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AXTAL-FLOW TURBOJET ENGINE
By William A. Fleming and Lewis E. Wallner

SUMMARY

Thrust sugmentation Of an axial-fiow type turbojet engine by
burning fuel in the tall pipe has been ‘Investigated in the NACA
Cleveland al titude wind tunnel. The performance was determi ned
over d range of slmiated flight conditions and tall-pipe fuel
flows. The engine tail pipe was modified for the Investigation to
reduce t he gas veloclty at the inlet of the tall - pi pe combustion
chamber and to Pr OVi e an adequate seat for the flame; f our such
modifications were investigated.

The highest net-thruet increase cbteined in t he investigation
was 86 percent with a net thrust specific fuel comsumption Of 2. 91
and & total fuel-air ratio of 0.0523. The highest combustion effi-
clencies obtained with t he f our Oonfigurations ranged from 0.71
to 0.96. Wththree of the tall-pipe burners, for which no
external cooling was provided, {he exbaust nozzle and t he reaxr part
of the burner section WEI € bright red during operation al high tail-
pipe fuel -ai r ratios. With t he tail-pipe burner for vhl oh fuel and
wat er cooling Were provided, t he outer shell of the tall-pipe
burner showed no evidence of €| evat ed temperatures at any Operati ng
ocondition.

INTRODUCTION

Thrust angmentation Of turboj et engines is Of importance in
inoreasinﬁ t hel r usefulness and renge Of application. Utilization
of thetall pipe for burning fuel provides a practical cycle for
increasing t he thrust Of turboj et engines. Thie t hr ust increase
is obtalined without Increasing the maximum temperature OI stresses
in the turbine buckets or otherwise disturbing the normal oycle Of
engine Operation, provided that the tall-pi pe nozzle area is
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inoreased., A veriable-area exhaust nozzle is therefore required t O
obtaln maximm thrust both with and without tall-pipe burning.

A broad research program on thrust augmentation 1s being con-
ducted at the NACA Lewls laboratory. AS part of this progrem,
an investigation of thrust augmentation by meens of tall - pi pe burn-
ing wvas conduocted in the NACA Lewis altitude wind tunnel from
May to August 1947 t O study several taill-pipe-burner configurations
on an axial-flow-compressor type turbojet engine with a thrust
reting of 3000 pounded Tail-pipe-burning I eSultsS obtainedon
another axial-flow-compressor t ype t ur boj et engine | n t he altitude
wind tumnel are reported in references 1l and 2 and resulits obtalned
at statio sea-level conditions al € presented in reference 3.

Operaetional and performance charecteristics of fouwxr tall-plipe
burner configurations were obtained over a reange of simulated alti-
tudes, flight Mach mmbers, and tall-pipe fuel flows. FPerformance
obtained W t h t hese tail-pipe burners is present ed in bot h graphical
and tabular form and campared with the performance Of the engines
in the normal ocomnfiguretion. The operetional charscteristios of
each t al | - pi pe burner are aiscussed and t he combustion efficiencies
alr e presented..

IRSTATLATION
Engine and Installation

Tall-pipe-burner performance was investigated with an early
experimentel Westinghouse 24C turbojet engine, which has en ll-stage
axial-flow campressor, a double-axmulus combustion chamber, and a
two-stage turbine, -Rated thrust of the engine 1s 3000 pounds at
st at 10 sea-level conditions and an engine speed of 12,500 rpm. The
engine eir flow at this cxniltl onl sa~t 3y58. 5 pownds per
second. The firsttwo taill-pipe-burner configurations (A and B)
Wer € investigated ON a standard englne and the other two configura-
tions (C and D) were investigated on 2 modified engilne having a
slightly higher thrust and turbins-outlet temperature. The two
engines are described and their performance is compared In refer-
ence 4. For the eftireciinvestigation, aviation gasoline that con~-
formed to apecificationa AN-F-28, Amendment 3 and had a lower heat-
ing value of 19,500 Btu per pound was used in both the engines and
t he tail-pipe durners.

The engine was movnted in & wing nacelle installed in the
20-foot-diameter test section of the altitude wind tunnel, ae shown
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in figure 1. In order to simplify the lnatallation, no oowling was
installed around theengli ne. Dy refrigerated air was supplied to
the engine through e duct from the tunnel make-up alr system. This
duct was connected to the engine-inlet duot by means of a elip Joint
W t ha labyrinth seal so that thruet and dreg could be measured by
scales, The alr was throttled from approximately sea-level pressure
t 0 t he desired pressure att he engine inlet while t he required alti~
tude pressure was maintained in t he wind-tunneltest section.

Tall-PipeBur ner 8

Four tail-pipe-burner oonfiguretions were investigated in which
the tall pipe was modified in crder t 0 reduce t he tail-pipe gas
volocity and to provide an adequate seat for the flame., Configur-
ationsA, ‘B, and C consisted of three f Uel - SySt emand flame-holder
installations mounted in a2 taill pipe having an inside dlameter of
zsi inches (fig. 2). Configuration A, with a slightly different
diffuser section, has been investigated on another turbojet engine
at static sea-level conditions (referemnce 3). Comfiguration D oon-
sisted of & tepered tell plpe, a fuel system, and a fleme holder as
anl ntegralunlt(flg.3). This burner had 2 maximum inside diam-

etexr of 1 inches.

Configuration A. -~ A oross sectlon of configuration A is shown
in figure 4. The ZS%-moh-dia.meter burner section oonsisted of a

oylinder 72 inches long, which was attached to the emgine by an
annuler diffuser 22 inches long with an outl et-to-inl et area ratio
of 2.43. A fixed-area oconical nozzle 24 inches long having an outlet

area of 298 square inches was Inatalled on the tall pipe. Ko extermal
cooling for the shell of the zs%-mh-aumettr tail pipe was provided

except by the low-veloclty alr flowlng through the wind-tummel test
section., Two quartz windows (fig. 2) were installed in the burner
shell, one window immediately ahead of the flame holder and one
immediately behind it, for observation of burning at the emd of t he
diffuser cone and at the flame holder,

Fuel was injected into the buxmer through two rings of spiay
nozgles. The upstream ring consisted of 12 nozzles, which Were
reted at 40 gallons pEl hour at a differential pressure of 100 pounds
per square inoh and were Installed in the inner cone of the diffusex

section 9%' inohes downstream of the turbine flange., These nozzles

injected fuel normal to the Adlrection of gas flow. The downsatreem
ring consisted of eighteen 30-gallon-per-hour nozzles mounted
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with the tips of the nozzles 9% inoches downstream Of t he front flaenge
of the burner section. These nozzl es wer e mounted in a 14%—1nch-

dilameter ring and injected fuel downstream. The blunt end of the
diffuser inner cone provided a seat for the flame resulting from
burning of the fuel injected through the upstream ring. For the data
obtained with oonfiguration A, approximately 25 percent of the tail-
pipe fuel was | nj ect ed through t he upstreamring of nozzles and 75 per-
oent through the downstream ring. A 2-inch-wide, semlitoroldsl flame
hol der (fi1g. 5) bhaving a nean dismeter Of 16 inohes Was Installed

8 inches behind the docwnstreamf uel ring. The blocking area of this
flame holder was 19 percent Of the burner cross-secticmal area.A
small ignition pi | O comprising a sperk plug,a fuel nozzle, and a
flame holder was installed immediately upstream of the flame holder

t O 1gnite the fuel in the tall pipe.

ConfigurationB. -~ Configuration B comprised t he sane tail pipe
and fuel system a6 configuration A. For t he dataobtained W th thls
configuration, approximately 20 percent 0f the tall-pipe fuel was

I nj ected through the upstreamring Of nogzzles and 60 percent through
the downstream ring. In order to raise t he ocombustion efficiency and
the al titude 1imits Of t he tail-pipe burner, a flame holder having
two annul ar V-type gutters (fig. 6) was installed in place Of t he
semitoroidalf| ane hol der. The mean diameters of the outer and

inner gutters Werel7 and 10 inches, respectively. The | ncl uded
angle Of the gutters was 30° and the distance across the open end of

the gutters was 1%- inches. This flamsholder blocked 32 percent of
t he burner cross-secticnal ar ea.

Configuration C. - Configuration C comprised the ng-moh--
dianeter tall pipe and t he same f| ane hol der used in configuretion B.

The downstreamringof f U€| nozzles Was removed and t he upstream ring
of nozzles was not use@. Aset of eight impinging | €t spray bars

(£1g. 7) was I nstal | ed 1n t he diffuser section 4% inches downstream

of the turbine flange. Fuel was injected through these spray bars in
a downstream direction. The spray Dars provided t he possibvility Of
obtaining & more hamogeneous f Uel mixture t han the nozzl es previously
used. They could be easlily made and modified without machining
operations and could be installed without intermal piping. The igni-
tion system used with configuration C was the same as that used with
configurations A and B.

ConfimurationD. - A oroess section of configuration D is pre-

sented in figure 8. The hunerseotion Used Was_37F inches long,
circular in crose seotiom, and tapered from a 25::—1nch | nsi de dlameter

L1s
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at t he upstreem end t 0 & 21-inch inside diameter at t hS Acwnstream
end. Immediately upstream of t he burz_;er section was a diffuser

335 inohes long, which fastened { O the 71-1noh-1ong standard-engine

tal'l-cone section. Ths ratio of burner-inlet area t0 turbine-outl et
area 1s 2.35. Avariable-area ekhsust N0zz| ¢ was used, vhich WAS
designed t0 be c| osed for engine operation without tail<pipe burning
and openwith tail - ﬁl pe « With the nozzle in the Open posi-
tion,t he area at ths outl et wes 273 eguare inches. All data, both
with and without tail-plpe burning, were obtained with the nozzle in
the open posit ton. Puel was passed rearward through helical passages
welded to the shell of the burner to grovide cooling for t he ehell
and to preheat the fuel. Water was passed through a Jacket welded
around the £ixedpart of ths tall-pips nozzl e t o provide cooling.
The novabl e part of the nozzle moved out Of t he f£lame when fuel was
being burned in the tall pipe and thus required no cooling.

The flams holder used in oconfiguratlion D included the fuel-
injection .system (fig. 9). The flemehol der was mount ed immediately
behind the upstream flenge Of ths tall - pi ps burner el ection. Fuel
wasg carried from the cooling passage at the rear of the burner
Torward to the center of the flame holder through six struts. The
fuel - preheating system was deailgned t 0 vaporize t he fuel by t he time
it reached the flame holder. The preheated or vaporized fuel passed
from the center of the flame holder through redial tubes and was
injected in an upstream direction through a number Of orifices
approximately 1‘/4- inch in diameter. The flame holder had 12 radlal
fuel tubes 1/2 inch in dlemeter that extended from the center of the

burner to the wall. Approﬁmtely&%inohasfran‘bha center of the

fleme holder, a circumferential fuel tube intersected the radial
fueltubes. Two circul ar metal strips 3/4 inch wide were welded {0
t he downstream side of the radial tubes at mean diemeters of

1 3
5: and 91- inches.

Instrumentation

A survey reke was mounted in the inlet duct ahead of the engine
to measure the engine air flow. Pressure and temperature instrumen-
tation was installed at elght stations throughout the engine and
the tall-pipe burners. In order to prevemtOverheating, theairf oil
section and the pressure tubes in the exhaust-nozzle-cutlet survey
r ake wer e water-cooled.
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PROCEDURE

Prior t O operation with tall-pipe burning, performance data Were
obt ai ned far t he original engine with an exhaust-nozzle-outlet ar ea
of 183 equare | nches and for the modified engine with an exhaust-
nozzle-outlet area Of 171 square Inches. These nozzles were Sel ected
t 0 give r at ed engine psrformanceat St ati C sea-level conditions.

Dat a thus obtained were used to provide a basis for evaluating the
ol 8 in performance resulting from the useOf the various tall-
pi psbur ners.

The range Of simulated al titudes and Si nul at ed £1ight Mach
numbers over which each configuration «as investigated is Shown in
t he Pollowingt abl e:

| Flight Maoh number
Altitude Configaration

ko 1
()ABcrn

5,000 |0.26410.275]>.258|0.171
ls’wo --------------- «531
25,000 .265| .272| .258| .727
25,000 .736| .537| .525| .863
25,000 | .989| .727| .722| .977

25,000 |amcac] 869 |-mcme]weenm-
25,000 |-waa- -1 RPN [
30,000 fl----] .509|-=a=a}emm=-
35, 000 .528 -491 ----------
40,000 [ace-- 509 | rmmme|manna

At each simulated f1ight ocondition, t he engine was Operat ed at

rated speed (12,500 rpm) and data were obtained at various fuel
flows throughoutt he oper abl e range of the tall-pi pe burners. In
nmost cases t he minimum f uel f| ow was determined by combustion bl ow
out and the maxi numfuel flow by 1imiting turbine-outlet tenperature.

The 1imiting t Ur bi ne- out| et tenperat ure with and without tail-
pipe burning vas 1710° R for the original engine and 1860° R for the
nodi fi ed engi ne, as obeerved cMt he highest r eadi Ny thermocouple.
Thene conditions correspond t 0 aver age t ur bi ne- out [et temperatures
of about 1525° afd*1650™R respectively.

The tot al pressure at the compressor i nl et was regulated t 0 t he
val ue corresponding t 0 t he simulated f|ight Mach number. Conplete
free-stream ram-pressure I €COVEry Wae assumed at t he compressor i nl et .

L16
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Atr supplied to t he engine WAaS refrigerated to approximate t he NACA
standard temperature corresponding to the simulated flight condition.
No i nl et-air temperatures bel ow about -20° ¥, corresponding t 0 f|i ght
at high altitudeand low £light Mach numbers, were 0Dt ai ngg.

Thrust was determined from the balance scales and also from
measurements obtalned with the-exhaust-nozzle survey reke. Only the
reke thrust | S used in t he tabular and graphicel presentations of
the date because the survey-rake dresg, which was not measured,
affected the scale thrust and made the scale measurements less oon-
sistentthant he reke meagurements. Use af the rake t hrust gives
performance wlth 100-percent exhaust-nozzle expansion efficlency.
Methods of calculating thrust, air flow, exhaust-gas temperature,
and. combustion efficiency are presented in the appendix. The
symbols used in the caloulations are also defined in the appendix,

RESULTS AND DISCUSSION
Performence

Date obtained wlth each of the four burner configurations are
presented 1n table |. The combustion efficiency for each of the con-
figurations | S present ed in figure 10 as a function of tall-pipe
fuel-air ratio for a renge of altitudes and £light Mach nunbers.

The tal | -pipe fuel-air ratio |'s defined as the ratio of the tatl-pipe
fuel flowto the unburned air enteringthe tall - pi pe burner, assuming
oo?%lete combustion within t he engine. Altitude Snd flight Mach
number had no appreci abl e effest 0n t he combustionefficiency at a
given tall-pipe fuel-air ratio. Maxi mumoombustion efficiencies

obt ai ned were 0. 71 forconfiguration A 0. 76 fOr configuration B,
and 0.96 for configuration C (figs. 10(a), 10(b), aud 10(c)). Theee
maximum ef f| Ci enci es were obtained at tall-pipe fuel-air ratios
between 0.02 and 0.03. Because Of the poor fuel aistribution in the
tal |- pi pe burner, further inereases in tail-pipe fuel-air ratio
probably resul ted tn | 0cal fuel-alr rati 0s greater than stolchicmetric
and t her ef or e decreased cambustion efficiencies.

~Increasing the tatl-pipe fuel -air rati 0 with configuration D
rai sed t he combustion efficiency f or the range of dataobtained.
The hi ghest combustion efficiency obtained Wi t h this configuration
was0.78at a fuel-airrati o of 0.046. The data indicate t hat
higher ef fici enci es might be obt ai ned with configuration D 1f t he
exhaust - noesl e-out | et areawer e increased t 0 permit operation at
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higher fuel-air ratios W t hout exceeding t he temperature | imts.
Improved vaporization Of the fuel a8 the tall-pipe fuel flowwas
increased Pr obabl y accounts f ar t he increase in combustion effi-
olenoy a8 t he fuel-air rati 0 Was increased, fort hS range of data
obtalned. A more homogeneocus mixture of fuel end air in the teil
pipe was probebly obteined with configuration Dt hanwl t ht he ot her
configurations because Peak combustion efficiency ococurred ate
higher tall-pipe fuel-air ratio.

At ypl oal set of performancedat al S plotted in figure 11 for
configuration B. In thisfigure ar € presented (a) net thrust,
(b) engine fuel flow, (o) specific fuel consumption based on net
thrust amd total fuel f£low, (d)total fuel-air ratio, (e) turdine-
outlet total temperature, and (f) exheust-gast Ot al temperature as
functions of the tall-pipe fuel fl ow with a fixed-area exhaust
nozzle. Significant results of t hl € investigation were obtained
at ocomditionswher e limiting turbine-outlet temperatures were
reached; therefore, { hS points representing limiting turbine-outlet
temperature at each flight Mach number are Joined by a dashed curve
in figure 11. The succeeding discussion of Saoh burner configura-
tion | S confined t0 the results obtained at 1imiting turbine-outl et
tenperat ure, asdetermined from curves similar to flgure 1ll.

The engine performence W th tall-pipe burning | s presented | n
figures 12 to 16 for configurations B, C, and D. Engine performance
with the standard tal| pipS and exhaustnozzle | S al SO presented in
these figures. Because date with configuration A were ODt ai ned only
bel ow t he 14miting t urbi ne-outl et tenperature, they are included
only in tebular form. AbSOl ute values Of performance W t h config-
uration B cannot be campared directly with those Of configurations C
and D because Of the differences bet ween the originel and modified
engines. Inesmuch as the data were obtalined with t he same engine,
performance for configurations C and D 1s compared, although the
exhaust-nozzle~-outlet areas were different.

The maximum exhaust-gas total temperature (3470° R), at limiting
turbine-ocutlet temperature, was obtained with configuration Cat a
flight Maeh nunber of 0.72 (fig. 12(h)). This temperature corresponde
toatall Pi pé temperature ratio of 2.1 aud a tall-pipe temperature
rise Of 18209 R Val uescd?exhaust - gas temperature are presented
I n £igure 12(a& forconfiguration B and in figure 12(b) for config-
urations Cand D. Apart of the t hrust augmentation that 1s, obtained
at flight Mach nunbers above 0.55 I's due to the nigherturbine-
outlet temperatures that can be maintained with the modified tail
pi pe and tal | - pi pe burning, as compared with t he engine equi pped
with the standard tal| pipe and a fixsd-area exhaust nozzle.



HACA RM No. E8J25e 9

~ The values of Net thrust (fig. 13), inorease in net thrust
(fig. 14), specifio f uel comsumption based on net t hrust and t ot al
fuel flow (fiQg. 15), total fuel -air ratio (fig. 16), and exhaust - gas
total temperature (f'I g. 12) at the minimum end maximum f£light Mach
nunber s investigated at an altitude of 25,000 feetare presented in
t he Pollowing table f Or configuratione B, C, and D:

Config- |[Flight [Net [Increase Specific fuel con- [Total Eﬂm{as‘lf'-
uretion[Mach |thrust|in net |sumption based on  |fuel-air|gas LOldl
number | (| b) [thrust |net thrust and ratio temper-
(percent ) |totel fuel flow ature
(1v/(br) (1b thrust)) (°R)
B l 0.272| 1480 | 22 2.54 0.0415 2660
.984| 2780 as 2.91 .0523 2760
c I 0.258] 1730 I 31 2,57 0.0520 | 3330
.722] 2595 73 2.55 .0565 3470
D 0.727] 2320 55 2.45 0.0500 2940
.977] 2920 79 2.36 .0475 2960

The exhasust-gas total temperature increased slightly with flight
Mach number for each configuration. As would be expected, however, the
net thrust inoreased repldly with flight Mach number. The tremd Of
the net thrust specific fuel oconsumption was similer to that of the
total fuel-alr ratio as the flight Mach number was varled. A limlta-
tion was imposed on the performance Dy ths exhaust nozzies. A slight
inorease in exhaust-nozzle-outlet ar ea Woul d have made 1t possi bl e
t O increase the total fuel-alr ratio tc a value oloser to a stoichio-
metrioc mixture, without inoreasing the turbine-cutlet temperature,
and thereby Obt ai n t he maximum net t hrust.

At limiting turbine-outlet temperatures, the increase in jet .
thrust and tail-pipe total-temperature ratio obtalned with tal [ - pi pe
burning are approximately piroportiocmal toths rati 0 of exhaust-nozzle-
outl et arsa with tall-pi pe burning t 0 exhaust-nozzl e-outl et area
W t hout teil-pipé burning (reference 1). |t fol | OWS that t he inorease
I n net thrust Woul d al so be greater f O higher exheust-nozzle-outlet-
area lati0S. Because the ratio of exhaust-nozzle-outlet area with
and without tal | - pi pS burning f Or configuration C (1.74) was greater
than that with ocomfiguretion B (1.63), the inorease in net thrust
and the tal | - pi pe total-temperature retio Were also greater for con-
figurationC.  The inarease | n net thrust and ths tall-pips total-
temperature [ At | O at a given Flight condition were lower f Or config-
uretion b than for configuration C because the ratio of exhaust-
nozzle-outlet area with and W thout tall-pips burning was | ess for
configuratiomn D.
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Operational Charaoteristics

Configuration A. - The highest thrust and the smoothest buxrmer
operation, without overheating the burner Shs||, wexre obtained With
configuration A when approximately 75 percemt Of ths tall - pipe fuel
was | nj ect ed through the dcwnstream ring of nozzles and 25 percent
through the nozzles in t{ hS inmer come of { he diffusersection.
Increasing the percemtage Of fuel injected t hrough t hs nozzles in
the diffuser section overheated t he taill-pipe burner shell and
resulted in rough burning accompanied by heavy pulsations or com-
bustion blow-out. The maximum altitude at which the burmer operated
was 39,000 feet at a f£light Mash nunber of about 0.50, at which com-
bustion blow-out occurred severaltfi NES. Between altitudes of
30,000 and 39, 000 f eet, the flame scat ed on the end Of the diffuser
inner cone became quite unstable and flickered constantly. Because
operation o ¢+ +the ignition pilot was unsatisfactory, the tail-pipe
fuel was ignited by accelerating the engine rapidly from about
6000 rpm. SBatisfactory Starts were t hus mede at altitudes upto
30, 000 feet, but above this al titude combustion bl oW out cccurred
during the acceleration in either the emgine ox the tall-pipe burner
after ths tal | - pi pe fuel ignited.

Configuration B. - The higheet thrust and the smootheet burner
operation, without overheating the burner shell, were obtained with
configuration B, when 80 percent of { he fuel was injected through the
downstream ring of nozzles and 20 percent t hr ough t he nozzles i N the
diffusexr inner cone. Raising the percemntage of fuel flow inJjeoted
through the nozzles in the diffuser come overheated the bur ner shel |
and resulted in rough burning. Stable burner cperation was cbtalned
with all the fuel Injected through the dosmstream ring of fuel nozzles;
however, the thrust was not so high as that obtalned with 80 percent
of .the f uel injected through t hS downstream nozzles. The maximum
operating altitude with this burner was 44,000 feet at a flight
Mach number of about 0.50, at which combustion blow-out coccurred.

The starting characteristios and the method 6f igniting the tail-
pipe fuel were t hc same with this burner as with configuration A.

Confi tion c. - Initial operation with configuration C
indicated f Ea% the Snel | of the tal | - pi pe burner became excessively
hot at high fuel-air rati0s. In order to decrease the amount of
burning near the ShS|| of the burmer, the jets in t he impinging jet

" Spray bars were relocated in order toconcentrate mostof thef uel
in the inner part of the diffuser pamsage. After this modiflication
was mede, the shs| | oper at ed scmewhat cocoler, but it still became
too hot for a satisfactory flight installation. Al | dat a presented
in this report for configuration C were obtained with the final
spray-bar modification shown in figure 7. No maxi numoperating
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al ti tude was obtained for this configuration. The starting chareo-
teristios and the method Of igniting ths tall-pipe fuel wsre the
same for this burner as for comfigurations A and B; however, no data
were 0Dt al Nsd abovean altitude of 25, 000 feet. Near the end Of
this part of the investigation, a large seotion of the flame holder
wes burned away, which was probably caused by burning ahead of the
flame hol der in the diffuser section. Installing the impinging jet
spray bare further downstream in the diffuser would probably improve
tal | -pipe shel | oooling Snd lengthen the flame-holder life.

Configuration D. - Burning was scmewhat smoother with oconfig-
uration D than with the other three comfigurations, as indicated by
the reduction in runbl e or pulsation t hat |S usuallypresent with
tall-pipe burning. The fuel in this burner was also ignited by
accelerating the engine, inssmuch as t he ignition pil ot di d not
operate at altitude. |t was very difficult, however, to ignite t he
burner fuel in thie manner at altitudes above 20,000 feet. The tem-
perature rise of the fuel in passing through the ghell of this tall-
pipe burner was usually between 110° and 185° F. No data were
obtained W t h this configuration at altitudes above 25,000 feet.

Shell. cooling.~ W t h configurations A B, and C, the shell Of
t he exhaust nozzle and the rear part of the burzer section were
bright red during operation at high tall-pipe fuel-air ratios. The
shell temperature, as estimated by the metal color, was about the
same with configurations A and B; however, with configuratlion C the
ghell beoame samewhat hOtt er end a slightly greater part of the
burner section became red. Either redistribution Of the tail - pipe
fuel orextermal cooling or both would be required t 0 cool t hese
oconfigurations setisfeotorily f or £light use. Wth the fueland
wat er cooling of the shell provided for configuration D, t hs outer
shel | of the tall-pipe burner showed no evidence Of elevated tem-
psratures at any operati ng condition. Some difficulty was
encountered, however, with | eaks on the outside of t he burner
section at the welds Of t he fuel passages due to differential
expansion Of t he inner and outer shell.

Ignition pilots. - A definite need | S indicated for a tall-pipe-
burner ignition pIT ol that will operate at maximum engine speed and
at high altitudes. Acceleratingthe engine from a | owspeed |s an
unsatisfactory method of igniting the t al | - pi pe fuel because of t he

| 0SS 4n t hrust during t hs sterting period, possibl e combustion blow-
OUt in the engine at high altitudes, end t he high temperatures
imposed on the turbine. A number of variations of the type of igni-
tion pi | Ot indicated in figures 5 6, and 9 were used but nome of

t hemoperated at high al titudes and most of themdi d not operate at
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high engine speeds. TWO considerations Wer € foundi 0 be of greatest
importance; one was a dependabl e spark plug forignition of the pil ot
fuel and t he other was proper metering Of the pil ot fuel

SUMMARY OF RESULTS

917

The fol | owi ng resul ts were obt ai ned from an investigation of
an axial-flow-compressor-type t Ur bOH et engine in t he NACA O evel and
al titude wind tunnel overa range Of simulated fli ght conditioms
with four tall-pipe-burner configuratioms:

1. The highest net -t hrust increase obtained in t hS investigation
wag 86 percent at an altitude of 25,000 feet and a flight Mach
number Of 0.984. The corresponding net thruet specific f uel consump-
tion was 2.91 and the total fuel-alr ratio was 0.0523.

2. The nighest combustion efficiencies cbtained Wi t h the f our
configurations ranged from 0. 71 t 0 0. 96.

_ 3. Maximum operable al titudes for two tall-pipe-burnsr config-
uretions were 39,000 and 44,000 feet at a flight Mach number Of approx-
imately (. 50.

4. The highest exhaust-gas total temperature obtained | n t he
investigation al limiting turbine-outlet temperature W\aS 3470° R,
which correspondst 0 a tal | - pi ps total-temperature rati o of 2. 1.

5. With three of t he configurations, for which N0 external
cooling Of the tall-pipe-burner shell was provided, t he exhaust nozzl e
and the rear part of the burner section were bright red during opera-
tion at high tall-pips fuel-air ratios. Wth the tall-pipe burner
for which fuel and water cooling were provided, the outer shell Of
t he tail-pipe burner showed NO evidence Of elevated temperatures at
any operating condition.

Lewis Flight Propulsion Laboratory,
Nati onal AdvisoryCommitteef Or Aeronmautics,
Cleveland , Ohio.
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AFPENDIX - METHODS OF CALCULATION
Symbols
The following symbols are used in the caloulstions:

>

cross-gectional area, sq It

specific heat of gas at comatent pressure, Btu/(1b)(°R)
jet thrug, I'b

net thrust, 1b

accelexation due to gravity, 32. 2 £t/sec?
enthalpy, Btu/lb

heating valuecf f uel , Btu/lb

mechanical equivalent of heat, 778 f%-1b/Btu
Mach number

t ot al pressure, 1b/sq £t absol ute

stati c pressure, 1b/eq ft absol ute

gas constent, 33. 4 £t-1b/(1b)(°R)

vatzuob'rmu'duw'é:

total temperature, °R
indicated temperature, °R

&2

static temperature, °R

—

velooity, £t/sec

<

Wy air f| ow, 1b/mec
We fuel flow, 1b/ar
W gas flow, 1b/sec

We/F, specific fuel consumption based on net thrust and total fuel
flaw, 1b/(hr)(ib thrust)
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£ /e total fuel-air ratio

y rati o of specific heats for gases
lh-
7 efficiency o
T total-temperature rati 0 across tal | - pi pe burner, Tg/T,
Subsoripta:
b burner
e engine
fuel

—

tall-pipe burner

0 tunnel test-section fres~air atream

1 Inl et dust

2 campressor inlet '
7 tail-pipe-burner inlet

8 exhaust-nozzleout | et

Calculations

Temperature. - By use of an experimentally determined Iwmpact
recovery factor of 0. 85, stat 10 temperaturewas determined from
indicated temperature by applylng the factor to the adlabatic rela-

ti on bet ween t he temperature and t he pressure in t he following
mannexrs

t = . (1)
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Al rfl ow. - The air flow through the engine was determined from
pressure and temperature NEA- ents obtalned with a vertical sur-
vey reke installed in the engine | Nl et duot (station 1). Alr flow
was oalculated by the equation

71" 1
41

p, A, [23go_ |/P
—1
W =g -1—"‘21.,1 (1,1 -1 (2)

The s('ia).tio temperature in equation (2) was obtained by use Of egqua-
tion .

Jet thrust. -~ Jet thrust was caloulated from pressure measure-
ments ai ( Ne exheust-nozzle outlet byt he equation

78'1
7
27g Bg A5 |/ Pg °

The assumptions Involved in using this equatlion are that there is
no total-pressure loss a0l 0SSt hS exbaust nozzle and that there is
complete adiabatic expansion of the | et from t he nozzle outlet t 0
ambient conditions. TUse of equation (3) gives results f Or a nozzle
efficlency of 100 percent.

uilvalentai I Speed. - Inasmuch as all caloulations ere based
on 100-percent ram-pressure recovery at the compressor inlet
(station 2) t hd equivalent airspeed corresponding to the rem-pressure
rati o at the engi ne inlet can be expressed hy

72-1

72
Po
Yo = ?JSOP Ty,2 |1 - P—z (4)

The equivalent free-stream total tempersature was assumed equal to
the oompressor-inlet indicated temperature., The use of this essump-
tion introduces an error in airspeed of leas than 1 percent.
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Net thrust. - The equivalent free-streem momentum of t he inlet
alr WaS subtracted from t he | St thrust by combining equations (2),
(3), and(@)I n t he following expression for nst t hrust:

Wy ¥V,
Fn-FJ- 580 (5)

Exhaust-gas total t$tm. - The exhaust-gas total tempera-
ture was C ed e tall-plpe-rake Jet thrust and the mass
gas £low through t he tal | - pi pe burner. This equation is based on
the assumption that there is adiabatic expension from the nozzle

outlet to ambient pressure. This essumption involves an erroxr of
less than 1 perocent.

Ty = (8)

78~ 17

7g
2 p0
278 B(Ws,a) l - (Fa-

Cambustion efficlency. - The tail-pipe combustion efficiency
vas obtaTned by ¥ividing ihe heat added [N the %ail pipe by the
heat content of the fuel supplied, disregarding dissociation of t he
exhaust gases.

3600W, g hg -~ 5600 Wy 7 by - Wp t hp ¢

- = (7)
,t Mot V2,4

The numerator of the right-hand side of this equation is composed of
the total heat in the gas leaving the tal | pi pe, t he total heat in
the gas entering the tail pipe, and t he initial heat in the liguid
fuel added 4n the tall pipe.

Tal | - pi pe fuel -air ratlo, = The tail-pipe fuel-air ratio is
defined asS the ratio Of the tall-plps fusl flowtot he unburned air
entering t he taill-pipe burner. The assutnpt|on used in ob
thi s equation | S that t he f uel injected i Nt 0 theengine combust | on
chamber is completelyburned. Combining the air flow, t he engine
fuel flow, anmd the tail-pipe fuel flowgivesthe follow ng equation
for tall-pips fuel-air ratios
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Wo b
% oo
3600 W, - 5-457

The value of 0. 067 in the denominator is t he stoichiometric fuel-
alr retio for the fuel used.

(/) = (8)

1. Pleming, W A, and Dietz, R. 0.: Altitude~-Wind-Tumnel Investi-
gations of Thrust Angmentation of a Turbojet Engine, I - Per-
formance with Tall-Pipe Burning. NACA RM No. E6I20, 1946.

2. Fleming, William A., and Golladay, Richard L.,: Altlitude-Wind-
Tunnel Investigation of Thrust Augmentation cd! aTurbojet
Engine, IIT -« Performanoe with Tall-Pipe Burning in Standard-
Size T=ll Pipe, NACA RM FNo. E7F10, 1947,

3. Iundin, Bruce T., Dowman, Harry W, and Gebriel, David S,:
Experimental Investigation of Thrust Augmentation of a Turbojet
Engine at Zexro Ram by Means of Tall-FPipe Burning. NACA RM
No. E6J21, 1947.

4, Meyer, Car|l L., end Bloomer, Harry E.: Altitude-Wind-Tunnel
Investigation of Performance ani Windmllling Dreg Character-
istlios of Westinghouse X24C-4B Axlal-Flow TurboJjet Engine,
NACA RM No. E8J25a, 1948.
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TABLE X. - PERFORMANOE DATL
1 | =2} s 4 & 8 7 e | » P 10 11
|Run [Altitude] F11 Anbient | Compr Compr Tail-pipe| Total | Jot Net |Asr
(£t) Maoh | pressure| inlet totel| inlet= fuel |fusl flow| fuel Llow
nuabe Jo Ppnz;‘vo maiu:od :'.I.o' We s r%ot ’é N w,
(1v/eq | *22 89 |temporature| We o (1b/hr) b (26) [ (b)) | (2n/
£t ava.)| ft abse) [Tg.er (°R)[(an/hr) (1b/br) @bd | e/,
Configuration
5,000 | 0,268 172 -1 o 508 1626 0 1626 1433 ®61 | BP. 03
5,000 «263 17 i2 la T Go8 1871 2640 4811 2367 1802 | 51.688
»000 « 272 172 18 18 510 1980 3820 8800 2509 2135 | 51,81
4 5,000 «288 11 i8 a3 10 2080 4180 6240 2768 2302 | 51.89
8 | 25,000 +263 71 8.6 49 a7 0 907 ™87 547 | 84,91
8 | 85,000 «263 791 8le 47 1149 1890 3039 1499 1890 | E4. 09
7 | 25,000 268 791 gle 50 11689 2180 3319 1544 1331 | 24.680
a | 25,000 266 7oL 817 . 48 1200 2420 3620 1608 1306 | 24.80
8 | 25,000 «.263 71 8168 435 1239 2680 3019 1678 1465 | 28.03
10 | 25,000 «983 1 '"n. 1447 515 1200 -0 1200 1730 464 | 40.67
b} 285,000 «981 In 14 31 498 1471 2720 4191 3044 1740 | 42,06
1 25,000 <994 7'a 14 18 502 1708 3700 5405 3897 2293 .
13 | 85,000 580 7'8 14 15 480 1881 4880 6761. 3853 2660 | 41,67
14 | 35,000 <521 48 519 434 718 [] 718 838 537 | 18,68
18 | 35,000 +528 418 ar 4,60 a7 1800 2497 1384 1021 | 18,01
cinfigur \tion
“1[ 5,000([0.275 — 1888 | g 0 Teve ] 1688 T439 943 | 82,68
2 5,000 L2656 178 18 | L7 1885 1810 38732 1780 51,81
3 5,000 «273 1743 18 1@ 8.7 1868 1910 3 2184 1674 | 51,08
4 5,000 « 276 1753 18 |7 £ .5 2304 3160 B404 2647 2189 | 51,58
-] 5,000 «273 1760 18 8 53 2985 4600 4928 3086 2869 | 88,11
a 5,000 280 1753 18 8 L] 2488 6050 8835 3319 2860 | 51.74
7 | 26,000 +271 781 e 415 97 0 917 787 848 | 85,31
8 | 85,000 «873 7'4 as 4i4 o 1040 2017 1119 2899 | 24.96
9 | 28,000 + 280 718 a3 413 1088 1380 2418 177 1068 | 24.98
10 | 86,000 «276 1'8 axpn 44 1089 1500 2589 1371 1148 | 88.04
11 | 85,000 .880 7'4 a7 418 1129 1990 3119 1588 84. 88
12 | 258,000 276 715 87 40 1207 2600 3897 17128 1494 | as. 11
13 | 25,000 269 18 8 8, 418 1297 2720 4017 1785 1539 | 84,97
14 | 25,000 «815 71 98 412 057 [+] 987 940 478 | 28.28
15 | 98,000 « 523 7'4 9 3 417 108 1816 23233 1348 874 | 98,84
16 | 25,000 532 718 95 4i5 1200 1800 3100 1740 1251 | 28,74
17 | 25,000 « 543 7'4 96 4i2 1386 2000 4285 1590 | 28,33
18 | 85,000 540 1'4 80 419 1472 - 3890 8562 2875 1776 | 28,687
19 | 25,000 TS 7 ns 4 n 1038 [»] 1038 1249 409 | 52.74
20 | 25,000 « TS0 711 1l 4 4'3 1118 1420 2838 178 064 | 35.08
21 | 85,000 .T19 718 11 3 4'2 1491 2000 4481 a664 1800 | 34.07
22 | 25,000 . 732 7'4 11 18 - 1628 4450 8078 2789 2045 | 33.13
23 | 85,000 «TE3 7'4 1l O 4'9 1708 8070 8776 2911 2189 | 32,086
24 | 25,000 «TSL 7' 1l 4 48 1708 5200 8908 2082 2191 | 32,94
25 | 25,000 « 722 715 111 4'6 1736 [.3-1-1s] 70186 2957 2201 .
26 | 25,000 881 718 12 4 48 1089 0 1099 1467 482 | 56,49
27 | 25,000 -866 7n 12 a 411 1200 1810 3010 2208 1201 | 36,90
28 | 25,000 8688 71 12 '8 40 16687 3240 3005 1997 | 36,90
29 | 86,000 889 7'4 12 6 4Je 1784 4700 6424 3882 2278 | au. 78
3c 25,% .g;lra 71 12 3 490 % a120 3563 2541 | 37,83
31 |28, « 976 718 14 0 Bl4 1 0 1200 1748 476 | 42.07
32 | 85,000 984 1 14 @ 504 1387 2150 3477 2779 41.20
33 | 28,000 - 967 7T 8 508 1888 3280 4945 3438 8164 | 41.
54 »000 988 Tn If @ 505 18352 20 6452 3780 24097 | 41.40
38 | 25,000 - 968 74 14 © 497 2000 5980 7950 4012 2744 | 41.56
38 |30,000 <534 83 7 483 ags [¢] 826 809 429 | 22,90
37 » 000 <509 67 78 453 1200 2980 4180 1790 1417 | 23.14
38 | 38,000 « 537 4 860 458 6986 [+] (1] 654 544 | 18,24
390 | 38,000 « 481 43 585 458 08 1890 2766 1298 1021 |17.68
40 | 40,000 « 534 37 40 462 505 [+] 585 524 888 | 14.04
41 40,000 « 508 3. 47 446 7668 1210 1976 1021 778 | 15,19

rs -
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WITH TAIL-PIPE BORNING
12 13 14 15 16 17 la 19 SC al
Specific Total l-pipe| Tail-pipe | Purbine— Turbine- | Turbine— |Exhaust—|Exbaust—~|Exhaust—|Run
fuel fuel- 1 combustion! outlat | outlet ocutlet nozzle | nozxle aas
connnptiow air ratio |efficlency| total statio total total o 45400 | totel
Ir/fn ratio (r/u)t Ty, & pressurs] pressure texperature|pressurs| pressure | tempera—~
Qb/(ar) | £/e Pg Ps | Te» (°R) Pg turg
(1 thrust)) (1b/aq | (It/sq (1v/sq | (1v/mq. |Tar (°R)
£t abs.)|ft abs, ft aba. )| Lt abs,)
Configuration A
1,805 — 8381 1789 11683 2138 1798 — 1
8. 854 .0248 | 0. 0155 0.893 2564 2104 1R7T7 2417 18856 1918 2
2,877 L0898 | 0825 .679 2659 2810 1331 2406 1878 2137 3
2.710 .0336 | .0870 «840 2TRS 2288 1370 2845 1895 2280 4
1,888 +.0101 1089 1188 084 ao® —— []
2,558 0339 | 0261 725 13828 1 % 1418 1287 835 2383 [
2,493 0378 «0300 662 1356 11350 1458 1880 . 888 2408 7
2.893 .0404 | .0338 «881 1377 1186 1470 1260 896 2512 a
8.575 »0438 | 0574 638 1598 1181 1486 1889 [-2F.] 2897 9
2,586 » 0082 1880 487 1168 1312 907 — 10
2.398 0877 | .0210 838 1989 1608 1853 1795 1173 1083 11
2,388 -.0388 | 0295 <712 2191 lae7 | a76 2002 1315 2428 1e
+0451 | ,0400 «668 2521 1988 1467 2138 1595 2783 13
5 - E 20108 - 7968 809 1286 876 880 —— 14
a: 447 . <0311 . TT7 983 819 1489 g18 as0 2 | 18
configuration I
1,724 5,0088 2348 1791 1157 2151 lale — i
2.492 ,0179  0,0101 0,426 2417 1981 1206 2247 1826 1476 2
2,853 . 012! . no 2573 2118 1888 2358 1860 1779 3
2,831 0894 | . «871 2764 2318 1376 £2519 1901 2158 4
8.555 +0369 2 .674 2638 2495 1450 8661 1957 2444 5
2,984 0458 —— +6089 S0R8 2603 1508 2747 1886 2685 ]
1.673 +0101 | = 1111 823 11689 089 805 7
8,244 +0R24 | .0130 589 1194 52 1293 1096 838 1759 8
2,264 -0269 .0183 877 1268 1036 1381 1161 868 2004 9
2,864 .0288 | ,0203 . 788 1284 1087 1382 1182 880 2143 10
2.340 .0348 | 0873 «T78 1344 1187 1448 1843 e8s 2461 11
2,808 +0431 | ,0368 .680 1439 1888 1544 1312 850 2068 ht-]
2,610 0447 | ,0388 «887 1430 1815 1566 1318 o87 8743 13
2,015 0084 — 1189 al1s 1156 1041 810 14
2,565 LORR0 | 0140 +548 1886 1004 1ee4 1172 as57 1668 15
. 478 0500 | ,0242 2718 1488 1207 1380 1320 924 2145 16
. 575 0417 | 05854 876 | . 654 1356 1489 1434 266 2602 17
5,019 <0580 | .0478 582 1667 1438 15856 1508 1026 8773 18
2,183 .0088 1348 761 1153 1140 838 19
2,633 +OB1l3 | 0138 «548 1468 1184 1198 13068 900 1632 20
- 8,489 0370 | .0302 «708 1816 | ass 1418 1629 1090 2465 21
2,971 .08516 « 0477 «586 1893 1617 1833 1700 1138 2766 e
3.140 0576 | 0850 +« 564 1021 le48 1580 1743 11687 2878 25
3.1858 - 0588 0859 545 1934 1888 1871 1762 1187 2068 84
3.188 ,088% | 0567 543 1967 1692 1583 ire 1190 2879 25
2,280 » 0084 1488 694 11468 1, 886 26
2,808 0227 | . .820 1856 1190 14682 90 1748 27
2,407 .0382 | ,0806 732 1978 155.5 1390 1785 1182 24768 26
2,824 «0485 «0440 803 2080 1784 1488 1883 1281 2707 20
5. 149 .0597 | 0578 544 2213 1804 1887 1996 1328 2694 30
2,528 . — 1686 517 1147 1319 918 - - 31
2,304 0834 | .0267 . 588 1887 1483 1206 1505 1118 o 38
2.885 «0334 | .0R67 758 2160 1808 1371 1948 1289 [ 33
2,584 .0433 | .0380 864 2308 1969 1488 8078 1378 2628 34
2.897 L0534 | ,0500 563 2405 2085 128 2166 1440 2772 35
1,925 ,0100 | —— TR 680 lz08 850 656 ——— 36
2,980 . +» 0458 570 1326 1128 1549 1803 8e% 2663 37
2,020 «0106 | ——— — e 517 1233 a7é 519 ——— 38
2.738 0441 | ,0380 « 880 068 Ma 1476, 905 s2a 8555 39
2,088 0128 | ———- —_— [ 407 B33 408 ———— 4C
2,840 0381 | LOB78 « 568 788 Rax 1554 715 4aK 2245 41
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TABLE J. - PERFOBMANCE DATA WITH

1 2 | 3 4 B 6 7 e 9 10 11
Altitude| Flight| Ambient |CGompressor-|Compressor-jEngine [Tail-pipe| Totel Jeb Not |[Alr
{£H) Xaoh | pressure|inlet total| inlet=~ fusl |fuel flow| fusl |thrust| thrust| flow
Busber) Po pressure indicated | flow We s flow rg Py LY
¥y |(av/eq |Pes (1b/8q |temperaturel 4 = | iy | W (ab) | () | v/
£t abs.)| £t abs.) [Ty, (°R) (1b/hr) (lbfhr} seo)
(Oefiguration ¢
70 BB, 000 jo.B2L | T81 a1t ey 298 ] 798 BER | 361 |25.73
2| 86,000 +261 T4 ale 478 847 1980 2927 1217 1012 83,76
3| 28,00Q «870 T4 814 478 1517 3050 4557 1915 1700 | 23,08
4| 25,000 «249 781 818 477 1414 3900 5514 1898 -
3| 25,000 . 781 al6 481 1433 4880 2144 1046 [23.82
6| 28,000 <8580 781 945 463 916 . ] 916 934 27,7
7| 25,000 «5283 T74 B3 4685 1249 1900 3149 1914 1448 |27.82
8 » «8527 T4 1] 463 1239 1900 3139 1022 27.18
9| 25,000 . 044 466 2200 5585 2 1628 -
10| 25,000 +B25 78l 42 464 1320 £2880 4400 2877 19068 |26.07
11| 85,000 +B24 78l 942 4682 legeg 36840 5266 2808 2136 |28.)8
18| 28,000 . 774 934 460 16885 4320 5975 2880 2817 |27,.68
13| 25,000 . 778 1104 471 o7 (] 1171 420 [32.680
14 » <724 78 1103 489 1317 2410 3727 2478 1729 | 32,92
15| 85,000 728 761 1106 470 1638 3410 5045 3003 2256 | 32,85
16| 25,000 781 781 1104 470 455C 6363 3295 B540 | 39,86
17| 85,000 .882 ass 1154 454 1870 856800 7870 3626 2872 | 34,74
18| 25,000 | .a4e a4 1309 455 eise | goeo 702 | ¢231 | 3e13 139.7¢
COnfiguration D
| .] 8,000 [ [.159 175Q 1767 510 1545 0 1846 1450 1161 | 49.88
2] 5,000 «1768 1782 1791 504 1960 3520 5280 2118 | 1816 | 50.18
3 8,000 173 1758 1789 509 2081 3780 5861 2318 2023 | 49.67
4 5,000 « 180 1746 1778 508 2033 4180 6413 2889 2287 | 49.67
] 5,000 «176 1739 1778 501 2386 4820 8808 2833 2530 | 80.628
afl 18,000 + 531 11a9 1440 497 1258 1258 1321 607 | 41.23
7| 15,000 +328 1189 1457 495 | 1549 3300 4849 2139 1428 | 40,74
8| 15,000 532 1189 1441 491 1734 3700 5434 2427 1700 .08
€] 15,000 532 1190 1442 497 2060 4240 6300 2840 2119 | 40,99
10| 15,000 . 1186 1437 488 2335 4720 7058 3387 26689 |41.29
11| 85,000 . 781 1099 408 988 0 o988 1234 515 | 31,47
| 88,000 «TRE e 1103 479 1269 * 2880 4079 2083 1310 | 52,33
25,000 - 77e 1106 473 1483 3240 4883 1618 | 38,39
25,000 «TR3 778 1101 474 1838 38560 8186 2684 1944 |32.44
25,000 «729 778 1107 472 1745 3800 5545 2728 1978 |32,66
a5, . T7e 1106 478 1921 3980 iggl 31782 2439 |31.66
25, 861 781 498 1078 8 1462 38.79
25,000 664 761 1870 498 1317 3060 4377 2324 36,06
25,000 «865 778 a7 492 1378 3 2410 1480 |36,08
25,000 - 783 127 490 1443 3350 4793 2809 1819 |36.43
25,000 «868 781 1268 480 1724 3760 5484 2919 1935 |36.820
28,000 «863 764 1273 496 8148 4320 6462 3678 2a8e |56.45
25,000 - 978 781 1438 803 1190 0 11 1841 896 | 40.70
28,000 « 980 778 1438 511 1404 3200 4504 2708 1455 |40.18
25,000 976 78l 1454 810 1501 3400 4901 2826 39,98
28,000 . 976 778 1433 508 * 1501 3430 5131 28689 1833 |39.83
25,000 981 781 1445 510 1881 4100 5981 3478 W33 40,13
25,000 978 781 1434 810 2020 4250 5870 3738 25808 |59.97
25,000 « 976 T8 1432 816 2103 4460 555Q 3684 2685 |59.34
| 26,000, | 4961 WC" 1450 508 2204 | _4650 .11.1§_| | 2910 |
Data not obl ned.

L&
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TATIL~PIPE BURNING — Oonoluded
12 13 14 15 16 17 18 18 20 21
Spoo!.t 1e Potal 'l.‘l..ll—pipo Tall-pl Turbine—|Turbine-| Turbine—~ [Exhaust—|Exhaunst—|Exhaust—|Rm
fuel—|fus ez:n outlst | outlet outlet nozgle | nozsle [ 1]
ll%t ion| air 71 efficlency| total statioc total ’ total statio total
ratlio (r, "l:,t preasure |[pressure| temperature |pressure | pressure |tempera~
v/ | /e (/kg |coa | v e lrer oR)
um" aq 9 {1b/a lb/aa 8s
(v t) £t aba. )|t avs ) ORI
Configuration|C ]
207 '« 0083 ——— 1087 799 1131 954 788 — 1
2,898 0348 0277 531 1218 1007 18263 1128 aes 2084 2
2.56 05068 «0457 888 1480 1887 1634 1368 93¢ 3861 3
2.800 .0684| .0809 807 1587 1577 1785 1434 963 3666 4
3.244 +0742 0768 +8T7& 1877 1591 1738 lasl 067 3704 -]
1.970 +- 0008 — 1156 804 llas 10354 798 - 8
2.178 .0514] .0234 « 970 1489 1888 1271 1366 88l 25855 7
2,187 +0O515 »ORSS + 098 1487 1230 1380 1382 a94 2574 8
2,184 «0383 0274 «903 (=) {a) 1487 1438 949 2799 9
2.308 0435 <0587 44 1890 1447 1888 1545 1027 Slad 10
2,465 0818 0472 «808 1766 1586 1688 1823 1086 3461 11
2.608 +0600 .0 <881 1784 1553 1668 1842 1088 - 3087 18
2,388 B —— . 1389 24 1107 - 1108 als - 13
2.158 0314 «0243 .86868 1742 1473 1308 1579 1048 8463 14
2.237 0427 «03 <S48 1639 1878 1508 1778 1138 3008 15
2.496 «0538] .0489 «638 2086 1798 1s21 1884 1221 3404 18
3.100 »0808| ,0888 788 28248 1965 .1708 2058 1349 3570 17
2,248 0804 | .0455 919 8405 2093 1804 2278 1445 5410 18
Conf. tion|D
1.418 0. 0008 2432 1815 1191 2197 1880 - i
2,907 .0892 | 0,0280 0,883 2783 2137 1868 2430 1836 1814 £
2,807 .0328| ,02858 «318 2880 2268 1380 2818 1988 1784 2
7,004 03859 | .,0288 «578 28980 2375 1488 2893 2080 1978 4
2,750 +0379 . 417 3087 2490 1455 2009 2068 8008 2
2,107 » 0088 — 1874 1264 1123 1610 12908 - ]
3.398 <0551 0267 308 2188 inb 1867 1918 1443 1720 7
3,181 0567 .0303 377 2330 18853 1382 2033 1520 1944 e
2.973 <0427 |  .O363 « 4668 2514 2088 1518 2004 1838 23513 ]
8. 545 «0475 | 0415 837 2784 2343 1545 2487 1768 eTeR | a
1,918 «0087 — 1430 833 1108 1188 0L 11
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Flgure 3, - Tall pips ueed with conflguration D.
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Faure 5. - Downstrosa fnel ring end semitoroidal flame holdsr, oonfigmretion A (looking downsiresm).
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Mgure 6. =~ Downstream fusl ring snd anomlar V-type flame hollder, configuration B (looking dcwnstreas).
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NACA RM No. EBJ25e 37

8.22.47

Mgure 9. - Fusl-injection system and flams holder, oocnfignration D (looking downstresm).
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Figure 11. - Variation of performance paranmeters with tall-pipe fuel flow for
several flight Mach nunbers. Configuration Bj altitude, 25000 feet; engine
speed, 12,500 rpm..
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Figure 11. = Continued. Variation of performance parameters wth

al | -pipe fuel flow for several fljght Mach numbers. Configura-

tion B; altitude, 25000 feet; enginespeed, 12,500 rpme
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Figure 15, = Relation between specifio fuel consumption based on net thrust and total

fuel flow and flight Mach number with standard tail pipe and with modified tall pipe
and tail-pipe burning. Altitude, 26,000 feet; engine speed, 12,500 rpm.
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(b) Configurations C and D; modified engine; turbine-outlet temperature, Tg, 1850° R,

Figure 15. = Concluded. Relation between specific fuel consumption based on net thrust and
total fuel flow and flight Mach mmber with standard tail pipe and with modified tall
pipe and tail-pipe burning, Altitude, 25,000 feet; engine speed, 12,500 rpm.
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(a) Configuration B; originsel engine; turbine-outlet temperature, Tg, 1525° R.

Figure 16. - Relation between total fusi-air ratio and flight Mach number with standard
tail pipe and with modifiled tail pipe and tail-pipe burning. Altitude, 25,000 feet;
engine speed, 12,500 rpm.
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(b) Configurations C and D; modified engine; turbine-outlet temperature, Tg, 1650° R,

Figure 16. -~ Concluded. Relatlon between total fusl-air ratio and flight Mach number with
standard tail pipe and with medified tall pipe and tall-pipe burning. Altitude, 25,000
feet; engine speed, 12,500 rpm.
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