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NACA RM No. EBJ21 CONFIDENTIAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

EXPERIMENTAL INVESTIGATION OF THRUST AUGMENTATION OF A TURBOJET
ENGINE AT ZFRO RAM BY MEANS OF TAIL-PIPE BURNING

By Bruce T. Lundin, Harry W. Dowmen, and David S. Gabriel

SUMMARY

The performance of a turbojet engine equipped with a tail-pipe
burner designed by the NACA has been investigated at zero ram over a
range of rotor speeds and tall-pipe-burnecr fuel flows. The burner is
gimple in constrvction, consisting essentially of an enlarged tail
pipe incorporating fuel-spray nozzles and a flame holder. An
ad justable-area exhaust nozzle is installed at the burner discharge.

A thrust augmentation of 40 percent was obtained at zero ram for
a tail-pipe-burner fuel-air ratio of 0.043 or a total fuel-air ratio
of 0.056. The over-all stecific fuel consumption for this thrust
increase was about 3.1 pounds per hour per pound of thrust. These
tests were conducted with turbine-discharge pressures lower than normal
and therefore sligntly higher thrust augmentaticns would be expected
under rated engine operating conditions. Calculations of engine and
burner performance at ram conditions, based on the test data, indicate
a net-thrust augmentation of 140 percent at a flight speed of 900 miles
per hour.

Although the maximum tail-pipe-burner discharge temperatures were
estimated at about 4000° R, the temperature of the burner shell and
ad justable nozzle did not exceed 1200° F for any test. This condition
obviated the need for any special cooling of the burner shell.

The loss in thrust without afterburning caused by the internal
drag of the tail-pipe burner was 6.7 percent for a teat condition with
oversized exhaust-nozzle area and therefore lower than rated turbine-
discharge pressure and temperature. Calculations chow that this value

would be reduced to about 3% percent at rated engine conditions.
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INTRODUCTION

The inherently low propulsive efficiency of turbojet engines at
low flight speeds results in relatively poor take-off and climb
characteristics of jet-propelled aircraft as compared with conven-
tional engine-propeller powered aircraft. In order to improve the
low-gspeed flight characteristics of jet-propelled aircraft, it is
necegsary to augment the normal engine thrust for short periods of
time. The availability of momentary thrust augmentation is partic-
ularly desirable for military aircraft in order to obtain the addi-
tional thrust required for high-speed Ilight.

An invegtigation of various methods of augmenting the thrust of
turbojet engines is being conducted at the NACA Cleveland laboratory.
One of the methods being investigated is tail-pipe burning, or after-
burning, wherein the gas temperatures and Jet velocities are increased
by the burning of additional fuel in the tail pipe of the engine. This
method of thrust augmentation is particularly advantageous because of
the ease of operation and relatively low liquid consumption as compared
with other methods. Because only a small amount of additional equip-
ment is required for the tail-pipe-burner installation, which consists
mainly of an adjustable-area exhaust nozzle and enlarged tail pipe
incorporating fuel nozzles and a flame holder, this method also has
the practical adventage of gimplicity of installation.

A wind-tunnel investigation of a turbojet engine equipped with a
tail-pipe burner, which was conducted under various flight and alti-
tude conditions, is described in reference 1. A concurrent investi-
gation of the performance of various other types of tail-pipe burner
was conducted at zero ram and gea-level conditions. The tail-pipe
burner incorporating the most satisfactory design features investi-
gated and the performance of a turbojet engine equipped with this
burner are described. Thig performance investigation covered a range
of rotor gpeeds and tail-pipe-burner fuel flows. The results are
compared with the performance of the engine with the standard tail
pipe and the effect of the tail-pipe burner without afterburning on
the thrust of the engine is evaluated.

APPARATUS

Test engine. - The performance of the tall-pipe burner was inves-
tigated on a TG-180 turbojet engine, which has an ll-stage axial-flow
compresgor, eight cylindrical combustion chambers, and a single-stage
turbine. The rating of the engine is as follows:
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For all tests, JP-1 fuel was used in the engine and AN-F-22 fuel was
uged in the tail-pipe burner.

Engine installation. - The general arrangement of the installation
of the engine with the standard teil pipe is shown in figure 1. A
spherical "clam-shell" type adjustable-area exhaust nozzle having a
discharge-area range from 224 to 283 square inches wes installed at
the end of a 30-inch long tail pipe. This short tail pipe, which has
an inside diameter of 21 inches, was installed to provide for discharge
of the exhaust gas outside the test cell., The engine was mounted on
a swinging framework suspended from the celling of the test cell and
the engine thrust was balanced and meagured with an air-pressure dia-
phragm (fig. 1). An inlet-air nozzle, fitted with an exit diffuser,
wag used to determine the air flow. The engine speed and fuel flows
were measured with standard instrumentation.

Tail-pips burner. - Several different types of talil-pipe burner
were investigated; the complete asgembly of the engine with the burner
that incorporated the most satisfactory design feetures is shown in
figure 2. This burner is simple in ccnstruction, consisting essen-
tially of an enlarged tail pipe, which incorporates fuel-gpray nozzles
and a flame holder. A sketch of the taill-pipe burner showing the
details of construction is shown in figure 3; a photograph of the
burner assembly removed from the engine is shown in figure 4.

The burner shell consists of a 6-foot section of straight duct
made out of one-sixteenth inch thick Inconel and has an inside diameter

of 25§ inches. The burner is attached to the engine by means of an
annular diffuser section having an outlet-to-inlet area ratio of 1.5
and a short adapter section, which is bolted to the turbine-discharge
flange (fig. 3). The annular diffuser is formed by an inner cone,
gimilar to but slightly shorter than the gtandard turbine-discharge
inner cone, and an outer duct. An adjustable-area exhaust nozzle
similar to that used in the standard tail pipe and with a discharge-
area range from 265 to 397 square inches is fitted to the discharge
of the tail-pipe burner.

As shown in figure 3, the fuel was introduced into the tail-pipe
burner through two rings of spray nozzles, an upstrsam ring and a
downstream ring. The upstream spray-nozzle ring protrudes about one-
eighth inch from the surface of the turbine-discharge inner cone near
the turbine discharge and consists of twenty 40-gallon-per-nour
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nozzles. The downstream nozzle ring consists of eighteen 60-gallon-
per-hour sprey nozzles located within the tail-pipe burner near the
end of the turbine-discharge inner cone. .The spray nozzles in this

second ring, which has a diameter of 14% inches, were directed down-

gtream. A small step in the turbine-discharge inner cone provided a
geat for the flame produced by the fuel injected from the upstream
ring of nozzles. A 2 inch wide, semitoroidal flame holder having a
diameter of 16 inches was located approximately 9 inches downstream

of the downstream ring of spray nozzles. A rhotograph of the adapter
gection and the modified turbine-discharge inner cone, showing the
upstream ring of fuel nozzles, is presented in figure 5. A photograph
of the tail-pipe-burner section, including the downstream fuel nozzles
and flame holder, viewed from the upstream end is shown in figure 6.

A single spark plug located near the step in the turbine-discharge
inner cone was provided for ignition,

Temperature and pressure insbtrumentation. - The stations at which
the engine with the standard tail pipe and the tail-pipe burner were
instrumented for temperature and pressure measurements are shown in
figures 1 and 2, respectively,

The number, type, and location of thermocouples werc asg follows:

(a) Total temperature at compressor inlet (station 1) Ty: aver-
age of 20 thermocouples, five in each of four rakes 90° apart in the
inlet annulus.

(b) Indicated gas temperature at turbine discharge (station 5)
Tg: average of eight strut-type thermocouples located approximately

4 inches downstream of the turbine discharge, l% inches in from the

duct wall, and on the center line of each of the eight combustion
chambers.

(c) Gas temperature at standard teil-pipe inlet (station 6) T,:

average of eight strut-type thermocouples equally spaced in a circle
4 inches in from the tail-pipe wall.

The number, type, and location of pressure tubes were as follows:

(a) Total pressure at compressor inlet (station 1) Py: averags

of eight total-pressure tubes, two in each of four rakes 20° apart
(check provided by open-end tube in quiet zone of test cell).

(b) Static pressure at tail-pipe-burner inlet (station 6) o

pressure of piezometer ring connected to four equally speced wall taps.
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(c) Static pressure at tail-pipe-burner outlet (station 7) D,
pressure of piezometer ring connected to four equally spaced wall
taps.

Four thermocouples were also spot-welded to the shell of the
tail-pipe burner and to the adjustable-area exhaust nozzle at the

locations shown in figure 2.

PROCEDURE

The following tests were conducted to determine the perfommance
and operating characteristics of the engine equipped with the tail-
pipe burner:

Test A. - Engine performance tests using the standard tail pipe
were conducted for four positions of the adjustable-area exhaust
nozzle over a range of indicated rotor speeds from 6C00 to 7700 rpm.

Test B. - Performance tests of the engine equipped with the
tail-pipe burner were run for a range of total tail-pipe-burner fuel
flows from 1.0 to 3.0 pounds per second and over a range of indicated
rotor gpeeds from 65CC to 7700 rpm. The posgition of the adjustable-
area exhaust nozzle was varied as required to maintain the turbine-
discharge temperatures within the range of those obtained in the tests
with the svandard tail pipe., For each total tail-pipe-burner fuel
flow, the proportion of fuel injected in the upstream and downstream
fuel manifolds was varied within the range of satisfactory burner
operation.

Test C. - Performarce tests of the engine equipped with the
tail-pipe burner wers conducted without afterburning, with the
ad justable nozzle in the closed position, and over a rangs of rotor
gpeeds from 6000 to 7700 rpm. This test was conducted to evaluate
the loss in engine thruest without afterburning caused by the internal
drag of the tail-pipe burner.

Teat D. - Test A was repeated to determine the chenge in standard-
engine performance that occurred during the tail-pipe-bturner and drag
tests.

No gpecial effort was made in any of these tests to provide an
ignition system that would ignite the tail-pipe burner at high engine
speeds. With the burner ignition system used it was necessary to
reduce the rotor speed to approximately 4000 rpm before igniting the
burner.
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SYMBOLS

The following symbols are used in this report:

F thrust of engine with standard tail pipe, (1b)
T thrust of engine with tail-pipe burner, (1b)
3 total specific fuel consumption for engine and tail-pipe

burner, (1b)/(hr)(1lb thrust)

(f/a)y, tail-pipe-burner fuel-air ratio

N rotor speed, (rpm)

P total pressure, (1lb/sq in. absolute)

D static pressure, (1b/sq in. absolute)

Gy, tail-pipe-burner inlet velocity pressure (based on average
velocity computed for section 6-6, fig. 2),
(1b/sq £t absolute)

P total (indicated) gas temperature, (°R)

Wy air flow, (1b/sec)

Ve 1 fuel flow to tail-pipe burner, (1b/sec)

Ve o fuel flow to engine, (1b/hr)

Apf friction static-pressure drop between stations 6-6 and 7-7
(fig. 2), (1b/sq £t absolute)

o) ratio of compressor-inlet total pressure P1 to NACA standard
gea-level pressure

e ratio of compressor-inlet total temperature Ty to NACA
gtandard sea-level temperature

Subscripts:

1 compressor inlet

5 turbine discharge

6 tail-pipe-burner inlet (or tail pipe)

7 tail-pipe-burner outlet
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METHOD OF CORRECTION AND DATA ANALYSIS

All engine performance data are corrected to standard conditions
at the compressor inlet by means of the following correction factors:

£//6  corrected total specific fuel consumption,
(1b)/(hr) (1b thrust)

F/3 corrected thrust, (1b)
N//e corrected rotor speed,(rom)
T/G corrected temperature, (°R)

corrected air flow, (1lb/sec)

Waa /6
8

W
€%E§ corrected fuel flow to engine, (1b/hr)
b 1.

.- J¥ P
5./ 6

corrected fuel flow to tail-pipe burner, (lb/sec)

The fuel flow to the tail-pipe burner Wf b 38 corrected in the
same manner as the engine fuel flow Wf s woln. drder to keep the same
tail-pipe-burner temperature raiio, hence the same thrust augmentation,
over the range of the correction.

The engine thrust obtained with the tail-pipe burner should be
compared with the thrust obtained with the standard tail pipe at the
same corrected rotor speed and turbine~disoharge gas temperature.,
Because of the possibility that differences in the thexrmocouple loca-
tions and the tail-pipe design for the two configurations might cause
the use of measured turbine-discharge temperatures to result in an
unreliable comparison of engine performance, the corrected engine fuel
flow was used as the reference parameter. For each test point with
tail-pipe burning, the exhaust-nozzle size for the standard engine
that resulted in the same corrected engine fuel flow (at the same
corrected speed) was determined from the curves of test D and the
corresponding thrust of the engine with the standard tail pipe deter-
mined for this nozzle size. Because the turbine-discharge temperature
for both configurations would be the same at the same corrected rotor
speed and engine fuel flow if the component efficiencies of the engine
did not change, the comparison of engine thrust obtained in this menner
ig effectively made at the same rotor speed and turbine-discharge gas
temperature.
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RESULTS AND DISCUSSION
Engine with Standard Tail Pipe

The thrust of the engine with the standard tail pipe at a cor-
rected rotor speed of 7500 rpm for tests A and D is shown plotted
against the corrected fuel flow to the engine in figure 7. These
data were obtained from cross plots of engine thrust against rotor
speed for the different positions of the adjustabls-area exhaust
nozzle and show that the change in engine thrust during tests B and
C is very small. Because of this small change in engine thrust,
the performence of the engins with the standard tail pipe may be

obtained from either test A or D. Accordingly, the results of test D

are used as a basgis for evaluation of tegsts B and C.

The performance of the engine with the standard tall pipe
(obtained from test D) is shown in figure 8, in which corrected
thrust, fuel flow, turbine-discharge gas temperature, tail-pipe gas
temperature, and air flow are plotted against the corrected rotor
speed. The turbine-discharge temperature Tg 1is about 100° F higher
than the tail-pipe gas temperature Tg; because 1t was measured by
thermocouples located in a hot region of a circumferentially uneven
temperature field at the turbine digcharge. During tests with both
the standard tail pipe (tests A and D) and with the tail-pipe burner
(test B), the engine was operated with tail-plipe gas temperatures

approximately 100° F below normal in order to prolong the engine life.

The increased exhaust-nozzle area required to maintain these lower
temperatures resulted in lower pressures with approximately the same
gas velocity at the inlet to the tail-pipe burner as compared with
rated engine operation. Because these changes in temperature and
pressure are considered adverse to combustion, this test procedure
is considered conservative insofar as the combustion characteristics
of the tail-pipe burner are concerned. These lower tail-pipe-burner
inlet pressures would also result in slightly lower thrust augmenta-
tion for the seme burner temperature ratio, as will be illustrated
later.

Engine with Tail-Pipe Burner, No Afterburning

A comparison of the performence of the engine with the tail-pipe
burner without afterburning (test C) to the engine performance with
the standard tail pipe (test D) is shown in figure 9. For this com-
parison, the performance of the engine with the standard tail pipe is
given for the same engine fuel flows as obtained with the tail-pipe
burner. The engine thrust for both of these tests is lower than the
meximum obtained in test D (fig. 8(a)) because the minimum area of
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the burner tail-pipe nozzle was toc large to psrmit operation without
afterburning at desired turbine-discharge gas temperatures. A com-
parison of tests C and D shows that the tail-pipe burner causes a
loss in thirust of about 6.7 percent (200 1b) at a corrected rotor
speed of 7700 rpm (fig. 9{a)). Because of the lower pressures in the
tail plpe caused by the oversized exhaust nozzle, this lossg in thrust
isg higher than would be obtained if the engine were operated at

rated conditions. Theoretical calculations based on this measured
thrust loss at the conditions of the test indicate that a loss of

1
thrust of about 3z percent would occur if the exhaust-nozzle area
(=]

were sufficiently rsduced to maintain maximum allowable gas temper-
atures. As would be expected, both the tail-pive gas temperatures
and the air flow are only slightly affected by the installation of
the tail-pipe burner.

The friction pressure-drop coefficient Apf/qb of the tail-pipe
burner was determined from the measured static-pressure drop between
the burner inlet and the burner outlet and had a congtant value of
about 0.30 over the range of the tests. Although this pressure-drop
coefficient is considered only approximate because of the difficulty
of accurately measuring the small difference in pressure, it indicates
that the internal drag of the burner is low.

Engine with Tail-Pipe Burner, terburning
Engine performance, - The corrected performance of the englne

with afterburning over a range of rotor speeds and for various fuel
fiows into the tail-pipe burner (test B) is presented in table I,

The ratio of the thrust cbtained with the tail-pipe burner to
the thrust obtained with the standard tail pipe at a corrected rotor
speed of 7500 rvm (indicated rotor speed, approximately 7700 rpm) is
plotted against the ratio of tail-pipe-burner fuel-air ratio to
turbine-discharge gas temperature (f/a)y/Tg in figure 10. When the

ffects of dissociation and variable specific heats are neglected,
the factor (f/a)b/Ts is proportional to the tail-pipe-burner tem-
perature ratio and therefore serves to correlate the data. A maximum
increase in thrust of 40 percent was obtained, at which point the
corrected tail-pipe-burner fuel-air ratio was 0.043 (total fuel-air
ratio, 0.056) end the corrected turbine-discharge gas temperature
was 1600° R. The scatter of the data is attributed mainly to varia-
tiong in tail-pipe-burner eff'iciency and also in part to variations
in turbine-discharge pressure between the various tegt points.
Although a superficial examination of the data may indicate that
highest thrust augmentation is obtained when 50 to 60 percent of
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the fuel is injected in the upstream fuel nozzles, the effect of the
variation in turbine-discharge pressures would obscure any effect

of the fuel-injection method on the thrust augmentation. The effect
of the method of fuel inJjection on the operating characteristics of
the tail-pipe burner is subsequently discussed.

A plot of the thrust augmentation as a function of the total
gspecific fuel consumption is presented in figure 11 for a corrected
rotor speed of approximately 7500 rpm. This curve shows that the
total specific fuel consumption increases from about 1.1 to 3.1 pounds
per hour per pound of thrust as the augmentation increases from 0 to
40 percent. The scatter of the test points is attributed mainly to
variations in tail-pipe-burner and turbine-discharge pressures, as
was noted in figure 10 and, to a lesser extent, to changes in the
turbine-discharge temperatures.

The thrust augmentation is replotted as a function of the ratio
of tail-pipe-burner outlet temperature to inlet temperature in fig-
ure 12. The theoretical thrust augmentation for both rated turbine-
discharge conditions and the average conditions obtained during
test B is included for comparison. The calculations for these theo-
retical curves were based on the internal drag of the tall-pipe burner
as determined from the measured thrust loss of test C. It is noted
from these theoretical curves that the thrust augmentaticn for any
fixed temperature ratio is higher for rated engine conditions than
for the average conditions of the tests. This difference is mainly
due to the smaller effect of burner pressure drop at the higher
burner-inlet pressures attendant with rated engine operation. From
these considerations, it may be expected that thrust augmentations
greater than 40 percent would be obtained with the present tail-pipe
burner at rated engine operating concitions.

The temperature ratic for each of the test points was calculated
from the measured tail-pipe-burner fuel-air ratio and turbine-discharge
temperature, including the effects of dissociation and variable spe-
cific heats. Although a high degree of accuracy cannot be claimed for
calculations of temperature ratio at rich mixtures, the good agreement
between the theoretical curve (for the test conditions) and the test
points indicates that the over-all efficiency of the tail-pipe burner
was high.

Because both the propulsive efficiency of the engine and the
turbine-discharge pressure increase with flight speed, the net -thrust
augmentation for any fixed tail-pipe-burner temperature ratio also
increases as the flight speed is raised. This characteristic is
illustrated in figure 13 in which the calculated net-thrust augmen-
tation is plotted against flight speed in miles per hour for gea-level
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conditions. A scale of corresponding flight Mach numbers ig included
for convenience. Curves for both rated engine overating conditions
and for the turbine-discharge conditions obtained for the test point
at the highest tail-pipe-burner fuel flow are presented in this fig-
ure. The variation of engine operating conditions with flight

speed wag determined from calculations based on the performance
curves of figure 8 and the thrust augmentation was calculated by
theoretical methods. Both of the curves were calculated for a con-
stant temperature-rise ratio of 2.34; this temperature ratio is the
ratio required to obtain a thrust augmentation of 40 percent at zero
ram for the conditions of the chosen test point. The tail-pipe gas
temperature was assumed to be held constent (at 1475° R for test
conditions and 1680° R for rated conditions) over the range of flight
speeds by adjustment of the exhaust-nozzle area.

No combustion difficulty would be expected with the tall-pipe
burner at high flight speeds because of the considerable increase in
burner-inlet pressure which, as was noted previously, is favorable
to combustion. The burner fuel-air ratio would, of course, be con-
stant over the range of flight speeds because the tail-pipe gas tem-
perature was assumed constant. The curve calculated from actual test
conditions indicates that a thrust augmentation of 140 percent may be
expected at 900 miles per hour (ram-pressure ratio, 2.1l at sea level).

Operating characteristics. - In general, the most satisfactory
operation of the tail-pipe burner was obtained when an egual or
slightly greater quantity of fuel was injected in the upstream fuel
nozzles than in the downstream fuel nozzles. The injection of
greater quantities of fuel in the downstream fuel nozzles resulted
in reduced thrust augmentation and overheating of the burner shell.
When more than 60 percent of the fuel was injected from the upstream
spray nozzles, the combustion became rough and intermittent. Steady
combustion was obtained throughout the range of test conditions
pregented.

Although the maximum tail-pipe-burner cutlet temperatures are
estimated at about 4000° R, the temperature measured on both the
burner shell and exhaust nozzle did not exceed 1200° F for any of
the tests reported. This condition, which is attributed to a layer
of low-temperature gas along the inside of the burner wall, obviated
the need for any special cooling of the tail-pipe-burner shell.
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SUMMARY OF RESULTS

An investigation of thrust augmentation at zero ram conducted
on a turbojet engine equipped with a simple tall-pipe burner designed
by the NACA gave the following results:

1. A thrust augmentation of 40 percent was obtained at zsroc ram
for a tail-pipe-burner fuel-air ratio of C.043, or a total fuel-air
ratio of 0.056. The over-all specific fuel consumption for this
thrust increase was about 3.1 pounds per hour per pound of thrust.
These tests were conducted with turbine-discharge pressures lower
than normal and therefore slightly higher thrust augmentations would
be expected under rated engine operating conditions. Calculations
of engine and burner performance at ram conditions, baged on the test
data, indicated a net-thrust augmentation of 140 percent at 900 miles
per hour.

2. Although the maximum tail-pipe-burner discharge temperatures
were estimated at about 4000° R, the temperaturc of the burner shell
and adjustable nozzle d4id not exceed 1200° F for any test. This
condition obviated the need for any special cooling of the burner
shell,

3. The loss in thrust without afterburning caused by the internal

drag of the tail-pipe burner was 6.7 percent for a test condition
with oversized exhaust-nozzle area and therefore lower than rated
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turbine-discharge pressure and temperature. Calculations show that

this value would be reduced to about 3l percent at rated engine
conditions. 2

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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TABLE T - CORRECTED PERFORMANCE DATA FOR TAIL-PIPE-BURNING TESIS, TEST B

TV IINHATANOD

Rotor|{Thrust | Engine Alr Turbine- Tail-pipe- Tail- |Total|Total
speed| (1b) !fuel flow |discharge burner fuel flow pipe - |fuel-}specific

Run | (rPm) flow |(1b/sec)|temper- | Up- Down- | motay |Purmerjair [fuel

(1b/hr) ature stream | stream fuel- |ratio|consumption
(°R) (1b/sec)| (1b/sec) | (1b/sec)iair (1v)/(nr)
ratio (1b thrust)

7 {6368 | 2247 | 2192 551407 1454 0.66 0.34 1,00 ]0.01820.0293 2.581
8 {6836 | 2644 | 2532 60.95 1472 <65 .34 S 0163 |.0278 2.306
9 |7480 | 3192 | 3044 68.16 1510 .64 .34 28 .01441.,0268 2.062
10 16354 | 2557 | 23525 54 .81 1508 s 1.00 IS8 .0278}.0396 3.052
1416852 2981 2694 B2 LBES =52 1.00 i 2 .02481.0370 2. 136
12 |7466 | 3610 | 3246 68.33 1576 i 1.00 s 0222 |. 0554 2.410
13 |6329 | 2757 | 2442 54.58 1566 76 T4 155,52 .0278 |.0403 2.86°
14 {6825 | 3291 | 2860 61.08 1586 S7105 16 1552 .02481.0378 2.528
15 |7456 | 3985 | 3490 68.14 1647 (8 T4 L 5 02231, 0865 2.248
16 (6319 | 2817 { 2463 54.26 1581 w33 =50 1.49 .02751.0401 2185
17 |6842 | 3381 | 2903 61.44 1598 S s 50 1.48 .02411.0373 2.437
18 |7463 | 3974 | 3472 68.45 1651 S .49 1.46 .0214 |.0355 i 452/
22 16369 | 2776 | 2334 55500 1540 1.00 1@ 2,01 .03651,0483 3.447
23 {6848 | 3295 | 2712 61221 1551 1.00 (O 21,01 .0328 {.0451 3.018
24 17500 39685 SIS 68.59 1605 1.00 1.01 2 i .0294 1.0429 2.651
26 16840 15295 = a2 61.47 1552 1.20 82 2402 0327 |.0450 30z
27 {7497 | 4005 | 3302 68.68 1609 ERES) 52 2 AL « 0292 |304Z® 20626
28 6909 | 3394 | 2747 61.92 1562 ik oL 1.49 2,50 .0403 |.0526 3.456
29 7512 4127 | 3342 68.68 1618 1.00 1.47 2.47 .0359 {,0495 2.968
30 {6870 | 3477 | 2742 61.48 1570 1.26 1526 Z2a5e .0408 |.0532 55689
31 |7506 | 4214 | 3362 68.68 1632 LL25 1.25 2.50 .0364 |.0500 20985
34 {7460 | 4193 | 3349 B9 0t 1597 a6 2h1o 2.95 .0427 |.0562 3G
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6

Upstream flange of
[—foil-pipe burner

Figure 6. - Upstream view of tail-pipe burner showing down-
stream spray nozzles and flame holder.
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Figure 7, = Comparison of thrust for engine with standard tail pipe
from tests A and D at corrected rotor speed of 7500 rpm.
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Figure 10, = Variation of thrust augmentation with ratio of tail-pipe-burner
fuel-alr ratio to turbine-discharge gas temperature at corrected rotor
speed of approximately 7500 rpm.
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