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A laboratory apparatus for testing and assessing the
effects of hot rocket gases on high temperature materials

by

G.H. Cockett, B.Sc., A.Inst. P.
and W. Watt, B,Sc., A.R.I.C.

R.A.E. Ref. Mat.M.3/103L0/Ww/ 26

SUMMARY

The selection of suitable rocket materials is dependent on the use
of an spparatus for asscssing their resistance to hot nascent rocket
gases. By burning a certain mixture of ammonia and acetylene in oxygen,
a stream of hot gases is produced similar in composition and temperature
to the combustion products of a keroscne-nitric acid propellant.

A laboratory test rig, cmploying an ammonia-acetylene-oxygen flamc
is described together with modc of operation. Full details of construc-
tion and tcempceraturc mecasurement arc given. Tcest specimen temperaturcs
of about 2400°C arc attaincd and the resistonce of the specimen is measured
in terms of weight and dimension changgcs.
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1 Introduction

Resistance to the chemical and physical effects of hot rocket gases
in onc of the chief properties which a material intended for usc in a
rocket cither as a venturi or combustion chamber lining must fulfil. A
guide to this property may be obtained from a knowlcdge of the chemical
and physical propertics of the material in question but in the present
state of knowledge of rocket gases and high tempcraturc materials, a
reliablc cstimate of the action of hot rocket gascs in the range of
2000-3000°C camnot be made. This applics in particular to the high
melting point interstitial carbides and nitrides.

For obvious rcasons it is difficult and inconvenient to test
matcrials in actual rockets and furthcrmore additional work would be
necessary in the first instance to preparc the materials in the requircd
shapes. The purposc of this report is to describe an opparatus by means
of which the cffcct of hot rocket gases, at temperatures of 2000-3000°C,
on materials can be ascertained in the laboratory. As far as is knowm,

this is the first test rig which has been designed for use in the labora-
tory. =

The main featurcs that such an apparatus must provide arc:-

(a) An atmosgpherc of very hot nascent gases similar in all respcots
to the combustion products of a typical rocket propcllant.

(b) The inscrtion of a test sample into the hot gas strcam.
(c) The determination of the temperature of the sample.

(d) The reproducibility of thc gascous atmospherc both in compo-
sition and tcmperaturec. '

(¢) A means of asscssing the cffcets of the gases on the sample.

It is likely that a kerosene-nitric acid mixture will be widely
used as a rockct propellant and thercfore the resultant combustion products,
ncglecting dissociation, will contain carbon-dioxide, carbon monoxidec,
water, hydrogen, and nitrogen. Hence the combustion products in the
laboratory test apparatus should contain thesec gasecs.

During the¢ testing of a sample, air should be prevented from mixing
with the hot combustion products beforc the latter strike the sample;
ncglect of this will result in the gascs being morc oxidising end not
reproducible in composition and temperaturc. Thercforce the combustion of
the sclected mixturc to give the desired hot gascs should occur in a tube
from wvhich air can bec cxcluded. Furthcrmorc, thce combustion in a tube
will allow a samplc to be inscrtcd through o hole in the wall and its
temperaturc can be mcasurcd by some form of radiation pyromcter.

2 Expcrimental arrangement

2.1 Thec combugtion gases

In this test it is proposed to simulate the combustion products of
the rocket propellant, kcrosene and nitric acid, which arc assumed to
rcact according to the following equation:-

- 3 -
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neglecting the_dissociation of the first two right hand terms which is
known to occurl. Thus the stoichiometric equation predicts carbon dioxide,
nitrogen and water as combustion products.

Assuming that the combustion of ammonia and acetylenc in oxygen can
be represented by: -

2 CHp + 509 = 2 HoO + LCO, (2)

L NHz + 30, = 6 H,0 + 2N, (3)

it follows that by burning a mixturc of ammonia and acectylene in oxygen,
a gaseous mixture can be obtained which is chemically similar to the
combustion products of equation (1), although it will not be possible to
reproduce exactly the same composition.

The flame temperatures of stoichiometric mlxturos of ammonia and
oxygen, acctylene and oxygen arc approximately 2500°C and 3000°C3
respectively. Hence the flame temperaturc of a stoichiometric mixturc of
ammonia, acctylcne and oxygen will probably lic between the two above
valucs and thercfore be closc to the temperature 2700°C of the hot combus-
tion products of a keroscne-nitric acid propcllant. Thus the combustion
of a suitaeble ammonia-acctylenc-oxygen mixturc can simulatc both the
requircd chemical and physical effcets. This mixture has the further
advantage that ammonia, acctylenc and oxygen arc rcadily available and
casily handled and metered in the laboratory.

Pigure -1 shows thc relationship between the ratio acetylene:
ammonia by volume in the mixture bcfore combustion with the stoichiometric
amount of oxygen and the percentage by weight of nitrogen in the combus-
tion products. This was calculated by sctting up stoichiometric equations
for different acetylenc ammonia mixtures. The purposc of this curve is
to rcad off thec acetylene:ammonia ratio required to produce a predcter-
mined amount of nitrogen in the combustion products. To fix finally the
composition of the gascous mixturc another relation is rcquired, that of
the oxygen:ammonia ratio by volume to the percentage by weight of nitrogen
in the combustion products. This was calculated as for the first figure
and is shown in figure 2. Having determined the ratio acetylene:ammonia
for a given pcrcentage weight of nitrogen in thc combustion products the
ratio oxygen:ammonia is rcad off on figurc 2 for thc samc amount of nitro-
gen and the nccessary volumecs of the threc gases to be used can thus be
determined.

In the kerosene nitric ac1d propellant, the ratio of fuel to oxidant
by weight actually used is 1:5% and not 1:5.4 as equation (1) shows. The
latter ratio predicts 18.8 percent of nitrogen by weight in the cbmbustion
products, whereas with the former therc is 16.5 pcrcent nitrogen. Assum-
ing a valuc of 18.8 pcrcent nitrogen, the ratio of acctylenc:ammonia was
deduced as 0.3 from figurc 1  With this ratio, thc amounts of thec oxides
of carbon would be on the low sidc so to remedy this, the percentage
nitrogen mist bc reduced and in this particular casc was fixecd at 10
percent corresponding to:-

\
Hol 0
CH2 = 0.9 and |—& !
NH; _ . NH3

Vol. Vol.

the complete equation being: -
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0.94C5 Hp + L.ONH; + 3.10p = 2N, + 1.88C0, + 2.44H 0 (%)

i.e. about half' of the volume of the combustion products is water vapour.

The above cquation is for the stoichiometric mixture. In actual
fact thec ratio uscd in the test rig was Coap :NHz: Op 0.94: 1.0: 2,63
to give a slightly fuel rich mixturc as in rockc% practice. This
mixturc gives 11,15 perccent by weight of nitrogen in thec combustion

products.

2.2 The measurcment and control of fucl and oxidant flow

A diagrammatic representation of the metering and control devices
for the gas flow is shown in figurc 3. Bach gas was lcd from a supply
cylinder through a rcducing valve R and a control valve C to a suitable
flowmeter, P, with back precssurc gauge, P, attachcd to the exit side of
the flowmetcr. The ammonia and acctylcene flowed into a 125 cc glass
mixing bulb, M, and the rcsultant mixturc through another control valve
Co to the fuel tube of a high pressurc oxy-acctylenc burner B oaB.ag.B.
modcl CH) with a nozzle of intecrnal diamcter 3.5 nml(No.AS nozzle) whilst
the oxygen was led dircet from its flowmcter through a control valve C
to the other tube of the burner. To makc the apparatus portable, that
part enclosed by a dotted linc was mounted on a wooden base board, the
control valves in this section also serving as rigid structures to which
connecctions from the supply cylinders and the burncr can easily be made
with reinforccd rubber tubing.

A rotameter mcasured the ratc of flow of cmmonia whilst capillary
flow gauges werc made and calibrated for oxygen and acetylene. The method
of calibration took into account thc bhack pressurc due to the burner for
various ratcs of flow. Rotamcters calibrated for oxygen and acctylenc in
the range 2-20 litres/min and for ammonia in the range 1-10 litres/min
bcecame availablce at a later date and werc substituted for the capillary
flow gauges for casc of rcading and grcater scnsitivity. These werc
calibrated at a pressurc of 23 1bs/sd.in as this was found to bethe pressure
drop across the burncr nozzle with the rates of flow uscd. Throughout
the tests this pressure was maintained in the flow meters. For exemple
if a changc was madc in thce rate of flow of oxygen the control valve C3
on the exit sidce of the oxygen flow meter was adjusted to bring the messure
back to 24 1b/in2. This is necessary as any change in pressure in the flow
mcter alters the volume of gas delivercd for a fixed rcading of the
mecter. ;

The back pressurcs were measured with mercury U tube manometers;
the onc uscd for the fuel mixture was protccted from the action of ammonia
on mercury by putting a laycr of Apizon 0il B of hcight 1 cm over the
mercury ip cach limb,

To avold corrosion with subscquent lcakage no copper or brass valves
or tubes werce uscd in any part of thce system through vhich ammonia
flowed. Rubbcr and glass tubing was uscd in thesc cascs and the valve
Co for controlling thc back pressurc in the fucl linc consisted of a
large gatc clip on rubber tubing. This was found to be quite effective.

2.3 Construction of hot {tunncl

2.31 Thc combustion tubc

In view of the high tampcraturces involved through the combustion of
an ammonia-acctylenc-oxygen mixturc, the choicc of a material for the tube

-5 -
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in which the combustion occurs was very limited. The melting point of

the material must be greater than 2500°C and furthermore must be conpara-
tively inert to the hot gases employed in this investigation. Magnesia
was chosen for the combustion tubc as it has a melting point of 2800°C

and is a common inert oxide. A magnesia tubc, A, 3.1 cm.o/d, 2.5 cm.i/d
and 31 cm long cf'. figures 4 and 5, was sclected as a suitable size. It
was mounted in a sindanyo box, 16.4 x 16.4 x 30 cm lined on the bottom
and two sides with a laycr, J, of high temperature insulating brick about
3 cm thick. Shaped magnesitc slabs, B, countcrsunk into insulating brick
holders, supported the tube at threc places with one cnd of the tube
protruding through an cnd of thc box. This was to allow for the cxpansion
of the tubc. The other end of the tube was recessed and cemented into a
magnesite block, U, which was in turn cemented* into a piece of high
temperaturce insulating brick, D, held in placc by the two sindanyo halves
of onc end of thc box. The purpose of the insulating brick was in all
cascs to incrcasc the thermal insulation around the magnesia tube.

2.32 The sighting tube

In order to determinc the temperaturcs of the magnesia wall and
the specimen a ¢mall sighting hole 0. 24 cm wide was ground into the
magnesia tube at a point L.0 cems from the burner nozzle and situated in
the horizontal diametric planc of thc tube. The position of this hole
had been fixed from the results of preliminary experiments which had
determined the optimum distance between burner and specimen to give
maximum wall and specimen tcrmperaturec.

The sighting tube was made from a 1.9 cm square bar of magnesite
brick ground at onc cnd to fit the side of the magnesia tube and drilled
as shown in figure 5 to give a scrics of concentric holes of regularly
decrcasing diemecter. This allowed a cone of radiation to go through a
hole in the side of the box and fill the djective of a disappcaring
filament pyromcter situated at a suitable distance.

A groove in the insulating brick laycer inside the box located the
sighting tube, and the latter was cemented to both the insulating brick
and thc magnesia tube.

2.33 The insertion tubc

With the sighting tubce fixed in position, the box was ncarly half
filled with crushed magnesite brick, 10-30 mesh, and a magnesia tubc (E)
gbout 4 cm high, about 3.0 cmo/d and wall thickness 0.4 cm was ground to
fit the surfacc of the magnesia tube, A. It was placed over a 1.5 cm
diamcter hole drilled in the top of the magnesia tube, A, so that the
axcs of the sighting tube and this vertical hole were perpendicular and
in thec same vertical planc.

Tubc E was ccmented to the flame tube (A) by pouring e slurry of
cqual parts of finc crushed magnesitc brick and megnesila cement into a
sof't brick mould surrounding it on all sides and extending to a depth
slightly below the centrc of the box; 50% crushed magnesite brick was
addcd to the magnesia ccment in order to reducc shrinkage on firing.

An alumina tube, P, 2.4 cm o/d 1.54 cm i/d and 10 cm long was
ground into the top of tube E to a depth of several rms and cemented
in. A bushed sindanyo cylinder, G, fitted the top of F in such a way
that a tube 1 em o/d could slide through the central hole in the sindanyo
cylinder and be scen covering all of the sighting hole. This cnsured

* A1l cement is magnesia unless otherwise stated.

o G ow
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that when a specimen was inserted dovn P and held in the hot gas stream,
its tempereturce could be determined optically. To climinate any possible
mevement of the alumina tube whilst the ccment was sctting, it was held
rigid by mctal supports fastencd to the box.

A mullitc side tubc, H, fitting into the¢ hole in the alumina tube
P and cemented there, allowcd the ‘introduction of a slow stream of coal
gas into the inscrtion tube; the purpose of this was to provide an inert
atmosphere vhile the spccimen was being held in the ingertion tube prior
to pushing into thc hot gases.

The insulation of the asscmbly was complcted by the addition of
more¢ crushed magncsite brick followed by a layer of insulating brick and
a sindanyo top to the box.

2.34 Mcthod of holding the test specimen

The dimensions of the test specimen were fixed at 1% in. long by
0.160 in. side of squere scction. This particular size was chosen as it
is the samc as that which has becn uscd for bend strength determinations’
and a standard size specimen is convenient to use for several different
tests. -

The specimen was slotted about § in. from one end with a diamond
slitting wheel to form a groove nearly one half the depth of the specimen.
The width of this slot was 0.08 in. It was retained in a graphite holder
by a grephitc pine passing through the slot and suitably placed holes in
the holder, sec figure 6. This enabled the removal of the specimen after
the test for measurements of weight and dimension changes. These measurec-
ments served as a means of asscssing the effects of the hot gases on the
specimen. The other end of the graphite holder was push-fittcd into a
mullite or alumina tube 1 cm o/d and 0.65 cm i/d and held in place by a
second graphitc pin.

To limit the thermal leakage by conduction from the specimen to the
mullite tube the centre part of the graphite holder was turned down to a
small cross scctional area, consistent with the necessary strength of the
holder. The mullite tube slid through the sindanyo clyinder, G, attached
to the inscrtion tubc F.

g Opcration of test rig

3.1 Hecating of tunncl

In order to rcducc the possibility of cracking the magnesia tube by
thermal shock, the tubce was gradually heated to about 1000°¢ by using a
compressed air-coal gas flame beforc injecting the ammonia-acctylene-
oxygen flame into the tube. ‘Vhen the changec-over occurred, a paste of
magnesia cement was forced inte the space between the insulating brick
and the burner nozzlc to prevent the entrainment of air. The flow of
gascs used in thce test was ammonia 6.0 acetylene 5.6 and oxygen 15.8 £/min.
These flows are in the ratio of Cdip : NHz :0o:: 0094k : 1: 2,63 as described
in section 2.1. Thc values of the gas flows were fixed upon by considera-
tion of the rccommended values for the particulor burner jet employed.

Frequent measurements of the wall temperature were teken through
the sighting holc using a disappcaring filament pyrometer. The ratio

?% and thercfore it was assumed that the radiation was black-body, i.e.
the measurcd temperatuiz is the truec wall temperature.

A o S TR —
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3.2 Testing of sample

Before the tunnel was heated, the specimen, the graphite holder and
the associated mullite tube were fixed together with graphite pins. The
specimen was then lowered into the tunnel until it just completcly filled
the field of view when observed through the sighting tube. The bottom of
the sample when in thc flame tube was adjusted to § in. below the axis of
the sighting tubc so that a /8 in lcngth of the specimen was subjected
to the hot gases. It is important for comparative tests that all specimens
tested in the rig have the same dimensions and arc inserted in the flame
tube to the same depth.

The testing position of thec specimen was marked by fixing a stop
over the mullite tubc so that the tube could be replaced to the correct
height. It was then withdrawn from the inscrtion tube.

The tunnel was heated and in the vicinity of the sighting hole, a
wall temperaturc of 1800°C optical was attained in about 75 minutes and
after a further threcc hours or so, the wall temperature had riscen to a
constant valuc of about 2100°C optical.

Once the magnesia flame tube had rcached a stcady thermal state,
as Jjudged by the constancy of the wall tcmperaturc readings, the specimen
was not immediatcly plunged into the hot gas stream but placed in the top
of the ingertion tube and slowly lowercd over a period of scveral minutces
in a current of coal gas. This technique was to dcercasc the thermal
shock to the specimen. Vhen the specimen was almost in the hot ges
stream, tho holder was quickly lowered to the test position and measure-
nents of apparent spceimen temperaturc werce made frequently for the desired
time of test. On complcetion of the test, the specimen was withdrawn into
thc insertion tubc and allowed to cool for some minutes to well below
glow hcat and then removed into the air. The coal gas stream was kept
flowing throughout the wholc experiment ‘at the rate of one or two cc per
sccond.

The change in weight and dimensions of the specimen were taken as
a measurc of the corrosive cffect of the hot gases.

L Results

4.1 Effcct of hot gases on thc hot tunncl

The magnesia tubc after being brought twice to over 2000°C showed
no signs of cracking but was noticcably glazecd at the burner cnd and the
holec in the magnesite slab had been enlarged considerably. A powder
condensced at the cexit end of the tunnel and furthermore condensed on a
cold sampling tube when gassamples were taken. The powder was similar to
magnesia and the conclusion was dravm that the magnesia tube’ and the
magnesitc slab were being cvaporated although the measured wall temperature
at the burner end of the box was just under 2200°C i.c. some 600°C below
its melting point.

4.2 Compogition of combustion products

As a check on the composition of the hot gaseous products of combus-
tion and on the presence of entrained air, samples of the cambustion
products for various fuel and oxidant flows werc extracted from the hot
tunnel, and thc gases analysed for CO,, 0,, CO, Hp, unsaturated hydrocarbons
and nitrogen. Watcr does not appear in the analytical results but was
calculated from them and the known flow rates by sctting by balanced
c¢quations. '
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The method of sampling and derivation of the equations for the
combustion are described in Appendix I. The flow rates and the com-
position of thec combustion gases arc given in Table 1.

TAELE 1
Samplc Flow of Gases Composition of Combustion Products
No litres/min Per cent by volume

Unsaturated hydro-
NHy | Caip | Oy Co, 107 co Ho N, |carbons calcu-
lated as Colo

1 6.00 | 5.60 | 14.70 |38.7 nil |28.6 (13.5 |18.7 0.5
2 6.00!5.65|15.60 | 48.9 nil 122.0 | 9.6 |19.1 0.4

3 5.90 | 5.60 | 15.80 | 51.5 | nil :20.5 8.8 |18.5 G 7
L | l

! 4
| i i i )

From these results the following equations were set up:-

Sampl :
§??1e 6. ONH 3+5. 6Ctp+ L. 705=3Np+6. 3300+ 6700+ 2. 2Hp+12. 3H0+0. 1CH

1 ;
SI?I?ZG 6. ONH3 +5. 6502}{2+15. 60,=3N p+7. 7200 5+3. 4800+1. 5 2H p+13. O8H ;0+0. 05C Hy

Sample g 95Nt +5. 6CgH+15. 809=2. 95N 247, 8700 9+3. 1300+1. 35Hp+13. OHp0+0. 1CH,

These equations were calculated to ‘balance for cach element except
oxygen, on which thercforce all the errors of analysis and flows are thrown.
The oxygen balance in the above equations is as follows: -

Sample No. 1l L.H.S. 0 = 29.4 RHS O = 29.63
Sample No. 2 L.H.S. 0 = 31.2 RS O = 32.00
Sample No.3 Euliias: D= la6 RHS O = 31.87

These can be considered satisfactory cespcecially in view of the following.

The recal test for freedom from entrained air lics in a comparison
of the atomic ratio carbon: nitrogen in the gascs beforc and af'ter com-
bustion Any air entrained would sericusly affect this ratio while not
having much effect on the oxygen balance as 80% of air is nitrogen. For
cxample a total of about 27 litrcs of gas is being consumed per minute.
If one litre of air is cntrained per minute this is only 0.2 litres of
oxygen equivelent to 1.27% of the oxygen flow when it is 15.8 litres per
minute. The C/N  atomic ratio will be altered however from

12-2 to gtk i.c. from 1.87 to L.47. Tablo 2 givos the C/N
o . + X

ratios calculated from the flow rates and from the analytical results
on the combustion gascs.
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TARLE 2
Flow of Ratio Pcrcentage by volume of Ratio
Sample gases C/N gases in the combustion C/n
No. litrcs/ in the | products containing carbon |in combustion
min gas flows and nitrogen gases
NH3 CHi, COo, Cco Ciiy No
I 6.00| 5.60 | 1.87 o < P g S~ ST o 1B I35
2 "o 660 506 1.88 1891 1 22,01 4 Oul 191 1.88
3 5.90} 5.60 1.90 BilieSl o B0B .Gy A 1E45 1596
L

These rcsults show fairly conclusively that no air was entering the com-
bustion tubc.

In Tablc 3 the compositions of the combustion gases are given as
pereentages by volume calculated from the balanced equations and arc
compared with the calculated combustion products for a nitric acid-
kerosenc propcllantl,

TABLE

Composition of Combustion Products, Pcr Cent by Volume

| i '
Sample No. | CO, CoO [ Hy, [H,0 CH, No 10, | GH 0 H | NO
1 22.1] 16.3| 7.7 | 43.0 | 0.4 |10.5 | nil| -~ - - -
2 2606 [ 1200 H TS T G2 Dl sl = - = =
3 207 11,0 | L8 | 45.8 | Oake || LOG | nid | = - - -
Calculated
for a Kero- '
sene-Nitric| 20.0| 7.0| 2.0 44.0| - 165 1 F2@) G50 Ol | -5 120
acid
{ propellant ! ]

The free radicals @I, O, and H, shown as present in the gascs from
the keroscne nitric acid propellant, can only be determincd in the hot
gases by spectroscopic methods and so are not shown in the samples from
the apperatus. They arise from dissociation of the water and hydrogen at
the high gas temperaturcs and so will almost certainly be present in the
gascs in thc flame tube. Nitric oxide, also present in thec calculated
figures is absent in the samples. Evidence was obtained showing that it
does appcar when the gascs are oxygen rich.

In general the gases' obtained approximate to the calculated com-
position. If an attempt were made to raise the nitrogen content by
increasing the ammonia flow this would result in a large increase in the
hydrogen and carbon monoxide and decreasc the carbon dioxide. Increasing
the oxygen flow above 15.8 litres/minute would lower the hydrogen content

e i) e
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C , : -
but would increasc the -7i§ ratio which in samplc 3 is epproximately the

same as in the colculated figurcs. The flows vhich gave samplc 3 probably
represent the best compromisc.

Led Thermal insulation

The average temperature gradicnt down the flame tube was about -30°¢
per cm towards the oxit cend.

Knowing the average wall tcemperature and measuring the average surface
temperature of the sindanyo box, which was found to be 250°C, a calculation
of thc thormal conductivity of the insulating material yiclded a value of
about 0.001 cgs units. This showed that littlc improvement can be made
in the typc of insulation cmploycd to give a higher well temperature.

Loh  Wall and spceimen temperaturc

It is to be emphasizcd that the measurement of both wall and specimen
temperatures was bascd on the following two asswmptions: -

(a) That thc hot tunnel, cylindrical in shape could be assumcd to
be spherical, and with test speceimen absent cquivalent to a black
body enclosurc.

(b) That the ratio of the size of the sighting hole to the diameter
of the "sphere" i.c. diamcter of tunncl, was sufficicntly small and
thc temperature distribution around the hole sufficiently uniform
for thec radiation to be black body.

Neither of thesc assumptions were strictly truc. The temperaturc
gradicnt in the ncighbourhood of the sighting holc was in fact about
-139C/cm.

Using a gzirconium carbidc bar speeimen, hot presscd from the com-
mercisl powder®, the following temperaturc measurcments were obtained with
o wall temperaturc in the vieinity of the sighting holc of 2150°C optical.
The results arc shown in Table L.

TABLE 4
Time in sces. | Tcmp?pziiggnopt. TN
0 " Specimen lowercd into insertion tube
7all tempcerature 21500C

240 - Spceimen lowercd into hot gascs
25 2560 2 stationary in " L
260 23580 " " woon "
270 2380 " n noon "
285 2380 " " noow "
300 2380 " " noon "
360 2380 " " o "
420 2380 - withdravm

AT .
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When the pyroneter is sighted through the sighting hole on to the
wall of thec magnesia flamc tubec a temperaturc reading is obtained ncar
to the truc wall temperaturc. TWith a speceimen ingerted, however, the
measured specimen temperaturc is not simply rclated to the truc specimen
temperaturc. This 1s beecause the specimen is at a higher tempcraturc
than its surroundings and thercforc the radiation can no longer be
assumcd to be black body. It can bc shown that the rclatlonshlp bectween
the obscrved tcempceraturc Ty %K, the truc tcmperaturc To °K and the
wall temperature Tl OK, is giVCn by: -

C
(61 + €5 = £365) cxp. ! {—-1—81 G_-gz)c} ,-_Jl
I I\L_j ! B
| Co
B0 Oy, || —— 5
UASEE, AT ( )

where € 1s the cmissivity of the magnesia wall at T; for wavelength A
& 1s the cmissivity of the specimen at T, for wavelength A\
Co 1is Wicn's constant (= 1.432 cm degrec)
A 1is thec cffeetive wovelength of the disappcaring filament
pyromcter cmployed

For the zirconiym carbidc specimen, assuming g1 = 0. 137 0. 55*
knowing that \ = 66004 and taking the values of Tp and Ty froszable &,
the valuc of T, obtained by substituting in cquation (5) is 24000C.

The corrcection of the obscrved temperaturc to the truc temperaturc is not
very large and shows that the radlatlon from the specimen is ncarly black
body.

5 Conclusions
(a) By burning an ammonia-acctylenc mixturc in oxygen in certain
proportions, combustion products similar in composition and temperature

to thosc of a kcroscnce-nitric acid rocket propellant were produced.

(b) A test rig has been constructed for usc in the laboratory to
reproduce the effccts of hot rocket gascs.

(c) The sultability of new rocket materials can be investigated by
mcans of the apparatus, using only a small spccimen of simplc shape.

(d) The temperaturc of the ammoﬁia4ﬁcetylcno—oxygcn Tlame was suf-
ficicnt to hoat a zirconium carbidc specimen to 24,0090
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APPENDIX I

fethod of Sampling the Combustion Gases and of
Setting w the Balanced Equations

1 Apparatus

The apparatus used for sampling the combustion gases is shown
diegrammatically in figure 7. It consisted of an alumina tube A,
length 30 in., o/d € in. i/d 1 in. This was connected to a glass coil
immersed in a freezing mixturc of ice and salt to condense out the water
from the gases. The other side of the coil was connected to the inlet
of a flowmeter F and the exit side of the latter to a two way tap Ty
by rubber tubing. A gate clip C on the rubber tubing scrved as a
throttle to regulatc the flow. Onc side of T, was connected to the
samplc bottlec S which could be closed with the taps T, and T3. The
other sidc of T7 was connected to a D,R.I. vacuum pump and also to the
right hand sidc of the sampling bottle.

The opcration of thc apparatus was as follows. T7 was closed To
end Tz opened so that bottle S was pumped out. When it was pumped
out to” about 10-2 mms Hg as judged by tosts with a high frequency tcster,
Tz was closcd. Thc sampling tubec A was then placed just inside the flame
tubc and tap T; turned to conncct it with the D.R.I. pump via the cool-
ing coil and the flowmeter. The gas flow was adjusted with clip C to
l% litres per minutc. Tube A wes then pushed half way up into the
combustion tubc and hcld there while the gases were drawn through the sys-
tem for 30 sccormds. As the volume of the sampling train was about 150 ces
it wes thercforc swept out with 5 times its volume of combustion gascs.
Ty was then turned to conncet A to the sampling bottle S. The gases
were dravn into S by virtuc of the vacuum in it. The flow meter roading
fell to zero in 5 scconds but sampling was continued for a further 5
scconds, then T, closed and the tube A withdravn. The latter showed
signs of melting at the cnd and if the cbove times were exceeded wos
scaled by melting over.

2 Calculation of ecquations
Sample No.3 Gas flows werc 0o 15.8 litres/min

1 1"

NHz~ 5.9
Cgag 5.60 " n

Analysis of combustion gasecs was COo 51.5% by volume

CO 20" 5 n "
H2 8= 8 it 1
CZHZ . O. 7 i 1"
¥t s e

Since 5.90 volumcs of NH3 will give 2.95 volumes of No the equation
ig: -

5. 90NH3 + 5.60C5H, + 15.80p = 2.95Np + x002 + y0O + zHp + £Hg0 + nCoH,

Now X+ Y +2m = 5.6x%x2

X+ Y + 2nm iS5

Lo Q4 o~
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o Con b AR ) o e S )
(o=
and 2m = 1l.2 - 11.0 = 0.2
% 2 b0 5 2l:5 _ 7.87
72.0 '

¥ 110 787 & 5.0

G
T ol L E NG R
z 3.13 x 20,5 35

. « Equation is

5. 90NH; + 5. 60CH, +15. 80, = 2. 95N + 7. 87C0 + 3. 13C0 + 1. 35H, + 0. 1C 4, + &0

Now take hydrogen balance

IHS H = 17.7 + 11.2 = 28.9
RHS HIE =07 OSSO 2R 00

Hence £=13.0,

. + Complete egquation which is balanced for each element except oxygen
is:-

5. 9O0NH3 + 5. 60CHp + 15,807 = 2. 95N + 7.87C0 + 3. 1300 + L. 35H, + 0. 1CgH  + 13, OH0

51,6

1]

and the oxygen balance is IHS O

RHS O

il

ST e Al )
3. 87

1]

= E =
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