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AND WATER INJECTION 

By Robert O. Dietz, Jr., George Wishnek 
and John K. Kuenzig . 

SUMMARY 

Thrust augmentation of an axial-flow-type turbojet engine by 
a combination of tail-pipe burning and water injection has been 
investigated in the Cleveland altitude wind tunnel. Water was 
injected into the engine inlet and the engine combustion chambers. 
Performance was investigated over a range of simulated flight con­
ditions and water injection rates while the engine was operated at 
rated speed and the tail- pipe fuel flow was regulated to maintain 
a constant turbine-outlet temperature. A constant inlet-ai r tem­
perature of 5200 R was maintained during water injection into the 
engine inlet in order to avoid icing. A fixed-area tail-pipe noz­
zle vTaS used. 

Thrust increases obtainable with engine-inlet water inject ion 
reached a peak at a vrater-air ratio of 0.035 and decreased with 
larger amounts of injection, .whereas thrust increases obtainable 
with combustion-chamber water injection increased as the water-air 
ratio vTaS raised throughout the range of water-air ratios inves­
tigated. For the range investigated, greater maximtm thrust 
increases were available with combustion- chamber water injection 
than with engine-inlet water injection. Thrust . increases obtained 
from either m.ethod of water inject ion were accompanied b y large 
increases in specific liquid consumption. 

INTRODUCTION 

Augmentation of the normal thrust of turbojet engines is of 
importance in improving the flight characteristics of ~e t -propelled 
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a ircraft and in increasing the effectivenes s of the turbojet engine 
f or civilian and military applications . A general progr am of thrust 
augmentation for turbojet engines is t her efore being conducted at 
the NACA Cleveland laboratory. Thrus t augmentation of an axial-flow­
t ype turbojet engine by burning fuel in the tai l pi pe is discussed 
i n references 1 to 3. Thrust augment a tion of the same turbojet 
engine by water injection at the compressor inlet is reported in 
r ef erence 4 . 

The performance results of an investigation made in the Cleve­
land alt itude wind tunnel with water injection in combination with 
t ail-pipe burning in the following t wo phases ar e presented herein: 
(1) engine-inlet water in jection with t ail- pipe burning; and 
(2 ) combustion-chamber water injection with tai l -pipe burning . 

The standard t ail pi pe of t he t urbo j et engine was r eplaced with 
a larger tail pipe designed t o provi de favorab le conditions for 
tai l-pipe burning. A fixed-area t a i l-pipe nozz le was used on t he 
engi ne. The investiga t ion was made over a range of f l ight ~~ch 
numbers at a pressure altit ude of 20,000 feet and at r ated engi ne 
speed. This engine speed was ma intained while t he wat er injection 
rate was varied over the full range obtainable wi t h the pumping 
equipment. A constant t urbine- outlet temperature was maintained 
by varying t he amount of fuel burned i n the tai l pipe . 

INSTALLATI ON 

Engine and tail-pipe burner. - The investigation of thrust 
augmentation by the use of water inj ection in combination with 
t ail-pipe burning was performed with an axial-flow-type 4000-pound­
thrust turbojet engine having an II-stage compres sor , eight cylin­
drical combustion chambers, and a single-stage t urbine. The 
standard tail pipe of the engine was replaced by a modifi ed tai l 
pipe, which was lengthened to include a diffuser, a combustion 
chamber 5 feet long and 34 inches i n diameter, a reducer section, 
and a tail-pipe nozzle (fig . 1). Further details of t he const ruc­
tion and performance of t his tail-pipe burner are presented in 

reference 1. A f i xed-area t ail-pipe nozzle 19~ inches in diamet er 

was insta lled on the engine f or the phase of t he invest i gation in 
whi ch t ail-pipe burning was used. A fixed-area t ai l-pipe nozzle 

16~ inches in diamet er was inst alled on the engine for the phase 

of t he investiga t ion in whi ch no tail-pipe burning was used. 

CONFIDENTIAL 
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Water-injection equipment. - Water was injected into the engine 
inlet through 24 spray nozzles circumferentially installed around 
the inlet-air duct and flush with the duct wall. The nozzles were 
located at a "station 6 inches upstream of the engine inlet. A 
detailed description of this injection system and a description of 
the water injection nozzles are given in reference 4. 

Water was injected into the combustion chambers through two 
nozzles in each chamber, one at the inlet and one at a station 
6 inches upstream of the outlet (fig. 1). The spray nozzles at the 
inlet directed a conical spray upstream and were fixed to the fuel­
spray nozzle supports. The nozzles near the outlet directed a 
conical spray normal to the gas flow into the secondary combustion 
zone. 

Wind-tunnel installation. - The turbojet engine was supported 
by a wing section installed in the 20-foot-diameter test section of 
the altitude wind tunnel (fig. 2). Air was supplied to the engine 
through a duct from the tunnel make-up air system (reference 1). 
A labyrinth slip joint in the inlet-air duct 40 feet upstream of the 
engine inlet made possible the measurement of thrust with the wind­
tunnel balance scale. The air was throttled from apprOximately 
sea-level pressure to the desired total pressure at the engine inlet 
while the pressure in the wind-tunnel test section was maintained 
at a value corresponding to the desired altitude. 

A survey rake was mounted in the air duct about 11% feet 

upstream of the engine inlet to measure the engine air flow. Pres­
sures and temperatures of the gases were measured at several sta­
tions in the engine (fig. 1) and thrust was determined from the 
wind-tunnel balance scales. The thrust and air flow were calculated 
by the methods presented in ~he appendix. 

Kerosene (AN-F-32) was burned in the engine and 62-octane 
unleaded gasoline was burned in the tail-pipe combustion chamber. 

PROCEDURE 

The investigation was conducted at a pressure altitude of 
20,000 feet and at flight Mach numbers from 0.26 to 0.87. At each 
simulated flight condition, the turbojet engine was operated at 
rated speed (7600 rpm). Data were obtained at various water flows 
while the turbine-outlet temperature was maintained at 16800 R by 
varying the amount of fuel burned in the tail pipe. An inlet-air 
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temperature of about 5200 R was maintained to prevent icing when 
water was injected into the engine inlet. Inlet- a ir temperatures 
corresponding to NACA standard altitude temperatures were maintained 
when water was injected into the combustion chambers. Equal amounts 
of water were injected at the combustion-chamber inlet and the sec­
ondary combustion zone. The total water-flow rate for eitber tbe 
compressor-inlet injection system or tbe combustion-cbamber injec­
tion system was limited by the pumping equipment to a maximum of 
2.65 pounds per second. 

RESULTS AND DISCUSSION 

Engine-inlet water injection. - Tbe effects of water injection 
on engine performance witb tail-pipe burning are presented in fig­
ures 3 and 4. No data points are sbown on the curves inasmucb as 
the actual data were obtained at slightly varying turbine-outlet 
temperatures, whicb necessitated the use of cross plots to obtain 
tbe performance curves at a constant turbine-outlet temperature of 
16800 R. A description of the method of cross-plotting is given 
in tbe appendix. Witb engine-inlet water injection in combination 
with tail-pipe burning on a turbojet engine, raising tbe wat er-air 
ratio caused an increase and a subsequent decrease in jet thrust 
(fig . 3(a)), net thrust (fig . 3(b)), tail-pipe fuel consumption 
(fig . 3 (c)), total fuel consumption (fig. 3(d)), total fuel- a ir 
ratio (fig. 3(e)), and tail-pipe pressure ratio (fig. 3(f)). Thrust 
augmentation obtainable for tbe combination of engine-inlet water 
injection and tail-pipe burning was higbest at a water-air ratio of 
about 0.035 (fig. 3(b)). Total liquid consumption and specific 
liquid consumption based on net tbrust increased as the engine­
inlet water injection rate was increased throughout tbe range of 
water-air ratios investigat ed (figs. 3(g) and 3(b),respectively). 
Air flow of the turbojet engine wi tb tail-pipe burning was 
unaffected by engine-inlet water injection (fig. 3(i )). 

Greater net thrusts (fig. 3(b)) and specific liquid consumptions 
based on net thrust (fig. 3(b)) were obtained with water injection 
at the engine inlet and tail-pipe burning than with tail-pipe burn­
ing alone. Thrust increases were larger at low flight Mach numbers 
than at bigh flight Macb numbers. Data obtained f or two fligbt Macb 
numbers at a turbine-outlet t emperature of 16800 R witb a 19~-incb­
diameter tail-pipe nozzle are sbown in tbe following table: 

CONFJl)ENTIAL 
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Flight Tail-pipe burning Engine-inlet water injection and tail-
Mach pipe burning; water-air ratio, 0.035 
number Net Specific Net Increase Specific Increase in 

thrust liquid con- thrust in net liquid con- specific 
(lb) sumption (lb) thrust sumption liquid con-

based on (percent) based on sumption 
net thrust net thrust (percent) 
(lb/(hr) (lb/(hr) 
(lb thrust» (lb thrust» 

0.26 1880 2.45 2350 25 4.27 74 
.87 3620 2 .• 16 3980 10 4.00 85 

The thrust increases and a~ecific liquid consumptions obtained 
with engine-inlet water injection with and without tail-pipe burning 
are shown in the following table. Water-injection data are presented 
at a water-air ratio of 0.0535 because performance data with water 
injection alone were available only at this value. The values were 
obtained with the engine operating at maximum r ated conditions at a 
pressure altitude of 20,000 feet and a flight ~~ch number of about 
0.26 with an inlet-air temperature of approximately 5200 R. 

'\ Tail- Net Increase Specific Increase in 
pipe- thrust in net liquid con- specific 
nozzle (lb) thrust sumption liquid con-

Augmentation diam- (percent) based on sumption 
eter net thrust (percent) 
(in. ) (lb/(hr) 

(lb thrust» 

None 1540 1.39 
Engine-inlet water 16~ 1730 12 5.30 280 
injection; water-, 8 
air ratio, 0.0535 

Tail-pipe burning I 1880 22 2.45 75 

Engine-inlet water 
19~ 

2315 50 5.29 278 
injection with 4 
tail-pipe burn-
ing; water-air 
ratio, 0.0535 

The values obtained without tail-pipe bUl~ng are taken from refer­
ence 4. 

CONFIDENTIAL 
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The increase in net thrust caused by inlet water injection and 
tai l-pipe burning at a water-air ratio of 0.0535 over the thrust 
obtained ,,,ith tail- pipe burning alone is 23 percent. rrhe correspond­
ing increase in specific liguid consumption is 116 percent. 

Engine- inlet lmt er injection is impractical under conditions at 
,,,hich the inlet air must be heated to prevent freezing of the 
injected lmter because the abnormal inlet-air temperature that 
results from such heating decreases the thrust of the engine. The 
addition of some freezing-point depressant to t he water would elim­
inate the necessity of heating the inlet air . The decrease in thrust 
caused by raisins the tem~erature of the inlet air tends to nullify 
the increase in thrust obtainable from water injection; however, 
worth-while gains in thrust could be realized at sea level on warm 
days or by injection of a nonfreezing mixture of water and alcohol. 

Va lues taken from the curves of figure 3 are not directly com­
parable to values from figure 4 or from references 1 to 3, except 
for simulated flight condi t ions that involve an engine inlet-air 
temperature of 5200 R, inasmuch as a constant inlet-air temperature 
of 5200 R ,ms maintained ,nth "rater inject ion into the engine inlet. 
NACA standard inlet temperatures were maintained wIth water injec­
tion into tl1e combustion chambers and for the data presented in 
references I to 3 . 

Analysis for engine- inlet water injection. - Engine-inlet 
water injection Imfered the temperature of the air flmnng througb 
the c~lpre8sor because of t he evaporation of water and tbereby 
increased the com~ressor ~~cb number. Evaporation of water in tbe 
flo,,, IJassages of the compressor changed tbe flow conditions over 
the blading and thus probably affected the compressor efficiency 
(reference 4) . A.n increase in gas flow through the critical flm" 
area of the engine (t~rrbine nozzles) as a result of inlet water 
injection ,ms accompanied by an increase in compressor pressure 
ratio . Injection of small amounts of water at the engine inlet 
increased the compressor pressure ratio but did-not greatly affect 
the efficiency therefore producing an increase in turbine-outJ.et 
t ot al pressu:re. Injection of larger amounts of water at the engine 
inlet continued to increase the compressor pressure ratio, but 
apl.:Jarent l y bad an adverse effect on the compressor efficiency. The 
result "TaS that at high "Tat er in jection rates the turbine-outlet 
total pressure decreased. 

Comlmstion- cl1amber wter injection. - Hith combusti on-chamber 
water injection in combination m th tai l-pipe burnine;, raising the 

CONFIDENTIAL 

- - '- ----------



.--- ----- - 1 

NACA RM No. E7L16 CONFIDENl'IAL 7 

water-air ratio caused an increase in jet thrust (fig. 4(a», net 
thrust (fig. 4(b», tail-pipe fuel consumption (fig. 4(c», t otal 
fuel consumption (fig. 4(d», total fuel-air ratio (fig. 4(e», 
tail-pipe pressure ratio (fig. 4(f», total liquid consumption 
(fig. 4(g», and specific liquid and fuel consumptions based on net 
thrust (fig . 4(h» throughout the range of water injection rates 
investigated. Air flow of the turbojet engine with tail-pipe bunl­
iug was unaffected by combustion-chamber water injection (fig . 4(i». 
Increases in thrust and specific liquid consumption resulting from 
combustion-chamber water injection at two flight Mach numbers and a 
turbine-outlet temperature of 16800 R are shown in the following 
table: 

Flight Tail-pipe burning Combustion-chamber water injection and 
Mach tail-pipe burniD8; water-air ratio, O.O~ 
number Net Specific Net Increase Specific Increase in 

thrust liquid con- thrust in net liquid con- specific 
(lb) sumption (lb) thrust sumption liquid con-

based on (percent) based on sumption 
net thrust net thrust (percent) 
(lb/(hr) (lb/(br) 
(lb thrust» (lb thrust» 

0.68 2780 2.12 3251 17 4.82 127 
.81 3060 2.11 3540 16 4.76 125 

aHighest investigated at flight Mach number of 0.81. 

A comparison of the percentage changes in the various perform­
ance parameters caused by engine-inlet water injection and 
combustion-chamber water injection indicates the relative merits of 
the t wo injection stations, although the difference in engine-inlet 
air temperatures during tbe two pbases of the investigation places 
certain limitations on such a comparison. At a water-air ratio of 
0.035, the rate of injection at which maximum thrust increases were 
available from engine-inlet water injection in combination with 
tail-pipe burning, greater thrust augmentation was available from 
engine-inlet water injection than from combustion-chamber water 
injection. Increases in tbrust and specific liquid consumption 
available from tbe two methods of augmentation at a pressure alti­
tude of 20,000 feet, a flight Mach number of 0.68, and a turbine­
outlet temperature of 16800 R are presented in the following table: 

CONFIDENTIAL 
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Inlet- Water- Net Increase Specific Increase in 
air air thrust in net liquid con- specific 
tem- ratio (lb) thrust sumption liquid con-
pera- due to based on sumption 

Augmentation ture water net thrust due to 
(~) injection (lb/(hr) water 

(percent) (lb thrust)) injection 
(percent) 

Engine- inlet 0 2580 2.32 
water injec-
tion with 520 16 88 
tail-pipe 0.035 3000 4.35 
burning 

Combustion- 0 2780 2.12 
chamber 
water inj ec- 488 13 94 
tion with 

0.035 3130 4.11 tail- pipe 
burning 

With the engine operating with tail- pipe burning, a greater maximum 
increase in net thrust was obtained with combustion-chamber water 
injection than with engine-inlet water. The maximum increases in 
net thrust obtained at a pressure altitude of 20,000 feet and a 
f light Mach number of about 0 . 68 was 17 percent from combustion­
chamber i njection at a water-air ratio of 0.053 (fig. 4(b) ) and 
16 percent from engine-inlet inje~tion at a water-air ratio of 0.035 
(fig. 3 (b )). The corresponding increases in specific liquid con­
sumption were 134 percent (fig . 4(h)) and 88 percent (fig. 3(h)), 
respectively . The maximum water-air ratio investigated for combustion­
chamber water injection was about 0.053 and the t rend of the curves 
indi cate that still higher thrust increases could be obtained with 
great er injection rat es (fig . 4(b)). 

Anal ysis for combustion-chamber water injection. - The tail-pipe 
pressure ratio increased with water injection into the combustion 
chambers as the water- a ir ratio was increased throughout the range 
investigated (fig . 4 (f) ). An increase in gas flow through the 
cri tical flow area of the engine (turbine nozzles) as a result of 
the injection of water into the combustion chambers was accompanied 
by an increase in compressor- outlet pressure and a change in com­
pressor air flow. The following chart shows typical axial-flow­
compressor characteristics, with turbojet engine operating lines 
superimposed, for operation with -and without combustion- chamber 
water injection: 

CONFI DENTIAL 
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At each flight condition, the compressor operated at a f ixed ~~ch 
number; therefore, because the compressor operating line for the 
engine intersects the compressor Mach number curve in a region ,.,here 
the constant compressor Mach number curve is steep, the variation 
in air flow was very small. The incressed pressure ratio across 
the compressor ~th practically constant air flow required a larGer 
amount of power from ·the turbine. Because wat er injection increased 
the mass gas flow through the turbine and raised the specific energy 
content of the gases flo~ng through the turbine, the turbine could 
supply the increased power to drive the compressor ~th little 
increase in turbine pressure ratio. The turbine-outlet pressure 
therefore increased as the water-in jection rate was increased . 

Hater injection gives limited gains in thrust, as can be s een 
from the data presented herein. These gains in tbrust are accom­
panied by larGe increases in specific liquid consumption. The use 
of water in jection to augment the thrust of a turbojet engine is 
tberefore only practical for short periods of time. 

CONFIDENTIAL 
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SUMMARY OF RESULTS 

From an investigation conducted in the Cleveland a l titude wind 
t~el of tbrust augmentation of an axial-flow-type turbojet engine 
operatine at maximum engine speed and a constant turbine-outlet tem­
per ature of 16800 R witb a combination of tail- pipe burning and 
water inject ion, the fol l owing results were obtained: 

1 . Maximum thrust augmentation was obtained with engine- inlet 
water injection at a water-air r a tio of about 0.035 . Witb l arger 
amounts of injection, augmentation decreased; wbereas tbrust 
augmentat ion obtainable with combustion-chamber wat er injection 
increased as t be water-air r at io was r aised tbrougbout tbe range of 
,roter-air r atios investigated . 

2 . Inject ion of water into the engine inlet of tbe turbojet 
engine witb a 19~ - incb -diameter tail- pi pe nozzle operat ing at rated 

4 
conditions ,,,itb tail- pipe burning at a water-air r atio of 0.0535 
produced a net tbrust 23 percent greater and a specific liquid con­
sumption 116 percent greater tban th e corresponding values for the 
engine witb tail-pipe burning and no water injection. This t otal 
augmented thrust was 50 percent greater than tbe net thrust of the 

t urbojet engine with a 16~ - incb - diameter nozzle Cl';.'.d no augmentation 
and the specific li quid consQ~ption was 278 p~rcent greater. Injec­
tion of w-ater into the inlet of tbe turbojet engine bavi ng a 

16~- incb- diameter tail-pipe nozzle and operating at rated conditions 
vithout t ail- pipe burning at a water -air r atio of 0.0535 produced a 
net t hrust 12 percent -gr eater tban tbe net thrust of the engine 
witbout water inject ion . This augmentation was ac companied by a 
280 percent increase in specific liquid consumption . 

3 . At a pressure a l titude of 20 , 000 feet and a fligbt ~~cb 
number of about 0. 68 , t be maximum tbrust increases for engine-inlet 
,roter i n j ection and combustion- chamber water injection on a t urbojet 
engine operating at rated condit ions witb tai l- pipe burning above 
tbe tbrust obtainable with tail-pipe burning alo~e were 16 and 
17 per cent , respectively . Tr ends of the data presented indicate 
tbat greater t hrust increases could be obtained from combust ion­
chamber water injection at higher water-injection rates, wherea s 
the value pres ented i s the maximum obtainable at tbese inlet con­
di tions for engine- inlet water injection . 
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4. I-later injection gave limi t ed gains in tbrust wi th a large 
increase in specific liquid consumption; its use i s tberefore only 
practical for sbort periods of time. 

Flight Propulsion Researcb Laboratory, 
National Advi sory Committee for Aeronautics , 

Cleveland, Obio. 
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AJlPEIIDIX A 

SYHBOLS 

Tbe follovring symbols are used in the ana l ysis : 

A 

B 

cp 

f /0. 

cross- sectional area, sq ft 

t hrust scale reading , lb 

external drag coef fi cient of i nstallation (det ermined from 
power- off investigations ) 

specific beat of ga s at constant press1.,lre, Btu/(lb)( OR ) 

jet t hrust , lb 

net thrust , l b 

fuel-air r at io based on tota l fEel flmr to engine and tai 1 
pi pe 

g acceleration of gravit y , 32.2 f t/sec2 

J mechanical equiva l ent of beat , 778 ft - lb / Btu 

1-1 Mach number 

P total pressure , lb/sq. ft absolute 

ps /PO tai l - pi pe pressure ratio 

p static pressure , lb/sQ ft abso l ute 

q dynamic pressure, lb/sq ft 

R gas constant, 53 .4 f t - l b/(lb ) (OR ) 

S wing- s ecti on area, sq ft 

T tota l temperature, ~ 

Ti indicated temperature, OR 

t stati c temperature, ~ 

CONFIDENTIAL 
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V velocity, ft/sec 

vIa air flow, Ib/sec 

total fuel consumption, Ib/hr 

tail-pipe fuel consumption, lb/br 

liquid consumption, lb/lJr 

13 

specific fuel consumption based on net tbrust, Ib fuel/(br) 
(lb tbrust) 

specific liquid consumption based on net tbrust, Ib fuel + 
water/(hr)(lb thrust) 

water-air ratio 

ratio of specific beats for gases 

p mass density of gas, sll~s/cu ft 

Subscripts: 

c compressor 

B ey~aust gas 

j station in exhaust jet wbere static pressure first rea cbes 
free-stream static pressure 

r inlet duct at survey rake, station r 

x inlet duct at Slip joint, station x 

o tunnel-test-section free-air stream 

1 cOrrl inlet 

5 turbine outlet 

6 tail-pipe diffuser inlet 

CONFIDENI'IAL 
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APPENDIX B 

METHODS OF CALCULATION 

Temperatures 

A cold cali br a t ion of a sample thermocouple up t o a ~Bch nu~ber 

of about 0.8 sh owed tbat t he tbermocoupl e measured t he static tem­
perat ure plus a pproxima t ely 85 percent of t he adiabatic temperat ure 
rise owing t o t he impact of the air on the thermocouple. Stati c 
temperature was det ermi ned f rom i ndi cated temper ature by applying 
this fa ct or t o the adiabati c relat i on between t emperature and pres­
sure in t be following manner: 

(1 ) 

1 + 0.85 

Tbe t otal t emperat ure was found by use of the equa t i Qn 

r - l 

T 

1.::l: 
t (~) r == __ T.=....i ~(~'-'-) _r __ 

1 + 0.85 b)7 -1J 
( 2 ) 

Air Flow 

The a i r flow t hrougb th e engi ne was det ermined from pressure 
and t emperat ure measurements obtai ned wi t h a vert ica l survey rake 

i nstalled in the inlet duct ll~ f eet a head of the engine . Air flow 
was ca l culat ed by substituting thes e va l ues of pressure and temper­
a t ure in the equation 
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The static temperature in equation (3) was obtained by use of 
equation (1). 

Jet Thrust 

15 

(3) 

Jet thrust was determined from the balance-scale measurements 
by combining the forces on the installation in the following 
equation: 

(4) 

The second term in the right-hand side of equation (4) represents 
the external drag of the installation and the third and fourth 
terms combined represent the force on the installation at the lab­
yrinth slipjolnt in the inlet-air duct. 

Equivalent Airspeed 

Inasmuch as all calculations are based on lOO-percent free­
stream total-pressure recovery, the equivalent airspeed corre­
sponding to the ram-pressure ratio at the engine inlet was expressed 
by 

(5) 

Because the adiabatic temperature rise due to the cowl-inlet veloc­
ity was low, the equivalent free-stream total temperature was 
assumed equal to the cowl-inlet indicated temperature. The use of 
this assumption introduced an error in airspeed of less than 
1 percent. 
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Net thrust 

Net thrust was obtained by subtracting the equiva l ent free­
stream momentum of the inlet air from t he jet thrust 

(6) 

Method of Cross-Plott i ng Data 

Performance dat a obtained at each s imulated flight condition 
were plotted using turbine-outlet temperature as the independent 
var i able, a s shown i n t he following figure: 

6000 

III 

~ 5000 w/a 0.04 ... 
-r-;l 

~ w/a = 
4000 

w/a = 0 

3000 
1600 1650 1700 1750 

T7, OR 

At each simulat ed flight condi t ion , data 'vere taken at two 
turbi ne-outlet temperatures and a f ixed water-air ratio in order 
to det ermine the s lope of the fai rings in this figure. The point 
at which t hese fa ired l i nes i ntersect the turbine-outlet temper­
ature line of 16800 R gave the t hrust obtainable from the system 
with a turbine-outlet t emperat ure of 16800 R. Values taken from 
the points of intersection were then plotted in the final figures 
using wat er-air r at io as t he basic parameter. 

CONFIDENTIAL 

---- - ---------- -----r 



NACA ru.1 No. E7L16 CONFIDENTIAL 17 

REFERENCES 

1. Fleming, W. A., and Dietz, R. 0.: Altitude-Wind-Tunnel Investi­
gations of Thrust Augmentation of a Turbojet Engine. 1-
Performance with Tail-Pipe Burning. NACA EM No. E6120, 1946. 

2. Fleming, William A., and Golladay, Richard L.: Altitude-Wind­
Tunnel Investigation of Thrust Augmentation of a Turbojet 
Engine L III - Performance with Tail-Pipe Burning in Standard­
Size Tail Pipe. NACA EM No. E7FIO, 1947. 

3. Lundin, Bruce T .• , Dowman, Harry W., and Gabriel, David S.: 
Experimental Investigation of Thrust Augmentation of a Turbo­
jet Engine at Zero Ram by Means of Tail-Pipe Burning. NACA 
ill1 No. E6J21, 1946. 

4. Dietz, Robert 0., and Fleming, William A.: Altitude-Wind-
Tunnel Investigation of Thrust Augmentation of a Turbojet 
Engine. II - Performance with Water Injection at the Compressor 
Inlet. NACA RM No. E7C12, 1947. 

CONFIDENTIAL 

\ 



n 
o 
z 
T1 

G 
rr 
? 
-i 

Reducer sectior 

Tai I-pipe 

nozzle, 

19f'· I! III 

58 +- T-H -(I 

Tai I-pipe diffuser 

Tail-pipe 
combustion 
chamber 

.-----Tu rb i ne 

~---Combustion-chamber water injection nozzles 

HIT I hr1- Im--~lI~l~rrr illHTlf 8'~ I~ HI - ~I hrr -+--+ 

~ Stat ion 10 
I 
e 6 5 4 3 2 

25" ,j, 60" >I. 
L-- Fue I nozz I es 

~ 

Fijure I. - Installati o n of turboj p- t engine w ith tail-pipe cornbustion chamber and wate r injection 
nozzles s howing r e l ation of component parts and measuri ng sta~ions. 

CD 

n 
0 
z 
-n -
0 

~ 
-i -
» 
t 

z 
» 
n 
» 
:;lJ 
~ 

z 
o 

Cl 
t 

C\ 

"> 



NACA RM No. OL 16 CONFI DENTI AL 

-CONFIDENTIAL 

c 
o 

..... 
(/) 

::l 
.c 
E o 
u 

~ 
a. 

a. 
I 

~ 
C 

0> 
C 
~ 

..... 
QJ 

" 

o 
.c 
L 
::l ..... 

.... 
o 
c 
o 

(!) 

c 
C 
::l ..... 
I 

""0 
C 

19 



" 



(]I 
r­
eo 

NACA Rrvl NO. E7 L 16 CONFI DENTI AL 

8000 
Flight Maoh 

nUlllber 
-r _.- -

b_A'7 

V I--

~ 

5000 

.'71l 
[:----= .--

4500 

.D 
~ .. ..... ... .. .. • 
~ .. 
,!! 

4000 

V 
3500 

sooo 

2500 

~ 

2000 
o 

V ~ 

--~ 
28 

V ~ 

.01 

~ 

---
-I--

~ 
.os .04 .05 

Wat.r-a1r ratio. w/a 
.08 .07 

ea) Jet thru.t. 
"em-- S. - Err.et or _tel' iDj.etioD at .nsin. inl.t on turboj.t_agu. per­

tONaDo. with taU.."lpe b\U'DlnS tor aeveral tl1sht bob naMr.. BJ3g1ne age.d, 
7800 rpa, pre •• ure altlt.~~ 20.000 r •• t; turbtne-outl.t t-.pel'ature. 1580 ~, 
enslne .1JU.t ... ·lr te.perat .. , a'PFod .. tel1 ~IOO It. 

CONFIDENTIAL 

21 



22 CON F I DEN T I AL ~ACA RM NO. E7L 16 

Flight Maon 
number 

~ J.---

V-
V 

~500 

--~.-
~ ~ 

f.---

...-.. .., 
/ • 

~ .52 ~ 
~ 

.. 2500 -- I----

~ 
/ 

V 
2000 

1500 
.01 .02 

-

. 03 .04 
Water-air ratio, ./a 

(b ) IItit thrust. 

.05 

-

~ 
.Of! .07 

Pigure S. - Continued. Effeot of . a ter injeotion at engine inlet on turbojet­
engine perf ormanoe with tail-pipe burning for seTeral flight .ach numbers. 
Engine . peed, 7600 rpmJ pressure altitude , 20,000 teet; turbine-outlet tem­
perature, 18eOo R; engine inlet~air tempepature. approximately 5200 R. 
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Figure 3. - Continued. Ettect ot water lDJeetion at engine inlet on turboj.t­
engine performance with tail-pipe burDing tor 8eY~ral fli«bt Kach nuaberl. 
Engine apeed1_76oo rpa; pressure altitude, 20,000 teet; turb1ne-outlet t..­
perature, 16800 R; engine inlet~lr temperature, approximately 6200 R. 
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Figure 3. - Continued. Effect of water injection at engine inlet on turboJet­
engine performance with tail-pipe burning for several flight Maeh numbers. 
Engine speed, 7600 rpm; pressure altitude, 20.000 feet; turbine-outlet tem­
perature, 16800 R; engine inlet.air temperature, approximately ~200 R. 
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Pigure ~. - Continued. Itrect or water injection at engine inlet on turbojet­

engine performance with tail-pipe burning tor several tlight lach numbers. 
Engine speed, 7600 rpm; presaure altitude, 20,000 teet; turbine-out1et tem­
perature. 18800 ft; engine inlet-alr temperature, approxt.ately 5200 R. 
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Pigure 4. - E~~ect o~ water injection into combustion chambers on 
turbojet-engine-pertarmance with tail-pipe burning tor two 
~light Xaeh numbers. Engine speed, 7600 rpmi simulated altitude, 
20.000 teet; turbine-outlet temperature~ 168uo R. 
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Figure 4. - Continued. Effect of water inject10n into combustion 

chambers on turbojet-engine performance with tail-pipe burning 
tor two flight Mach numbers. Engine speed, 7600 rpm; simulated 
altItude, 20,000 teet; turbine-outlet temperature, 16800 R. 
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Pigure 4. - Continued. Effect of water injection into combustion 

ehambers on turbojet-engine performance with tail-pipe burning 
for two flight Mach numbers. Engine speed, 7600 rpm; simulated 
altitude, 20,000 feet; turbine-outlet temperature, 16800 R. 
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a1~itude, 20,000 feet; turbine--out1et temperature, 15800 R. 
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Figure 4. - Concluded. Effect of water injection into combus t ion 

chambers on turbojet-'engine·t>erformance with taU-pipe burni ng 
for two flight Mach numbers. Engine speed, 7600 rpm; s imulated 
altitude, 20,000 feet; turbine-outlet temperature, 16800 R. 
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