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:NATIONAL ADVISORY COMMITTEE FOR AERONA't1.riCS 

TECHNICAL NOTE NO. ~687 

JEr DIFFtBER FOR fiJlMOLATING RAM-PRl!SSURE AND ALTITUDE 

CONDITIONS ON A TURBOJEr-ENGINE STATIC TEST STAND 

By Robert H. Essig, H. R. Bohanon 
and David S. Cle.brie~ 

SUMMARY 

An investigation be.s been made of a jet diffuser designed to 
uti~iEe the kinetic energy of the jet f'rom a turbojet engine to 
reduce the discharge pressure at the exhaust nozz~e and thereby to 
provide simuJ.ated ram-pressure ratios across the engine and a~titudes. 
The jet diffuser, designed for use with a turbojet engine having a 

~~inch-diameter exhaust nozE~e 1 consists of an exhaust chamber 1 a 

diffuser-~et nozE~e, a straight ~0-inch-~ong throat, and a diffuser 
section followed by a 4-foot straigh:C duct. At any engine speed, 
the pressure in the exhaust chamber may be regulated by a variab~e­
area shutter at the diffUser out~et~ 

· Curves of performance data for a turbojet engine at several 
ram-pressure ratios show the range o:r engine operating conditions 
obtainab~e with the jet diffuser. · 

A maximum engine-~et to exhaust-chamber pressure ratio ( simu­
lated ram-pressure ratio) of about 2.4 was obtained at a simul.ated. 
pressure a~titude of approximate~ 23 ,ooo feet. The experimental. 
and oa~culated pressure rises between the exhaust chamber and dif­
·fuser throat were in goOd agreement. Comparison of the engine 
thrust obtained at a rem-pressure ratio of' ~.0 with and without 
the jet diffuser indicated that the presence of the diffuser did 
~not interfere with the gas now through the engine-exhaust-nozE~e 
out~et at this ram-pressure ratio. Data from pressure surveys in 
the exhaust chamber indicated that the presence of the jet diffuser 
did not interfere with the gas flow at ram-pressure ratios greater 
than ~.o 

INTRODUCTION 
.. 

Two of the operating conditions affecting the performance of 
turbojet engines are altitude and ram-pressure ratio (ratio of 
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compressor-inlet total pressure to ambient atmospheric pressure). 
The results af reference 1, which reports a theoretical analysis 
(supported by experimental data) or the affect of altitude on the 
performan,ce or turbojet engines, show that., with the exception or 
parameters involving fuel flow, the performance variation or turbo­
jet engines 'With altitude for any constant ram-pressure ratio can 
be correlated by the use of reduction factors. The effects or ram­
pressure ratio, however, cannot be correlated by the reduction 
factors. Consequently, it has been necessary to resort to either 
wind-tunnel or flight studies to determine the performance of 
turbojet engines under ram conditions. 

A jet diffuser that can be used. to simulate ram-pressure 
conditions on a static test stand was developed at the NACA 
Cleveland laboratory to reduce the extensive amount af equipnent 
required for runs under ram or flight conditions. Prelimin.a.ry 
results of the earlier phase of this investigation were presented 
in an NACA release by H. R. Bohanon, David S. Gabriel, and Robert 
H. Essig in November 1946. The present report supersedes this 
preliminary publication and incorporates a more complete descrip­
tion and analysis of the performance of the jet- -diffuser. Applica­
tion of the jet- diffuser is illustrated by engine-performance data 
obtained over a range of engine rotor speeds from about 82 to 
100 percent of maximum engine speed and for ram-pressure ratios 
as high as approximately 2 .4. The engine-performance data at a 
ram-pressure ratio or 1.0 are compared with data taken without the 
jet dif'f'user. Pressure surveys in the diffuser exhaust chamber 
are included to show whether the presence af the jet di:f'fuser 
interferes with the gas flow from the engine exhaust nozzle and 
to verify the accuracy of the thrust calibration. 

Dl!SCRUTION OF JEr Dm'USER 

The jet diffuser utilizes the kinetic energy of the exhaust 
jet from the turbojet engine to reduce the engine back pressure 
and thereby to create a pressure ratio between the compressor 
inlet and the engine outlet that simulates a ram-pressure ratio. 
Because the engine exhausts into a preesure lower than sea-level 
atmospheric, the simulated ram-pressure ratio is obtained at a 
simulated pressure altitude corresponding to the engine exhaust 
pressure. Reference 1 shows that the performance at the various 
simulated pressure altitudes resulting from the decreased exhaust­
chamber pressures can be correlated by plotting the engine per­
formance in terms af generalized paramet~rs; hence, the effects 
of ram-pressure ratio and altitude on performance may be separated. 
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The jet dif'f'user (f'ig. 1), which was designed f'or use on a 
turbojet engine having a 12~-inch-diameter exhaust nozz1i, consists 

of' a cylindrical exhaust chamber, an inlet nozzle, a 10-inch-long 
straight ·throat, and a dif'f'user section followed by a 4-f'oot-long 
straight duct that is fitted with ~ movable sleeve-type shutter and 
a conical target. 

Two different dif'f'user-in1et nozzles and throat configurations 
were used. The first configuration, which is shown dimensioned in 

figure 1, consisted of' a bell-shaped inlet nozzle and a 13~-inch-

diam.eter throat (about 16~ percent greater area than the area of' 

the engine-exhaust-nozzle outlet); the second configuration con­
sisted of' a conical inlet nozzle and a 14-inch-d~ameter throat 

(about 25~ percent greater area than the area of' the engine-exhaust­

nozzle outlet). 

The diffuser proper was constructed with a 7° total angle of 
diffusion (area ratio of' 3.4 for the 13~-in.-diameter throat and 

3.3 f'or the 14-in.-diameter throat) and was 93 inches long. 

The exhaust chamber at the inlet to the jet diffuser provided 
a region of' constant pressure that facilitated the measurement of' 
ambient engine-exhaust pressure (exhaust-chamber pressure) and 
permitted the reproduction of' actual engine performance using the 
standard engine exhaust • 

• 
The movable-shutter arrangement and the conical target were 

used to adjust the exhaust-chamber pressure, and thus the ram­
pressure ratio across the engine, at various engine speeds. A 
hydraulically operated piston with a 12-inch stroke was used to 
change the shutter position. The aleeve-type shutter assembly, 
which moved parallel to the di:f'f'user axis, was used to eliminate 
the forces other than friction acting on the control valve, and 
the saw-toothed edge of' the shutter permitted fine adjustment of' 
the exhaust-chamber pressure. 

The entire diffuser assembly was mounted on a movable frame, 
as shown in figure 2. This movable diffuser frame provided a 
means af adjusting.the dif'f'user position with respect to the 
exhaust-nozzle outlet, which, f'or this investigation, was located 

approximately ai inches f'ram the dif'fuser-throat inlet (fig. 1). 

J 
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During the runs, the exhaust chamber was flexibly connected to the 
engine by a clamped rubber diaphragm seal, as shown in figure 3 1 
and the movable diffuser frame was rigidly fastened to the concrete 
test-cell apron. A radiation shield was installed inside the 
exhaust chamber to prot~ct the diaphragm from damage by heat. Both 
inner and outer diaphragm-clamping flanges were cooled by water 
coils, and a water spray was directed against the outer face of the 
diaphragm. 

INST.A.I.LM'ION AND INsrRUMENTATION 

Installation. - Jet-diffuser perf'orm.a.nce was_investigated with 
a 1600-pound-thrust, centrifugal-compressor-type turbojet engine. 
Figure 4 is a schematic diagram of the setup showing the test cell, 
the engine mounting frame, the thrust-measuring-device linkage, and 
the jet diffuser. The engine was mounted on a rigid frame, which 
was suspended from the cell roof' by four ball-bearing pivoted rods. 
Lateral movement of the engine frame was prevented by ball-bearing 
guide rollers. The tail pipe, which was fitted with a 12~-inch-
diameter exhaust nozzle, extended through an air seal (detail A, 
fig. 4) in the outer cell wall. 

Instrumentation. - The thrust forces produced- by the engine 
were indicated by the measured pressures in a calibrated balanced­
diaphragm air cell connected to the engine frame by a bell-crank 
linkage. Details af' the thrust calibration are subsequently dis­
cussed. All supply linea and instrument connections to the engine 
were flexible in order that the restraining forces on the free­
swinging frame would be minimized. 

Engine fuel (kerosene) flow was measured with a calibrated 
rotameter and engine rotor speed was measured with a chronometric 
tachometer. 

The air supply to the engine entered the nearly airtight teat 
cell through a standard A.S.M.E. air-metering nozzle with a throat 
diameter of 18 inches (f'ig. 4). ~ air-supply diffuser, which has 
an area ratio of 4 1 was connected to the A.S.M.E. nozzle in order 
to convert the velocity pressure in the nozzle throat to static 
pressure in the test cell. 

The following pressure and temperature measurements 1 located 
as shown in figures 1, :3, and 4 1 were made: 

(a) Compressor-inlet air temperature Tv average of four 
open-type ther.mocouples in inlet to engine cowl 
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(b) Compressor-inlet total pressure P1 , one open-end tube in 
test cell 

(c) Tail-pipe indicated gas temperature (assumed to be total 
temperature) T7 , average from five strut-type thermocouples located 
in tail pipe 8 inches upstream of exhaust nozzle 

(d) Exhaust-chamber static pressure p8 , piezometer ring with 

four wall taps equally spaced around exhaust-chamber wall approxi­
mately in plane of englne-exhaust-nozzle outlet. T.his pressure 
corresponds to simulated-altitude ambient pressure. The reading a£ 
the piezometer ring was independently checked with a single exhaust­
chamber wall tap connected to a separate manometer. 

(e) Jet-diffuser-throat static pressure p9 , single wall tap 

located 1 inch upstream of throat outlet 

(f) Diffuser-outlet static pressure ~0, single wall tap 

locatea at outlet of 7° diffuser section 

In addition, the following pressure surveys were made: 

(a) Static pressures at various ·locations along jet-diffuser­
inlet nozzle, throat, and diffusing sections (figs. 1 and 5) 

(b) Exhaust-chamber static pressures along exhaust-chamber 
wall, along engine exhaust nozzle, and radially across flexible 
diaphragm (fig. 5) • 

PROCEIXJBE 

With the bell-shaped diffuser-inlet nozzle and the 15~-inch-
2 

diameter throat, engine runs were made over a range of rotor speeds 
from about 15,600 to 161 600 rpm (82 to slightly over 100 percent of 
rated engine speed) for seven diffuser-outlet shutter positions. 
Shutter posi tiona are designated A to G, where A is the wide -open 
position (maximum ram-pressure ratio) and G 1s the nearly closed 
position (ram-pressure ratio about 1.0). The various shutter posi­
tions were arbitrarily chosen to divide the range of ram-pressure 
ratios obtained at top speed into approximately equal increments. 

Engine runs were a~o made with the conical inlet nozzle and 
a 14-inch-diameter throat over a range of rotor speeds from 
15,600 to 16,600 rpn for four diffuser-outlet shutter positions. 
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The runs with these two configurations provided data to inves­
tigate the e~~ect of the jet-d~~user inlet-nozz~e shape on the 
engine thrust. Data were also obtained during these runs to inves­
tigate the e~~ect of dif~user-throat area on the pe~or.mance of the 
jet di~fuser. 

Because the effective area of the exhaust-chamber diaphragm 
was large, the forces on the engine due to the d;t;f'~erence between 
the exhaust-chamber pressure and the atmospheric pressure were o~ 
the same order of magnitude as the jet thrust produced by the 
engine. In order to permit measurement of the jet thr-USt produced 
by the engine at d~ferent exhaust-chamber pressures, a dead-weight 
thrust calibrat.ion was made with zero gas flow through the engine. 
The calibration was made at several d~ferent pressures, which were 
obtained by blanking off the engine tail pipe and the d~fuaer out­
let and evacuating the exhaust chamber with a vacuum pump. 

The possibility that the presence of the walls of the jet dif­
fuser may affect the engine thrust was investigated by measuring 
the statio pressures at various locations in the exhaust chamber 
during the runs. Because the effective pressure acting on the 
diaphragm seal . between the exh~uat ohambe_r and the engine tail pipe 
was also determined from the pressure surveys, these measurements 
also constituted a check on the accuracy of the pressure used for 
the calibration of the balanced-diaphragm thrust--measuring device. 

Runs were also made without the jet diffuser to establish 
standard engine performance at a ram-pressure ratio of' 1.0 • 

.. 
SYMBOI8 

The following symbols are used in this report: 

A area, (sq ft) 

An engine exhaust-nozzle-outlet area, (sq ft) 

• F exhaust-jet thrust (total mass flow of exhaust gas x effective 
exhaust-jet velocity), (lb) 

g dimensional constant, 32.2 (ft/sec2 ) 

M local Mach number 

N engine speed, (rpm) 
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P total pressure, (lb)/(sq ft absolute) 

p static pressure, (lb)/(sq ft absolut~) 

R gas constant, 53.4 (ft-lb)/(lb)(~) 

T total temperature, (~) 

t static temperature, (~) 

V velocity, (ft/sec) 

Wa air flow, (lb/sec) 

wf fuel flow, (lb/hr) 

Wt air flow plus fuel flow, (lb/sec) 

r ratio of specific heats of exhaust gas, 1.33 

~ diffuser efficiency 

p density, (lb/cu ft) 

Subscripts: 

1 compressor inlet 

7 tail pipe 

8 exhaust chamber 

9 outlet of diffuser throat 

10 outlet of diffuser proper 

7 

j conditions of jet after complete expansion to ambient altitude 
pressure p8 

MErHOD OF CORRECTION OF ENGmE-PERFORMANCE DATA 

Reference 1 shows that the performance of a turbojet engine in 
flight may be correlated for any constant ram-pressure ratio inde­
pendentJy of altitude by means of reduction factors similar to the 
foJlowing: 
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8 = 
exhaust-chamber static pressure P9 

NACA standard sea-level pressure 

e = 
compressor-inlet temperature T1 

NACA standard sea-level temperature 

In same performance investigations of turbojet engines, the 
compressor-inlet total pressure rather than the exhaust static 
pressure is used in def'ining 8. The definition o:r 8 based on 
the exhaust static pressure is used because a more complete separa­
tion of the effects of ram and altitude is thus effected. 

The reduction factors 8 and e used tu generalize the per­
formance variables neglect e:ny changes that may occur in the ccm­
bustion efficiency. Therefore, extrapolation of the experimental 
results involving the fuel consumption of the engine to high alti­
tudes may be unreliable. The variation of combustion efficiencies, 
and hence the error of correlation, may be expected to be small at 
low altitudes but would increase as the burner critical altitude is 
approached. 

The performance data at various altitudes aro correlated by 
plotting the results in ter.ms of the following generalized 
parameters : 

Fj/8 corrected jet thrust 

N/ .Je corrected engine speed 

P1/p8 simulated ram-pressure ratio 

T/e corrected total temperature 

Wa ,J$/8 corrected air flow 

Wf /8 -18 corrected fuel :f"low 

The jet thrust represents the product of the mass flow of 
exhaust gas and the effective jet velocity. The product of the 
mass flow of air int-o the engine and the airplane speed must be 
subtracted to camp~te the net thrust for flight conditions. 
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BE9T.JIJIIS AND DISCUSSION 

Operating Characteristics of Jet Diffuser 

The variation of exhaust-chamber pressure ~th engine speed 
for various shutter positions is shown in figure 5 for the bell-

shaped inlet nozzle and a 13~-inch-diameter diffuser throat. These 

curves illustrate the range of exhaust-chamber pressures, and hence 
ram-pressure ratios, obtainable. The exhaust-chamber absolute pres­
sure decreased with an increase in engine speed for all shutter 
positions B to G and increased at each constant engine speed as the 
shutter was closed. With the diffuser shutter wide open {position A), 
the exhaust-chamber pressure reached a minimum of 12.5 inches of 
mercury absolute at an engine speed of about 16,100 rpm. This 
value corresponds to a ram-pressure ratio of' 2.33 at a standard 
pressure altitude of approximately 22,000 feet. Although not shown 
in figure 5 1 increasing the diffuser-throat diameter to 14 inches 
decreased the minimum eXhaust-chamber pressure obtainable to 
12 .1 inches of mercury absolute at an engine speed of about 
16,200 rp:n., and hence extended the range of available ram-pressure 
ratios to 2.43 at a standard pressure altitude of approximately 
23,000 feet. The occurrence of the minimum exhaust-chamber pres­
sure at less than max1m.um. engine speed indicates choking (a limit­
ing Mach number) in the diffuser throat. Choking could be elim­
inated by use of a larger diffuser-throat area but the data for 
the two throat sizes investigated show that the result would be a 
shifting of the curve for Y(ide-open shutter to the right on fig­
ure 5 with a subsequent decrease in the ram-pressure ratios obtain­
able at lower engine speeds • 

The over-all pressure rise between the exhaust-chamber pres­
sure and the diffuser-outlet pressure (atmospheric pressure) was 
the sum of a pressure rise between the exhaust chamber and the 
dif'fuser-throat outlet due to the abrupt increase in flow area 
(sudden expansion) and a pressure rise in the divergent diffuser 
section. Data were obtained for an analysis of these two pressure­
rise processes by measuring static wall pressures along the exhaust 
chamber, the diffuser-inlet nozzle and throat, and along the diver­
gent diffuser. A plot of these static wall pressures is shown in 
figure 6 for the bell-shaped diffuser-inlet nozzle and 13~-inch-

diameter throat for several engine speeds at the wide-open-shutter 
position (position A). The pressure rise between the exhaust 
chamber and the diffuser-throat outlet is appreciable for all 
engine speeds. At .the two highest engine speeds, however, the 
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pressure distribution is complicated by the presence o~ shock waves. 
The dashed lines iridicate the regions at uncertain pressure measure­
ments. The pressure along the length at the exhaust chamber is 
constant and the pressures in the diffuser-inlet nozzie and throat 
are variable • 

.An analytical investigation at the pressure rise between sta­
tions 8 and 9 was made to investigate the nature at the process 
and determine whether an optimum diffuser-throat area exists • The 
anal.ysis was made by combining the ~undamental equations of con­
servation at energy, momentum, and mass flow and the sse law to 
give the following equation: 

2 
2 Pg 2'+1 (Pg) 

FJ = 
1 + z-1 P8 - z-1 P8 

2'PaAn 22'2 (:An)2 - 2?' An - ~ Pg An 
r-1 Ag Ag r-1 P8 A9 

(l) 

The detailed derivation al' equation (1) is given in the appendix. 

This equation expresses the relation between the jet thrust 
produced by the engine Fj, the ratio at exhaust-nozzle-outlet 
area to dif:f'user-throat area Jn/Ag, and the ratio of pressure at 
the diffuser-throat outlet to pressure at the exhaust chamber p9jp8 • 
For given di:f'f'ueer-throat and e:rhauet-nozzle-outlet areas, the 
pressure ratio p9/p8 is a function only or the ratio F j/Pa· 

The variation of the pressure ratio Pg/P8 with the fac-
tor F j/7PeAn,1 which is equivalent to the square at the exhaust­
gas Mach number 1 \S shown in figure 7 for both- calculated and 
experimental values. The calculated curve was obtained :fran 
equation (1). The experimental values of' pressure ratio approach 
the ideal (calculated) curve very closely at low values at the 
parameter F j/7PaAn but are only about 80 percent of the ideal 

at high values of the parameter. This di:f'f'erence is attributed 
largely to :friction and separation losses. Good correlation of' 
the data f'or various shutter positions is obtained with the excep­
tion of the two points at the extremely high values a£ jet vel.ocity. 
The agreement between the calculated and experimental data for the 
14-inch-diam.eter throat, not shown, was similar. 
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The dependence of the pressure rise between the exhaust chamber 
and the diffuser throat on the parameter F j/-YPa~ and the area 
ratio (equatio.n (1)) indicates that for a given value of' the param­
eter an optimum area ratio An./ Ag :may exist. This optimum area 
ratio is also a function of' the ef'fioienoy and the area ratio of' 
the diffuser proper. 

The existence o:f' an optimum diffuser-throat area for any value 
of F j/"YPaAa is confirmed by the experimental data for the two 
area ratios ~/As shown in figure a. The curves for the area 
ratios cross at a value of F J/"YPaAn. of 1.95 indicating that an 
optimum area ratio, lying between the two area ratios inves:tigated, 
exists for this value of Fj/"YPaAn.· 

A plot r>f the efficiency of' the diffuser proper (from throat 
outlet to station 10) with the 1:3~-inoh-diameter throat is given 1n 

figure 9 as a function of' the factor F J/7Pfl>n for the wide-open 
shutter position. The following equation defines the diffuser 
efficiency! 

2g f-r Rt9 
(2) 

For this calculation, the statio temperature in the diffuser t9 
was obtained from the total temperature Tg, which was assumed to 
be equal to the tail-pipe total temperature T7. The diffuser 
efficiency at a low value o:f' · F J./-ypeAn_ is about 85 percent, but 
falls off' at high values of' F J/n>s~ to about 8:3 percent. 

Engine Per.f'ormanoe 

The use of' the jet diffuser for simulating ram-pressure condi­
tions is illustrated by figures 10 to 1:3, which show the corrected 
performance of the engine plotted against ram-pressure ratio for 
various corrected engine speeds. The corrected performance param­
eters plotted are jet thrust, air flow, fuel flow, and tail-pipe 
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gas temperature. . The data WEjre a.dj~ted for a light experimentaJ. 
dif'f'erences in engine speed by plotting the rough data of the engine 
performance against speed for various ram-pressure ratios and then 
adjusting the parameters to a constant engine speed. 

The data points for runs with both the 13~-inch- and 14-inch­

diameter throats are included in figures 10 to 13 and fall on com­
mon curves. This agreement indicates that throat a ize and the 
shape af the diffuser-inlet nozzle (conical or bell-shaped) do not 
influence the engine operating characteristics. The extension of 
the range of ram-pressure ratios obtainable at high engine speeds 
when the 14-inch throat having a conical inlet nozzle is used is 
due to the effect of diffuser-throat area previously discussed. 

Cross plots of figures 10 to 15 are presented in figures 14 
to 17, in which the corrected engine performance is shown as a 
function of the corrected engine speed for various ram-pressure 
ratios from 1.0 to 2.2. The limited range of engine speeds that 
can be obtained with the jet diffuser at ram-pressure ratios above 
about 1.4 is evident from these curves. The points on each figure, 
which are performance data at a ram-pressure ratio of 1.0 taken 
without the jet diff'user, show good agreement with the cross­
plotted curves. This agreement indicates that the jet diffuser 
does not interfere with the flow through the engine exhaust nozzle 
at a ram-pressure ratio of 1.0. At ram-pressure ratios high 
enough to produce critical pressure ratios acrose the engine 
exhaust nozzle, it-is reasonable to expect that the presence of 
the diff'user walls will not influence the flow through the exhaust 
nozzle because no pressure disturbances downstream af the nozzle 
could be transmitted upstream past the nozzle outlet. Inasmuch as 
no interference effects were found at the ram-pressure ratio of 1.0 
and, as reasonable assurance exists that no interference is present 
at the very high ram-pressure ratios, performance is probably accu­
rately obtained at the intermediate values of ram-pressure ratios. 

Pressure Measurements in Exhaust Chamber 

A further indication that the presence of the jet diffuser did 
not interfere with the flow through the exhaust nozzle at ram­
pressure ratios greater than 1.0 was obtained from the pressure 
surveys in the exhaust chamber. Because any interference eff'ecte 
would be manifested in an uneven pressure distribution in the 
exhaust chamber, the small magnitude of the pressure variations 
shown in the typical pressure distribution of figure 18 indicates 
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that no appreciable inter.ference effects were present. Furthermore, 
the difference between the various pressures in the exhaust chamber 
and the pressure p8 used as the effective pressure acting on the 
diaphragm seal during the runs was less than 4 inches of water. 
These small pressure variations could be responsible for only about 
10 pounds error in the t~t calibration. 

SUMMARY OF RESULTS 

With a jet diffuser developed to simulate ram-pressure and 
altitude conditions on a turbojet-engine static teat stand, a 
maximum simulated ram-pressure ratio (engine-inlet to exhaust­
chamber pressure ratio) of about 2.4 was obtained at a simulated 
pressure altitude of approxtmately 23,000 feet. 

Part of the pressure rise between the exhaust chamber and the 
atmosphere occurred between the exhaust chamber and the diffuser­
throat outlet and this pressure rise was in good agreement with a 
theoretical analysis. The analysis also showed that an optimum 
diffuser-throat area eXisted. The optimum area ratio was dependent 
upon the ratio of' jet thrust to the product of the ratio of' specific 
heats of the exhaust gas, exhaust-chamber ambient pressure, and 
engine-exhaust-nozzle outlet area, Fj/Pe~· The existence of an 
optimum throat· area was confirmed by experimental data for diffuser­
throat diameters of 13~ and 14 inches. 

The good agreement of performance data at a ram-pressure ratio 
of 1.0 obtained with and without the jet diffuser indicated that 
·t;he presence of the jet diffuser did not inter.fere with the flow 
through the engine exhaust nozzle at this ram-pressure ratio. The 
small pressure gradients measured in the exhaust chamber indicated 
that the presence of the jet diffuser had no effect on jet thrust 
at the high ram-pressure ratios. 

Flight Propulsion Research Laboratory, 
National Advisory Committee f'or Aeronautics, 

Cleveland, Ohio, October 10, 1947. 
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APPENDIX A - DERIVATION OF EQUATION FOR PRE3SURE RISE 

BE'.rWEl!N STATIONS 8 .AND 9 

The ideal. pressure rise between stations 8 and 9 mB¥ be cal.­
culated by use of- the f'undam.ental equations of conservation of' 
energy 1 momentum, and mass f'low and the gas l.aw. The f'ollowing 
preliminary assumptions are made: (a) Velocity is unif'orm at 
stations 8 and 9; and (b) f'riction or separation losses al.ong the 
walls of' the throat are _negligible. The mcmentum equation mey be 
written between stations 8 ·and 9 as 

which is the momentum equation f'or :flow through the sudden 
expansion. 

The jet thrust is given by 

Wt 
FJ = s vj 

Combining equations (3) and ( 4) gi vee 

(3) 

(4) 

(5) 

If' the increase in area o:f the jet due to f'ree expansion f'or 
the conditions of' moderately supersonic jet velocities is neglected, 
the continuity equation may be written 

and 

(6) 

The assumption that the increase in area af' the jet ~ be neglected 
at moderately supersonic jet velocities was checked at an exhaust­
gas Mach number of' 1..4. The increase in jet area due to f'ree expan­
sion was found. to change the ideal pressure ratio p9jp8 l.ess than 
1 percent. 
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By substitution o:r Vj f'rom. equation (4) in equation (6) 

Eliminating v9 f'rom. equation (5) by substituting equation (7) 
gives 

15 

(7) 

(8) 

The equation f'or conservation of' energy between stations 8 and 9 
may be written 

v2 v2 
l + _L_ Rtj = .lL_ + .2..... Rtg 
2g )'-1 2g )'-1 

(9) 

When equation (9) is expressed in terms of' temperature ratio, 
and when t 9/t , v9, and Vj are eliminated in equations (4), 
(6), (8), and is), and when the resulting equation is combined with 
the gas law, the final equation :m.ay be written 

2 
1 2 P9 7+1 fPs) 

F.J + 7-1 p8 - 7-1 \'Pa 
= ------------~------~~-------

7P8~ 2)'2 (An)2 
)'-1 As 

It should be noted that 

2 Fj 
Mj = 7P8~ 

""V fl­
BEr~CE t~~; y AN 

(l) 

1. San~era, Newell D.: Performance Parameters f'or Jet-Propulsion 
Engines. NACA T~ No. 1106, 1946. 



Static-pressure taps 

Figure I.- Diagram of jet-diffuser assembly for turbojet engine with a !*inch-diameter exhaust­
nozzle outlet showing location of pressure taps. !Additional static-pressure taps In exhaust 
chamber, inlet nozzle, and throat are shown In fig. 31. 
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Figure 2. -Jet diffuser mounted on movable frame. 
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Figure 3. -Cutaway sketch of jet-diffuser exhaust chamber showing location of pressure-measuring 
stations. 
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Figure 4. -Schematic diagram of apparatus for jet-diffuser investigation.· 
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ABSTRACT:   An investigation has been made of an experimental jet diffuser designed to utilize the kinetic 

energy of the jet from a turbojet engine to reduce the discharge pressure at the exhaust nozzle, and thereby 
to provide simulated ram-pressure ratios across the engine and altitudes.. Curves of performance data for 
a turbojet engine at several ram-pressure ratios show the range of engine operating conditions obtainable 
with the jet diffuser.   A maximum engine-inlet to exhaust-chamber pressure ratio of about 2.4 was obtained 
at a simulated pressure altitude of approximately 23,000 ft.  Comparison of the engine thrust obtained at a 
ram-pressure ratio of 1.0, with and without the jet diffuser, indicated that the presence of the diffuser did 
not interfere with the gas flow through the engine-exhaust-nozzle outlet at this ram-pressure ratio and at 
a ram-pressure ratio greater than 1.0. 
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