapour produced
by the boiling and partial reaction of tho propeilants before ignition
caused a rise in ambient oressure. Th_u the ignition delay figures
obtained correspond morc nearly ith th, Lo.l ipressure at ignition than
with the nominal pressure To reduce this error attenpts were made to
operate the purr. throughout the test, but it was not found possible to do
this without the pui: seizing up owing to the fumes; this method was,
therefore, abandoned. To observe the rise in pressure, a visual reading
pressure gauge was connected to the decora7ression chamnber. On all but the
longest delays it was impossible to dif2orunt ite bt.wtv,een the rise before
and after ignition. On the longust delays, a rise viaL noted, but it was
not sufficient to h:v, .ny sorious effect on the results. It was intended

SECRET



SECRET

Tech. Note No. R.P.D. 49

to rebord the actual ambient pressure on the lKiller recorder by using an
aneroid with a strain-gauge, but this was not aVailable before the tests
were finished. The overall effect of any correction due to this error
would be a reduction of the pressure at ignition which would be a function
of the ignition delay and ambient pressure, but it would have a negligible
effect on thescatter of the results.

(4) Droatch4 ascribes some of the irreproducibility of ignition
delay measurements by the falling drop method to the inability of the
photocell to detect iminediately the light omitted on the ignition of the
propellants. This may also have been the case in these tests as it was
found from cine-records that ignition did not always take place at the
same distance from the injector or along the same radius. However, since
the flame spreads rapidly the error involved should not be appreciable
and could be obviated by using several photocells in different positions.
Another minor source of error could be introduced by the varying sensi-
tivity of photocells. In the present tests two photocells of unknown
sensitivity were used at different times, but as no variation in the
scatter of the results of tests using different cells is noticeable, the
effect must, in the present case, be negligible.

(5) The conositions and perfonance under laboratory conditions of
H.T.P. and C-fuel were not accurately checked each day. Ignition delay
tests by the usual drop test with the propellants were carried out, but
only in a few isolated instances were any measurements made. As the
stored propellants are check;d regularly there seems to be little chance
of any serious error arising in this way, but it is suggested that in
future work of this nature the ignition delay of each propellant batch
should be measured in thi laboratory to obviate any possible error due to
accidental conts .Lination or dilution.

4 Tests with combustion chamber

The injection head and combustion chaber used are shown in Fig. 9.
Tests were made at ground level. pre;suros only, the results being given
in Table TI. It was in-tndud to use qurtz glass windows for the photo-
cell, but on the first test heat resistance glass was used instead. Test
No. I was intended slj_l '.s L. functioning trial and no measurements were
made; an explosion occurred wahich shattered the glass a.nd blew the venturi
plate off, altho7.h no d"iiag(; was; done to the chamber. Test No. 3 took
place imnediately afte.r tet No. 2. The result was obviously spurious and
was thought to have been ca,,used by a slight propellant leak- which initiated
ignition when the main valves wer opened. In test No. 5 the ch-mbor w s
torn from the rig .nd considerable d -m_. was donc to the rig. In subse-
quent te'ts blanks .cro used instejad of glass or quartz and only four bolt-:
were used in the venturi plato so th,',t they would act as a weak link in
case of further ex-losions. Up to this timne the chai-iber had been ori& tud
at a small angle, _xu: 20o , to the v,r:ic-i and it w_s thought that this
may have allowed a certain accuiulation of -ropu!l:.nts :.t the vonturi pL -tu
and thus caused an explosion. The chamber was, therefore, put into a
vertical position. The other places where the pro!pullLnts might accumula-tu
were the window bosses and these were blL-nkud from -he inner end. In all
further tests the photocell was pla-ced just outside the venturi.

Test No. 6 gave a very hard start, bu' no dmnage was done. The risein combustion chmbr pressure correspondcd exactly with the photocell
indication and thus showed that the photocell outside the venturi could be
used for indicating the ignition. In test No. 7 the venturi plate was
again blown off and ap roximte calculations from the deformation of the

-7-
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copper blanking discs gave a chwiber pressure of about 6,000 lb/sq. in.
As earlier work had shown that ignition occurred at a considerable distance
from the injector and that a given i-nimw.i chamber length as well as mini-
mu L* were needed for ignitin, it was decided to increase the chamber
length. The chamber length was, therefore doubled (giving an L* of about
130 in) and all further chamiber tjsts were c.-rried out in this condition.
In test No. 8 and 9 the venturi plate was blown off. No ignition delay
measurements were obtained since in test No. 8 the photocell failed to
function and in test Nlo. 9 the record was useless duu to electrical inter-
ference. A photographic record ass btained in test Noe 9 which appeared
to indicate that ignition occurred inside the chamber only, but this was
not completely conclusivc as the camera speed was not sufficiently high
(about 100 fres/sao). In test No. 10 the lower section of the chamber

was split, but no da,age was done to the rest of the chamber.

In the Alpha motor three injectors of the ty0 p si in Fig. I were
used and smooth ignition was acconplished by allowing C-fuel to be injected
through all three injectors and E.TP. hrough one only and thus a fuel-
rich mixture -was produced. As a high oercentage of explosions -as being

obtained, it was decided to siiulate the Al'ha chwrbcr conditions by in-
jecting extra C-fuel. ;iince there was insufficicnt room in the head for
two more Walter 1,_9-509 injectors, two hollow-cone swirl-type injectors
were designed and built to fit into the side of the chamber (Fig. 10).
The approximate mlixture ratio of C-fuel to H.T.P. on starting the Alpha
motor was 1.08/I und that achieved in the test chamber with two extra

s(No. i) ,ith extra C-fuel an
explosion resulted and the venturi late Was blown off. The subsidiary
C-fuel was tapped off fro,-. the main line ju.t before the main injector.
As the pipe-lines to the subsidiary injectors wcro somewhat tortuous it
was considered that the C-fuel. sight bu reaching the, at the time of
ignition, or ven l.tur. TheorIEginal pipe-liDne; were replaced by more
direct linus a eressre '-und w, ru pl_cxd in uhe lines just before
the subsi diczy injectors. in te o. 12 -th times were as follows:
C-fuel sin 0 ii. see; li.T.i) 3 m.3 sCe, C- ul subsidiary 49 and 53 1.1sec;
ignition l 74 m.sec; chamber fres ,ro r s(176 5. sec. It can be soon that
although tL e subs:1d:Lary C-fuez. fa!,..owe,d tli c C-fuel by about 50 .suec,
it followed the F. T. P. 20 i,.;> .t the o nd considerably preceded
ignition. From 'open burning' t( a en seen tht, within reason-
able limits, the order of entry of tl i,ro peilnts afpears to have no
appreciable effect on ignition del y, It aa aiuiiar, therefore, that
this la.g is 101, "u!n o ""!e~'1' S.12 hc shattcrcd
the lower hal' of t? 0 ch_ae.r -nd lu-t the un rr ihalf intact (Fig. 11).
However, it was consid,;red ah6_vi.,.bLe to introduce- the propellaints at pr,-
determined times ,.nd so worn ws comenc(d in a n attempt to use a coupled
valve. This work raL s s :endcd t the end of 1949 uInd has riot yet been
recoinenoed.

5 Conclusions

5.1 Tests without combu3tion cha-:bcr

Although the rcshuts are wioely scattered it can be clea seen that
small scale impin> ng jet tests are not satisfactory for deducing the
behaviour of full-scale injucto-so Ph_ iiition 6.Qel.y Increses rapidly
with increase in a.ltitu de, wherea-.s the results of un'ray and Hall show no
appreciable increase ue to an Ltitude of 30,eOu ft. The dalton 1 09-509
injector is shown to be unreli-Ible, for ignitiOn piU-os(_s unless a pre-heating
system, such as is used in thu 109-509 imotor, is used. There are indict.-
tions tha,t at low sibient pressures ignition cLi occur without the propa-
gation of cor-bustion.

-8-
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5. 2 Tests with combustion chanber

Ow ing to the number of explosions occurring at ground level ambient
pressure it was not found possible to carry out a series of tests over an
altitude range and so no conpcrison can be given of the altitude charac-
teristics of the V1alter 109-509 injector with and without combustion
chamiber.

It appears that these explosions arc not just duo to the burning of
an accumulation of propellants in the chai.iber but are, at least in part,
due to the detonation of the mixture. As the chamber was arranged
vertically a large amount of prcpellant could not accumulate in the chamber
and in fact the amount in each test should be the same, if the time of stay
of the propellants in the chamber is assumed to be less than the ignition
delay. vieeasurements of time required for the liquid jet to traverse the
chamber froi injector to exit -uere made; these times varied between 25
and 40 m.nsuc. in 40 m.sec sufficient propellant mixture could accumulate
to cause a chamber pressure of about 7,000 lb/sq. in.; this would be
sufficient to explain the failure of the bolts holding the venturi plate
which would fail at 6,000 lb/s,. in. chanber pressure, but for the fact
that the chamber also would fail at about the same pressure. Some bulging
of the chamber might be expected with the normal burning of an accumulation
of" propellant. This was not the case, although in one instance copper
discs were inserted as blanks in place of the quartz windows and an approxi-
mate calculation from the nmount of dishing gave a peak pressure of about
6,ooo lb/sq. in. In the tests with a double length chamber evidence of
detonation was more conclusive. In test No. 10 the lower half of the
chamber was split, and in test No. 12 it was comrpletely shattered (see
Fig. 11). In neither case was the upper half of the chozber damaged which
suggests that the mixture ignited and detonated near the exit of the cham-
ber probably because the propollants had had time to ix intimately by the
time they reached the end of thu chamibur and were in a sensitive state.
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TK E I

Tests without Combustion Chamber

Ignition delay Ignition delay
;ltitude from iller from electronic Remarks

ft Record timer
-, ,( llieconds) (milliseconds)

0 47 High-speed cine record gave
50 m.sec.

S00
87
105 Drop-tests in the laboratory

gave 53 m.sec.
247
156
61

209
193
154

55

5,000 302
2 J2
165
334
1 74
143

10,000 75
154
507
396
82

495 530

15,000 170
411 Ignition after propellants

were shut off
176
426
5o6
740 841
361 475
774 870
810 893

815 Miller recorder failed.

20,000 533
500 173

287) Miller recorder failed.

860
205)

1 67
190 178
793 823
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SECRET

Tech Note No. R.P.D. 49

TABIE I (continue')

Ignition delay Ignition delay
Altitude from lviller from electronic Remarks

ft Record timer
(milliseconds) (milliseconds)

25,000 918
737 778
775 813

14o ignition 1000
1307 1000 Ignition some 300 m.sec. after

pro-,ellants switched off
1104 1000 Ignition some 100 m.sec. after

-Dropellants switched off
No ignition 1000

30,000 No ignition
No ignition

1239 Ignition some 240 in.sec. after
propellants switched off

1268 Ignition some 250 m.sec. after
propellants switched off

1420 1000 Ignition some 300 m.sec. after
propellants switched off

1358 1000 Ignition almost 400 m.'sec. after
propellants switched off

No ignition I 000
1578 1000 Ignition some 600 m.sec. after

propellants switched off
1419 1000 Ignition some 450 m.sec. after

propellants switchod off

-12-
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Tech. Note No. R.P.D. 49

T,3LE II

Tests with Combustion Chamber

Ignition Time ofTest delay entry of RemarksNo. (in. sec) C-fuel

Single Chamber

I - - Explosion caused venturi plate to be blown oT.
No instrumentation.

2 51 -15

3 6 -3 Firing took place Limediately after test Io. U
Short ignition time thought to be due to
drops remaining from previous test.

4 87 ?

5 92 ? Ignition delay only approx. as one pickup
(approx.) unserviceable. Explosive start and chamber

torn from head.

6 254 10 'Hard' stert but no damage to chamber.
Combustion chamber pressure indicated
simultaneously with photocell.

7 141 Ignition delay only approx. as one pickup
(approx.) unserviceable. Explosive start and venturi

plate blown off. Combustion chamber pressure
indication simultaneous with photocell.
Copper discs indicated 6,000 lb/sq. in.
combustion chamber pressure.

Double Chamber

8 Explosion and venturi plate blovrn off.
No rocord photocell unserviceable.

9 - Explostion and venturi plate blown off.
Record useless owing to interference.
Photographic record inconclusive.

10 1 64 Explosion, lower chamber split.
Combustion chamber pressure indication
simultaneous with trace.

11 125 -43 Explosion, venturi plate blown off.
Extra C-fuel injectors used, mixture ratio
changed to 0.83/1.

12 141 -33 Explosion an6 lower chamber shattered.
Extra C-fuel used. Recorded combustion
chamber pressure rose to 1440 lb/sq. in.
in 7 m.soc.
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SECRET



R.P. 576 TECH.. NOTE.' R.P.D. 49

FIG. I
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TECH. NOTE: R.P.D. 49

FIG.2
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?P. 578 TECH. NOTE: -R.P.D. 49
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R.P. 579 TECH. NOTE: R.P.D. 49
FIG.4

C-FUEL SOLENOID PRESSURE
LINE VALVES PICK UP

!4

PHOTOCELL INJECTOR CONTACTS

HEAD (NOT IN POSITION)PRESSURE

PICK UP

FIG.4. TEST RIG INSIDE DECOMPRESSION CHAMBER



R. P. 580 TECH. NOTE: R.P.D. 49
FIG.5
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R.P. 581 TECH. NOTE: R.P.D. 49

FIG.6

0 FROM MILLER RECORD
)C FROM ELECTRONIC INDICATOR 2 3

MURRAY & HALL'S RESULTS
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T00

FIG.6. IGNITION DELAYS (0- 30,000 FT)



R.P. 582 TECH. NOTE: R.P.D. 49
FIG.7
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FIG.7. IGNITION DELAYS (0 - 60,000 FT)



R.P. 583 TECH. NOTE: R.P.D. 49
FIG.8
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R.P. 584 TECH. NOTE: R.P.D. 49
FIG.9
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R.P. 585 UNCLASSIFIED TECH. NOTE: R.P.D. 49
FIG. 10

EXTRA C-FUEL H.T.P. EXTRA C-FUEL
INJECTOR INLET INJECTOR

\ MAIN C-FUEL/
INLET 8 BOLTS

8 BOLTS 4 BOLTS BLANKED
WINDOW

FIG.10. COMBUSTION CHAMBER WITH EXTRA C-FUEL INJECTORS

UNCLASSIFIED



R.P. 586 TECH. NOTE: R.P.D. 49
UNCLASSIFIED FIG. I I
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