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PRELIMINARY RESULTS FROM FREE-JET TESTS OF A 48-INCH-DIAMETER 

RAM-JET COMBUSTQR WITH AN ANNULAR CAN-TYPE F W  HOLDER 

By Carl B.  Wentworth, Wilbur F. Dobson, and Warren D. Rayle 

SUMMARY 

A ram-jet engine with an experimental 48-inch-diameter combustor 
was investigated i n  an NACA f ree- je t  f a c i l i t y .  The combustor was designed 
t o  reach an optimum combustion efficiency a t  a fue l -a i r  r a t i o  between 
0.035 and 0.040. The flame-holder design comprised an annular can or 
basket with the inner surface terminating i n  an annular V-gutter flame 
holder. About 40 percent of the  engine a i r  was bypassed around the flame- 
holder region so t h a t  t he  combustion occurred i n  nearly stoichiometric 
mixtures. This s t r a t i f i ca t ion  served not only t o  increase the conibustion 
efficiency but a l so  t o  reduce the  sens i t iv i ty  of the  combustor t o  changes 
in fue l -a i r  r a t io .  The bypass shroud terminated a t  the  downstream edge 
of the outer surface of the flame holder. 

Three combustor lengths and three fuel-distribution systems were 
investigated over a range of fue l -a i r  r a t io s  from 0.025 t o  0.060 a t  air 
flows of 40 and 60 pounds per second (conibustor-outlet t o t a l  pressure 
from 550 t o  1025 psfa).  Peak canbustion eff ic iencies  occurred at actual  
fue l -a i r  ra t ios  from 0.035 t o  0.040. Efficiency Fncreased with combustor 
length; f o r  example, with an air-flow r a t e  of 40 pounds per second, cm-  
bustor lengths of 60, 78, and 96 inches gave peak combustion eff ic iencies  
of approximately 0.79, 0.87, and 0.88, respectively. These peak eff ic ien-  
c ies  were obtahed  with a fuel-distribution system tha t  provided higher 
f u e l  flows i n  the center of the  duct. The total-pressure r a t i o  across the  
combustor was about 0.85 a t  the  design point.  An e l ec t r i ca l  spark system 
proved capable of s t a r t ing  the cardbustor a t  the 60-pound-per-second a i r -  
flow condition, but not a t  lower flow ra tes .  

The performance of an experimental 48-inch-diameter combustor i n  a 
ram-jet engine was investigated in a free- jet  f a c i l i t y  a t  the NACA Lewis 
laboratory. This investigation was a part  of a continuing program t o  
determine combustor configurations and engine geometries capable of de- 
l iver ing  high performance at conditions simulating those experienced by 



a long-range ram-jet powered vehicle. The performance of a combustor 
with an annular-piloted baffle-type flame holder was previously inves- 
t igated as a par t  of t h i s  program ( re f .  1). This report deals with the I 

performance of aconibustor using a different  type flame holder, an 
annular can or basket. 

The combustor was designed t o  operate a t  an over-all fue l -a i r  r a t i o  
between 0.035 and 0.040. About 40 percent of the engine a i r  was bypassed 
around the combustion region so tha t  the combustion occurred in nearly 
stoichiometric mixtures. This s t r a t i f i c a t i o n  served t o  increase the 
combustion efficiency and t o  reduce the sens i t iv i ty  of the combustor t o  
variations i n  fue l -a i r  r a t io .  It a lso  provided a layer  of low-temperature 
a i r  along the combustor walls. The bypassed a i r  was permitted t o  rejoin 
the main stream immediately downstream of the flame holder. 

Combustor performance was evaluated f o r  three combustor lengths, 
96, 78, and 60 inches, and three fuel-distribution systems. The a i r  flow 
through the engine was se t  a t  e i ther  40 or  60 pounds per second, giving 
combustor-outlet t o t a l  pressures from 550 t o  1025 pounds per square foot 
absolute. Fuel-air  ra t ios  between 0.025 and 0.060 were investigated. 
The upper l imi t  was usually established by the c r i t i c a l  pressure recovery 
of the supersonic diffuser .  

x 

The resu l t s  of t h i s  investigation are  presented both i n  tabular and 
in graphic form. Combustion eff ic iencies  were calculated from the effec- 
t i ve  area of the exhaust nozzle, the mass flow of a i r  through the engine, 
the t o t a l  pressure of the gas entering the exhaust nozzle, and the f'uel 
flow, The efficiencies represent the r a t i o  of the fue l  flow ideal ly  re-  
quired to  give the observed heat re ject ion and exhaust t o t a l  pressure t o  
the fuel  flow actually used. 

APPARATUS 

Fac i l i t y  

A 48-inch-diameter ram-jet engine was t e s t ed  i n  a f ree- je t  f a c i l i t y .  
The s tar t ing and performance character is t ics  of the f ree- je t  f a c i l i t y  
have been previously reported ( re f .  2 ) .  A sketch of the experimental 
configuration i s  shown i n  figure l ( a ) .  An asymmetrical supersonic d i f -  
fuser,  which was connected t o  the cmibustor by a simple conical section 
of 15' half -angle, had an out le t  velocity p ro f i l e  tha t  was circumferen- 
t i a l l y  nonuniform. To improve the prof i le  and t o  avoid flow separation, 
a half-screen was ins ta l led  i n  the high-velocity portion of the d i f -  
fuser outlet .  This screen com rised a square array of 114-inch rods 
and blocked 25 percent of the ?half)  area.  



Conibus tor  

The combustor she l l  was constructed of three cyl indrical  sections, 
42, 36, and 18 inches i n  length t o  permit variation of combustor length. 
These sections, as well as the exhaust nozzle were water-cooled. The 
convergent-divergent exhaust nozzle had a 54.6-percent open area; the  
half-angle of the convergent section was 25'; the  half-angle of the di-  
vergent section was 12'. A motor-operated clam-shell (not shown) was 
attached t o  the exhaust nozzle t o  f a c i l i t a t e  the  obtaining of cold-flow 
drag data.  The cross section of the combustor is  shown in figure l ( a ) ;  
a cutaway view is  given in  figure l ( b ) .  

The flame holder used in t h i s  investigation was an annular can or 
basket with about 130 percent open area. I ts  length was 37 inches and 
i ts  leading edge, or  dome, was located i n  the 30° cone section. The 
inner surface of the  can terminated in an annular V-gutter, 13 inches 
in diameter. A flow-dividing shroud or l i n e r  extended from the down- 
stream edge of the can through the 30° cone, bypassing about 40 percent 
of the engine a i r  around the  flame-holder region. Two annular turning 
vanes located near the shroud leading edge were employed t o  reduce the  
poss ib i l i t y  of flow separation at th is  point.  The m a i n  stream air was 
fur ther  subdivided by a wedge-shaped extension attached t o  the annular 
dome of the flame holder. The purpose of t h i s  flow division was t o  pro- 
portion the a i r  properly between the two perforated surfaces of the flame 
holder. 

Fuel was injected normal t o  the  main a i r  stream by means of simple 
o r i f i ces  in sixteen 1/2-inch-diameter r ad ia l  tubes equally spaced c i r -  
cumferentially, and supplied from a common external manifold. Three 
such systems, differ ing only in s ize  and location of fue l  or i f ices ,  were 
incorporated in to  a single instal la t ion t o  f a c i l i t a t e  the study of fuel-  
p ro f i l e  e f fec ts .  The corresponding tubes from each fue l  system were 
combined in to  single fue l  bars .  Figure 1 shows a typical  f u e l  bar in- 
s t a l l e d  in the combustor. The circumferential locations of fue l  bars, 
as well as the three basic fue l  dis t r ibut ion prof i les  investigated are  
shown in figure 2. I n  addition, four evenly spaced fue l  bars permitted 
f u e l  t o  be injected d i rec t ly  into the p i l o t  region (the dome of the can) 

The f u e l  used throughout the investigation was MIL-F-5624 B, grade 
JP-5, with a heating value of 18,625 Btu per pound and a hydrogen-carbon 
r a t i o  of 0.159. 

Igni t ion was achieved through the use of two surface-discharge spark 
plugs located i n  the p i l o t  region. A separate power supply of the 
condenser-discharge ty-pe was used for each plug. 



Instrumentation 

The a i r  flow through the engine w a s  determined from the effect ive 
capture area of the  supersonic diffuser  and the  t o t a l  pressure and tem- 
perature upstream of the f ree- je t  nozzle. Cold-flow t e s t s  with a small 
exhaust nozzle were used t o  determine the effect ive capture area of the  
diffuser.  Total pressures were measured in the engine a t  s ta t ions 3 
and 6 (see f i g  . l ( a )  ) . A t  s t a t  ion 3, the 48 total-pressure tubes were 
located on s ix  rad ia l  bars.  The eight total-pressure tubes on each bar 
were spaced radial ly  on equal areas. A t  s ta t ion  6, the conibustor out let ,  F 

F 

the 33 tubes were located on four rad ia l  bars and spaced rad ia l ly  on In 
M 

equal areas with the odd tube being located in the center of the t o t a l  
area.  These tubes were a l l  connected t o  mercury manometers, the wells 
of which were i n  turn connected t o  a manifold kept within 1/2 pound per 
square foot of absolute zero by a vacuum pump. 

The a i r  temperature entering the engine was measured by an 18-point 
thermocouple array located upstream of the f ree- je t  nozzle. Total tem- 
perature was assumed t o  be conserved through the diffuser .  The temper- 
a ture  of the gas near the w a l l  at the entrance t o  the exhaust nozzle was I 

1 
measured by four thermocouples located 12 inches from the w a l l  and equally 
spaced about the circumference. d 

The quantity of by-pass a i r  was determined f r m  measurements of t o t a l  
and s t a t i c  pressure i n  the bypass channel. 

Fuel-flow measurements were obtained from the pressure drop across 
sharp-edged orif  ices.  These or i f  ices were calibrated by comparison with 
standard rotameters. Separate measurement of the f u e l  flowing t o  each 
of the main fue l  manifolds was  made by means of a posi t  ive-displacement 
electronic flowmeter. 

The flow of cooling water t o  the engine was metered through a f l a t -  
plate  or i f ice .  The temperature r i s e  of the coolant was determined from 
two thermocouples located upstream and downstream. 

The mercury manometers measuring pressures at s ta t ions  3 and 6, as 
well as manometers connected t o  read s t a t i c  pressures at  various points 
within the engine were recorded photographically. The various tempera- 
tures  were recorded by self-balancing potentiometers. 

In addition, the combustor was observed in operation by means of a 
periscope located downstream of the engine. The periscope afforded a 
view of the combustion region through the exhaust nozzle. 
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PROCEDURE 

Combustor performance was evaluated f o r  three combustor lengths, 
96, 78, and 60 inches, a t  air-flow rates of 40 and 60 pounds per second. 
A t  40 pounds per second, the combustor-outlet t o t a l  pressure ranged from 
550 t o  700 pounds per square foot absolute; a t  60 pounds per second, the  
range was 850 t o  1025 pounds per square foot absolute. An in le t -a i r  
temperature of 530° F was  used throughout the  investigation. 

A t  each condition, data were taken over a range of fue l -a i r  ra t ios  
from about 0.025 t o  0.055, with the upper l i m i t  being dependent upon 
combustion efficiency. A t  100 percent combustion efficiency, a fue l -a i r  
r a t i o  of less  than 0.050 would cause the diffuser  t o  operate subcri t ical ly.  
L i m i t s  on the f a c i l i t y  prevented any data being taken with subcri t ical  
diffuser operation. 

Three fuel-distribution systems giving the profi les  shown in f ig -  
ure 2 were used, e i ther  singly o r  in combination. Fuel system A gave a 
uniform distribution, while system C concentrated the fue l  i n  the  outer 
portion of the main a i r  stream, and system D concentrated it in  the cen- 
t e r .  These fue l  prof i les  and l e t t e r  designations are  ident ical  t o  those 
used i n  reference 1. Fuel system B of reference 1 was not used with the  
flame holder reported herein. Most of the data were taken with a com- 
bination profi le ,  70 percent of the fbel flowing through system A and 
30 percent through system D, 

The injection of additional fue l  into the p i l o t  region did not en- 
hance the conibustor performance, consequently no p i l o t  fue l  was used f o r  
the performance t e s t s .  

No e f fo r t  was made t o  control the flow ra te  of the bypass a i r .  The 
quantity varied throughout the t e s t s ,  being a function both of the fuel-  
air r a t i o  supplied t o  the conibustor and of i t s  cambustion efficiency. 
In general, the bypass a i r  flow was about 30 percent of the t o t a l  a i r  
f o r  cold flow; with burning the bypass a i r  flow was from 36 t o  41 percent. 

Ignition t e s t s  were conducted in the following ma.nner. F i r s t  the 
supersonic flow through the f ree- je t  nozzle was established. The a i r  
temperature was then raised t o  the operating temperature of 530° F, and 
the i n l e t  pressure was adjusted t o  give the desired mass flow through 
the engine. The fue l  and the spark were then turned on; the order was 
found t o  be unimportant. When p i lo t  fue l  was used, a quantity giving an 
over-all  fuel-air  r a t i o  2 .5  percent of stoichiometric was injected. The 
m a i n  f u e l  was provided in amounts giving over-all  fuel-air  ra t ios  from 
0.025 t o  0.050. Data fo r  the preignition engine pressures were obtained 
from the cold-flow te s t s ,  wherein no fue l  was injected. 
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RESULTS 

The combustor performance and ign i t ion  data  obtained a re  summarized 
i n  tables  I and 11. The performance data  f r o m t a b l e  I are  presented 
graphically in f igures  3 and 4. Figure 3(a) shows t he  combustion e f f i -  
ciency, combustor-outlet t o t a l  pressure, i n l e t  Mach number, and combustor 
to ta l -pressure  r a t i o  a s  functions of i dea l  f ue l - a i r  r a t i o  (which i s  re -  
l a t e d  t o  combustor temperature r a t i o ;  see appendix) f o r  an a i r - f low r a t e  
of 40 pounds per second. The fue l -d i s t r ibu t ion  system used w a s  t h e  com- 
bination of 0.7 p r o f i l e  A and 0 .3  p r o f i l e  D which was determined t o  be 
optimum and i s  subsequently discussed herein.  A t  an ac tua l  f u e l - a i r  
r a t i o  near 0.040, a peak eff ic iency of about 0.88 was obtajned with t he  
96-inch combustor length.  Decreasing the combustor length t o  78 lnches 
reduced t h e  peak e f f ic iency  t o  about 0.87; decreasing t he  length fu r the r  
t o  60 inches reduced t he  eff ic iency t o  about 0.79. The shape of t he  
eff ic iency curve remained subs tan t ia l ly  t he  same f o r  a l l  th ree  combustor 
lengths.  The combustor to ta l -pressure  r a t i o  was unaffected by combustor 
length and ranged from 0.80 t o  0.88 with var ia t ion  of f ue l - a i r  r a t i o ;  a t  
t h e  design i dea l  f ue l - a i r  r a t i o  of 0.034 t h e  pressure r a t i o  was 0.85. 

Similar r e s u l t s  were obtained with an a i r  flow of 60 pounds per  sec- 
ond as shown by f igure  3(b) . Here t he  peak e f f ic iency  w a s  about 0.90 
f o r  the  96-inch combustor length, 0.88 f o r  t he  78-inch length, and 0.83 
f o r  the  60-inch length .  The increase in combustor pressure l e v e l  d id  not 
g rea t ly  increase t he  combustion eff ic iency a t  and above the  design fue l -  
air r a t i o .  However, at  low f u e l - a i r  r a t i o s  as much as 0.05 was gained 
i n  combustion eff ic iency.  The combustor to ta l -p ressure  r a t i o  again 
ranged from 0.80 t o  0.88 with t h e  pressure r a t i o  being about 0.85 at t he  
design idea l  fue l -a i r  r a t i o  of 0.034. 

The nonuniform veloci ty  p r o f i l e  at  t h e  d i f fu se r  o u t l e t  allowed the  
flame t o  pass upstream of the  can in t h e  low-velocity regions.  Direct 
observation of t h e  combustor through t he  periscope showed t h a t  some p a r t s  
a t t a ined  a br ight  red heat .  Because the  i n t ens i t y  of the  flame holder 
heating seemed t o  increase with combustor pressure and a i r - f low ra te ,  t h e  
investigation was l imi ted  t o  a i r  flows of 60 pounds per  second and l e s s  
in order t o  prevent flame-holder burn-out. For operation with nonuniform 
veloci ty  p rof i l es ,  t h i s  flame holder must be considered l e s s  su i t ab l e  
than that  of reference 1. 

The e f f e c t  of proportioning t h e  f u e l  between t he  various systems i s  
shown i n  f igure  4 f o r  an air-f low r a t e  of 40 pounds per  second. A l l  f u e l  
systems invwt iga ted  gave f u e l  p r o f i l e s  t h a t  var ied only r a d i a l l y .  In- 
asmuch as the  air var ied both r a d i a l l y  and circumferential ly,  
t h e  matching of f u e l  and a i r  p ro f i l e s  was not necessar i ly  optimum. Fig- 
ure 4(a) shows the  combustion eff ic iency with combinations of f u e l  pro- * 
f i l e s  A and C at an ac tua l  f ue l - a i r  r a t i o  of 0.035. A maximum eff ic iency 
occurred with a l l  t he  f u e l  flowing through system A .  Figure 4(b) shows 

w 
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the resu l t s  of similarly proportioning the fue l  between systems A and D 
a t  an actual  fue l -a i r  r a t i o  of 0.035. The maxFmum efficiency here 
occurred with 60 o r  70 percent of the fuel flowing through system A. 
Throughout the range of proportioning, the eff ic iencies  remained higher 
than those found with the combination of f u e l  systems A and C .  Figure 
4(c) repeats the e f fec t  of proportioning between fue l  systems A and D 
f o r  an actual  fue l -a i r  r a t i o  of 0.040. The peak efficiency again occurs 
with about 70 percent of the fue l  flowing through system A; the peak 
i s  not so marked as  a t  the lower fuel-air  r a t i o .  Figure 4(d) shows the 
resu l t s  of proportioning the f u e l  between systems C and D f o r  an actual  
fuel-air  r a t i o  of 0.035. Highest efficiencies occurred when about 30 
percent of the fue l  flowed through system C .  From these four curves, 
the combination of 70 percent fue l  profi le  A and 30 percent fue l  pro- 
f i l e  D was selected as the optimum and used i n  obtaining the data shown 
in figure 3. Some gain in combustion efficiency could possibly have been 
made by using a circumferentially nonuniform f u e l  prof i le  t o  more nearly 
match the a i r  prof i le .  

The s t a r t ing  character is t ics  of th i s  configuration are  indicated in 
table  11. Successful s t a r t s  were obtained only a t  the higher air-flow 
rate ,  60 pounds per second with a s t a t i c  pressure in the igni t ion region 
of about 460 pounds per square foot absolute. The one exception, as 
indicated, occurred when the attempted start immediately followed an 
engine shutdown; the combustor pa r t s  may s t i l l  have been hot. In  some 
instances, a t  the air-flow r a t e  of 40 pounds per second, igni t ion would 
occur. The resul t ing flame would be limited Fn extent t o  the  dome of 
the combustor; it would not propapte  into the main stream. Such resu l t s  
are  l i s t e d  i n  tab le  I1 as ' p i lo t  only' starts. 

CONCLUDING 

The performance of the experimental can-type combustor in a 48- 
inch-diameter ran-jet  engine, tes ted  in a f ree- je t  f a c i l i t y ,  was as 
follows : 

The highest combustion efficiencies were obtained with a 96-inch- 
long combustor at  actual  fuel-air  ra t ios  from 0.035 t o  0.040 using a 
rad ia l ly  nonuniform f u e l  prof i le  which provided additional f u e l  i n  the  
center of the duct. A t  an air-flow ra te  of 40 pounds per second 
(combustor-outlet t o t a l  pressure from 550 t o  700 psfa) the peak e f f i -  
ciency was 0.88. A t  60 pounds per second a i r  flow (combustor-outlet 
t o t a l  pressure from 850 t o  1025 psfa) the efficiency approached 0.90. 
Reducing the combustor length t o  78 inches decreased the peak efficiency 
by about 2 percent. Reducing the length t o  60 inches caused a further 
decrease i n  peak efficiency of 5 percent a t  the higher a i r  flow, and of 
8 percent a t  the lower a i r  flow. 

A t  the design point the total-pressure r a t i o  across the combustor 
was 0.85. With variation i n  fuel-air  r a t io ,  the value ranged from 0.80 
to 0.88.  
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Ignition was obtained with an e l ec t r i c  spark with s t a t i c  pressures 
in the ignition region as low as  460 pounds per square foot absolute 
immediately pr ior  t o  ignition. A t  lower pressures igni t ion was obtained 
only once; t h i s  occurred immediately a f t e r  the engine had been shut 
down. 

Lewis Flight Propulsion Laboratory 
National Advisory Committee f o r  Aeronautics 

Cleveland, Ohio, December 6, 1954 



APPENDIX - SYMBOLS AND CALCULATIONS 

The following symbols are  used in t h i s  report: 

( f / a L t  actual fuel-air  r a t i o  in engine, ( l b  fue l )  (sec)/(lb air) (sec ) 

(f/a) ideal fuel-air  r a t i o  (fuel-air r a t i o  necessary t o  cause observed 
i d  engine-outlet t o t a l  pressure and observed heat los s )  

Min Mach number a t  engine in le t ,  based on i n l e t  t o t a l  pressure and 
temperature and maximum (48-in.) diameter 

P3 t o t a l  pressure a t  engine s tat ion 3 (diffuser out le t ) ,  psfa 

'6 t o t a l  pressure at engine s tat ion 6 (engine out le t ) ,  psfa 

p~ 
s t a t i c  pressure i n  p i l o t  annulus, psfa 

Tin t o t a l  temperature a t  engine inlet ,  assumed t o  be same as a t  
i n l e t  t o  free- jet  nozzle, 9 

1 
Tx indicated temperature a t  exhaust-nozzle in le t ,  1- i n .  from the 

wall of engine, OF 2 

Wb r a t i o  of air flow through bypass t o  t o t a l  flow through engine 

We a i r  flow through engine, lb/sec 

'I c canibustion efficiency 

Combustion efficiency as used herein is defined as r a t i o  of fue l  
ideally required t o  give observed exhaust pressure and heat rejection 

t o  tha t  actually supplied t o  engine, or  T ~ =  ( f/a)id 
WGt '  

From tables of theoret ical  temperature rise fo r  combustion as a 
function of fue l -a i r  r a t i o  and i n i t i a l  temperature, charts were prepared 
showFng idea l  fuel-air  r a t i o  as a function of engine-inlet temperature, 
air-flow rate,  and engine-outlet t o t a l  pressure. In preparing these 
charts, the exhaust-nozzle discharge coefficient was assumed t o  be 0.99 
which resulted i n  an effective area of 54.1 percent. This value fo r  the 
flow coefficient was obtained from reference 3 for  a similar nozzle. To 
the  ideal  fuel-air  r a t i o  necessary to  account fo r  the engine-outlet t o t a l  
pressure, a small correction was added t o  compensate for  the heat tha t  
was picked up by the cooling water. In making th i s  correction, it was 
assumed tha t  the heat picked up by the cooling water during cold-flow 
t e s t s  came in  equal parts  from the inside and from the outside of the 
engine. Thus the t o t a l  amount of heat picked up by the coolant during 
burning t e s t s  was reduced by one-half the amount picked up i n  cold-flow 
t e s t s  before making the heat-loss correction. 
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TABLE I. - PERFOBNWCE DATA FOR A N N W  CAN-TYPE COMBUSTOR I N  A 48-INCH-DIAMETER RAM-JET ENGINE 

Engine 
a i r  

flow, 

'e' 
1 lb/sec 

I n l e t  
temper- 

a ture,  

g 1  

Bypass 
a i r ,  

Wb' 
percent 

I Combustor length, 96 inches. 

40.1 
39.8 
40.1 
40.2 

79.6 
79.8 
39.7 
39.8 
39.8 

39.9 
40.0 
41.4 
40.1 

40.4 
40.3 
40.2 
40.5 
40.7 

40.5 
40.2 
79.9 
39.7 
39.7 
79.7 

40.1 
40.3 
40.5 
40.3 
40.5 
40.5 
40.6 

60.0 
59.9 
59.9 
59.8 
59.9 

- - -  
- - -  
- - -  
- - -  

0.0236 
-0305 
.0?48 
.0381 
.Oh05 

-0273 
.0260 
.0248 
.0255 

-0269 
-0299 
-0303 
-0287 
-0277 

.0340 
-0351 
-0353 
.0342 
.0326 
.0320 

-0252 
-0257 
-0267 
~0281  
.0288 
-0289 
.0283 

.0261 

.0314 

.0338 

.0354 
-0372 

Combustor- 
m l e t  Mach 

number, 

Min 

- - -  
- - -  - - - - - -  
0.792 

.879 

.870 

.845 

.794 

.787 

.745 

.740 

.741 

-787 
.869 
.881 
.834 
.El0 

.867 

.893 

.885 
-855 
-815 
.810 

.726 

.743 
-781 
.812 
.845 
.845 
.830 

-879 
,895 
-897 
.883 
877 

533 
5 43 
541 
40 

5 29 
530 
526 
524 
5 26 

540 
534 
535 
5 23 

532 
533 
530 
5 23 
530 

5 24 
5 25 
5 26 
5 28 
5 28 
527 

538 
530 
5 26 
5 29 
5 24 
523 
522 

525 
535 
5 27 
5 29 
526 

Mam fucl dis t r lbu t lon ,  
percent, t o  p r o f i l e s  - 

35 
37 
?3 
30 

38 
39 
38 
38 
39 

38 
37 
37 
3'3 

36 
38 
39 
38 
39 

38 
39 
39 
39 
39 
39 

36 
36 
39 
39 
38 
39 
39 

38 
39 
39 
39 
40 

Cas temperature, 
near wall of 

exhaust nozzle, 

Tx J 

9 

A C 

0.168 
.I60 
.I52 
.I47 

.161 
-153 
.I48 
.147 
.145 

.158 
-159 
.161 
.160 

.158 

.I54 

.I54 

.I56 

.158 

.I50 

.149 

.148 

.I49 

.I51 

.152 

.I60 
159 

.I58 

.156 
-155 
.I56 
-157 

.I58 

.I52 

.149 

.148 

.147 

Engine 
o u t l e t  

pressure, 

'6' 
psfa 

- 
- -  
- -  - -  - -  
70 
70 
70 
70 
70 

81 
60 
40 
20 

~ 0 0  
80 
60 
41 
21 

100 
80 
5 9 
40 
20 
o 

71 
70 
70 
70 
70 

Pressure 
r a t i o  
across  

co*uator, 

'6/'3 

- -  
- -  
- -  
- -  

19 
40 
60 
80 

100 
80 
58 
50 
41 
19 
0 

Actual 
f u e l - a i r  
r a t i o ,  

(f/aIact 

- -  
- -  
- -  - -  
30 
30 
30 
30 
30 

o 
20 
40 
59 
79 

0 
X )  

41 
60 
80 

100 

0 
20 
42 
50 
59 
81 

100 

29 
30 
30 
30 
30 

Idea l  
Tuel-air 
r a t i o ,  

(f/a)id 

Combust ion 
eff iciency,  

"c 

3'33 
390 
390 
390 

640 
740 
690 
760 
740 

6 60 
650 
660 
650 

660 
660 
660 
660 
660 

690 
700 
650 
660 
650 
610 

660 
660 
670 
630 
660 
6bo 
720 

730 
720 
740 
740 
79'3 

572 
614 
663 
708 

=74 
627 
654 
674 
687 

607 
598 
610 
593 

609 
631 
631 
623 
620 

658 
659 
656 
647 
636 
633 

593 
599 
608 
616 
6 23 
625 
6 21 

896 
950 
974 
988 

1005 

0.831 
.854 
.869 . Sg8 

.813 

.836 

.848 

.869 

.872 

-835 
.828 
.822 
.826 

.831 
837 

.8W) 

.838 

.841 

.848 

.854 
-852 
.848 
.845 
-8k6 

.818 

.824 

.828 

.830 
-835 
.840 
-839 

.825 - 839 
-8k6 
-853 
.860 

- - -  
- - -  
- - - 
- - -  
0.0298 

.0347 

.OW 

.045 1 

.0510 

-0347 
.0349 
-0335 
.0344 

.0342 

.0344 
-0344 
-0344 
.0342 

-0392 
-0393 
'03" 
.0400 
.0400 
-0395 

.0347 

.0346 

.0342 
-0346 
.0341 
.0342 
.0341 

.0297 
-0351 
-0377 
.0401 
.0424 
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NACA RM E54L07 

Ideal fuel-air ratio 

(a) Air  flw, 40 pounds per second, 

Figure 3. Combustor p e r f o r m m e :  air temperature. 530° F; f i e 1  d i s tr ibut ion ,  0.7 
p r o f i l e  A and 0.3 p r o f i l e  D. 
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Idoal fuol-dr ratio 

(b) Air flow, 60 pounds per aeoond. 

Figure 3. - Concluded. Combustor performnosg a i r  temperature, 530' Ft 
dlstributian,  0.7 profi le  A and 0.3 prof i le  D. 
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Fuel proportioning 

(a) Effect of proportioning fuel  between profiles A and C ; actual 
fuel-air ratio, 0.035. 

0 20 40 60 80 100 percent A 
100 80 60 40 20 0 percent D 

Fuel proportioning 

(b) Effect of proportioning fuel  between profiles A and D ; actual 
fuel-air ratio,  0.035. 

FikYre 4. Performance of experimental combustor with varying fue l  profiles; Air flow, 
40 lb/sec; a i r  temperature, 530°F; combustor length, 96 inches. 
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0 20 40 60 80 100 percent  c 
100 80 60 40 20 0 percent  D 

Fuel proport ioning 
(d) Ef fec t  of proport ioning f u e l  between p ro f i l e s  C and D ; a c t u a l  

f u e l - a i r  r a t i o ,  0.035. 

Figure 4. - Concluded. Performance of  experimental  combustor with varying f u e l  p r o f i l e s .  
Air flow, 40 lb/sec; a i r  temperature, 530°F; combustor length ,  96 inches. 


