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SUMMARY

Analysis of the results obtained from & transonlic wind-tunnel
investigation of two bodles of revolution having the seme nose shape,
one incorporating a cylindricael afterbody and the other incorporating a
curved afterbody, indicsted that the pressures over the forward portions
of the bodles were the same, whereas, the lnduced velocities over the
rearvard portions of the curved body were greater than those over the
cylindrical body. However, the cross-sectlion normsl loads were greater
over the rearward portions of the cylindrical body. Variation of the
aerodynamic characteristics with Mach number was rather small for both
bodies. The cylindrical body exhibits better stabllity characteristles
than the curved body. The theory of NACA Rep. 1048 regarding the aero-
dynamic characteristics of the bodies is 1in fair agreement with the
results of this paper.

INTRODUCTION

A detailed study of the pressures and resulting forces for & body
of revolution, designated "curved body" in this report, at transonic
speeds has been presented in reference 1l.

The present tests were undertaken in order to provide aerodynsmic
load data for a body of revolutlon having an ogive nose and cylindrical
afterbody and to compare the aerodynesmic characteristics of this body
with the body of reference 1 at transonic speeds. The body used in the
present test is designated "eylindrical body" herein. A comparison of
various theoretical aerodynamic parameters with experimental values is
included.

The tests reported herein were made for a Mach number range from 0.6
to 1.13 and an angle-of-attack range from 0° to 20°, The Reynolds number
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range corresponding to the Mach number range varied from 3.3 X 106 to
3.9 x 100 per foot of length. ) 3

>« IR o oD g

SYMBOLS

plan-form area of body

pitching-moment coefficient around the nose, based on
maximum body cross-sectional asrea and body length

normal-force coefficlent, based on maximum body cross-
sectional area '

sectlon drag coefficient of an infinite cylinder

N
transverse section normsl-force coefficient, —t
D d(x)
Ny
meridian load coefficient, ———=—-—
Ry 4(6)

diameter of body at any station-

length of body

Mach number — -

elemental force on meridian body section of width R a(8)
(force vector is normal to body axis and makes &n
angle 6 with vertical plane of symmetry)

elemental force on transverse body section of length d(x)
(force vector is normal to horizontal plane of symmetry)

pressure coefficient : - —
volume of body

dynamic pressure

radlus of body at any station

base area of body

e
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X distance from nose of model, positive rearward

Xm moment center

Xy centroid of body plan-form area

Xep center-of-pressure location

¥y distance from vertical plane of symmetry

a angle of attack

1 ratio of the drag coefficient of a finifte cylinder to the
sectlon drag coefficient of an infinite cylinder at
@ = 90°

] meridian station, 0° at top

Subseripts:

max maximum velue

L lower surface

U upper surface

APPARATUS AND METHODS

Tunnel

All the data dlscussed herein were obtained from tests conducted in
the Langley 8-foot transonic tunnel. At present, this tunnel has &
dodecagonal slotted test section and 1s capable of continuously variable
operation through the speed range up to a Mach number of 1.14., A test
section used previously in this tunnel did not incorporate slots, but
had a closed throat. All the data for the cylindrical body and most of
the data for the curved body were obtained from tests In the slotted test
section. A small portion of the data for the curved body was obtained
from tests in the closed-throat test section.

Tunnel-wall-interference corrections were not applied to the data
obtained from tests In the slotted test section because choking and
blockage effects are negligible, especially for the small ratio of model
to tunnel size of the present tests. Effects of wall-reflected disturb-
ances have been reduced by offsetting the model from the tunnel center
line.
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Bodies : T

A drewing of the two bodies 1s presented in figure 1. The cylin- *
drical body has the same dimensions as body D of reference 2. The
curved body is the same body as that used in references 1 and 3 and is
similar to, but slightly longer than, body A of reference 2. Both the
curved and cylindricael bodles have the same dimensions forward of the
20-inch body station.

Each of the models was instrumented with six rows of orifices
spaced along meridians of the body. Each row contained 20 or more ori-
fices. The relative size of the stings employed to support the model -
in the tunnel 1s indicated in figure 1. L

Measurements

Pressure.- The pressures existing on the surface of the cylindrical
body were measured by comnecting the orifices to a multiltubed manometer.
In order to determine the forces on the model, these pressures were inte-
grated as dlscussed in the section of this report entitled "Presentation
of Results." The pressure date and assocliated aerodynamle parameters for
the curved body were obtalned from references 1 and 3.

The repeatabllity of the pressure data presented herein as affected
by the pressure measurements, angle of attack, orifice size and location,
and other factors may be Judged from figure 2. The largest errors occur
near the nose where they are as large as AP = ¥0.015. The accuracy is
much better over the remainder of the body. The average error, as deter-
mined from the data presented in figure 2, is AP = +0.005.

Angle of attack.- The angle of attack for the cylindrical body was
measured by an electrical strain-gage pendulum device mounted internally “
near the base of the support sting. Sting and model deflections o
occurring shead of this point, due to forces and moments acting on the
model, were determined from static tests. These corrections were applied
to the angles of attack, although the msximum deflections occurring
during the investigation were approximately 0.1°. The angles of attack
were also corrected for the approximately 0.1° upflow existing in the
Langley 8-foot transonic tunnel. The absolute accuracy of the angle-~of-
attack measurements is estimated to be within 0.1°.
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PRESENTATTION OF RESULTS

Pressure Coefficients

All the pressures measured for the cylindrical body are presented
in table 1. The longitudinal distribution of pressure coefficients for
the eylindrical body at O° angle of attack is presented in figure 3.
Also shown in this figure is the pressure distribution for the curved
body from references 1 and 3. The longitudinal distribution of pressure
coefficient at the other angles of attack are presented in figure 4 gt
three Mach numbers (approximstely 0.8, 1.00, and 1.13).

Normal Force and Piltching Moment

A comparison of the normal-force and pitching-moment coefficients
for the two bodies is presented in figures 5 and 6, respectively. All
the data for the curved body were obtained from reference 1. In order
to compare the pitching-moment charascteristics of the two bodiles, the
moment coefficients were taken gbout the nose of the bodies.

The integral equation used to compute the normal-force coefficlents
for the cylindrical body was

0.5 1 |
CNp = - 8L f cos 6 P 2 d(’i) d(i)
D 0 0] Dmax L 2n

ma.x

and that used to compute the pitching-moment coefficient was

0.5 1
Che. = D:TLX /; cos 0 j; D—;—x E) d(%) d(ge)

The coefficients presented at o = 20° could have been lowered as
much as 25 percent of the value shown by changing the fairings of the
graphical integrations. However, the data presemted for the cylindrical
body agree with the strain-gege data presented in reference 2. The falring
choice does not exist at o € 8° but this margin increases with angle of
attack as the angle is increased from 8°.

The theoretical values of normal-force and pitching-moment coefficient

shown in figures 5 and 6 were computed by the method described in refer-
ence 4. The equations for these coefficilents may be written as follows:

—
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CMF = “Dm“—?(% - Sb) a - hncdc_;%%(%) ol

The values of 17 and cd, used in the calculations for the cylindrical

body were 0.7 and 1.2 and were chosen from reference 5 and references 6
and T, respectively. The plan-form area AP;'the body vVolume Q, and

the location of the centroid of the body plan-form ares. Xxp were deter-
mined from graphical integrations of sultablé geometric parsmeters.

Center of Pressure —

A comparison of the center-of-pressure locations for the two bodies
is presented in figure 7. The data for the cylindrical body were com-
puted from the normal-force and pitching-moment coefficients of figures 5
and 6. The center-of-pressure data for the curved body were obtained
from reference 1. : -

Detalled Aerodynamic Loads

The meridian normel-loed distribution is presented for three Mach
nurbers (0.80, 1.00, and 1.13) through the angle-of-attack range in fig-
ure 8. This coefficient ec¢p, 1is defined in such a mander that the load
perpendicular to the fuselage center line on & stringer section RA(8)
wide is epnqlRpqy d(e). Accordingly, Cpnpn 1s computed from the graphi-

cal integration along a body meridian as follows:

cwm = -, 57 43)
o 0 Dmax L

The longitudinal distributlion of body cross-section normal loads at
M = 1.00 1is presented in figure 9. The pressure data were computed by
& graphical integration o . o .

ey =J;l (21 - 2y) d(%)

SR N
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The theoretical values of cp, were computed by the method of

X
reference 4. The equation for a body of revolution msy be written as
follows:

ep = ﬁ(az> a + ncdcme

DISCUSSION OF RESULTS

Pressure Distribution

The pressures over the nose of both bodies, forward of the 20-inch
station, are very similar to each other through the range investigated
(figs. 3 and 4). Some of the differences observed near the tip of the
nose are due to slight differences in the body shape at the apex. In
general, the pressures over the rearward portions of the curved body are
lower than those over the rearward portions of the cylindrical body.
The typically characteristic rearward movement of the shock location
with Mach number increases may be observed in figure 3. At M = 0.99
the shock is located at approximately the 20-inch body statlon of the
eylindrical body, whereas at M = 1.03 the shock has moved to the
37-inch body station.

The compressions shown for the cylindrical body in figure 3 at
M = 1.08 and 1.10 sat approximately the 30- and 34-inch stations, respec-
tively, are probebly due to the bow wave reflected from the tunnel wall
and would not be evidenced in free flight. The expansions seen at the
rear of the cylindrical body are caused by the air turning around the
corner.

Normal-Force Chsracteristics

As shown in figure 5, the cylindrical body develops greater normal
force at a given angle of attack and Mach number than the curved body.
The change in normal-force coefficient with Mach number is insignificant
at the lower angles of attack, but there is & small increase in normal-
force coefficient with Mach number at the higher angles of attack.

The prediction of the normsl-force coefficients by the method of
reference 4 is rather accurate at the lower angles of attack. In general,
the measured values fall well below the theoretical values at the higher
angles of attack. As mentioned previously, alternative fairings permis-
sible for the integrations would result in even lower values for the
measured data. The cross-flow Mach number is less than O.4 at the highest

SRR LI Lisdeimr
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stream Mech number and et an angle of attack of 20°. Accordingly, the
values of c¢q, &are constant. Therefore, the theory does not predict

the variation of normal force with Mach number shown by the measurements.

Pitching-Moment and Center-of-Pressure Charecteristics

Examinstion of the piltching-moment data (fig. 6) indicates that the
curved body exhibits either neutral or slightly unstable characteristics
for the center of gravity at the nose or unstable chargscteristics for
more rearward locations of the center of gravity. The cylindrical body
exhibited more stable characteristics inasmuch as the center of pressure
is loceted behind the 12-inch station for all conditioms. It is also
noted that the variation of the center-of-pressure locstion with Mach num-
ber is irregular and smell (fig. 7).

The egreement of the measured pitching-moment coefficient with the
theory is simillar to that found for the normal-force coefficients. In
general, when the normal-force coefficients are overpredicted, the
negative pitching-moment coefflcients are also overpredicted. Exami-
nation of the equatlons for CNF and CMF, given in the section entitled

"Presentation of Results," indicates that the probable cause for the dig-
agreement noted between the measured and predicted coefficients is asso-
clated with the values selected for 1n and Cde- Had lower values of

cg, and 17 Dbeen used the agreement would have been better.

Detailed Losd Characteristics

The maximm meridian load is developed at approximately the
105° meridian (fig. 8). It is observed that the loads do not vary
appreciably with Mach number. : '

Examination of figure 9 Indicates that although the éross-section
normal loads over the forwaerd portions of both bodies are similar, the
loads over the rear portion of the cylindrical body are greater than
those for the curved body. This ig the reason that the pitching-moment
characteristics of the cylindrical body are more stable than those for
the curved body. The differences observed between the normal-force and
pitching-moment characteristies for the two bodies are not caused by the
added length of the cylindrical body.

Comparisons of the measured and theoretical values of cross-section
normal-load coefficient indicate that the theory is in failr agreement
with the measured values at angles of attack below 12°. The theoretical
values show the same agreement at the forward and rearward portions of
the eylindrical body. It 1s concluded that the errors between theory

GOITERNGdadelt
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and measurement for the cylindricel body at the higher angles of attack
are due to the inadequacy of available date for selecting 17 and Cd,-

The disagreement between the theory and the measurements at the rearward
end of the curved body may be due to sting interference. It should be
noted that, at angles of attack above 12°, integration of the curves of
figure 9 does not give as large a value for CNF as those plotted in
figure 5. The data presented for the cylindrical body in figure 9 have
been faired consistently with the debte of reference 1, whereas the data
of figure 5 agree with the strain-gage data of reference 2.

CONCILUSIONS

Anslysis of the results obtalned from a transonic wind-tunnel Investi-
gatlion of two bodles of revolution, one lncorporating a cylindrical after-
body, the other incorporating a curved afterbody, indicates:

l. The pressures over the nose of both bodies are very similar
although higher induced velocities exist over the rearward portions of
the curved body; however, the cross-section normal-force coefficient is
greater over the rearward portions of the cylindrical body.

2. At a glven Mach number and angle of attack, the normal-force
coefficient for the cylindrical body is greater than that for the curved
body.

5. The center-of-pressure location was more rearward for the cylin-
drical body than for the curved body. Consequently, the cylindrical body
exhibited more desirable stability characteristics.

b, The variation of normal-force and pitching-moment coefficients
with Mach number is rather small, especially at the lower angles of
attack.

5. The maximum meridian load for the cylindrical body occurs at
approximately the 105° meridian.

6. The theoretical normal-force and pltching-moment characteristics
of both bodies are in fair agreement with the results of this investigation.

Iangley Aeronsutlcal Isboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., December 9, 1953.

Tt o o T
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TABLE I

PRESSURE DATA, CYLIMDRICAL BODY

{a) K= 0.60

Preasure coefficients at row -
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TABLR I.- Continmued
FRESSURE DATA, CYLINDRICAL BCTY

e

(b} M= 0.8

Pressure coefficients of rov - ___ .

Xy in.

om0 }o-h5°le-75°lo-105°|o-135° 8 =180° .o-o° ls-k5°]a-75°‘e-m5°!e-1.55°le-160° am® 'e-ks“liﬁ“lo-m”,a-nz"’a-m“
@ 20° } . o = 16° - = _12° .

0.50 1-0,002 memm= [ 0.053 femmmem o oo | e | e
1,50 | -.0358 el B O e o S sy RIS S
2.50 | -.053 0.321 f -.001 |-0,075 |~0.005 |-0.01k | 0.126 0. 247 =
3.5 | -.056 - [ -.026 ————a —— ]

meeae Qoo OB | < 087 4 226) -.065 | .060 | —eeem

450 | -.089

e B ee OB b f D e
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<187 f -.ch@ | -.093[ ~e250{ -.102 | .25 ge
0%12 -.gi -.080 3t -.226 | -.035 | .

<01 -:ggg -.066) ~129| ~i1%% | —lc53 | .okl
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§
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TABLE I.- Continued
PRESSURE DATA, CYLINDRICAL BODY

(c}) H=0.8

Pressure coefficients of rowr -

= [T lu-hf

0-15°|e-105°|a =135°

¢ =180°

o=c® [a-h:°|e-15°|e-1o=°|s-155"|0-1&>°

c-o°| o-h5°|0-75°|0-105°|' '155°|°'1B°°

o
¥

< I
338388 38383 3Y

REFEBe ouvrun

e = 2¢°

o = 169

«= 1%

0.003
-.O0h1
- 03k
-.060
-.07h

-.082
=065

-0.295
-3kl

-0.195

~260

=39
=337

-B3
--156

-.252

o
-3
"y
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0.055 |- —
e T p—
-.052

~OkL: R
-0%k | -,128f -.212] ~.132 { .05T
-038 —_—
--067 | -233| -.2%| -.280 | .00
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—ohs | —I118] -.226{ -.205 | -.053

-0k | =108} -.195] -.222 | -.086
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= QT | = | o [ s | e
-.0%9 —_— | ——

=150 § -.095] -.092] -.200 | -.18

-0.03% | -0.010

-.116| -.062

-.108} -,180

-.106

o=
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~ChT
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-.006

- 00L

~Ok3

- 067
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|

;

=080 | oo e[ omem |

058 -.053] ~.077] -.205 | -.310
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TABLE I.- Continuaed
PREBSURE DATA, CYLINDRICAL BCDY

(@) K= 0.50

Pressure coefficients of row -

x, in. ==
’ o.o°,9-1;50[3-75°|o-105°‘e-155°le-150° e-o°lo-h5°le-75°|e-1os°lo-155°ln-J.ao" o-o"’lo-k5°le-75°||-J.o:°!|-135°|0-180°
o = 20° a = 16° . = 12°
0.50 0, 07 - mmmeme | mmeee 1 0,076 § mmmeem —
1.30 -.% ) i e ol Ty ey | R —— —————
2,50 ~ ~0.115{ 0. 265 {-0. 068 -'gﬁ -0.063{-0. 076 0.2%9
3.30 =038 | ~—mmmn| ———— -
k.50 =055 | -.126) -.210[ -.229 =05l | -.083] ~.123
3.50 =0 060 | mmmrem e fee =050 | ==mmmem
6.50 1-.001 | = 164f -.355] -.29k | ~.0%0 | 295 [|-.070 | -.136| -.236] -.18 ~.063 | -.208] -.IAT
8.50 -.&}5 -.126| -.239| -.204
10.50 -89 | ~.120| -.230{ -.215
12.%0 = Oh2 | -.108] -.211]| -.219
1h.%0. 049 | - ~.198}) -.230
16,50 169
17.17
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13.17
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Y
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26.17
2717
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50,1’
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32.17
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Bk-i
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T
38,50
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39,13

388 RBBEBRBE 5Bas%E
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TABLE I.- Coutinued
PRESSURE DATA, CYLINCRICAL BODY

(e) X=0.95

Pressure coefficients of row -

x, 3u.
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TABLE I.- Continued
FRESSURE DATA, CYLINDRICAL BODY
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TABLE T.- Continued
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PABLE I.- Continued
PRESSURE DATA, CYLINDRICAL BODY
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TABLE L.~ Contimed
PRESSURE DATA, CYLINDRICAL BODY
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TABLR I.- Continued . . —
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Figure 2.- Aecuracy of pressure measurements. o = O°.
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Figure 5.~ Comparison of normsl-force coefficients. (Fla_g_ged symbols
represent data from closed-throat tunnel; unflagged symbols represent
deta from slotted-throet tunnel.)
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Figure 6.~ Comparison of pitching-moment coefficients. (Flagged symbols
represent data from closed-throat tumnel; unflagged symbols represent
data from slotted-throat tunnel.)
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