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SUMMARY

The effect of a propulsive jet on the drag and pressure distribu-
tion of the NACA RM-10 missile configuration at large Reynolds numbers
has been determined by flight tests of rocket models between Mach num-

bers 0.8 and 3.0. Pressures were measured along the body, near the fin

root, and at the base. The jet pressure ratio and jet exit Mach number

were of the order of 1.5 and 3.5. The Reynolds number varied from about

60 x 10 to 220 x 106, based on body length.

Jet interference resulted in large increases in base pressure
between Mach numbers 0.8 and 3.0 with base thrust being obtained below
Mach number 1.8. The jet effects produced large increases in pressure
at the rearmost stations on the afterbody and fin root at the transonic
and low-supersonic portions of the Mach number range. The total drag
of the configuration between Mach numbers 1.8 and 3.0 was reduced by
about 15 percent, which was due to favorable jet interference at the
base. The measured body and fin pressures are compared with those
obtained from linearized theory and from various wind-tunnel tests at
supersonic speeds.

INTRODUCTION

Recent investigations (refs. 1 to 5) of bodies with flow issuing
from the base have shown that a jet may produce large changes in the
drag and pressure distribution of a configuration at transonic and
supersonic speeds. Because there are many factors involved in the jet
interference problem, such as nozzle design, jet operating conditions,
and afterbody shape, a great deal of work is being done to provide a
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better understanding of the jet interference phenomena and to obtain
useful data for the design of aircraft having a minimum of unfavorable
Jjet effects.

In recognition of the need for more interference studies for both
the power-on and power-off flight conditions, the Pilotless Aircraft
Research Division has undertaken several investigations of jet effects
at high Mach numbers and Reynolds numbers. The present paper reports
on the flight tests of two rocket-propelled full-scale NACA RM-10 models
that were instrumented to measure body pressure distribution, fin root

pressures, base pressure, and drag for both power-on and power-off flight.

The NACA RM-10 research vehicle was selected for this jet effect investi-
gation because a great deal of basic research has been done with it under
power-off conditions (refs. 6 to 23), especially with regard to its drag
at supersonic speeds. The present tests covered continuous ranges of
Mach number between 0.8 and 3.0 with corresponding Reynolds numbers

varying from about 60 X lO6 to 220 X 106 based on body length. The jet
static pressure ratio and jet exit Mach number of the test vehicles were
approximately 1.5 and 3.5, respectively. The measured pressure distri-
butions are compared with those obtained for power off from various wind-
tunnel tests at lower Reynolds numbers and with linearized theory at
supersonic speeds. The effect of the jet on the body, fin, and base
drags is determined through a breakdown of the drag components as deter-
mined from the pressure measurements and linearized theory for the body
and fins through most of the Mach number range.

The models were flight tested at the Langley Pilotless Aircraft
Research Station at Wallops Island, Va.

SYMBOLS
A maximum cross-sectional area of body, 0.785 ft2
b span of fins, 35.88 in.
c streamwise chord of fins, 18.14 in.
Cp total drag coefficient, based on A
CDp body pressure drag coefficient, based on A
CDB base drag coefficient, based on A

CDf friction drag coefficient of body, based on A

4
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Cr average skin-friction coefficient based on wetted area of body
Cp pressure coefficient, e pl

9
ACP Jet-effect pressure coefficient, Cp - Cp

Jet on Jet off

B length of body, 146.5 in.
M Mach numbober
P local static pressure, lb/ft2
Py free-stream static pressure, lb/ft2
p‘j jet static pressure, lb/ft2
q free-stream dynamic pressure, lb/ft2
R Reynolds number, based on L in feet
T local radius of body, in.
i time, sec
Ty free-stream temperature, °F abs
Ty average temperature of skin of body, OF abs
Taw adiabatic wall temperature, OF abs
X station measured from body nose, in.
X station measured from fin leading edge, in.
y fin plan-form ordinate, measured from body center line, in.

body polar angle (deg) measured from fin plane in counter-
clockwise direction (@ = 0° at top fin in vertical plane)




i NACA RM L55HO2
MODELS

Details, dimensions, and photographs of the two NACA RM-10 models
tested are given in figures 1 to 3. The bodies were derived from a
parabolic arc of revolution of fineness ratio 15 by cutting off part of
the pointed stern to allow space for the rocket jet. The resulting model
had a fineness ratio of 12.2 and maximum body diameter of 12 inches. The
configuration was stabilized by four 60° sweptback, untapered fins of
aspect ratio 2.04. The airfoil of the fins consisted of a 1lO-percent-
thick circular-arc cross section normal to the leading edge or 5 percent
thick in the streamwise direction. Both models were constructed of spun
magnesium alloy skins and cast magnesium tail cones to which the cast
magnesium fins were attached.

Model A was instrumented to measure 18 body pressures, base pressure,
nozzle pressure, free-stream static pressure, eight fin pressures, accel-
eration during thrusting flight, and deceleration (drag acceleration)
during coasting flight. Thirteen of the body orifices were located in a
plane 45° (@ = 45°) between the fins (fig. 1(a)). At stations
x/L = 0.921 and 0.986 (fig. 1(b)), orifices were installed at @ = 15°,
300, and 450. The side pressure orifice at x/L = 0.998 was at @ = 30°.
All the body orifice stations are tabulated in table T.

The fin pressure measurements (fig. 1(b)) were taken at four chord-
wise stations and two spanwise stations. The latter stations were located
at 1 inch and 3 inches from the body (at the fin root) measured parallel
to the leading edge. The orifice stations on the fins are tabulated in
Babilie T,

Model B was equipped to measure 10 pressures on the afterbody and
base pressure (fig. 2(a)). These stations were selected to supplement
the measurements taken on model A and provide check points at
x/L = 0.884% (@ = 45°), 0.952 (@ = 45°), and 0.986 (@ = 15°). The ori-

fice stations on model B are tabulated in table III.

The base pressures on both models were taken by single orifice
measurements as is shown in figures 1(c) and 2(b). Although the base
pressure orifices are in different locations inside the stern of each
model, the results of the present tests indicate that each position was
equally efficient in measuring the pressures.

Both models were equipped with 6-inch ABL Deacon rocket motors, but
with slightly different grain construction of the propellant. The pro-
pellant used for model A was cast while that for model B was extruded.
This difference in grain construction necessitated the use of slightly
different nozzle designs (figs. 1(c) and 2(b)) for optimum performance
of the motors.
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Four equally spaced jet orifices, manifolded to a pressure cell, were
used to measure the wall pressures near the exit of the nozzle of model A
as is shown in figure 1(c).

TESTS AND MEASUREMENTS

The models were tested at the Langley Pilotless Aircraft Research
Station at Wallops Island, Va. Model A was propelled by a two-stage
rocket system (fig. 3(c)) that consisted of a 6-inch ABL Deacon rocket
motor booster and sustainer rocket motor. Model B was propelled by one
stage, the rocket motor in its fuselage. Velocity and trajectory data
were obtained from the CW Doppler velocimeter and the NACA modified
SCR 584 tracking radar unit, respectively. A survey of atmospheric con-
ditions including winds aloft was made by radiosonde measurements from
an ascending balloon that was released before each test.

Both models were equipped with multichannel telemetering systems to
transmit the measured pressures and accelerations to a ground receiving
station. Model A, which was the principal test vehicle of this investi-
gation, had 31 channels of telemetering compared to 11 for model B. At
the start of the test of model A, two pressure channels shorted out; and,
as a consequence, no data were received for the body orifices at
x/L = 0.068 (@ = 45°) and 0.986 (@ = 45°). The time-lag constant for
the pressure system of both models was less than 0.007 second, which was
sufficiently small to allow pickup of the rapid changes in pressure
obtained during accelerating flight.

The body and fin pressure coefficients of model A were based on the
static tube measurements of free-stream static pressure. These coeffi-
cients were compared with those obtained using the radiosonde measure-
ments of Py at several orifice stations and were found to agree within

the accuracy of the tests through most of the speed range. The agreement
thus obtained is indicative of the accuracy of the pressure coefficients

for model B which did not have a static pressure tube.

The jet-off drag coefficients of the models were determined during
decelerating flight by the method described in reference 24. For com-
parative purposes, the jet-off drags were evaluated using the decelera-
tions as determined by the drag accelerometers and by differentiating
the velocity time curve of CW Doppler radar. Since the latter instru-
ment failed to track either model beyond approximately 13 seconds, the
differentiated velocity curve was useful for checking the telemetered
decelerations only from Mach number 3.0 to 2.0. Below this range, the
magnitude of the deceleration of both models was small and only slightly
greater than the accuracy of the drag accelerometer. The resulting jet-
off drag coefficients were questionable and, hence, are not included
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herein. The jet-on acceleration and nozzle static pressure were
measured on model A in an attempt to evaluate the power-on drag of
the configuration.

The Mach number ranges, Reynolds number ranges, and free-stream
conditions for the tests are presented in figure 4. The jet-on test
range for model A varied between Mach numbers 1.1 and 3.0 and Reynolds

numbers 70 x 100 and 220 x 108; and for model B between Mach numbers 0.8

and 2.6 with corresponding Reynolds numbers from 60 X lO6 to 210 106.

For the decelerating part of the tests, the aforementioned ranges were
essentially reversed in flight.

The following table gives an estimation of the accuracy of the
coefficients, based on instrument accuracy, for the flight tests:

RO Ll e Rl RS sy SR T +0.01
i = Vo (SRR - ¢, ¢
CDB EEU ool i & o o 5 % o siel s e s ow g @ v s oe e es s o HOLO0S

Cp RS o Nl s e e i
Cp (supersonic) (2.0

A -«

Cpp EREEDEIE TN | . o e sl e o e e s e e e ehh e o D005

The Mach number is estimated to be accurate within +0.01 through a
considerable part of the Mach number range.

RESULTS AND DISCUSSION

Basic Data

The variations of the measured pressure coefficients with Mach num-
ber for each orifice station on models A and B are presented in figures 5,
6, and 7. The pressure coefficients obtained for both jet-on and jet-off
conditions are compared in each plot. An examination of these results
shows that large differences in the afterbody pressures and fin pressures
were obtained between the jet-on and jet-off conditions at low supersonic
and transonic speeds, with the greatest differences being measured at the
rearmost body orifices and fin orifices and at the base. The following
sections are devoted to a more detailed study of these pressures in order
to determine the effect of the jet on the power-off pressure drag and
total drag of the NACA RM-10 body.
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Body Pressures

The pressure coefficients measured on the body of model A at ¢ = h5°
are compared with the theoretical body pressures as determined by line-
arized theory (ref. 25) and the method of characteristics (ref. 26) at
Meich numbers 1.2, 1.5, 2.0, 2.5, and 3.0 in figure 8. The pressures at
¢ = 150 and 30° have been omitted from this figure to avoid a congestion
of test points in the afterbody region. The deviation between the theory
and experiment at stations forward of the fins is consistent with that
obtained in wind-tunnel investigations (refs. 8 and 10) of the RM-10 body
without fins. These comparisons and figure 5 also show that the jet-on
and jet-off pressure distributions are the same, except on the afterbody
at low supersonic and transonic Mach numbers.

The effect of the jet on the afterbody and base pressures of models A
and B may be seen more clearly by comparing the variations of ACp (jet

effect coefficient) with Mach number in figures 9 and 10. The positive
values of ACp represent an increase in pressure due to the jet issuing
from the base. As is shown in references 1 and 4, the interaction effect
of the jet on the afterbody is largely a function of body geometry and Jjet
pressure ratio. The present results are in general agreement with tests
of similar configurations having a low boattail angle and small annulus
base in that the jet affected primarily the base and side pressures at
supersonic speeds. Also, the jet affected the afterbody at all radial
stations with nearly the same intensity as may be seen by comparing the
variations of ACp for x/L = 0.952 at @ =159, 30°, and 45° in fig-
ure 10. The largest jet interference occurred between Mach numbers 0.8
and 1.2 for each station and then the interference decreased with
increasing Mach number.

Figure 11 shows comparisons of the jet to free-stream static pres-
sure ratios and the variations of ACp for corresponding body orifices

on models A and B. The jet exit pressures used for obtaining pj/bl and

the jet pressure coefficient (fig. 9(d)) for model A were computed for the
exit of the nozzle using the measured nozzle pressures and a ratio of
specific heats of 1.28. The jet pressure ratios for model B were estimated
from the known characteristics of the rocket motor and the trajectory of
the model. The comparison in figure 11(a) shows that the jet pressure
ratios thus obtained agreed within 20 percent between Mach numbers 1.2 and
2.5. Owing to the small magnitude of pi/pl, the differences obtained

would have a negligible effect on the jet effects of the models at corre-
sponding Mach numbers. However, there was a significant difference in the
jet exit Mach numbers due to changing the propellant. Model A had the

cast grain propellant which gave a ratio of chamber pressure to exit static
of 61 in contrast to a ratio of 51 for the extruded grain of model B. The
corresponding jet exit Mach numbers were about 3.6 and 3.1, respectively.
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According to reference 3, changing the jet exit Mach number at a nearly -
constant jet to free-stream static pressure ratio and free-stream Mach

number would change the Jjet boundary and hence the interference from the

jet. This may account for the different levels of ACp obtained at the .

base and corresponding afterbody stations of the models as is shown in
figures 11(b) to 11(e). The change in jet exit Mach number evidently had
little or no effect on the afterbody pressures above M = 1.4, whereas a
marked effect is shown at the base up to the limits of the tests.

Fin Pressures

The variations of the fin pressure coefficients with Mach number for
model A are shown in figure 6. Cross plots of these variations at Mach
umbersaili 20 LSRRV 0 251 and 15. 0 are presented in figure 12 for ‘the
orifices 1 inch from the body (measured parallel to leading edge) and in
figure 13 for the orifices 3 inches from the body. These experimental
points are compared with the theoretical chordwise pressure distributions
for isolated fins as determined by linearized wing theory (refs. 27 and
28), except at Mach number 2.0 where the theoretical values become infin-
ite. At this Mach number, the Mach lines were alined with the 60° swept-
back, untapered fins. For the present application, it was assumed that
the body acted as a reflection plane or that the exposed, opposite fins
had a common root chord at the body surface. Since the orifices were not
parallel to the free-stream direction, an average semispan location was
used for each reference chord in order to simplify the computations. The -
average semispan distances are referred to the center line of the body,

for convenience, in the figures and are (—X— =@ 27N andr 0 55 NRoR

b/2>average

the two chords.

The agreement obtained between the theory and tests (figs. 12 and 13)
for either the jet-on or jet-off condition at Mach numbers 1.2 and 1.5 is
reasonably good in view of the interference effects from the afterbody
and jet. It should be noted, also, that the fin orifices at

(—z;) = 0.27 were in the relatively thick turbulent boundary layer
b/2 average

of the afterbody. According to measurements made in reference 22, the
boundary-layer thickness would vary from about 1.0 inch at M = 1.0 to
1.5 inches at M = 3.0. At Mach numbers 2.5 and 3.0, where no jet inter-
ference was measured, the fin pressures are lower than those calculated
by an amount approximately equal to the pressures on the isolated body
(ref. 8 or 10, or fig. 8) at corresponding stations.

A comparison of the jet effect pressure coefficients in figure 1k
shows the same general variations of ACp with Mach number as was obtained »
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on the afterbody; namely, the jet interference was large at the lower
supersonic speeds and at transonic speeds. The effect of small trim
changes during thrusting flight on ACp, especially at transonic speeds,
was estimated to have small effect on the jet pressure coefficients of
the fins and to be less than the accuracy of the measurements.

Drag

The variations of total drag coefficient and base drag coefficient
with Mach number for the jet-off condition are shown in figure 15. A
comparison of the present results shows that excellent agreement was
obtained between models A and B above M = 2.0 for total drag and through-
out the supersonic speed range for base drag. The data below M T 2.0 for
total drag were omitted because of questionable accelerometer measurements.
Also given in this figure is a comparison of the present data with the
total drag and base drag coefficients of four similar flight models from
references 6 and 11. The referenced curves are in good agreement with the
test results through corresponding ranges of Mach number, thus making it
possible to extend the total drag curve of models A and B to Mach num-

ber 0.9.

Two methods were employed for obtaining the power-on drag coefficient
ofethed RM=10 configurstion. The first ‘one, ‘discussed in referencel 29,
requires the computation of the thrust to a high degree of accuracy in
order to determine the drag. Although the characteristics of the rocket
motor used were known, it was not possible to compute thrusts that would
give accurate values of drag. As a consequence, these drags are not pre-
sented herein. For the second approach to the problem, it was necessary to
reconstruct the total drag for power-on by computing the pressure, fric-
tion, and base drags, and by estimating the fin-plus-interference drag
from a breakdown of Cp for the power-off flight condition.

The body pressure drag for the configuration was computed from curves
faired through the experimental values of Cp of model A at several super-
sonic Mach numbers and is presented in figure 16. The solid curve in this
figure shows that the jet did not affect the pressure drag above Mach num-
ber 2.0. The curve is dotted below Mach number 2.0 to indicate that the
jet had a small but negligible effect on reducing the power-off pressure
drag. The reduction in CDp due to the jet was approximately equal to

the accuracy of the tests. Figure 16 also shows that the pressure drag
was about 10 percent higher than that obtained from four different wind-
tunnel tests (refs. 9, 10, 14, and 16) and from theory for configuration
without fins. This difference may be due to interference obtained from the
nose static tube of the flight model.
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The variations of base drag coefficient with Mach number for both
models are given in figure 17. The annulus area of each model was used
in computing the base drag during thrusting flight, while the entire base
area was used for the jet-off portion of the tests. The comparisons in
figure 17 show that the jet eliminated the base drag on both models
throughout the Mach number range and produced base thrust below Mach
number 1.8.

The friction drag coefficient was computed for model A by using the
empirical method of reference 17. This method involves a step-by-step
computation with time of Cgf, based on the calculated values of average

skin temperature and the measured values of Mach number and Reynolds
number along the trajectory. The heat-transfer coefficients used for
determining the average skin temperatures and wall heating parameter
(shown in fig. 18(a)) were Van Dreist's theoretical flat-plate turbulent
heat-transfer coefficients assuming turbulent flow from the nose. The
adiabatic wall temperatures shown were determined assuming a temperature
recovery factor of 0.9. The average Reynolds numbers were taken at sta-
tion x/L = 0.525 which is the average area station of the body. The
variations of Cf with M thus obtained for the jet-on and jet-off
conditions, given in figure 18(b), show little change in skin friction
under the different wall heating conditions. Also shown in this last
figure is the measured variation of Cg of a similar model with jeit off

tested in reference 17 (model 5) under slightly different flight condi-
tions. Since small changes in flight conditions would not appreciably
affect the skin friction, this curve is presented to show that the com-
puted values of Cf are in agreement with those measured in the refer-

enced paper.

The power-off drag of the fins plus interference was obtained by
subtracting the base, pressure, and friction drag coefficients from the
average total drag coefficient (fig. 15) through a range of Mach number
from 1.15 to 3.0 as is shown in figure 19(a). In order to estimate the
effect of the jet on the power-off fin drag and hence the total drag,

a study was made of possible shock patterns near the base of the con-
figuration. Figure 20 shows the estimated location of the shock wave
based on the variations of the afterbody and fin pressures at Mach num-
bers near 1.0, 1.2, 2.0, and 3.0. It appears that the shock wave near
Mach numbers 1.0 and 1.2 sweeps spanwise across the fins causing con-
siderable interference for both jet-on and jet-off conditions. For these
Mach numbers, the results indicate that the jet caused the shock wave to
move upstream slightly and, thus, change the interference effects. fhe
magnitude of the interference at these Mach numbers could not be estimated
from the limited data obtained, but it appears that the effect would be
favorable from a drag standpoint. At the higher Mach numbers, where the
measured pressures were not affected by the jet, except at the base, the
shock wave was either inclined along the fin trailing edge or farther
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downstream as is shown in figure 20. For this condition, the change in
fin drag caused by the jet would probably be negligible.

The foregoing discussion permits an estimation of the jet on total
Cp (fig. 19(b)) by summing the drag components at supersonic speeds.

For a range of Mach number from about 1.8 to 3.0, the jet reduced the
total drag by about 15 percent, which was due to favorable interference
at the base. Between Mach numbers 1.15 and 1.8, the pressure measurements
indicate a greater reduction in total drag due to favorable interference
at the base, afterbody, and fins (not shown in fig. 19(b)). At Mach num-
bers below 1.15, the supplemental data taken from model B indicate that
jet interference would give a marked reduction in total Cp especially

near Mach number 1.0.
CONCLUSIONS

The effect of a propulsive jet on the pressure distribution and
drag of the NACA RM-10 missile configuration has been investigated by
flight tests of instrumented rocket-propelled models through a range of

Mach number from 0.8 to 3.0 and Reynolds number from about 60 X 100 to

220 X lO6 based on body length. The jet pressure ratio and jet exit
Mach number were of the order of 1.5 and 3.5, respectively. The following
results are indicated:

1. Jet interference resulted in large increases in base pressure
between Mach numbers 0.8 and 3.0 with base thrust being obtained below
Mach number 1.8.

2. The jet effects produced large increases in pressure at the rear-
most stations on the afterbody and fin root at the transonic and low-
supersonic portions of the Mach number range.

3. The total drag of the configuration between Mach numbers 1.8 and
3.0 was reduced by about 15 percent, which was due to favorable jet inter-
ference at the base.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., July 19, 1955.
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TABLE I.- LOCATION OF PRESSURE ORIFICES

ON BODY - MODEL A

=y in. x/L @, deg
-10.88 o) (Ot Static tube
2 .01h 45
a10 .068 45
19 .130 45
57 253 45
57 .389 45
T .526 45
97 .662 45
114 .778 45
123 .840 45
129.5 .884 45
135 .921 15
135 .921 30
135 .921 45
139.5 .952 45
144.5 .986 15
144.5 .986 30
a1kk.5 .986 i
146.2 .998 30
Base - -—
Nozzle - -

8The telemeters shorted out at this station,

15




16

TABLE IT.- LOCATION OF ORIFICES

ON FIN - MODEL A

x/L X/c E?E
0.890 0.033 80.290
.928 376 &e78
959 .650 8862
995 .960 & 238
.902 .0%3 Ri55
.940 376 P 33
.970 .650 LI
1.005 .960 ©. 204

a
Ji
= 0.27 for the orifices
<b;2)av

located 1 inch from body along constant
thickness line of fin.
b

L = 0.3% for the orifices
e

located 3 inches from body along constant
thickness line of fin.
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TABLE III.- LOCATION OF PRESSURE

ORIFICES ON BODY - MODEL B

X) ¢)
in. X/L deg
129.5 0.884 15
129.5 .884 L5
131 .894 15
131 .894 30
131 .894 45
i 139.5 .952 15
199.5 ;992 30
139.5 .952 45
144 .5 .986 15
146.2 .998 15
Base - --




-074 .014 068

Static
tube
diam=
©.375

130

.253

389

8T

Orifice Stations (x/L) on Body

0.526 .662

l

.778 .840.884 .952 .998

921 |.986 /020
' / Radial stations

P59 30
and 45°
as shown

on body

12.000
Max diam.

129.000

Station O

Circular - arc profile,

L=146.500

== thickness ratio=0.100

Orifice I.D.=0.060 on body
Orifice 1.D.=0.040 on static tube

Body profile equation

X
7.500

r=

X
(I—.8I33t-)

(a) General dimensions and location of pressure orifices on body.

Model A.

Figure 1.- Details and dimensions of model A. All dimensions are in
inches except where noted.
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Orifice Station, x/L
(Orifice I.D.=0.060)

.890 224 940 .959 986 .998
.884 B, s 928 902 970 ‘| 998 1.005

e

(b) Location of pressure orifices on fin and afterbody. Model A.

Figure 1.- Continued.
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Pressure cell for manifolded jet orifices

100

(.22

diam.

30°
Y

6.250

diam.

156

b ¥
]

1.800

‘3|l 1.D. base-pressure tube

Figure 1.- Concluded.

4 orifices equally spaced
and manifolded to single

0.060 I.D. jet orifice

pressure cell.

(c) Location of jet and base pressure orifices. Model A.

02
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Orifice Stations (x/L) on Body

.884 894 9527986998

LY b

COHGCT WY VOVN

Radial stations
<¢=15° 30°,
and 45°
as shown
on body

' |
90.000 1
12.000
Max diam S
129.000 Circular-arc profile,
L=146.500 thickness ratio=0.100

Orifice I.D.=0.060

Body profile equation

LI

=7500 L

(a) General dimensions and location of pressure orifices on body.
Model B.

Figure 2.- Details and dimensions of model B. All dimensions are in
inches except where noted.
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100

ATEENT

T2 A
diam.

Figure 2.- Concluded.

diam.
\\
\\
DR N ENINE |
= iFw 250
|
.500 diam. bleed holes
el bk
Base-pressure tube
b 198D
(b) Location of base-pressure orifice. Model B.

6.250 \_
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(a) Afterbody. Model A.

1.-8%368

(b) Afterbody. Model B.

Figure 3.- Photographs of models.

L-68755
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(c) Model A on launcher.

L-68756
(d) Model B on launcher.

Figure 3.- Concluded.
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L 240x108
200 /
32~ 160 = \
/
281 / \\\
241R 120 <~
20} —
MI6l- 80 e ESS
A \ T .
Ll == = SR
8- 40
Bl
OL
0 4 8 12 16 20 24 28 32
T, sec
(a) Mach number and Reynolds number. Model A.
2200 540
\‘
12,000~ 1,800~ 500 3
N
D\
8,000} P| 1,400} T 460 \\ —
O:| \\\\ \\
\\ \ \\ T T|
4,000+ 1,000 420 i Fagl
= o o —Pl §i 0 s
= = h
L QI B
G e 7 ) 12 6 20 24 ol ==
T, sec
(b) Free-stream conditions. Model A.

Figure 4.- Variations of Mach number, Reynolds number, and free-stream
conditions with time for models tested.
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3.2
28i=
241
20

I

M |16

1.2

- 2,200

1

12,000 1,800

8,000 P| 1,400

I

4,000+~ 1,000

oL 60001

NACA RM L55H02

240x10°
200 //\
160 \
A\
R 120 / RS N
N
[1 N AN
I SN
~
80 \\\\
/ = —
¥ S
/ Bt 'M
40 = =4l /
R
0 4 8 |2 16 20 24 28 32
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(¢) Mach number and Reynolds number. Model B.
54 \
500 \\
B
N
=
Ti460 A \‘:
/N =1
N B
’ // \\‘ \\ G
420 e -
| \\\ \\ \\_\4/\—Tl;p—
OO < 8 12 16 20 24 28 32
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(@) Free-stream conditions. Model B.

Figure k4.- Concluded.
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o Jet on
& Jet of f

H %%%: H -

...........
..............

i Hi T T

1.0 1.2 1.4 1.6 1.8 20 212 24 26 28 30
M

(a) x/L=0.0137; ¢p=45°.

Eaeds .
0 T i : it il %%
1.0 1.2 .4 1.6 1.8 20 22 24 26 2.8 3.0

M
(b) x/L=0.130; $=45°

‘l 1 HH i

28 30

“1.0 1.2 1.4 1.6 1.8 20 2.2 24 26 2.8 3.0

(d) x/L=0.389; $=45°.

Figure 5.- Variations of the body, base, and nozzle pressure coefficients
with Mach number for model A.
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o Jet on
& Jet off

| 5111 m i mg} i T m i ..,.;m%%
i i A

0 12 14 ; ; 20 22 24 26 28 30

(e)x/L=0.526; $=45°

10 2| 16 1.8

i i {HEHH i s i i it il
7o) 1.2 1.4 1.6 1.8 20 2 24 26 28 8.0

I T 12120028 1030201

2110) Ii2 1.4 1.6 1.8 20 22 24 26 28 30

i

.0 1.2 14 16 1.8 20 2.2 24 26 28 30
M
(i) x/L=0.884; $=45°.

Figure 5.- Continued.
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O Jet on
& Jet of f

5318584 18

T HiHHHHH HHHHH f it HiHHH

O 2 1.4 1.6 1.8 20 22 24 26 2.8 3.0
M

(j)x/L=0.92l; $=15°

Mo 12 e s 1.8 20 59 24 @ 28 g8 " 30
M
(k) x/L=092I; $=30°.

il

_ i ::: i B i
“1.0 52 1.4 1.6 1.8 2.0 22 24 2.6 28 3.0
M
(1)x/L=0.92l; $=45°

i

EE¥ S
=
e

i3
il

i i

1.8 20 22 24 26 28 30
M
(m) x/L=0.952; ¢=45°

Figure 5.- Continued.
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O Jet on
< Jet off
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e
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1.0 .2 1.4 1.6 1.8 20 22 24 26 2.8 3.0
M

(n) x/L=0.986; $=15°
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xxxxxxxxxxx
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e

=10 2] 1.4 1.6 1.8 20 22 24 26 2.8 3.0
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(p) x/L=0.998; $=30°

Figure 5.- Continued.
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O Jet on
& Jet off

.
= e
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(r) Nozzle pressure.

Figure 5.- Concluded.
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O Jet on
O Jet off
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(d) x/L=0.993;

. b/2 —5=0.238.

Figure 6.- Variations of the fin pressure coefficients with Mach number
for model A.
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o Jet on
& Jet off

%%m{ . m" T i W
Z#ﬂ% [ il

l.2 .4 1.6 1.8 20 22 24 26 2.8
M

(e) x/L=0.902; —==0.355.

¢, -1 kel #l I W " ' '
2%& i | ﬁ{ Mumm
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= e
(f) x/L=0.940; /2 =0.334.
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il
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(h) x/L=1.005; 575 =0.294.

Figure 6.- Concluded.
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o Jet on
< Jet off
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8 1.0 1.2 1.4 1.6 1.8 20 22 24 26 28

M
(a)x/L=0.884; ¢=15°
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g .0 1.2 14 1.6 1.8 20 * 22 1 oM 26 2€
M
(b) x/L=0.884; $=45°,

=
i

e
tﬁ S

i
HEEEEEE

e 1.0 1.2 1.4 16 1.8
M
(c) x/L=0.894; $=15°,

Figure T.- Variations of the body- and base-pressure coefficients with
Mach number for model B.
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o Jet on
O Jet off

i

i

Wil it i
-lg 10 1.2 1.4 16 1.8 20
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(d) x/L=0.894; ¢$=30°.
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(e) x/L=0.894; $=45°.
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M
() x/L=0952; $=I5°.

Figure T.- Continued.
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Figure 7.- Continued.
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(k) Base pressure.

Figure T7.- Concluded.
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o Jet on -
< Jet of f

———— Linearized theory (ref. 25)

—— —— Characteristics (ref. 26)
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Figure 8.- Comparison of the measured body pressure coefficients at
¢ = 450 of model A with the theoretical pressure coefficients as
determined by linearized theory (ref. 25) and the method of charac-
teristics (ref. 26) at several Mach numbers.
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O Jet on
& Jet off

— ——— Linearized theory (ref. 25)
—— —— Characteristics (ref. 26)
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Figure 8.- Concluded.
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Figure 9.- Comparisons of jet effects at rear body stations of model A.
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Figure 9.- Concluded.




I%e) NACA RM L55H02

6 I
/\\ ¥ Al
\ M o e 0884
i i et o TR e 0.894
% i e
\ ~ @ | ————- 0.986
\
. \\ i (SO H
\
acC. > e N
p /\\ \\\ \\
X %
ﬁ\\ \\\ \
\ \
0 4\l /\;/,:ﬁ?g_— N
.a
.8 .2 1.6 20 24 2.8
M
(a) ¢p=15°
e T
/\\\ ————— 0.894
\\ \ et 852
ACp 0 A\ o L e - L
N
e
8 1.2 1.6 20 2.4 28
M
(b) cb=30°.

Figure 10.- Comparisons of jet effects at rear body stations of model B.
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Figure 10.- Concluded.




Model A

=—=—==aNodel®B
2 T
/~Estimated ok Walt
g | sde Tol e R e
— | =4 ¥
pl \
|
|
0
8 g 16 20 24 28 32
M
(a) Jet pressure ratio.
2 (2
=N B
\ \
\\ \\
ACp Of——=f== &5, 6 ——r—=—s
—a 2
8 12 16 20 24 28 el 8 1.2 1.6 20 24 2.8 32
M M
(b) x/L=0.884; $=45° (c) x/L=0.952; $=45°
6 6
\
4 \\ 4
\ ~
\ e
\ I’ ™
ACp 2 \\ Acp 2 /l = S
TN \.
N s s _\\
0 : 0
=2 =2
.8 1.2 1.6 20 24 28 32 .8 1.2 1.6 20 24 28 52
M M
(d) x/L=0.986; ¢=15°. (e) Base.

Figure 11.- Comparisons of jet effects at corresponding stations of
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Figure 12.- Comparisons of the measured fin pressure coefficients at

45

<E%§> = 0.27 of model A with the theoretical pressure coefficients
av

obtained from linearized wing theory (ref. 2T7) at several Mach numbers.
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Figure 12.- Concluded.

NACA RM L55HO2




NACA RM L55HO2 L7

O Jet on
< Jet off
Linearized theory (ref. 27)
3
(0]
2

(o]

B 2 4 6 8 10
X/c
L | | 8% o]
902 940 570 1005
X5
(a) M=1.2.
2

Cp O
)
\ g |
-] \I
nes 2 4 6 8 10
X/c
L | | ]
902 940 970 1005
X /=
(b) M=15.

Figure 13.- Comparisons of the measured fin pressure coefficients at

<ﬁ> = 0.33 of model A with the theoretical pressure coefficients
av

obtained from linearized wing (ref. 27) at several Mach numbers.
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Figure 13.- Concluded.
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Figure 14.- Comparisons of the jet effects at the fin orifice stations
of model A.
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0 4'%4' (ref 9)
08 0 8'x6' (ref 14)
& 9" (ref 10)
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Figure 16.- Comparisons of the variations of pressure-drag coefficient
with Mach numbers for the jet-on and jet-off flight conditions of
model A with the pressure-drag coefficients from theory and wind-
tunnel tests.
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Figure 17.- Comparisons of the base-drag coefficients with Mach number

for the jet-on and jet-off flight conditions of models A and B.
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Figure 18.- Variations of the computed wall heating parameter and skin-
friction coefficient with Mach number (as determined from ref. 17)

for the flight conditions of model A.
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Figure 19.- A comparison of the total-drag coefficients for the jet-off
and jet-on flight conditions of model A showing the magnitude of the
base, skin friction, pressure, and fin-plus-interference drag coeffi-
cients through the Mach number range.
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Figure 20.- Pictorial representation of the estimated location of the
shock wave at the base of model A for the jet-off and jet-on flight

conditions at several Mach numbers.

COHGSGT W YOVN

¢¢




