9

F2-2.009. 8/

¥

i : L

TECH. NOTE :
R.P.D.49
UNCLASSIFIED

UNCLASSIFIED SECRET™

BRITISM SECRET
UNITED STATES sec"'g'r'

BV IR R R o LR e T L B H A NTS

TECHNICAL NOTE No: R.P.D.49

Inv 83 NV 90

IGNITION CHARACTERISTICS AT
LOW AMBIENT PRESSURES OF A

FULL-SCALE INJECTOR
USING H.T.P. AND C-FUEL
ué\ .,l‘.‘._. S~ Ol

Al ot

s g Y ey
A TP &)
J. HUMPHRIES, B.Sc.(Eng.),

1 -
\ 15 WA

. { 7
l, | PaAA ™

‘ ROCKET PROPULSION DEPARTMENT, WESTCOTT

UTOMATIC REGRARING)

ROM A
RERY 1§ NOT APPLX

£
BxcLop DIR 5200.10 DO

DOD

OF SUFFLE

i\c:‘f;‘\.""_ B E‘ S \-;__I.. ,.l'. OF inie VRS
. e ) \:ﬂ %‘-. -i'l.'\‘r PRIV
y Y \:,"3'\> : ?:1. \91 @

..__.&0 ML N S TR Y LI | Bl
:‘q\:}i“

—

THIS DOCUMENT 5 THE PROPERTY OF H.M. GOVERNMENT AND
ATTENTION IS CALLED TO THE PENALTIES ATTACHING TO
ANY INFRINGEMENT OF THE OFFICIAL SECRETS ACT, I91)-1939.

It is_insanded.for the use of the l‘nlprlm only,and for communication to such officers
underhim a1 may require to be a d with feg in the course of their

duties, ‘I'M officers exerciting llm power of lon are ible that
auch Is imparted wlth due caution and resarve. Any person other than
the authorised holder, upon of this d by finding or

o ] otherwise, should forward it, together with his name and address, In a cloved envelope
& '_____ﬂ_._——-—-'l
EVIEW ON THE SECRETARY, MINISTRY OF SUPPLY. MILLBANK, LONDON, S.W.I
Letter postage need not be prepaid, cther postage will be refunded. All persons are

hereby warned that the unauthorised retention or destruction of this document it an
aoffance against the Official Secrets Act

PICATINNY APSENAL
R/08F-S7-00 ]

lpiren P

migrmauon,

| il
disclosed in any manner likely

icreign arigin

»

)
M
(-]
<
o
=]
2

SCIENTIFIC AND TECHNICAL INFORMATION BRANCH

Best Available Cop

TECH. NOTE

Pl .
585 0w :
« 3 R "
* 8 9=
a0 E =
- B~
aes
=] .
o = 4
dad o 1
& 3
2290 c
“~ & & -
- ~ td
T I
e .2 s 8
wa v g 3,
. a W =0 5
- 8~ a £
WU IS P e T -
4 g =
=g 0 ]
A B = w5
- = 5
Ll 3
O o= B
===
o =
e 23 W
- e~
E ¥ n
-~
= @
@ 1
bt}
b .

BOYAL AUBOBARNDEN BIUTADBLISENIHTU N

anner likely
ntelligence

ion in respect

R.P.D.49

\

=
&
<
B

~~

UNCLASSIFlE
G Ko i ‘—./ &4

D

/7 /) g

)




SEOREY
UNCLASSIFIED

U.D.C. No. 541.126.2 : 546.215 : 662.75 : 621.455

/d
(_Technical Note No. R.P.D. 49
, Junes 195
= B

LROYAL AIRCRAFT ESTABLISHLENT, FARNBOROUGH

‘7/ L Ignition Characteristics at Low Ambient Pressures of
& Full-scale Injector using H.T.P. and C-fuel

i =
J.éHwnphries, B.Se. (Eng. )
Rocket Propulsion Department, estcott

SUMMARY

The "altitude effect" on the ignition of self-igniting bi=-propellants, P
first reported by Murray and Hall was further investigated using a Walter
109-509 stage 1 injector. Tests without combustion chamber show thet the
effect is pronounced at altitudes below 30,000 ©'t. This is at variance
with the results of tests on impinging jets obtained by Murray and Hell.
The results of the tests described in this note were widely scattered and
this is considered to be chiefly duc to the design of the injector.

During tests with a combustion chamber at ground level pressure,
many cxplosions occurred and it is concluded that these 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 £t," laboratory experiments were conducted at R.A.E.233 to inves-
tigate the effect of reduced pressure on the ignition delay of bi-liquid
propellants. The experiments were cerried out in an 8 ft-diameter decom-
pression chamber using a "twin-jet" apparatust. A range of expulsion
pressures from 4 to 13 1b/sq.in. was used and orifice diameters were
chosen so that the total propellant flow was about 75 cc/min (0.003 1b/sec)
and ‘the linear jet speceds were about 200 cm/sec. The oxident in all cases
was H.T.P. (80%) end the fucls were C1, (30.2% hydrazine hydrate, 56. 7%
methyl alcohol, 13.1% water) C2 (30% hydrazine hydrate, 35.6% propyl
alcohol, 34.L% water) and hydrazine hydrate. Other variables were the
eltitude (0 to 61,000 £t), umbient temperature (~22° %o +15°C) and pro-
pellant temperatures (0° to 25°C). The moin result from these tests wes
that therc was & marked "oltitude effect" for all the propellant combine-
tions tested, the ignition delay increesing 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 comparison with the laboratory rcsults. The Walter 109-509
stage 1 (Fig. 1) injector was used since this was the burner used in the
"Alpha" motor. The injection differential pressure under normal running
conditions was 142 1b/sq.in. and gave a total propellant flow of about
1.37 1b/sec. The work was divided into two 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 (30% hydrezine hydrate, 57% methyl alcohol, 13% water) and 80%
H.T.P. vicre used throughout.

2 Test Rig and Metlpds of Measurement

The test equipment was instelled in a liobile Decompression Chamber
Mk.I (Fig. 2). The seats and the original equipments for the oxygen
supply and inter-communication were stripped out and the windows replaced
by stecl plates fixed in place by meocns of Bostik and anchored by chains,
These plates were designed to blow off at a pressure of 4 to 5 1b/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
two main sections; (1) the propellant tanks and pressurizing equipment
outside the decompression chamber, and (2) the firing valves and injector
heed inside the chamber. The method of operation was as follows. The
propellent tanks were first pressurized from the nitrogen bottle through
the reducing valves 1 and 2 and stop valves 3 and 4. The firing valves
5 and 6 were then operated. [Ihe solenoid valves supplying the operating
nitrogen for the firing valves were connected to a bomb=switch and ener-
gized for one second only, thus limiting the amount of propellant accumu-
lating in the decoimpression chamber in case of a very long ignition delwuy.
As a further safety measure a tray of water was placed beneath the injector
to dilute unburnt propcllents and only o limited quantity of cach propcl-—
lant wes put into the tanks for cach firing.

For this work it wos essential that the firing valves should give a
perfect seal, but great difficulty was exgurienccd in achieving this. In
the first instance German solenoid valves? were used as shown in Fig. 4,
but it was found that these opened momentarily when the propellant tanks
were pressurized and before the zctuating 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 polythene seats used would not
stand up to the high impact loads obtained during rapid opening and
closing. Pinally V.2 H.T.P. pneumatic valves® were tricd; these were
found to be quite successful and werc used in the majority of the tcsts;
although cven thesc valves develop slight leaks after a period of use.

The injection time of the propellants was measured by means of pres-
sure pick-ups in the propellent lines, close %o the injector head. Indi-
cations from the pick-ups were rccorded on & Miller recording equipment.
The-time of ignition was indicated by mcans of & photocell facing the
injector hecad and was also recorded with the sume time-base as the pres-
sures. A typical record is showm in Fig. 5. Preliminary water tests were
made to determine whether the pressurc pick-ups give 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 ecach propellant
stream in turn. The contacts were sct vith & small gop, and connected to
onc channel of the Miller recorder in such o way as to produce a kick on
the trace when the contacts closcd. For both propellant lines the pressure
pick-ups lagged behind the contacts by 0 to 3 m.sec. This was considered
satisfactory and so for =1l tests fthe 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 WNiller record wus unsatisfac-
tory, an attempt was made to develop & direct-rcading instrument. As a
first step & number of tests were made using 4 light-bcam shining across
the propellant spray on to o photocell. As the propellant spray starts
the photocell output diminishes and when ignition occurs, it increases
thus giving two dotum points; the time interval between these two points
could then be measured by meons of suitebly developed electronic circuits.
Unf'ortunately, the sproy-indicoation wos indcterminate and the device would
only indicate thc time of centry of the first sproy and not that of the
second. It woas hoped to make both propellent valves open at the same time
or to obtain & constont deloy between the two, but as neither of these
objectives wos achieved the work was stopped.

As an alternative, pressure-operated switches were attached to the
propellant lines at the same point os the pressurc-pickups to indicate the
time of entry of the spray, and o scparate photocell was used to indicatc
ignition. The time elapsing between the injeetion of the second propellent
and ignition was measured dircctly using & modificd version of the eleec-
tronic timer devised for the drop-tosts used in ignition delay measurementi?.
The ignition delays thus obtained were 35 to 115 m.sec. longer than thosc
obtained from the Miller records. The discreponcy 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 indicoted
& rise in pressure, (ii) The photocell used with the electronic timer wew
less sensitive thon thot used with the Miller recorder. This meant that o
higher light intensity would be required for the elecetroniec timer than for
the Miller recorder and thus ocny voriction in the ploce where ignition
commenced or in the sprecd of the flame would cause an indeterminate in-
crease in the measured ignition delay. In order to make the pressure
switch less sensitive it was re-sct to open ot cbout 35 1b/sq.in. (origincl
setting 20 1b/sq.in. ). In this woy better cgreement was obtcined between
the two sets of figures, but the results obtcined by the electronic timer
still differed from those obtained by the liller recorder by =12 to +38
m.sec. This discrepency was not eliminsted ond the electronic timer was
used mainly os & check in ctse the -Miller recorder foiled, which in fact
did occur on severtl occosions.

-l -
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High-speed photographic records were made for some of the tests with
& combustion chamber and for one open burning test in order to obtain a
comparison with the results obtained by the Miller recorder; good agree-
ment was found between the results.

3 Tests without combustion chamber

Calibrations of the Walter 109-509 injcctor with water at a pressure
drop of 142 1b/sq.in. (the normel working pressure drop of the injector)
gave the following rates of flow with water:-

C-~fuel side 0. 368 1b/sec.
H.T.P. side 0.86 h

This is equivalent to 0.35 lb/sec C-fuel, 1.00 lb/sec H.T.P. and &
total propellant flow of 1.35 lb/sec giving a mixture ratio, C-fuel/H.T.P.,
of 0.35. For the majority of the tests injection pressures of about 330
1b/sq.in. were used giving a total propellant flow of 2.05 1b/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 £t in steps of 5,000 f+. 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 comparison. It will be noted from Fig. 6 that the
present rcsults are very widely scattered, whereas the results of Murray
and Hall over the same pressurc range (0 to 30,000 £t) arc consistent and
show little veriation with pressure. Reference to Fig. 7, however in
which lurrey and Hall's results for lower pressurcs (corresponding to
altitudes up to 60,000 ©'t) heve also been included, shows that, when the
altitude effect beeoics noticeeble their results are also considerably
scottered.

It has been shown that for diesel engineBand for rocket motors®
there is a relationship between the pressure and ignition delay of the
form lo@uﬁan) = % + B, where Z 1is the ignition delay in seconds, P

the ambient pressure in atmospheres absolute, T the ambient temperature
in degrees absolute, and n, A, B are constants. This work related to
experiments at pressurcs above one atmospicre and it is obvious from the
form of the cquation that if a certain pressure exists below which igni-
tion will not take place, then the equation cannot be applied dowvn to

zero pressure. It secus feasible, however, that the present results with
measurable ignition delays could be made to f£it this form of equation and
so they have been plotted on & log - log basis in Pig. 8. The points do
tend to lie in & band, but agein there is a great deal of scatter. Tle
only other ignition delay mcasurements made on this type of injector have
been mede at ground level pressure and agrec well with the present results,
the values obtained ranging from 86 to 230 m.sec.8 In one or two instunces
ot high altitude the electronic delay indicitor tripped long before actual
ignition took pluce =s indicated by the Miller recorder. This suggests
that non-propagating flashes occur before the moin ignition, as reported
by Murrey and Hall.

The scatter of the results is large. This may be duc to the random
nature of' the ignition process in a droplet cloud, combined with the poor
mixing obtained with this type of injector. However, other factors mey
have influenced the ignition delay and various possibilities are reviewed
here. The independent veriable in the tests was the ambient pressurc and
all other conditions were held as constant as wes deemed necessary, but
i% is obvious that a further independent viricble cxists. This varieble
"must be a function of the cquipment, the cxperimentel conditions or the
methods of mcesurement. Throughout this work the test rig remained

-5 =
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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 results obtained with the two injectors. .On the other
hand this design of injector had previously been found to give an unreliable
ignition delay. This dcefect 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 scen that ignition is initiated at varying
distances from the injector and it is, thercfore, considerced thet this

poor initial mixing is a major cause of the scattered results.

The following additional factors may have ei'fected the ignition delay:

(1) The eir temperature wos not kept constunt. According to Murruy
and Hall, a decrease in the air temperature raises the ignition delay at
ground level, but has much less effect on it at 30,000 £t. Only a few
results were obtained, but they are sufificient to show that in the present
series of tests, in which the air temperature varied from O to 20°C for
various runs, the results should not be @ppreciebly affected.

(2) The temperature of the injector heed and associated pipework wus
not controlled and the tamperature of the propellents and tanks was only
held within certain limits. As thermostetically controlled baths were not
available ot the time, the temperature of the storage vessels was kept as
near as possible at 20°C by meens of water-baths over an open fire. The
propellant tenk tempcratures were similarly regulated. By these means the
propellent temperetures were kept within a few degrees of 20°C, although
in & few cases the diffcrence may have cmounted to as much as 5°C. The
foet thet the tempercture of the heed and cssocicted pipework was allowed
to vary may hove meant thet there was a slight chonge in the propellant
temperature before the propellent possed through the injector, but as the
pipe lines were short (~ 2 f£t) cnd the flow velocities low (~ 6 ft/sec.)
the chenge in propellont tempercture wes probobly not oppreciable and the
moximum variction probebly not more than + 5°C.  According to Broatch®,
this would be equivclent to o variation of + 25% in the ignition delay ot
ground level; no comparcble figurcs cre cvoilcoble for low ambient pres-
sures. It should be noted thit this deviation would in ony case apply to
only o few of the results ond Fig. 6 shows that the results at any given
pressure ore fairly evenly scattered over the ronge. This would appecr
to indicate that the varioction of propellant tempercture woas not the main
recson for the scotter of the results, although its effect may have been
appreciable in some cases end closer control should be exercised in any
future work of this kind.

(3) The exact ambient pressure &t the moment of ignition was not
known. The method of' determining the pressure was to evacuate the decom-
pression chamber to & predetermined velue, switch off the vacuum pump &nd
carry out the test, the predetermined pressure being taken as the test
figure. In proctice this was not quite cecurcte cs the vapour produced
by the boiling and partial reaction of the propellants before ignition
caused & rise in ambient pressure. Thus the ignition delay figures
obtained correspond more necrly with the cctucl pressure at ignition thon
with the nomincl pressure. To reduce this crror cttempts were made to
operate the pump throughout the test, but it was not found possible to do
this without the pump scizing up owing to the fumes; this method was,
therefore, cbandoned. To observe the risc in pressure, a visual reading
pressure gouge wos connected to the decompression chamber. On 2ll but the
longest deleys it wes impossible to differcnticte between the rise beforc
ond ofter ignition. On the longest delays o rise wos noted, but it was
not sufficient to hove any scerious coffect on the results. It wos intended

<
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to record the actual ambient pressure on the ifiller recorder by using an
aneroid with a strain-gauge, but this was not available before the tests
were finished. The overell effect of any correction due to this error
would be & 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 the scatter of the results.

(4) Broatch¥ esscribes some of the irreproducibility of ignition
delay measurements by the falling drop method to the inability of the
photocell to detect immediately the light emitted on the ignition of the
propellents. 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 veriation in the
scatter of the results of tests using different cells is noticeable, the
effect must, in the present cuse, be negligible.

(5) The compositions and performence under laboratory conditions of
H.T.P. end 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 checked regularly there seems to be little chence
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 th: laboratory to obviate any possible error due to
accidental contamination or dilution.

L Tests with combustion chamber

The injection head wcnd combustion chumber used are shown in Fig. 9.
Tests were made et ground level pressures only, the results being given
in Table TI. Tt was intended to use quortz glass windows for the photo=
cell, but on the first test heat resistance gloss wos used instead. Test
No. 1 was intended simply &s & functioning trial and no ‘measurements were
made; on explosion occurred which shattered the gloass and blew the venturi
plate off, clthough no demoge wes done to the ¢hamber. Test No. 3 took
place immediotely after test No. 2. The result was obviously spurious and
was thought to hove been coused by o slight propellent leak which initicted
ignition when the main volves were opened. In test No. 5 the chtubor wes
torn from the rig ond considerable damoge wos done to the rig. In subsc-
quent teSts blanks werc used instead of gloss or quortz ond only four bolts
were used in the venturi plate so thot they would nct os o weck link in
cose of further explosions. Up to this time the chember hod been oricntod
at o small onglc, <hous 20°, to the verticil cnd it wos thought that this
mey have cllowed o certoin accunulation of propellonts ot the venturi plete
and thus ccused an cxplosion. The chamber wes, therefore, put into o
vertical position. The other ploces where the propcllents might eccunulcte
werc the window bosses and these were blonked from the inner end. In all
further tests the photocell wos pluced just outside the venturi.

Test No. 6 gave a very herd start, but no damsge was done. The rise
in combustion chamber pressure corresponded 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 platc was
agedin blown off and approximate calculations rIrom the deformation of the

S
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copper blenking discs gave a chamber pressure of about 6,000 1lb/sq. in.

As earlier work had shown that ignition occurred at & considerable distance
from the injector and that 2 given minimum chamber length as well as mini-
mum IL* were needed for ignitiqn, it was decided to increase the chamber
length. The chamber length was, therefore, doubled (giving an I* of about
130 in) and all further chamber tcsts werc carried out in this condition.
In test No. 8 and 9 the venturi plate was bluvm off, No ignition delay
measurements were obtained since in test No. 8 the photocell failed to
function and in test No. 9 the record wos useless due to electricel inter-
ference. A photographic record was cbtained in test No. 9 which appeared
to indicate that ignition occurred inside the chamber only, but this wos
not completely conclusive as the camera speed was not sufficiently high
(2bout 100 frames/sec). 1In test No. 10 the lower section of the chamber
was split, but no demege wes done to the rest of the chamber.

In the Alpha motor three injectors of the type showm in Fig. 1 were
used and smooth ignition was accomplished by allowing C-fuel to be injected
through all three injectors and H.T.P. through one only and thus a fuel-
rich mixture was produced. As & high percentage of explosions was being
obtained, it was decided to simulate the Alpha chamber conditions by in-
jecting extra C-fuel. Since there was insuffiecient room in the head for
two more Walter 109-509 injectors, two hollow-cone swirl-type injectors
were designed and built to fit into the side of the chamber (Fig. 10).

The approximate mixture ratio of C-fucl to H.T.P. on starting the Alpha
motor wes 1.08/1 and that achieved in the test chamber with two extra
swirlers was 0.83/1. In the first test (No. 11) with extra C-fuel an
explosion resulted and the venturi plate wos blown off. The subsidiary
C=fucl wos tapped of f from the moin line just before the main injector.

As the pipe-lincs to the subsidicry injeetors were somewhat tortuous it
was considered that tho C-fucl might be rcoching them at the time of
ignition, or even loter. The original pipe-lincs werc replaced by more
direct lincs ond pressure pick-ups were placcd in the lines just before
the subsidiory injectors. In test No. 12 .the times were as follows:
C-fuel mein O mesec; H.T.P. 33 m.sce; C-fucl subsidiary 49 end 53 m.scc;
ignition 174 m.sec; chanber pressurc rise 176 msce. It can be seen that
although the subsidizry C-fuel followed the mein C-fuel by cbout 50 m.sce,
it followed the H.T.P. by 20 m.scc. ot the most ond considercbly preceded
ignition. From 'open burning' tests it hos been scen thet, within reason-
able limits, the order of entry of the propellonts eppecrs to have no
oppreciable effect on ignition deley. It would oppear, therefore, thot
this 1log is uot the reason For the explosion in test No.12 which shattered
the lower half of the chouber cnd left the wpper helf intact (Pig. 11).
However, it wos considered cdviscble to introduce the propellents ot pro-
determined times ond so work wos commenced in cn ottempt to use o coupled
valve. This work wes suspended ot the end of 1949 ond has not yet been
recommnenced.

5 Conclusions

5.1 Tests without combustion chamber

Although the results are wiaely scattered it can be clearly seen thot
small scole impinging jet tests cre not satisfactory for deducing the
behaviour of full-scale injectors. The ignition deley incresses repidly
with increase in cltitude, wherecs the results of Murray cnd Hell show no
appreciable increase up to an cltitude of 30,000 ft. The Walter 109-509
injector is shown to be unrelicble for ignition purposes unless a pre~heuating
system, such as is used in the 109-509 motor, is used. There are indico-
tions that at low cmbient pressurcs ignition ecn occur without the propo-
gotion of combustion.

T
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5.2 Tests with combustion chanber

Owing to the number of explosions occurring at ground level ambient
pressure it wos not found possible to corry out o series of tests over an
altitude renge and so no compsrison con be given of the altitude charac-
teristics of the Walter 109-509 injector with ond without combustion
cheamber.

It cppecrs that these explosions cre not just due to the burning of

tn accunulction of propellonts in the chamber but are, at least in part,
due o the detonation of the mixture. As the chamber was arranged
- vertically a large amount of propellant 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. Measurements of time required for the liquid jet to traverse the
chamber frou injector to exit were mede; these times varied betwecn 25
and 40 m.sec. In 40 m.sec sufficient propellant mixture could accumulate
to cause a chamber pressure of about 7,000 1b/sq.in.; this would be
sufficient to explain the failure of the bolts holding the venturi plate
which would fail at 6,000 1b/sq.in. chamber pressure, but for the fact
that the chamber clso would fail ot cbout the same pressure. Some bulging
of the chamber might be expected with the normal burning of an accumulotion
of propellant. This was not the case, although in one instence copper
dises were inserted as blanks in place of the quartz windows and an approxi=-
mate colculation from the amount of dishing gave o peak pressure of about
6,000 1b/sq. in. In the tests with o doublc length chomber evidence of
detonction was morc conclusive. In test No. 10 the lower helf of the
chomber we.s split, and in test No. 12 it wes completely shattered (sce
Fig. 11). In neither cose wos the upper half of the chamber domaged which
suggests that the mixture ignited cnd deton:cted necr the exit of the chom-
ber probably beccuse the propellonts hed hod time to mix intimately by thc
time they recched the end of the chcaber and were in o sensitive stote.
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TABLE I

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

Tests without Combustion Chamber

Adtitude
b igh

Ignition delay
from Miller
Record
(milliseconds)

Ignition delay
from electronic

(milliseconds)

timer

Remarks

5,000

10,000

15,000

20,000

L

100
87
105

247
156
61
209
193
154
55

302
232
165
334
17%
143

15
154
507
396

g2
495

170
411

176
426
506
740
361

e
810

533

167
190
793

530

841
475
870
393

6453
813

1733
287
860
2055

178
823
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High-speed cine record gave
50 m, sec.

Drop=-tests in the laboratory
gave 53 m.sec.

Ignition after propellants
were shut off

Miller recorder failed.

Miller recorder feiled.
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Tech. Note No. R.P.D. 49

TABIE I (continued)

Ignition delay|Ignition delay
Altitude| from Miller [from electronic

£t Record timer Hambdies
(milliseconds) | (milliseconds)

25,000 918 :
13 778
775 813
No ignition 1000
1307 1000 Ignition some 300 m.sec. after
propellants switched off
1104 1000 Ignition some 100 m.sec. after
propellants switched of'f
No ignition 1000

30,000 | No ignition

No ignition
1239 Ignition some 240 m,sec. after
propellants switched off
1268 Ignition some 250 m.sec. af'ter
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 1000
1578 1000 Ignition some 600 m.sec. after
propellants switched of'f
1449 1000 Ignition some 450 m.sec. after

propellants switched off

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

TABLE II

Tests with Combustion Chamber

Test Ignition |Time of

No delay |entry of Remarks
: (m. sec) C-fuel

Single Chamber

1 - - Explosion caused venturi plate to be blown off.
No instrumentation.

2 5 =15

3 6 -3 Firing took place iimediately after test No. 2
Short ignition time thought to be due to
drops remaining f'rom previous test.

4 87 ?

N5 92 ? Ignition delay only approx. as one pickup
(approx. ) unserviceable. Explosive start and chamber
torn from head.

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

7 144 7 Ignition delay only approx. as one pickup

(opprox. ) unserviceable. Explosive start and venturi
plate blown off. Combustion chamber pressurc
indication simultaneous with photocell.

Copper discs indicated 6,000 1b/sq.in.
combustion chamber pressure.
Double Chember
8 - - Explosion and venturi plate blown off.
No record, photocell unserviceable.
|

9 - - Explostion and venturi plate blown off. ?
Record useless owing to interference. [
Photographic rccord inconclusive. !

10 164 ? Explosion, lower chamber split.
Combustion chamber pressure indicction
simulteneous with trace.
y it 125 L3 Explosion,; venturi plate blown off.
Extra C-fuel injectors uscd, mixture ratio ‘
changed to 0.83/1. ‘
12 141 -33 Explosion &nd lower chamber shattered.

Extra C-fuel uscd. Recorded combustion
chomber pressure rose to 1440 1b/sq. in.
in 7 m.secc.
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FIG.2
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TECH. NOTE: R.P.D. 49

R.P. 578

OlY 1531 4O WVYYOVIQ '€9Ol4

FIG.3

YIGHYH] NOISSIddWOII0 FGI5100
I1b§/91 00a¢
"y o 371409
JIIWNHHT NOIS5IddW0II0 3015NI NIFDYLIN
“ dan-yald “
i FIN5 539 i
§
i '
t ED ]
f J0L13rNI 4
i
_ ® |
. _
I v :
“ IATYA |
- I0N3T05 01 § WLV 0
" dn-yaid “
INNS5INd
_ : 3® @
: i
: ® | NIDS/al aS¥/9 000¢
; SINT4N TILENNINS I SIATHA SIATHA
i ¥ suon | 010N3105 SO
§ i
i aIONFI0E EL h
@
H(O, O




R.P. 579 TECH. NOTE: R.P.D. 49
FIG.4
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FIG.6
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FIG.7
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FIG.8
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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
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UNCLASSIFIED FIG.11
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