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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

ALTITUDE PERFORMANCE INVESTIGATION OF TWO SINGLE-ANNUIAR TYPE 

COMBUSTORS AND THE PROTOTYPE J40-WE-S TURBOJET ENGINE COMBUSTOR 

WITH VARIOUS COMBUSTOR INLET-AIR PRESSURE PROFILES 

By Adam E. Sobolewski, Robert R. Miller, and John E. McAulay 

SUMMARY 

Data were obtained for three single -annular type combustors with 
different combustor inlet-air pressure profiles over a range of engine 
speeds at an altitude of 30,000 feet and a flight Mach number of 0.62. 
The combustors with a lower percentage of total hole area at the inner 
wa ll had a higher combustor-outlet temperature profile near the inner 
wall than the combustor with e~ual hole-area distributions; the con
verse was true near the outer wall. As the combustor inlet-air 
pressure profile was lowered (corresponding to a reduction in air 
flow ) at the inner portion of the passage height, the combustor-
outlet temperature profile near the inner wall was raised. Similar 
t rends were encountered near the outer wall. Combustor pre ssure-loss 
coefficient was not affected by hole-area distribution but was affected 
by total hole area and inlet-air pressure profile. For combustors with 
total hole areas of 877 and 809 s~uare inches, the pressure-loss 
coefficients were 10 .8 and 12.4, respectively, at a combustor density 
ratio of 2 . 2 . For changes in inlet-air pressure profile, the pressure
loss coefficient varied from 10.S to l5.S, at a density ratio of 2.2. 
There was no discernible effect of the aforementioned variables on 
combustion efficiency. 

Combustor performance data were also obtained with the compressor
combustor configuration of the turbojet engine designated the proto
type J40-WE-8 . These data were obtained over a range of altitudes from 
15,000 to 55 ,000 feet and flight Mach numbers from 0.17 to 0.99. For 
the pr ototype J40-WE-8 turbojet-engine combustor, combustion efficiency 
at a corrected engine speed of 7600 rpm decreased from 0.98 at an 
altitude of 15,000 feet to 0.83 a t an altitude of 55,000 feet at a 
flight Mach number of 0.62 and open exhaust-nozzle area (area of 
534 s~ in.). 
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A good correlation was obtained when combustion efficiency was 
presented as a function of a combustion parameter and engine fuel -air 
ratio . These data indicated that at values of combustion parameter 
below 34,000 pounds - oR- second per cubic f oot there was a fuel -air 
ratio that resulted in an optimum combustion efficiency for a given 
value of combustion parameter . 

JNTRODUCTION 

An investigation of the performance of the XJ40-WE- 6 turbojet 
engine in the NACA Lewis altitude wind tunnel disclosed that the 
engine operated with compressor surge and a combustor - outlet tempera
ture inversion within the desired operating speed range . As a result 
of changes made in the setting of the blades in the compressor and a 
study of the configuration of the combustor , conducted in cooperation 
with the engine manufacturer, the compressor surge was displaced out 
of the operating speed range and the combustor- outlet temperature 
inversion wa s corrected . These results are reported in references 1 
and 2. 

In correcting the combustor- outlet temperature inversion, three 
single-annular - type combustors having slightly dif ferent air-paBsage 
geometry were evaluated on the engine . Correcting the compressor 
surge by making changes to the blade settings resulted in different 
inlet- air pressure profiles at the inlet to the combustors and made 
possible a determination of the effect of inlet-air pressure profile 
on combustor performance. This investigation was conducted over a 
range of engine speeds, at an altitude of 30,000 feet, and a flight 
Mach number of 0 . 65. 

The XJ40-WE- 6 engine having the improved compressor and combustion
chamber configuration was designated the prototype J40- WE - 8 turboj et 
engine without an afterburner. Combustor performance data on the 
prototype J40 -WE - 8 engine were obtained over a rang~ of altitudes from 
15,000 to 55,000 feet , flight Mach numbers from 0 . 17 t o 0 .99, and 
over a range of engine speeds at five fixed exhaust -nozzle areas . 
These combustor data constituted the first evaluation in an altitude 
facility of the performance of a single- annular combustor with 
spring- loaded variable - area fuel nozzles operating as an integral 
component of a turbojet engine . 

Combustor data ar e presented herein to show the correlation of 
combustion efficiency with engine fuel -air ratio and a combustion 
parameter expressed in terms of inlet variables P4T4/Vb ' (All 

symbols used in this report are given in appendix A. ) 
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The performance of the prototype J40-WE-8 turbojet-engine combustor 
and three other different types of combustors are compared herein by 
data which shows the variation of combustion efficiency with fuel-air 
ratio and combustion parameter P4T4/Vb for the different combustors. 

APPARATUS 

Engine 

The turbojet engine used at the start of this investigation was 
designated the XJ40-WE- 6. Subsequent compressor and combustor configu
rations resulted in the prototype J40-WE-8 turbojet engine without 
afterburner (fig . 1). A manufacturer's rating for the prototype 
J40-WE-8 turbojet engine is not available at the present time; 
however, its rating would be similar to the rating of the XJ40-WE-6 
turbojet engine, which had a static sea-level thrust of 7500 pounds 
at an engine speed of 7260 rpm and a turbine-inlet temperature of 
14250 F (1885 0 R). At this operating condition the air flow was 
approximately 142 pounds per second , and the combustor-inlet total 
pressure, total temperature , and velocity (based on the maximum 
cross-sectional area of the combustor, 6.40 sq ft) were 10,600 pounds 
per square foot absolute, 8700 R, and 101 feet per second, respectively. 
The principal components of the engine were an eleven-stage axial-flow 
compressor, single -annular combustor, two-stage turbine, diffuser, and 
variable -area exhaust nozzle . 

A number of different compressor configurations were obtained in 
the compressor development program, and data were selected for pre
sentation herein from three configurations. These configurations, 
which were designated compressors 1 to 3, were chosen because they 
provided a wide range of combustor inlet-air pressure profiles. 

Combustors 

Combustion data were obtained with three combustors (supplied by 
the manuf a cturer) which were of the single-annular type, differing 
only in the perforations in the inner and outer walls of the combustor 
basket and in some mechanical strengthening features. These com
bustors had a maximum cross-sectional area of 6.40 square feet. The 
combustors, designated A, B, and C, are shown in figures 2, 3, and 4, 
respectively. A cross section of the combustors and a developed 
sket ch of an element of surface from the combustor baskets for each 
of the three combustors are shown in figure 5. The variation of 
total hole area with combustor length for the three combustors is 
presented in figure 6. The total hole area includes the area of the 
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openings shown in figure 5 and the various circumferential openings 
located at the inner and outer walls of the combustor. As shown in 
figure 6, the total hole area for combustors A and C was 796 and 
877 square inches, respectively; however, approximately the same 
percentage of hole area was provided at the inner and outer walls of 
the combustor basket. The distribution of total hole area was 
46.5 percent at the inner wall and 53 . 5 percent at the outer wall. 
Combustor B) which had a total hole area approximately the same as 
combustor A, had equal area distribution at the inner and outer walls 
of the combustor basket . 

The splitter (fig. 5) divided the air flow entering the combustor 
into two annular passages formed by the combustor basket and the 
inner and outer walls of the combustor. Engine fuel was admitted 
and sprayed downstream in the combustor through 16 spring-loaded 
variable-area nozzles located at the upstream end of the combustor. 
Through the combined action of an engine-fuel distributor, equalizing 
valves, and spring-loaded variable-area nOZZles, the fuel flow through 
each of the 16 nozzles was maintained equal at all fuel flows. 

INSTALLATION AND INSTRUMENTATION 

The engine was mounted on a wing section that spanned the 
20-foot-diameter test section of the altitude wind tunnel (fig. 1). 
Dry refrigerated air was supplied to the engine from the tunnel 
make - up air system through a duct connected to the engine inlet. 
Throttle valves were installed in the duct to permit regulation of 
the pressure at the inlet of the engine. Instrumentation for 
measuring pressures and temperatures was installed at various stations 
in the engine (figs. 7 and 8). Ten sonic probe thermocouples, which 
could be traversed radially, were used at the combustor-outlet 
station (fig. 8(c)) to obtain temperature profiles. 

PROCEDURE 

Dry refrigerated air was supplied to the engine at the standard 
temperature for each flight condition with the exception that the 
mini mum temperature obtained was about -200 F (4400 R). The air, at 
approximately sea-level pressure at the entrance of the make-up 
air system, was throttled to a total pressure at the engine inlet 
corresponding to the desired flight condition, with complete 
free-stream ram pressure recovery assumed. 

Combustor performance data) showing the effect of different 
combustor inlet-air pressure profiles and combustor hole-area 
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distribution on combustor performance, were obtained at an altitude of 
30,000 feet, a flight Mach number of 0 .62, and over a range of engine 
speeds. 

The combustor of the prototype J40-WE-S turbojet engine, which 
consisted of compressor 1 and combustor A, was investigated over a 
range of altitudes from 15,000 to 55,000 feet, flight Mach numbers 
from 0.17 to 0 . 99, at several constant exhaust-nozzle areas, and over 
a range of engine speeds. 

Complete radial surveys of the combustor-outlet temperature using 
the sonic probe thermacauples were .obtained at rated speed .only. The 
engine fuel used was MIL-F-5624 at a temperature .of about 800 F. This 
fuel had a lower heating value of 18,700 Btu per pound and a hydrogen 
to carbon ratio of 0.171. The methods of calculation are presented 
in appendix B. 

RESULTS AND DISCUSSION 

Effect of Changing Combustor Inlet-Air Pressure Profile 

and Hole Geometry on Combustor Performance 

The effects on combustor performance of inlet-air pressure pro
files and combustor hole-area distribution are dtscussed in terms .of 
(1) temperature profile at the combustor outlet, (2 ) pressure-lass 
characteristics, and (3) cambustian efficiency. 

Combustor-outlet temperature profiles. - The effect of different 
combustor configurations an combustor-outlet temperature profiles 
for operating conditions at high and low engine speeds is shown in 
figures 9 and 10 . As mentioned previously , radial temperature surveys 
at the combustar outlet ( station 5, fig. S(c)) were .obtained only at 
rated spped. It has been shown, hawever, that turbine-autlet tem
perature profiles (station 6, fig. S(d)) are indicative of turbine
inlet or combustor-outlet temperature profiles; therefore, turbine
outlet temperature profiles are presented at reduced engine speeds 
(fig. 9(d) and 10(d)) . In the comparison of the combustor COnfigu
rations the combustor inlet-air pressure profiles (compressor outlet
air pressure profiles ) are the same. Any change in combustor perform
ance may therefore be attributed to the difference in the combustor 
hole geometry . Combustors A and B, which are compared in figure 9, 
have about the same total hole area , but different hole-area dis
tribution. The percentage hole-area distribution at the inner wall 
for cambustors A and B was 46. 5 and 50 percent, respectively. As 
shown in figure 9, the combustor-outlet temperature distributian was 
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affected by variations in hole-area distribution. The effect of changes 
in hole-area distribution at the inner and outer walls was to cause a 
radial shift (due to a restriction or damming effect) in air flow in 
the region between the compressor outlet, where the combustor inlet-
air pressure profiles were measured, and the splitter (fig. 5). The 
decrease in hole area at the inner wall for combustor A resulted in 
lower air flow and, therefore, high combustor-outlet temperatures near 
the inner wall. Conversely, combustor A had relatively lower 
combustor-outlet temperatures near the outer wall. 

The combustors compared in figure 10 differ both in hole-area 
distribution and total hole area. Combustor B had a total hole area 
of 809 s~uare inches, 50 percent of which was located on the inner 
wall, and combustor C had a total hole area of 877 s~uare inches, 
46.5 percent of which was located on the inner wall. This lower 
percent of total hole area and air flow at the inner wall of com
bustor C resulted in higher combustor-outlet temperatures near the 
inner wall as shown in figures lOeb) and 10(d). The reverse was 
again true at the outer wall. 

Although the changes in combustor- outlet temperature profile for 
the different combustors have been explained on the basis of total 
hole-area distribution at the inner and outer walls, the effect of 
changes in the axial hole distribution (figs. 5 and 6) is also an 
influencing factor. It was not possible, however, from the data 
available to account for the effect of changes in the axial hole 
distribution. 

The effect of combustor inlet- air pressure profile on combustor
outlet temperature profile is shown in figure 11. The splitter located 
at the upstream end of the combustor (fig. 5) tends to direct the air 
flow in the inner 55 percent of the passage height towards the inner 
wall of the combustor and the remaining portion of the air flow 
towards the outer wall. As shown in figures ll(a) and ll(c) the 
shift in total-pressure distribution with change in compressor 
configuration resulted in a greater percentage of the total air 
flow for compressor 2 relative to compressor 3 to be directed towards 
the inner wall of the combustor. This effect resulted in lower 
combustor-outlet temperatures at the inner portion of the passage 
height and higher temperatures at the outer portion of the passage 
height for compressor 2 (figs. ll(b) and ll(d)). Thus, for the 
series of combustors investigated the combustor-outlet temperature 
profile was shown to be influenced by the combustor inlet-air pressure 
profile as well as by the changes in combustor hole-area distribution 
discussed previously. 
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Pressure-loss characteristics. - The effect of combustor configura
tions and combustor inlet-air pressure profiles on combustor pressure
loss coefficient (P4 - P5)/~b is presented in figure 12. Although 
there is considerable scatter in the data, particularly at low total 
denSity ratiOS, curves were faired through the points with the aid of 
trends established from data for other configurations and from wind
milling engine tests. Combustors A and B, compared in figure 12(a), 
have about the same total hole area but differ in hole-area distri
bution. As shown, in figure 12(a) there was no apparent difference in 
pressure loss between the two combustors. Combustors Band C, having 
different hole areas and hole distributions, are compared in fig-
ure 12(b). The pressure loss is greater for combustor B which had the 
smaller total hole area. At a constant value of combustor denSity 
ratio of 2.2, the pressure-loss coefficient was 10.8 and 12.4 for 
combustors C and B, respectively. The data show, therefore, that 
over the range of hole geometry investigated the pressure loss was 
independent of hole area distribution (fig. 12(a)) and dependent on 
the total hole area (fig. 12(b)). 

The effect of combustor inlet-air pressure profile on combustor 
total-pressure-loss coefficient of combustor C is shown in 
figure 12(c). The pressure loss for the air-pressure profile of 
compressor 2 was greater than that obtained with compressor 3. At 
a denSity ratio of 2.2, the pressure-loss coefficient was 10.8 and 
15.8 for air-pressure profiles of compressors 3 and 2, respectively. 
Since the temperature profiles shown in figures ll(b) and ll(d) 
indicate that compressor 2 directs a greater proportion of the air 
flow toward the combustor inner wall than compressor 3, and also that 
the combustor inner wall had a lower percentage of the total hole 
area than the outer wall, the pressure-loss coefficient would tend 
to be greater for the air-pressure profile of compressor 2. Thus, 
it is apparent that the pressure-loss coefficient is sensitive to 
combustor inlet-air pressure profile; however, it is not possible to 
determine precisely whether the increase in pressure-loss coefficient 
associated with compressor 2 was due entirely to the increase in 
losses in mixing and turbulence in the combustor basket or in 
diffusion loss from the combustor inlet (compressor outlet) to the 
combustor. 

Combustion efficiency. - The effect of combustor configurations 
and combustor inlet-air pressure profiles on combustion efficiency is 
shown in figure 13. In order to enable a direct comparison of the 
different combustors and inlet-air pressure profiles irrespective 
of differences in inlet pressure, temperatures, or velocities, the 
combustion correlation parameter P4T4/Vb was used. This combustion 
parameter is derived in reference 3. As will be shown later, there 
was an additional effect of fuel-air ratio on combustion efficiency. 
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Inasmuch as the various configurations were investigated at the same 
flight conditions, and over the same range of engine speeds and 
exhaust -nozzle areas, the fuel -a ir ratios for each of the configura
tions were essentially the same f or any given value of combustion 
parameter shown in figure 13. The data show t hat f or t he con
figurations and pressure profiles studied there was no effect of these 
variables on combustion efficiency . Combusti on efficiency remained 
a pproximately constant at 0 . 98 for values of combustion parameter 
greater than 34,000 pounds-oR-second per cubic f oot , and decreased 
f or values of combustion parameter below 34,000 pounds - oR- second per 
cubic f oot to 0.60 at a combustion paramet er of 8400 pounds-~-second 
per cubic f oot . 

Perfor mance of the Prot ot ype J40-WE-8 Turbojet -Engine Combustor 

The results presented in t he previous discussion were obtained 
during the early phase of the investigation which consisted of a com
pressor development and combustor eva luation program of the XJ40-WE- 6 
turb o jet engine . From this part of the investigation, as mentioned 
previously, a configuration compri sed of compressor 1 and combustor A 
was selected for the prototype J40-WE- 8 turpojet engine . This con
figuration was chosen because of i mproved compressor surge character 
istics, elimination of combustor - outlet temperature inversion (refer
ences 1 and 2), and satisfactory mechanical reliability of the com
bustor. A performance evaluation of this configuration was obtained 
over a wide range of flight and engine operating conditions and is 
presented in the following section. Most of the performance data are 
presented at an exhaust -nozzle ar ea of 534 square inches (open nozzle) . 
The trends of the data for a ll t he exhaust -nozzle areas were Similar, 
but the effects on the combustor performance were somewhat greater 
with the open exhaust -nozzle area. Data for all exhaust -nozzle areas 
are presented in table I. 

Combustion efficiency . - The effects of corrected engine speed, 
a ltitude , flight Mach number, and exhaust -nozzle area on combustion 
efficiency are shown in figure 14 . Although flight condition, engine 
speed, and exhaust -nozzle area are not basic combustor variables, the 
data in figure 14 are shown in order to illustrate the variation in 
performance of the combustor in an engine. The variations in com
bustion efficiency for a given combustor configuration are primarily 
due t o changes in combustor- inlet pressure, temperature, velocity, 
and fuel-air ratio as will be discussed later. At a flight Mach 
number of 0.62 and exhaust -nozzle area of 534 square inches, combustion 
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efficiency decreased from 0.98 at 15,000 feet to 0.83 at 55,000 feet, 
at a corrected engine speed of 7600 rpm (fig . 14(a». The effect of 
altitude on combustion efficiency becomes even more pronounced at the 
lower engine speeds . Although the variables, flight Mach number and 
exhaust nozzle area , also affect combustion efficiency, the effects 
are less pronounced than the altitude effect as shown in fig-
ures 14(b) and 14(c ), respectively. At a corrected engine speed of 
7600 rpm. and at an altitude of 35,000 feet, (figo 14(b» a change in 
flight Mach number from 0.17 to 0 . 99, increased combustion efficiency 
from about 0 .955 to 0.995. I n figure 14(c ) , which shows the effect 
of exhaust -nozzle area on combustion efficiency at 35,000 feet and 
flight Mach number of 0 . 62, combustion efficiency increased from 
about 0.97 to 0.98 as the exhaust-nozzle area was reduced from 534 
to 420 square inches at a corrected engine speed of 7600 rpm. 

Combustor pressure-loss characteristics . - Combustor pressure
l oss characteristics are presented in terms of engine parameters in 
fi gure 15 and of combustor parameters in figure 16 . In both figures 
the pressure - loss characteristics include the pressure loss due to 
(1) the diffusion process from the combustor inlet ( compressor outlet ) 
to the combustor basket, ( 2) mixing and turbulence in the ·combustor 
basket, and (3 ) momentum pressure loss associated with the burning 
process. For all fl i ght conditions and exhaust - nozzle areas, the 
combustor total- pressure - loss ratio (p4 - P5 )/P4 decreased with 

increasing corrected engine speed above a corrected engine speed of 
about 6000 rpm (fig . 15 ). For example, at an altitude of 35,000 feet, 
fli ght Mach number of 0 . 62, and exhaust-nozzle area of 534 square 
inches , the combustor total- pressure - loss ratio decreased from 0.040 
to 0 . 031 as corrected engine speed increased from 6000 to 7400 rpm 
(fig . 15). This reduction in pressure - loss ratio with increasing 
corrected engine speed may be attributed to a more favorable combustor 
inlet-air pressure profile resulting in a more efficient diffusion 
process. At a constant value of corrected engine speed, decreasing 
altitude (fig . 15 (a )) or increasing flight Mach number ( fig. 15 (b )) 
or exhaust-nozzle area (fi g . 15 ( c)), in general, resulted in an 
increasing pressure - loss ratio . For instance, at a corrected engine 
speed of 7000 rpm, altitude of 35,000 feet, and fli ght Mach number 
of 0 .62, increasing exhaust- nozzle area from 367 to 534 square inches 
resulted in an increase of total- pressure - loss ratio from 0.024 to 
0 . 036 (fig . 15(c)). 

The combustor pressure-loss characteristics are presented in 

9 

terms of fundamental combustor parameters in figure 16. The combustor 
total-pressure -loss coefficient increased as the combustor total- density 
ratio was increased from 1 .0 to 1.9, reaching a maximum value of 9.2 at 
a density ratio of 1 . 9 . For values of density ratios above 1.9, the 
pressure -loss coefficient tends to decrease . From theoretical consider 
ations (reference 4 ) , the pressure -loss coefficient should vary linearly 
with density ratio. Possible factors in the disagreement are that the 

CONFIDENTIAL 
I 

I 
J 



10 CONFIDENTIAL NACA EM E52J07 

efficiency of the diffusion process, as well as the mixing and turbulent 
losses in the combustion, varied as the density ratio was changed . 

Correlation of Combustion Efficiency with Engine Fuel-Air 

Ratio and Combustion Parameter 

Because the process of combustion is complex and depends on many 
factors it is difficult, if not i mpossible, to determine a combustion 
parameter which correlates combustion efficiency for all flight and 
engine operating conditions. However, some of the primary variables 
affecting combustion efficiency are considered in the combustion 
parameter P4T4/Vb derived in reference 3. In order to obtain a 
satisfactory correlation of combustion efficiency with combustion 
parameter P4T4/Vb , an additional parameter, engine fuel-air rati o , 

was introduced. Combustion efficiency is presented in figure 17 as a 
function of these two combustion parameters for two of the compressor
combustor configurations investigated . The data of figure 17(a) were 
obtained at altitudes from 15,000 to 55 ,000 feet and flight Mach 
numbers from 0 . 17 to 0 . 99 . The data of figure 17(b) represent a 
r ange of a ltitudes from 15,000 to 45,000 feet and flight Mach numbers 
from 0 . 17 to 0 . 62 . Although scatter is present, part icularly at low 
values of P4T4/Vb, the curves for several narrow ranges of fuel-air 
ratio provide a reasonably good correlation of the data . In general, 
the data in figures 17(a) and 17 (b ) exhibit about the same magnitudes 
and trends . In figures 17 (a ) and 17 (b ), combustor efficiency begins 
to decline for values of P4T4/Vb below 34, 000 pounds-~-second per 

cubic foot. Below this value of P4T4/Vb, combustion efficiency was 
sensitive to fuel -air ratio, and above this value, fuel-air ratio had 
a negligible effect. 

The data of figure 17 are presented in figure 18 with fuel-air 
r atio as the abscissa in order to show more clearly the effect of 
fuel-air ratio on combustion efficiency. Because sufficient data 
were not available to complete ly separate the variables, P4T4/Vb 
and fuel-air ratio, each of the curve s presented in figure 18 is for 
a small range of P4T4/Vb' These data indicate that over these small 

ranges of P4T4/Vb there was an optimum value of fuel-air ratio 
for maximum combustion efficiency. For example, for a range of 
P4T4/Vb of 6500 to 7500 pounds-oR-second per cubic foot, combustion 

efficiency varied from 0.50 to 0.67 as fuel-air ratio was increased 
from 0.0066 to 0 .0112, and a further increase in fuel-air ratio from 
0.0112 to 0.0156 decreased combustion efficiency from 0.675 to 0.55. 
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Combustion efficiency probably varied with fuel-air ratio at a 
constant value of combustion parameter because of local rich and lean 
fuel-air r at io regions in the primary zone of the combustor. These 
r egions may also be influenced by the degree of fuel atomization. At 
the high values of fuel-air ratio, some of the local regions in the 
primary zone are probably excessively rich in fuel, and combustion was 
incomplete because of a lack of oxygen; whereas, at the lower values 

11 

of fuel-air ratio, some of the local regions were too lean for efficient 
combust i on. 

Comparison of Several Combustors from Different Turbojet Engines 

Performance of four different current combustors is compared in 
fi gure 19 . Combustion efficiency is shown as a function of combustion 
parameter P4T4/Vb at three different levels of fuel-air ratio. 
Combustor A was the combustor used in the prototype J40-WE-8 turbojet 
engine. Data for combustor M were not available below a combustion 
parameter of 20,000 pounds-oR-second per cubic foot. 

Combustion efficiency of all combustors shown was affected some
what by fuel-air ratio, probably because of the rich and lean combustion 
regions previously discussed. This effect of fuel-air ratio was 
greatest at low values of combustion parameter P4T4/Vb • 

For the range of combustor operating conditions investigated, the 
performance of combustors A, M, and N was app~oximately the same. These 
combustors have fuel systems that provide good fuel atomization and 
distribution over a wide range of fuel flows. Combustor P had a lower 
combustion efficiency than combustors A, M, and N, especially at low 
values of combustion parameter and fuel-air ratio. The low combustion 
efficiencies experienced with combustor P are felt to be primarily 
a result of the fixed-area fuel nozzles which provide poor spray and 
penetration characteristics at low fuel flows. Of course, combustion 
efficiency is primarily a function of matching the fuel and air properly 
and not of fuel injection alonej nevertheless, for the combustors pre
sented, combustion efficiency is concluded to be primarily dependent 
on the method of fuel inject i on rather than the type of combustor used. 

SUMMARY OF RESULTS 

1. The effect of combustor hole-area distribution and combustor 
inlet-air pressure profile on combustor performance was obtained over 
a range of engine speeds at an altitude of 30,000 feet and a flight 
Mach number of 0.62: 
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(a) The combustors with a lower percentage of total hole area at the 
inner wall had a higher combustor-outlet temperature profile near the 
inner wall than the combustor with equal hole-area distribution; the 
converse was true near the outer wall. As the combustor inlet-air 
pressure profile was lowered (corresponding to a reduction in air floW) 
at the inner portion of the passage height, the combustor-outlet tem
perature profile near the inner wall was raised. Similar trends were 
encountered near the outer wall . 

(b) Combustor pressure - loss coefficient was not affected by hole
area distribution but was affected by total hole area and inlet-air 
pressure profile. For combustors with total hole area of 877 and 
809 square inches, the pressure - loss coefficient was 10 . 8 and 12 . 4, 
respectively, at a combustor density ratio of 2 . 2. For changes in 
inlet-air pressure profile, the pressure - loss coefficient varied from 
10.8 to 15.8 at a density ratio of 2 . 2. There was no discernible effect 
of these variables on combustion efficiency. 

2. With compressor 1 and combustor A, which was the configuration 
designated the prototype J40-WE-8, data were obtained over a range of 
altitudes from 15,000 to 55,000 feet and flight Mach numbers from 
0.17 to 0.99. 

(a) These data showed that, in general, a change in corrected 
engine speed, altitude, flight Mach number or exhaust -nozzle area in 
order to increase the combustor-inlet pressure resulted in an increase 
in combust i on efficiency except at high pressure levels where combustion 
efficiency was constant. For example, at a flight Mach number of 0.62 
and an open exhaust nozzle (area, 534 sq in.) the combustion efficiency 
decreased from 0.98 to 0.83 as altitude was increased from 15,000 to 
55,000 feet at a corrected engine speed of 7600 rpm. 

(b) For all flight conditions and exhaust-nozzle areas, combustor 
total-pressure-loss ratio decreased as the corrected engine speed 
increased above a corrected engine speed of about 6000 rpm . However, 
at a constant corrected engine speed, decreasing altitude, or increasing 
flight Mach number or exhaust-nOZzle area, in general, resulted in an 
increasing total-pressure-loss ratio. At a corrected engine speed of 
7000 rpm, an altitude of 35,000 feet, and a flight Mach number of 0.62, 
an increase in the exhaust - nOZZle area from 367 to 534 square inches 
resulted in an increase of combustor total-pressure - loss ratio from 
0 .024 to 0.036. 

3. A good correlation was obtained when combustion efficiency was 
presented as a function of combustion parameter P4T4/Vb and engine 
fuel -air ratio. These data indicated that at values of combustion 

1 
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parameter below 34) 000 pounds-DR-second per cubic foot there was a 
fuel-air ratio that resulted in an optimum combustion efficiency for a 
given value of combustion parameter. 

Lewis Flight Propulsion Laboratory 
National Advisory Committee for Aeronautics 

Cleveland, Ohio 
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APPENDIX A 

SYMBOLS 

The following symbols are used in this report: 

A cross-sectional area, sq ft 

cp specific heat at constant pressure, Btu/(lb) (OF) 

Cv specific heat at constant volume, Btu/(lb)(~) 

f/a fuel-air ratio 

g acceleration due to gravity, 32.2 ft/sec2 

H enthalpy 

M Mach number 

N engine speed, rpm 

P total pressure, lb/sq ft abs 

p static pressure, lb/sq ft abs 

q theoretical dynamic pressure, lb/aq ft abe 

R gas constant, 53.4 ft-lb/(lb)(~) 

T total temperature, oR 

t static temperature, oR 

V velocity, ft/sec 

Wa air flow, lb/sec 

Wf fuel flow, lb/hr 

Wg gas flow, lb/sec 

r ratio of specific heats, cp/cv 

NACA RM E52J07 

5 pressure correction factor, P/2ll6 (total pressure divided by 
NACA standard sea-level pressure) 

[\) 

m 
[\) 

m 
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1) efficiency 

e 

p 

temperature correction factor} yT/(1 .4)(5l9) (product of y and 
total temperature divided by product of y at standard sea
level temperature and standard NACA sea-level temperature) 

Subscripts: 

0 f:ree-stream. conditions 

1 cowl inlet 

3 compressor inlet 

4 combustor inlet} compressor outlet 

5 combustor outlet} turbine inlet 

6 turbine outlet 

7 exhaust-nozzle outlet 

b burner 

c compressor 

i indicated 

t turbine 

CONFIDENTIAL 
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APPENDIX B 

METHODS OF CALCULATION 

Air flow. - Air flow was ca lculated at station 1 (fig. 2) by use 
of the following equation 

-J 
Gas flow downstream of the combustor is 

Combustor dynamic pressure . - In order to calculate a combustor 
dynamic pressure, based on a combustor maximum cross-sectional area of 
6.40 square feet, a combustor Mach number was first calculated with 
the equation 

Mb Via 4-fi4 
= 

, 
)'4 + 1 0 . 776 AbP4-1i4 Y(74 - 1) 

(1 + 
1'4 - 1 2 

2 Mb 

then 
2 

)'4P4Mb 
qb = 2 

and 

P4 
P4 )'4 

(1 + 
)'4 - ) 14 -

1 
1 2 

2 
Mb 

therefore 

( 

)'4-
2 1 + 2 
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NACA RM E52J07 CONFillENTIAL 17 

Combustor-inlet velocity. - With the use of combustor Mach number 
Mb, combustor-inlet velocity was determined from the following equation: 

where 

Turbine-inlet temperature . - Turbine-inlet temperature was calcu
lated from the following equation, which assumes compressor and turbine 
work equal: 

Combustion efficiency. - With the assumption that the compressor 
and turbine work are equal, combustion efficiency is defined as the 
ratio of the actual enthalpy rise of the gas while passing through 
the engine to the theoretical increase in enthalpy that would result 
from complete combustion of the fuel change. 

= actual enthalpy rise of the gas across the engine 
~b heat input 

where l8 J 700 Btu per pound of fuel is the lower heating value of the 
fuel. 

Combustor total-density ratio. - From the gas law the total 
density is 

then 

p 
p = gRT 

P4 P 4 T5 

P5 = P5 T4 
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Run Altitude Ram- Fl1ght Free-stream 
(ft) pressure mach s ta tic 

ratIo number pressure 
PI/PO MO Po 

(Sq Ib ) 
IE aos 

1 15,000 1 .017 0 . 155 1186 
2 1 . 022 . 176 1184 
3 1.021 . 175 1183 
4 1.020 . 169 1185 
5 1.022 . 176 1185 
6 1 . 019 . 164 1182 
7 1.019 .164 1188 
8 1.297 . 621 1181 
9 1.296 . 621 1183 

10 1.298 . 622 1183 
11 1.292 . 616 1183 
12 1 . 294 . 619 1186 
13 1.291 . 616 1188 
14 1.292 . 616 1186 
15 1.302 . 626 1183 
16 1.296 . 621 1179 
17 1.294 . 619 1183 
18 1 . 292 .616 1186 
19 1 . 289 . 614 1186 
20 1.291 . 616 1184 
21 1.295 . 619 1183 
2C 1.296 . 621 1188 
23 1 . 289 . 614 1191 
24 1.292 . 616 1188 
25 1.289 . 6<'2 1183 
26 1 . 295 .619 1183 
27 1.295 . 619 1181 
28 1.295 . 619 1183 
29 1.288 . 613 1194 
30 ----- ----- 1188 
31 1.292 . 617 1188 
32 1.295 . 619 1183 
33 1.300 . 624 1187 
34 1 . 291 . 616 1188 
35 1.298 .622 1183 
3 6 1 . 295 . 619 1183 
37 1.298 . 622 1187 
38 1.298 . 622 1182 
39 1 . 301 .625 1188 
40 1 . 300 . 624 1182 
41 1.295 . 619 1179 
42 1.296 . 621 1183 
43 1.299 . 623 1188 
44 1 . 296 . 621 1182 
45 1 . 294 . 619 1184 
46 1.295 . 619 1187 
47 1.291 . 616 1185 
48 1 . 298 . 622 1186 
49 1 .291 . 616 1190 
50 1.297 . 621 1181 
51 1.295 . 619 1186 
52 1 .301 . 625 1187 
53 1.295 . 619 1184 
54 1.289 . 614 1187 
55 1.288 . 61 3 1190 
56 1.284 . 609 1190 
57 1.281 . 612 1189 
58 30,000 1.301 0 . 625 611 
59 1.30;? . 626 612 
60 1.301 . 625 612 
61 1.303 . 627 612 
62 1.303 . 627 608 
63 1.292 . 616 610 
64 1.296 . 621 612 
65 1.303 . 627 610 
66 1. 296 . 621 620 
67 1 . 293 . 618 612 
68 1.290 . 614 612 
69 1 .295 . 619 611 
70 35 , 000 1.018 0 .160 478 
71 1.014 .141 476 
72 1.012 .130 4 76 
73 1 .01 3 . 136 471 
74 1.017 . 155 477 
75 1 .020 . 169 4 78 
76 1.018 . 160 418 
77 1.019 .1 68 478 
78 1.019 . 168 418 
79 1.021 .173 4 79 
80 1.022 . 176 4 77 
81 1.022 . 116 419 
82 1.021 . 173 479 
83 1.025 . 188 4 79 
84 1.293 . 618 4 79 
85 1 . 288 . 61 3 4 77 
86 1 . 292 . 616 482 

CONF]])ENTIAL NACA RM E52J07 

TABLE I. - COMBUSTOR PERFORMANCE DATA FOR PROTOTYPE 

Eng1ne Corrected Compressor - Combustor - Combustor - Calculated 
speed engine inlet total inlet total 1nlet total combustor-

N speed temperature temperature pressure outlet total 
(rpm) N/-.fIJ T3 T4 P4 temperature 

(r pm) (OR) (OR) (Sq l~ E ao.) T5 
( ~) 

7260 7275 517 857 5573 1630 
7260 7205 527 883 5845 1852 
6534 6939 460 744 523 5 1361 
6534 6900 465 754 5357 1467 
6534 6913 464 761 5492 1577 
6534 6913 464 767 5580 1660 
6534 6939 4 60 772 5791 1767 
7260 7376 503 834 7020 1520 
7260 7391 501 826 7115 1530 
7260 7391 501 840 7295 1610 
7260 7398 500 83 9 7369 1670 
7260 7383 502 838 7339 1697 
7260 7421 496 843 754 6 1737 
7260 7369 504 858 7459 1840 
7260 1398 500 856 7687 1850 
7079 7199 502 816 6833 1460 
7079 7190 500 818 6773 1463 
7079 7214 500 813 1019 1548 
7079 1214 500 833 7171 1667 
7079 7192 503 "844 73 90 1771 
6897 6994 505 812 649 6 1420 
6897 7000 504 815 67 3 6 1500 
6891 7063 495 821 6786 1607 
6897 7007 503 829 7069 1713 
6716 6790 508 806 6106 1393 
6716 6803 506 799 6160 1373 
6716 6810 505 803 6388 1455 
6716 6823 503 801 6510 1473 
6716 6803 506 807 6486 1540 
6716 6817 504 816 6762 - ---
6534 6599 509 792 5820 1333 
6534 6607 508 788 ---- 1323 
6534 663 2 504 789 6089 1403 
6534 6645 502 788 6187 1476 
6534 6619 506 795 6277 1500 
6534 6639 503 798 63 10 1580 
6534 6658 500 811 6720 1803 
6171 6233 509 764 5242 ----
6171 6251 505 761 5321 1298 
6171 6216 502 763 5 3 67 1367 
6171 6270 503 768 5537 1450 
6171 6288 500 781 5793 1655 
5808 5889 505 134 4493 ----
5808 5860 510 738 4540 U57 
5808 5884 506 73 6 4 634 1230 
5808 5854 511 744 4 681 1297 
5808 5889 505 740 4 84 3 1350 
5808 5918 500 752 5083 1527 
5082 5112 513 694 3394 1055 
5082 5123 511 689 34 66 1023 
5082 5133 509 687 3485 1082 
5082 5143 507 686 3527 1115 
5082 5153 505 685 3 633 1170 
5082 5138 508 699 3 63 6 1233 
5082 5179 500 692 3 749 1290 
3993 4041 507 61 4 2317 900 
3086 3135 503 557 1769 130 
7260 7739 457 775 3864 ----
7260 7710 460 781 3 914 1515 
7260 1725 458 785 3983 1570 
7260 1703 461 786 3 955 1570 
7260 7710 460 192 4016 1650 
7260 7696 4 62 798 41 22 1707 
7260 1717 45 9 810 4 207 1808 
7260 7117 459 811 4 223 1808 
7260 7696 462 803 4 234 ----
7260 7739 451 816 4251 1862 
1260 7725 458 817 4 243 1860 
7260 71~9 45 7 805 4308 1817 
7260 7863 443 772 24 77 1553 
7260 784 8 444 790 2513 1715 
7260 7884 440 800 2647 1818 
7260 1877 441 802 2650 1825 
7260 7841 445 803 2678 1877 
7260 784 8 444 802 2702 1863 
7079 7874 44 2 759 24 29 1499 
6116 7294 440 735 2294 1420 
6534 7102 439 722 2216 1371 
5808 6313 439 676 1776 1249 
5082 5519 440 635 1353 1198 
3993 4336 440 571 908 1210 
3630 3942 44 0 54 7 820 1200 
3086 3351 44 0 5 19 705 1200 
7260 7884 440 761 3087 1493 
7260 7754 455 784 30 49 1533 
7260 7877 441 769 3160 1550 
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J40-WE-8 TURBOJET ENGINE (COMPRESSOR I , COMBUSTOR A) 

Combustor - Fuel Turb1ne - Projected Eng1ne - Eng1ne Combustor Combustor Combustor Combustion Combusti on Run 

ioutlet total flow outlet exhaust - inlet fuel -air tota1 - tota1 - total efficiency parameter 

pressure Wf total nozz:le air flow ratio pressure - pressure - density 7!b P,vT4 
P5 (llJ1hr ) tempera - area Wa ,l ria 1088 ratio lOBS ratio "b 

If Ib ) ture A7 (lb/sec) ( P4 - P5~ coeff1c- P4/p5 ( lb - OJ\-oec ) 
I\sq rt 8bo T6 (sq in . ) ~ 

1ent 
ft3 

(~) 
( P4 - P5) 

q;;-

• 

5375 3255 1325 534 80 . 80 0 . 0112 0.0355 10.10 1.972 0.990 46, 91 6 1 

5674 4135 1535 449 79 . 66 .0144 . 0293 9.096 2.160 .981 52,127 2 

5054 2715 1118 536 81 .97 . 0092 . 0346 9.577 1. 903 .948 40 , 491 3 
5179 3115 1217 475 80.51 .0107 .0332 9.727 2.013 .945 42,902 4 

5323 3520 1316 438 80 . 19 .0122 .0308 9.548 2.138 .952 45,493 5 
5416 3845 1392 414 78.96 . 0135 .0294 9.647 2 . 230 .944 47,820 6 

5632 4340 1499 388 80 .15 . 0150 .0275 9 . 578 2 .354 .95 7 51,328 7 

6759 3760 1224 534 105 . 44 . 0099 . 0372 1 0 . 00 1.893 .984 56,676 8 

6849 3905 1237 511 105 . 50 .0103 .0374 10 . 35 1.924 . 964 57,958 9 

7045 4370 1308 4 79 106.33 . 0114 .034 3 9.766 1.985 .967 60, 822 10 

?l19 4615 1366 455 105.51 . 0122 . 033 9 9 . 921 2 . 060 . 974 62,243 11 
7093 4680 1393 449 105 . 21 .0124 .0335 9 . 801 2 .095 .987 61,959 12 

7320 4985 1425 442 106 . 61 .0130 . 0300 9 . 004 2 . 124 .988 64,83 2 13 

7428 5530 1527 422 105 . 12 .0146 . 0042 1.216 2.154 . 978 63,680 14 

H74 5555 1537 416 106 . 21 . 0145 .0277 8.589 2.223 .993 67,529 15 

6573 3505 1177 536 104.08 . 0094 . 0381 9.962 1.86p . 966 53,872 16 

6521 3495 1182 534 103 . 46 .0094 .0372 9.730 1.859 .966 53,426 17 

6770 4030 1259 479 103.84 . 0108 . 0355 10.080 1.95 .955 57,905 18 

6932 4470 1366 449 103 . 79 .0120 . 0333 9 . 484 2 .070 .991 59,494 19 

7158 5150 1474 422 102.58 .0140 .0314 9 . 748 2 .173 .962 64 ,460 20 

6250 3200 1145 534 100.25 . 0089 . 0379 9 . 919 ---- - .969 51,062 21 

6492 3715 1224 479 101. 22 . 0102 .0362 10.04 1.909 . 953 54,538 22 

6550 4045 1321 449 100.66 .0112 .034 8 9.874 2 . 028 1.005 55,931 23 

6848 4710 1424 422 99 . 94 . 0131 . 6313 9 . 404 2 . 133 .967 60 , 234 24 

5880 2895 1122 536 95 . 92 .0084 . 0370 9 . 187 1 . 794 .981 46,560 25 

5928 2885 1107 534 96 .80 .0083 .0377 9.587 1. 785 .975 47,371 26 

6156 3365 1189 479 97 . 50 . 0096 .0363 9.748 1.880 .956 50,627 27 

6269 3530 1209 471 98.14 . 0100 .0 370 10. 26 1.910 .957 52 , 255 28 

6254 3700 1270 449 96.43 .0107 . 058 10.18 1 . 979 .970 52,962 29 

6540 4345 ---- 422 - ----- -- ---- .0328 - - - --- .... -- -- ----- .... ----- 30 

5589 2605 1077 53 6 92.80 . 0078 .0397 9.830 1.753 .966 44, 025 31 

---- 2625 1068 534 93 .31 .0078 ------ - - --- - ----- .952 ---- -- 3 2 

5864 3035 1145 479 94.58 . 0089 . 0370 9.657 1.846 . 969 47,183 33 

5967 3410 1222 449 94.06 .0101 .0 356 9.821 1.942 .968 49,246 34 

6050 3 520 1240 442 94.13 . 0104 . 0 362 10.27 1.958 .959 50 , 895 35 

6103 3860 1321 420 92 . 70 .0116 . 0 328 9 . 583 2.097 .959 51 , 975 36 

6526 4975 1529 367 92 . 15 .0150 .0289 9.510 2 .289 . 957 59,193 37 

5046 1380 ---- 534 86.62 . 0044 . 0 374 .... ---- - 1.690 --- .... - 38,398 38 

5125 2395 1060 479 85 . 96 .0077 .D368 9.159 1 . 771 . 958 39,436 !) 

5176 2660 1129 449 85.24 .0087 .0356 9.317 1.858 . 969 40,909 40 

5352 3080 1219 419 84 .44 . 0101 . 0334 9.487 1.953 . 958 44 ,135 41 
5618 3910 1408 367 83 . 62 .0130 .0302 9 . 358 2.185 .963 48,602 42 

4321 1680 941 536 77 . 66 . 0060 . 0383 8.776 ----- ----- 31,468 43 

4365 1710 936 534 77.76 . 0061 .0386 8.838 1.631 .939 31,879 44· 

4313 1945 1005 479 77 . 58 .0070 . 03 65 8 . 802 1 . 734 . 954 33,330 45 

4514 2140 1073 449 76 . 37 . 0078 . 0357 9 . 076 1.807 . 966 34,757 4 6 

4678 2440 1133 419 76 .41 . 0089 . 0341 9.429 1.888 . 952 37,370 47 

4920 3095 1302 367 75 . 89 .0113 .0321 9.645 2 .098 .972 41,248 48 

3267 1160 874 536 61 . 25 . 0052 . 0374 8 . 194 1.579 .909 22,540 49 

3323 1170 843 534 62 . 73 . 0052 .0413 8.994 1.549 .856 22,918 50 

3252 1287 908 479 61 .8 3 .0058 .0359 8.224 1.634 .917 23,602 51 

3403 1360 934 449 62 . 26 . 0061 . 0352 8 . 267 1.684 . 930 24,171 52 

3510 1593 990 418 61.90 .0071 .0339 8.425 1.768 .910 25 , 542 53 

3512 1668 1052 392 60 . 26 .0077 .0341 8.921 1.826 .938 26,522 54 

3626 1884 1111 367 60 .71 . 0086 . 03 28 9 . 111 1.927 .950 27 ,953 55 

2257 773 790 536 44 . 30 .0048 .0259 5 . 825 1.505 .789 14,648 56 

1727 524 682 536 3 2.70 . 0045 . 0238 6.176 1.343 . 524 11 519 57 

3765 -2I7() 1190 b36 59 . 07 0 . 0102 0 .1:)256 ~ : ~~~ 
--- .... - 0.963 30 ,492 58 

3824 2255 1233 505 58 . 88 .0106 .0230 1.986 . 980 31,449 59 

3890 2460 1281 475 59.19 . 0115 .0234 6.643 2 . 048 .972 32,098 60 

3852 2430 1284 475 59 . 87 . 011 3 .0261 7 . 410 2.050 .986 31,890 61 

3960 2705 1362 451 58.06 .0129 .0285 8 . 855 2.144 .954 34,452 62 

4006 2840 1411 438 56.91 . 0139 . 0282 9.508 2.201 .939 3 6,565 63 

4112 3130 1492 426 58.69 . 0148 .0266 7 . 197 2 . 284 .968 3 6, 485 64 

4124 3130 1501 426 58.85 .0148 .0235 7 . 500 2 .283 .972 3 6,69 1 65 

4110 3130 ---- 426 59.99 . 0145 . 0293 9.118 -- -- - ----- 36,024 66 

4164 3270 1550 418 58.57 . 0155 .0205 6.744 2 .330 . 979 3 7, 570 67 

4156 3255 1547 418 58.27 .0155 .0205 6.744 2.325 .972 37,517 68 

4193 3235 1515 414 58.02 .0155 .0267 9.350 2 . 319 .948 3 8 983 69 

2408 1510 1261 534 36.78 0.0114 0 . 0279 8 . 118 2.070 0 . 972 20,072 70 

2505 1750 1408 475 36.46 . 0133 .0264 8.395 2.230 .992 22,032 71 

2585 2010 1503 453 36.29 .0154 . 0234 7.949 2 . 328 . 958 23,521 72 

2590 2010 1509 453 36.40 .0153 . 0227 7.692 2.329 .968 23,573 73 

2612 2070 1565 435 36.48 .0158 .0247 8.354 2 . 396 .990 23,835 74 

2632 2071 1558 435 36.84 .0156 . 0259 8 . 750 2.385 .990 24,035 75 

2359 1450 1217 534 36.57 .0llO .0288 8 . 434 2 .034 .947 19,528 76 

2225 1302 1155 534 35.50 .0102 . 0301 8.519 1.992 . 932 17,882 77 

2148 1229 1122 534 38.66 .0098 .0307 8 . 718 1.959 .929 17,123 78 

1712 935 1024 534 29 .08 .0089 . 0 360 10 .00 1.917 . 868 13,098 79 

1306 789 1011 534 22.40 .0098 .0347 9.792 1.955 . 771 9,807 80 

885 740 1095 534 14 .36 . 0143 . 0253 9.200 ~_178 .614 7,028 81 

797 728 1102 534 12 . 67 .0160 .0281 10 . 95 2 . 257 . 559 6,416 82 

690 683 1130 534 10.33 . 0184 . 0213 10.00 2 . 362 .509 5,854 83 
3002 1802 1204 534 47.20 . 0106 .0275 7.798 - - --- .969 24,592 84 
2965 1799 1244 517 45 . 79 .0109 .0276 7 . 850 2 .010 .971 24,557 85 
3071 1905 1262 510 47.51 . 0111 .0282 8.018 2.074 1.000 25 203 86 
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Run Altitude Ram- Flight Free-s tream 
(ft) pressure mach static 

ratio number pressure 
P1/P0 MO PO 

(Sq f~ a lis) 

87 35.000 1.307 0 . 63 1 4 74 
88 1 . 301 . 625 479 
89 1.305 . 629 478 
90 1.298 . 622 480 
91 1.303 . 627 479 
92 1.299 . 623 779 
93 1 . 295 . 619 480 
94 1.294 . 619 478 
95 1.275 . 600 483 
96 1.286 . 611 484 
97 1.297 . 621 479 
98 1 . 293 . 618 478 
99 1.292 . 616 480 

100 1.304 . 628 480 
101 1. 299 . 623 479 
102 1.297 . 621 4 78 
10 3 1. 297 . 621 47 8 
104 1.297 . 621 479 
105 1 .300 . 624 4 77 
106 1.30 3 . 627 480 
107 1.295 . 619 479 
108 1.291 . 616 4BO 
109 1.293 . 618 481 
110 1.329 . 651 478 
111 1. 282 . 607 479 
112 1.301 . 625 480 
113 1 . 292 . 616 481 
114 l.300 .624 478 
115 1.302 . 626 479 
11 6 1. 297 . 621 481 
117 1.313 . 63 6 478 
118 1.294 . 619 481 
119 1.291 . 616 482 
1.?0 1. 294 . 619 480 
121 1.300 . 624 4 79 
122 1.303 . 627 4 79 
123 ----- ----- ---
124 1.312 . 63 6 476 
125 1. 294 . 619 478 
126 1 . 302 . 626 480 
127 1.30 3 . 62 7 479 
128 1 . 298 . 622 478 
129 1.304 . 628 477 
130 1.299 . 623 478 
131 1.309 . 633 476 
132 1. 2 98 . 622 479 
133 1 .310 . 634 479 
134 1.297 . 621 479 
135 1.302 . 626 479 
136 1.296 . 621 479 
137 1.296 . 621 477 
138 1.330 . 652 477 
139 1.660 .985 479 
140 1 . 852 .982 478 
141 1.879 .994 477 
142 1.865 . 988 477 
143 1.852 .982 480 
144 1.852 .982 481 
145 1.858 . 984 478 
14 6 1.856 .984 480 
147 1.843 .978 482 
148 1.861 .986 47 8 
149 1.870 . 990 479 
150 1. 857 .984 478 
151 1 . 867 .989 479 
152 1.882 . 996 477 
153 1 . 872 .991 477 
154 1 . 870 .990 477 
155 1.850 .981 4 78 
156 1.853 . 982 479 
157 1 . 883 .996 476 
158 1.850 . 981 4 79 
159 1. 853 . 982 477 
160 1 . 865 . 988 479 
161 1.874 .992 477 
162 1. 84 6 .979 4 79 
163 1.865 . 988 477 
164 1 . 873 .992 479 
165 1.857 . 984 481 
166 1.873 .992 4 76 
167 1 . 884 .997 477 
168 1.857 . 984 47 8 
169 1.873 .992 478 
170 1.861 .986 478 
171 1.869 . 990 479 
172 1.845 .978 47 8 

CONFI DENTIAL NACA RM E52J07 

TABLE I. - Continued . COMBUSTCR PERFORMANCE DATA FOR 

Engine Corrected Compressol" -
speed engine inlet total 

N speed tempera tUf\e 
(rpm) N/,fo T3 

(rpm) (~) 

7260 7848 444 
7260 7870 442 
7260 7870 442 
7260 7834 446 
7260 7863 443 
7079 7667 443 
7079 7688 440 
7079 7667 443 
7079 6003 450 
7079 7603 450 
7079 7652 444 
6897 7497 439 
6897 73 66 455 
6897 7469 443 
6897 7387 452 
6897 7456 444 
6716 723 7 443 
6716 7287 441 
6716 7220 449 
6716 7206 451 
6716 7260 444 
6534 708 9 441 
6534 7089 441 
6534 6978 455 
6534 7024 44 9 
6534 7011 451 
6534 6998 453 
6534 7011 451 
6534 7063 444 
6534 7024 449 
6534 7018 450 
6171 6696 441 
6171 6634 449 
6171 6604 4 53 
6171 6665 44 5 
6171 6665 445 
5808 6302 441 
5808 6296 442 
5808 6296 44 2 
5808 6267 44 6 
5808 6209 4 54 
5808 627 3 445 
5808 6267 446 
5445 5875 44 6 
5082 5514 441 
5082 5509 492 
5082 7287 447 
5082 5428 455 
5082 5489 44 5 
5082 54 83 44 6 
3993 4316 444 
3086 3333 44 5 
7260 7645 4 68 
7260 7587 4 75 
7260 7638 469 
7260 7630 470 
7260 7587 4 75 
7260 73 60 4 70 
7260 762 3 471 
7260 7667 4 65 
7079 7433 471 
7079 7454 4 68 
7079 7433 471 
7079 7440 47 0 
7079 74 61 4 67 
6897 7249 4 70 
6897 7263 4 68 
6897 723 5 4 72 
6897 7269 4 67 
6716 7052 471 
6716 7065 4 69 
6716 7059 4 70 
6716 7045 4 72 
6716 7045 4 72 
6534 6854 4 72 
6534 6861 471 
6534 6880 4 68 
6534 6854 47 2 
6534 6808 4 78 
6534 6887 4 67 
6171 6473 4 72 
6171 6480 4 71 
6171 64 80 471 
6171 6480 471 
6171 6517 4 65 
5808 610 4 470 

CONFIDENTIAL 

Combustor - Combustor -
inlet t otal inlet total 
temperature pressure 

T4 P4 
( ~) (Sq ~~ alii) 

774 3185 
784 3315 
784 3311 
787 3273 
794 3413 
758 3054 
754 3023 
758 3098 
768 3065 
782 3179 
784 3330 
743 2929 
756 3893 
747 3036 
775 3071 
770 3229 
734 2869 
730 2847 
742 2890 
761 2956 
756 3 096 
722 2771 
717 2730 
734 2830 
731 2754 
740 284 3 
748 2797 
745 ----
741 2970 
753 -- - -
762 3090 
700 2492 
704 24 85 
724 2489 
713 2625 
73 5 n 34 
672 ----
669 ----
674 21 35 
678 2197 
698 2164 
686 2260 
709 23 67 
679 2023 
619 ----
625 1583 
631 1651 
650 1596 
634 1670 
649 1726 
556 1032 
499 763 
792 4 255 
801 4316 
800 4391 
805 4486 
81 3 ----
817 4660 
819 4 668 
814 ----
781 ----
783 4163 
793 4 2 90 
793 4367 
804 4526 
777 4137 
770 4041 
784 4198 
792 4334 
750 3808 
758 3833 
766 3914 
772 3993 
781 4126 
74 7 3 643 
743 ----
751 3 720 
756 3 820 
771 3874 
783 4187 
721 3190 
727 3267 
727 3332 
731 3399 
74 6 3 658 
687 2691 

Calculated 
combustor _ 

outlet total 
temperature 

T5 
( ~) 

1592 
1680 
1700 
1698 
1833 
1460 
1450 
1530 
1534 
1668 
1780 
1400 
1403 
1470 
1628 
1710 
1360 
1355 
1428 
1550 
1655 
1330 
1300 
1330 
1385 
1492 
1500 
1548 
1600 
1662 
1760 
123 7 
1280 
13 80 
1455 
1733 
----
----
1127 
1200 
1280 
1333 
1585 
1443 
----

983 
1035 
1103 
1153 
1320 

855 
660 

1493 
1543 
1572 
1670 
1700 
1813 
1825 
1825 
1428 
1443 
1540 
1610 
1767 
1470 
1393 
1563 
1780 
1315 
1320 
1415 
1507 
1630 
1273 
1255 
1350 
1424 
1563 
1825 
1153 
1230 
1293 
1377 
1643 
1010 

N 
CJ) 
N 
CJ) 

• 

-----_______ J 
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PROTOTYPE J40 -WE- 8 TURBOJET ENGINE (COMPRESSOR 1, COMBUS.TOR A) 

Combuator - Fuel Turbine- ProJecte d Engine - Engine Combustor Combus t or Combustor Combust1on Combustion Run 

outlet total flow outlet exhauBt- Inlet uel - alr total - total - total efficiency parameter 

pressure 'vI f 
total nozzle alr flow ratIo pressure- pressure- density nb C~T4) P5 (l'q1hr) 

tempera- area Wa,l ria loss ratio 1088 ratio 
ture A1 ( P4 - P5) coefflc- P~P5 

( Sq I fb abs) 
(lb/sec) lent (lb,~,sec) T6 (sq In.) ~ (P4 -P5) ft3 (OR) 

-q-b--

~l~B 2000 1292 418 46 . 96 0 . 0118 0 . 0148 4.434 2.088 0.913 26,211 81 

3226 2220 1378 463 41 . 56 .0130 .0269 6 .318 2.202 .964 27, B71 BB 

3221 2220 1400 451 47.49 . 0130 .0254 1 . 850 2.224 1.008 27,843 89 

3183 2310 1399 451 46.97 .0137 . 0275 8 . 571 2 . 219 .953 27,570 90 

3320 2605 1530 422 47.24 .0153 .0273 9.20B 2 .374 .986 30 , 211 91 

2966 171:5 1177 536 41.10 . 0101 . 0288 8 . 224 1 . 983 .974 24,181 92 

2933 1690 1174 534 46 . 98 .0100 .0298 8.257 1.982 .984 23, 531 93 

292B 1B82 124B 4B2 46.45 .0113 .0407 n . 69 2.104 . 962 24, 666 94 

3024 1855 1256 479 4 5 . 71 .0113 . 0134 3.905 2.030 . 961 24) 780 95 

3094 2115 1374 449 46.15 .0127 . 0267 8.019 2 . 192 .992 26,320 96 

3165 2450 1483 422 46.65 . 0146 .0249 8 . 218 2 .328 .982 28,851 97 

2838 1580 1128 534 46.24 .0095 .0311 8 . 349 ---- - .961 22,330 9B 

2600 1563 1141 517 44 . 81 .0097 .0322 8.857 1.918 .939 22,552 99 

2856 1770 1203 484 46.56 . 0106 .0267 7.570 2.022 .970 23,854 100 

2986 1990 1340 449 44.73 .0124 .0270 B.3B4 2 .159 .974 25,660 101 

3164 2275 1428 422 44.94 . 0141 . 0201 6.842 2.267 . 954 28,145 102 
2173 1515 110 3 536 45 . 58 .0092 . 0335 8 . 972 1.917 .954 21,73 9 103 

2754 1460 1095 534 45 . 51 .0090 .0114 8.714 1 . 919 .970 21,519 104 

2906 1620 1172 4 79 44 . 63 . 0lDl - - ---- ------ 1.914 . 95B 22,641 105 

2875 1825 1260 449 44 . 32 . 011 4 .0274 8 . 020 2.094 .986 23, 790 106 

3042 2115 1363 4 22 44.69 .0131 .0175 5.567 2 . 229 . 976 25,934 107 

2680 1427 1075 536 44.50 .0089 .0329 6 . 63 5 1 . 905 .952 20, B25 lOB 

2625 1360 1046 534 44 .1 6 .0066 . 0109 9 .406 ----- .932 20,362 109 

2658 1392 1076 534 44 . 01 .0088 .0608 17.37 1 . 929 .939 22,046 110 

2788 1512 1138 479 42.88 .0098 ------ - ---- - 1 . 872 .934 21 ,416 111 

2750 1623 1190 467 43. 56 .0104 . 03 27 9.300 2 . 015 .954 22 , 246 112 

2710 1681 1240 449 42.59 .0110 . 0 311 8 . 876 2 .069 . 956 21,990 113 

---- 1808 1288 435 42.86 . 0117 --- --- --- - - - ----- .966 -- ---- 114 

2925 1935 1331 422 43.66 .0123 .0152 4 . 686 2 .192 . 983 24,280 115 

---- 2085 1395 408 49 . 11 . 0134 ------ -- -- -- ----- . 964 - -- --- 116 

3028 2350 1492 3 88 43.09 . 0 151 . 0201 7 . 0 45 2 .357 . 957 27 , 211 117 

2397 1165 992 534 41.68 .0076 .0099 9 . 694 1.841 .932 17,947 lIB 
2326 1245 1047 460 40 . 14 . 0086 . 0246 6.778 1.864 . 913 18,704 119 

2402 1365 1142 449 39. 20 . 0098 . 0 350 10.000 1.975 . 934 19,260 120 
2580 1560 1220 422 40 . 0 3 .0110 . 0172 5.172 2.077 .947 20 , 738 121 

2677 2070 1476 367 38.51 . 0149 .0209 7 .308 2.408 .953 23, 644 122 

---- 936 965 53 6 ------ ------ ------ ------ ----- .919 - ----- 123 

--- - 954 962 536 3 8 . 00 .0070 ------ - - ---- ----- --- - - -- - --- 124 

2051 915 902 534 37.34 . 0068 . 0092 9.545 1 . 74 0 .682 14 , 693 125 

2050 1030 978 461 3 7 .31 .0077 .0273 6 .97 7 1.820 .9 79 15,576 126 

2090 1105 1053 449 35 . 50 . 0086 .034 2 9.250 1 . 699 . 919 15 , 990 127 

2199 1250 1122 422 3 6 . 04 .0096 .0270 7 . 722 1.997 .933 11 ,020 128 

2302 1659 1354 367 34 . 60 . 0133 .0275 9 . 286 2 . 299 .928 19.799 129 

1959 1300 1292 3 67 30 .85 . 0117 . 0316 10.16 2 . 194 . 918 16,069 130 
---- 702 861 536 29 . 98 .0065 -- - --- ------ ----- ----- -- ---- 131 

1522 680 805 534 29 .& 9 .006 4 . 0061 8 . 841 1.636 . 742 10,223 132 

1628 750 864 481 29 .72 .0070 .0139 3.382 1.663 . 779 10,990 133 

1539 753 916 44 9 28 .13 . 0074 . 0357 6 .906 1.760 . 819 10 ,930 134 

1612 655 979 422 28.79 . 0082 . 0 347 9 . 355 1 .684 .656 11,763 135 

1676 1032 1133 367 28 . 00 . 0108 . 0290 8 .4 75 2 . 095 . 695 12,823 136 

996 611 747 536 20 . 14 .0084 . 0 349 6 . 182 1.594 .471 6,369 137 

737 670 601 536 15.61 .0118 .0341 8 . 125 1.370 .112 4,462 136 

4127 2330 1205 534 65 .51 . 0099 . 0301 8.101 1 .943 1.005 33,499 139 

4175 2465 1256 494 64 .4 7 . 0107 .0327 9 . 276 1. 991 .990 35,130 140 

4265 2615 1278 4BO 65 . 69 .0111 .0287 8 . 182 2 .023 .986 35,720 141 

4364 2940 1371 449 65.11 . 0 125 .02 72 7.974 2.133 .963 3 7 , 114 142 

---- 2975 1395 442 64.56 . 0128 ------ ------ ----- . 987 --- - -- 143 

4543 3425 1507 422 64 . 68 . 0147 . 0251 8.014 2 . 276 .976 40,589 144 

4543 3495 1520 414 64.53 .0150 .0268 8 . 562 2 .289 . 972 40 , 700 145 

---- 3520 1520 414 65.29 . 0150 - - - - -- ------ -- - -- .975 ------ 146 
---- 2120 1151 534 64 . 06 . 0092 ------ - - -- - - ----- .986 ------ 147 

4026 2190 1164 534 64.76 .0094 .0329 8 . 839 1.906 . 989 32 ,596 148 

4152 2475 1246 479 64.65 . 0106 . 0 322 6 .903 2 . 007 .990 34,262 149 

4246 2740 1323 449 62.90 .0121 . 0277 8 .34 5 2.088 .960 36,395 150 

4426 3205 1467 422 64.47 . 0138 . 0221 6 . 849 2.248 1.004 36 ,527 151 

3994 2255 1194 479 63. 58 . 0099 .0346 9 . 597 1.960 .969 32,707 152 

3896 2030 1122 534 63 .77 . 0088 . 0359 9.416 1.672 .962 30,930 153 

4076 2515 1263 449 75.23 . 0093 .0291 5 . 755 2 . 004 1.184 28,251 154 

4236 2950 1410 422 62.64 .01 31 .0249 7 . 500 2 . 241 . 992 36,185 155 

3671 1808 1060 534 61.24 .0082 .0360 9 . 133 1.818 .954 26, 3 80 156 

3692 1815 1055 534 62 . 0 3 . 0081 .0368 9.097 ---- - . 960 28 ,3 73 157 

3776 2040 1146 479 61 .02 .0093 . 0 348 9 . 315 1 . 913 .977 30 , 287 158 

3863 2300 1239 449 60.86 . 0105 .0326 9.286 2 . 018 .990 31,901 159 

4004 267::> 1368 422 60 . 70 . 0122 .0296 6 . 652 2.151 .996 33, 626 160 
3508 1640 1021 534 59 . 70 .0076 . 0 371 9.184 1 . 777 .958 26 , 732 161 

---- 1640 1000 534 59 . 22 .0077 --- --- ------ ----- .910 ------ 162 

3564 1625 1097 479 59 . 65 .0085 .0366 9 . 577 1 . 866 .988 26 ,131 163 

3693 2050 1171 449 59.52 . 0096 .0333 9 . 203 1.949 .972 29 , 779 164 

3733 2395 1301 422 57.99 .0115 .0364 10 .37 2 . 164 .977 30 ,933 165 

4089 3205 1547 367 55 . 23 .0153 . 0234 7.903 2 .387 .982 3 6,616 166 

3065 1245 912 534 55 . 00 .0063 .0392 9.259 1.664 .915 22,417 167 
3146 1435 968 479 54 . 71 .0073 .0364- 8 . 815 1 . 756 .934 23,349 168 
3217 1570 1056 449 54 . 81 .0080 . 0 345 8 . 779 1.643 . 967 2,449 169 
3299 1855 1147 422 54 .36 .0095 .029& 7 .93 7 1.941 . 949 25,708 170 
3557 2470 1391 367 53 .38 .0129 . 0276 8 . 763 2 . 265 . 979 30 ,439 171 
2582 915 800 534- 49 . 51 .0051 .0405 8 . 651 1 . 532 .853 17,560 172 

CONFIDENTIAL 

L-_ __ _ 



24 CONFIDENTIAL NACA RM E52J07 

TABLE I . - Concluded . COMBUSTOR PERFORMANCE DATA FOR 

Run Altitude Ram Fl1ght Free stream Engine Corrected Compressor - Combustor - Combustor- Calculated 
( f t) pressure mach static speed engine inlet total inlet total inlet total combustor-

r at10 number pressure N speed tempera ture temperature pressure outlet total 
PvpO MO Po (rpm) N/~ T.3 T4 P4 temperature 

(Sq Ib ) (rpm) ("R ) ("R) (Sq f~ a 5s) 
T5 

fE a6s ( OR) 

17.3 .35,000 1.660 0 . 995 476 5606 6096 471 696 2767 1040 
174 1.868 .989 477 5808 6098 4 71 699 2602 1103 
175 1.868 .989 4 78 5808 609 .3 4 72 699 287:5 1158 
176 1.863 . 987 460 5808 6110 469 702 2969 1250 
177 1.872 . 991 47 8 5808 6104 n o 718 3092 144.3 
178 1 . 868 . 989 479 5082 533 1 472 639 198.3 843 
179 1.876 . 99.3 478 5082 53.35 471 644 2018 855 
180 1.854 . 983 478 5082 5341 4 70 645 204 3 897 
181 1.854 . 983 479 5082 5336 4 71 645 2062 923 

~~~ 1 . 850 . 981 4 81 5082 5341 470 647 2110 987 
. 863 . 987 ,81 5082 530>6 ~ 656 224 7 1130 

184 45,000 1 . 294 0 . 619 289 7260 7913 43 7 768 1932 1547 
185 1.287 . 612 290 7260 7746 456 790 1892 156.3 
186 1 . 299 . 62.3 289 7260 7950 43.3 767 1945 1560 
187 1 . 286 . 61.3 289 7260 7892 439 781 1965 1672 
188 1.284 . 609 292 7260 7892 4.39 78.3 2021 1 697 
189 1.289 . 614 290 7260 7619 447 796 2039 1775 
190 1 . .309 . 633 286 7260 7957 432 791 2124 1860 
191 1.299 . 623 289 7260 7950 433 792 2126 1863 
192 1.291 . 616 290 7260 7921 436 787 2104 1810 
193 1.286 . 611 290 7260 7913 43 7 790 2103 1820 
194 1.282 .607 291 7079 7674 442 759 1866 1498 
195 1.277 . 602 298 7079 7695 439 754 1901 1477 
196 1.29.3 . 616 290 7079 7582 452 774 1855 1520 
197 1 .300 . 624 291 7079 7716 437 766 1967 1 606 
198 1.296 . 621 289 7079 7624 447 766 1984 1727 
199 1.287 . 612 290 7079 7716 437 765 2068 1853 
200 1.302 . 626 287 6897 1407 450 760 1796 1463 
201 1.301 . 625 289 6897 7525 43 6 753 1896 1562 
202 1.288 . 613 290 6897 7456 444 786 1915 1650 
203 1 . 290 . 614 291 6897 751 8 437 774 2036 1810 
204 1.283 . 608 291 6716 7287 441 734 1772 1392 
205 1.294 . 619 289 6716 7233 44 7 745 1749 1423 
206 1 . 285 . 610 268 6716 7206 4 51 757 1771 1508 
207 1.263 .608 289 6716 7253 445 756 1639 1597 
208 1.288 . 613 289 6716 7327 0 6 759 1927 - - - .. 
209 1.296 . 621 289 65.34 7096 440 721 1694 134 2 
210 1.296 . 603 290 6534 7057 44 5 733 1692 1367 
211 1.289 . 614 291 6534 7050 44 6 740 1705 1440 
212 1.303 . 627 290 6534 7089 441 737 1773 1530 
213 1.299 . 623 287 6534 7129 436 741 1 839 1 647 
214 1.278 . 619 289 6171 6671 444 709 151.3 127.3 
215 1.296 . 621 291 6171 6689 442 714 1548 1348 
216 1 . 288 . 61 3 289 6171 6689 44 2 712 1580 1410 
217 1. 291 . 616 289 6171 67 33 4 36 712 1 627 1520 
218 1. 295 . 619 288 5990 6541 435 726 1578 1 71 5 
219 1.278 . 603 291 5808 6302 441 67:5 1324 1160 
220 1.295 . 619 291 5808 6290 443 678 1300 1165 
221 1.296 . 621 291 5808 6307 440 687 1353 1268 
222 1.299 .623 287 5808 6296 44 2 687 1363 1~20 
223 1.301 . 625 288 5808 634 2 435 685 1409 13 90 
224 1.327 . 649 286 5808 633 7 436 706 1484 1670 
225 1 . 311 . 634 288 5445 5935 4.37 675 1 278 1515 
226 1.302 . 626 289 5082 5524 439 630 976 1075 
227 1. 300 . 624 294 5082 5504 443 634 992 10 55 
228 1.300 . 624 291 5082 547.3 44 7 647 1001 1135 
229 1.311 . 634 288 5082 5519 H O 63 6 1026 1143 

~;~ i:m : ~~~ m ~g~~ 5550 435 631 1030 1207 
553' 438 64 6 1092 1.363 

232 50,000 1.284 0 . 609 224 7260 7928 435 775 1529 1590 
233 1.270 . 595 227 7260 794 2 434 783 1581 1690 
234 1 . 29 9 . 623 223 7260 7913 43 7 797 1665 1 81 7 
23 5 1.282 .607 225 7260 7950 433 794 1 629 1813 
236 1.258 . 582 229 7260 7950 433 794 1624 18 1.3 
237 1.301 . 625 222 7260 7928 435 794 1 638 1833 
238 1.290 . 614 222 7260 7928 43 5 800 1650 1 870 
239 1.288 . 613 225 7260 7950 433 800 1651 1883 
240 1.294 . 619 222 7260 7928 435 796 1625 1843 
241 1.266 .591 234 7079 7752 433 759 1527 1520 
242 1.280 . 605 225 6716 6991 4 79 789 1 2 98 1493 
243 1.283 . 608 226 5808 6011 484 730 937 1250 
244 1.300 . 624 226 5808 633 7 436 681 1051 1197 
245 _295 _619 :>:>5 5082 5250 4 62.. 678 687 1115 
246 55 ,000 1.302 0 . 626 163 7260 7863 443 786 1199 1 647 
247 1.324 . 647 161 7260 7870 44 2 798 1238 1823 
248 1.287 . 6 12 174 7260 7928 4~5 793 1267 1760 
24 9 1.~02 . 626 175 7260 7928 435 804 1325 1870 
250 1.295 . 619 178 7260 794 2 434 804 1325 1883 
251 1.266 . 591 168 7260 7863 H 3 805 1 251 1855 
252 1 . 309 . 633 168 7260 7863 443 804 1263 1840 
253 1.309 . 633 1 68 7260 7841 445 802 1244 1820 
254 1.314 . 63 7 1 62 7079 7681 441 778 1175 1 6 30 
255 1 .315 . 638 164 6716 7314 43 8 740 1076 1407 
256 1.304 . 628 169 6534 7116 438 730 1029 1390 
257 1 . 295 . S19 168 5808 6325 438 683 790 1207 
258 1.279 . 604 1 70 5082 5519 440 634 592 n03 
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NACA RM E52J 07 CONFIDENTIAL 

PROTOTYPE J40-WE - 8 TURBOJET ENGI NE (COMPRESSOR 1 , COMBUSTOR A) 

Combustor- Fuel Turblne- ProJected Eng1ne- Engine Combustor 
outlet total flow outlet exhaust - inlet fuel-air total -

pressure Wf 
total nozzle air flow ratio pressure-

P5 (lb/hr) 
tempera - area Wa ,l ria 10SB ratio 

(Sq dbabs) 
ture A7 (lb/"ec) 

(P4 -P5) 
T6 (sq in.) -P-4--

(oR) 

2656 938 818 534 50 .51 0 .0052 0.0401 
2690 1049 880 479 49.89 .0058 . 0400 
2766 1200 937 449 49 . 65 . 0067 . 0373 
2836 1413 1030 422 49.84 .0079 .0448 
2994 185a 1227 3 67 48.14 .0107 .0317 
1902 521 680 534 40.77 .0035 .0409 
1932 528 685 534 41 . 30 . 0036 . 0426 
1959 600 723 479 40.61 . 0041 .0411 
1982 680 753 449 40 . 17 .0047 .0388 

~~~i ~~i ~~i 1~~ !~:~~ .0053 : g;~~ 0069 
1881 1213 1257 536 28 . 71 0 .0117 0 . 0264 
1913 1200 1265 534 27 . 83 .0120 - - -- - -
1918 1239 1263 521 28 . 90 . 0119 . 0139 
1936 1374 1368 480 28 . 52 . 0134 . 0247 
1975 1449 1395 467 28.70 .0140 . 0228 
1984 1520 1471 449 28 .26 . 0149 . 0270 
2076 1687 1549 435 28 .88 .0162 .0226 
2074 1687 1550 435 28 . 85 . 0162 .0245 
2053 1640 1504 435 28 .80 .0158 . 0242 
2056 1649 1513 435 28.72 . 0160 .0224 
1843 1141 1216 536 28.24 .0112 .0228 
1854 1144 1200 536 28 . 87 .0110 . 0247 
1802 1130 1234 534 27 . 86 . 0113 .0286 
1914 1310 1315 480 28.82 .0126 . 0270 
1932 1450 1430 451 28.04 .0144 .0262 
2013 1650 1551 422 28.24 . 0162 . 0359 
1746 1057 1193 534 27 . 59 .0106 . 0278 
IM9 1223 1281 480 28 .33 . 0120 .0248 
1867 1350 1371 451 27.64 .013 6 .0251 
1985 1570 1515 422 28 .13 .0155 .0251 
1723 1000 1133 536 27 .48 . 0101 . 0277 
1694 1000 1158 534 26.98 . 0103 .0 315 
1721 1101 1239 479 26.45 .0116 .0282 
1790 1245 1325 451 26 . 96 .0128 .0267 
1864 1440 -- - - 422 30.15 . 0133 . 0156 
1649 928 1092 536 26 .61 . 0097 .0266 
1636 930 1109 534 26.67 .0097 .0 331 
1650 1020 1183 479 26 .23 .0108 .0323 
1728 1152 1267 451 26.56 . 0120 .0254 
1806 1319 1381 422 26.55 . 0138 .0180 
1456 789 1031 534 24.51 .0089 .0376 
1492 887 1103 479 29 .65 .0100 .0362 
1531 950 1174 451 24.42 . 0108 . 0310 
1587 1095 1278 422 24 .30 .0125 . 0246 
1540 1315 1525 367 21.81 . 0167 .0241 
1260 673 938 536 22.43 .0083 .0483 
1254 673 937 534 22.19 .0084 .0354 
1305 773 1038 479 22.08 .0097 .0355 
1315 794 1100 451 21 . 72 . 0102 .0352 
1374 895 1171 422 21.92 .0113 . 0249 
1448 1173 1435 367 21.01 .0155 .0243 
1241 942 1303 367 18.96 . 0138 . 0290 

956 593 886 53 6 17 . 92 . 0092 .0205 
1026 585 871 534 18.10 . 0090 ----- -

968 663 942 479 17 .88 .0103 .0330 
992 627 953 451 17 .35 .0100 . 0331 
967 m i~~6 422 ~ ~ .~~ . 0109 . 0612 

1059 %7 . 0127 . 0302 
1486 995 1290 536 22 . 36 0 .0124 0 . 0281 
1543 1172 1386 483 22.49 .0137 .0240 
1621 1232 1502 471 22.33 . 0153 .0264 
1594 1285 1501 455 22.37 . 0 160 . 0215 
1586 1282 1501 455 22.28 .0160 .0234 
1596 1282 1522 447 22 . 33 .0159 .0257 
1612 1356 1559 443 22.17 .0170 . 0230 
1612 1351 1565 443 22.30 .0168 . 0236 
1603 1292 1532 442 22 . 28 .0161 .0135 
1487 953 1234 536 22.76 .0116 .0262 
1254 801 1214 536 19.45 .011 4 . 0339 

896 659 1027 536 15.11 . 0121 . 0438 
1014 674 969 ~~~ ii:~~ .0107 :g;~~ 

660 5!ill g~' .01 32 
1164 908 1346 527 16 . 57 0.0152 0 .0292 
1207 1002 1517 487 16.70 .0 167 .0251 
1226 1002 1448 473 17 .39 . 0160 .0328 
1283 1123 1557 455 17.74 . 0170 . 0317 
1295 1123 1568 455 17.66 .0177 .0227 
1221 1060 1544 455 16 . 4 6 . 0179 .0240 
1231 1065 1534 451 16.81 . 0176 . 0253 
1220 1012 1509 --- 16 . 85 .0 1 67 . 0193 
1142 854 1337 536 16.53 .0 143 .0281 
1050 779 1138 536 16.12 . 0134 .0242 

987 744 1126 536 15.69 . 0132 .0 408 
762 655 977 536 12 . 85 . 0142 . 0355 
571 637 924 538 9.96 .017 8 . 0355 
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Combustor Combustor Combustion Combustion Run 
t otal - total eff1ciency parameter 

pressure- density nb 
e<T4 ) loss r atio 

coefflc - P4/P5 
1.ent ( lb,OR , sec) 

(p .. -P5 ) rt3 

~ 
8 .5 38 1 . 556 0 . 887 18,185 173 
8.960 1.644 .935 18,905 174 
8.992 1.727 .920 20 , 139 175 

11.37 1.865 .946 21,410 176 
8 .991 2 .076 .955 23,815 177 
7.570 1.375 . 785 11,630 178 
7.890 1.387 .791 11,879 179 
8 .155 1.448 .792 12,462 180 
8 .081 1.489 .784 12,875 181 
7.374 1.581 . 859 13 ,358 182 
8 . 172 1.783 . 915 15 , 265 183 
7 . 727 2 . 069 0 . 950 15,621 i: ---- - - 1.956 .915 15,507 
4.091 2 .063 . 942 15,717 186 
7.656 2 .1 95 . 944 16,653 187 
7.302 2 . 217 . 935 17,240 188 
8.871 2.292 . 946 17 , 795 189 
7.869 2 .905 .957 19,064 190 
8.525 2 .411 . 960 19 , 093 191 
8 . 500 2 . 357 . 939 18,829 192 
7.833 2 . 357 .933 18,851 193 
6.719 2 .020 .928 15,159 194 
7.015 2.009 . 932 15,009 195 
8.154 - --- - . 934 14,837 196 
8 .154 2 .157 .945 16,104 197 
8. 387 2.256 .940 16,952 198 

12.93 2 .449 . 957 18 ,952 199 
7 . 937 1.980 .939 14 ,241 200 
7 . 460 2 . 127 . 955 15,394 201 
8.000 2 . 203 .933 16,176 202 
8.793 2 .399 .966 18,066 203 
7.903 1.950 .915 13,804 204 
9 .016 1.979 .928 13,726 205 
8.197 2 . 050 .917 14,218 206 
8.305 2 .170 . 937 15,178 207 
4 . 167 - --- - ----- 14,852 208 
7.500 1.912 . 895 13,081 209 
9 .180 1 . 930 .912 12,991 210 
9.167 2 .011 . 911 13,341 211 
7.627 2 .130 .933 14,239 212 
5.893 2.264 . 938 15,489 213 

10 .18 1. 865 . 874 11,269 214 
10.00 1.959 .882 11, 727 215 

9.074 2 .04 3 .906 12,296 216 
7.843 2.189 .910 13,229 217 
9.048 2 .505 .907 13,998 218 

12. 55 1.812 . 794 9 ,4 74 219 
9.020 1 . 781 . 777 9 , 217 220 
9 . 796 1 . 914 . 823 10,054 221 

10. 000 1.991 . 853 10,272 222 
7 .447 2 .081 .872 10,911 223 
8 . 781 2 .424 .886 12,783 224 
9 . 737 2 .311 . 857 10,425 225 
4.878 1.742 .645 6 ,414 226 

- - -- - - 1.609 . 631 6,624 227 
8 . 047 1 . 814 .632 6 ,751 228 
9.189 1.857 .679 7 , 338 229 

17 .50 2 . 038 . 721 7 ,44 2 230 
9 . 706 2 .176 .795 8 456 231 
8.431 2 . 111 0.931 12 ,590 ~~y 7.600 2.211 .949 13,486 
9.565 2 .34 2 . 968 15 , 230 234 
7.292 2.333 .926 14,419 235 
7.917 2 .338 . 926 14,375 23 6 
8 .936 2 .370 . 950 14,726 23 7 
8.261 2.393 .918 15,127 2 38 
8 . 298 2.411 .940 14,901 239 
4.583 2 . 346 . 944 14,399 240 
7.692 2.057 .931 12 , 274 241 
9.565 1.958 .873 10,480 242 

11.39 1 . 790 . 602 6 ,990 243 

~:~:~ 1 . 822 . 655 7,672 244 
1. 712 . 449 4 740 245 

10.00 2 . 158 0.813 10,559 246 
8.857 2 .343 . 897 11,153 247 

11. 08 2 .293 . 873 11 , 209 248 
11 . 35 2 .402 . 891 12 , 173 249 

8 .108 2 .396 . 894 12,173 250 
8.824 2 .361 .857 11,685 251 
9 . 143 2.349 .860 11,604 252 
6 .667 2 . 314 .888 11,239 253 
9.167 2 .156 .858 10,139 254 
7.222 1.948 .697 8,663 255 

12 .00 1.985 .700 8,105 256 
9 . 655 1.832 .504 5,855 257 

10.00 1.804 .366 4,288 258 
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Figure 1 - Engine installation in altitude wind tunnel test section. 
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Air flow 

(b) Front view . 
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~ 
C· 3011 4 

(a ) Side view. 

(c) Rear view. 

Figure 2. - Engine combustor A. 
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(a) Side view. 

(b) Front view. 

Figure 3. - Engine combustor B. 
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Air 
flow -

(b) Front view. 
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(a) Side view. 

C'3OO30 
(c) Rear view. 

Figure 4. - Engine combustor C. 
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Figure 5 . - Combuator-basket configurations . Al l dimensions are 1n inches . 
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Combustor Total hole Inner wall Outer wall 
basket area area area 

(sq in . ) (percent) (percent) r--

0 A 796 46.5 53.5 r--0 B 809 50.0 50.0 

0 C 877 46 . 5 53.5 

. ..e':I. J:l~~ ~ It> 
':;? v 

0 0 u-
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p~ ~~ 

~ ~ 
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0 
n 10 (' .Oc 
~ PC 0 

0 DO 

~~ ~O 
pO IV 
h 

o ~ 

~ 
20 30 40 50 60 70 80 90 100 

Combustor -basket length , percent 

Figure 6. - Percentage of total open area of combustor baskets . 
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Component 

Station 

Air 
flow --

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

I nlet - air duct 

2 3 

I 

Station Location 

1 Inlet-air duct 
2 Engine inlet 
3 Compressor inlet 
4 Compressor outlet 
5 Turbine inlet 
6 Turbine outlet 
7 Exhaust -nozzle outlet 

*Sonic flow probes 

Compressor 

4 6 7 

I 

~ 
CD. 2732 

Total- Static- Wall static - Thermo-
pr essur e pressur e pressure couples 
tubes t ubes or ifices 

29 12 6 10 
18 0 4 0 
23 3 7 0 
18 0 3 6 

5 0 0 10* 
20 0 8 24 
16 2 8 0 

Figure 7. - Top view of turbojet - engine installation showing stations at which instrumentation was installed. 
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Five boundary- layer 
total-pressure tubes 

33 

(a) Station 1, cowl inlet . Diameter, 
34 inches; location, 6 inches down
stream of cowl-inlet flange. 

(b ) Station 4, compressor outlet . Pas 

sage height, 3~ inches; location, 

~ inch downstream of trailing edge 

of fixed vanes . 

Total pressure 
Static pres sure 
Thermocoupl e 

Radial 
traverse 

(c) Station 5, turbine inlet. Pas-
3 

sage height, ~ inches; locati on, 

l~ inches upstream of leading 

edge of first stage turbine -nozzle 
diaphragm.. 

(d) Station 6, turbine outlet. Pas 

sage height, ~ inches; l ocation, 

~ inches downstream of trailing 

edge of turbine rotor. 

Figure 8. - Location of instr umentation. Viewed looking downstream. 
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Com- N/-fo P4 
bus - ( rpm) (lb/ sq ft abs ) 
tor 

0 A 7812 4187 
0 B 7860 4388 
0' A 6646 3323 
0' B 6255 2995 

LA ~ f\. 
6 

,../"'1"'" l:i 
c "" 

(a) Combustor - inlet total
pressure profile . Engine 
speed, 7260 rpm . 

~ ~ ~ 

~ 
(' ~ 

W \\ 
~ ~\ 

T5 . T5 . 
,J. ,J. 

(Of ) (OF ) 

1326 ---
1254 ---
---- 800 
---- 833 

./. 
r.T 

NACA RM E52J07 

Total hole I nner - Outer -
area wall wall 

(sq in .) area area 
(percent ) (percent ) 

796 46 .5 53 . 5 
809 50 .0 50.0 
796 46 .5 53 .5 
809 50 .0 50 .0 

~. ~ ~ ""-' ~i=J -e" 
'V 

( c ) Combustor- inlet total 
pressure profile . Engine 
speed, 6000 rpm . 
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20 40 50 80 100 C 20 40 60 80 100 
Passage height, percent 

(b ) Combustor -outlet indicated (d ) Turbine ~outlet indicated 
temperature profile . Engine temperature profile . Engine 
speed, 7260 rpm . speed , 6000 rpm. 

Figure 9 . - Effect of combustors on combustor -outlet indicated temperature profiles. 
Altitude, 30,000 feet; f l ight Mach number, 0 .62; compressor, 1. 
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Com- N/-fo P4 T5 ,i T6,i Total hole Inner - Outer -
bus - (rpm) (lb/sq ft abs ) 

(~) (~) area wall wall 
tor ( sq in. ) area area 

(percent) (perc ent ) 

no 

90 

0 C 7870 4341 
a B 7964 4516 
<S C 4683 1646 
cf B 4765 l708 

--

~/ 
0-

~o:c 
"V 

( a ) Combustor-inlet total
pressure profile. Engine 
speed, 7260 rpm. 

~ 

120 r---~-----r----~----r----, 

100 t----7''--t----+-----,t---''r-t-t----I 

80 

60~-~--~-~~-~-~ 
o 20 40 60 80 100 

1443 
1420 
----
----

--- 877 46 .5 53 . 5 
--- 809 50.0 50.0 
397 877 46 .5 53.5 
400 809 50.0 50 .0 

J... ~ ""- PC- u ..... 

~ 

(c ) Combustor-inlet total
pressure profile. Engine 
speed, 4356 rpm . 
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o 20 40 60 80 100 
Passage height, percent 

(b) Combustor -outlet indicated 
temperature profile . Engine 
speed, 7260 rpm . 

(d) Turbine -outlet indicated 
temperature profile. Engine 
speed, 4356 rpm. 

Figure 10. - Effect of combustors on combustor - outlet indicated temperature pro
files. Altitude , 30,000 f eet ; flight Mach number, 0 . 62; compressor , 3 . 
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COlllpres -
'sor 

0 3 
0 2 
Cf 3 
c( 2 

Location Of-,\ 
>-- splitter 

I.-. ('). -0 
./ 
~ l,7U-

rl'" In-- '0 
U" v 

(a) Combustor - inlet total
pressure profi l e . Engine 
speed, 7260 rpm. 

N!-Je 
(rpm) 

7870 
7318 
4683 
4674 

120r----r----.----r----,---~ 

100 

80 

60 
0 20 40 60 80 100 

Passage height, 

(b) Combustor - outlet indicated 
temperature profile. Engine 
speed, 7260 rpm. 

P4 T5)i T6)i 
(lb!sq ft abs ) (~ ) (~ ) 

4341 1443 ---
4035 1528 ---

1646 ---- 397 
1470 ---- 759 

LocaLon J, 
f- splitter 

k 

" ~ 
j...., ~ 

~ - '""'" ~ 
( c ) Combustor -inlet total 
pressure profile. Engine 
speed) 4356 rpm . 
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(d) Turbine -outlet indicated 
temperature profile . Engine 
speed, 4356 rpm . 

Figure 11. - Effect of combustor inlet -air pressure profiles on combustor -outlet 
indicated temperature profiles. Altitude, 30,000 feet; flight Mach number, 0 . 62; 
combustor, C. 
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Combustor Total open 
area 

12 (sq in. ) 
0 A 796 
0 B 809 

8 
of' -....... 
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p..~ 

0 n 0 P r.. b 

~ -cr-~ -uv 

[ ~ (') 
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~ 
--0 ..... 

o IP - 0 

... 4 
~ 
(!) 

( a ) Effect of combustors with compressor 1. 
'M 
U 
'M 
'H 
'H 

Combustor Total open 
(!) 

0 
u 16 

area 
(sq in.) 

til 
til 0 B 809 
0 
rI 0 C 877 , 
(!) 

H 
~ 
til 

0 0 _ 
til 
(!) 12 H 
p. , 
rI 
til 

.;.0 

.... -~ "Uo 
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~ 0 v p --- <'>.A 
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C ---v 
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~ 4 
1.4 1.6 1.8 2.0 2.2 2.4 2.6 

Combustor total denSity ratio, P4/P5 

(b) Effect of combustors with compressor 3. 

Figure 12. - Variation of combustor total-pressure - loss coefficient with density 
ratio for several combustors. Altitude, 30,000 feet; flight Mach number, 0.62 . 
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Compressor 
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Combustor total density ratio, P4/ P5 

NACA RM E52J07 

-U 

0 
"V 

o () 
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2 .4 

( c) Effect of inlet-air pressure profiles with combustor C. 

Figure 12 . - Concluded . Variation of combustor total-pressure coefficient 
with density r atio for several combustors . Altitude , 30,008 feet ; f l ight 
Mach number, 0.62 . 
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Figure 13. - Variation of combustion efficiency with combustion parameter for three combustors and three compressors. Altitude, 
30,000 feet; flight Mach number, 0.62. 
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Al t i tude 
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(a ) Effect of a l titude . Flight Mach number , 0 . 62; exhaust - nozz le area , 534 square i nches . 
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Figur e 14 . - Variation of combustion efficiency with cor r ected engi ne speed . Proto type J40 - W£ - 8 
turbojet engine (compress or 1 , combus tor A) . 
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Fi gure 15 . _ Combustor pr essure - loss charact eristics in t er ms of e ngine parameters . Pr ot otype 
J40 -WE -8 turbojet engi ne (compr essor 1, combust or A). 
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Figure 16 . - Combustor pressure-loss characteristics 1n terms of c ombustor parameters . Pro t o type J40 - WE - B turbojet engine (c ompressor I , combustor A). 
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Figure 17. - Var iaLion of combustion effi~ency with combustion parameter . 
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Figure 18. - Varlation of combustion efficiency with fuel-air r at i o f or several values of combustion 
parameter . Compressors 1 and 2 with combustors A and B, respectively. 
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Figure 19 . - Variation of combustion efficiency with combust i on parame t er f or several unrelated 
combustors . 
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