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PERFORMANCTE CHARACTERISTICS OF SEVERAL TATL-PIPE BURNERS

By William A. Fleming and Harry W. Dowman

Lewis Flight‘Pfopulsion»Laboratory

INTRODUCTION
Performance theoretically calculated for tail-pipe burning and
experimental results indicating the effect of the various design
conslderations on burner characteristics at altitude are discussed
in the two preceding papers of thils series. Included in this paper
are experimental results thot show the performance and the operable
range of several tall-plpe burners at altitude conditions.

A considerable amount of data was obtained for a large number
of different tall-nipe-burner configurations with the J34 engine,
the J35:engine, and an experimental version of the J47 engine.

Some of the more recent tail-pipe burning results for four of these
burners are presented. Thrust performance, burnsr-outlet tempera-
tures, specific fuel consuvmptions, cowbustion efficiencies, the
orerable ranges of tail-pipe fuel-air ratio, and burner-inlet pres-
sure, temperature, and velocity are shown for a range of flight
condltlous o ‘

v

‘TAIL—PIPEfBURNER INSTALLATIONS

Four tail-pipe burners are counsidered. Burners A and B were
installed on a J34 engine, burner C on a J35 englne, and burner D
on an experimental versiom of the J47 engine.

Burner A. - Burner A (fig. 1), which was installed on a J34
engine, was attached to tho standard engine tail cone and has an

over-all length of about 8§-feet. The ges leaving the turbine is

diffused to E'ZBFinch—diameter section where the flame holder .is
ingtalled., The combustion chamber is a 40-inch conical section that
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tapers from 23 inches in diamotor at the flame holder to 1815-1ncbos
at the outlet.

The flame holder consists of two semicircular-gutter-type rings
Jjoined with four radial struts of similar conmstruction. This flame
holder blocks approximately 25 percent of the cross-sectional area
of the tail pipe. Both the rings and the radial struts of the flame
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holder are provided with small slots on the upstream face.- Fuel is
injected through five circular tubes located immediately upstream of
the flauwe holder. Two of these tubes, wiich are alined with the

two flame-holder rings, inject the fuel through several smell orifices
in a downstream direction through the slots of the flame holder. Fuel
ig injected Trom the other three tubes through swall orifices in an
upstream directiocn.

A two-pogition variable-arca exhaust nozzle was used on the
burner, which in the closed position has a proJjected elliptical area

equivalent to a circular diameter. of 15% inches. During tail-pipe

burner operation, this nozzle was in the wide-open positlon and the
throat area was provided by the outlet of the combustion chamber.

A shroud was installed around the burner through which air
flowed to cool the burner shell during operation.

‘Burner B.'- Burner B (fig. 2) which was also ingtalled on a
J34 engine, has an over-all length, 1nclud1n5 the diffuser section,

of about 10 feet and a maximum diameter of 25— inches. The exhaust
gas was diffused to the combustion chamber, whloh is 25Z inches in
diameter and 6 feet long. A fleme holder was installed 18 inches
downstream of the front flange of the ccmbustion chamber, thus giving
a burning length of 4— feet upstream of the fixed-area conical

exhaust nozzle. The exhaust nozzle is 195 inches in diameter at the
outlet.

Fuel 1s injected 4£ inches downstream of the turbine through
olght streamlined snr%y tubcs, this arrangement gives a mixing length
for the fuel of 355 inches between the fuel injector and the flame

helder. Each spray tube hag four pairs of impinging Jets through
which the fuel is sprayed into the diffuser. The downstream end of
the inner conec was cub off where it was 5 inches in diameter with the
blunt end covered by a disk, thereby profiding a turbulent region for
the purpose of seating a stabilizing flame in the center of the tail
pipe.

A two-ring V-gutter flame holder that blocks 32 percent of the
burner cross-sectiocnal area was installed. The mean diameters of

he outer and inner gutters are 17 and 10 inches, respectively; the
included angle of the gutters 1s 30%; and the distance across the

open end of the gutters is 1% inches.
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The burner shell was cooled only by the flow of low-ve1001ty
alr over tlie outside of tle burner.

Burier C. - Burner C (fig. 3), which was installed on a J35
engine , has an over-all length, including the diffuser section, of
about 9 feet and a maximum dismeter of 29 inches., The exhaust gas
was diffused to the combustion chawber, which ig 29 inches in diameter
and 4 feet long. The flame holder was located at the upstream end
of the ccmbustion chamber, giving a 4-foot. burning length between the
flame holder and the fixed-area conical exhaust nozzle. The outlet

diameter of the exhaust nozzle is 20§ inches.

Fuel wag injected in the diffuser through 12 streamlined spray
tubes installed 14 inches upstream of the flame holder. Xach tube
had four pairs of small orifices that injected fuel from opposite
sides of the tubes into the gas stream normal to the direction of
flow. The decwnstream end of the innex cone was cut off ‘where 1t was

8% inches in diameter and a concave dome was installed that provided

a turbulent region for the vurpose of seating a stablizing flame in
the center of the pipe.

A twe«ring V-gutter flame holder similar to the one used in
burner B blocked 29 percent of the burner cross-sectional area. The

mean diameters of  the outer and inner flame-holder rings are ¢l~ and
9§ inches,. respectively; the included angle of the gutters is 350

and the distance across the open ends of the gutters is l§«inches.

A cooling liner extended the full length of'the combustion
chamber; and a %«inch radial gap was provided between the liner and

the outer shell through which flowed part of the exhaust gas at approx-
imately turbine-outlet temperature.

Burner D. - Burner D (fig. 4), which was installed on the exper-
imental version of the J47 englne, has an over-all length, including
the diffuser section, of about 9 feet and a maximum diameter of

.- 32 inches. The exhaust gas was diffused to the 32-inch-diameter

. combustion chamber, which is 4 feet in length. The flame holder was
ingtalled at the forward end of the ccmbustion chamber, thereby
giving a 4-foot burning length upstream of the fixed-area conical

exhaust nozzle. ‘The diameter at the cutlet of the exhaust nozzle is

25% inches.,
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Fuel was injected in the diffuser 14 inches upstream of the flame
holder through 12 stream lined spray tubes similar to those used in
burner C. Xach tube had four pairg of orifices that injected fuel
from oppogite gides of the tubes into the gas stream normal to the
directicn of flow., The downstream end of the inner cone was cut off
where it was 14 inches in diameter and a concave dome was installed
that provided a large turbulent region for the purpose of seating
a gtabllizing flame in the center of the pipe.

The flame holder was a two-ring V-gutter flame holder, similar
to those used in burners B and C, and blocked 32 percent of the
burner cross-sectional area. The mean diameters of the outer and
inner flame-holder rings are.23 and 14 inches, respectively; the
inclunded angle of the gutters is 35°; and the distance across the

R
open end of the gutters is l%é inches.

A cooling liner, similar to that used in burner C, extended the
full length of the cowbustion chamber and 12 inches into the exhaust

nozzle. A %-inch radial air gap was provided between the liner and

the outer shell through which part of the exhaust gas flowed.

TATL-PIPE-BURNER PERFORMANCE

Burner A. - Performance data obtained with burner A over a
gented in figures 5 and 6. These data were obtained at maximum
engine speed with a turbine-outlet temperature of approximately
1600° R. The burner-inlet velocity varied from 440 to 480 feet per
second for these conditions. The augmented thrust was obtained with
the tail-pipe burner installed and the normal thrust was obtained with
the stendard engine tail pipe.

With tail-pipe burning (fig. 5), the ratio of augmented thrust
to novmal thrust increased frowm a value of 1.27 at a flight Mach
number of 0.25 to 1.84 at a flight Mach number of 0.85. When the
tail-nipe burner was inoperative, the thrust obtainable at limiting
turbine -outlet temperatures was 4 percent less than that available
with the standard engine tail pipe at the same operating conditlons.

The specific fuel consumption with and without tail-pipe
burning is shown in figure 6. With tail-pipe burning the specific
fuel consumption decreased rapidly as the flight Mach number was
raised, varying from a value of about 3.25 at a flight Mach number
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of 0.25 to a yalue of 2.10 at a flight Mach number of 0.85. The
specific fuel consumption with the stendard engine tail pipe and
" exhaust nozblu was 1.40 at a flight Mach nuwber of 0.85.

The'oﬁerable range of tail-pipe fuel-air ratios at an altitude
of 20,000 feet is shown in figure 7. Tail-pipe fuel-air ratio is
dcflned ag the ratio of tail-pipe fuel flow to the unburned air flow
enberlng the tail pipe. The maximum operable tail-pipe fuel-air
ratlo wag limited by turbine-cutlet temperature and the minimum
fuel-air ratio by lean combustion blow-out. At a flight Mach num-
ber of 0.85 at an altitude of 20,000 feet, it was possible to oper-
ate burner A between tail-pipe ueT—alr ratios of 0.0395 and 0.0486.
The maximun operablé'fuel~air ratio is significant only for the
exhaust nozzle used with burner A. With a larger outlet area, the
burner could have been operated at higher tail-pipe fuel-air ratios.

The altitude limits of operation at maXLmum engine speed and
turbinewoutlbt temperature of about 1625° R are shown in figure 8.
At each flight Mach number, a band of uncertain operation amounting
to about 8000 feet in altitude was encountered within which combus-
tion blow-out occurrcd. Altitudes at which the engine could be
onerated w1thout encountering combustion blow-out varied from
24,600 fest at a Mach nuwber of 0.25 to 34,200 feet at a Mach num-
ber of 1.0. Over the entire range of fllght conditions, this limit
of combustion blow-out occurred at an approximately constant burner-
1nlet pregsure . ‘

, Burner B - PerTormanue data obtalned with -burner B are pre-
SLUth in flbures ¢ and 10 for a range of flight Mach numbers at
altitude of 25,000 feet (reference 1). These data were obtained

wt maximim engine speed and the turbine-outlet temperature with
tail-pipe burning was 1650° R, whereas the turbine-outlet temper-
ature with the standard engine tail pipe varied from 1650°R at a
flight Mach number of 0.25 to 1620° R at a flight Mach number of
0.72. The burner-inlet VLlOCLty was approximately 455 feet wer
‘second for these condltlons.

The ratio of augmented thrust to normal thrust (fig. 9)
increased from a value of 1.31 at 2 iWLghE Mach number of 0.25 to
1.73 at a flight Mach number of O. The burner-outlet tegoerature
incréased slightly with flight Mach number, reaching a value of
3470° R at a flight Mach number of 0.72. This temperature corre-

sponds to .a burner temperature rise of 1820° R and to an over-all
fuel-air ratio of 0.052, where the over-all fuel-air ratio is
defined as the engine fuel Dluu tail-pipe fuel divided by the toual
air flow,
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The specific fuel consumption with and without tail-pipe
burning (fig. 10) varied only slightly over the flight conditions
investigdted. At a flight Mach number of 0.72, the specific fuel
consumption was 2.55 with tail-pipe ‘burning compared with 1.19 with
the standard ergine tail pipe. ' Exy :

The tail= ‘pipe combustion e¢f101e103 is presented in figure 11
a8 a unotlon of tail-pipe fuel-air ratio, As mentioned previously,
tail-vipe fuel-air ratio is defined as the ratioc of tail-pipe fuel
flow.to unburned alr flow entering the tail nipe. Because the tail-
pipée fuel-dir: ratlo was varied by changing the tail-pipe fuel flow
with a ‘1xod-area exhaust nozzlc, the conditions at’ the burner inlet

also changed.

Variations in burner-inlet total temperature, total pressure,
and velocity with tail-pipe fuel-air ratio are also shown in figure 11,
For the range of fuel-sir ratios investigated, the total temperature,
the total pressure, and the burner-inlet velocity increased with
fuel-air ratio. "As the tail-pipe fuel-air ratio was raised, the
combustion efficiency dropped from a peak value of 0,96 at a tail-
pipe fuel-air ratio of 0.025 to a valuc of 0.86 at limiting turbine-
outlet temperature of 1650° R and tail-pipe fuel-air ratio of 0.050,
the condition for which thrust and specific fuel consumption data
are presented in figures 9 and 10. The Increase in burner-inlet
pressure accompanying the change in flight Mach number from 0.26 to
0.84 had no anparcnt effect on the tail-pipe combustion efficiency.
The primary factor affecting combustion efficiency 1is believed to
be the fuel distribution in the tail-nipe burner, because at a given
fuel-air ratio changes in burner-inlet nressure had no apparent
effect on ‘combustion efficiency.

he operable range of tall-pipe fuel-air ratios at an altitude
of 25,000 feet 1s shown in figure 12 as a function of flight Mach
number The maximum fuel-air ratio was limited by turbine-outlet
temverature and the minimum fuel-air ratio by lean combustion blow-
out. At a, flight Mach number of 0.72, stable burner operation vas
possible at tail-pipe fuel-air ratios between 0.024 and 0.053. The
minimum operable fuel-ailr ratio for burner B was gomewhat. lower
than that for burner A, which was 0.041 at a Mach number of 0.7z2.
The maximum fuel-air ratlo is gignificant only for the size exhaust
nozzle used.

Burner C. - Performance data for burner C at an altitudb'of

g,,OL feet over a range of flight Mach numbers are presented in
figures 13 and 14. These data were obtained at maximum engine speed
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and at turbine-outlet temperature (both with and without tail-pipe
burning) of 1600° R. The burner-inlet velocity was about 415 feet
rer second for these Tlight conditions. !

.. The ratio of augmented thrust to normal thrust with tail-pipe
burning[(fig. 13) increased from 1.41 at a flight Mech number of
0,27 .t9.1.74 at a flight Mach number of 0.92. The burner-outlet
temﬁeraﬁure increaged slightly with flight Mach number, reaching a

- value of 3150° R at a flight Mach number of 0.92. This temperature
cprréspoﬁds to a burner temperature rise of 1750° R with an over-
all fuel-air ratio of 0.475. The net thrust obtained at limiting
turbine-ocutlet temperature with the tail-pipe burner inoperative is
shown to be about 'l percent less than the thrust obtainable with
the standard engine tail pipe. This small loss in thrust results
from the fact that the ratic of total-pressure loss between the
turbine outlet and exhaust-nozzle outlet to the turbine-outlet total
pressure is only slightly higher for the tail-pipe burner (0.025)
than with the standard tail pipe (0.010) at the same turbine-outlet
conditions. Nelther value Iincludes the pressure loss across the
exhaust-nozzle outlet.

The specific fuel congumptions with and without tail-pipe
burning increased only slightly with flight Mach number (fig. 14).
At a flight Mach number of 0.92, the specific fuel consumption was
2.21 with tail-pine burning compared with 1.26 with the standard
renglne. The specific fuel consumption with tail-pipe burning was
slightly lower for burner C than for burner B. However, burner B,
as shown subsequently, was operated at a higher tail-pipe fuel-air
ratio and thus a greater percentage of the total fuel flovw wae
being burned in the low-¢fficlency part of the engine plus tail-
pipe-burner cycle.

- .Tall-plpe combustion efficlency is prescuted as a function
of tail-pive fuel-air ratio for a range of flight Mach numbers at
an altitude of 25,000 feet (fig. 15) and for a range of altitudes
at a flight Mach number of 0.27 (fig. 16). These data were also
obtained with a fixed-areca exhaust nozzle, and therefore, the
variations in burner-inlet  total temperature, total pressure, and
velocity are shown in the figures. The burner-inlet temperature
and pressure Increased with tail-pipe fuel-air ratio, whereas the
burner-inlet velocity wremained substantially constant between 410
and 420 feét per sceond. t a gilven fuel-air ratio, the burner-inlet
temperature remained approximately constant with changes in alti=-
tude and flight Mach number. Ccmbustion efficiency increased
rapidly with tail-pipe fuel-air ratio, reaching a peak at a fuel-
alr ratio of” about 0.030.  The combustion efficiency dropped off
glightly at higher fuel-air ratios.

. CONFIDENTIAL
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Over the range of flight Mach numbers investigated, changes
in tail-pipe pressure dué to vakriations in flight Mach nuwber
(fig. 15) "or in altitude up to:35,000 feet (fig. 16) had no effect
on the cowbustion efficiency. Increasing the altitude from 35,000 to
45,000 Teet at a flight Mach nuwber of 0.27 did result in a decrease
in combustion efficiency amounting to'about 0.10 at a turbine-outlet
temmerature of 1600° R. -The trend of these combustion efficlency
data with fuel-air ratlio up to an altitude of 35,000 feet is again
attributed to the ftiel distribution in the tail-pipe burner because
changing the. pressure at a given fuel-air ratio within the range of
presgiure investigated had no effect on the combustion efficiency.
With this particular burner-inlet velocity and fuel distribution,
the critical burner-inlect pressure 1s reached between altitudes of
35,000 and 45,000 feet at a flight Mach number of 0.27, where the
nressure then becomes a principle variable affecting the combustion
efficiency.

The operable range of tail-pipe fuel-air ratios 1s shown in .
figure 17 as a function of altitude at a flight Mach number. of 0.27.
The maximum operable fuel-ailr .ratio was limited by turbine-outlet
tewperature, whereas the minimum fuel-air ratio was limited by lean
combustion blow-out. At each altitude, combustion blow-out was
encountered within the range of fuel-air ratios shown in figure 17
a8 the region of uncertain operation. The region of uncertain oper-
ation occurred at higher tail-pipe fuel-alr ratios as the altitude
was increcased. At an altitude of 45,000 feet and a flight Mach
number of -0.27, operation was possible at tail~-pipe fuel-air ratios
between 0,029 and 0.040; however, the meximum fuel-air ratio is
gsignificant only for the size exhaust nozzle used.

Burner D. - Performance data obtained with burner D are pre-
sented in figures 18 and 19 for an altitude of 25,000 feet and a
range of flight Mach nuwbers. These data were obtained at maximum
engine sheed and the turbine-~outlet temperature was 1675° R both
with and without tail-pipe burning. .

The ratio of augmented to normal thrust increased from 1.34 at

ight Mach number of 0.22 to 1.78 at a flight Mach number of 0.82

. 18). Burner-outlet temperatures increased from 2975° to
5250 R with this increase in flight Mach number. The large increase
in temperature is mainly attributed to an increase in engine com-
ponent efficiency as the flight Mach nuwber wls raised. The burner=
outlet temperature of 3525° R correspends to a burner temperature
rige of 1850° R with an over=-all fusl-air ratio of 0.053, The total-
rressure~loss ratio measured across the tail-pipe burner when it
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as inoperative (0.050 to 0.055) was slightly more than that meas-
ured across the standard engine tail pipe (0.045) at.the same
turbine~outlet conditions. As a result, the net thrust obtainable
qt limiting turbine-outlet temperatures with the burner inoperative

2g 0.5 to 1 percent less than that obtalnable with ‘the standard
engLHe tail pioce.

The specific fuel consumption with tail-pipe burning (fig. 19)

increeged slightly up to a rlight Mach nuwber of abodt 0.45 and
then decreased slightly at higher Mach numbeke. The increase in
_specific fuel consumption at low flight Mach numbers is attributed
.to the corresponding increase in tail-pipe fuel-air ratio with no
change ‘in tail-pire combustion efficiency. The decrecase in gpecific
fuel consumption at £light Mach numbers above 0.50 is attributed to
the fact that the combustion efficiency is increased. This increase
in. combustion efficiency had a greater effect than the further increase
in tail-pipe fuel-air ratio. A a flight Mach number of 0.81, the
upc61f10 fuel consumption was 2.49 with tall-nlne burnlnv compared
with 1.38 with tho sbandard engine tail vmpo.

Tailuﬁipe combugtion effi iency is presented ag a function of
tail-pipe fuel-air ratio for a range of flight Mech rnumbers at an
altitude of 25,000 feet. (fig. 20).and.for,a range of altitudes at a
flight Mech number of 0.22 (fig..21). The variations in burner-
inlet total pregsure, total temveraturc, and velocity as a function
of tail-pipe fuel-air ratio are also shown in these figures. At'a
gilven. fuel-air ratio, changes in flight Mach migber had no effect on
burner-inlet velocities, although increases in altitude raised the
burner~inlet velocity. The combustion efficiency increased rapidly
w1tb fuel-air ratio and reached a maximum value at a fuel-air ratio
of about 0.035 with the exception of the data obtained at 45,000 feet
altitude where operation was erratic. For the range of fuel-air
ratios jnvestigated, the combustion effioiency'remained essentially
constant above a fuel-air ratio of 0.035,

The data in figuré 20 show that thée variations in burner-inlet
DreSsuru, accompanying changes in flight Mach nuwmber for the range
T burner-inlet velocitles from 460 to 515 feet per second, had a
aelln;te effect on the tail-pipe combustion ofllClenOy Ralslng the

. flight Mach nuwber from 0.27 to 0.52, which represents a change in

tail-pine pressuru of 15 percent, had no apparent effect on the
' combustion efficiency. A furthor increase in flight Mach nuwber,
however, from 0.52 to 0.81, whicl corresponds to a rise in tail-
.pipe pressure of about 30 perncnb, ralged the peak CFmbusc*on
ef11c1enoy from O. oO to 0. 90 '
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Theoreasing the altitude from 15,000 to 35,000 feet resulted

in unifuin reductione in peak combustion efficiency:from 0.85 to
.76 (Pig. 21) which accompanied a decrezse in pressure and a
slight increase in velocity. Between 35,000 and 45,000 feet, a. .
critical region was encountered with the result that operatlon was -
cmeviat erratic at 45,000 feet with considerably lower cowbustion
efficiency. At a given tail-pipe fuel-air ratio (fig. 21), oper-
ation was possible in two regions of teil-pipe combustion effic1ency
at 45,000 feet altitude. In the higher region of combustion effi-
ﬂi@ncd, it was observed through a. periscope that the Tlame was

gseated on the entire flame holder. When the lower cowbustion effi-
ciencies wore encountered, however, observation through a periscope
revealed that the flame on the outer ring of the flame holder had
blown out. ' ‘ : ‘

(‘\

U
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The fuel distribution with burner D was quite similar to that.
of burner ¢ and, although the diffuser inner cone was shorter and
was larger in dlameter at the downstream end, the ‘primary differ-
ence between the two burners was an increese in burner-inlet veloc~
ity from about 415 feet per second with burner C to a range of 460 to:
515 feet per second with burner D.

The operable range of tail-pine fuel-air ratios is presented
as a functlon of altitude at a flight Mach number of 0.20 in fig-
ure 22. . The mpx1mum operable tail-pive fuel-air ratio was limited
by turbine-outlet temperature and tne wminimum . operable fuel-air
ratio was limited by lean combustion blow~out.: As with burner C,
combustion blow-out occurred over a range of fuel-air ratios at
each altitude. Thig range of combustion blow-out is indicated as
the region of uncertain operation. The region of uncertain oper-
ation occurred at higher tailw-pipe fuel-air ratios as the altitude
wag increased to 35,000 feet. The data obtalned were insufficient
to completely detergine the region of uncertain’ operation at -
45,000 feet. The rapid reduction in maximum tail-pipe fuel-air
ratio at altitudes up to 35,000 feet is attributed to lowered engine
commonent efficiency at the high altitudes. Operation at a scme-
what 1*gher fuel-air ratio at 45,000 feet than was possible at
35,000 feet is attributed to the large drop in combustion el tficiency
between these two altitudes, which, as a result, required a con-
siderably higher tail-pipe fuel-ailr ratio at 45,000 feet in order to
obtain limiting turbine-outlet temperature. Aﬁ 35,000 feet,operation
was possible between tail-nipe fuel-air ratios of O 031 and O 038.
The minimum fuel-air ratio was slightly higher than that with
burner C, 0.026 at 35,000 feet. The maximum fuel-air ratie is sig-
nificant only for the size- expaust nozzle used.

_—
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SUMMARY OF RESULTS

Tlie data presented herein showed that at an altitude of
25,000 feet and a flight Mach nuuber of 0.85 it was possible to obtain
thrust gains with tail-pipe burning amounting to about 0.80 of the
normal thrust. The data also showed that up to 35,000 feet alti-
tude it was possible to waintalin tle tail-pipe cowbustion effi-
ciencies in the region of 0.85 with burner-outlet tewperatures of
about 3500° R. Burner-inlet velocity was shown to be a principle
factor in maintaining the combustion efficiency approximately con-
stant over a wide rangs of flight conditions.

With a burner having an inlet velocity of 415 feet per second,
the combustion efficiency was unaffected by changes in flight Mach
number un to 0.92 at 25,000 feet altitude and changes in albitude
up to 35,000 feet at a flight Mach rumber 0.27. With a burner
having an inlet velocity of about 460 to 515 feet per second,
however, increasing the burncr-inlet vressure by raising the flight
Mach number from 0,52 to 0.8l at 25,000 feet altitude increased the
peak combustion efficiency frcem 0.80 to 0.90. Increases in burner-
inlet velocity were algo shown to raige the tail-pipe fuel-air
ratio at which lean blow-out of the burner occurred at all altitudes.

1. Fleming, William A., and Wallner, Lewis A.: Altitude-Wind-Tunnel
Investigation of Tail-Pipe Burning with a Westinghouse X24C-4B
Axial-~Flow Turbojet Ingine. NACA RM No. E&J25e, 1948.
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Figure 5. - Thrust performance for burner A. J34 engine;
altitude, 20,000 feet; burner-inlet velocity, 440 to 480
feet per second; turbine-outlet temperature, 1600° R.
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Figure 6. - Comparison of specific fuel consumption for J34
engine with standard tail pipe and with burner A. Altitude,
20,000 feet; burner-inlet velocity, 440 to 480 feet per
second; turbine-outlet temperature, 1600° R.
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Figure 7. =~ Operable range of tail-plpe fuel-air ratios for
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velocity, 440 to 480 feet per second
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Figure 8. - Altitude limits of operation for burner A. J34

engine; burner-inlet velocity, 550 to 500 feet per second;
turblne—outlet temperature, 1625% R,
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Figure 9. - Thrust performance and burner-outlet temperature
for burner B. J34 engine; altitude, 25,000 feet; burner-
inlet velocity, 455 feet per second; turbine-outlet tempera-
ture, 1650° R.
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Fizure 10. - Comparison of specific fuel consumption for J34
engine with standard tail pipe and with burner B. Altitude,
25,000 feet; burner-inlet velocity, 455 feet per second;
turbine-c tlet temperature, approximately 1650° R.
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Flgure 11. - Variation of combustion efficiency, burner-inlet
total temperature, total pressure, and velocity with tail-
pipe fuel-air ratio for burner B. J34 engine; altitude,

25,000 feet.

LIMITING TURBINE-
OUTLET TEMPERATURE, 16500 R

1

OPERABLE RANGE

f

\——LEAN BLOW-QUT LIMIT

.06
o
= .05F
<4
~
[+ =4
= .04F
A
=
&
.03}
€3]
=
o,
4 .02F
=
<4
=]
018

S0 .20 30 . .40 .50 .60 .70 .80

FLIGHT MACH NUMBER

Flgure 12. - Operable range of tail-pipe fuel-air ratios for

burner B.

J34 engine; altitude, 25,000 feet; burner-inlet

velocity, 420 to 460 feet per second.
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Figure 13. - Thrust performance and burner-outlet temperature
for burner C. J35 engine; altitude, 25,000 feet; burner-
inlet velocity, 415 feet per second; turbine-outlet temper-
ature, 1600° R.
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Figure 14. - Comparison of specific fuel consumption for J35
engine with standard tail pipe and with burner C. Altitude,
25,000 feet; burner-inlet velocity, 415 feet per second;
turbine-outlet temperature, 1600° R.
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Figure 15, - Variation of combustion efficiency, burner-inlet

total temperature, total pressure, and velocity with tail-

pipe fuel-air ratio for burner C at altitude of 25,000 feet.

J35 engine.
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Figure 16. - Variation of combustion efficiency, burner-inlet

total temperature, total pressure, and velocity with tail-
pipe fuel-air ratio for burner C at Mach number of 0,27.
J35 engine.
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Figure 17. - Operable range of tail-pipe fuel-air ratios for
burner C. J35 engine; Mach number, 0.27; burner-inlet
velocity, 415 feet per second.
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Figure 18. - Thrust performance and burner-outlet temperature
for burner D. J47 ensine; altitude, 25,000 feet; burner-
inlet temperature, 465 fect per second; turbine-outlet
temperature, 1675° R.
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Figure 19. - Comparison of specific fuel consumption for J47
engine with standard tail pipe and with burner D. Altitude,
25,000 feet; burner-inlet velocity, 465 feet per second;
turbine~outliet temperature, L675° R.
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Figure 20, - Variation of combustion efficiency, burner-inlet
total temperature, total pressure, and velocity with tail-
pipe fuel-air ratio for burner D at altitude of 25,000 feet.

J47 engine.
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Figure 21. - Variation of combustion efficiency, burner-inlet
total temperature, total pressure, and velocity with tail-
pipe fuel-air ratio for burner D at Mach number of 0.22.
J47 engine.
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- Operable range of tail-pipe fuel-air ratios for
J47 engine; Mach number, 0.20; burner-inlet

velocity, 460 to 515 feet per second.
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