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ALTITUDE PERFCRMANCE OF' PEWTABOFME - JT-4 FUEL BLENDS 

I N  A MODIFIED J47 COMBUSTOR 

..By J. Robert Branstetter and W a r n e r  B. kufman 

The conibustion character is t ics  of several  pentaborane - JF-4 
(MIL-F-5624A) fuel  blends  in a turbojet  combustor were investigated a t  
simulated flight conditions of 100-percent ra ted engine  speed and alt i-  
tudes of 44,000, 48,000, and 61,000 feet. The conibustor consisted of 
a standard 547 conibustor housing and l i ne r ,  and w a s  f i t t ed  with a dual- 
fuel injector  that  permitted  vaxiation of the fuel composition i n  the 
combustor. The conibustion perf0rmanc.e of JP-4 fuel and blends of 27 
and 66.8 percent  pentaborane  by w e i g h t  w a s  examined. 

Cortjbustion efficiency with the blends was from 6 percent  higher to 
2 percent lower than  for JP-4 alone. 

Relatively  large  quantities of boron oxide were deposited on the 
cambustor walls f o r  the short test durations. These deposits did not 
appear t o  have reached  an  equilibrium  thickness. Only small amounts of 
the deposits were removed by sdsequent  operation on JP-4 over periods 
of 30 minutes at conbustor ou t le t  teqeratures of 1550' F. 

Despite the performance deficiencies  noted, the combustor 
appeared suitable for  the purpose for which it was develaped; namely, 
to permit a short-duration test of a 547 engine employing this type 
cortjbuetor and fuel of various  pentaborane - JF-4 blends. 

INTRrnUCTIOrf 

Special fuels t ha t  show promise of extending the range, thrust ,  and 
operational limits of Jet-propelled  aircraft  are being  investlgated at 
the WLCA Lewis laboratory.  Certain  applications  exist far turbo jet- 
powered a i r c r a f t  that can operate on both  conventional and special  high- 
energy fuels. Aircraft-carrier operation, f o r  instance, may dictate  the 
use of conventional fuel f o r  takeoff  and  landing and special   fuel  for 
cruise and combat. 
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Fuels of current  interest  include  diborane,  pentaborane, and 
pentaborane-hydrocarbon  blends. These fuels possess  desirable  heating 
values and chemical .reactivity;  however, a special  problem e x i s t s   i n  
preventing or controll ing  solid and l iquid boron  oxide in the conbus- 
tion  products from depositing on the conibustor hsrdwaxe. In addition, 
pentaborane  introduces  special  handling  problems  because of i ts  spon- 
taneously inflammable nature a t  room temperatures  (ref. 1). 

Experimental  investigations of the conibustion character is t ics  of 
diborane,  pentaborane, and pentaborane-hydrocarbon  blends in: modified 
turbojet  combustors  have  been  conducted a t  t h i s  lab.oratory a t  the re- 
ques t  of the  Bureau ofAeronautics, Department of the Navy, a6 part of 
Project Zip.  Results of these single-confbustor tes ts   are   presented 
in  references 2 t o  5. 
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A combustor l i n e r . 4  inches  shorter  than the  standard 547 l l ne r ,  
with most of i t s  area air-filmed through the employment of porous wire 
cloth, was developed (ref. 5) f o r  use w i t h  pentaborane. This combustor 
l i n e r  was r e l a t i v e l y f r e e  of oxide  deposits for the limfted test con- 
di t ions and short durations investigated. 

The decreased-length,  extensive air-filming, and reduced  rectrcu- 
la t ion  limited the wire-cloth combustor l i n e r  t o  high-flame-speed, m 

highly  reactive fuels such as pentaborane. A dual-fuel combustor that-- 
would permit  efficient conibustion of both  petroleum  fuels and boron- 
hydride-type fuels appeared  desirable from the aforementioned t a c t i c a l  
application and for   ful l -scaleengine  research purposes. More economi- 
c a l  use of the presently  llmited  production of boron hydride fuels can 
be achieved on full-scale-engine  research by bringing  the  engine t o  
test   conditions with conventional fuel, then  crossing  over t o  operation 
on the   spec ia l  fuel for   the  brief t e s t  period. A further advantage 
with this method of operation  exists Kith boron  hydride fuels, inasmuch 
&E the engine par te  exposed t o   t h e  molten  oxide  can be preheated above 
the melting  point of the oxide and thereby  prevent a  rough layer of 
solid  oxide from forming during the i n i t i a l  stages of warm-up.  In ad- 
dition, the abili ty of a full-scale  research combustor t o  operate on 
various  fractions of pentaborane - JP-4 fuel is desirable, since the In- 
fluence of dffferent concentrations of boron oxide on engine  performance 
can be determined. 

The best  research design  mulb..then be a conibustor that exhibited 
consistently high conibwtion efficiency, f la t  out le t  teqerature pro- 
f i le ,  and general freedom from colnbustion deposits over a r a q e  of 
pentaborane  concentration i n  JF-4. Some hope f o r  aclifeving t h i s  &- 
Sign was indicated  in  reference 4 ,  where improved fuel  atomizatlon re- 
duced oxide deposi t ion  in  E standard type turbojet  combustor. 

c 

The objective of this   invest igat ion was t o  develop a fuel injector I 

and conbustor that would meet the immediate requirements f o r  full-scale- 
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The fuel system used for   the t w o  -1s- is shown  on. f Fgure 1. The 
blend fuel system was purged with helium for  approximkely 1 m i ~ ~ u t e  be- 
fore  the fuel-tank valves were opened. Both fuel  tanks were pressurized 
with helium  by means of remote-controlled  pressure  regulators. H e l i u m  
from a separate-source was supplied t o   t h a t   p a r t  of the  blend  fuel  l ine 
entering the conibustor immediately  preceding and immediately  following 
the use of blend fuel. Fuel flows were s ta r ted  and stopped by remote- 
controlled  presaure-operated  piston valves.  The flow ra tes  were  con- tr) 

t rol led by  remote-operated t h r o t t l e  valves .  Atomizing air-flow rate. was 
governed  by  a remote-controlled  pressure  regulator and a rotameter. The 
blend f u e l  system was flushed  with dry JP-4 af'ter each run. 

The dual-fuel  air-atomizing  injector shown schematically on f ig -  
ure 2 permitted warm-up on JF-4 fuel and variation-of' the combustor 
blend  composition  during  the  runs. The center  nozzle is iden t i ca l   t o  
that of reference 5. A blend of 66.8 percent  pentaborane was fed 
through the  center  passage t o  the nozzle and injected  into the conibus- 
t o r   i n  a sol id  cone. A i r  at room temperature from the central  laboratory 
supply w a s  conducted  through a concentric  passage t o  provide  cooling and 
atomization of the-blend  fuel and a180 atomization of' the JP.-4--fuel. 
The Jp-4 fuel,was admitted t o  the outside passage and entered the corn- - 
bustor through the small holes  aligned wfth the  three  holes  dri l led  in- 
t o   t h e  atomizing-air tube. The atomizing air had a pressure on the  order 
of 15 pounds per s q w e  inch gage on entering  the  injector and a flow . 
rate of about 0.007 pound per second f o r  a l l  rum. Approximately 25 
percent of the atomizing air flow was dis t r ibu ted   to  atomize the J€"P 
fuel. 

A thermocougle hibedded i n  the outside  surface of the  blend fuel-  
tube ( f ig  . 2) for  runs 2 and 5 indicated a w a l l  temperature on the  order 
of50O0 F just pr ior  t o  in i t ia t ing   the  blend fuel flow. 

APPARATUS 

Conibustor instal la t ion.  - Figure 3 ahow8 a diagram of the combustor 
instal la t ion.  Conibustion air from the central  laboratory  supply was 
controlled by a remote-operated  valve. The combustor in le t -a i r  temper- 
ature was regulated by a heat exchanger. Conibustion products were dis- 
charged in to  an exhaust plenum, cooled and exhausted t o  a header that 
was valved t o  provide either 1-atmosphere or l/Z-atmosphere exhaust 
pres  sure. . 

A standard J47 combustor housing and l i ne r  were used. The cooling- 
a i r  passage between housing  and l i ne r  at the rear of the combustor was 
blocked t o  provide higher transition-section w a l l  temperatures. The . 
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crossover  ports on the   l iner  were capped. The sparkplug  electrodes 
were lengthened 3/4 inch. Only one sparkplug w a s  used. The  combus t o r  
i n l e t  and out le t   t rans i t ions  were segments of the corresponding  sections 
of a complete  engine. The out le t   t rans i t ion   sec t ion  w a s  covered  with a 
2-inch  blanket of insulation. 

Instrunentation. - The cozibustion air flow was metered by an 
ASME orif ice .  The pressure  upstream of the   o r i f ice  and the  fuel-  
tank  pressures were indicated  by  calibrated  gages. Orif'ice differen- 
t i a l  pressure  and  total-pressure drop across the c&ustor were measured 
by  water-filled manometers. Combustor in le t ,   ou t le t ,  and exhaust pres- 
sures were read from  mercury manometers. The outlet  total-pressure  probe 
was kept free of  oxides by a continuous  bleed of air through the tube. 
The bleed air-flow rate w a s  suf f ic ien t ly  low t h a t   f r i c t i o n  pressure 
losses  within  the tube were considered  negligible. 

The fuel-flow  rate was recorded  continuously by means of a rotating- 
vane flowmeter ( f ig .  1) and a self-balancing  strip-chart  potentiometer. 
The flowmeter  measures volume flaw rate and was calibrated  with  gasoline 
before each group of runs. The weight-flow r a t e  of t h e  test fue l s  was 
determined fromthe  gasoline  calibration and a density  correction. 

The location of the thermocouples a t  the  combustor inlet and ou t l e t  
is shown i n   f i gu re  4.  Two pa ra l l e l  couples  indicated combustor in le t -  
air temperature;  single  couples  indicated  combustion-air temperature a t  
the   o r i f ice ,  fuel temperature at the  flowmeters, and the   ou t l e t   t r ans i -  
- t ion w a l l  temperature at s t a t ion  D. Closed-end  thermocouples were used 
t o  measure outlet  gas  temperature. Twenty-three of t he  thermocouples 
at s t a t ion  D were wired individually, and the  remaining  twelve were 
wired p a r a l l e l   i n  groups of three. N i n e  thermocouples at s t a t ion  D' 
were wired p a r a l l e l   i n  g r o q s  of three t o  provide a check on the  average 
combustor ou t le t   gas   t eqera ture  computed from the  themocouples a t  sta- 
t i o n  D. A l l  the  temperatures measured by individual thermocouples were 
recorded at regular intervals  on self-balancing  strip-chart  potentiom- 
eters. Temperatures  averaged by the  paral le led thermocouples were re- 
corded manually from self-balancing  indicating  potentiometers. 

Test conditions. - The following table l ists  the   t a rge t  test condi- 
tions.  Conditions B and D a re   ident ica l  to those of reference 5. 
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Conibustor 

ture , pressure3 

lb/sec i n l e t  inlet  - 

A i r  flowa, Combustor 

OF in.  3g 

t o t a l  sq f t  tenqera- 

ab s 

34 368 

5.00 440 32 
2.3% 368 15 
5.35 

~ Combustor 

~ tu re  
conditionb 'tempera- 
Simulated flight 

Perceni Altitude , rise 
c$ f t  rated 

100 6 1  , 000 1182 
100 44,000 1182 

speed 

1200 95 48,000 

& A i r  flow per  unit--of m a x i m u m  croBs-sectional area of combustor 
housing, 0.48 sq f t .  

bSimuLEtting a flight Mach  number of 0.6 for  conditions B and D 
and 0.8 for  condition F, f o r  a ty-pical turbojet  having a -Ek2 
compressor pressure  ra t io  a t  sea-level rated rpm. 

For each ser ies  of runs at conditions B and D, the conibustor and 
out le t   t ransi t ion  sect ion were warmed up on JP-4 for a period of 15 min- 
utes (runs 1, + 7 ,  and 10 i n   t a b l e  11). Then, while maintaining a con- 
s tan t  combustor outlet  temperature, JP-4 and b lend   fue l - f lm rates were 
adjusted t o  obtain the desired  blend composi-Mons wfthin the combustor 
(runs 2, 5,  8, and ll fn  table  11). The combustor w-as then  photo- 
graphed, reassenibled, and subjected  to  a 30-minute run on JP-4 a k a  
combustor outlet-temperature of 1550' F (runs 3, 6, 9, and 1 2  i n  table 
11) in an  attempt t o  remove the oxide  deposits. 

R u n  13, condition F, had a similar warm-up perfod; however, fo r  
t h i s  run the  pentaborane  concentration was varied i n  steps from 0 t o  
36.8 percent, and the clean-up  perfod on JP-4 fuel foUowe8 wTthout 
cooling the combustor. Run 13 simulated the conditione  planned f o r  the 
fullscale-engine"0peration. 

Calculations. - Time intervals  of 1 minute on blend runs and 3 or 
5 minutes on JP-4 rms were chosen for  analysis.  Conibustion efficiencies 
were computed from the  following  relation: 

Equivalence rat io   theoret ical ly   required 

% =  Actual  eqdvalence  ratio x 100 
for measured temperature rise 

The theoretically  required  equivalence  ratio fo r  a m a s e e d  temperature 
rise was determined *om unpmlished  results by the methods and a s s q -  
tions  described i n  reference 6. 

The -average conibustor out le t  gas temgerature was computed as the 
arithmetic mean of the 35 out le t  thermocouple indications. This was 
achieved by assming that each of the thermocouples i n  a paralleled 
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group sensed a temperature  equal t o   t h e  temperature recorded f o r  the 
paralleled group. No correction was made for   veloci ty   or   radiat ion 
e f fec ts  on the thermocouples. 

The total-pressure l o s s  through the c d u s t o r  was computed a6 the  
dimensionless r a t i o  of the measured total-pressure drop PA - PC t o  the 
calculated  reference dynamic pressure qr. The value of qr was com- 
puted  from  the combustor inlet density, the air-flow rate, and the m&x- w 

(I, 
0 
CN irmun cross-sectional  area of the  coribustor  housing, 0.M square  foot. 

RESULTS AND DISCUSSION 

The results of a l l  t e s t s   a r e  -presented in cplronological  order i n  
tab le  II. Because of similarity of results, some of the  data points 
for   the Jp-4 runs have been Omitted. 

A synopsis of the data of table I1 

Test 

lb/( s ec) inlet t o t a l   t i o n  
flow, t o r  i n l e t  condi- 
A i r  Conibus- Combustor 

pressure, (sq ft) temper- 

I 
B 

4.95 408 30.1 F 
2.39 37 2 14.1 D 
2.41  382 14.2 D 
2.41 382 14.2 D 
5.31 367 32.5 B 
5.33  352 32.7 B 
5.30 359 32.8 

I s  given below: 
~~ 

Combus - 
temper- 

borane t o r  
Penta- 

t ra t ion ,  a ture  
concen- 

rise, percent 
?F I 

coIxf!.3us- 
t ion 
eff i- 
ciency, 
percent 

1254 

1306 67 
1267  18  -37 

1217 26 

94 
96 
96 
81 
80 
85 

95-100 

Accuracy  and reproducibil i ty.  - The accuracy of the combustion- 
efficiency  data was affected  by  the  deposition of so l id   p ro-hc ts  of 
combustion. The accuracy of the da%a w a s  also l imited t o  the accuracy 
of the  temperature measurements and fuel-flow measurements. The combus- 
t ion   e f f ic ienc ies   a re   es t imated   to  be within &3 percent f o r  the condi- 
tfons where the w a l l  temperature a t  the  out le t  thermocouple s t a t ion  had 
approached equilibrium.  Figure 5 shows t h e  increase  in combustion e f f i -  
ciency w i % h  increasing w a l l  temperature. This effect  i s  a t t r i b u t e d   t o  
the  decreasing thermocouple error associated with increasing wall t e m -  

recorded a t  tlmes i n  excess of 15 minutes, where wall temperatures had 
essentially  reached  equilibrium.  Reproducibility of the  data is i l l u s -  

tained w l t h  JP-4 at condition B a t  intervals  during  the program. 

L perature. The data f o r  combustor operation w i t h  pentaborane  blends were 

- t ra ted   ( f ig .  5) by the close agreement of conibustion-efficiency data ob- 
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Conibustion efficiency. - Conbustion-efficiency values with Jp-4 
taken just prior  to  thrott-l ing in the blend f u e l  were 94 percent  for 
condition B and 80 t o  83 percent  for  condition D. Correeponding  values 
f o r   c d u s t o r  fuel blends of a p p r o x h t e l y  27 and 66.8 percent  penta- 
borane a t  condit3on B were 95 t o  97 percenk. Cordbustion efffciencies 
f o r  the blends a t  condition D were 80 percent  for a blend of ap-proxi- 
mately 27 percent  pentaborane and 85 percent  for the 66.8 percent 
pentaborane  blend. R u n  13 gave conibustion-efficiency  values  generally 
in agreement with those at  condftion 3. Because of a l imited fuel quan- 0 
t i t y ,  some d i f f i cu l ty  was encountered i n  varying  the combustor blend 
composition rapidly between data  points on run 13. Thermocouple values 
appeared t o  lag changes i n   f u e l  flow by 10 t o  15 seconds, which accounts 
for the variation of conibustion efficiency for the  31 and 30 percent 
pentaborane  data for this run. 

- 
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Figure 6 shows values of combustion efficiency  obtained wlth Jp-4 
fuel and with blends.of 27 and  66.8 percent  pentaborane. Also included 
i n  figure 6 are  curves from reference 5 6hWng the performance of t h e  
codus tor  employing a l i ne r  of porous wlre cloth. For coqarable  fuel 
blends the combustion eff ic iencies  of the combustor of reference 5 are 
4 or 5 percent higher than  the conibustion efficiencies  obtainehwith the 
standard cambustor liner. The conibustor of reference 5 employed the 
s a e  fuel nozzle as tha t  used  herein  for injection o p t h e  blend fuel, . 
but the reclrculatory flow i n  the upstream end of the porous wire-cloth 
liner was considerably less than that obtained w i t h  the standard l iner .  
This recirculatory  f low may account f o r  the .lower combustion eff ic iencies  . 
obtained wlth the standard  liner as POllaWS: It is hypothesized that 
the pentaborane component of the blend fuel may react  w i t h  oxygen of 
the air i n  the recirculatory  region within the combustor mere t h e  over- 
alL fue l - a i r   r a t io  is much too  high t o  permit complete oxidation of the 
fuel. mi6 rich  oxidation may r e su l t  in relatively  unreactive  products 
that do not burn completely in passing through the  combustor. Such a 
process would be somewhat analogous t o  the formation of smoke i n  tur- 
bojet  co&ustors using petroleum fuels (ref. 7) .  This phenmnon would 
also  account  for the fac t   tha t   the  combustion efficiency of the 27 per- 
cent  pentaborane  blend is lower than that obtained w i t h  E - 4  fuel.  

. .  

Temperature prof i les .  - With Jp-4 fuel, the  temperature  spread at 
the combustor outiet  warapproximately 280° F a t  condition B and in- 
creased t o  about 360' F f o r   t h e  reduced conibustor pressure a t  condition 
D (based on JP-4- reference  runs 1, 4 ,  7, and LO). Temperature spread 
was increased when blend  fuel  was injected  through the center  nozzle. 
A maximum spread of 550° F (fig. 7 )  reaulted a t  condition D from in- 
jecting a l l  the fuel through  the blend nozzle.  Reference 5 reports a 
spread of 650° F for   approxhately  the same blend i n  the shortened  wire- 
c loth coItlbustor at condition D for .an outlet temperatwe of 1540' F. 
However, a t  condition B, with a l l  the fuel injected  through the center 
nozzle,  the  temperature  spread w a s  on the order of 850° F f o r  the w k e -  
c loth combustor l i n e r  compared w i t h  40O0 F for the standard combustor 
l i ne r .  The temperature  spread of 550° F obtained  with the high penta- 
borane  concentration would be considered  marginal in many current 

c 
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engines; however, t h i s  temperature  profile seems sat isfactory f o r  the 
intended  application of t h i s  combustor in a short-duration  test  of a n  
engine. 

Oxide deposition. - Since  the combustor outlet  temperature was on 
the  order of 16000 F f o r  a l l  runs, the oxide w a s  a th in  film of the 
brittle, transparent,  glassy type in   t he   l i ne r  and transition sectfon. 

The material w a s  thickest  at the bottom of the   l iner  and indicated that 
the oxide f la red  downward as w e l l  as axially  through the liner. The 
downstream side of the l ine r  t h w l e s  collected a large  portion of the 
deposit. The r a t i o  of the weight of boron  oxide deposited on the   l iner  
walls t o  the w e i g h t  of boron  oxide formed in   t he  combustion products 
(assuming 100 percent  conbustion  efficiency) was 0.0096 for  both runs 
at condition B and 0.015 for  both runs at condition D. The additional 
weight of deposit  for  the longer duration of run 13 indicates that depo- 
s i t i o n  did not  reach  an  equilibrium  condition  during the short runs. A t  

and 90 percent of this  deposit was on the metal ta i lp iece  of the liner. 
Furthermore,  aeposition  appeared t o  have reached an equilibrium thickness 
fo r  the wire-cloth  liner. 

UI The dome deposits, however, were a t h i n  layer of the  white powder type. 
% 
0 

Eu 
I condition B, this r a t i o  was o n l y  0.0033 fo r  the wire-cloth  liner  '(ref.  5) , 
G 

c Deposits i n  the l i ne r  and transit ion  before and after a "clean-up" 
run on Jp-4 fuel are shown- on figures 8 and 9. Only 9 grams of the 
oxide were  removed from the   l iner  walls during 30 minutes  operation on 
JP-4 at outlet  temperatures of l50O0 t o  X O O o  F. Removal of deposits 
by continuing  operation on petroleum fuel would appear to   require  a long 
duration and very high  outlet  temperatures. 

4 

The results obtained i n  this investigation of the combustion of 
pentaborane - JP-4 fuel blends  in a modified 547 turbojet  conibuator are 
summarized as follows : 

1. Conibustion eff ic iencies  of  94 percent  with JP-4 and 95 t o  100 
percent w i t h  the blends were obtained at a c d u s t o r  pressure o f ' 1  at- 
mosphere. A t  a combustor pressure of 1/2 atmosphere efficiency  values 
were 80   t o  82 percent  for  both Jp-4 and 27 percent  pentaborane  blend 
and 85  percent  for  the 66.8 percent  pentaborane  blend. 

2. The conibustion efficiencies  obtained with the standard conibustor 
l i ne r  were 4 t o  5 percent below those  reported  in  reference 5 f o r  the 

somewha t  lower combustion eff ic iencies  may be the result of r i c h  
. codustor  using a porous  wire-cloth  liner. It is hypothesized that the 
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oxidation of the  pentaborane  into  relatively  unreactive  producta due t o  
the strong  recirculation in the  primary zone of this combustor. 

3. The combustor outlet  temperature  profile w a s  sa t isfactory f o r  the 
intended  application of the combustor. The difference- between the m a -  
Fmum and the  minimum temperature at the conibustor out le t  was from looo 
t o  450° F less than that f o r  the conibustor of reference 5 employing a 
l i n e r  of-porwus wire  cloth. 

0 
00 
NI m 

4. Deposition of boron  oxide d id  not appear to have reached  equ21ib- 
rim thickness f o r  the  short  durations  oQthe tests. More than  twice as 
much oxide was collected on the   l iner  walls than was collected  for  the- 
s e  test  duration on the  wire-cloth  liner of the -combustor of referenc-e 
5, where deposit  thickness d id  reach  equilibrium. 

5. Removal of a l l  aeposits from the conibustor-liner walls by con- 
tinuing  operation on conventional fuel does  not  appear  promising at nor- 
mal-combustor orrtlet  temperatures. 

6. Despite  the performance deficiencies  noted,  the combustor ap- 
peared  suitable  for  the purpose for which it was developed; namely, t o  
permit a short-duration  test  of a J47 engine employing this type com- 
bustor and fbl of varioue  pentaborane - JP-4 blends. 

I p l s  Flight  Propulsion  Laboratory 
National  Advisory Committee f o r  Aeronautics 

Cleveland, Ohio,  August- 16, 1954 
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FUEL, MIL-F-5624A GRADE JP-P 

In i t ia l   bof l ing   po in t ,  % 

Percent  evaporated 

5 
10 
20 
30 
40 
50 
6Q 
70 
80 
90 
95 

. .  . 

.. . 

Final  boiling  point, ?F 

Residue,  percent 

Loss, percent- 

Reid vapor pressure, lb/sq in. 

Speciftc  gravity, 60' F/60° F 

Hydrogen-carbon r a t i o  

Met heat of c d u s t i o n ,  Btu/lb 

136 

180 
243 
292 
316 

- 331 
- 341 

355 
371 
390 
421 
447 

480 

1.0 

1.0 

2.4 

0.778 

0.168 

18,675 
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TABLE 11. - OPERATING CONDITIONS AND RESULTS 0 
CD 
prl 
M r r I I 

l 7pP  
lBB8 
1894 
17- 
m6 

- 1O.P 
U.2 
1 1 . P  
Ll.1 
U.l  
U . P  

E q = - p  1477 - l3.4 

i l 4 W  

nos  
1766 - 
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Figure 1. - Fuel s y s t e m .  
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& ,r-Atomieing air 

. .. . . . .. . ...  .. . . . . . . . . . . . . . . . 

1: . 

Flow restriction 

Flow restriction 

Dome of 
combustor liner 



ir measuring orifice 
Combustion 
air - 

Flgure 3. - J47 Combustor installation. 
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1 Section B-B 

Section D-D 

Section DI-D' 

0 Total-pressure  tubes 

0 Thermocouples  (wired Inaiv-taualu) 

0 Thermocouples  (wired in parallel) 

Figure 4. - Instrumentation sections. 
I 
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94 

92 
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aa 

86 

04 

82 

80 

70 

76 

74 

-, - 
Figure 5. - Effeot of thernooome losses an ocqn ted  oombwtion- 

effioianoy values at oondlt lon B w i t h  Jp-4, MIL-F-5624.A, fuel. 
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(a) Run 10; condi t ion  D; CTP-4 fuel; outlet temperature, 1590" F; spread, 405' F. 

(b) Run 11; canditlon D; 66.8 percent pentaborme; outlet tempemtare, 1678' F; spread, 5.52' F. 

Bigure 7. - Cambustor outlet temperature profiles. 
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(a) Combustor. 

(b) Transition  sectfon. 
Figure 8. - Ikpo6it.s from combuation of a blend contafning 66.8 percent  pentaborane 
in Jp-4. Condition 3; run 5; test duration, 4 !mimitei; iideje0si.t weight, 71 -6. - c 
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(a) Combustor. 

(b) Tramition section. 
Figure 9 .  - Deposits  remaining  after 30 minutes of operation with JP-4. 
Condition B; run 6; itieposit  weight, 62 grams. 

NhCA - Langley Fleld, Va. 
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