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ALTITUDE PERFORMANCE CEARACTERISTICS OF TATL-PIPE
BURNER WITH CONVERGING CONICAL BURNER
SECTION ON J47 TURBOJET ENGINE

By William R. Prince and John E. McAulay

SUMMARY

An investigation of turbojet-engine thrust augmentation by
means of tall-pipe burning was conducted 'In the NACA Lewls altl-
tude wind tunmel. Performance dabta were obtained with a tall-plpe
burner having a converging conicsl burner sectlon installed on an
axial-flow-compressor type turbojet engine over a range of simm-
lated flight conditions and tail-pipe fuel-alr ratios with a fixed-
area exhaust nozzle.

A maximum tail-pipe combustion efficiency of 0.86 was obtained
at an altitude of 15,000 feet and a flight Mach number of 0.23. At
an altitude of 25,000 feet, a tall-pipe burner-inlet temperature of
1700° R, and rated ‘engine speed the ratio of augmented thrust to
normel thrust increased from 1. 3 at a flight Mach number of 0.23 %o
1.4 at a flight Mach number of 0.76. Tall-pipe burner operatiocn was
possible up to an alti'bude of 45,000 feet at a flight Mach nunmber of
0.23.

INTRODUCTION

An extensive research program on thrust augmentation of tur-
bojet englines has been conducted in the NACA Lewls altitude wind
tunnel to determine the effect of various component designs on the
performence and operational characteristics of several tall-plpe
burner installstions. The effect of flame-holder and fuel-system
design on the burner performance and the effect of altitude and
flight Mach number on over-all performance with a flxed-area exhaust
nozzle are reported in references 1 to 4. Altitude performance
characteristics of a tail-pipe burner having a converging conlcal
burner section are presented in this report.
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Performance date were obtained with the converging-burner con-
figuration Installed on a J47 turbojet engine over a range of simn-
lated flight conditions and tall-plipe fuel-alr ratlios with a flxed-
area exhaust nozzle. The tall-pipe burner was designed for use In
a paerticular airplene. The fuselage dimensions limited the maximum
diemeter of the burner and necesslitated the use of a converging com-
bustion chamber. The burner configuration discussed in this report
1s a modified version of & tall-pipe burner whose performance is
reported in reference 2. This modlfication resulted from the
greater air flow of the J47 turbojet engine used in thils investiga-
tion as compared with the J35 engine (reference 2). Because of the
Increased air flow, it was necessary to fabricate a larger burner
to reduce the burner-inlet vslocity and burner total-pressure loss.
The modified burner had the largest dlameter that could be used
without making major changes in the airplane fuselage. This final
configuraetion incorporated the best flame holder and fuel system
previously determined from the Investigatlon reported in reference 2.

Tall-pipe burner performance at several flight conditlions is
glven in both tabular and graphical forms and compared with perform-
ance of the standard engine and of the tail~pipe burmer reported in
reference 2. '

APPARATUS AND INSTRUMENTATION

Engine

Tell-pipe burmer performance was inveastigated using & J47 bur-
bojet engine having a static sea-level thrust reting of 5000 pounds
at an engine speed of 7900 rpm and a turblne-outlet temperature of
1275° F (1735° R). The air flow is approximately 94 pounds per
gecond at static sea-level rated condltions. The prineipal com-
ponents of this engine are a l2-stage axlal-flow compressor, eight
cylindrical through-flow combustlon chambers, & single-stage tur-
bine, and a tall pipe. The over-all length of the engine with
standard tall pipe is 143 Inches and the maxlmum diameter is
37 inches. The length of the standard-englne tall pipe is
35 inches. A filxed-area exhaust nozzle with which rated conditions
were obtained had an outlet ares of 280 square inches.

Installation

, The engine and tail-pipe burner were mounted on a wing section
that spanned the 20-foot-dismeter test section of the Lewis altitude
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wind tunnel (fig. 1). For this Investigation the standard-engine
tall-pipe was replaced by a tall-pipe burner assembly which was
attached to the downstream flange of the turbine casing. In order
to provide accessibllity for instrumentetion, no cowling was
installed around the engine.

Alr entered the engine inlet through a duct from the tunnel
make-up alr system. This duct was connected to the engine inlet
by means of a slip jJjoint with & frictionless seal so that thrust
and drag could be measured by the balance scales.

Tall~Pipe Burner

The tell-pips burner was designed by the manufacturer in con-
formance with the availlable space In the alrplane. A cross-
sectional view showling the dimensions of the tail-pipe burner is
shown In figure 2. The three main sections of the tail-pipe burmer
agsembly are the diffuser sectlion, the combustion chamber, and the
nozzle section, as shown iIn figure 3. A fixed conical exhaust
nozzle was used for the entlire investigation inasmuch as a variasble-
Aarea nozzle was not available for this burner. Cooling liners, pro-
viding a 1/2-inch radial space between the liner and the burner shell
and extending the full length of the tall-pipe combustion chamber,
were lnstalled in & manner similar to that discussed in reference 1.

The minimum diffuser dlameter, which occurred at the downstream
end of the diffuser inner body, was 25 inches and the maximum diameter

in the combustion chamber was 31-]5'- inches. The dlameter of the conical
exhaust nozzle was 253%- inches, which gave a fixed area of 494 square
inches, and the tail-pipe burner length including the exhaust nozzle
was 133% inches. A typlcal two-amnnular V-type flame holder used
throughout the Investigation is shown in figure 4. The flame holder,
which was mounted 2-2 inches downstream of the combustion-chamber

inlet, had outer and inner ring dlameters of 23 inches and 14 inches,
respectively, and blocked 31.5 percent of the burher cross~sectional
aresa.

Fuel was Injected at two statlons Into the burner normel to the
direction of gas flow (fig. 5). A%t the upstream station, fuel was
injected fram 12 tubes l% inches long extending from the diffuser

inner cone and located about 44 inches upstream of the flame holder.
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Each tube had two 0.03l-inch-dlameter holes. At the downstream sta-
tion, fuel was injected from two sets of different length radial

spray tubes 18% inches upstream of the flame holder. One set con-

sisted of six fuel tubes 8% inches long with six 0.04l-inch-d'iameter

holes per tube and the other of six tubes 7-1% inches long with four

0.031~inch~dlameter holes per tube. Rate of fuel injection frcm the
three sets of spray tubes wes determined by a flow divider installed
in the tall-plpe fuel system as shown in figure 5. The fuel-flow
schedule provided by the flow divider is shown in figure 6. At low
tall-pipe fuel flows, approximately 60 percent of the tall-pipe fuel
was injected through only the primery system which consisted of the
six short tubes and the 12 spray tubes on the inner cone ring. The
remaining fuel was injected through the six long tubes.

Ignition of the tail-pipe fuel was accomplished by either of
two systems., TFor one ignition system, fusl was InJected through a
30-gallon-per~-hour spray nozzle installed In the center of the dif-
fuser inner cone. Ignition of this fuel weas obtained by two spark
plugs inserted in the pilot cone (fig. 3), The other system pro-
vided ignition by a momentary increese in fuel flow tc the fuel
nozzle In one of the engine combustors. This excess fuel in one
engine cambustor resulted in a burst of flame through the turbine,
thereby lgniting the tail-pipe fuel. With this system of lgni-
tion, the cone fuel also had to be on to carry the flame back to
the flame holder.

h;strumeﬁta'bion

Instrumentation was installed at the engline lnlet to measure
engine air flow and In the tall-pipe toc measure the burner per-
formence. Location of the instrumentation In the tall-pipe burner
is shown in figure 3, and cross sections of instrumentation at
stations 6 and 8 are shown in figure 7. The instrumentation at
gsation 7 consisted of four static wall orifices epproximately
9 inches upstream of the flame holder. The exhaust-nozzle rake
installed at station 8 was water cooled.

PROCEDURE
Data were obtained over & range of altltudes from 15,000 to

45,000 feet for a range of flight Mach mumbers from 0.22 to 0.76.
At each Plight condition, performance data were obtained for
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several tail-pipe fuel flows between the lean combustion blow-out
1imit and the fuel flow required for limiting turbine-outlet tem-
perature. All tail-pipe burning data were obtalned at rated engine
speed (7900 rpm).

Dry refrigereated air was supplied to the engine from the tunnel
meke-up air system at the standard temperature for each flight con-
dition, except that the minimum temperature obtained was about
-20° F. The air was throttled from approximately sea-level pressure
to the desired total pressure at the engine inlet. Complete free-
stream ram-pressure recovery was assumed at each flight condition in
the calculation of flight Mach number.

Thrust measurements were obtained from the tunnel balance scales
and from the tall-rake pressure survey at the exhaust hozzle. The
thrust values presented were obtained from the balance-scale measure-
ments. The thrust obtained from taill-rake measurements was used in
determining exhaust-gas temperature and combustion efficlency.
Methods of obtaining the important tail-pipe burner parameters and
the symbols used are given in the appendix.

The fuel used in the engine was AN-F-32 kerosene having a lower
heating value of 18,550 Btu per pound and a hydrogen-carbon ratio of
0.155. Fuel used in the tail-pipe burner was AN-F-48b, grade 80,
gasoline having & lower heatlng value of 19,000 Btu per pound and a
hydrogen~-carbon ratio of 0.186. : )

RESULTS AND DISCUSSION

As & preliminary phase of this investigation, a smaller diam-
eter tail-pipe burnmer having a converging burner section similar
in shape to the one discussed in this report was investigated on a
J47 turbojet engine. Unpublished results showed that tall-pipe
burner operation was unsatisfactory atb rated engine speed because
of the high combustion-chamber-inlet veloclties. The combustion-
chamber-inlet velocitles under these conditlons were in the order
of 700 feet per second. In order to reduce this velocity, the
tail-pipe burner diameters were increased approximately 3 inches.
This increase in diameter was the largest that could be used wilth-
out making major changes to the airplane fuselage. As a result of
this enlergement of the burmer, the combustlon-chamber-inlet veloc-
1ty wes reduced approximately 2C percent. Results of the lnvestli-
gation of this larger burner are presented graphically to show the
effect of altitude and flight Mach number on the significant burner-
performance characteristics. All data for this investigation are
also presented in table I. ’
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Burner Performsnce Cheracteristics

Effect of altitude. - The effect of altitude on burner per-
formance is shown in figures 8 to 10 for a flight Mach number of
0.23 and at rated engine speed. The variatlon of combustlion~
chamber-inlet veloclity and tall-pipe burner-inlet conditions with
tail-pipe fuel-alr ratio is shown in figure 8. The tail~plpe fuel~
air reatio is defined as the ratio of tall-plipe fuel flow to the
unburned air flow entering the tall-pipe. For the range of tail-
pipe fuel-alir ratios, increasing the altitude fram 15,000 to
45,000 feet had little effect on the combustlon-chamber-inlet veloc-
ity and the tail-pipe burner-inlet temperature. The turbine-outlet
total pressure was reduced approximately in proportion to the reduc-
tlon in compressor-inlet pressure. For the entire range of alti-
tudes investigated, the combustion-chamber-inlet veloclty varled
between 525 and 575 feet per second.

The effect of altitude on the variation of exhaust-gas total
temperature and tail-pipe combustion efficiency with tail-pipe
fuel-air ratlo is shown in figure 9. Maximum combustion efficiency
was reduced from 0.86 to 0.80 as the altitude was increased from
15,000 to 35,000 feet. Further increase in altlitude greatly reduced
the combustion efficiency. The maxlimum combustlcn efficlency
occurred at tail-pipe fuel-air ratios between approximately 0.040
and 0.050. '

The exhaust-nozzle-outlet temperature, over the range of tall-
pipe fuel-alr ratios investigated, was reduced about 600° R with
increase in altitude from 15,000 to 45,000 feet, with the greater
portion of this decrease occurring at an altitude above 35,000 feet.
This decrease in exhaust-gas temperature 1s a result of a change in
engine characteristics with & change in Reynolds number. With an
increase in altitude, the Reynolds number effect on the compressor
(reference 5) caused a decrease in compressor efficiency which
necessitated increasing the exhaust-nozzle area ln order to obtain
rated engine comditioms at limiting turbine-outlet temperature.
Consequently, because the data presented herein are for a fixed-
ares exhaust nozzle, the available exhaust-gas temperature with
afterburning is considerably lower at 45,000 feet than at 15,000 feet.
For optimum performance the nozzle area should be adjusted by use of
a variable-area nozzle so that the pressures and temperatures at the
turbine outlet are the same with the afterburner operative or
inoperative.

Variation of the over-all burner performance characterlstics
with altitude at a tail-pipe burner-inlet temperature of 1700° R

‘,ﬁ i Ii') Lo '.E' \d B
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and rated engine speed is shown in figure 10. These results were
obtained by cross-plotting and in scme cases by slight extrapolation
of Jet thrust and total fuel flow at a constant tail-pipe burner-
inlet temperature of 1700° R. .

Thrust-augmentation cheracteristics are presented 1n terms of
the augmented thrust ratio, which ls defined as the ratio of aug-
mented thrust to normal thrust as defined in the appendix. For
altitudes up to 25,000 feet, the augmented thrust ratlo was 1,30
and then decreased to 1.13 as the altitude increased to 45,000 feet.
The total-pressure loss across the standard-engine tall pipe was
0.032 of the tail-pipe burner-inlet total pressure for all flight
conditions at rated engine speed. This value was cobtalned during
previous operation of the engine with a fixed-conical exhaust
nozzle. With the tail-pipe. burner instelled but Inoperative, this
value increased from 0.052 to 0.071 as the altitude was lncreased
from 15,000 to 45,000 feet at a flight Mach number of 0.23. As a
result of this greater pressure loss across the tall-plpe burmer,
the augmented thrust ratio with tail-pipe burner inoperative was
0.98 at 15,000 feet and decreased to 0.96 at 45,000 feet.

The specific fuel consumption of the standard engine based on
net thrust increased from 1.15 to 1.25 as the altlitude was raised
from 15,000 to 45,000 feet. With tail-pipe burning, the specific
fuel consumption was 2.95 at 15,000 feet and 3.40 at 45,000 feetb.
This expected ilncrease in specific fuel consumption wlth increase
in altitude resulted from the lower tail-pipe combustion efficlency
at higher altitudes.

Effect of Plight Mach number. - The effect of flight Mach num-
ber on burner performance is shown in figures 1l to 13 for an alti-
tude of 25,000 feet and rated engine speed. The variation of
combustion-chamber-iniet velocity and teil-pipe burner-inlet con-
ditions with tail-pipe fuel-air ratio is shown in figure 11 for
geveral flight Mach numbers. At & given tall-pipe fuel-air ratilo,
increasing the flight Mach number from 0.23 to 0.76 had no effect
on the combustion-chamber-inlet velocity. At tall-pipe burner-
inlet temperatures above 1500° R, the combustion-chamber-inlet
velocity was about 525 feet per second for all flight Mach numbers
investigated. Veriations of flight Mach number, over the range
investigated, had little effect on tail-pipe burmer-inlet temperature.
The tail-pipe burner-inlet temperature was approximately 50° R higher
at & given tail-pipe fuel-ailr ratlo for a flight Mach number of 0.23
than for the two higher flight Mach numbers investigated. The tall-
pipe burner-inlet pressure increased approximately 1n proportion to
the compressor-inlet pressure.
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The effect of flight Mach number on variation of exhaust-gas
total temperature and tail-pipe combustion efficiency with tail-
pipe fuel-air ratio is shown iIn figure 12. Peak tail-pipe com-
bustion efficlencies of 0.82 at a f£light Mach number of 0.23, and
0.84 at flight Mach numbers of 0.54 and 0.76 were obtained at a
tall-plpe fuel-air ratio of approximately 0.043. Exhaust~gas total
temperature was unaffected by changee in Plight Mach number and
increased to & maximum value of 3480° R as the tall-pipe fuel-air
ratio was raised to 0.0625. '

‘Variation of the over-all burmer performance characteristics
with flight Mach number at a tail-pipe burner-inlet temperature
of 1700° R and at rated engine speed is shown in figure 13. These
results were obtained by oross-plotting and extrapolating in a
menner similar to that previously mentioned. The augmented . thrust
ratio increased from 1.29 at a flight Mach number of 0.23 to 1.4
at a flight Mach number of 0.76. This curve indicates that further
increases In flight Mach number would have a very small effect om .
augmented thrust ratlo. The tail-pipe total-pressure loss with the
tail-pipe burner installed, but inoperative, was 0.058 of the tail-
pipe burner-inlet total pressure and the augmented thrust ratio was
about 0.98 for all flight Mach numbers investigated.

The specific fuel consumption based on net thrust of the stand-
ard engine was approximately 1.2 for all flight Mach numbers investi-
gated. With tail-pipe burning, the specific fuel consumption was
2.95 at a flight Mach number of 0.23. Increasing the Mach number to
0.54 ralsed this value to 3.30 and a further inorease in Mach number
to 0.76 lowered the specific fuel consumption to 2,98.

Performance characteristlc curves for a converging-conical
tail-pipe burner on a J35 turbojet engine are also shown on fig-
ure 13. These data are not directly comparative inasmuch as they
are for a lower tail-pipe burner-inlet total temperature (1650° R)
and a smaller exhaust-nozzle outlet area (296 square inches) than
for the data obtained with the J47 engine. The curves are presented,
however, to indicate the relatlve performance of two converging-
conical burmers on two different turbojet engines. The augmented
thrust ratio for the burner on the J35 englne 1s 10 to 15 percent
higher and the specific fuel consumption is about 25 percent lower
then for the burner on the J47 engine. The augmented thrust ratio
was lower for the burner used on the J47 engine than for the burmer
used on the J35 engine, probably because of the greater tall-pipe
total-pressure loss ratio. At the operating conditions shown in
figure 13, the pressure loss was about 0.15 of the tall-pipe burner-
inlet total pressure for the burner used on the J47 englne as com-
pared with 0.085 in the J35 tall-plipe burner.

I
& N ot
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Burner Operational Characteristics

Two methods were used to lgnite the tail-pipe fuel. The first
method utlilized the pilot come at the downstream end of the diffuser
inner body to provide a sheltered reglon in which to Install a fuel
nozzle and spark plugs. Fuel was supplied to the ignition region
by the nozzle in the pilot cone and by the fuel-spray tubes on the
diffuser inner cone. This system gave successful starts omly at
altitudes below 20,000 Peet and reduced engine speed. When fuel
was supplied to the nozzle in the pilot cone at rated engine speed,
the flame holder appeared very hot.

In the second method employed, fuel was momentarily inJjected
into one of the engine combustors with a resultant burst of flame
through the turbine and Into the tall-pipe. This method provided
satisfactory lgnition of the tail-pipe fuel up to an altitude of
45,000 feet at rated engine speed and a flight Mach number of 0.23.
Successful burner operation was also posslble at these conditions.

The use of an internal cooling liner extending the full length
of the combustion chamber having a 1/2-inch gap between the liner
and the burner shell provided adequate shell cooling at all flight
conditions investigated.

SUMMARY OF RESULTS

As a preliminary phaese of this investigation, a smaller diam-
eter tall-pipe burner having a converging burner sectlion similar in
shape to the ome discussed in this report was investigated, and the
results Indicated thet tail-pipe burner performance was unsatisfactory
with combustion-chamber~inlet velocitles in the order of 700 feet per
seoond. Satlsfactory performance was cbtalned with an enlarged burner
in which the combustion-chamber-Inlet velocities were approximately
550 feet per second.

The following resultes were obtalned from an investigation of
the enlarged tall-pipe burner having & convergling burner section
and a flxed-area exhaust nozzle on a J47 turbojet engimne in the
NACA Iewis altitude wind tunnel:

1. A maximum tail-pipe combustion efficiency of 0.86 was

obtained at an altitude of 15,000 feet, a flight Mach number of
0.23, and a tall-plpe fuel-air ratio of 0.040.

[
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2. At an al‘bitude of 25 000 feet, a tail-pipe burner-inlet
temperature of 1700° R, rated englne speed » and flight Mach num-
bers from 0.23 to 0. 76 » the ratio of augmented thrust to normel
thrust increased from 1.3 to 1.4 and the specific fuel consumption
based on net thrust of the standard engine varied from 3.0 to 3.3.

3. Tall-pipe burner operation was possible up to an altitude
of 45,000 feet at a Flight Mach number of 0.23.

Lewis Flight Propulsion Iaboratory,
National Advisory Commlttee for Aeronautics,
Cleveland, Ohio.
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APPENDIX - CALCULATTIONS

Symbols
The following symbols are used in the calculations and on the

figures:

A cross-sectlional area, sq £t

B thrust scale reading, 1b

(’J'j Jet veloclity coefficlent, ratio of scale Jjet thrust to rake
Jet thrust

Cp thermal-expansion ratlo, ratio of hot exhaust-nozzle area
to cold exhasust-nozzls area

D external drag of installation, 1b

D, drag of exhaust-nozzle survey rake, 1b

Fj Jjet thrust, 1b-

F, net thrust, 1b

f/a fuel-air ratio

g acceleration due to gravity, 32.2 ft/sec2

i total enthalpy, Btu/lb

hy lower heatiﬁg value of fuel, Btu/1b

M Mach number

P total pressure, 1b/sq £t absolute

Pg' total pressure at exhaust-nozzle survey statlon in standard-
engine tail pipe, 1lb/sq £t absolute

static pressure, 1b/sq £t absolute
R gas constant, 53.4 f£-1b/(1b)(°R)

total temperature, °R

VIRRREIEET ¢
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t static temperature, °R
v velocity, £t/sec
Wy air flow, 1b/sec
We compressor leakage alr flow, lb/sec
We fuel flow, lb/hr
Wg gas flow, 1lb/sec '
W:E'/Fn specific fuel consumptlon based on total fuel flow and net
thrust, 1b/(hr)(1b thrust)
v4 ratio ‘of gpecific heats for gases
My combustion efficiency
Subscripts:
a air
e engine
£ fuel
i indicated
Jet
m fuel manifold
8 scals
t tail-pipe burner
x inlet duct at frictionless slip Jolnt
0 free-stream conditions
1 engine inlet
6 tail-pipe burner inlet (turbine outlet)

2LeT
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7 tall-plpe combustion-chamber inlet

8 oxhaust nozzle, 1 inch upstream of fixed portion of
exhaust-nozzle cutlet

g ' exhaust-nozzle outlet

Methods of Caloulation
Fligg"b Mach number and alrspeed. - Flight Mach number and

equivalent alrspeed were caloculated from ram-pressure ratio by
the following equations assuming complete pressure recovery at
the engine inlet:

71'1
P\ 71
2 1
=N\ [} [ —= -1 1
*o 71~ .Po) (1)
71'1
- ) 71 :

Vo = Mg\ /7188y (f%) : (2)

Alr flow. - Alr flow at the engine inlet was determined from
pressure and temperature measurements obtalned with four survey
rekes in the inlet annulus. The followling eguation was used to
calculate air flow:

7t
Wa,1 = DP1fy Wl-l o, |\ 2, -1 (3)

Alr flow at station 6 was obtalned by taking into account the
measured alr leakage at the last stage of the compressor in the
following manner:

"’a,e = Wev.,l - W, (4)

13
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Temperatures. - Static temperature was calculated from indi-
cated _tempera’bure » using an impact recovery factor of 0.85.

% = T (5)

o) 1

_Total temperature was calculated by the adiabatic relation between
temperatures and pressures.

Gas Flow. - The total weight flow was calculated as follows:

W
We o
(Engine) Wg g = Wo g *+ 3cho (8)

W
£,0" :E' t
(Tail pipe) Wg 7 = Wg’e = Wy 6+ _:.;636:_

Tall-pipe combustion-chember-inlet velocity. - Veloclty at the
combustlion-chamber inlet during burning was calculated from the con-
tinuity equation using static pressure measured at station 7,
approximately 9 lnches upstream of the flame holder, and assuming
constant total pressure and total temperature from the tall-plpe
burner inlet to the combustion-chamber Inlet

75’1

"‘5#@6) e (7)

Tail-pipe fuel-air ratio. - The tall-pipe fuel-air ratlo is
defined as the ratio of the weight flow of fuel injected in the
tail-pipe burner to the weight flow of unburned air entering the
tail-pipe burner fram the engine. Weight flow of unburned alr was
determined by assuming the fuel injected in the engine combustor
wes completely burned thereln.

(£/a)y = %tw (8)
3600 (W, ) - T

where 0.068 1is the stolchiometric fuel-air ratio for the engine fuel.

1372
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The total fuel-alr ratio for the engine and tail-pipe burner
1s:

We o +Wp &
f,e 7'0,%
= m——te——2
(£/2) = 55 Va,6 (®)

Combustion efficiency. - Taell-pipe combustion efficlency was
obtalned by dividing the enthalpy rise through the tail-pipe burner
by the product of the tall-pipe fuel flow and the lower heating
value of the tail-pipe fuel, dilsregarding dissoclation of the exhaust
888,

3600 W,
ot = Bt

We ¢ ho,t
_ (10)
Tg Tg Tg
3600 (wa,s)ﬂe]Tl+ ¥e,eft,0 g ¥ Wf,tﬂf,tJ T, ~ WE,efc,e
Vet oyt

The engine fuel was assumed to be completely burned in the engine;
Inasmuch as the engline combustion efficlency has been found to be
about 98 percent at rated engine speed, this assumption lnvolves
en error in tail-pipe combustion efficlency of less than 0.5 per-
cent, The enthalpy of the products of combustion was obtalined
from a chart using the hydrogen-carbon ratio and the temperature.
This method 1s explalined in reference 5.

Augmented thrust. - Scale Jet thrust was determined from the
balance-scale measurements by use of the followlng equetion:

Wo,xVx
Fi,e =B+ D+ Dy + XXy Ay (py-pg) (11)

The last two terms of this expression represent the momentum and
pressure forces on the installation at the slip Joint in the inlet-
alr duct. The extermal drag of the installation was determined
with the engine inoperative and with a blind flange installed In
the engine inlet to prevent air flow through the engine. Drag of
the exhaust-nozzle survey rake wes measured over a range of Jet
Mach numbers by & hydraulic balance pilston mechanism,
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Scale net thrust was obtalned by subtracting the equivalent
free-gtream momentum of the inlet alr from the scale Jet thrust

Wa,1V0
Fn’s = FJ,B - —’g—— (12)

Rake thrust 1s glven by the following equation based on pres-
sure obtained at station 83

79-1

79
2Crhgpg7g | (P
FJ,B = -—'7;-:1—— (g) -1l}+ ABCT(pS-Po) (13)

The value of 7g was obtained from an approximate exhanst-nozzle-
outlet temperature calculated from scale thrust.

Normal thrust. - Normal thrust is the theoretical thrust that
would be obtained with the englne and the standerd-englne tail pipe
equipped with a nozzle of a size that glves the same turbine-cubtlet
pressures and temperatures as were encountered with tail-pipe
burning under the same flight conditions. Such a definitlion of
normal thrust takes into account engline deterioration. The normal
thrugt of the engine was calculated from measurements during the
tall-pipe burning program of total pressure and temperature at the
turbine outlet, gas flow at the turbine outlet, and from previously
determined total-pressure loss ratlo across the standard-engine
tall pipe.

76~

Fn,e

W 2y Pat) 78 W,
= £28 ¢ -8 gRt _Q_) B TR 14
8 J 76'1 6 po g 0 ( )

Experimental data indicated that the total-pressure logs through .
the standard-engine tall pipe from station 6 to station 8 at rated
engine speed was nearly 0.032 Pg; Pg' i1s therefore equal to

approximately 0.968 Pg. The Jet veloclty coeffloient CJ used In
equation (14) is shown as a function of tail-pipe pressure ratio:

1372


http://www.abbottaerospace.com/technical-library

E 17

) NACA BM E50G13
i 1.00
- - I
o by O [ ———]
N 3 -

S 2

';lg -96

&

»

5§

&
«92 -
1.0 l.4 1.8 2.2 2.6 3.0

Exheust-nozzle pressure ratio, Pg/pg

Augmented thrust ratio 1s defined as:

Scale net thrust, Fn,s
Normal engine thrust, Fn,e

As previously stated, for the normal thrust, Pg' was approxl-
mately equal to 0.968 Pg. Experimental data also showed that with
the tall-plpe burner inoperative, Pg was a.pproﬁ.niately equal to
0.942 Pg. This thrust ratio was caloulated as follows:

_ 76-1_
7
W 27 P 6 W,
2,64\ (276 - =0 - 8l
* CJ g yam1 gRTg | 1-{1.061 P 2 Yo
F, 6 . | 6 _ (15)
Fn,e — g+
W 2y D )76 W
8 6 (8] 8,1l
¢, 222 — gRP, | 1-(1.,033 = - -z
J £ 76-1 6 | < Ps | £ 0

where Fp ¥ 1s the thrust with tall-pipe burner inoperative. At all
flight Mach numbers, T, was assumed a value of 1700° R. For various
flight Mach numbers, :96/90 and YV, were obtalned from tail-pipe’

burning data. The Jet veloclty coeffliclents were assumed to be equal
for both configurations.

Ls s (U
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Exhaust-gas total temperature, - The total temperature of the
exhaust gas was calculated from the thrust equation and 1s based on
reke thrust.

(7-1)8(Fy g)°
78'1

78
zysa(wg’a)a 1- @-g-)
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TABLE I ~ PERFORMANCE DATA WITH TAIL-~PIPR BURNER

2LeT

Run Altltudsl Plight|Ambient Bugine inlet| Engine|Pafl- [Fail-pips fuel| BSosle |Engine-| Specifioc |Total [Fail~ | Tail- | Tail-pipe |Combus- |[Exhanst mossle
(rs) Mach | statie Total|Total fuel |pipe | dlstribution | thrust inlst fuel fual- pipe pige burner inlet| tion Total [Total
nmsber| pras- pros- | tempe Ilow | fual Prizary |Secood-|Jet |[Net air CONEVMD~ adr  (fuel~- Potal [Total |Chamber- pres- | temper=
L sure | e |atupe Yr,e flow aysten ary |(1b)|(1B) flow tian ratio | air tion pres- inlet sure |ature
Po 1'p [ m | (b (Mo systes Y1 | We/Fn t/s (;;1‘; 01| sure |ature |velooityl Tp | Tpo
(1/aq | (1b/ | (o) | =) [(2B/ (1b/ | {ab/(ho) M| Fe | %o 7 | avs | cory
£t g Bt hr) sec] [1b throst)) byt | (1p/ | (om) (ft/ses) q %
iba.) aq £t abs,)
nba. )
1( 15,000 (0.£85 | 1186 | 1230 | 501 | 5360 [7450| 0,33 | 0.67 2.951  |p.0557 (0.0403 (0,854 | 2285 | 1679 538 1985 | 3410
8t 15,000 | ,B55 | 1183 | 1830 | 405 | 3180 |84D0| x4 +68 2.834 0472 | .0413| 845 | 2178 | 1502 555 1868 | 3112
% (15,000 ( .85 | )1el | 1835 | 502 | S000 [s500| 36 .85 2.7ee 0401 | .0580| .a57 | 2111 { 1B&S 538 1805 | 2017
4 (18,000 ( .228 | 1186 | 1220 ( 499 | 2710 [4720| 37 «63 82.840 0668 | (0393 J7B1L | 1904 | 1483 532 1704 | R4BO
6( 15,000 | 830 | 1190 | 1236 | 503 | #200 (3880 | .41 «59 4.516 .0291 | .0217| .118 | 1708 | 1303 578 1476 | 1418
6| 85,000 [ .g28 [ 981 alo | 492 | 2180 |50uo| 38 iy 28.950 »0541 | ,0409| .803 | 1477 | l&v6 525 1281 | 2312
{85,000 .826 | v8p | o4 | 491 | meo [4v00| .37 o83 2,874 0617 | .0487| 812 | 1471 | le4s 525 1966 | 3e3e
B 4000 | .e85 | 781 809 | 497 | 3040 |4850| .38 .61 2,901 o477 | 0410 005 | 1484 | 1633 587 1816 | 3080
9|a5000( 835 | %78 | BO6 | BOO | 1830 [3680| ,41 +59 2.897 0427 | L0569 774 | 1382 | 1563 524 1184 |-gB12
10| 95,000 | .215 | 7as | 810 | 405 | 1900 [3280| .42 .58 8,813 .03688 | .0510| .71 | 1349 | 1580 37 1138 | 2541
1) | 86,000 | ,835 | %81 M8 | 50 2680 (7200 .33 » 87 5.280 0627 | .0814| 733 | 1768 | 1607 627 1500 | 3466
18| 25,000 | 540 | 778 || ®45 | 495 | 2540 |8800| .34 W88 5.161 .0568 | .082a| .784 | 1708 | X665 530 1468 | 336
13| BB,000 | 540 | 777 | 44 | 406 | 2470 (5800 .36 «66 5.063 +0514 | .0488 | 846 | 1481 | 1684 541 3208
14 | 25,000 | .530 781 046 | 499 | 2340 (4690 ,37 o83 5.083 .0451 | 0583 | .038 | 1635 | 157 546 157¢ | 5012
15| 85,000 | .655 788 949 | 805 | 1760 {34T0| .40 o589 4.B541 .0338 | ,0283| 500 | 1380 | 136 588 1108 | 1746
18| 25,000 | 745 | 781 | 1130 | 480 | 3100 |7300| .33 87 2,887 0645 |-,0502| .776 | 2073 | 1847 531 1766 | 3ge8
17| 88,000 | .55 | 781 | 1140 | 498 | 2800 |6éco0| .34 86 2,788 L0468 | L0409 023 | 1985 | 1564 528 1688 | 5060
18| 86,000 | 770 | 773 | 1140 | 492 2540 |4870| .38 . 84 2.788 0302 | .0823| .763 | 1853 | 1478 543 1537 | 2613
e ,000 | 755 780 | 1139 | 496 | 2400 |4500( .38 « 68 £.986 .0367% | o208 | 731 | 1797 | 1424 539 1438 | 8478
20| 25,000 | J755 | 778 | 1138 | 495 | 2230 |4170| .39 o8l 5.060 «0341 | .0271L| .390 | 1708 | LpL376 55Y 1362 | 81635
R1| 25,000 | 785 | 774 | 1136 | 498 | 3000 |37BO0| .40 «+ 80 4.488 L0808 | 0238 | 295 | 15353 | 1501 803 1234 | 1829
27 | 85,000 | .765 78 | 1143 | 508 1890 (8600 ( .46 o B4 7.820 .0832 | 0185 |-.104 | 1486 | 1240 875 1083 | 11es
23 | 35,000 | B35 494 514 | 498 1450 (3880 41 . 59 5.271 .0503 | .0588 | .680 936 | 1718 544 800 | 3E67
a4 | 35,000 | 225 | 493 511 | 497 | 1410 |3000| .43 - 57 3.088 .0581 | .0404 | .76 | 981 | L7ov BE2 781 | 5815
86 | 35,000 | .BRS 492 511 | 497 1380 (2700 .48 «Bb £2.975 +0401 | ,0433| .B833 | 914 | 1698 552 776 | 3168
Q8 | 55,000 | 885 | 494 514 | 498 | 1840 [3400| .46 « 54 3.119 .0437 | .0570| .665 | B53 | 1505 551 730 | 2662
a7 | 35,000 | 295 494 818 | 498 1800 |8100 48 .62 2,957 08304 | 0519 | 883 B47T | 1504 562 714 | 2600
28 | 45,000 | L8355 308 318 | 493 830 [2100| 48 52 5.465 L0579 | 0650 600 | 567 | 1713 558 477 | 3014
20 | 45,000 | 225 | 308 319 | 401 870 |1e00| .50 «50 3.498 .0830 | 0494 | 354 530 | 1718 B70 483
50| 45,000 | 235 | 308 318 | 493 880 |1800| 50 +50 | g7g | 763(14.86 3.488 L0617 | L0487 | 548 045 | 1714 5T 487 | e7e3
31| 45,000 | .240 | 503 315 | 490 B840 [1780 | 50 «80 | agd | 778|14.81 3.330 .0805 | .0484 | .5a2 545 | 1707 B870 450 | 2758
38| 45,000 | 286 | 30L | 312 | 404 810 1700 | .51 <40 | 324 | 716(14.17 3,510 20801 | JOMT7 | 481 52 | Lea7 576 __1. 4568 | 2545
33 | 48,000 | .820 299 309 | 498 400 |1s60| .51 «48 | aoe | 7o01|13.96 3.510 «0498 | .0444 | G52 | B17. 28777860 | 436 | 281
54 | 45,000 | .ROS 299 308 | 495 790 (1800 | <58 «48 | 794 | 897|15.87 3, 043¢ 530 | 1868 548 443 | 2045
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Detall A: four holes per
tube, 0,031-inch diameter;

fuel spray perpendicular
to gas flow.

12 5
15 Detail B
Detall B: two holes per

tube, 0.031-Inch diameter;

fuel spray perpendiocular
tc gra flow.
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Detaill C: eix holes per
tube, 0.041-inch diemater;
fuel sprey perpendicular
to gas Tlow.

Flgure 5. - Schematic dlagram of tall-pipe fuel asystem for' configuration C.

_

%eza Ilow meter

13%. inches wpetream
of f holder

Pllot cons nozyle

Solenoid
valve

£

2LeT

Primary syst

Flow divider

44 inches upstresm
of flame holder

Pressure gages

Breeze
low meter

N Secondary system

~TE

18% inches upstream
of flame holder

Bydranlic

Fuel
supply

Rotametsr

-Atmospheric vent

=
X
(2]
x>
2
2
W

62


http://www.abbottaerospace.com/technical-library

\N
o

» 80
8
i
fuof N
5 ~L
840
B ~———
£
& 20
E
-
3
R o 1000 2000 3000 3000 “BO00 6000 0 BO00

Tail-pipe fuel flow, Wy ,, 1b/hr

g19063 WY YOV

\ Figure 6. ~ Flow divider schedule for tall-plpe burner,

SL8T



http://www.abbottaerospace.com/technical-library

1372

NACA RM E50G13

31

o Total-pressure tube
o Static—-pressure wall orifice
X Thermocouple

Vertical

center line

Combustor 1

fOX OXOXOXO

4

DXOXOXOX0

(a) Tail-pipe-burner inlet, staticn 6, 9% inches downstream of tail-
pipe—burner inlet, .

Flgure 7, — Cross sectlions of measuring stations showing location of

Instrumntation,

Viewed from upstrean,
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(b) Exhaust nozzle, station 8, 1 inch upstream of exhaust-
nozzle outlet,

FPlgure 7, - Concluded. Cross sections of measuring statlons
showing locatlion of instrumentation, Viewed from upstream.
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Flgure 8, — Effect of altitude on variastion of combustion—chamber—inlet
velocity and tall-pipe-burner—inlet condltions with tall-pipe fuel-
alr ratio. Engine speed, 7900 rpmy flight Mach number, 0,23,
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Figure 11, - Effect of flight Mach number on variation of combustion-
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Figure 12, = Effect of flight Mach number on varlation of exhaust-gas
temperature and tall-pipe combustion efficiency with tail-pipe
fuel-alr ratio, Altitude, 25,000 feetj engine speed, 7900 rpm,
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