
X-25

TECHNICAL MEMORANDUM
X-25

EFFECT OF MULTIPLE-JET EXITS ON THE BASE PRESSURE

OF A SIMPLE WING-BODY COMBINATION AT

MACH NUMBERS OF 0.6 TO 1.27

By James M. Cubbage, Jr.

Langley Research Center

Langley Field, Va.

Declassified August 22, 1962

NATIONAL AERONAUTICS

WASHINGTON

AND SPACE ADMINISTRATION

August 1959



Z



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL M}_40RANDUM X-25

EFFECT OF MULTIPLE-JET EXITS ON THE BASE PRESSURE

OF A SIMPLE WING-BODY COMBINATION AT

MACH NUMBERS OF 0.6 TO 1.27

By James M. Cubbage, Jr.

SUMMARY

An investigation has been conducted at Mach numbers of 0.6 to 1.27

to determine the effect of multiple-Jet exits on the base pressure of a

simple wing-body combination. The design Mach number of the nozzles

ranged from i to 3 at jet exit diameters equal to 36.4 to 75 percent of

the model thickness. Jet total-pressure to free-stream static-pressure

ratios ranged from i (no flow) to 34.2.

The results show that the variation of base pressure coefficient

with jet pressure ratio for the model tested was similar to that obtained

for single nozzles in bodies of revolution in other investigations. As

in the case for single jets the base pressure coefficient for the present

model became less negative as the jet exit diameter increased. For a

constant throat diameter and an assumed schedule of jet pressure ratio

over the speed range of these tests, nozzle Mach number had only a small

effect on base pressure coefficient.

INTRODUCTION

The use of a clustered side-by-side Jet engine installation - as

opposed to the individual nacelle-type installation - in some supersonic

aircraft designs has raised some question as to the effect on base and

boattail drag of several jets operating in close proximity to each other.

Although numerous investigations have dealt with the effect of a single

jet on afterbody drag, the extent to which these effects may be modified

by interJet and internacelle interference of multiple-Jet installations

has only recently received attention. (See refs. i to 4, for example.)

Although primary interest for the multiple-jet installation lies in the
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high supersonic speed range, the base drag at transonic speeds of some
configurations may be so large that acceleration through this speed
range may not be possible with the thrust available.

In order to aid in the establishment of the magnitude of Jet effects
on afterbody drag for slde-by-side multiJet engine installations at tran-
sonic and low supersonic speeds, the Jet effect program in progress at
the Langley Research Center was extended to include a general research
model with this type of Jet installation. The model of this investiga-
tion consisted of a delta outer wing panel having 70o of leading-edge
sweep and a wall-mounted, rectangular cross-section body housing three
Jet exits. The Jet nozzles had exit Machnumbersof i, 2, and 3 with
throat diameters of i/2 inch and 3/8 inch. These nozzles were operated
at ratios of jet total pressure to free-stream static pressure from 1
(no flow) to about 34 over a free-streamMach numberrange of 0.6 to
1.27. The effect of nozzle extension, two-Jet operation, and wing panel
on base pressure was also investigated. The Reynolds numberrange for
this investigation was from 3._ × 106 per foot to 4.9 × 106 per foot.

SYMBOLS

A area

CD,b

Cp,b

Cp,b

D

d

F

M

P

PL

base drag coefficient, -Cp,b\ Amax j

Pb

p-_-l
base pressure coefficient,

2

average base pressure coefficient

drag

di_neter

thrust

Mach number

static pressure

total pressure
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Pt,J

P_

q

V

g

7

P

ff

Jet pressure ratio; ratio of Jet total pressure to free-

stream static pressure

1
dynamic pressure_ _ pV2

velocity

mass-flow rate

ratio of specific heats

mass density

nozzle half-angle; positive when diverging in direction of
flow from center line of nozzle

Subscripts:

b base

i ideal; conditions for a fully expanded nozzle

J Jet

max maximum

t throat

free stream

o stagnation conditions

APPARATUS AND METHODS

Model and Nozzle Configurations

The model used in this investigation is shown in the photographs

and drawing of figure 1. A sharp-edge inlet was incorporated in the

model to reduce tunnel blockage and interference problems. This inlet

was connected to a pump which provided a means of controlling the inlet

velocity ratio. A simulated delta-wing panel with a leading-edge sweep-

back angle of 70o was made from 1/8-1rich-thick flat aluminum stock. The

rear part of the nozzle housing was built up of plastic covering the

nozzles and the 3/4-inch 0.D. piping connecting the nozzles to the plenum

chamber. (See fig. l(b).) This assembly formed the main support point



4

for the cantilevered model. The plenum chamber was connected to three

1,O00-cubic-foot-capaclty tanks pressurized to approximately 325 pounds

per square inch.

All nozzle configurations (fig. 2) with the exception of configura-

tion 2A were tested in the base configuration shown in figures l(a) and

l(b). Nozzle 2A was tested in the modified base shown in the upstream

view of the model in figure l(c). This base configuration was obtained

by filling the boattailed areas between the nozzles with plastic so that

the cross section of the model center section was constant throughout

its entire length.

The nozzles, both sonic and supersonic types, were made up of coni-

cal sections. All nozzles except configurations IA and 2A had the same

throat diameter (0.364 inch); thus the same Jet mass flow was kept for

these nozzles at a given Jet total pressure. In order to simulate two-

engine operation, the center nozzle was replaced with a blank plug that
was flush with the base of the model. _ -

Tests were also made with the nozzles extended 1/8 inch beyond the

base. Because of the method of constructing the model and nozzles it

should be noted that in extending the nozzles a second base area is

created around the Jet exit. Since this second base area was part of

the nozzle itself (see fig. 2) a base-pressure orifice could not be

installed. Therefore, the magnitude of the base pressure on this annulus

was not determined.

Tunnel

A side view of the _-inch by 12-inch slotted tunnel used in this

investigation is shown in the photograph of figure 3. In this photograph

the model mounting plate that replaced one window of the tunnel is shown

together with the pipe connections for inlet air removal and Jet supply

air. The tunnel is a continuous operating type and is described in detail

in reference 5. (For the present tests the inlet bell was free of all

struts.) The maximum stagnation pressure of this tunnel was about

l_ atmospheres at a stagnation temperature of 160 ° F.
8

Instrumentation and Methods

Instrumentation of the model consisted of nine base-pressure orl-

fices, a static-pressure tap in the Jet plenum chamber, and a total-

pressure probe that was capable of traversing across the horizontal

diameter of all three nozzles. A tenth base-pressure orifice on the

partially boattailed model configuration became inoperative during tests

I



so that its pressure readingwas not recorded. In addition to the pres-

sure orifices on the model, orifices were installed in the mounting plate

above and below the model. Visual observation of the flow by schlieren

or shadowgraph methods was not made because of the method of mounting

the model and the limited field of view through the opposite window.

Total-pressure profiles obtained from the traversing probe showed that

the Jet flow for all three nozzles was symmetrical in the horizontal

plane for all configurations except nozzles 1A and 2A (dt = 0.90 inch).

The asymmetry for these two nozzles was small, however, and was Judged

to be acceptable for this investigation.

In order to determine whether velocity gradients existed across the

model and thus affected the base pressure, a spanwise row of static-

pressure orifices was installed on the center section of the model 1 inch

upstream of the base. In addition, the traversing probe was modified to

measure total pressures above and below the model in the plane of the base.

The spanwise Mach number distributions thus obtained were constant within

±O.OIM_. This result was consistent with tunnel-empty axial Mach number

distributions. (See ref. 5.) In addition, it was determined that the

maximum deviation of the Mach number over the rear part of the model from
the mean tunnel Mach number was 0.02.

w

With the exception of the tunnel stagnation pressure and the Jet

plenum chamber pressure, data were recorded photographically from

multiple-tube manometer boards filled with tetrabromoethane. The tunnel

stagnation pressure was read from a mercury U-tube manometer and the jet

pressure in the plenum chamber was measured by a Bourdon type gage.

Profiles from the traversing total-pressure probe were recorded by

two 2-variable recording potentiometers. At nominal Mach numbers of 0.6,

0.9, 1.O, 1.1, 1.2, and 1.26, data were recorded for several settings of

the jet plenum chamber pressure; the corresponding total pressure at the

throat of the nozzle was obtained from a calibration made previous to

these tests. From repeat tests on the same configuration, it was deter-

mined that for identical test conditions base pressure coefficients

could be repeated within ±0.004.

RESULTS AND DISCUSSION

Effect of Jet Pressure Ratio on Base Pressure Coefficient

Base pressures measured by the individual orifices are presented in

coefficient form in figure 4 as a function of jet pressure ratio Pt,j/p_"

for the three basic nozzles of this investigation. A rear view of the

model is shown at the top of the figure to identify the orifice location
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with the curve symbol. These data are typical of those obtained for the

other nozzle configurations.

Under the pumping action of the jet the base pressure coefficient

in figure 4 decreases (becomes more negative) as the Jet pressure ratio

is increased until under the favorable interference effects of the Jet

and external flow the base pressure coefficient increases with jet pres-

sure ratio. This variation of Cp, b in the vicinity of the Jets with

jet pressure ratio is similar to that obtained for single Jets issuing

from bodies of revolution. (See, for example, refs. 5 and 6.) Although

the base-pressure-coefficient variation for each orifice in figure 4

follows a similar pattern, the range of coefficients for a given nozzle

and jet pressure ratio is generally very large. For example, at M_ = 1.O

and Pt,j/P_ = 5 in figure 4(a), Cp, b ranges from -0.230 to -0.530.

However, it will be noted that this wide variation in base pressure coef-

ficient tends to disappear at the higher Jet pressure ratios and Mach

numbers. For nozzles i and 2 at the highest Mach number the difference

in the base pressure coefficients at the various orifices tends to

increase again above a jet pressure ratio of about 15.

In order to facilitate cdmparison of the configurations, an arith-

metic average base pressure coefficient Cp, b was computed for each

nozzle configuration. (See figs. 5 to 9.) When this average was com-

puted# the two orifices next to the tunnel wall (circle and square sym-

bols in fig. 4) were omitted since this part of the model was intended

only to place the jets outside the influence of boundary layer on the

tunnel wall, and the pressure at the inoperative orifice was assumed to

be equal to that measured by the orifice directly below it (diamond sym-

bol in fig. 4). The average base pressure coefficients thus obtained

for the three basic nozzles are presented in figure 5. It will be noted

in this figure that the minimum value of _p,b for the three nozzle

configurations is approximately the same at sonic speeds and above and

that, as M_ increases, the jet pressure ratio at which this minimum

value of Cp,b occurs decreases. This result is consistent with results

presented in references 3 and 5.

Effect of Nozzle Exit Diameter on Base Pressure

Figure 6 presents the average base pressure coefficient obtained

for sonic nozzles, with two different jet diameters. (The curve for

dj/d b = 0.364 is the same as that given in fig. 5(a).) The jet-pressure-

ratio range is smaller for the larger nozzle (dt = 0.500 inch) because

of a larger pressure drop in the supply lines from the increased mass-
flow rate.
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The larger sonic Jet results in a much more rapid variation in the

base pressure than was observed for the smaller nozzle. This result is

consistent with results from reference 5 and others. The minimum base

pressure was greater (less negative) for the larger nozzle than for the

smaller nozzle. Since the base area was also less for the larger nozzle,

the reduction in maximum base drag would be correspondingly greater. It

will be noted from the slope of the curves that positive base pressure

coefficients would be expected in the Jet-pressure-ratio range of about

15 to 22.

Effect of Boattailing Between Nozzles for the

No-Jet Flow Condition

The average base pressure coefficient obtained for the modified base

configuration with nozzles 2A installed are shown in figure 7. With the

jets operating this configuration is not directly comparable with any

other configurations of this investigation since it was designed prima-

rily to approximate the larger Jet configurations of references 1 and 2.

However, for the no-Jet flow condition a comparlsonmay be made between

figure 7 and any configuration of figures 5 and 6 to determine the effect

on base pressure of boattailing between nozzles. This comparison shows

that Cp, b was considerably smaller (more negative) for the filled-base

configuration. This result would indicate that even a small amount of

boattailing between nozzles is desirable insofar as base pressures are

concerned.

Effect of One Jet Inoperative on Base Pressure

The data presented in figure 8 show the effect on average base

pressure coefficient of closing off the middle Jet; data for nozzle 1A

are shown in figure 8(a) while data for nozzle 2 are shown in figure 8(b).

In these two configurations the base was continuous between the two oper-

ating Jets; that is, the space normally occupied by the middle Jet was

sealed. In generaL, for both configurations the inoperative nozzle is

seen to increase Cp, b at the minimum-value point and to cause a reduc-

tion in the rate of increase of Cp, b as the Jet pressure ratio increases

above the minimum-value point. An increase in the minimum base pressure

coefficient would be expected for the two-jet configurations as the

aspiration effect of the Jets would be less than that for the three-Jet

configurations. The maximum improvement in base pressure coefficient

associated with loss of a supersonic nozzle (fig. 8(b)) at M_ _ 1.O

was on the order of 40 percent as opposed to a maximum gain of approxi-

mately 25 percent when a sonic nozzle (fig. 8(a)) was removed. At other



Machnumbers and Jet pressure ratios, the changes in base pressure coef-
ficient were smaller.

Effect of Limited Nozzle Extension on Base Pressure

Data presented in reference 4 showeda reduction in base drag of
cylindrical afterbodles with nozzles extended beyond the plane of the
base. In order to determine the effect of nozzle extension on the base
pressure coefficients of the present model, the Mj = 2.0 nozzle was
extended 1/8 inch beyond the base. The average base pressure coefficients
obtained on this configuration are presented in figure 9_ for ease of
comparison, the data presented previously (fig. 5(b)) are repeated in
figure 9.

Extending the nozzles 1/8 inch had only a small effect on base pres-
sure; however, it was generally beneficial over the Jet-pressure-ratlo
range. Since the nozzle extension used was small comparedwith the noz-
zle diameter, it would be expected on the basis of data from reference 4
that a greater extension of the nozzles would show a corresponding
improvement in base pressure.

Effect of Wing Panel on Base Pressure Coefficient

In figure lO data are presented for the Mj = 2.0 nozzle with and
without the wing panel attached to the center body. Except at M_ = 1.O1,
only a small difference is noted between the two configurations. The
greater difference at M_ = 1.O1 may result from the change in tunnel
wall interference associated with addition of the wing; these effects,
although present at other speeds, would reach their maximumat Machnum-
bers close to 1.O. In general, however, the distributions are the same;
thus, the wing panel did not have a significant effect on the base
pressure.

Variation of Average Pressure Coefficient for an

AssumedJet Pressure Ratio Schedule

Figure ll presents the variation of average base pressure coeffi-
cient with Machnumberalong an assumedJet pressure ratio schedule for
the several configurations involving the Mj = 2.0 nozzles. The assumed
Jet pressure ratio schedule is typical for that proposed for M_ = 3.0
turbojet engines (ref. l) and is shownin the uppe_ left corner of each
figure. Figure ll(a) comparesthe variations of Cp,b for the Jet

l
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pressure ratio schedule over the Mach number range investigated with

that obtained for the fixed area Mj = 2.0 nozzle operating at the

design pressure ratio of 7.8. This comparison shows that o_erexpanding

the jet flow produced more positive values of _p,b than the fully

expanded nozzle up to a Mach number of about 1.15. Above this speed

the opposite was true. In figure ll(b) the effect of an inoperative Jet

on the average base pressure coefficient is shown for the assumed jet

pressure ratio schedule. It will be seen in this figure that Cp,b was

greater (less negative) above M_ = 0.9 for the two-Jet configuration

than for the three-Jet configuration; below N_ = 0.9 the opposite was

true.

In figure ll(c) the variation of Up,b with Mach number for the

schedule of jet pressure ratio is shown for the three basic nozzles.

As mentioned previously the 0.367-inch throat diameter was common to

these three nozzles. As can be seen in this figure only a small differ-

ence in _p,b exists among the three nozzles over the speed range

of these tests. Therefore, the Mj = 3.0 nozzle would have the lowest

base drag because of the smaller base area for this configuration. These

data suggest that a configuration with a continuously variable nozzle

(for maintaining optimum thrust) would have about the same base pressure

coefficient as it would have with a fixed nozzle.

In figure ll(d) the effect of nozzle extension on the average base

pressure coefficient is shown for the assumed Jet pressure ratio schedule.

The effect was very small below M = 1.10, the difference in Cp, b

between the two configurations being about equal to the repeatability of

the data. Above M_ = 1.15 the effect of nozzle extension on the average

base pressure coefficient was greater with an increase in _p,b of about
5 percent.

Variation of Cp, b With Mach Number and Number of Jets

Data from the present investigation and from references 3, 5, 6,
and 7 are presented in the form of base pressure coefficient as a func-

tion of Mach number in figure 12. The data from references 3, 5, and 6

are for a cylindrical afterbody with a single jet exit. These data are

included to give a comparison between results for a single Jet housed in

a cylindrical afterbody and multiple Jets housed in a body of rectangular

cross section. The model configuration of reference 7 was similar to the

filled-base model (Mj = 2.0) of the present tests. As noted in figure 12,

all data are presented for fully expanded nozzle conditions (ratio of jet

static pressure to free-stream static pressure of 1.0).
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Relatively good agreement is noted at supersonic speeds between the
single-jet, cylindrical afterbody configurations and the multiple-jet
configuration. At transonic speeds, however, a similar comparison between
single- and multiple-jet configurations with sonic nozzles showsonly fair
agreement. Although the data presented in figure 12 indicate that results
from single-Jet tests may approximate that which would be obtained for
multiple-jet configurations, sufficient data are not available at the
present time to substantiate a definite conclusion as to the applicability
of data from single-jet tests to multiple-jet configurations. It is of
interest to note in figure 12 that the variation of Cp,b with Machnum-
ber obtained for the model with supersonic nozzles in the present tests
appears to fair in rather smoothly with the variation of Cp, b obtained

for a similar model at higher speeds.

Calculated Base Drag and Nozzle Thrust for the

Three Basic Nozzles

In order to achieve a better understanding of the significance of

the base pressure coefficients obtained in this investigation, calcula-

tions of base drag as a percentage of the nozzle thrust available were

made for the three basic nozzles. The equations and methods used in

these calculations are presented in the appendix and the results of the

calculations are shown in figure 13. In this figure the ratio of base

drag to the theoretical thrust of the three Jets is presented as a func-

tion of jet pressure ratio for three values of M_. These data show that

the base drag at transonic speeds may equal 50 percent of the theoretical

engine thrust available within the operating range of typical Mach num-

ber 3 turbojet engines.

The calculated thrust used in the curves of figure 13 was found by

assuming that the nozzles were operating with the Jet flow attached to

the nozzle walls at all times. This is probably not the case for the

two supersonic nozzles at jet pressure ratios 60 percent or more below

the design point. For the case where the nozzle flow separates from the

wall of the nozzle, the resulting thrust would be greater than that cal-

culated for the same nozzle with attached flow. However, the base drag

would also be greater in this ease since the nozzle wall downstream of

the separation point would be subject to the subambient base pressure.

Consequently, it is not readily possible to determine precisely the

influence of nozzle flow separation on the curves of figure 15.

It will be noted in figure 13 that the performance, or drag-to-

thrust ratio, of the Mj = 3.0 nozzle above Pt,j/P_ = 4 is better

than that for the Mj = 1.0 and 2.0 nozzle so that the loss in thrust
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due to overexpansion of the jet is more than offset by the reduced base
drag. A similar result is noted in comparing the Mj = 2.0 nozzle with
the Mj = 1.0 nozzle at jet pressure ratios below about 15.

This observation suggested that overexpansion of the Jet in the
case of a poor afterbody design might give better performance than oper-
ating the jet underexpandedor fully expanded. That is, the sumof base
drag and thrust loss might be smaller for an overexpanded Jet than for
an underexpandedor fully expandedjet. It was reasoned that over-
expanding the nozzle a reasonable amountwould reduce the base drag,
through reduction in base area, with only a small loss in thrust so that
an overall gain in performance would result. In order to check this line
of reasoning the computedresults of figure 15 and a computedthrust loss
were used to determine the sumof base drag and thrust loss for the
Mj = 1.0 and 3.0 nozzles for comparison with the drag-to-thrust ratio
of the Mj = 2.0 nozzle operating fully expanded. The thrust loss for
the Mj = 1.0 and Mj = 3.0 nozzles was computedfor the ideal jet
pressure ratio of the Mj = 2.0 nozzle (Pt,j/P_ = 7.8). The sumof
base drag and thrust loss obtained in this mannerwas 0.200 for nozzle I,
0.105 for nozzle 2, and 0.214 for nozzle 3 at M_ = 0.9. At M_ = i.i0
the sumwas 0.447, 0.350, and 0.365 for nozzles i, 2, and 3, respectively.
In a like manner, the results were 0.488, 0.401, and 0.442 at M_ = 1.20.
These results show that the fully expanded nozzle configuration had the
best performance but, when these results are plotted as a function of the
ratio of nozzle exit area to the exit area of nozzle 2, it appears that
the best performance point falls between an area ratio of 1.2 and about
an area ratio of 1.5. Although a nozzle in this area-ratio range was
not tested, the data of figure ll(e) tend to substantiate this observa-
tion. That is, the base pressure coefficient of a Mj = 2.55 nozzle,

for instance, would be more positive than that for the Mj = 2.0 nozzle

and, since the base area would be reduced with the larger nozzle, the
base drag would be even further reduced. When the loss in thrust in

overexpanding the jet flow to Mj = 2.35 is taken into account, it
appears that the higher Mach number nozzle would have a lower sum of

base drag and thrust loss than the Mj = 2.0 configuration. Although

the overexpansion of the jet flow appears to give only a small gain in

performance, the results indicate that it is preferred to an equivalent

amount of underexpansion.

S_@t_Y OF RESULTS

An investigation of the effect of side-by-side jets upon the base

pressure of a rectangular cross-section body with a delta wing panel at

Mach numbers of 0.6 to 1.27 yielded the following results:
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i. Base pressure variation with Jet pressure ratio for the model
tested was similar to that obtained for slngle-Jet exits in bodies of
revolution in previous work. Peak negative base pressures of about
60 percent of the free-stream dynamic pressure were obtained at super-
sonic speeds on the model of this investigation.

2. The base pressure coefficient was increased (madeless negative)
by increasing the Jet exit diameter for a given nozzle Machnumber.

3. The effects on base pressure of extending the nozzle exits beyond
the base a small amount and of closing off one Jet were small and at some
speeds the effect was within the repeatability error of the data.

4. Little difference in base pressure coefficient was found between
nozzle design Machnumbersof 1j 23 and 3 with the samethroat diameter
for a Jet pressure ratio schedule typical of turbojet engines operating
in the speed range of these tests.

Langley Research Center,
National Aeronautics and SpaceAdministration,

Langley Field, Va., March 25, 1959.



15

APPENDIX

THRUST AND DRAG EQUATIONS

The ratio of base drag to nozzle thrust was calculated in the fol-

lowing manner:

When it is assumed that there are no internal losses within the

nozzle, the ratio of base drag to nozzle thrust may be written as

h= CD, bq_max (_)

Since

wjVj = (pVA)jVj = 2qjAj (A2)

equation (AI) may be written as

Fj CD, b qj +

(AS)

Multiplying the numerator and denominator within the brackets of equa-

tion (AS) by Pt,o/Pt, o and Ptjj/Pt,j, respectivelyj and dividing both

numerator and denominator by p_ yields

q(_uTo)?t-_°_
% Amax \ P_/ (A4)
FU = CD'b 3Aj _I_ _(_I+ I _ _?_-_I- _

_Pt,JJ\ Poo / _P_J}\ Poo /

and since

3Aj 3At Aj

the final form for the drag-to-thrust ratio becomes
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% _x At
F" --CO'b 3At AjJ

\_t,a/t p: i \pt,U \P..i

(A5)

In equation (A5) Amax/3A t is a constant for the three basic noz-

zles and is equal to 10.62. The base drag coefficient was computed from

the known value of _p,b (from fig. 5) and the ratio of base area to

model cross-section area Ab/Amax, this ratio being equal to 0.695 for

nozzle i, 0.630 for nozzle 2, and 0.389 for nozzle 3. All other parame-

ters in equation (A5) , with exception of Pt,j/p_, were obtained from the

tables of reference 8, the free-stream Mach number and nozzle design Mach

number being known.

The thrust loss due to overexpansion or underexpansion of the jet

flow was computed from the following equation:

:l - Fa : 1 - wava+ (Pa- Poo)AJ (A6)
FD,Ioss

FJ,i wj,iVJ,i

II
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E
3 "

i_ " _ Nozzle i

Nozzle 2

Nozzle 3

Nozzle

1

IA

2

2A

3

Mj dj _

1.0 0.36h 0.36& -15 °

1.o O.500 0.50O 0

2.o o.47h 0.364 Ii.5 °

2.0 0.650 0.500 13 °

3.o o.75o 0.364 ll.5°

Figure 2.- Nozzle configurations investigated.

inches.

All dimensions are in



2O

_o,,,-,I

,.-I

,19

o

,'1:1
0

..c:l
..p

g

,-t

4_

-0
0
,--4

f.I

!

!

0

0
4_

!

&

hi?



21

0

-.7 .....

"0

-.4

_-.2

trl _"_ +' ti

-.I ..... tJ_
_+'::!!

ii'_i ii
0

tUI:NiiHi!
:ill il_i-

i!! YL

Hil
.... HII

Iltt

iili H=
!iii ....
fill "_+

5 2O

i_= I.

_L

IHI tltl ]i]iH!!i!i ii:
........IH:.... IiH
!iil ilii iii_
II11 _1tl Ill
IIII llil

HH iiiifin

5 I0

Jet pressure ratio, P../P
_J ao

(a) MD = 1.0.

Figure 4.- Variation of base pressure coefficient with Jet pressure ratio
for the individual base-pressure orifices.



22

-.'7

(D

_-.6
0
_-.5

0
0

-.4

0-

0
en

-o I

0

o"

e,-

"6

0
0

0.

0

0

(b) Mj = 2.0.

Figure 4.- Continued.

i:!
i:1



23

25 50 0 5 I0

Jet pressure retio, Pt,i

(c) Mj = 3.o.

Figure 4.- Concluded.



24

0

iT

' 0

tttttI_H

O

d

II

4_

0

0
,r-I
..I.a

II}

I1)
%

4.}
0

4.-}

_,--4

IDo_

%

0

0
-el

-4..}

I

0

.el

1



a5

oo

if")

.;;;;;4 0

Lt3

o

_-" t_J 0
I' I" I"

q'd_) *|UO!O!tjaO 0 eJnsseJd eSDq e6OJeAV

!I t!4t4t t!-t I

!!!H!t!IKI
+÷ItH_

IlltlHII_N I
_ I l z444 ¥¢4_4

LI' 1

lt!llAllllII

•,; YIillIIIH

_t.tiltlt!ttl

..... :2::12:

_tHti

o

U3

!i̧ iit11,_ttt!!

I]IIHI_D, +

IIIIlLII!I,< _

I I_L 11 1ilttiiti_
I1 I

1411!-tttttt

!441tlttt_' i

Iltlt]Itl_'

IIt4tI_tttlt

fllltlll!ll44_ +_ 0

_flititllll
i_lltllt_s I
llllit[ll[l

00 _o _" N o
I" I" I I'

0

p

0",

(D

o=
Q.

q'd__ ',_uetoBtooo eanssead esoq eBDJe^v

o

o

b_

_o
r_

o
.r-I

(d

¢D
©

I=4 •
0

4_ •

II

4_

_d
0-,-t

°,-I %

• 11)
o -I.-_

°_(11

!
(1) o

% 0

o

0
.e.4

!

rio
.rt



26

I I

eJnssaJd es0q

o

o

0

t



27

0

H!WIIIIII!I_]IIIH__

i,'o

o

I
I

I

I

I

fill!il

!

o

__Ii_I_oI_i_ii_llll!lll!!
_]tfliiittl_

I"

q'_ '$ue!o!jjaoo eJnsse_d asoq eSo_"

Iz3

Ill

It
qtp
','2

itti_

i]tt_
I_iLL_

t" I' !

q'd..o_- '_tU_)!O!jj_O0 e_nsseJd

IIItH
!!i

_2
I"

_)soq _5OJ_)AV

J
O

J
II

O

II

• r-0

e_
v

+_
cJ
0)

_H
_H

u3

o

o3
u3

-P 0
_._

°,...t _)

_ 0

04-_

Ill e+-t
% 0

%

0

0

0r-4

I

d

Ill

,r..t



28

0

o "_
Ill "--

= g

I
I

I

I

I
I

b--
.4-

II

0

OJ

11

._--j

v

o

o
c..)

I



29

o



30

1Eft

..... il

_th'

444--1

-++4

_44_

t kt] _221

_+_

_ _ _-_

HI

'!
.... _÷4 _

_ _+

+++4 _
+++4 _"

_+Hq

0

+4-
44.-

  ,iiii l
" :HI i_H&

°

I ! ;'

q'U::),_e!o!;_o e_nss_xl esoq eBoJeAV

o
E)

r,H

_i 0,)

i °°M

,g

' 0

%

OJ

4._

_ t"-

,_I
-_ 0
.,-i

°r-( * _,

o 0

r-H OJ
¢H
(D II
0
0 ,r'_

E)

%

m _

_ °
%
@

o

0
.r-I

I>
I

c;
r--t

ID

°_

1



31

!

I
i
!

I

I
l

I
i

I
I
i
i
I

T

I
i

I I I" 1

q'd__ ;_.Ug!O!_t_.gO0 gJnsseJd gsoq

!|_lll

i_ii|t

N
I

a6oJ_^_

it')

I÷llH

H!t_
till tI
illtIt ,_

fitIf-

tt*_

ttttft
i } t t t f
I } I I f f

k_ t _4 f

illlt _.

lilll g
IIII_

Ll!!k :_
!!!!_
llllk
!1!!1 q E

ittt_°

1!!!4

llJ14
llll;

IIII

_,A-a- J--_--I

"= O
I

.#
b-

O

II

O
.r-t
4._

01
0)

glt

..O
I1)

4._

O
O

,-t

-H

0
q-_

o

o



32

I" I"

IIIII

I I I I

q'd_)';U_)!3!lt;)03 _JriSs_Jd _)soq _)BoJt^_'

!

0

[..-

0

II

o

©

.r-t

.rt

-0
©

©

o

o

q-i

P_

©

-M

o

I

A

1



33

i_-

I I" ! I ! !

q'd_) ,IUO!O!jjgO0 oJnssoJd osoq oSoJo^ V

I

$

C:

U

0

0

d
©

r-I

0

0

rd

0

II

I1)

0

4_

o

.el

,S
_-_
o

0

rj

Z"

©

-r-t

4._

0
r_)

I

,--4

.,-t



34

O

II

0

o

c_

Q)

IlJ

,--t

t,1
0

0

4-_

,---t

0

!

,-4

I*

ID

! ! i" I I"

q'd 0 ';uo!o!;)oo:) 8JnsSOJd 8soq oSOJOAV

0



3..5

I",,,-

I

411 llIIl II il _I I I I _I I I II-¢I!-l-I

%0% o o o
_ r-I 0 0 0

_SdS S o o

_o o_ o o o
Ctl t_l t_l r-I _I r-I

0

. I[

:: i I ! - ®

:----mfttiittttUH-l!7,<" L I ..__:..-

II I i -

::ttftftH:Itttti_;' ' -,<, _ 7: itl I ::-
_ II -

I lIItJlllI IHlli7}  Ntt:}ITII '
.... J J

I ¸::¸:I
r: L : x ; 1

ttttJttTl-i_@t!:_,J-,, _
_: I"-iTilttlfttHt_ttfH_t}t!::'_,_L,
I II I

I I1 I I _t4t@tfttIHtl.ih i i
I I I I

q'd_) ,lU_!:)!ti;O0 ;)_nss;)xl ;)SO_]

8

IP

0

C

(.t

o
=E

cO

tUt ii_tt--
tTtf i;iJit
_ttf_,_tiH/ii' tttt
171t-,__:iiiitttifi

(,,0 li')
I !

0



36

o

iiillltiilJIIIfilIItil!tllli,,,, HiH!!!!Jl!JJ_Hm_H_:__

H I]tHH-H-IiH]t L '[tl_lJ[[ll[llttl_tl !

Jill! [II I i _ll ,
"]I ! dltf/, I .tL_ _ 0

o_ilt :1111111t] "! ,

' " ] '::': '[I ' l --I ti ill IIIIII ...... hJH_AiL,t'f!i!ttt 111111

tiff i IIii1111I i] !IL

! HtHtYdthlI]IIIIII! lt_I_ <o
Iltttttli ! lit! tl i III1tlt]ttttt111 ItttliI! tli tI.I_]ttt' ' ":' <........ ii!] !!IIHII!I!!tI!! !ttiH

t '"'"'" i:ililIII Hliltlitttflt_iIt][i!_]7i _ i_ *' _" o
o

,,,l,i...........ill Iiiiiiiiiiii

', _"i.h,,_ £I i 111

!II'Y_'II
!!! I! I

II1 I [ t4t'_ Ill iq !!
lit i '+_+_I12111ii
Ill ',I l,_,w4lf1411iIi

,,, t_Ifl_14._i ft-l.7<.

" iiiiNiiiH_t
+÷+

t11itttft!!

ii' ,,,tttilb_fl_:
ii I s 1[

tH o

i l lsnNl _tlZZOUo!so8

q'0 3 ' _lOJp i_SOl_

-_ O

o"

E

_=2
¢/i

cl.

_o_

r..)
.r-I
r.fi

@

,el
+_

rH

,'-4

CCl

+_
t,9

,--I

r)

(9

0 @
@ r-I

0

4._

0

<1)

4J

%

r/l

ffl

I

,--t

0

NASA - Langley Field, Va. L-IO0


