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SUMMARY

An experimentel investigation to determine the asrodynamic forces
ecting on a slender body of revolution was conducted in the Lewls
8- by 6-foot supersonic wind tunnel. The model used was a pointed-
nose rocket research migslle designated by the NACA as the half- _
scale RM-10. Lift, drag, and pitching moment were measured for three -
configurations: body alone, body with two fins, and body with four
fins, at free-stream Mach numbers of 1.49, 1.59, 1.78, and 1.98 for
a renge of angles of attack from O° to 9°. The Investigation was
conducted at a Reynolds number of approximately 30,000,000 based on
the body length.

The experimental results of the investigation showed that the
drag coefficlent increased with angle of attack but remained
essentially independent of Mach number for all configurations. The
1ift coefficient increased with Mech number for the body alone but
decreased for the body with fins. The resulting pltching-moment
coefficient increased almost linearly with engle of attack for the
body alone and was independent of Mach number. For the body with
fing, however, the negative pitching-moment coefficient increased
with angle of attack and decreased with Mach number.

The experimental force and moment coefficients for the body
alone were compared with linearized potential theory end with the
semiempirical method of reference 1, which includes the effect of
viscosity. The results of this comparison indicate that potential
theory predicted the pressure drag at zero angle of attack; however,
the 1ift, the center of pressure location, and the increment of
drag due to angle of attack were much more accurately predicted by
the method of reference 1.
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A breakdown of the total drag coefficient at zero angle of
attack indicates that the pressure drag is approximately 30 percent,
the base-pressure drag is 20 percent, and the skin-friction drag
1is 50 percent of the total drag for this model.

INTRODUCTION

Varlious theorles and semiempirical methods are svallable for
calculating the serodynamic characteristics of bodies of revolution
at supersonic speeds. Iack of experimental data for large-scale
models at high Reynolds numbers and moderate angles of attack,
however, hes prevented an eveluation of the limltations of these
theories and methods.

The purposes of this investigation were (1) to obtain force
end moment date on a specific body of revolution with and without
fins and to compare the wvalues calculated by linearized potential
theory and the method of reference 1 with experimentally determined
force and moment coefficients for the body alone; and (2) to con-
tribute aerodynamic data for comparison with results being obtained
from other wind-tunnel and fres-flight investigations of this model
at different Reynolds numbers. Lift, drag, and plitching moment
were measured for varlous body-fin combinations for a range of free-
stream Mach numbers and angles of attack. The Reynolds number
based on body length was 29.1, 29.2, 29.5, and 31.1 X 108 for Mach
numbers of 1l.49, 1.59, 1.78, and 1.98, respectively.

SIMBOLS

The followlng symbols are used in this report:

A axial force’

b radiug of body at any station x
Cy axlal force coefficient, A/fqqS
Cp drag coefficient, D/qqS

(p-2q5) Sy
c base-pressure dreg coefficient, — CO08 o

ACy increment of drag coefficlent due to angle of attack

QQNFIDENTIAT -
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ACp y  increment of fore drag coefficient, (ACD'ACD,b)

Ce ~ skin-friction coefficient, based on wetted area

CL 1ift coefficient, L/qOS

CL,q  4Cp/dw

Cy normel force coefficient, N/qoS

Cop pitching-moment coefficient, m/qySl

Cp pressure coefficient, (p-pg)/ag

D drag

a center of pressure location shead of center of moments
G plan-form aresa

h axial distance from nose of model to center of moments
L 1lift

1 length of body

M Mach number

m . pitching moment about station of meximum cross section

normel force

Y static pressure

a dynemic pressure, %-pM?

R Reynolds number, oUl/n

S maximum cross-sectional area

8 crogs-sectional area of body at any station x
t/c airfoil thickness to chord ratio

Uo free-stream veloclty
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voliume
wotted area

distance from nose of model

x

x,r,0 c¢ylindrical coordinates in terms of axes fixed to body
X5 distance from nose of model t'o centrold of plen-form ares
o angle of attack

B cotangent of Mach angle, ‘\] M2l

V4 ratlio of specific heats, 1.40

N viscoslity

o] density

o velocity potential

Subscripte:

b base of model

c cross flow

f fr:}.ction

D pressure

8 surface of model

0 free-stream conditions

1 conditions for model at zero angle of attack

2 conditions for model at angle of attack

APPARATUS AND PROCEDURE

A photogreph of the model used in this investigation 1s shown
in figure 1. The basic parebolic body had a meximum dismeter of
6 inches and a fineness ratio of 15; however, removal of the aft

STeT
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portion to provide for the rocket Jet in the free-flight missile
resulted in a fineness ratio of 12.2. The body was blunted slightly
by removal of 1/4 inch from the nose (fig. 2), which resulted in

an over-all body length of 73 inches.

Sweptback stabllizing fins of clrcular arc profile and thickness
to chord ratio of 0.10 were attached to the model during the tests
of the body with fins. The fins had a taper ratio of 1.0 and an
angle of sweepback of 60°.

The model was rigidly connected to a three-component strain-
&age balance located inside the body and the balance wes attached
to the tunnel sting-strut combination. Thus only normal and sxlal
forces and moments on the model were recorded and no tare corrections
were regqulired.

The strain-gage balance design originated at the Ames laboratory.
Statlc calibration lndicated that interaction effects between the
three components were negligible and that the accuracy of the balance
wvas of the order of 2 percent. The effects of temperature variation
were avolded by maintaining the balance at & constant temperature.

A pendulum-type angle of ettitude indlcetor mounted in the nose
of the model was used to messure the angle of attack within 0.10°.

The static pressure was measured on the base of the model at
the two points indicated in figure 2.

The three model configurations investigated were: body alone,
body plus four fins, end body plus two horizontel fins. Each con-
Figuretion wes investigated through a range of Mach numbers from 1.4S
to 1.98 and at angles of attack from 0° to 99, unless model-sting
fouling occurred at a lower angle of attack.

METHODS OF COMPUTATION AND REDUCTION OF DATA

The theoretical 1ift, drag, and plitching moment of the body
slone wers computed by means of the linearized potential theory.
Equation (7) of reference 2 expresses the theoretical pressure dis-
tributions as

EBNFIDENTIAL —=—= "=
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Cp = Cp,1 + Cp,2 ]
vhere
c =“£T§_@22 > (1)
T Up ox dx
and
Cp,z = 4a cos 6 & + o?(1-4 sin? 0) B

Cp,l is the pressure coefficient at zero angle of attack and Cp,z

is the additive contribution st angle of attack. For the body dis-
cussed herein, which is defined by the equation

b=xW(2-x/45) )
where
0<x<73.25 ° L (2)
and
¢ = 2/(15)% -

reference 2 has shown that the perturbation velocity component on
the body surface is expressed as

3-9( = - )

?q)—l=-UC_(4=_5___ =\ (2Y,

ox 0 2 45 45

L[ x 2 3 .2 (b\2 -1l x

[% (Zg - ) -l+38 <Z§>:] cosh o6 (3)

Lift end drag coefficlents were obtained by resoclving the normsl

and axial force coefficients into components perpendicular and parallel

to the free-stream direction. For the determination of the normal
force, only the increment of pressure ccefficlent due to angle of
attack need be conslidered and the normal force coefflicient can be

expressed as

GRNEFIDENTIAL -
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1 T
\JA \JA Cp,2 b cos 6 @6 dx (4)
0 o}

In this equation the integral corresponding to the term of(l-4 sin? g)
is zero and the resulting normel fcrce coefficient becomes

nfeo

CN=

chS.b

CN = s i (5)
vhere. a 1is measured In radisns.

In & similar manner, the ccefficlent of moment about the staticn
of meximum cross section can be expressed as

1 ax
2
Cp = ﬁj j Cp,2 b(b-x) cos 6 46 dx | (8)
0 o

where h 1is the distance from the nose of the body to the station
of maximum cross section. The final equation for the moment
coefficlent is

Cp = 2 E(%-%) + hS-b:l (7)

where &, represents the mean cross-sectional area of the body.

The center of pressure location obtained by dividing the moment by
the normal force 1s :

a = 51; (S4-Sp) + B (8)

The equetion for the axial pressure force coefficient excluding
the pressure force on the base cen be writien as

1 n
2 db
CA:P = 'S—j j Cpb ax do dx (9)
0 0

CMRIDENTIAL— -
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In this case, the integral of the term 4a cos 6 %% is zero, and
and the remeining terms yleld the equation
aZSb
R G I (20)

Resolving the normal and axial force coefficients, as glven by
equations (5) and (10), into components perpendicular and parallel
to the free-stream direction gives the final relations for the 1ift
and drag coefficients as :

s 2 3
Cr = : cos a - <y sin o« * 25 _ 2 5b e 25y (21)
L~7s S g 3 S
S a
- 2 % ] x _f_sh
Cp,p = (CD’p)a=O - o == cos @ + 2c S sin o (QD’P) * 3

(22)

Equation (11) agrees with the value of the 1lift coefficient
obtained by Tslen in reference 3. The value of (CD’P)a=O in

equetion (12) was determined by graphically integrating the theo-
retlical pressure distribution over the surface of the body
from x=0 %0 x=1 at zero angle of attack.

The force and moment coefficlents were also computed by the
method of reference 1. In thls method, & viscous cross flow is
added to Munk's potential solution to determine the forces acting
on & body inclined to the free stream. The equations as given in
reference 1 for the force and momen® coefficlents are

s
b
Cp, =2 (ér) @+ 0y ¢ g a? (13)
ACy = <Si) ol + 7 Ca,c g— o® (14)
ne
2 !
Co = 57 Er-sb(z-h):' a + SZ,C G(h-xg) ol (15)
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In the preceding equations, 1 i1is a constant d.e_pending on the
body shape and Cd,c is the experimentally determined section drag

coefficient of a circular cylinder of radius b at the cross-flow
Mech number and Reynolds number. Based on the condltions of this
investigation, 7 was obtained from reference 1l as O.71 and an
average velue of Cd,e of 1.2 was selected for the range of cross-

flow Reynolds numbers.

Celculatlions for a theoretical skin-friction coefficlent Cf

at zero angle of attack were made using the relation for turbulent
flow over a smooth flat plate as given by von Kérmén in reference 4,
where

1

RO.2

Cy = 0.072 (16)

based upon the wetted area. In this equation, the free-stream Reynolds
number R 18 evaluated with the model length as the characteristic

dimenslon.

The calculated values of Cy Were converted to a skin-friction

drag coefficlent based upon the maximum cross-sectional ares by means
of the relation

(Cp,e)_ =Ce & Can

The normal and axisl forces measured by the straln-gage balance
were resolved into lift and drag components by the relations

L=Ncosa-Asgina (18)
D=Acosa+ Nsina- (19)

Drag increments of 0.020 at & Mach number of 1.49 and 0.006
et a Mach number of 1.59 were added to the measured drag coefficients
to correct for an axlal pressure gradient in the tunnel test section.

Date presented in reference S indicate that the sting Interference
effect on drag is probably negligible for the ratio of sting diameter
to base dismeter (0.66) of this model. The date in reference 5 also
indicate that the pressures over the boatitail of the body é&re usaffected
by changes in the support configuration when the boundary layer is
turbulent in the region of the base, as it was in this investigation.
In view of these results, no corrsctions for support interference
were consldered necessery to the date presented herein.
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The drag measured by the balance for the body alone at zero
angle of attack was compared with the sum of the drag components:
bage-pregsure, pressure, and skin-friction drags. Base-pressure
drag was computed from the measured base pressures and pressure drag
was determined by graphical integration of the measured pressures
reported in reference 2. The effect of the tunnel pressure gradient
proviously mentioned was evaluamited and approprlate corrections have
been applied to the data. At a Mach number of 1.49, corrections
of 0.006 and 0.0l4 were added to the measured base-pressure and
pressure drag coefficlents, respectively; at a Mach number of 1.59
a correction of 0.006 was added to the pressure drag coefficient.

No correctlons were required at the higher Mach numbers.

The skin-friction draeg was determined by calculating the change
in momentum of the boumdary layer based on the measurements presented
in reference 2. Inasmuch as the boundary-layer growth along the model
we.e not measured, corrections for the effect of the pressure dis-
tribution could not be evalusted for these deta. Calculations based
on an assumed linear rate of boundary-layer growth along the model,
however, Indicate that the correction might increase the skin-friction
drag coefficlent as much as 5 percent. In the reductlon of the data,
the stetic pressure and the total temperature were assumed constant
through the boundery layer and the recorded total pressures were
agsumed to act at the geomstric center of each tube.

RESULTS AND DISCUSSION
Body Alone

The variation of the aerodynemlc coefficients with angle of
attack and Mach number are presented In figures 3 and 4, respsctlvely.
The 1ift curve slope increases with angle of attack and Mach num-
ber (figs. 3(a) and 4(a)) end is much greater at all Mach numbers
than would be predlcted by linearized potential theory. The method
of reference 1 predicts the trend of the variation of 1ift coefficlient
with angle of attack but underestimates the absolute value at the
higher Mach numbers. At a Mach number of 1.98 and an angle of attack
of 99, the lift coefficient was underestimated epproximately 17 percent.

The pltching-moment coefficlent varied almost linearly with
angle of attack (fig. 3(b)) but was wmaffected by Mach number
(fig. 4(b)). Inasmuch as the previous discussion showed an increase
in CL,m with angle of attack and Mach number, the center of pres-

sure would be expected to move rearward as shown in figures 3(c) and
4(c). The method of reference 1 overestimetes the pitching moment

GRUFIDFNTIALC
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more than potential theory does (fig. 3(b)). Because the lift was
predicted much more accurately by the method of reference 1, how-
ever, the resuliting center of pressure location is in closer agree-
ment with the measured velues (fig. 3(c)).

The date In figures 3(d) and 4(d) show that the drag coeffi-
clent increased with angle of attack but was essentially independent
of Mach number. As shown subsequently, from 17 to 32 percent of the
increment of drag coefficient due to angle of attack can be attri--
buted to the change in base-pressure drag with angle of attack.
Inasmuch as nelther the method of reference 1 nor potential theory
accounts for this variation, the increments of fore drag ACD,F

have also been plotted in figure 3(d). Comparison of the results
shows that the Increment of fore dreg was predicted much more
accurately by the method of reference 1 than by potentlal theory.

A comparison of pressure drag coefficlents determined by
potential theory and computed from the measured pressures at zZero
angle of attack is shown in figure 5(a). Very close agreement wes
obtained at all Mach numbers. A comparison of measured and cal-
culated skin-friction drag coefflcients at varlous Mach numbers is
presented in figure 5(b). The value of skin-friction drag coeffi-
clent calculated by von Karman's equation for turbulent flow over
a smooth flat plate overestimates the experimentally determined values
approximately 3 percent at a Mach number of 1.49 and 9 percent at a
Mach number of 1.98. Inasmuch as the calculated values are based on
incompressible two-dimensional flow, the agreement with the experi-
mental results ls probably incldental.

The data of reference 2 have been anslyzed to determine the
contribution of base-pressure, pressure, and skin-friction drags to
the total drag at zero angle of attack, and to compare the sum of the
calculated drags wlth the measured velue. As shown in figure 6,
the basse-pressure drag coefficient 1s approximstely 20 percent, the
pressure drag coefflclent is epproximately 30 percent, and the skin-
friction drag coefficient is epproximately 50 percent of the total
drag coefficlent for this model. The summation of the calculated
values agrees within 4 percent with the totel drag coefficient measured
with the strein-gage balance.

Body Plus Fins
The serodynamic characteristics of the body plus four fins are

shown in figures 7 and 8 as & function of angle of ettack and Mach
number, respectively. The 1ift curve slope Increased with angle of

CPNTIRELLAL
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attack at all Mach numbers (fig. 7(a)). For a given angle of attack,
however, the 1ift coefficient decreased with lncreasling Mach number
(fig. 8(a)). Inasmuch as the body-alone 1lift increased with Mach
number, the decrease in 1lift for the body with fins is believed to be
due primarily to a loss of fin 1ift, although Ilnterference effects
may also be significant. :

The variations of pitching-moment coefficlent and center of
pressure with angle of atiack and Mach number are presented in flg-
wres 7(b), 7(c), 8(b), and 8(c). The slope of the pitching-moment
curve decreased with angle of attack at all Mach numbers and at a
given angle of attack the statlc stablility decreased as the Mach
number increased. The increase in pitching-moment coefficient with
Mech number wes accompanied by a slight forward movement of the
center of pressure as the Mach number increased from 1.49 to 1.98.

The drag coefficlent increased rapldly with angle of attack due
to the lift of the fins (fig. 7(d)) but remained essentially inde-
pendent of Mach number (fig. 8(d)).

Removal of the two vertical fins hed a negligible effect on the
1ift and pltching-moment characteristics for the range of Mach num-
bers and angles of attack of thlis investigation; however, the drag
coefficient (fig. 7(d)) was decreased approximately 0.050. This
decrement of drag coefficient was independent of Mach number and
angle of attack.

The varlation of base-pressure drag ccefflclent with angle of
attack and Mach number is shown in figure ¢ for the body alone and
the body plus four fins. The base-pressure drag coefficlent was
essentilally independent of Mach number at zero angle of attack.

At angle of attack, however, the base-pressure drag coefficient
decreased slightly with increasing Mach number but increased appre-
clably with angle of attack. As previously mentlioned for the body
alone, the increment of base-pressure drag coefficlent at an angle

of attack of 9° accounts for 32 and 17.percent of the total increment
of drag coefficlent at Mach numbers of 1l.49 and 1.98, respectively.

The hysteresis effect (difference between values obtained with
increasing end decreasing angles of attack) was reproducible. No
adequate explanation of this phenomenon is aveileble, but it 1s
belleved to be assoclated with separation of the cross flow. The
hysteresis lncreased with Mach number for all configurations and
wes much greater for the body plus four fins. At a Mach number
of 1.98 and an angle of attack of 9°, the hysteresls was approx-
Imately 15 percent for the body plus four fins.

GREFIDENTIAI>
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SUMMARY OF RESULTS

The aercdynamlc characteristice of a slender pointed-nose
body of revolution were investigated in the NACA lewls 8- by
6-foot supersonic wind tunnel at a Reynolds number of approximately
30,000,000 and at Mach numbers of 1.49, 1.59, 1.78, and 1.98 through
a range of angles of atbtack. From this investigation, the following
results were obtained:

l. The body-elone investigation indlcates that linearized
potential theory accurately predicted the pressure drag at zero angle
of attack. At engle of attack, however, potential theory over-
estimated the moment and underestimated the 1lift and the increment
of drag due to angle of attack.

2. The method of reference 1 predicted the correct trend of
the data but overestimated the pltching moment and underestimated
the 1lift and the increment of drag at the higher Mach numbers. A
comparison of +the resulits indicates that the method of reference 1
Predlcted the wvariation of the 1lift, center of pressure location,
and the Increment of drag with angle of atta.ck much more accurately
than did potential theory.

3. The skin-friction drag coefficient for this model was pre-
dicted reasonably well by wvon Karmén's equation for incompressible
turbulent flow over a smooth flat plate.

4, The body 1ift coefficlent increased, wherems the body-plus-
fin 1ift coefficient decressed with increasing Mach number.

S. The pitching-moment coefficient for the body alone was
unaffected by Mach number, whereas the pitching-moment coefficient
for the body plus fins increased with increasing Mach number.

6. The drag cosefficient for all thé configurations remained
essentially constant with Mach number. Removal of the vertical fins
from the body decreased the drag coefficient approximately 0.050
at all angles of attack and Mach numbers.

7. A Dreakdown of the measured drag coefficient into three com-
ponents for the body alone at an angle of attack of 0° indicates that
for thils body the base-pressure drag was approximetely 20 percent,
the pressure drag wae approximately 30 percent, and the skin-friction
dreg was approximstely 50 percent of the total measured drag.
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8. For all configurations, the base-pressure drag coefficlent
increased with angle of attack but decreased slightly with increas-
ing Mach number at angle of attack. The hysteresis effect and the
ebsolute values of the base-pressure drag coefficlent were greater
for the body plues four fins than for the body alome.

Lewlis Flight Propulsion Laboratory,
National Advisory Committee for Aeronsutics,
Cleveland, Ohio,

REFERENCES
l. Allen, Julien H.: Estimation of the Forces and Moments Acting

on Inclined Bodles of Revolutlion of High Fineness Retio.
NACA RM A9IZ26, 1949.

2. Luldens, Roger W., and Simon, Paul C.: Aerodynamic Characteristics

of NACA RM-10 Missile in 8- by 6-Foot Supersonic Wind Tunnel at
Mach Numbers from l.49 to 1.98. I - Presentation and Analysis
of Pressure Measurements (Stabilizing Fins Removed). NACA

RM ESOD10O, 1950,

3. Tsien, Hsue-Shen: Supersonic Flow over an Inclined Body of
Revolution. dJour. Aero. Sci., vol. 5, no. 12, Oct. 1938,
pp. 4:80‘483.

4. von Kérmén, Th.: On Laminar end Turbulent Friction. NACA
™ 1092, 1946.

5. Perkins, Edward W.: ZExperimental Investigation of the Effects

of Support Interference on the Drag of Bodies of Revolution
at a Mach Number of 1.5. NACA RM A8BOS, 1948.

»

STET



—— D

e oy e ——— T Ll DY

anbd ¥

G

: C-25580
- m.wo.mo

bt B

-

Figure 1. - NACA half-gcale RM-10 migslle.

870063 N VOVN

gl







s W TINITTINGDS

Ciroular are
profile, t/e, 0.10

6" maxinane diam.

- — e I Stine

- - - e ——————— | e

Station 0

x q Center of momenta—/ \—8train-gags A
balance o
S .
45 64.5 TSe
g.07"
6 24 88
Inches

o
i

xye/2 (B - x/45)
>

L}
0< X & 75.25 1,684" rad

8/116)%

\-Two pressure
orifices 46°
from finsg

0.254"

1.818" rad {bass)

- HACA
Plgure 2, - Schematlio diagram of half-scale model of RACA RM-~10 mming principal dimensions.
¥obted area (sxoluding baes), 1053 square inches; volume, 1£91 oubla inchea.

820043 WY YIVN

CIET NI

Ll




SSONELDENT AL

NACA RM EBOD28

>Oooo

Free—-stream
Mach number

Mo

1,49
1.59
1l.78
1.98

——-— Potential theory

——=—— Method of reference 1

«5

4

N

2

Lift coefficient, Cy,

ol

“!ﬂ‘”"’

0/7

4
Angle of attack,

6

a, deg

(a) Lift coefficient.

|
10

Flgure 3, - Varlation of aerodgnamic characteristics with angle

of attack at four Mac

SO IDENT A L—

numbers for body alone.



NACA

Pitching-moment coefficlent, Cy

RM E50D28
—-—— Potentlal theory
— ——=Method of reference 1
Free-stream
Mach number
Mo
o] 1.49
a] 1.59
<o 1.78
A 1.98
« 20
.16 47
7/
V
Ve /
7 .7 ?
d
/
¢12 7 Y
//’
/ r'd
4
.08 55
y
4
.04 /
/ I
0 2 4 6 8 10
Angle of attack, a, deg )
(b) Pitching-moment coefficlent.
Figure 3. - Continued. Variatlion of aerodynamic characterlistics

with angle of attack at four Mach numbers for body alone.

«CORFTDENTTAL —



20

AQNEL RENT AL NACA RM E50D28
——-—Potential theory
— — — —=Method of reference 1
Free—-stream
Mach number
Mo
fo) 1.49
(m} 1.59
24 e 1.78
A 1l.98
o - 11— "T—1
2 20
0
oy
o
S
N\
Q
S 16 S
o ~
] . N
2 eSS
cEdi \C\ T >~ d
o 12 :2’\\\ =
- ~1 -
g Body] %’\ » =~ =
@ /[ 3 — Ny
2 e
& 8
p‘ B
b 1
& 4
[
|
& 4l
> VY
/
; o
/
i
0 2 4 6 10

Angle of attack, a, deg
(¢c) Center of pressure.

FPigure 3. — Continued. Variation of aserodynamic characteristics
with engle of attack at four Mach numbers for body eloneo

WO DENTIAL—

o~ a——.—



1315

NACA RM E50D28 GEFTDENTIAL o 21

~WE

——-~——Potential theory

————Method of reference 1

Free—-stream
Mach number
L)

1.49
1.59
1.78
1.98

>ono

» ACD,F

=

28 3

o Total measured drag
ity coefficient, Cp
T8 &5

O o

(S35

ma 2 .......

s ° __

LT B G

g 0

[ M © .

bW Increment of fore
“ g drag coefficient,
o 1 ACp,F

[¢) -g ¢

Lo

: =

§ % -

% - p— i -

H 0 2 4 6 8 10

Angle of attack, a, deg
(d) Drag coefficient.

Figure 3. - Concluded. Variation of aerodynamic characteristics
with angle of attack at four Mach numbers for body alone..

WSO ET DENTTAE—



22

"Lift coefficlent, Cy,

Q@ONF I DENT VAL - NACA RM EBODZ28 -

I
&
t
-5 Angle of
attack, a -
(deg}
e L
4 /__.——-——‘""—_—— -
L] /,—
//
//——___—-
.5 //
o]
2
4
o1
2
8.4 1.5 1.6 l.7 1.8 l.9 2.0

Free-stream Mach number, Mp
(a) Lift coefficient.

Figure 4. - Varistlon of aserodynamic characteristics with Mach
number at various angles of attack for body alone.

wANETOENTLAL



1315

NACA RM EHOD28

Pitching-moment coefficlent, Cp

WEENETDENTTAL 2

23

\NEA/

-16 Angle of
attack, a
(deg)
©
8
.12
6
[}
.08
4
.04
2
0
1.4 1.5 1.6 1.7 1.8 1.9

Free-stream Mach number, Mg

(b) Pitching-moment coefficient.

FPigure 4. - Continued. Variation of asrodynamic characteristics
with Mach number at various angles of attack for body alone.
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