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RESEARCH MEMORANDUM

INTERML PERYOWCE OF TWO-DIMENSIONAL WEIEE EXEAUST NOZZLES

By WiUism T. Beale and John H. Povolny

EWMMARY

An experimental inve6tigation of four rectangular-throat two-
dimerlsional wedge exhaust nozzles was conducted. Three of the nozzles

a were designed to conform to Prandtl-Meyer streamlines for pressure ra-
tios of 5, 10, and 24; and a fourth, arbitrar~ contoured, with a length
less than that required for isentropic expsmsion, was designed for a

u pressure ratio of about 9. The effects of variations in the side plate,
the lip angle, and the geometry upstream of the throat were investigated
on the nozzle desiged for a pressure ratio of 10.

The three Prandtl-Wyer wedge nozzles tested were determined to have
peak thrust coefficients about 1 percent lower than those of the best
convergent-divergentand plug nozzles investigated to date; the thrust at

all pressure ratios below design was within about ~ percentage points of

the peak thrust. The vsziations in approach-section size and lip angle
had negligible effect on thrust over the ranges tested, and a:50-percent
reduction in side-plate coverage caused about a l-percentage-point thrust-
coefficient loss. The shortened wedge showed a peak thrust coefficient
about 2

As

percent below

flight speeds
creasingly important;
ductions in its drag,
icamt hnprovements in

those of the best Prandtl-~yer desi~s tested.

INTRODUCTION

increase, the aircraft -ust nozzle becomes ~-
slight gains in nozzle thrust coefficient, or re-
weight, or cooling load, are reflected in sigidf-
over-all aircraft performance. In order to attain

such imp~ovements, the NNA L=wis Wborator’y has =t=ded its ~ust-
nozzle research progrsm to ticlude an experimental investigation of the
wedge nozzle, a type which) it ~S b~ie=d~ ~Y have ~st~tion advfi-
tages in some applications (twin-pod or underbcW installations, e.g. )

h over the previously considered convergent-divergentnozzles, divergent
ejectors, and plug nozzles (refs. 1 to 3).

* The wedge nozzles investigated sre defined as those utilizing two-
dimensional expansion from a corner and having a free-Jet boundary
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downstream of this corner. They are similar in prticiple to the “pen- %-
shape” exit reported in reference 4 except for the Iact that they use
a two-dimensional wedge for the expsmion_surface. ITheir geometry and
nomenclature are described in the following sketch:

Corner —-

Approach
flow ............

WedgeJ .,,!, -.

,-””

,.

These nozzles may be designed to conform to stresml=es in Prandtl-&yer
flow and hence can provide essentially is&irt.ropicexpansion at their
design pressure ratio. Furthermore, the presence of.the fyee-~et ba+qd-,
ary allows the expsmding Jek to be influencedby smib~entpressure chs&es
as it is with the external expansion pl~.+’ The wedge nozzle may then be
expected to exhibit moderate variations in thrust coefficient with pres-
sure ratio as does the plug nozzle, thereby reducing-the necessity of ‘“
geometrical variations with flight Mach ntiber.

—

-—

●

G“

.-

This report gives results of an experimental investigation of t~_ee .
rectangular-throat wedge nozzles designed~o confom”to Prandtl-Meyer
streamlines for pressure ratios of 5, 10)%nd 24. Variations in the–side ~
plate, the lip aagle, and the geometry up&eam of the ttioat were made
on the nozzle designed for a pres$ure.rati= of 10. ~-fourth wedge with

.,

length less than that required for isentro~ic expansion was also tested.
The effect of these geometzy chemges smd Same gem.r~ &aracteristic8 of
wedge nozzles are discussed.

APPARATUS AND INSTRUMENTATION

Wedge-Nozzle Config@ations ~
.-

The ttmee wedge contours used with the Pramdtl-meyer wedge nozzles
(described h fig. 1) conform to streamlines resulting from the expansiw ~
of a compressible fluid (air) around a shSX’pcorrier(Prandtl-Meyerflow).
These contours are based on the tabtir idS?ormationgiven in reference 5,
in which the assumption of a straight son~c line at the throat.of the
nozzle is made. No boundw-layer correction was included. An arbitiar- ;
ily contoured wedge shorter than the Prar@*l-Meyer aesi.ens iS show fi
figure 2. Tabulations of the coordinates.of the wedge surfaces are pre-
sented on both figmes 1 and 2.

9
-.
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The general construction features common to the wedge configurations
d tested are illustrated in figure 3. AU configurations were of the

double-wedge type with csntilevered lips bolted as ‘shown.

Test Faci.lity

A schematic drawing of the test facility is given in figure 4. The
nozzles were mounted on a pipe freely suspended by flexure rods which
were connected to the bedplate. Pressure forces acting on the nozzle and
mounttig pipe were transmitted from the bedplate through a flexure-plate-
supported bell crank and linkage to a balanced-air-pressure-diaphragm
force-measurtig cell. Pressure differences across the nozzle and mount-
ing pipe were matitained by’labyrinth seals around the mounting pipe,
which separated the nozzle-inlet air from the exhaust. The space between

b the two labyrinth seals was vented to the test chsmber. This decreased
the pressure differential across the seccmd labyrinth and prevented a
pressure gradient on the outside of the diffuser section which could re-

W sul.t from airflow through the lab~tith seal.

IJlstrumentation

Pressures and temperatures were measured at the vsrious stations in-
dicated in figure 4. One wall static- and sti total-pressure measurements
at station 1 were used to ccx.uputeinlet momentum, and eight totsl- and twn
wall static-pressuremeasurements at station 2 were used to ccxnputeair-
flow. Eight total-pressure and one temperature measurements were made at
the nozzle inlet (station 3]. Anibientexhaust-pressure measurement was
provided at station O, and a static-pressure survey was made on the out-
side walls of the bellmouth inlet. Wall static pressures were measured
along the wedge surfaces frcm throat to tip.

PROCEDURE

Performance data for each configuration were obtained over a rsnge of—
nozzle pressure ratios at a constant airflow. The nozzle pressure ra=io
was varied frcxnabout 2 to the maximum obtainable (26 to 32). For all
tests the nozzle total pressure was within the rsnge of 50 to 60 inches of
mercury absolute.

The thrust coefficient was calculated by dividing the actual.jet
thrust by the ideal jet thrust. The actual jet thrust was computedby

● subtracting the force measured by the balanced-air-pressure diaphragm
from the hlet total momentum as”measuredby pressure and temperature
instrumentation at station 1 and corrected for bellnouth and labyrtith

. forces. The ideal Jet thrust is defined as the product of the measured
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mass flow and the ideal jet velocity (assuming isentropic ~ansion)
based on the measured nozzle pressure ratio and inlet temperature.

s

The symbols used in this report are defined ir-appendix A, and the
equations used in the calculations are given in appendjx B.

Standard 25° half-angle convergent nozzles were-:usedat the begin-
ning and end of the test program. The re6,@ts (fig; 5) show the order
of repeatability of thrust and flow coefficients to be within 0.5 per-
cent. Shnilar tests, with similar results, were made during the nozzle
progrsms reported in references 1 to 3. Qe thrust-data contained ~
these and the present report are thus directly comp~able. —

The maximum possible error in thrust data in this report was esti-
mated from possible experimental errors ~.read@g the primary quantities
used to compute thrust: total snd static:”pressures,-areas,forces, %arek, “1
and the like. A value of +1..5percent was obtained;”

—

RESULTS AND DISCUSSION

General Wedge-Nozzle C@.racteristics

Some features common to all the wedge-nozzle da~a (figs. 6 to U.)
are described in the following sketches and discussion. As shown in the

I
~ Design point .,

‘Tat‘B ““-
coefficient

Operating pressure
ratio, P/p.

preceding sketch, the peak t~st coefficient occurs at or near the de-
sign press~e ratio, which is defined as the pressure ratio required to
permit one-dimensional isentropic expansion from unflorm sonic flow at
the geometrical throat sxea to uniform supersonic flow through the exit
area. At such a pressure ratio the flow should be ?iischargeduniformly
in the axial direction at the ambient static pressure. Ideally, no
losses should occur under these conditions; but the–=t~l tm~ ls~

of course, affected by waKL friction, improper wedge shape, and departure
from the assumed sonic line at the thrmt~ au contribut~g to thrust
loss.

“

.

.-

—

*

e-
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As shown h the nti sketch, at pressure ratios less than design

(the overexpanded region), the flow expands part way down the wedge to

b a static pressure somewhat near ambient; then, it recompresses as it
turns toward the axial direction. This is illustrated in figure 6, which
shows typical wedge-pressure distributions for the wedge nozzle desigged

. for a pressure ratio of 10 operating at overexpanded pressure ratios of
2, 3, 4, and 5. (The theoretical pressure distribution for a nozzle de-
signed for a pressure ratio of 10 is included for canparison.) The
losses associated with the expansion-plus-shock recompression process re-
sult in the drop in thrust coefficient in the overexpanded region.

As shown in the final sketch, at pressure ratios above the design
value (the undere~ded region), nozzle-outlet static pressure and wedge

wall.pressure stay Constantj and the flow continues to expand beyond the
confines of the model and the design-point jet boundary. Again the re-
sult is a loss of avaflable thrust and, hence, a drop in thrust
coefficient.

Another characteristic of the wedge nozzles investigated, which is
illustrated h the preceding sketches and by the data in figure 6, is the
premature supersonic expansion of the flow sround the wedge upstream of
the throat as evidenced by low static- to total-pressure ratio. This ef-
fect is aggravated by high approach velocities. (A discussion of a
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similar effect is given, for instance, in ref. 4 and in ref. 6, p. 835.)
A consequence of such premature supersonic flow is.a reduction in the .. _

L

nozzle flow capacity (flow coefficient), since at the ntdmum area the —

I&ch number is not necessarily unity but may vary to values greater or
less than unity, and hence the mass flow is less than it would be if the
mirdmum area were filled by sonic flow. A displacement of the sonic llne
should also distort the entire Prandtl-Meyer expansion field; the evi-

—

dence of such distortion and its effects will be discussed subsequently
along with the specific effects of the geometry variations tested.

Pm
w

Wedge Nozzle Designed for Presstie Ratio~f 10

Approach section and side plates. - In--figure7 the performance of
the basic wedge nozzle designed for a press@e ratio of 10, Cotiiwation..—— ~.
1, is compared with configurations 4, 5, ud”’6, Which have smaller ap- 0
preach sections and reduced side plates. While only a slight variation
in thrust with approach-sectiangeometry was noted, the configuration
with the smaller approach section showed a niarkeddrop..inthroat pressure “
and flow capacity. A comparison of thrust snd pressure distributions be-
tween these two ccmfigurations exemplifies khe gener~..observationthat .,.
departure from the intended flow conditionsjat the throat (uniform sonic _ ~_
flow) caused by abrupt approach sections need not grea>ly affect do~__
stresm pressure distribution or tlrust. With referent-eto this observa-
tion, it might be useful to point out that

.-
, whereas su-~rsonic flow up-

stream of the throat reduces wedge pressures, it also increases the total
momentum of the flow at the geometrical throat. Thus .thethrust loss due
to wedge pressure reduction is partially compensated for, since nozzle

.

thrust may-be considered as the sum of the throat axial total m&nentum
and the wedge axial forces (where total momentum is defined as wV+pA).
A similar observation is also made with regard to the penshape nozzle
reported in reference 4. .- -.

The 50-percent reduction of the side plates (configurations4 ad 6]
reduced the peak thrust coefficient about 1 percent. The concomitant
drop h wedge pressure toward the tip and sides of the.wedge is shown in
figures 7(b) and 8.

J-
.=.—

Lip angle. - The effect of small chsmges in lip angle on the per-
formance of the wedge nozzle desi~ed for a.

f
ressure ratio of 10 is shown

in figure,9. The rmge of lip angle tested. 25.7° to 35.5°) gave only
slight thrust-coefficient changes (fig. 9(a]). However, the wedge pres-
sure distributions (fig. 9(b)] show the drop’in throat pressure with in-
creasing approach l@ch nmiber (decreasing lip single). TheshHt of the .:
pressure distribution curves to the left with decreasfig lip angle is ●

the result of movimg the origin of the Pran@l-~yer ~ansion awsy from
the wedge, which aUoWS the higher-press~e regions of the fl~ farm- “’
out-from the lip to intersect the surface farther downstream, as illus-

*

tratedby the sketches on this figure. Tk,difference in flow capacity—- ——— .-.
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s of the nozzles is
throat srea.

primarily a

-T -. . -F. -.—

@I’&lyTL51. .:-.* 7

result of the difference in the physical

Wedge Nozzles Designed for Pressure Ratios of 5 and 24

In order to determine POSSible V~iatiOnS fi performance tith de-
sign pressure ratio, two other Prandtl-Meyer wedge-nozzle configurations
with desigu pressure ratios of 5 and 24 were tested.

m
a
l-l Design pressure ratio of 5. - The performsmce of the wedge nozzle
* designed for a pressure ratio of 5 is presented in figure 10. Whereas

the thrust curve of this configuration shows the expected position of
the peak, the wall pressure distributions vary considerably from the
theoretical. The fact that the measured pressure on the downstream por-

k tion of the wedge is scmewhat higher than the theoretical is evidence
that the Prw..ndtl-Meyerfan source (the lip exit) was farther down the
wedge than intended. In spite of this, however, the performsace is as

. good as could be expected.

Design pressure ratio of 24. - The performance of the wedge nozzle
designed for a pressure ratio of 24 is presented in figure J-1. As for
the previously discussed configurations, the thrust coefficient in the
overexpanded region (pressure ratios less than design) is relatively high;
thus the thrust curve is relatively flat for the range investigated. Un-
like the preceding configurations, however, the corrected airflow curve
does not tend to flatten until a pressure ratio of about 9.0 is reached.-
This effect of pressure ratio on nozzle corrected airflow is felt to be
a result of a deflection of the nozzle lip with pressure ratio. Evidence
of this is tidicated by a comparison of the corrected airflow curve with
a curve of lip losd factor (P - po)/P (where P iS constsnt), which

shows that the nozzle corrected airflow increased in the same way as the
lip load factor (acting on the cantilevered lip). The resud.tti ckwge
in throat area (as evidenced by the variations in nozzle airflow) would
cause a change of equivalent design pressure ratio from about 22 at an
operating pressure ratio of 2 to 16 at m operating pressure ratio of 24.
(The walJ-pressure plot (fig. ll(b)) taken at a pressure ratio of 29
corresponds well to the theoretical curve for a wedge desi~ed for a
pressure ratio of 20.] These data are still considered representative
of high-pressure-ratio wedges, howeverz since the change in throat area
increased the equivalent desi&znPresswe ratio at low oPerat~g Press~e
ratim, thus exaggerating any-po&ible performance
overexpandion.

.

Shortened Wedge Nozzle

loss due to

4-,

Any reduction in nozzle size without thrust penalty is desirable;
such an attempt was made with configurations 9, 10, and 11 (design-
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pressure ratio about 9, fig. 2),,which were approximately two-thirds as
long as the correspondingPrandtl-Meyer wed~e-nozzle Q.esign.

c-

Experience with plug nozzles (ref. 3) showed that method-of-
characteristics (curve surface) plugs performed better than did conical
plugs, not o@y at desi~ pressure ratio but slso belo_wdesign, where
the characteristicsplugs ~re no longer correctQ@@ed for isentropic
expansion. A curved instead of a straight ~dge pr.of~e was theref~re
selected as a more promising nonisentropic (shortened)wedge nozzle.-.

*
The performance of the shortened wedge>+s present~d in figure 12._ g

The maximum thrust coefficients were about Z..percentagepoints lower thin””- ‘w
those of the Prandtl-Meyer designs. The mos< abbrevi~ted lip (confi~a-
tion 9) showed”poorestthrust and pressure distributions. Lengthening ““
the lip and reducing the wedge hump (confi@Yation 10)”a~owed lower
approach Wch number and, consequently, clos-erapproach to the ideal $-
straight sonic line at the throat. Thrust and pressuz% distributions of -
this configuration evidenced closer approxbtion to i~entropic expansion
with some improvement in thrust at lower pressure ratios. (Theoretical -
pressure distribution for a wedge nozzle having the same maximum thrust
pressure ratio as configuration 11 is included h fig. 12 for comparison.)
A reduction in shroud dimension (configuration11) inc~eased the approach

—

Wch number and the throat overexpansion. Peak thrust was little changed
but was shifted to a higher pressure ratio as a result of the decrease-d
throat- to exit-area ratio of this configuration (fig* 4). -! .-

Comparison of Prandtl-Meyer Wedge Nozzles
—

with Other Nozzles —

In figure 13 the thrust curves of the Prsndtl-Meyer wedge nozzles
are compared with those of the best plug and,converge~t-divergentnozzles
previously tested at the NACA Lewis laboratory (refs.”~1and 3). The peak
wedge-nozzle thrust is shown as about 1 percent lower than that of the”
plug snd convergent-divergentnozzles. At pressure ratios considerab~
below design, the wedge nozzles show thrust coefficie~ts considerably

—

better than those of the convergent-diverge@_tnozzle b-utnot as good as
—

those of the plug nozzle. In no case is t~ thrust co–efficientmore ““”‘“ ““”_=-

than ~ percentage points below the design _mlue at Press~e ratios less

than desire. The superiority of the wedge nozzle desimed for a Pres-”
.—

sure rati~ of 5 over-the
possible use h turbojet

convergent nozzie is
aircraft in the Mach

evident,“indicattigits
.—

number range of 1 to 2.
“

.
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Application to Aircrafts

Thrat -area variation. - The tests of lip-angle effect showed little
change in thrust with a mass-flow variation of 20 percent (fig. 9). An
estimate of the effects of wider mass-flow variations may be made from
the thrust curve of the wedge nozzle desi@ed for a pressure ratio of 24.
As shown in the follo~ sketch, this nozzle may be considered as an
appraximtion of a wedge nozzle designed for a pressure ratio of 10 with
lip angle increased
value of the latter

to restrict the mass flow to 42 percent of the desi~
nozzle:

\
p/p = 24\

—= 0.42

?

The thrust of these two wedges is almost the same for all operating pres-
sure ratios below 10 (fig. 13). From this it is inferred that throat-
area decreases may be wade with little change in low-pressure-ratio in-
ternal performance by simply increasing the lip angle.

Increases in throat area (and approach Mach number), on the other
hand, tend to cause premature supersonic flow and excessive overexpansion
in the lip region. While the data of this report do not show excessive
thrust losses from such overexpansion, plug data (ref. 3) from more ex-
tensively varied configurations do show effects which, in most cases,
are small. For maximum internal performance, then, it seems advisable
to vary the throat area to smaller-than-designvalues rather than in the
other direction whenever possible. It must be remembered, however, that
high lip angles contribute to high external drag.

External conformation. - The rectangular-throat wedge nozzle may
not conform we~ in many installations which have rounded forebodies.
The throat of this wedge nozzle can be modified to other throat shapes
by tractig the Prandtl-Meyer streamlines from the desired throat bound-

.
sxies. (This method is illustrated in ref. 7 and was applied to the
penshape nozzle of ref. 4.) The resultant configuration would conform
well with traditional afterbody shapes and would be compatible with iris.
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or clamshell lips (for throat-area variations). Installed, this wedge
nozzle would look as shown in the following sketch:

External-flow effects. - The wedge gpzzle, like any other nozzle,
will be affected by the external pressure.,fieldadjacent to it. Low
pressures around the jet exit will effectively ticrease the nozzle pres- ““
sure ratio, causing the nozzle flow to expand more than it would other-
wise, thereby reducing wedge pressure and, hence, thrust. For an ex~
treme afterbody design, wedge or plug noz%.les.cmld-show the sane over-
expansion losses as does the convergent-divergentnozzle, whose shielded
jet cannot be affectedly external pressure over a iki.derange of low-
pressure-ratio operation.

b

k

.

—

Additional infomtion is required to optimize the external and in-
terhal configuration, since internal performance is enhamcedby lip
angles close to the theoretical values while external drag, including
the low-pressure-field effect on internal performance, is minimized by
low lip angles. (Some effects of lip angle and boattail design on plug-
nozzle performance are given in ref. 8, in which it is shown that con-
ical boattails greatly reduce the lip drqg and integml overexpansion
over those obtained with cylindrical coattails.)

Thus the wedge nozzle appears to be competitive
in internal performance; and its use seenk worthy of
cases where it provides secondary advantages in base
ease of cooling, or the like.

CONCLUDING REMARKS

—

with other types
consideration in
drag reduction,

—

—

The three Prandtl-Meyer wedge nozzles tested (design pressure ra-
.

ties of 5, 10, smd 24) showed peak tbrust,coefficients about 1 percent
lower than those of the best convergent-divergentand plug nozzles in-
vestigated to date. Thrust at all pressure ratios below design was

.

within ~ percentage points of peak thrust.
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Variations in approach-section size and lip angle had negligible
s effect on thrust over the ranges tested, and a SO-percent reduction in

side-plate coverage caused about a l-percentage-point thrust loss.

A wedge designed for a pressure ratio of about 9 with 30-percent re-
duction in length from the Prandtl-Meyer design showed peak thrust coef-
ficients about 2 percent below those of the best Prandtl-Meyer desi~s
tested.

The wedge nozzle appears to be competitive with
basis of internal performance. Its use seems worthy
cases where it provides secondary advantages in base
of cooling, or the like.

. Lewis Flight Propulsion Laboratory
National Advisow Camnittee for Aeronatiics

Clevelsnd, Ohio, December 4, 1956
iJ-
i1
1
j>

other @es on the
of consi~eration in
drag reduction, ease
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APPENDIX A

SYMBOLS

area, sq in.

throat area measured normal to lip at exit, sq in.

pipe area qnder labyrinth seal, sq-h.

jet-thrust coefficient

flow coefficient

throat depth
.-

jet thrust, lb

balanced-air-pressure diaphragm reading, lb

acceleration due to gravity, 32.17 ft/sec2
.-

wedge-nozzle height

total pressure, lb/sq in. —

static pressure, lb/sq in.

inte

7

ated static pressure acting .onoutside of bellmouth,
lb sq in. —

gas constant, 53.35 ft-lb/(lb)(oR)

total temperature, OR

velocity, ftjsec ., -

mass flow, slugs/see .,

airflow, lb/see

lip angle, deg

ratio of specific

.-

—

heats —
+..; =.—. -..

ratio of nozzle-inlet -totalpressure to NACA standard sea-level

.-

.

.-

.

.-

pressure of 2116 lb/sq ft —

*

*

—-

—

..—

9

--

.=

.

● .

c
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% e ratio of nozzle-inlet total temperature
level temperature of 518.7° R

Subscripts:

d

e

LB eff
l-l
*

id

m

. w

o

1

2

3

.

.

13

to NACA standard sea-

design

exit

effeetive

ideal.

measured

wedge wall

ambient, exhaust-nozzle outlet

bellmouth inlet

air measuring station

exhaust-nozzle inlet
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APPENDIX B

METHODS OF CALCULATION

Airflow was cslculated as the summation of the flow acress station
2 (fig. 4):

where

1s the local.value

1-T

13!im=x!r
PA ()P

found from each of the eight total-pressure probes
and the wall static-pressuretaps at station-2. The t&m LA is the
area sampled by the individualprobes. ‘=-

—

Jet tlxrustwas defined as

The measured jet tkwust ~s found as .—

F = WmVl + PIA1 -ITl %mAl+a2(%m -pO)._-Fd

The ideally available jet thrust, based on measured mass flow, was cal-
culated as

‘id=wm{’

Thrust coefficient, the ratio of measured to ideal thrust, was

CF = ‘~Fid

.-
.

—

—

.—

,

.



G NACA RM E56K29b 15

● REFERmcEs

1. &uXl, H. George, snd Beale, William T.: Drternal Performance Char-
acteristics of Short Convergent-DivergentExhaust Nozzles Designed
by the Method of Characteristics. NACA RM E56D27a, 1956.

2. Greathouse, William K., and Beale, William T.: Performance Charac-
teristics of Several Divergent-ShroudAircraft Ejectors. NACA RM
E55G21a, 1955.

m
3 3. I&d-l, H. George, Beale, William T., and Schmiedlin, Ralph F.:
+ Effect of Several Desiga Variables on titernal Performance of

Convergent-Plug Exhaust Nozzles. NACA RM E56G20, 1956.

4. Connors, James F., and Meyer, Rudolph C.: bvest igation of an Asyrn-
h metric “Penshape”Exit H&v5ng Circular ProJections and Discharging

into Quiescent Ah. NACA RM E56K?39a,1957.

.
5. Connors, J. F., and Meyer, Rudolph C.: Desigu Criteria form~W&

metric and Two-D=ns ional Supersonic Inlets and Exits.
3589, 1956.

6. Shaptio, Ascher H.: The Dynsmics and Thermodynamics of Compressible
Fluid F1ow. Vol. ~. The Ronald Press Co., 1954.

7. Eward, John C., and Maslen, Stephen H.: Three-D*nsional Super-
sonic Nozzles and IiiLetsof Arbitrary Exit Cross Section. N4CA
TN 2688, 1952.

8. Salmi, R. J., and Cortright, E. M., Jr.: Effects of External Stream
Flow and Afterbody Variations on the Performance of a Plug Nozzle
at High Subsonic Speeds. NACA RM E56Flla, 1956.

-.



P
m

L

k

2-0.6689.e47 9.446 9.0+399.3UZ 8.KL6 8.076 7.724 7.336 6.969 6.567 6.I.7.65.661 5.202 4.673 4.139 S.5S0 2.S26 2.260 1.561 0.609 0

3.230 2.715 2.490 2.290 2.IJ.31.%0 1.761 1.54Q 1.453 1.55A 1.162 1.030 0.91.90.786 0.658 0.S59 0.433 0.330 0.238 O.ltm 0.097 o.04a

1

mction 1

*

IF
8.00

L
4.2s

1 II

.41

ZOllfigwatlm Description b c a P> = Bide Ma=

. ,, ..,. ,L ,, %

1 Large approach aectlon> 4 3.02 5.8 30.67 1 m
basic i.!lEllh@C &6i6n

2 IMcreama threat area 4 2.72 5.55 S5 .s 1 Fdl.7.

3 Increased threat area 4 3.s3 6.15 =.7 1 mu

4 Reduce6-Bi6e-@ata
1!L’. + ~e

4 3.02 5.6 W.67 Half
~,.; , , 1 :11:, ;. 1 j 41 ., (,

5 Reduma qmroezh section 1.= 3.C5 5.8 30.67 2 FLiLl

8 Rdun?d appmac$ !3ectIcm, 1.Z5 3.m 5.0 30.67 2 Half

redllctiBide plate

(a) C!orUigurat.tons1 ta S} *s* pemure ratio, 10.

-1. - -fl-m -&e Lmmlas. (mm?mloma .xL-a h

I

.,

,,
1
(

5raeB.)

‘i!

I

1.

.,
.-.

,.

‘29+’

.-u .14 ●
,1

I
., -,::



,

r-= b’md’’-”yerorigin

r

I
6.50

&-4.25~

x 5.391 4.4Q 4.(X)1 3.618 3.250 2.!9902.519 z,142 1.753 1.34J ().9170.467 ()

y 1.249 0.942 0.606 0.691 0.592 0.506 0.416 0.346 0.282 ().220 o.17E 0.124 ().095
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Figure 1. - Continued. Frandtl-kyer wedge nozzles.

ratio, 5.
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Figure 7. - Effect of approach geometry and 6Ide-ptite coverage on performance of

Prandtl-lkyzr wedge nozzle.. ~si~ pressure ra*iO~ 10. I
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(a) Thrust and flow characteristics.

Figure 9. - Effect of small. changes in lip angle on performance of Prandtl-

M=yer wedge nozzle, Design pressure ratio, 10.
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Figure 10. - Performance of Prandtl-Meyer wedge nozzle de-
signed for pressure ratio of 5. Configuration 7.
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Figure 12. - Performance of shortened wedge nozzle.
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