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SULLLARY .

A winiasture proof-stand. has been constructed for
fundamental studies of the properties of rocket flomes.
The rocket motor gives a thrust of 30 lbs. and is cooled
so that propellants with the hirhest combustion temperatures
can be used.

The design is described in detail and sug estions
for futmre developments are wade.
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oy INTROLUCTION.

The principles of the design snd constructicn of rocket

motors oper: tingz with conventional licuid propellants have been
' developed up to now on a practical basis. Futurc¢ developments,
| sBuch as lwmprovements in efficiency of existins propncllants and
" the utilisation of new very nish performonce propcllants require
&8 much sounder theoretical basis. Thus, for example, all heat
“ trensfer calculations are basey essentially on formul®e which are
J ‘extrapolations from much less severe conditions, lower temperatures
il 8nd pressures, and lower flow vclocities.

|
ﬂ liost rocket motor proofstands are desizned for the evaluation
I of propellant performance in motors of from one hunda.iyed pounds to

| Beveral thousand pounds thrust, Experimgee has shown that it is

impossiblg to combine fundamental work with routine tecstings.

W Further, the flexibility of such a proofstand is limited; it may
D€ ¢ecsirable for instance, to use much hizher combustion pressures
. (100 ats. or more) for heat transfer studics and this is not
‘easily practicable in lar ¢ motors beuvsuse of constructional and
bperatlonel difificulties. In meny cases, moreover, long runs
mey be necessary and this involves Jarse ¢uantities of propellants.
Finally certein investisntions require valusble cnd static
ﬁqpipmcnt which should not be moved once it has becn sct Upe

" This is clearly not desirable on large proofstands where,apart
from the greater risks of destruction sensitive equipment when not
' in use is a handican.

=

|
|
1
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For these reasons miniature proofstands, cach desisned for
| one specific type of fundamental rescarch, have been constructcd
3t in such a way as to pive a wide ranse of opcrating conditions,.
.

it

@ f 2. GENERAL DESIGN CONSIDERATIONS.

|
1

t9. 1., FPropellents.

A As the object of the work proposed wes the investisation of
I hi *h velocity k&t cases and flames, it was clearly desirable

¥ tn choose a propellent system which gave the smallest hazards
H,$nd lenst difficulty in handling. Of the known oxmdants
gaseous oxygen was the obvious choice, because it is com, letely
§ Btable, non-corrosive snd can be handled by well estoblished

' technicques. The standora fuel chosen for the initial work
“was £ hish grade cero enzine. Diesel o0il because it gives high
© combustion temperatures, is safe to menipulate and has bcen used
n as & rocket’fuel extensively(1l). Rcthcr complete thermodynomic
“ dnta is cveilable for this nropellent systenm (2:8).

j_,g.g.?ype of l.otor.

i l.ost types of motors which have been develaped have
ropercted at a combustion pressure of sbout 20 cts. and this wos

| therefore ccce, ted £8 n stonacrd pressurc for the first miniaturc
- motors. Port of the work _lanned with this wotor was an investi -
W Bion on the cttenunting properties of flames. The smellest
'Rfdﬁr equipment wcs for K-band rodiation (cbout 1le4 cm wave

' length) which requires n flame dismeter of at least 2 cms for

| satisfactcry mecsurement, This dimension is effectively the

' diameter of the exi$ of the exponsion nozzle and, torether with
'the pressure ratio for the expension process, determined the
throushput of the proppllant and thus the thrust of the motor,
which amounts to about 30 lbs. With this information it was
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iumediately possible to design motors on the wasis

described by Ziebland (1). In order to give maximum flexi-
bility in operation, water cooled motors were desizned for
operetion ot combustion pressures up to 40 ats,

2.3, Ignition of Prfpellants.

Ignition cen be achieved in 3 ways :-
() by self-igniting fuels.
(b) by solid propellonts or pyrotechnic igniterse.

(c¢) by spark ignition.

Since it might be necesssary to have repeated operation
¢t short intervals solid propellant or pyrotechnic isniters
were elimineted. Spark ignition hed not been developed
sufficiently and in any case the risk of the elcctrodes being
burnt away wos lar:e. Therefore a self-igniting fuel was
selccted and experience in Germany had dhown that zinc-diethyl
was very reliable with gaseous oxyzen and rcletively easy to
meke. A fuel circuit was designed to allow a smell guantity
of zinc-diethyl (about 40 ccs.) to enter the main fuel line,
cleosely followed by the fuel itself.

2.4, Liechanism of Control.

The basic principle of the control system was that it
shculd be as flexible as possible end yet be capable of opera-
ticn by the scientific pers-nnel without additionnl cuxiliary
lebcour. Since these proofstonds were designed as rescorch
tcols cnd therefore wruld be operated by different scientists
dependins on the type of meesurements reguired, it was essential
thct the contrecl system should be compact, uncomplicated endé
well protected aseinst possible errors in opereation.

Fellowing these ideas it wes clear that the motor, once
controls were set, should be copable of repeated operstion from
one master ccntrol, preferably by a simple device such g8 an
electric switch.

Since the motrs were intended for use with static equip-
ment (interferometers, spectroscopes etcs ) the dsired flexi-
bility must also allow movement of the rocket motor while in
cperation.

2.5, Safety.

The main sources of danger are bursts in high pressure
lines and burning cut of the rocket motors. These can lead

" to fragments, fires and possibly a ges phase explosion, but n-t

tc a condensed phase detcnation as the oxident used im always

in the gaserus state. Adequate protection of the scientist
operating the controls (ccnsidering the small quantitics of
propellants invelved) would be given by a cconcrete wall separating
the motor and its prrpellont supply from the control panel.,

All high pressure lines for oxident, fuel cnd self igniting

ligquid must be situcted on the motor side of the protective

wall.

/Generel leyout of Preoaf-
stahd.
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3. GENERAL LAYOUT OF PROOFSTAND. ¢

The general considerations of Section 2 are a sufficient
basis for the detailed design which is described in this
gection. It can be divided into a number of nmore or less

‘independent circuits.

Be.ls Oxygen Circuit:

The purpose is to supply oxygen gas at a predetermined
pressure and temperature to the rocket motor. A pipe ecircuit
diagram is shown in fig.l.

The oxygen is supplied from cylinders st a pressure of 120
ats. The cylinders are connectcd through a distritutor block
L' to the oxygen circuit. The gas gocs from this bloek to the
high pressurc coil 2a of the hcat exchanger 2, in order to kecp
the tempecrature of thc gas above the freczing point of water.
This is necessary becausc the rapid cxpansion in the eylinders
is practically asdisbatic and any solid (ice) in the gas strcam
may lead to failurc of valvee in the circuit. The. gas then
enters thc reducing valve 3, which controls the rate of feed of
the oxygen into the motor. Beforc procceding to the flowmcter
4 (orifice typc) the gas is led back through the low pressurc #

rcoll 2b of thc heat cxchangcr 2, so that the tcmperature of the

oxygen when it passes the flowmcter is practically that of the
heating water used in the hcat cxchanger, and almost constant. »
The gas flow is started or stopped by a high pressurc solenoid
valve 5, and is lcd into the combustion chamber through a non-

© return valve 6. A hand opcrated vent valve 9 allows the oxygen
. pressure up to the reducing valve 3 to be reloenscd.

The heat exchanger is of standard design and conegiste of a
nigh pressure coil 2a and a low pressure coil 2b of a large sur-
face area so that the oxygen gas is brought practically to the
temperature of the heat exchanging liquid (mains water{ even at
the highest rates of flow.

_ The reducing valve 3 is of American design (Grove Reguletor
Co., California) made under license in thie country by Fluid
Control Ltd, The flow is controlled by n diasphragm, londed by
on auxiliary gas pressurc according to the flow rcquired.
Nitrogen is used for this purpose, the flow of which to the

diaphregm of the oxygen reducing valve 3, ie determined by the 4

control valve 3a. This arrangenient allows remote ccntrol of the
main oxygen flow from the control pancl and has been found very
patisfactory in practicec. .

The control panel fig.5. containg the pressurc gnouge 1a for !
the input oxygen pressure, thc prcssure gauge 4n for the pressure |

. at the flowmcter, thc control valve 31, and thc tempoerature

indicator 4b for thc gos temperaturc at the flowmetcr, Thc
golenoid valve 5 is operatcd by the mnhin control switch (sce
Scetion 3.4). '

Thc flowmeter ig at prceent undcr construction, It consists
of a standord orificc, the differentinl prcssurc across which is
eonverted into a mcchanicol movement by a bellows asscmbly. This
movcment operatcs a potentiometer which nllows of remotec indication.

The check valve 8 and the hand-operatcd valve 7 on the control

/ponel
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panel arc part of thce nitrogen flushing systom deseribed in
scction 3.44. '

3.2, The¢ Fucl and Ignition Circuit:

As both fuel and ignition mnterial nrc liguids and the
quantities involved nrc smnll, high prcssurc nitrogen gas is
used to feed them into the motor. A pipc dingrcm of the
circuit is shown in fig.Z2.

The high pressurc nitrogen ie led from cylinders through a
distributor block 10 into the pipe circuit. The contrecl wvalve
11l maintoins a pre-selected nitrogen pressure on the fuel cylinder
12 and ignition fuel cylinder 13. A solecnoid operated valve 14
starts and stops the nitrogen flow to thcse cylinders and
releages the pressure pn them automatically when it is switched
off after the completion of a run. To start, the ignition fuel
is 1lcd from the cylinder 13 through the two-way solenoid valves 15
and 16 into the main line, and is followed closely by the fuel
when valve 15 is switched into its other posgition. The two-way
valve 16, when there is no pressure in the system, shuts off the
main line from both cylinders 12 and 13. It does not open the
main line to the ignition fuel until a certain pressure is reached
in the ignition fuel cylinder 13. This pressure is determined
by o pressure operated relay 17, which closges nnd opens the
clectrical circuit for valve 16,

A run is started by opcning the high pressurc solenoid valve
5 in the oxygen circuit (fig.l), and the nitrogcn solenoid volve
14 in fig.2. Because of the self-igniting fucl, no air or
oxygen must be in the main fuel line at the start of n run. This
l1s achieved by an initial flow of nitrogen through vnlve 16,
It flushes the fuel line frec from air and prcvents any oxygen
flowing into it from the conbuetion chamber. As soon ns the
prcssure excecede 5 ats. in the ignition fuel eylinder, valve 16
is operated from the relay 17, and nllows thc ignition fuel to
enter thc main line.

When leaving the cylinder 12, the fuel is first led through
a filter 18. A flow mcasuring system, 19, idcntical with the
one described in the oxygen circuit, will be built intd the
circuit as soon as thc preliminary tests have been completcd#
satisfactorily. Before entering thec combustion chamber the fuel
passes through a non-return valve 20 (which prevents nitrogen
from getting back into the fuel circuit, when the line is flushed
with nitrogen after a run), through the manually operated valve
22 and the non-return valve 21. The latter stops high pressure
oil from entering the flushing line during & run.

It is known that both ignition fuel as well as Diesel-oil,
which is the standard fuel on the proofstand described, absorb a
large volume of gas rather quickly at high pressures. This effect,
which depends largely on time and the gas pressure above the
liquid surface, would cause a varying and unknown alteration in
the density of the liquids and would therefore lead to errors in
the flow measuring system. For this reason it was decided to
separate the liquid and the pressurising gas by pressure tight
pistons 12a and 13a, The contaad®: 12b and 13b which are operated
by the pistons, indicate when the piston is at thc top and bottom
position, that is when the cylinder ie "full" or "empty", by meoneg
of signal lamps on the control pancl. The total cnpacity of the
fuel cylinder is about 2000 ccs. which ig sufficient for a run of

/100
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3 geconde at a cowbustion chamber pressurce of 20 uig, vwith
100 d t combuation chambeur tl
pthe stoichiomctriec mixturc ratio and a thrust of shout 3¢ 1lbs,
t Bhe volume of thc ignition fucl cylindcr 13 is congiderobly

flgmallcr, only 140 ccs., allowing oan the avcrage, & t2 4 ignitione.
! The piston of the fuel dsiw?dLr ig fittcd with an cxtinsion rod
 Which operates the "cmpty" signal beforc the piston has reached
‘its lowest position. Aseuming gtandard conditione, i.c. 20 ats.
@gombustion pressurc, stoichiomctric mixturc ratios ond 30 1lbse.
ifhruet, there would bc¢ a time interval of about 1C scce., before
‘the fuel cylinder was complctely cmpty. Within that time the
spun has to be stoppcd in order to precvent the flame from cntering
%%fhe fuel injection systcm after the-delivery of fucl has ccascd.

b & e b N

Refilling of the fuel cylindcr is donc by a hand-operated
! iston pump 23 from a fucl storage tank. The fuel cnters the
gylinder past o three-way cock 24 and a high-prescure step valve
1256, The three-way cock enables the pressure to be relcansed after
. Bhe filling ond the fuel cylinder to bc drnincd.

fy The ignition fuel eylinder is refilled in a similar way,
1& storage vessel is pressurised by nitrogen gas ond the liquid is
r»ﬁud into the cylinder through the stop valve 26.

i

L‘i

Both cyllnderu 12 and 13 are similar in design and differ
ﬂn&inly in size. Fig.,3% shows o cross section thrgugh the ignition
- r$ue1 cylinder 13. '

q, The two-way solenoid valves 15 and 16 arc of normnl pnttern,
”Wﬂlva 15 can only be operated when there ies 1ittle or no pressurc
ifferencec betwecen the two cylindcers 12 nnd 13, Thies fenture,
uﬁeing part of the snfety arrangiments, will be discupscd in Scetion

L$.48. After thc complction of n run. valve 16 ie switched Tinck

Winto its stnrting position thue connceting the moin fucl linc
WMith the nitrogcn flushing linc. Owing to its dcegign, o amall
amount of fuel then enters the nitrogen linc. An oil trap, 87,
ith a drainage cock 28, prcvents oil from ruaching the valve 14,
y leakngc.

i__ The instrumentation on thc control ponel fig.B, includes a
ipressure gaugc 29 for the nitrogen cntry precssurc, and a gauge 30

} or the reduced pressurc acting on the pistons »f the cylindera.

iiThe fuel pressure nnd its tempcrature, near the flow mcnsuring

3 ,ﬁifice, are indicatcd by the pressurc gnuge 31 and the rcesistonece

\ermometer 32. At o later stage, n remote indienting differentinl

| The manually-operated reducing valve 11, which maintnins the
!;ﬁre—set pressure in the cylinders 12 ond 13, is algo fitted on the
antrol panel, together with the signal lomps which indicate the
full"and "empty" positions of the pistones in these cylinders,

S

_ A vent valve 33a on the nitrogen distributor bloek 10 allowe
ﬁha linc t» be vented.

' 3.3. The Coolant Circuit:

Al The high thermal loads on the combustion chomber and the
Jexponeion nozzle obtained with the propecllant combination oxygen-
_’ flegel o1l, require a suitablc c¢oolant and an efficicnt cooling

- Q‘Jﬂtem.
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For general purpose experiments water has been chosen as
the most suitable cooslant, but provision hes been made in the
layout of the circuit, as shown in fig.4, for the use of other
liquids as coslants.

The coolant is fed from a storage tank into a centrifugal
pump which delivers it at a pressure of about 35 ats, through
the main stop velve 34 and the filter 35 into the distributor
block 36, whence four independent cooling lines branch off for
the cooling of a corresponding number of sections "n the rocket
motor. At present, only two of them are in use; one for the
conling of the actual combustion chamber, the second for the e¢o0l-
ing of the expansion nozzle. After passing through the cooling
channels in the combustion chamber and the venturi, the cooslant
is brought back over a pressure operated relay 37 and a throttling
valve 38 into a collector block 39, from which it is lcd back,
through valve 40, through a common line into thc corlant tank.

The adjustable throttling valve 38 fulfils a dual purpose,
Firgt it controls the rate of flow of the coolant in that
particular line, and secondly it keeps a back pressure in the
exit line sufficiently high to prevent vapour formation in any
part of the cooling channels of the motor. The coolant water
relay 37, which is described in more detail in a later section on -
safety devices, shuts off the main propellant valvcs if the rate
of flow of the coolant drops below a lcvel which is regardcd as
a safe minimum, or preventg the propellant circuit from being
switchcd on if there is an insufficient coolant flow or none at
all,

At a later stage a flowmetcr 41 will be built into the entry
side of each cooling linc with remote indicating differential
pressure gaugcs 42, similor to those mentioned in the dcscription
of the propellant circuits. A resistonce thermomcter 43 allows
the entry temperature of the coolant to be recad on the control
pancl for calibration purposes. The entry pressure, which is
constant for all lines, is indicated by the prcssurec gauge 44;
the four different cxit pressures by the gouges 45,

In the actual lay-out, valveg 34 and 40, thc filter 35, and
the connector blocks 36 and 39 with the adjusting valves 38, are
built together as one unit which ie fitted on the control board
to allow manual control and adjustment.,..

3.4. Saofety Devices:

The devices described in thies section are portly for the
purposc of minimising the results of the¢ usual typcs of proof-
gstond accidents, €.g. bursting of high pressurc linegs, but
primarily to prevent accidents from crrors in opcration. Ag a
general principle, all pipe linecs to measuring and control instru=
mcnte on the control pncl arce £illed cither with nitrogen or n
non-rcacting fluid.

$.41, Mastcr Control:

As all the valvcs in thc propellnnt feced lincs arc opernted
clectromagnetically, it is possible to have a single switch 46
(fig.5), which is itself controlled by a kcy switch 462, as a
master control. This kecy switch hns two positions. Only in the
"off" poeition can the kcy be inserted and extracted. In the “on't:

/poeition
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supply for operating the

The energising voltage is
current by thc ammeter 48;
nition fuecl

cipty ., or partially

position the energising power
+ | ‘polenoid valves is switched on.
' shown by the voltmeter 47 anu the
the signal lamps 49 and 50 show whcthor the ig
eylinder and the main fucl cylinder arc full,
fall,

I The single switch 46 has threc positions; mnull position,
ignition and moin fucl.. When it ie switched to the "ignition®
position, valves 5 in the oxygen circuit and 14 in thc nitrogen
circuit are opened and aftcr the rclay 17 hos cnergiscd the two-
Way-valve 16 (see section 3.2 for dctails of opcration), the
ignition fucl can flow into thc conbustion chomber. The switch
ig then manually moved to the "fuel" position whereby thce two-way

,—I

N

valve 15 is energised,

4 ' opening the main fuel linc at the smme time.
by turning the kcy switch 464
of which nll solenoid vnlvcs arc closcd.

The run is

It should bec s

thus cloging the ignition fucl linc and

stopped

to the Yoff" position, &e a rcsult

trcsscd

that the starting circuit can only be cncrgiscd when the single
gwitch 46 is in the "null" position, c.g. if the switch is in
the "ignition" or "fuel" position when the key switch 46a is

'turned to the "on" position no powcr is supplicd to the solcnoids.
1 This is achieved by electrical blocking rclays.

| 4
wu
Ly | In this way the sequence, inp which the valvce are opened,

_«3 is strictly controlled so that a run cnn bec started only from the
"8 "mull" position.

i

LM
gl 3.42, Cooling Water Relay:

:I
RlL
S If the rate of flow of the cooling wantcr fanlls below that

$8 adequate to maintain the cooling of the motor, either for

TT; mechanical reacsons (blockage in the line etc.j, or bcenuse the

e ‘eoolant water was not turned on, the motor will burn out. In
order to avoid this, each cooling linc contnine o relny 37 (fig.4)

¢ in the outlet line which remaine open only cbove o pre-sct

:Eﬁ “differential pressure acrose an orifice, i.c. "bove n minimum rote
0% of flow. Unlecse this relay is open no powcr ¢"n be supplicd to
8% the clectrical circuit and thus no solcnoid vnlvee can be opened
ii% or kept opcn whatever the position of the master control.

4?#; 3.43., Control of Fuel Supply:

il

2z

As described in section 2, thc¢ two-way volve 15 dctermincs
whether the ignition fuel or the main fucl flowe into the combust-
ion chamber. When not energised, this valvc is open to the
dgnition fuel. It cannot open to the moin fucl until the pressure
difference between the fuel cylinder 12 ond thce ignition fuel
eylinder 13 is below 10 p.s.i. as thc valve 15 will not change
into ite other position with 2 pressurec difference grenter than
thie amount across it. Thie meone that, if the main fuel pressur-
ieing circuit is blocked, only igniting fucl can enter the motor
ibut, if the ignition fuel pressurising circuit is blocked,
ineither ignition nor main fuel can enter the motor, i.c, either
‘ignition occure, or, if it fullh, no combustible mixture of ntom-
igsed fuel with goseous oxygen is c¢jected from the motor.
 The ejection of such a mixture is also impossible if the
' fuel cylinder is empty since no pressure can be built up
‘1line to valve 15.

gy el 4

Mt-&-&:m.—‘:“_w—_.ﬁ'-* = z‘vt:-ri:*:.u e

ignition
in the
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3.44., Flushing System:

There are two nitrogen flushing systemes, one manually
controlled, the other automstic. The automatic system coies
into operation at the beginning of a run. WWhen the master.
control is switched to the ignition position valve 14 is opened
and nitrogen can flow through valve 16 along the fuel line
into the motor. This ensures that there is no oxygen or air
left in the fuel circuit. When the pressure reaches sbout 5
ats., the relay 17 comes into operation and valve 16 changes
position so that the ignition fucl can enter the combustion chamber,

At the end of a run all the circuits can be flushed with
nitrogen by the manually controlled valve 7 for the oxygen circuit,
and 22 for the fuel circuit. In this way, all the piping is
made ready for the next run or safe for inspection.

4. STAND FOR ROCKET MOTORS.

For heavy static equipment such as interferomcters, spectro-
meters etc., considerable time and effort is required to obtain
satisfactory optical alignment. In the case of measurements at
different cross sections of the exhaust jet it seemed to be more
practical to carry out the necessary relative movements to the
measuring instrument by moving the motor, or rather, the stand of
the motor which is rigidly connected with it. Such an adjustment
of the relative position of the motor is also required during a
run; thus the controls must be operated from the control panel,

Threc directions of movement, at right anglcs to one another
(rectangular coordinate system) permit ony point in a certain
space to be reached. One direction coincides with the axis of the
motor and thus with the axis of the gas jet. According to most
experimental requirements, the second main direction is thetvepti-
cal one; thus the third coordinate lies in a horizontal plane,
determining the horizontal distaonce from the jet nxis.

For many measurements and investigations, becnuse of the
rotational symmetry of thc gas jet, positionnl adjustmcnts will
only be nccessary in the vertical plane through the jet axis,
Therefore, remote controlled operation of the adjustment during
0 run is provided only for the verticnl nnd horizontal movements in
this planc, while the traversing movement is mhnunlly opcrnted
before or nfter the run.

These principle requirements of movement combincd with the
necessity for facilitating the disassembly and adjustment of the
mounting of the actual motor, led to the design of o three-

‘coordinate rocket motor stand for the mininture proofstand, which

will now be described in detail.

The entire stand for the motor, shown in assembly in figs.
6a and 6b, consists of an adjustablc clamping device I, for the
motor iteelf mounted on the head of a pendulum support II, which
is rotatable about the axis P-P, The pendulum support is fitted
on thc cross-slide III, which itself ngain rests on a vertical
ad justable column IV, : .

The clamping device for thec rocket motor (fig.7) consigte
mainly of a bottom clamp 1 mounted on thc top end of the pendulum
and a detachable top clamp 2. Both are shaped prismatically inside
in order to toke the cylindrical casinges of the motorg. A fibre
lining 3 on their surface provides protection againest damage to
the casing. By meang of the clanmping bolte 4 and the-nuts 5, the
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 top clamp 2 can be pressed against the motor. The bolts 4
are of adequate length to tske motor casings of various
diameters.

Jt -wag necessary to make the clamping device so that it was

ad justable in order to allow for perfect a2lignment of the axis
5f the motor with the directions of movement of the cross-slide

4 ITI in figs., 62 and 6b. For that purpose, the bottom clamp 1
rests in the pivots 6 and 7. Pivot 6 is mounted in the top part
of the pendulum support while pivot 7 rests in the bottom clamp 1.

# Yhey are connected by the cross picecc 8, Pivot 6 allows a
tilting movement in the vertical plane for making the cecntre line
of the motor horizontal, while movements around pivot 7 allow the
axie of the motor to be brought into alignment with the axial
direction of movement of the ecross slide. The neccesary adjust-
.mentes are transmitted to the bottom clamp 1, through thc bolt 9,
by means of two manually operated spindles. By turning thc tubu-
lar nut 1C the two bolts, 11 with right hand, nnd 12 with lcft
hand thread, are moved in opposite dircctions thus causing an up-
ward: or downward. movement about pivot 6. Once the horizontal
position has been attainced, the lock nut 13 fixce the ~djustnent.
The top end of bolt 1l rests in o sclf-aligning b1l rrce t9 allow
free movement in all directions, whilc the forkcd vnd of bolt 18
1g fitted with a bush h~ving n femalc thrend. By turning thc
handwheel 14, which is connectcd with the spindlc 15, n travereing
mavement about pivot 7 ewm be carricd out. T> avoid unwintecd slack-
ngee in the mounting swing to the various pivotes ~nd jointe, the
ad justment of thc clnmping dcvice con be sccurcd with loek screws
16, FPige., 10 and 14 show thc elrmping dcvice, trgether with
facket motor RM.,I o»r RM.II,

The pendulum support consgists of a streamlined, thin-walled

1f!ﬁteel tube 17, part way through which some of the pipe-lines going

- to the motor are led. On ite top end a square light alloy block
18 servee as support for the adjustable clomping device. The

:w'bdttom end of the steel tube is screwed on to a yoke 19 (figs.8a
" and 8b), which contoins thc bearings 20 (self-aligning ball-races),

for the two pivots 21 mounted on cach side of the cross slide,
A U-ghaped frame 22 is screwed on to the rear.of thec yoke. On
*its bottom end a carriage 23 can be moved along guidcs. This
. earriage contains the thrust bolt 24 for transmitting the thrust
to the thrust measuring device, a simplec liquid-filled bellows

. assembly. By moving the carriage 23 with the hclp of the spindle

26, the distance "A" in fig.82 con bc varicd within thc ratio 1:2.
The force actually applied to the thrust mecasuring devicc depends
on the ratio of the distaonec of the centre linc of thc rocket motor
from its pivoting point (distance "B" in fig.8a) to the distance of

'“the thrust bolt 24 from the vertical line through thc pendulum

. pivot (distance "A" in fig.8a), As distance "B" remoins practically
 eongtant the thrust applied to the bellowe can be vaoried within

'L the same range as the distance "A", The alteration of thig lever-

' age is sssential to bring the pressure in the bellows within the
 range of maximum sensitivences of the indicating or recording

~instrument. The top part of the fromc 22 carrics n henvy lead

ibliock to give nan initial lond to the bellows nsscubly. The lock-
ing bolt 26 (fig.8b) pcrmite the sctting of the erri~ge 23 %o

4be fixed. - An H-strut 27 between the parts 22 ocnd the hend of the

. pendulum 18, together with the two adjustable drawtars 28 on each
! gide of the yoke 19, increase the rigidity of the stend.

The thrust measuring device consists of a bellows assenbly 29
filled with a non-compressible liquid. A thrust transmitted to
. /the
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the bellows causes the pressure in the liquid to rise and thus
a simple pressure gauge can be used to indicate and measure
the force acting on the bellows, which ig linearly dependent
on the thrust of the rocket motor.

This arrangement has. been found very sensitive since there
are no sliding parts such as pistons ctc., which might cause
errors in measurement owing to unknown friction e€ffccts, In
order to avoid exposure to forcece other than those transmitted by
the thrust bolt 24, which meinly arisec when moving the thrust
measuring device into a different position, a cylindrical casing
30, connccted to thc carriage 23, can bc joined to thc bottom plate
of the bellows asscnbly by the ring nut 31. For this purpose
the bottom end of the casing 30 is threadcd; thc¢ ring nut 31 has
a plain cylindrical end which fite into a spigot on thc bottom
plate of the bellows asscmbly, and when scrcwed upwards the ring
nut comcs off the cylindrical guide and thus allows frece movement
of the bellows. But if it is scrcwed downwards it comes to rest
on the bottom platc and a further movement 1lifts thc thrust bolt
24 from the bellows asscnibly. The transmission of the thrust then
takes place from the carriage 23 through casing 30 and the ring
nut 31 directly to the top side of the cross slide., The thrust
measuring device is thus put out of action, as is desirable when
no thrust measurement is required, or when assembling of cquipment
on the stand threatens the sensitive bellows. In the lattcP case
it is essential to block the movement of the pendulum, This can
bec done with a C-ghaped clamping device 32 which is supported in
the frome 22. By turning the spindle 33 the pendulum is fixed to
the cross slide and a lock nut 34 allows it to rctonin that position,

The cottom plate of the bellows assembly ieg providecd with a
rcctangular groove which fits closely in a key 35 connccted to the
top of the cross slide. Thue the bellows is kept in the correct
position when being moved to olter the lever arm "A",

The pendulum support is mounted on the cross-slide III (fige.6a
and 6b) which is shown in greater dctail in fige. 80 and 8b.
Two of the threce movements required, i.c. the movement parallel to
the axis of the motor and the traversing movement in the same hori-
zontal plane can be carried out with it. The crose glide consists
of the upper slide 36 for thc nxial movement and the bottom slide
37 for thc traversing movement. Thc slide for the axisl movement
ig driven by a handwhecl on the control poncl (Pig.5). Thc move-
ment ig transmitted over o shaft with secvernl univerenl ball joints
and two bevel geare 39 nnd 40 to the spindle 38 which is supported
by two self-aligning ball races, while thc movement of the traoversing
glide 37 ie controlled on the stond iteelf by the hrndwhcel 41 and
the spindle 42. If rcquired, both movcimente cnn be locked with
the clamping bolts 43 and 43a. Adjust~blc Vernicr rings 44 on the
handwhcels allow the trovel of the slides in both directious
to be adjusted to a tenth of one revolution, i.c. 0.01", which ie
gufficiently accurate for all the mensurcments cnvisaged.

The croes slides with the pendulum support rcet on n cylindrical
column 45 which slides in o casing 46 and allows vcrtical adjustment
of the motor, The movement of the sliding column is carried out
from the panel by turning a handwheel (see fig.5) which drives a
gshaft with several universal ball joints. The movement is trans-
mitted over the bevel gear 47 to the spindle 48. A double Trowmudhrust
bearing 49 carries the total weight of the movable parts of the
stand and ensures absence of play in the vertical adjustment. The
casing 46 itself is rigidly mounted on the grating of the proofstand.
A general view of the stand as set up is given in the figs. 18 and

lgo =
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DESIGN OF ROCKET LIOTORS.

PR | The general design principles of the small rceket motors
= have already been laid down in Section 2.8. In conTormity

% | with these ideas two rocket motors have besn designed and will
rﬁ¥:noﬁ be discussed,

':ﬁ'q f

A

_ "Rocket Motor I, which is shown in fig.9, is of a psttern
M'Which hes been usged with succeseg in previous rocket research
(see ref.l). The wmain decign data are .-

= 2

normal coubuetion chauber pregsures 20 ate.
) Waximum 4 L B 40 ate.
4 thrust 30 1lbe.

i‘,:._ i
ﬁﬂ In order to secure complete combustion the diucneions of the

' " combustion chambers werc msde rather large for the smell propellant
sfBhroughput, the intcrnal diasncter being 1.575" and the length 4.7,

3| The combugtion chamber conegists of an inncr copper lincr 1

S8 with helical grooves on ite outer surface to wneurce the forced

et | flow of coolant. Near the cxpansgion nozzlce thie liner is sercwed
by tightly into an anodiscd light mctal caeing 2, whilst a stuffing
t8 box 3 preventes a lecakage of the coslant at the opposite cnd.

Bl This arrangement permits frec (xpansion of the liner 1 in the

| easing 2 which ie st a lower tumpcrature. Through conncectors 4

§ Bituated at both sidce of the combustion chamber the coolant is
led into and brought out of the cooling chonnels (scc fig.l0).

" Provision (5 in fig.9) for measuring the combustion pressure is
;ﬁrﬁmde at the entry to the expansion nozzle.

e The fuel is led into the combustion chamter through a

g eylindrical injector holder 6 to a swirl nozzle 7, held in position
8L by the connecting screw 8. The injecetor cap 9 and the holder 6

4 are screwed together tightly. The injection pressure for this

2 type of injector is 10 to 15 ats., above the combustion pressurc,
f?'giperience has shown that the stomisation obtaincd with this

i injector is not only very fine but that the droplet size is foirly
. uniform.

g Oxygen is brought into the remeining annular space formed by
‘the injector holder 6 and the reduced end of the liner 1.  Rofore
i) the entry into the combustion gpacce this annulue is reduccd furthor
Hi# to o width of about .04" in order to inercvnsc the flow velogity and
bl thus prevent flashbnek into the oxygen line. A flow velocity of
S8 Bbout 120 m/secc. (400 ft/scc) has been found sufficicnt for thnt
purposc. Four smnll spigote at thce top und of thc injeetor cap 9
gerve to centre the injccetor and obtnin » uniform width of the
-quxygen annulus,

_,ﬁ' | The exponesion nozzlc consiste of an inncr copuer part 10

- 1}purroundud by a kronze ring 1l indc in two halves, which arec brazcd
' together after assently. Grooves are cut in the inncr surfacc
"1;@f the part 11 to guidc thc coolant with the required vilocity.
;:ﬁ{&ﬁe coolont is brought in and led out through conneetions nt cnheh
ﬁ gidec of the nozzlc %SLC Figs.11l ond 12). With the hielp of the

o flange ring 12 nnd eight studs 13, the nozzle is conncected to the

~ combustion chnmber. Fig.1ll shows "n c(xprneisn nozzle asscmblcd

v in ite casing and fig.12 without it.

-

s
'l Three nozzles were designed nnd constructed hnving thront
i diometers of 0,449", 0.325" and 0.232", The corrcsponding com-
| bustion chamber pressures, for constnont propellont throughput,
L are 10, 20 and 40 ats. respectivily. /R
Al or
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For many experients on fundamental problens connected
with high pressure combuetion, the variation of certain
characterigtic sections of the motor are an absolute neceseity.
Hitherto this problem has been solved by building the required
numcer of different rocket motors €ach degigned for one specific
purpose only. Thie method is not only expengive but also
geverely linmits the number of possitle varistions. It scemed
desirable to try another approech by scparating the motor into
a numbcer of charactcristic scctions with all the parts frecely
interchangeablec.

The first step to the rcalization of this idea was the
design of thc rocket motor RM.,II which is shown in figs. 13 to
AL The entire motor was dividedintothc following main scctions:

Expansion nozzle
Combustion chamter
Injector for oxygen
Injector for fucl

This allows a far rcaching interchangeability and range of posgible
variations not only of expansion nozzlecs and injection systems

but also of the combustion chamber itself. Combustion chamber
gections of different lengths and diameters can be combined to

form a unit as required.

For practical reasons the expansion nozzles developed for
the motor RM.I will be used for this motor too, and the flange
dimensions on the combustion chamber are degigned accordingly.

The combustion chamber congists, as tefore, of an inner
copper liner 1 which is screwed into the anodised light metal
casing 2. Spiral grooves on the surfacc of part 1 cnsure forced
flow of the coolant. The inner dimensions of the combustion
chamber, i.e. diameter and lecngth arc the same as for RM.I. The
coolant enters the combugtion chambcr through thce connector 3
and is brought firset into an annular space bctwcen the liner 1
and thc caging 2. From there it flows through the rcctangular
cooling channels to a flow guide ring 4 situatcd at the injection
end of the chamber. This ring 4 is designed so as to permit
the flow to the following cooled section with a minimum of friction
and shock losses. Fig.1l5 shows a rear view of the combustion
chamber of RM.II with the guide rings 4. A pressure connection b5
is provided at the end of the combustion chamber for measuring
the combusgstion chamber pressure.

Gaseous oxygen is led into the oxygen injector (fig,16)
through two unions 6. It then enters a distributor chamber from
where it flows into the combustion chamber through 18 holes of
04" disa, These holes 8 are drilled tangentially (sece fig,13
section BB) and are arranged in two planes in three groups of
threc holes each, giving opposite swirls in cach plane. A good
distribution of the gas and good mixing with the fuel is presumed
to occur with this type of injector. The surface is water cooled,
Cooling water is led from the guide ring 4 of thc combustion
chamber through three helical channels 9 (sce figes. 13 and 16).
The whole injector is made of secveral copper parts which arc
brazed together.

Thc fuel is fed through the union 10 into a distributor space
11. Four symmetrically arranged swirl nozzles 12, which are
held in*position and pressed against the injector plate 13 by two
flat springs 14, inject the fuel into the comtustion chamber.

/The
“ 13 -



#0-The surface of the injector plate 13 is.coolcd by water which
! has already passed through the ccoling chartnels of the com-

J8 ‘bustion chamber and the oxygen injector. Guidec venes 15 at
& the entry (sce fig.17) permit the coolant to crntur an annular
i ring spacc 16 which is formed by the injector platc 13 and the
™! ‘easing 17. Four holcs 18 drilled radially and situatcd ,
between the swirl nozzles lead the coolant to a ccntral con-
#.8 nector and through the banjo coupling 19 into the exit linc,

M1 The oxygen and fucl ingeectors arce gcrewed togethcr by mcans

I of the studs 20. The fucl distributor spacc 11 is closed by A
cover plate 21 which contains o self-scaoling U-shnped rubber

Ping 22 to senl from the fucl, and o stuffing box 23 to sual
wh&'watcr exit line, A smell drcinage holec 24 indic~tes posegitle
Ml eakopes ond, at the some time, provents mixing »f the fucl ~nd
the cooling whtcr which nre ot thie point undir very diffiront
pressurcs.

Y EXPERILNCE /iTH PROOFSTAND MA",

3 The proofstand "A", which ie dececritcd in thies report,
8 while incorporating many of the fonturce of the othcr proposcd
proofstands, wne specificnlly designed for work on attenuntion,
B Bor this renson the motor is not enclosed ond is plnced in the

il centre of o large bay in order to minimisce reflcetion c¢ffeets of
the radination.

, To datey; 80 runs with n total opernting time of ~bout 160
minutes have been carricd out satisfactorily., The longcet run
hag been 5 minutes at n combustion pressurc of 10 nts, During
igach long runs the opcrating conditions have remnincd conetont,
mg andjuetments being necegsary. In o2ther cxperiments, runs
have been startcd ond stoppcd over o perinsd of two hours without
Bltering the sctting of thc controals,

In the early runs carbon dioxidc woeg uscd g thoe preesurising
Signs as it 1e supplicd in liguified form and thus for o given
eylinder copacity the total gas volume obtainoblc wns much larger.
‘8econdly, it was intended to use carbon dioxide in o firc
extinguishing circuit. The pressure obtainnble from the cylinders
1 depends markedly on the ambient temperature, and becousc »f this,
. wae found inadequante in winter. It wag ales observed that
 during the flushing of the lineg, ropid adinbatic exponsgion of
W the gne led to formation of s2lid carbon dioxidc with o subsequent
¥ blocknge and failure of valvee. The ignitisn fucl cbesorbed

) lnrge quantities of enrbon dioxide which led to difficultice in
5Vﬂ' mdling, for on relensing the prossure on the ignition fuel
L%gcylinder the dissalved gas come odut of solutisn suddenly nnd

W lejected ignition liquid through thc rclense vilve. Fror these
A nngaeona nitrogen ie now uscd ne pressurising gos.

b Apart from thcec dlf’f‘lcultlt_q nnd the retisn 2 gine=dicthyl
Joh the seatings »f valves (minimiscd by ~degquate flushing), the
dequipment hns functisnced ne plonned nand no major slterotion has
]f%“on neceggary.

R Both rocket motors, Ri.I (fig.9) and RM.II (fig.13), heve
:ﬁ@ been tested and each has behaved satisfactorily. Although most
Hhﬁ 'of the runs have been carried out with RIM,I, there have been a
u.aufficient number of long runs with RM.II to prove the usefulness
h of the design. Fig.20 shows the proofetand "A" during a ryn
‘with rocket motor RM.I at 10 ats. combustion pressure; fig.2l
-,givea a close-up view of rocket motor RM,I during operation at the
' 80IN€ pressure.
&4 : /The
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The general arrangement of the components of proofetand *
"A" ig shown in figs. 18 and 19.

Te FUTURE DEVLLOPMENTS .

The favourable experience obtained with the first miniature
proofstand "A", fully Jjustified the earlier decision to erect
three more proofstands of this type.

Although there was every reason not to change the principles
of the layout, it seemed desirable for fundamental work on
spectroscopy, heat tranefer, radiation etc., to widen the possible
field of application by adding to the liquid fue€l eircuit a
second independent circuit for gaseous fucls, such as hydrogen,
carbon monoxide, methane, ctc.

As these gases arc taken from large high-pressure gas cylinder
batteries, with an initial filling pressure of over 180 atsS.,
it will be possible, with the existing valves and control units
in the gas circuits, to increase the combustion chamber pressure
to well over 100 ats. Furthermore, the total running time, which
was previously limited by the size of the liquid fuel cylinder,
can be increased as desired up to about 30 mins.

The addition of another fuel circuit, and the experience
gained so far, call for a modified ignition circuit, It will be
completely independent of the fuel circuits. There will be a
separate nitrogen solenoid valve for pressurising the ignition
fuel cylinder and a pneumatically operated feed valve to close
the inlet into the combustion chamber,

Certain spectroscopic work requires the complete absence of
adventitious impurities in the combustion gases which the use of
zinc-diethyl as ignition fuel might introducc. Spark ignition
is an alternative and suitatlec devices arc bteing developed to
prevent damage to electrodcs after ignition has taken placc,

All propellant lincs, both for gasce and liquids, will con-
tain remote indicating flowmeters which will aleo 2llow ratio
control of thc two propellants. The cooling lince will have the
same flowmetcring arrangcments, combincd with adjustable minimum
contacts on the instrumcnts to perform thc function of thc pressure
operated relay 37 in fig.4.

For runs with liquid fuels the rocket motors RM.I and RM,II
will be used again, but a new injection system hae becn dcsigned
for goaseous fuels, in the first instancc, for:hydrogen.

Interesting new combustion chambers are now undcr development
for certain basic investigations, c.g. o combustion chamber for '
heat transfer studies, a rocket motor for extrcemely high combustion
chamber pressures up to 160 ats., and a combustion chambcr with
windows permitting direct axial optical observation of the interior
of the combustion chamber during operation in order to study flow
and mixing problems, properties of gases under high pressure and
temperature etc. The windows will bc fitted into o cooled
rotatable cylinder so that they will only be in contact with the
combustion gases during the time required for observation.

With these new proofstands and specially designed rocket motore
research toolsg will be available for carrying out an extensive
regearch programme cn high pressurc combustion. .
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FIG. 5. ARRANGEMENT OF CONTROLS AND INSTRUMENTS
ON CONTROL PANEL.
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FIG. 6a. THREE-CO-ORDINATE ROCKET MOTOR STAND
FOR MINIATURE PROOFSTAND.
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FIG. 6b. THREE-CO-ORDINATE ROCKET MOTOR STAND
FOR MINIATURE PROOFSTAND. END ELEVATION.
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FIG. 7. ADIJUSTABLE CLAMPING DEVICE AND HEAD OF

PENDULUM SUPPORT FOR ROCKET MOTOR STAND.
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COOLANT INLET

COOLANT QUTLET -

FIG. 11. EXPANSION NOZZLE
WITH CASING

FIG. 12. EXPANSION NOZZLE
WITHOUT CASING
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OXYGEN INLET .

/

COOLANT CHANNELS 9

INJECTION HOLES 8

FIG. 16. OXYGEN INJECTOR OF ROCKET MOTOR R.M.II.

GUIDE YANES FOR COOLANT

& INJECTION MOLES —

FIG. 17. FUEL INJECTOR OF ROCKET MOTOR R.M.I.
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FIG. 18. GENERAL VIEW OF MINIATURE PROOFSTAND “A‘’

FIG. 19. GENERAL VIEW OF MINIATURE PROOFSTAND *'A'’
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FIG. 20 MINIATURE PROOFSTAND “‘A'’

DURING OPERATION

® FIG. 21. ROCKET MOTOR R.M.I.
DURING OPERATION AT 10ATS COMBUSTION CHAMBER PRESSURE
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