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RESEARCH MEMORANDUM

ALTITUDE INVESTIGATION OF SEVERAL AFTERBURNER CONFIGURATIONS
FOR THE J40-WE-8 TURBOJET ENGINE

By E. Willlam Conrad and Carl E. Campbell

SUMMARY

An investigation was conducted in the Lewis altitude wind tunnel to
evaluate the performence and operational characteristics of the J40-WE-8
afterburner. Although the minimwm afterburner-inlet pressure which
would occur within the specified operating envelope of the engine was
730 pounds per square Foot, stable operation was desired at a lower pres-
sure to provide & "safety margin."” Since the combustion efficiency was
low at the chosen burner-inlet pressure of 620 pounds per square foot,

a brief progresm of modifications was undertaken wherein the changes in
configuration were restricted by production considerations.

Modifications were made to the flame holder, the diffuser, and the
fuel system. TInasmich as the pesk combustlion efficlency of the orig-
inal configuration was 0.90 or higher at burner-inlet pressurses of
1500 pounds per square foot or higher, no apprecilable improvement was
possible. At a pressure of 620 pounds per square foot, the peak effi-
ciency was raised only slightly (from 0.47 to 0.54) by the modifications
to the configuration. Over most of the range of fuel-alr ratios, the
combustion efficiency was increased gbout 0.17 at the lower pressure
level. This increase resulted in an increase in the maximm exhaust-
gas tempersature from 2380° to sbout 2950° R, an increase in maximm net
thrust from 1500 to 1660 pounds, and a reduction in specific fuel con-
sumption at stoichiometric fuel-air ratio (0.067) from 3.70 to 3.15
pounds of fuel per hour per pound of net thrust. The configuration
giving the best performance was, however, subject to buzzing combustipn
under certain operating conditious.

INTRODUCTION

An Investigation was conducted in the NACA Lewls altltude wind tunnel
to determine the altitude performance and operatlonal characterlistics of an
afterburner developed by the manufacturer for the J40-WE-8 turbojet
engine, This afterburner configuration evolved from a development pro-
gram conducted by the engine manufacturer at sea-level static conditions.
Because the manufacturer's scheduled production of the afterburner had
been started, the changes made during this study to improve the altitude
performance were restricted to modifications which would introduce no
appreciegble production gads g result, several modifications which
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appeared to be desirable on the basis of previous investigations were
not made 1n the phase of the program reported herein.

The originael configuretion supplied by the manufacturer incorporated
several Jdesign features which had been found to eliminate screeching
{high frequency) combustion instability. During the study reported
hereln, changes were made in the fuel-injection system to improve the
fuel-air. distribution and fuel mixing length; in the diffuser configura-
tion to improve dlffuser velocity profiles; and in the flame holder to
improve flame propagetion between the two rings. Each configurstion was
also investigated wlth respect to operation, primarily to-detect the
presence of screech.

Performeance datae for several configurations are shown for a range of
afterburner fuel-alr ratics at altitudes from 10,000 to 45,000 feet and
flight Mach numbers from 0.18 to 0.78, corresponding to afterburner-inlet
pressures from 2750 to 620 pounds per square foot sbsolute.

APPARATUS AND INSTRUMENTATION

The engine used in this investigation 1ls designated "the prototype
JA0-WE-8 engine.™ The static sea-level thrust of this engine without
afterburner is sbout 7500 pounds at an engine speed of 7260 rpm and an
average turbine-inlet temperature of 1425° F.

Main components of the engine (fig. 1) include an ll-stage axial-
flow compressor, a single-annular combustor, a two-stegé turbine, a
diffuser assembly, an afterburner combustion chamber, a continuously
varisble clam-shell-type exhaust nozzle, and an electronic control.
During afterburner operation, the variable-area exhaust nozzle was
actuated by the control tomsintain limiting turbine-inlet tempersture
over the full range of afterburner fuel-sir ratlos. The over-all length
of the engine is 284 inches, the maximum dismeter is 45.5 inches, and
the totel weight is approximately 3560 pounds.

»

Installstion

The engine was mounted on & wing that spanned the 20-foot=dlameter
test section of the altitude wind tunnel. Engine inlet-alr pressures
corresponding to altitude flight conditions were obtained by Introducing
dry refrigerated alr from the tunnel make-up alr system through a duct
to the engine inlet. A slilp joint with a frlctlonless seal was used in
the duct, thereby making possible the measurement of thrust end installa-
tlon drag with the tunnel scales. Air was throttled from spproximately
sea-level pressure to the desired pressure at the engine inlet, while the
static pressure in the tunnel test section was maintained to correspond
to the desired altitude.
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Instrumentation

Instrumentation for measuring pressures and temperatures was
installed at several stations throughout the engine and afterburner es
indicated in figure 2. Alr flow was determined from pressure and tem-
perature meassurements at the turbine inlet and outlet as discussed in
the appendix. A traverse mechanism comprising 10 sonic-type thermo-
couples was supplied by the engine manufacturer to determine the gas-
tempersture pattern at the turbine inlet. A comprehensive pressure
and temperature survey was obtained at the turbine ocutlet, station 6.
Diffuser-outlet pressures were determined by a single rake of tobtal-
pressure tubes spanning the diameter of the diffuser exit at station 7.
Total and static pressures several lnches upstresm of the exhaust-nozzle
outlet were measured by means of a water-cooled survey rake which was
so mounted that the rake drag could be meassured by a pneumatic capsule.
The symbols and methods of calculation used In this report are given in
the appendix.

Afterburner Designs

A sketch of the afterburner shell with pertinent dimensions is
shown In figure 3. This shell was common %o all configurations. Cooling
of the afterburner shell was accomplished by passing compressor bleed air
through the annular passage formed between the shell and the concentric
shroud. The production diffuser geometry was chaenged for one configura-
tlon as shown by the sketches and photographs of figure 4. The produc-
tion configurstion and the annular cascade diffuser are shown in fig-
ures 4(a) and 4(b), respectively. The anmilar cascade diffuser was
designed to produce uniform velocity distribution at the flame holder.

The two flame holders used during this study are shown in figure 5.
These flsme holders consisted of two annular V-gutters with mean diam-

eters of 17 and 29% inches and incorporsted longitudinal T-shaped

stringers 1 inch wide, which were devised by the engine manufacturer to
avoid screeching combustion. The flame holder shown in figure 5(b)
differed from that of figure 5(a), in that outer gutters were joined by

cross gutters l% Inches wide in lieu of stringers, in order to aid in

flame propagation between gutters. Blockages were 41.3 and 38 percent
of the combustion-chember cross-sectional area for flame holders A and C,
respectively. The photograph in figure 5 shows the louvers in the
flame-holder leading edges which were used for all but one configuration.

The two fuel-distribution patterns used are shown in figure 6. Fuel
was injected through simple orifices. BEach of the three fuel-manifold
rings (fig. 6(a)) was connected to a separate throttle to permit indi-
viduel regulation of the fuel flow. With the five-ring fuel manlifold of
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figure 6(b), one throttle was used to govern the flow of the inner three
rings, while a separste throttle was used with each of the outer rings.
Throughout most of the program, the fuel arifice dismeter was 0.041 inch,
The three-ring manifold of figure 6(a) was modlfied for some configura—

The components described in_the previous paragraphs were used in
various conbinstions. The conbinstions of these components and the
details of fuel-injection location and direction of fuel spray are
sumarized in table I. The individual configurastions are described
briefly in the following paragraphs:

Configuration A. -~ Configuration A was the origlinal design supplied
by the manufacturer. It comprised the diffuser iunner cone shown in
figures 4(a) and 4(d), the flame holder and fuel manifold assembly shown
in figure 5(z), and the fuel-injection pattern shown in figure 6(a).

The fuel from all three manlfolds was injected in a downstream direction,

and the menifolds were l— inches upstream of the flame holder. Every

alternate hole in the fuel injection manifold was in line with a louver
in the leading edge of the flame-holder gutte:s,

Configuration B. - Configuration B was identical to configuration A,
except that louvers in the flame holder were. covered.

Configuration C. - Configuration C was identical ta configuration A,
except that the flame stabilizing bars between the two annular gutters
were replaced by elght radisl V-gutters.

Configuration D. - Configuration D differed from configuration A in
two respects: the amnular cascade shown in figure 4(c) was installed in
the diffuser (fig. 4(b)), and the five-ring fuel manifold of figure 6(b)
was installed.

Configuration E. - Configuration E was identical to configuration A,
except that the fuel was Injected in an upstream direction from the inner
and outer fuel rings to increase the time for fuel droplet vaporization.

Configuration F. - Configuration F differed from configuration A only
in that the outer fuel manifold was moved aézinches upstream to allow more

time for fuel droplet vaporization.

Configuration G. - Configuration G was the same as conflguration F,
except thet the fuel from the outer fuel ring wss sprayed in an upstream
direction, with alternate holes drilled I0° outward and 30° inward from’
an axial direction. This stagger in the holes was made to allow for
possible misalinement of the fuel with respect to the outer gutter.

8082
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Configuration H. - Configuration H differed from configuration G in
that a1l fuel holes were reduced from 0.041- to 0.027-inch diameter and
a fourth ring (inoperative) was added where the outer ring was removed
in configuration F.

Configuration I. - Configuration I was the same as configuretion H,
except the holes In the outer fuel ring were drilled 5° ocutward and
5° inwerd from axisl.

PROCEDURE

Throughout the afterburning program, the electronic control main-
tained an engine speed of 7260 rpm (rated speed) end a turbine-inlet
temperature of approximately 1425° F. The afterburner-inlet conditions
of pressure, temperature, and velocity were therefore nearly constant at
each particular flight condition. The four simulated flight conditioms
at which performance deata were obtained are shown in the followling
table: a '

Altitude, | Flight Average Configuration
ft Mach burner-
number | inlet total AlB|C|DIE|F|G|H T
pressure,
1b/sq £t
10,000 0.18 2750 S A AR AL
20,000 .78 2600 ARYALY SN v
35,000 .78 1500 VAR AR AT AR AT AR
45,000 .18 620 VAR N4 NARvARY

The lowest altitude of 10,000 feet is a facility limit and corre-
sponds to an afterburner-inlet pressure of 2750 pounds per square foot.
The data at 45,000 feet correspond to a total pressure of 620 pounds per
square foot absolute at the afterburner inlet. Although this pressure
is slightly lower than the minimum given in the engine specifications
(epproximately 730 1b/sq ft), adequate performsnce at the lower pressure
was desired to provide & "margln of safety." The data at the inter-
mediate altitudes were used to obtain performance at flight speeds within
the normal flight envelope of most airplanes. Because of fecility 1limi-
tations, the data at 10,000 and 45,000 feet could not be obtained at
similated flight Mach numbers above 0.18. As shown in the preceding
table, data were not obtained at all four conditions with all configura-
tions. Only enough data were obtalned to indicate the relative merit of
each configuration. At the 35,000-foot flight condition, veriations were
made in the three throttles governing the fuel distribution to obtain
the optimum performance. Comparison of configurations are made on the
basis of the optimum fuel balance for each.
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For each flight condition, except where limited by available time,
dats were obtained over a range of afterburner fuel-air ratios from the
lean blaw-ocut limit to a meximum value deﬁermlned by (a) maximm exhaust-
nozzle aree, (b) maximum allowsble fuel pressure, (c) rich blow-out, or
(&) screeching combustion.. Screeching combustion (refs. 1 and 2) is a
type of combustion instebility charscterized by severe pressure pulss-
tions having a frequency of 600 to about 6000 cycles per second.

RESULTS AND DISCUSSION
Afterburner Performsnce

Afterburner-inlet conditions. - The afterburner-inlet conditions of
total pressure, total temperature, and velocity obtained with several
configuratlions at the wvarious flight conditions =re shown in figure 7 as
a function of afterburner fuel-air ratio. Inasmuch as the inlet condi-
tions are not influenced by changes.in the afterburner configurations,
the average values shown in figure 7 apply to all the configurations
discussed herein. The average values of. turhlne outlet total pressure
(fig. 7(a)) for the four flight conditions investigated varied from
approximately 2750 to 620 pounds per square foot absolute with a maximum
deviation of +8 percent. In accordance with & prev10usly determined
relatlon between turbine-inlet and turbine-outlet temperature, the out-
let temperature was allowed to vary with flight conditions as shown in
figure 7(b) in order to give limiting turbine-inlet temperature of about
1885° R at all conditiouns. The average turbine-outlet temperature thus
varied from approximately 1500° R at a turbine-cutlet pressure level of
2750 pounds per square foot ebsolute to about 16_00O R at a pressure level
of 620 pounds per square foot absolute. Average veloclties at the flame
holder ranged from sbout 300 to 400 feet per second for all the con-
figurations investigated, as shown in figure 7(c). Although the-average
velocities did not vary sppreciably with changes in configuration, the
radlal velocliy distribution at the flame holder was altered by a change
in diffuser configuration as shown in figure 8. The high veloeity peak
in the region of the flame~holder gutters with configuratlon A was
reduced considerably by installing deflector venes (figs. 4(b)

and 4(c)) in the diffuser for configuration D.. With the exception of
configuration D, all configurations hed the same diffuser and velocity
profile as configuration A.

Pressure-loss characteristics. - The total-pressure-loss ratio
through the diffuser and the over-all total-pressure-loss ratic through
the afterburner obtained with conflgurations A end D at”an inlet pressure
of 1500 pounds per square foot sbsolute are shown in figure 9 as func-
tione of exhaust-gas total temperature. Installation of the. deflector
vanes in the diffuser (configuration D) resulted in a diffuser pressure-
loss ratioc of 0.07 as compared to 0.04 with configuration A. The over-

all total-pressure-loss ratios, which include the friction pressure losses
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across the diffuser, fuel manifold rings, and flame holder, and the
momentum pressure losses due 10 burning are campared In filgure 9(b)

for these two configurations. Although the diffuser pressure loss was
3 percent higher for configurastion D than for A, and an additiounal
friction loss across the two additional fuel manifolds of configura-
tion D would be expected, the owver-all total-pressure-loss ratio was
only 2 to 2.5 percent higher for configuration D than for A. This dif-
ference In losses mey be attributed to the lower veloclty across the
flame-holder gutters of configuration D and possibly a lower momentum
pressure loss with the uniform velocity distribution. The 2 or 2.5 per-
cent higher over-all pressure loss wilth configuration D, however, is s
disadvantage to be considered in the final comparison of configurations.
With the exception of configuration D, all configurations had the same
diffuser and over-all pressure-loss characteristics as configuration A.

Fuel pressures., - The effective fuel-flow area of all fuel systems
except those of configurations H and I was the same. This area for con-
figurations A to G was chosen to allow operation at sea-level, high
flight Mach number conditions without exceeding the fuel-pump pressure
limitations of 300 pounds per square inch. Accordingly, at the higher
altitudes, as shown in figure 10, fuel pressures were reduced to
extremely low values. Fuel pressures below gbout 10 pounds per sgqusare
inch are not considered adeguate to provide satisfactory fuel-spray
characteristics. At low fuel-flow rates and et the burner-inlet pressure
of 620 pounds per square foot ebsolute, the burning was often confined
to the lower portion of the combustion chamber because of a "head effect®
in the fuel manifolds. '

Performance of original configuration. - In figure 11 the perform-
ance of configuration A is given in plots of exhsust-gas temperature,
combustion efficiency, net thrust, and over-all specific fuel consumption
as functions of afterburner fuel-air ratio. The maximum exhaust-gas
temperature obtained with this original configuration was 3400° R at a
burner-inlet pressure of 1500 pounds per square foot sbsolute as shown
in figure 11(a). No effort was made to obtain a design capable of higher
temperatures, because the engline and afterburner were designed for tem-
peratures no greater than 3400° R. The large data spread in this region
of meximum temperature is due partly to normal data scatter and partly
to the variations in fuel distribution between the three fuel manifolds
that were investigated before arriving at the optimum distribution.
Exhaust-gas temperatures obtained at higher burner-inlet pressures agreed
with the data for 1500 pounds per square foot absolute over the range
of fuel-air ratios investigated; however, data were not obtained at
fuel-alr ratios high enough to obtain pesk temperatures at these high
pressure levels, because the exhaust nozzle reached the wide-open posl-
tion. At a burner-inlet pressure of 620 pounds per square foot absolute,
the maximm exhsust-gas tempersture wss only about 2380° R because of the
marked reduction in combustion efficlency as illustrated in figure ll(b).




8 R NACA RM E52L10

The maximim combustion efficiency obtained at a pressure level of
620 pounds per square foot absolute was only 0.47 and octcurred at = _
fuel-alr ratio of gbout 0.0275. At this low pressure, burning could not &
be established on the outer flame-holder gutter, probebly because of a
combination of high velocity in the region of the outer gutter (fig. 8)
and the lack of fuel mixing length. However, at lower
altitudes or higher burner-inlet pressures, the flame was stably attached
to the outer gutter. Peak values of combustion efficiency at the three
higher pressure levels were above 0.90 and occurred at fuel-alr ratios
between 0.03 and 0.035. The fuel-air ratic at which these curves peak
is primarily a function of the fuel-sir distribution patiern. Becausge
of the "head effect" mentioned earlier, the lower half of the burner
becomes excessively rich at relatively low over-all fuel-air ratios when
operating at low burner pressures (and low fuel pressures), which results
in a shift in the over-all fuel-air rastios for peak efficliency to lower - —
over-all values &5 the burner-inlet pressure is reduced.

2808

It will be noted that s few date points at a burner-inlet pressure
of 2750 pounds per square foot absolute are above 1.0. The gbsolute --
values of combustion efficiency are accurateonly to approximately +3
percent, because of the great sensitlvity of the calculation to inaec-
curacies 1in air-flow measurement end in the value of the velocity coeffi-
clent (see sppendix). However, inasmuch as the calculation method was
common for 211 the data, comparisons are prdb&bly valid to a somewhat
greater accuracy.

Net thrust values (fig. 11(c)) increased substantially as fuel-air
ratio increased, except for the data at a pressure level of 620 pounds .
pexr square foot absolute. The solid symbols at an afterburner fuel-air
ratio of zeroc indicate the standard engine thrust for each burner-iniet
pressure level. Standard engine thrust-—is defined as the engine thrust
that would be obtalned at rated speed with the standard engine tail pipe
installed and with the same turbine-outlet pressures and temperatures that
were encountered with afterburning (see appendix). At the lowest fuel-
air ratios, some of the augmented thrust values were lower than the
standard engine thrust. The thrust increase due to the slight amount of
afterburning in these cases was not enough to compensste Por the addi-
tional pressure losses due to installation of an afterburner. Maximum
thrust of the engine with afterburning at an altitude of 10,000 feet and
a flight Mach number of 0.18 (pressure, 2750 lb/sq £t abs) was sbout
1.42 times the standard engine thrust; while at an altltude of 45,000_feet
and the same flight Mach number (pressure, 620 1b/eq ft ebs) over the
same fuel-alr-ratio range, the maximum thrust wes only about 1l.14 times
the standard engine thrust. This reduction in thrust augmentation at
620 pounds per square fool absolute 1s due to the very low exhaust-gas
temperatures obtaineble (fig. 11(a)).
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Specific fuel consumption (fig. 11(d)) increased markedly with
increasing fuel-air ratio, particularly at a pressure level of 620 pounds
per square foot absolute. The specific fuel consumption of the standsrd
engine is indicated by the solld symbols for each pressure level at an
efterburner fuel-air ratio of zero. At a burner-inlet pressure of
1500 pounds per square foot gbsclute, the specific fuel consumption
increased from gbout 1.50 at the minimum afterburning fuel-air ratlio to
gbout 3.00 near stoichiometric fuel-alr ratio. As in the case of the
exhaust-gas-temperature datse, the specific fuel consumption values
obtained at the higher pressure levels approximated the data for
1500 pounds per square fool absolute over the range of fuel-air ratios
that were investigated. However, at a burner-inlet pressure of
820 pounds per square foot absolubte, the specific fuel consumption was
a5 high as 3.70 in the stoichiometric region because of low afterburner
combustion efficiency.

Effect of modificetions on combustion efficiency. - The effect on
performance of alterations to the flame holder is shown in figure 12 by
comparing the combustion efficiencies obtained with configurations A,

B, and C. Inasmuch as the pressure-loss characteristics of these con-
Tigurations 4id not differ appreciably, the best of these configurations
with respect to combustion efficiency would also have the higher exhaust-
gas temperature and net thrust and a lower specific fuel consumption.
Covering the flame-holder louvers of configuration A (fig. 5(a)) to form
configuration B reduced the combustion efficiency about 0.10 at a pressure
level of 1500 pounds per square foot absolute. However, at the lowest
pressure level, the combustion efficiency was increased as much as 0.08

in the region of peak efficiency. Elimination of the flame stebilizing
members and instsllation of the cross gutters between the two anmilar
gutters (configurations A and C) had no apprecisble effect on performasnce
at a pressure level of 1500 pounds per squere foot absolute. Unfortu-
nately, because of g mechanical difficulty with the igpitor, data were

not obtained at the lowest pressure level where the effects of this change
should have been greatest.

The effect of changing the inner and outer rings of the three-ring
fuel manifold to spray upstream (configuration E) instead of downstream
(configuration A) is illustrated in figure 13. At = pressure level of
1500 pounds per sgquare foot absolute the effect of this change was
negligible; however, at 620 pounds per square foot ebsolute the com-
bustion efficiency was increased by as much as 0.l4 as a result of the
longer exposure time of the fuel droplets to the hot gas stream and the
consequent improvement in fuel vaporization and distribution at the flame
front. It wlll also be noted that, as expected, the pesk combustion
efficlency occurred at a higher fuel-alr ratio with the less stratified
mixture distribution produced by the upstream injection of configura-
tion E.
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1
The effects of first moving the outer fugl ring 8% inches upstream

(configuration F) and secondly spraying the fuel upstiream from this ring
with a different hole arrangement (counfiguration G) are shown in fig-
ure 14. Alternate fuel holes in the outer ring of configuration G
sprayed the fuel 10° ocutward and 30° inwerd from an axial direction.
Moving the outer fuel ring upstream decreased the efflciency somevhat at
& pressure level of 1500 pounds per square faot absolute, Probably
because the fuel was no longer alined with the outer gutter because of
convergence or divergence of the stream lines. When upstream fuel —
injection from the upstream ring was used with alternate fuel jets having
a raedial componeut of flow, performance appeared to be improved at

1500 pounds per square foot absolute, and the single data point obtained
at 620 pounds square foot absolute indicated an 1ncrease in combustion
efficiency of approximately 0.12.

The change in fuel pressure resulting from a reduction in the size
of the fuel-injection holes from 0.041-inch dismeter (configuration G)
o0 0.027-inch dismeter (configuration H) snd the ‘resulting effects on.
performance are shown in figures 15 and 15, respectively For the lowest
and highest common values of fuel-air ratio, the minimum fuel pressure
was increased from 3 to 17 pounds per square inch, and the maximum pres-
sure was raised from 42 to sbout 140 pounds per square inch, respectively,

as a result of the reduction in hole size. As shown in figure 16, how-
ever, no significant effect on performance was dbtgined B

A review of the data showing the effects of changes made in the fuel-
injection system (figs. 13, 14, and.l6) shows that the effect at high
burner-inlet pressures was negligible and that the efficlency at the
lowest burner-inlet pressure was Increased as much as 0.17 at a fuel-air
ratic of 0.05. The improvement—at the low pressure level was due to the
establishment of stable combustion on the outer gutter of the flame
holder as & result of increasing the time asvailable for fuel evaporation
and mixing.

The data thus far presented were obtained with the nonuniform air-
velocity profile produced at the flame holder by the production diffuser.
While & significant improvement in performsnce was obtained at the lowest
pressure level by fuel-system modifications, the level of efficiency
attained was not.particularly high. It was believed that a large factor
tending to limit efficiency was the high local velocity in the vielnity
of the flame-holder outer gutter (fig. 8). A set of anmular cascade
venes supplied by the engine mamufacturer was therefore installed,
reducing the velocity in the vicinity of both gutters markedly, as shown
in figure 8. Simulteneocusly with the installation of these vanes, the
five-ring fuel manifold (fig. 6(b)) wes installed in anticipation of an
inward shift in air flow. As shown in figure 17, at 1500 pounds per
square foot the effect of these changes wag negligible. Because of time
limitations, Investigation of configuration D was dlscontinued without
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obtaining performsnce at 620 pounds per square foot. It was believed
that the higher pressure losses of configuration D would lower the thrust
obtainable by more than might be gained by any improvements in combustion
efficiency resulting from more favorable diffuser velocity profiles.

Performance of the best configuration, H, obtained during this phase
of investigation is shown in figure 18. Configuration H was the sasme as
the original production configuration A, except that the outer fuel
ring was moved upstream and the fuel sprayed 1n an upstream
direction, and the fuel holes in all rings were reduced from 0.041- to
0.027-inch diameter. Also, a fourth fuel ring was added in the place
originally occupied by the outer ring, but it was never actually used
for spraying fuel. However, it must be conslidered as an essential part
of configuration H, inasmich as burning 4id not occur on the outer flame-
holder gutter at the two lowest pressure levels when this inoperstive
fuel ring was removed. The effect of the inoperative fuel ring was
probebly that of blocking or partly blocking the louvers in the outer
flame-holder gutter. It will be noted that the performance at all except
the lowest pressure level (620 1b/sq ft abs) was about the seme as the
original configuration. For pressures of 2750 and 1500 pounds per square
foot, peak combustion efficiency was between 0.85 and 1.0 and occurred
at afterburner fuel-air ratios between 0.030 and 0.040. Maximum com-
bustion efficiency at 620 pounds per square foot absolute was about 0.54.
The optimum fuel distribution to the inner, middle, and outer fuel rings
was approximately 15, 55, and 30 percent, respectively.

A direct comparison of the combustion efficiencies obtained with the
original configuration and configurstion H is presented in figure 19 for
operation at pressures of 1500 and 620 pounds per square Toot gbsolute.
The only significant improvement was cobtained at the lower pressure
level, where the efficiency was improved sbout 0.17 at a fuel-gir ratio
of 0.05. A comparison of the data of figures 11 and 18 shows that,
whereass the maximum exhaust-gas tempersture at a pressure of 620 pounds
per square foot was only 2380° R for the original configuration because
of the low combustion efficiency, the maximm exhaust-gas temperature of
configuration H was about 2950° R. This increase in temperasture gave an
increase in maximum thrust from 1500 to 1660 pounds and a reduction in
specific fuel counsumption at stolchiometric fuel-air ratio (0.067) from
3.70 to 3.15 pounds of fuel per hour per pound of net thrust. Further
efforts to improve the performance of the afterburner, without con-
figuration changes of such magnitude that production might be disturbed,
did not appear fruitful.

Operational Characteristics
One of the operation difficulties exhibited by the configurstions

incorporating the anti-screech bars between the fleme-holder gutters
(flame holder A) was the lack of flame propagation between these two
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gutters. The trend shown in figure 20 is a result of this lack of cross-~
propagation. These data for configuration F show higher combustion
efficiency at a pressure level of 1500 than at 2600 pounds per square
foot. Observations of the combustion through a periscope revealed that,
whereas bhoth gutters were holding flame at the 2750 and 1500 pound
pressure levels, only the lnner gutter held flame at a pressure level

of 2600 pounds per square foot. Apparently the ignition flame streak
from the "hot-shot" pilot did not ignite the fuel near the outer gutter
on this particular start, and the flame failed to propagate to the outer
gutter, resulting in a lower level of efficiency over the entire range
of fuel-air ratios. : ; -

The opersble ranges of the configurations discussed herein are
defined by the bar charts of figure 21. The various factors limiting
the opereble ranges were (1) combustion instability described as rumble,
buzz, or screech, depending on the frequency of the associated pressure
pulsations (see ref. 3 for a discussion of these types of instability);
(2) lean combustion blow-out; (3} rich combustion blow-out; (4) maximum
area of the exhaust nozzle; and (5) meximum Fuel flow obTainable. This
latter 1imlt is of course not a burner limitation. All these limits are
denoted either by symbols or by sheded areas on the bar charts.

A brief résumé of the characteristics of the individual counfigura-
tione is given 1n the following paragraphs:

Configuration A. - The original configuration operated without com-
bustion Instability over a range of fuel-eir rstios from the lean blow-
out limit, which varied from a fuel-air ratio of 0.004 at a pressure
level of 2750 pounds per square foot to 0.017 at 620 pounds per square
foot, to the value required to drive the exhaust nozzle wide open or to
the fuel-sir ratio at which rich blow-out occurred, The fuel-alr ratio
for rich blow-out variled consliderably with changes in the fuel distribu-
tion to the three manifold rings (fig. 21(c)); the minimum value for rich
blow-out was 0.054.

Configuration B. - At pressure levels of 2600 and 1500 pounds per
square foot, the maximum operable fuel-gir ratio was limited by rumble.
At 620 pounds per square foot, the maximum opérehle fuel-air ratlio was
limited by rich blow-out. Here again the maximum fuel-sir ratlo at rich
blow-out varied markedly, as would be expected, with changes in fuel
distribution to the three manifold rings, varying from 0.032 to 0.080.
The lean blow-out 1imit at 620 pounds per square faot was not altered
appreclably by covering the louvers In the flame holder.

Configuration C. - In comparing conflguration C to configuration A,
replacement of the outer group of flsme stabilizing bars with radlal
V-gutters resulted in screeching combustion at fuel-air ratios sabove
gbout 0.034 for operation at a pressure level af 2600 pounds per sgquare
foot. At 2750 pounds per square foot, the lean blow-out limit was iden-
ticel to that of configuration A; but at 1500 pounds per square foot, the
lean blow-out occurred at a slightly higher value of fuel-alr ratio, .
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Configuration D. - Addition of the amrmular cascade assembly in the
diffuser and replacement of the three-ring fuel manifold with a five-
ring fuel manifold (configurations A and D) resulted in lean blow-out
occurring at higher fuel-gir ratios for operation at a pressure level
of 1500 pounds per sdquare foot, At this pressure level, the maxirmum
fuel-air ratio for configurstion D was limited by the exhsust nozzle
reaching maximum ares. The occurrence of this limitation for counfigura-
tion D and not for configuration A was due tc the higher pressure loss
through the afterburner for configuration D, since, as shown earlier,
the efficiencies for configurations A and D were about equal.

Configuration E. - Changing the direction of fuel spray of the inner
and outer rings from downstream to upstream (configurations A and E)
caused the meximum operable fuel-air retioc to be limited severely by
screech at pressure levels of 2750 and 2600 pounds per square foot and by
rumble at the lower pressures. The change from downstream to upstreanm
injection would tend to aggravate the conditions of homogeneocus charge
which are believed to produce screeching combustion. However, inasmich
es later configurations sprayed fuel in the upstream direction from the
outer fuel menifold without encountering screech, the conditions pro-
ducing screech in configuraetion E were evidently concermed with only the
inner flame-holder ring. Configuration E was the only conflguration
spraying fuel upstream from the inner fuel ring and the only configura-
tion encountering screech, with the exception of configuration C (anti-
screech bars removed).

Configuration F. - With configuretion ¥, which was the same &s con-
figuration A except that the cuter fuel ring was moved 8% inches upstresm,

no audible screech occurred at high pressure levels. At 1500 pounds per
square foot, however, rough combustion occurred at fuel-air ratios gbove
0.0445, This increase of mixing length between the point of fuel 1njec-
tion and the cuter gutter thus increased the tendency for heat-driven
types of Instability. A comparison of configurations E and F, however,
shows that the immer gutter may be more prone to screech than the outer
gutter. Operation was not possible et 620 pounds per square foot, possi-
bly as a result of misalinement of the fuel with respect to the ocuter
gutter.

Configuration G. - The effect of altering the fuel stratification
near the outer gutter by nonaxisl components of the fuel jets (con-
figurations F and G) is seen to be a slight reduction in the meximum
operable fuel-air ratio at a pressure level of 1500 pounds per square
foot. Configuration G was limited by screech, whereas configuration ¥
was limited by a combination of rumble and buzz. Here again steady
operation was not possible at 620 pounds per square foot; however, opera-
tion was possible at lower pressures {not shown) than for configurstion F.
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Confilguration H. - Configuretion H, which was identical to con-
figuration G except that the fuel pressufes were. 1ﬁcreased, gave sultable
characteristics at all pressure levels, except on one occasion where for
a particuler fuel distribution screech occurred at a fuel-air ratio of
0.041 at a pressure level of 1500 pounds per square foot. Much of the
improvement in operatlonal range at low pressure level (L.e., ability
to operate at 620 lb/sq ft abs) is probably due to better circumferential
fuel distribution produced by the increase 1n fuel pressure.

Conflguration I. - Configuration I was simlilar to H except for a
small change in the angulerity of the fuel holes in the outer fuel
manifold. As might be expected with a more stratified fuel-alr pattern
near the outer gutter, the lean blow-out limits occurred at lower fuel-
alr ratio with configuration I._

CONCLUDING REMARKS

During the investigation reported herein, the performence of the
J40-WE-8 afterburner was evaluated at burner-inlet pressures as low as
620 pounds per square foot, a value somewhat below the minimum pressure
in the engine specification (730 1b/sq ft). Numerous modifications were
made to the flame holder, fuel-injection system, and diffuser In an effort
to improve the performence at the lowest pressure level without greatly
altering the mechanical design of the burner components, in order to
avoid production delay. As a result several changes which were Indicated
to be desirsble as a result of previous investigations were not made in
the phase of the program reported herein. The best configuration result-
ing from this investigation differed from the original configuration only
in details of the fuel system. Inasmuch as peak combugtion efficiency of
the original configuration was high at pressures at or above 1500 pounds
per square foot, no appreciasble improvement was possible; however, at the
lowest pressure level of 620 pounds per square foot the peak efficiency
was raised from 0.47 to 0.54, and over most of the comparable range of
fuel-air ratios, the efficiency was increased sbout 0.17. This resulted
in an increase in the meximum exhaust-gas temperature from 2380° to
2950° R; an increase in maximum net thrust from 1500 to 1660 pounds;
and & reduction in specific fuel consumption at stoichiometric fuel-air
ratio (0.067) from 3.70 to 3.15 pounds of fuel per hour per pound of net
thrust. The configuration giving the best performance, however, was sub-
Ject to buzzing combustion under certain operating condltions.

Lewis Flight Propulsion Laboratory -
National Advisory Committee for Aeronautics
Cleveland, Ohic
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APPENDIX - SYMBOLS AND METHODS OF CALCULATION

Symbols

The following symbols are used in this report:
A cross-sectional area, sg ft

B thrust-scale reading, 1b

15

Cy velocity coefficlent, ratio of scale jet thrust to razke Jet thrust

D external drag of installation, 1b

D drag of exhaust-nozzle survey rske, 1b
Fi Jet thrust, 1b
Fn net thrust, 1lb

f/a  fuel-air ratio

g acceleration due to gravity, 32.2 ft/sec?
H total enthalpy of air, Btu/lb

P total pressure, Ib/sq £t abs

g etatic pressure, 1b/sq ft abs

R gas constant, 53.4 ft-1b/(1b)(°R)

T total temperature, °r

t static temperature, °R

v velocity, f£t/sec

Wg alr flow, 1b/sec

Wp  fuel flow, 1b/hr

Vf,t
frl—- specific fuel consumption based on total fuel flow and scale net
%8 thrust, 1b/(br)(1b thrust)

gas flow, 1b/sec

T ratio of specific heats for gases
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1M combustion efficiency

A total enthalpy of fuel, Btu/lb

Subscripis:

a air

b afterburner

e englne

£ fuel )
i indicated R

J Jet - _
n exhaust-nozzle exit

8 scale

t total . Ce _
x inlet duect at frictionless slip joint

o free-stream conditions

1 engine-inlet duct

5 turbine inlet

5¢ first-stage turbine-nozzle throat

6 afterburner inlet (turbine outlet)

7 flame-holder inlet

9 exhaust nozzle, 4%'inches upstream of exhaust-nozzle outlet

ar exhaust nozzle (with standard engine tail pipe)

Methods of Calculation

indicated temperatures with the following relation:

Temperatures. - Static tenmperatures were determined from thermocouple-
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! (1)

-1

1+ 0.85 (§>-r -1

where 0.85 is the impact recovery factor for the type of thermocouple
used. Total temperabures were determined by the adiabatic relation
between temperapq;es and pressures.

Airspeed. - The equivalent airspeed was calculated from the ram-
pressure ratio by the following equation, with complete pressure
recovery at the engine-inlet assumed:

Tl-l
T
VA = EIE%EE& 1 - (Eg) * (2)
Air flow and gas flow. - Because of erratic measurements at the

engine inlet during the afterburning progrem, the air flow was deter-
mined from measuremente at the turbine inlet (station 5). Inasmuch as
the turbine nozzles were choked for the range of conditions investi-
gated, the gas flow at the turbine-nozzle throat could be determined
from the followlng equation:

&5 = o AR s+l
N¥Ts
<T5+l)2 (rs-li

2

The effective turbine-nozzle throat area Ag: was determined from
previous tests for the same range of engine operating conditions inves-
tigated herein when the engine inlet-air flow calculations were religble.
The air flow or gas flow at any station throughout the engline aznd after-
burner could then be obtained from Wg,5x by adding or subtracting the
various factors of engine fuel flow, afterburner fuel flow, and com-
pressor bleed air. )

Afterburner fuel-air ratio. - The afterburner fuel-air ratio is
defined as the ratio of the weight flow of fuel injected in the after-
burner to the weight flow of unburned alr entering the afterburner from
the engine. Weight flow of unburned air was determined by assuming that
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the fuel injected in the engine wae completely burned. This assumption
of 100 percent combustion efficiency in the- engine results in only a
small error in afterburner fuel-air ratio, because the engine was oper- .
ated where combustion efficiency 1, is known to. be high. Afterburner

fuel-gir ratio was calculated from the equation

(£/a)y, = 93 (4)

W:E‘,e N
3600 Wg,g - 5667 §

vhere 0.067 is the stoichiometric fuel-air ratio for the eungine fuel. _

Exhaust-gas total temperature. - The total temperature of the .. . o
exhaust gas was calculated from the exhaust-nozzle-outlet total pressure, '
scale jet thrust, veloclty coefficient, and gas flow by means of the . N
following equation:

S )y o

W ol (P) e
g,9 - ﬁg

The velocity coefficient Cy, which is defined as the ratio of scale Jet

thrust to rake Jet thrust, was determined to be 0.98 from nonafterburning
data over a wide range of exhaust-nozzle pressure ratios.

Combustion efficiency. - Afterburner combustion efficlency was
obtained by dividing the enthalpy rise through the afterburner by the
heat content of the afterburner fuel and unburned engine fuel as shown
in the following equation:

3600 W, S(H, g - Hy o) v We [, g - A g) v W Ny g
o = 18,700 Wp.p, + (1 - Ma)¥Wg,o 18,700

(6)

where 18,700 (Btu/1b) is the lower heating value of the engine fuel and e -
afterburner fuel. The enthalpies of the products of combustion were f
determined from temperature-enthalpy charts for alr and from temperature-
enthalpy cherts for fuels having the seame hydrogen-carbon ratios as the ]
fuels used in this investigation (see ref. 3). The charts used for R
obtaining fuel enthalpies were based on a fuel-inlet temperature of LT
80° F. Dissociation was not considered in this snalysis, because its .

effect 1s negligible for the range of exhaust-gas temperatures encoun-_ _' L
tered in this investigatiom. ' T ; -
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Augmented thrust. - The Jet thrust of the installation was deter-
mined from the balance-scale measurements by the following equation:

Fj,

W v
s =B+ D+ Dy + —=22—% 4 ay(py - p0) (7)
The last two terms of this expression represent momentum and pressure
forces on the installation. External drag of the installation was
determined with the engine inoperative, and the drag of the water-cooled
exhaust-nozzle survey rake was measured by an air-balance plston
mechanism.

Scale net thrust wae obtalned by subtracting the equivalent free-
stream momentum of the inlet air from the scale jet thrust:

Wa.1 Vo
¥n,s = F3,s z : (8)

Standard engine thrust. ~ Standard engine thrust is defined as the
engine thrust obtainable at rated speed with the standard engine tail
pipe and with the sgme turbine-outlet pressures and temperatures that
were encountered with afterburning. The standard engine thrust was cal-
culated from the average measurements obtained st each flight condition
during the afterburning program of total pressure and temperature at the
turbine outlet, the engine gas flow (no compressor bleed air for after-
burner cooling), and from the previously determined total-pressure loss
across the standard tail pipe:

Te-1
¥r, e
—l T
. e (Wa:l * 3600) g8l | _(__ %o ® 9)
4,9t — v g _ (rg-1) 0.97 Pg

Experimental data indicated that the total-pressure loss across the
standard tail pipe was approximately 0.03 Pg at rated engine speed.

The exhaust-nozzle total pressure Pg: 1is therefore equal to 0.97 Pg.
The velocity coefficient C; was determined to be 0.97 from calibration
of the engine with the standard engine tail pipe and exhaust nozzle.

Standard engine net thrust was obtained by subtracting the equiva-
lent free-stream momentum of the inlet air from the standard engine jet-
thrust:

Wa,1 Vo
ho= - —_—
Fn’gl Fj,gg 2 (_]_O)
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TABLE I. - COMPONENT COMBINATIONS AND FUEL-SFRAY DATA
Fuel system
Conflg-|{Dif- |Flame |Hole Location Direction inJjeected, Remarks
uration|fuser |holder |diem., upatream +O» downstream
in. a)
A A A 0.041 1% in. uth_r_e_a_l_n Outer ow- < Original configuration
of flame holder lf:ﬁi‘i'_eg: <
B A B 0.041 Same a8 = Flame holder B same as
configuration A Ot < A except louvers capped
[ Q.041 Same a8 O < Flame holder A outer
configuration A O stringers removed; cross
O < gutters added
D B A 0.041 Sane as = Diffuser deflection unit
configuretion A < added; 2-in. spacer
added fore of diffuser
E A A 0,041 Same as -] < Diffuser same as origi-
. configuration A 2 < nal, configuration A
F K A |0.0LI| outer ring &f 1n. or o <
upatream of other
two rings i <
[} A A 0.041 Same as fo < Alternate holes in outer
configuration F or ring drilled as follows:
O < wl
10° (Fued)
300_~cing
H A A 0.027|Fourth ring (inop- 0 =] All rings same as con-
erative) added o figuration G but smaller
where outer ring o hole size
was removed in con-
figuration F
I A A 0,027 Same as Fe) < Outer ring drilled as
configuration F ad follows:
ad Diffuser wall
/
50— fue)
50/
{a) Symbols:

< flame~holder gutter

© fuel manifold




Flgure 1. - Englne ingtalled in altlitude wind turmel,
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Component Inlet-alr duct Compressor

Station

Alr
flow

Figure 2., - Croes secticn of engine and afterburner

i

—— 1

g082

OTI2SE WY VDOVN

Conmbustor  Turbins Diffuser Tall pipe
3 4 5 6 '.{'
~ I ,
=3 _ =] __,_,___L_.
v
Statlon Location Total- Statlo- Wall gtatic~ | Therto-
prespure | pregsure | preasurs couples
tubog tyubes orifices
1 Inlet-aly duot 29 12 8 10
2 Engine inlet 18 0 4 0
3 Compressor inlet 23 3 1 0
4 Compressor outlet 18 0 3 8
5 Turbine inlet 5 ) 0 810
B Turbine outlet 20 0 8 24
7 Diffumer oublet 21 0] 2 4]
g Exhaust~-nozzle outlet 17 6 0 O
8
Sonloc probes

A

CD- 2860

showing stetions at which Instrimentation was installed,
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Figure 3. ~ Schematic drawing of afterburner shell and diffuser section.
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Flame-halder
station

- ot oy i e | At —v——

(a) Diffuser A, used with all configurations except

2" spacer ]
A

configuration D.

|

--'fi-l Deflector vanes
H and support

-
~~~s\:s§

S
..“\ 0y

N
v
e

4’/

\

]
{,—

n | e e vy o Sm—

F‘lame~holder
) station
!

29" L

H—l43—2—

—

SNACA

(b) Diffuser B, used with configurstion D.

Figure 4. - Diffusers, vanes, and inner cone used in investigation.
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C.29652

AT i T kol

(c) Venes used with configuration D.

Figure 4. - Continued.

Diffusers, vanes, and immer cone used in investigation.
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(2) Immer ocone used with both dlffusers,
Figure 4. - Concluded, Diffusers, vanss, and inner come used in Invegtigetion.
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{a) Flame holder A, used with all configurations exscept configuration C (41.3 perocent
blockege),

T-ghaped
stringers

_.
5|

[ o

l"

(b) Flame holder C, used with configuraticn C (368 percent blockage).

Flgure 5. - Detells of flame holders investigated.
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(a) Three-ring fuel manifold.

A

‘::EEZ::F7

(b) Five-ring fuel manifold.

Figure 6. - Fuel manifolds used during investigatlon. Holes
drilled only on one slde of fuel rings.
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Turbine-outlet total pressure, Pg, lb/sq £t abs

T NACA RM E52110

Altitude, Flight Mach
£t number
o 10,000 0.18°
0 20,000 .78
O 35,000 .78
A 45,000 .18
2800 . o -
oI5 o
[ B N d 5 9 a [n] cto —
u g Y P ad g EFE\:] o
2400
2000
1600
* 8 & e oo
S 8 o ¢ © R Y
1200
800
A = j
0% .01 .02 .03 .04 .05 .06

Afterburner fuel-air ratic, (f/a)y
(2) Turbine-outlet total pressure.

Figure 7. - Flow conditions at combustion-chamber Iinlet. -
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Altitude, Flight Mach
£ number
o 10,000 0.18
O 20,000 .78
O 35,000 .78
1700 A 45,000 .18
1
3
i - 1
1600
7€ X & P 20 >
2 E S 1O <o Lo,
- -
) © ‘P >
3 g ° 3 °|o o |° <
é"é 1500 % = 2 N o1 < <
: 55 FoOmobl O
| ® "o © O
S ]
!
£
1400
{b) Turbine-outlet total tempersture.
400 °
< A4 < < &
o >
EE o c _8 AV 4 o é o <\
88 o % & > o o
S &S o | ©
EI = 300
g5
g
¥ =
- ¥ g NACA
200
o} 01 02 .03 .04 .05 .06

Afterburner fuel-alr ratilo,

(£/a)p

(c) Flame-holder inlet velocity.

Figure 7. - Concluded. Flow conditions at combustion-chamber inlet.
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Configuration
o A
O D (Deflector vanes)
Loceation of flame-~holder rings
trelative to diffuser center 1ine7
/]
7
| i Burner-section
800 / I_ y i shell

U
a
]
N 600 7 S
~
g / AN
bty N
2 poy o
b h=——0.
:q,) 400 ~ \‘;
2 \ ;E/
d
= Diffuser-gection
£ shell
o
~H 200
o
T
[1H]
L
= d :NMA:?

0 4 a - iz 18 20
Distance from diffuser center line, in.

Figure 8. - Effect of diffuser deflector vanes an.velocity profiles at
flame-holder inlet. Burner-inlet pressure, 1500 pounds per square
foot absolute. o :
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Diffuser total-pressure-losa

Over-gll. total-pressure-loss

Pg-Pq

Pg - Pg

W 33

Configuration
(o} A
a D
.08
a g o
(
& —g )
0
.06 Q
©
faly
g - ' S 90 ®
B 04 . (@) Q
@ (]
s
.02
(2} Diffuser pressure-loss characteristics.
.14
g
12 EF =)
. S ey 1
© [} ]
.10 /D /i
g — —1T5 |
2
& = [}
(5 //
.08
L] [»]
9o
o \W
.06 i
1800 2000 2200 . 2400 2600 2800 3000 3200 3400

Exhausf-ga.s total temperature, Ty, OR
(b) Over-all pressure-loss characteristics.

Figure 9. - Effect of diffuser type on pressure-loss cheracteristics; burner-inlet
pressure, 1500 pounds per sguare foot ebsolute.
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Fuel pressure, 1b/sq in. gage

NACA RM E52L10C

Afterburner fuel-alr ratio, (f£/a)y

(b) Burner-inlet pressure, 620 pounds per squasre foot absoclute.

Figure 10. - Effect of burner-inlet pressure on fuel pressure.

120 B Fuel-manifold
uel-manifo
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(m] Middle .
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100 /
/ /
?/ / o
80 /
/ Lo}
VAR
o / //
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/{ o] VO
A /ﬁ
20 - g A//
=1 4
/
0
(2) Burner-inlet pressure, 2600 pounds per square foot ebsolute.
20
IS I—
| ¥ = g D
#—J'Q—"’ (e O
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Exhsust-gas total temperature, TJ ) R

Afterburner combustion efficlency, wy,

3800

3400

2600

2200

1800

1400

1.00

.40

Afterburner-inlet
total pressure,
l'b/ sq £t abs
(o] 2750 - .
o 2600 é}g A ~
< 1500 / Pal a &
A 620 ;:2/ Lo 3 v ¥
by /A hd
Ny
<
%%
74
C L~ — | \A
S
9 Fa
7
OAzJ
(a) Exhaust-ges total tempersature.
Clon
(=] [w'¥ °
/) N
AL e
2/ A
OA NG
/ A4 TN
/ ' X
77 -
ra¥y
4/ i —
Fa
77/ \\\
/A T
A
J(S
NAC
.01 .02 .03 .04 .05 .06 .07

Afterburner fuel-sir ratio, (f/a)y
(v) Afterburner combustion efficiency.

Figure 11. - Performance of originsl configuration, A.
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Afterburner-inlet
totel pressure,

1b/sq £t sbs
o) 2750
o 2600
< 1500
A 620
Solid symhols denote,
7000 standard engine
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. m /ré,n/‘/n values
/t!{ y
6000
o ¥ -
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a 5000 /6 -
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FL) O
2 QST &
5 000 4 P ihad R P
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[
8 3000 e
g P
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A— A = o
1000*
(c) Augmented net thrust.
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A
£5 =
|1
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a5 /lp
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o e o]
gﬁ‘:’ | NACA
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Afterburner fuel-sir ratio, (£/a)y

(d) Specific fuel consumption.

Figure 11. -"Concluded. Performence of original configuration, A.
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Configuration W
—_ A
(o] B
o C
Burner-inlet
1.00 presgure
1b/sq ft ahs
1500
@ T
5 80 7 1500 \\}
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Figure 12. - Effect of flame-holder modificatlions on afterburner combustion efficlency.
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Afterburner combustion efficiency, Ty

Configu- Drection of fuel
ration injectlion

A Downstrean
{fnner ring, upstresm
E

- -

Middle ring, downstream

Quter ring, upstream

1.00

|

Burner-Inlet

pressure
1v/sq £t abs
1500

/’;:;in;cr““ I~ .

Bt

.80

620

~HNAGR”

L

.20
.0l

.02

.03 .04 .05 .
Afterburner fuel-sir ratio, (£/a)y
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Figure 13. - BEffect of fuel-spray directiom on afterbufner combustion efficlency.
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Flgure 14. - Effect of location and direction of fuel injection on afterburner
combustion efficiency.
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Afterburner combustion
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Figure 17. - Effect of flame-holder-inlet velocity profile on after-
burner combustion efficiency.
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Figure 18. - Concluded.
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Figure 20. - Effect of faulty burning on combustion efficiency.

808z



2808

NACA RM ESZLI1O

Afterburner configuration

0

AN

ARnmnhanns
N

High 1imit due bo
thrust values equal

MY

Limiting factors

Kormsl operation

AARARRRRLRNRNNNY
AU NN
OO NN

No dete
\\\\\\ S
Ko date

Afterburner falled to
[ light or blew out lmme- —3

determined diately after lighting
at all ranges
w Limit not d
termined Rich 'bil.ow-out
Lean blow-oubt
Fo date

N
NN

N

Maximm fuel flow
cbtainsble

Exhaust nozzle

wlde open

T

.04
After'burner fuel-sir ratio, (£/ a)-b

(2) Burner-inlet pressure, 2750 pounds
per squaere foot absolute.

Figure 21.
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47



48

APterburner configuration
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Pigure 21. - Continued. Operationazl characteristics of all configurations.
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Figure 21. - Continued. Operational characteristics of all configurations.
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Afterburner configuration
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Figure 21. - Concluded. Operational cha_ra._cteristica of a.l]_. configuraticns.

NACA-Langiey - 7~16-53 - 426



SECURITY INF-'ORMAT'IOIN -

— D Ml B

760

-



