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JET DIFFUSER FOR SIMULATING RAM-PRESSURE AND ALTTTUDE
CONDITIONS ON A TURBOJET-ENGINE STATIC TEST STAND

By Robert H. Essig, E. R. Bohanon e
and David S, Gabriel

SUMMARY

An investigation has been made of a Jet diffuser designed to
utilize the kinetic energy of the Jet from a turbojet engine to
reduce the dlschargse pressure at the exhaust nozzle and thereby to
provide simulated ram-preasure ratlos across the engine and altiltudes.
The Jjet diffuser, designed for use with a turbojet engine having a
lz-%-inch-dia.meter exhaust nozzle, consista of an exhaust chamber, a
diffuser-iniet nozzle, a straight 10-inch-long throat, and a diffuser
section followed by & 4-foot stralght duct. At any engine speed,,
the pressure in the exhaust chamber may be regulated by a varia‘ble-
.area shutter at the diffuser outlet.

. Curves of performance data for a turbojet engine at several
ram-pressure ratios show the range oi‘ engine operating conditions
obtainable with the Jet diffuser.

A maximum engine-inlet to exhaust-chamber pressure ratio (simu-
lated ram-pressure ratio) of about 2.4 was obtained at a simulated
pressure altitude of approximately 23,000 feet. The experimental
and calculated pressure rises between the exhaust chamber and 4dif-
Puger throat were in good agreement. Comparison of the englne
thrust cbtalned at a ram-pressure ratic of 1.0 with and wilthout
_the Jot diffuser iIndicated that the presence of the diffuser dld
-not interfere with the gas flow through the engine-exhaust-nozrzle
outlet et this ram-pressure ratioc. Data from pressure surveys in
the exhaust chamber indicated that the presence of the jet diffuser
did not interfere with the ges flow at ram-pressure ratios greater
than 1.0

INTRODUCTION

Two of the operating conditions affecting tﬁe performance of
turbojJet englnes are altitude and ram-pressure ratio (ratio of
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compressor-inlet total pressure to ambient atmospheric pressure).
The results of reference 1, whlch reporis a theoretical analysis
(supported by experimental data) of the effect of altitude on the
performance of turbojet engines, show that, with the exception of
parsmeters involving fuel flow, the performance variation of turbo-
Jet engines with altitude for any constant ram-pressure ratio can
be correlated by the use of reduction factors. The effects of ram-
pressure ratlo, however, camnot be correlated by the reduction
factors. Conseguently, it has been necessary to resort to either
wind-tunnel or flight studles to determine the performance of
turbojet engines under ram conditions.

A jJet diffuser that can be used to simunlate ram-pressure
condltions on a static test stand was developed at the NACA
Cleveland laboratory to reduce the extensive amount of equipment
required for runs under ram or flight conditions. Preliminary
results of the earller phase of this investlgatlon were presented
in an NACA release by H. R. Bohanon, David S. Gabrlel, and Robert
H. Bssig in November 1946. The present report supersedes thils
preliminary publicaetion and incorporates a more complete descrip-
tion and analysils of the performance of the Jet -diffuser. Applica-
tion of the Jet diffuser is illustrated by engine-performance data
obtained over a ranges of engine rotor speeds from sbout 82 to
100 percent of maximum engine speed and for ram-pressure ratios
es high as approximetely 2.4. The engine-performance data at a
ram~pressure ratio of 1.0 are compared wilth data teken without the
Jet diffuser. DPressure surveys in the diffuser exhaust chamber
are included to show whether the presence of the Jet diffuser
interferes with the gas flow from the englne exhaust nozzle and
to verify the accuracy of the thrust calibration.

DESCRIPTION OF JET DIFFUSER

The Jot diffuser utlilizes the kinetlc energy of the exhaust
Jjot from the turbojet englne to reduce the engine back preasure
and thereby to create a pressure ratio between the compressor
inlet and the engine outlet that simulates a ram-pressure ratio.
Because the englne exhausts into a pressure lower than sea-level
atmospheric, the simulated ram-pressure ratlo 1s obtalned at a
simulated pressure altitude corresponding to the engine exhaust
presgure. 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 englne per-
formance in terms of generalized parameters; hence, the effects
of rem-pressure ratlo and altitude on performence msy be separated.
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The jJet diffuser (fig. 1), which was designed for use on a
turbojet engine having a lz%-inch—diameter exhaust nozzld, consists

of a cylindrical exhaust chamber, an inlet nozzle, a 1l0-inch-long
straight throat, and a diffuser sectlon followed by a 4-foot-long
gtraight duct that is fitted with a movable sleeve-type shutter and
a conical target.

Two different diffuser-inlet nozzles and throat configurations
were used. The flrst configuration, which is shown dimensloned In

figure 1, consisted of a bell-shaped 1nlet nozzle and a lS%-inch-

diameter throat (about 16% percent greater area than the area of

the englne-exhaust-nozzle outlet); the second configuration con-
glsted of & conical inlet nozzle and a l4-inch-dlameter throat

(about 25% percent greater area than the area of the englne-exhaust-

nozzle outlet).

The diffuser proper was constructed with a 7° total angle of
diffusion (ares ratio of 3.4 for the 13%-1n.-d1ameter throat and

3.3 for the 14-in.-diemeter throat) and was 93 inches long.

The exhaust chamber &t the inlet to the Jet diffuser provided
a8 reglon of congtant pressure that facilitated the measurement of
ambient engine-exhaust pressure (exhaust-chamber pressure) and
permitted the reproductlion of actual engine performance using the
standard engine e;haust.

The movable-shutter arrangement and the conlcal target were
used to adJust the exhaust-chamber pressure, and thus the ram-
pressure ratio across the engine, at various englne speeds. A
hydraulically operated piston with a 1lZ2-inch stroke was used to
change the shutter position. The sleeve-type shutter assembly,
which moved parallel to the diffuser exis, was used to eliminate
the forces other than friction acting on the control velve, and
the saw-toothed edge of the shutter permitted flne adjustment of
the exhaust-chember pressure.

The entire diffuser assembly was mounted on a movable framse,
as shown in figure 2. This movable diffuser frame provided a
means of adjusting the diffuser position with respect to the
exhasust-nozzle outlet, which, for this investigation, was located

approximately 82 inches from the diffuser-throat inlet (fig. 1).
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During the runs, the exhaust chamber was flexlibly comnected to the
engine by a clamped rubber diaphragm seal, as shown 1n figure 3,
and the movable diffuser frame was riglidly fastened to the concrete
test-cell apron. A radiation shield wes instelled inside the
exhaust chember to protect the dlaphregm from damage by heat. Both
inner and outer diaphragm-clamping flanges were cooled by water
colls, and a water spray was directed against the outer face of the
diaphragm.

INSTALLATION AND INSTRUMENTATION

Ingtallatlion. - Jet-diffuser performance was investigated with
a 1600-pound-thrust, centrifugal ~-compressor-type turbojet englne.
Figure 4 is a schematlic diagram of the setup showlng the test cell,
the engine mounting freme, the thrust-measuring-device linkage, and
the Jet diffuser. The englne was mounted on a rigld frame, which
was suspended from the cell roof by four ball-bearing pivoted rods.
lateral movement of the engine freme was prevented by ball-bearing
gulde rollers. The tall plpe, which was fitted with a lZ%-inch-

dlemeter exhaust nozzle, extended through an air seal (detall 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-
dlaphragm alr cell commected to the engine frame by a bell-crank
linkage. Detalls of the thrust calibration are subseguently dis-
cussed. All supply lines and Instrument connections to the engine
were flexlble in order that the restraining forces on the free-~
swinglng frame would be minimized.

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

The air supply to the engine entered the nearly airtight test
cell through a standard A.S.M.E. air-metering nozzle with a throat
diameter of 18 inches (fig. 4). An air-supply diffuser, which has
an area ratlo of 4, was connected to the A.S.M.E. nozzle in order
to convert the veloclty pressure in the nozzle throat to static
pressure in the test cell.

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

(a) Compressor-inlet alr temperature Ty, average of four
open-type thermocouples in inlet to engine cowl

@L 2
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(b) Compressor-inlet total pressure Py, one open-end tube in
test cell o '

(¢) Tail-pipe indicated gas temperature (assumed to be total
temperature) T;, average from five strut-type thermocouples located

in taill pipe 8 inches upstream of exhaust nozzle

(&) Exhaust-chamber static pressure Pgs plezometer ring with

four wall taps equally spaced around exhaust-chgmber wall spproxi-
metely 1n plane of englne-exhaust-nozzle outlet. This pressure
corresponds to simuleted-altitude ambient pressure. The reading of
the plezometer ring was independently checked with a single exhaust-
chamber wall tap connected to & separate manometer. \

(e) Jet-diffuser-throat static pressure Dy, single wall tap
located 1 inch upstream of throat outlet

(f) Diffuser-outlet static pressure Py0s single wall tap
located 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 3)

(b) Exhaust-chamber static pressures along exhaust-chamber
wall, along engine exhaust nozzle, and radlally across flexible
diaphragm (fig. 3)

L4

PROCEIURE

With the bell-shaped diffuser-inlet nozzle and ‘the l3%'-inch-

diameter throat, engine runs were made over a range of rotor speeds
from about 13,600 to 16,600 rpm (82 to slightly over 100 percent of
rated engine speed) for seven diffuser-outlet shutter positions.
Shutter positions are deslignated A to G, where A 1s the wide-open
position (meximum ram~-pressure ratio) and G is the nearly closed
position (ram-pressure ratio about 1.0). The various shutter posi-
tions were arbitrarlily chosen to dlvide the range of ram-pressure
ratios obtained at top speed into approximately equal increments.

Engine runs were also mede with the conical inlet nozzle and
a l4a-inch-dismeter throat over a range of rotor aspeeds from
13,600 to 16,600 rpm for four diffuser-outlet shutter positlons.
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The runs with ‘these two configurations provided date to inves-
tigate the effect of the Jet-diffuser inlet-nozzle shape on the
engine thrust. Data were also obtalned during these runs to inves-
tigate the effect of diffuser~throat area on the performance of the
Jet diffuser.

Because the effective area of the exhaust-chember diaphragnm
was large, the forces on the engine due to the difference betwsen
the exhaust-chamber pressure and the atmospheric pressure were of
the same order of magnitude as the Jet thrust produced by the
engine., In order to permit measurement of the Jet thrust produced
by the englne at different exhaust-chamber pressures, a dead-weight
thrust calibration wes made with zero gas flow through the engine.
The celibration was made at several different pressures, which were
obteined by blanking off the engine tall plpe and the diffuser out-
let and evacueting the exhaust chamber with e vacuum pump.

The possibility that the presence of the walls of the Jet d4if-
fuser may affect the englne thrust was investigated by measuring
the static pressures at various locations in the exhasusat chamber
during the runs. DBecause the effectlve pressure acting on the
diaphragm seal between the exhesust chamber and the engine tall plpe
wasg also determined from the pressure surveys, these measurements
also conatituted a check on the accuracy of the pressure used for
the calibration of the balanced-dlaphragm thrust-measuring device.

Runs were also made without the Jet dlffuser to establish
gtandard engine performance at a ram-pressure ratio of 1.0.

SYMBOLS
The following symbols are used in this report:
A areé, (sq £%)
A, englne exhaust-nozzle-outlet area, (sq ft)

¢
exhaust-jet thrust (total mass flow of exhaust gas X effective

F
exhaust-jet velocity), (1b)
dimensional constant, 32.2 (ft/sec?)
M local Mach number

N engine speed, (rpm)

8o
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total pressure, (1b)/(sq ft absolute)

P

D static pressure, (1b)/(sq £t absolute)

R  ges constant, 53.4 (£t-1b)/(1b)(°R)

T total temperature, (°R)

t static temperaturs, (°R)

v velocity, (ft/sec)

Vg alr flow, (1b/sec)

We fuel flow, (1b/hr)

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

Y ratio of specific heats of exhaust gas, 1.33
1 diffuser efficiency

o density, (1b/cu ft)

Subscripts:

1 compressor inlet

7 tall pipe

8 exhaust chamber

] outlet of diffuser throat

10 outlet of diffuser proper

J condltions of Jet after complete expansion to ambient altitude

pressure pPg

METHOD OF CORRECTION OF ENGINE-PERFORMANCE DATA

Reference 1 shows that the performance of a turbojet engine In

flight may be correlated for any constant ram-pressure ratio inde-
pendently of altitude by means of reduction factors simllar to the

following:
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exhaust -chamber static pressure Pg
NACA standard sea-level pressure

compreasor-inlet temperature T3
NACA standard sea-level temperature

In some performance investigations of turbojet engines, the
compressor-inlet total pressure rather than the exhaust stabtic
pressure is used 1n defining &. The definition of & bhased on
the exhaust statlc pressure is used because a more coamplete separa-
tion of the effects of ram and altitude is thus effected.

The reduction factors B and & used to generalize the per-
formance variables neglect any changes that may occur In the com-~
bustion efficlency. Therefore, extrapolation of the experimental
results involving the fuel consumption of the engine to high alti-
tudes mey 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 altltude is
approached.

The performance data at varlous altitudes are correlated by
plotting the resulis in terms of the following generalized
paremeters :

F,/8 corrected Jet thrust

K/ 4@ corrected englne speed )
P1/pg simlated ram-pressure ratio

T/e corrected total temperature

WaA/8/8 corrected air flow
Wp/5+/6 corrected fuel flow

The Jet thrust represents the product of the mass flow of
exhaust gas and the effective Jet velocity. The product of the
masgs flow of alr into the englne and the alrplane spsed must be
subtracted to compubte the net thrust for flight conditions.



NACA TN No. 1687 9

RESULTS AND DISCUSSION
Operating Characteristics of Jet Diffuser

The varlation of exhaust-chamber pressure wlith engine speed
for various shutter positions is shown in figure 5 for the bell-

shaped inlet nozzle and a 15%‘-inch—diame‘b’er diffuser throat. These

curves illustrate the range of exhaust-chamber pressures, and hence
ram-pressure ratios, obtalnable. The exhaust-chamber absolute pres-
sure decreesed with an Increase in englne spesd for all shubtter
pogitions 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 ebsolute at an engline speed of a&bout 16,100 rzm. This
value corresponds to & ram-pressure ratio of 2.33 at a standard
pressure altitude of approximately 22,000 feet. Although not shown
in figure 5, increasing the diffuser-throat diameter to 14 inches
decreased the minimm exhaust-chamber pressure obtainable to

12.1 inches of mercury &bsolute at an englne speed of about

16,200 rpm, and hence extended the range of avallable ram-pressure
ratlios to 2.43 at a standard pressure altitude of approximately
23,000 fest. The occurrence of the minlmum exhaust-chember pres-
sure at less than maximum engine speed indlcabtes choking (a limit-
ing Mach number) in the diffuser throet. Choking could be elim-
inated by use of a larger diffuser-throat area but the date for

the two throat sizes investigated show that the result would be a
shifting of the curve for wide-open shutter to the right on fig-
ure 5 with a subsequent decrease in the ram-pressure ratios obtain-
gble at lower englne speeds.

The over-all pressure rise between the exhaust-chamber pres-
sure end the diffuser-outlet pressure (atmospheric pressure) was
the sum of a pressure rise between the exhaust chamber and the
diffuser-throat outlet due to the abrupt increase in flow area
(sudden expansion) and a pressure rise in the divergent diffuser
section. Data were obtalned for an anelysis of these two pressure-
rise processes by messurlng static wall pressures along the exhaust
chember, the diffuser-inlet nozzle and throat, and along the diver-
gent diffuser. A plot of these statlc wall pressures is ghown in
figure 6 for the bell-shaped diffuser~inlet nozzle and 1312!-inch-

diameter throat for several engline 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
engline speeds. At the two higheat engine speeds, however, the
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pressure distribution is complicated by the presence of shock waves,
The dashed lines indlicate the regions of uncertaln pressure measure-
ments., The pressure along the length of the exhaust chamber 1s
constant and the pressures in the diffuser-inlet nozzle and throat
are varlable.

An snalytical investigation of the pressure rise between sta-
tions 8 and 9 wag made to investlgate the nature of the process
and determine whether an optimum diffuser~throat area exlats. The
anelysis wes made by combining the fundamental equations of con-
gervetion of energy, momentum, and mass flow and the gas law to
give the following equation:

2
P P
1.2 9-Z+1<9)

_FJ = ﬁ f)g 71 Ps (1)
Tefn  2)2 (An\®  An 2y Po Ay
7-1 \&g Ag  7-1 pg Ag

The detalled derivation of equation (1) is glven in the appendix.

This equation expresses the relation between the Jet thrust
produced by the engine F.,, the ratio of exhaust-nozzle-outlet

ares to diffuser-throat area A,/A,, and the ratio of pressure at
the diffuser-throat outlet to pressure at the exhaust chamber pg/pe.

For given diffuser-throat and exhaust-nozzle-outlet areas, the
pressure ratio PQ/PB is a function only of the ratio FJ/PB'

The variation of the pressure ratio pg/ps with the fac-
tor F J/ypBAn, which is equivalent to the sguare of the exhaust-

gas Mach number, 1s shown in figure 7 for both calculated and
experimental values. The calculated curve was obtalned from
equation (1). The experimental values of pressure ratio approach
the 1deal (calculated) curve very closely at low values of the
parsmeter ¥ J/ypeAn but are only about 80 percent of the ideal

at high values of the parameter. This difference is abtributed
largely to friction and separation losses. Good correlation of

the data for vearious shutter positions is obtained with the excep-
tion of the two points at the extremely high values of Jet wvelocity.
The agreement between the calculated and experimental data for the
l4-inch-diemeter throat, not shown, was similer.
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The dependence of the pressure rise between the exhaust chamber
and the diffuser throat on the parameter F 3 /7paAn and the area

ratio (equation (1)) indicates that for a given value of the paream-
eter an optimum area ratio An/Ag may exist. This optimum ares

ratio 1s also & function of the efflcliency and the area ratio of
the diffuser proper.

The existence of an optimum diffuser-throat area for any value
of FJ /7P8An is confirmed by the experimental dats for the two

area ratios 4‘-\11/4\9 shown in figure 8, The curves for the area
ratlos cross at a value of F J/ypeAn of 1.95 indlcabting that an

optimum area ratlo, lying between the two area ratios investigated,
exists for this value of FJ/ypeAn.

A plot of the efficiency of the diffuser proper (from throat
outlet to station 10) with the 13%—--1nch-diameter throet is given iIn

Tilgure 9 as a function of the factor Fa/n)eAn for the wide-open

shutter position. The followlng equation defines the diffuser
efficiency:

z-L
y P15\ 7
7=l Pg
Vo~ = V10

For this calculation, the static temperature in the diffuser 1tg
was obtained from the total temperature Tg, which was assumed to
be equal to the tail-plpe totael temperature T, The diffuser
efficiency at & low value of 'F,/ypgA  1s about 85 percent, but
falls off at high values of F 3 7P8An to gbout 83 percent.

Engine Performance

The uge of the Jet diffuser for simulating ram-pressure condli-
tions 1s 1llustrated by figures 10 to 13, 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 Jjet thrust, alr flow, fuel flow, and tail-pipe



1z NACA TN No. 1687

gas temperature., The date were adjusted for slight experimental
differences in englne speed by plotting the rough deta of the engine
performence againat speed for various ram-pressure ratios and then
ad Justing the parameters to a constant engine speed.

3l9.

The data points for runs with both the lS%-inch- and l4-inch-

dlameter throats are included 1n figures 10 to 13 and fall on com-

mon curvea, This agreement Indlcates that throet size and the

shape of the diffuser-inlet nozzle (conical or bell-shaped) do not
influence the englne operating characteristics. The extension of

the range of rem-preasure ratios obtainable at high engine speeds .
when the l4-inch throet having a conical Inlet nozzle 1s used is

due to the effect of diffuser-throat area previously discussed.

Cross plots of figures 10 to 13 are presented in figures 14
to 17, In which the corrected englne performasnce ls shown as a
function of the corrected engine speed for various ram-pressure
ratios from 1.0 to 2.2. The limited renge of engine speeds that
cen be obtained with the Jet diffuser at ram-pressure ratios gbove
about 1.4 is evident from these curves. The points on each filgure,
vhich are performance date at & ram-pressure ratio of 1.0 taken -
without the Jjet diffuser, show good agreement with the cross-
plotted curves. This agreement indicabtes 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 critlcal pressure ratlos across the engine
exhaust nozzle, 1t_is reasonable to expect that the presence of
the diffuser walls will not influence the flow through the exhaust
nozzle because no pressure disturbances downstream of the nozzle
could be transmlitted upstream past the nozzle outlet. Inasmuch as
no interference effects were found at the ram-pressure ratio of 1.0
and, as reasonable assurance exlsts that no Interference is present
at the very high ram-pressure ratlos, performence 1s probably accu-
rately obtained at the lntermedlate wvalues of ram-pressure ratios.

Pressure Measurements 1ln BExhaust Chamber

A further indlcation that the presence of the Jet diffuser digd
not interfere with the flow through the exhaust nozzle at ram-
pressure ratios greater than 1.0 was obtalined from the pressure
gurveys in the exhaust chamber. Because any interference effects
would be manifested in an uneven pressure distribution 1n the
exhaust chamber, the small magnitude of the pressure variations
shown in the typlcal pressure dlstribution of figure 18 indicates
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that no apprecieble iInterference effects were present. Furthermore,
the difference between the various pressures in the exhaust chamber
and the pressure Pg used as the effective pressure acting on the

diaphregm seal during the runs was less than 4 inches of water.
These small pressure veriations could be responsible for only about
10 pounds error in the thrust calibration.

SUMMARY OF RESULTS

With a Jet diffuser developed to simulate ram-pressure and
altitude conditions on & turbojet-engine static test stand, a
meximum simulated ram-pressure ratic (engine-inlet to exhaust-
chamber pressure ratic) of about 2.4 was obtained at a simulated
preasure altitude of approximately 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 ares 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 amblent pressure, and
englne-exhaust-nozzle outlet area, FJ/PBAn' The exlstence of an

opbimum throat area was confirmed by experimental data for diffuser-
throat dismeters 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 Iindicated that
the presence of the Jet dilffuser d4id not Interfere 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 ratlos.

Flight Propulsion Research Laborabtory,
National Advisory Committee for Asronautics,
Cleveland, Ohio, October 10, 1947,
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APPENDIX A ~ DERIVATION OF EQUATICN FOR FRESSURE RISE
BETWEEN STATIONS 8 AND 9

The 1deal pressure rise between stations 8 and 9 may be cal-
culated by use of the fundemental equations of conservation af
energy, momentum, and mass flow and the gas law. The following
preliminary assumptions are made: (a) Velocity is uniform at
stations 8 and 9; and (b) friction or separation losses along the
walls of the throat are negligible., The momentum equation may be
written between stations 8-and 9 as

1f£b--V' —Ev (3)
g Vo t Pofg = 7 V3 + Phg

which 1s the momentum eqguation for flow through the sudden
expansion.

The Jot thrust is given by
W.
_ "%
Fy= 2V (4)
Combining equations (3) and (4) gives

W
(pg-pg) 49 = Fy = ?g'vg (5)

If the increase in area of the Jet due to free expansion for
the conditions of moderately supersonic Jet velocities is neglected,
the continuity equation may be written

Wy = Pyhin¥y = Pololg
and

Pk

Vg = 5 .VJ (8)

&

The assumption that the increase in area of the jet may be neglected
at moderately supersonlic Jet velocltles was checked at an exhaust-
ges Mach number of 1l.4. The increase In Jet area due to free expan-
sion was found to change the 1ldeal pressure ratio pg/p8 less than
1l percent.

819
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By substitution of Vs from equation (4) in eguation (8)

] F
v9=53§§§w§ (7)

Eliminating Vg from eguation (5) by substitubting equation (7)
glves

. o
(pg=Pg) Ag = ¥ < - ﬁ—:i—i%) (8)

The equation for conservation of energy between statlons 8 and 9
may be wrltten

v.,2 v 2
3 4+ X Rt; =-2 4+ _2_ Rt
T +7-lR~j Zg +7_le (9)

When equation (9) is expressed in terms of temperature ratio,
and when tg/ti’ Vg; and V, are eliminated in equations (4),

(8), (8), and (9), and when the resulting squation is combined with
the gas law, the final equation may be written

2
1+ 2 _P_S_ _ 7+l _ﬁ)
Fj 7-1 pg 7-1 \pg
7Pghy 2 (1)
EZE (A_rl - 2y A._n. - .gl E. .A;n_
7=1 \Ag Ag/  7-1 pg \Ag
It should be noted thet
F
MJZ -
YPghn
"_\‘) F‘,_
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Figurs 2. — Jet diffuser mounted on movable frame,
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