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TRANSONIC SPEEDS

By Sherwood Hoffman and Austin L. Wolff
SUMMARY

The effects of nacelle location on the zero-lift drags of h5° swept-
back wing-body combinations having boattaill and cylindrical efterbodies
have been determined by flight tests of rocket-propelled models through
a range of Mach numbers from 0.8 to 1.25 and Reynolds numbers from

b x lO6 to T X lO6 baged on the wing mean aerodynamic chord. The
nacelles were tested at the wing root, at 40 percent of the semispan,
and at the wing tips. The effect of afterbody shape was lnvestigated
by replacing the boattall afterbody of the fuselage with a cylinder.

The trends In drag rises and nacelle-plus-interference drag coeffi-
cients of the models were found to be in qualitative agreement with the
concepts of the transonic area rule near Mach number 1.0. Favorable
interference effects were obtained from the wing-tip necelles through-~
out the test range regardless of the afterbody shape used. The nacelles
at the wing root and at 40 percent of the semispan experienced unfavorable
interference effects near Mach number 1.0. Changing from the boattail
afterbody to the cylindrical afterbody resulted in a general reduction
in the pressure drag (base drag excluded) of all the configurations, except
for the model with the wing-tip nacelles, near and above Mach number 1.0.
This change in afterbody shape also reduced the unfavorasble Iinterference
from the nacelles at the wing root and the LO-percent-semispan station near
the speed of sound. A large part of the interference effects was due to
wing-nacelle interference. The drag-rise Mach numbers varied between 0.92
and O. 96, the highest drag-rise Mach numbers being obtained from the models
without necelles.

CONBEEEN..
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INTRODUCTION

As part of a genersl transonic research program of the National
Advisory Committee for Aeronautics to investigste the aerodynamic char-
acteristics of promising esircraft configurations, the Langley Pilotless
Aircraft Research Divieion (at its testing station at Wallops Island,

Va.) has tested a series of rocket-propelled free-flight models to deter-
mine the effect of nacelle locatlion on the zero-lift drags of high-aspect-
ratio, 45° sweptback wing-body combinations. Previous investigations
(refs. 1 to 8) have shown that-large changes in interference effects are
obtained near Mach number 1.0 when the nacelle position is varied span-
wise, chordwise, or vertically and when various nacelle slzes or com-
binations are used on the wing of a configuration that had a fuselage
with a boattall afterbody. The present paper shows the effect of changing
the fuselage afterbody shape on the drag of the configuration and on the
interference drags of three of the spanwlse nacelle positions tested at
transonlic speeds. The boattail afterbody of the original fuseleage was
replaced by a long cylinder; thus, the fuselage fineness ratio was
increased from 10 to sbout 12. Cross-sectional aresa diagrams are pre-
sented for the wing-body-nacelle models having the cylindrical afterbody
and boatteil afterbody in order to compare the drag rises of the models
according to the concepts of the transonic area rule (ref, 9).

80114 nascelles were located at the wing tips, at 4O percent of the
semispan, and at the wing root for the present tests. The nacelles were
made solid by Ffairing the NACA 1-50-250 nose inlet to a point, in order
to simplify the construction.

Flight teste covered a continuous range of Mach number verying
between 0.8 and 1.25 with corresponding Reynolds numbers from 4 X 100
to T X 106 based on wing mean aerodynemic chord.

SYMBOLS
A cross-sectional ares, £12
a tangential acceleration, f‘b/sec2
b wing span, £t
Cp drag coefficlent, Cpgp ~ CDB - CDfins’ based on Sy
Cpg base drag coefflcient, based on S
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CDeing Pin drag coefficient, based on Sy

CDN nacelle-plus-interference drag coefficient, based on total
necelle frontal area

GDT total drag coefficient, based on Sy

c wing chord, £t

g acceleration due to gravity, 32.2 ft/sec

le length of original body, £t

M Mach number

TR base pressure, 1b/ft2

4 free-stream static pressure, 1b/ft2 -

q free-stream dynamic pressure, 1b/ft2

R Reynolds mumber, based on meen serodynamic chord

Teq radius of equivalent body of revoxution, £t

SB base area of fuselage, £t2

Sy frontal area of one nacelle, £t2

Sy total plan-form area of wing, 12

W welght of model Quring deceleration, 1b

5] angle between flight path and horizontal, deg

>4 longitudinal station

¥ airfoil ordinste

MODELS

Details and dimensions of the basic wing-body configurations having
the cylindrical body and the origlinal body (ref. 2) are given in figure 1



b L ] NACA RM L54BO2

and tebles I to ITI. Dimensions of the nacelle are given in Pigure 2

and teble IV. Photographs of the models and diagrams showing the nacelle
locations, equivalent bodieg of revolutlon, and cross-sectlonal area dis-
tribution of the models are presented in figures 3 and 4. The cross-
sectional area of the stabilizing fins is not included in the ares
diagrams.

The cylindrical-body-plus-wing configuration was similar to the orig-
inal basic configuration used in previous investigations (refs. 1 to 8)
except for the shape of the fuselage afterbody. The boattail afterbody
of the original fuselage was replaced by a long cylinder behind the maxi-
mum dismeter station (fig. 1) that increased the fuselage fineness ratio
from 10.0 to 11.95. The wing had a sweepback angle of 45° along the
quarter-chord line, an aspect ratio of 6.0 (based on total wing plan-
form area), a taper ratioc of 0.6, and an NACA 65A009 airfoil section in
the free-stream direction. The ratlc of total wing-plen-form areas to
fuselege frontal area was 16.0. Two vertical fins were used to stabilize
the model directionally. No fins were required in the horizontal plane
because the sweptback wing was located far enough rearward to stebilize
the model longitudinalily.

Each nacelle was a solid body of revolution (fig. 2) having a nose
plug, an NACA 1-50-250 nose-intet profile, a cylindrical midsection, and
an afterbody with the proportions of form 111 (ref. 2). The fineness
ratio of the so0lld nacelle was $.66. The nacelles were symmetrically
mounted on the wing and were tested in three spanwise positions (fig. 3)
measured from the fuselage center line. The chordwise posltlons of the
naecelles, measured between the nacelle nose and wing meximum thickness
(0.4e), was kept consteant at a length equal to 116 percent of the wing
mean aerodynamic chord. TFor convenience, a list of the models tested
and their identifying symbols is presented in the following table:

Nacelle spenwise
Model platr Tocation,
percent b/2

A Cylindrical = | = comeccmcce——a-
B Cylindrical 96 (wing tip)
c Cylindrical ko
D Cylindrical 15 (wing root)
E Original (ref: 2) | = commmmemecaeae
F Originel (ref. 1) 96 (wing tip)
G Original Eref. 1)
H Original (ref. T) 15 (win.g root)

An NACA two-channel telemeter for transmitting longitudinal accel-
erations and base pressures was installed in the nose of models A and E.
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The base pressures on model A were cbtained from elght menifolded ori-
fices (0.05—inch diameter) equally spaced on a tubular ring located at
the base as is shown in figure 1. This arrangement provided a more
accurate determination of the average base pressures than was obtained
from the single base pressure orifice (fig. 1), 65° from the wing plane,
on model E. B

TESTS AND MEASUREMENTS

The rocket-propelled zero-lift models were tested at the Langley
Pilotless Aircraft Research Station at Wallops Island, Va. HEach model
was propelled by a two-stage rocket system and launched from a rail
leuncher (fig. 5). The first stage consisted of a 5-inch lightweight
high-velocity aircraft rocket motor that served to accelerate the model
to high subsonic speeds. For the second stage, a 3.25-inch Mark 7 air-
craft rocket motor was installed in the fuselage to accelerate the model
4o supersonic speeds. Tracking instrumentation consisting of a CW Doppler
velocimeter and an NACA modified SCR-584 tracking unit were used to deter-
mine the velocity, decelerstion, and flight path of all the models during
coasting £light. The two-channel telemeter installed in the nose of the
basic wing-body configurations transmitted & continuous record of base
pressures and longltudinal accelerations from the models to a ground
receliving station. A survey of atmospheric conditions was made by redio-
sonde measurements from an ascending balloon that was released at the
time of each launching.

The flight tests covered a continuous range of Mach number varylng
between 0.8 and 1.25. The corresponding Reynolds numbers varied from

approximately 4 X 106 to T X 106 based on wing mean aerodynamic chord as
is shown in figure 6.

The values of total drag coefficient and base drag coefficient, based
on total wing plan-form ares, were obtained with the following expressions:

= -~ (g in 6)
CDT p—y + g sin

The total drag coefficlents for the original models with the boattail
afterbody were obtalned from references 1 and 7. The base drag for the
original wing-body was not given in reference 2 and is presented herein.
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The base drag coefficients of the models with nacelles were assumed
to be the same es CDB measured on the corresponding wing-body models

on the premise that the nacelles would have little or no effect on the
base drags.

The drag coefficlents of the configurations were obtained by sub~-
tracting the base drag and fin drag coefficients from the total drag
coefficients as follovws:

Cp = Cpp - Cnp - Cppyng

where GDfins is based on Sy The drag of the f£ins plus interference

wag established from previous flight tests of models that had twice-
scale fins mounted as wings on & cylindrical fuselage and is shown in
figure 7. Esgtimates indicate that the fin-plus-interference drag coeffi-
cients would not be changed by adding the wings and nacelles in the man-
ner employed on the test models.

The nacelle-plus-interference drag coefficlente were obtained by -
subtracting the drags of the models without nacelles from the drags of
the corresponding models with necelles. This coefficient, based on total
nacelle frontal area, 1ls expressed by .

_ Sw
Cpy = (?Dnacelles on ~ “Dnacelles off)§§§

Velues of CDN less than that of the isolated nacelle (ref. 8) repre-

sent the presence of favorable interference effects.

When the present data were reduced, the probable errors in total
drag coefficient were determined from comparisons of CDT as determined

from accelerations measured by the accelerometers in models A and E and
accelerations obtained from differentiating the velocity-time curves of

the CW Doppler velocimeter. The true airspeeds of the models were obtalned
by correcting the CW Doppler velocity measurements for winds aloft; thus,
the errors in M and q were minimized. The measurements of base pres-
sure and atmospheric pressure were accurate to about 0.07 lb/sq in. From
these considerations, the probeble errors in the measured drag coeffi-
clents are believed to be as follows:
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Opp(0.8<M<1.05) « o v v v v vt v e v e vt w ... . E0.0010

CDT(1.05<M<1.25).....................to.ooos
Cpg(0.8 <M< 1.05) - . v v v v v v v v v v v v e v e oo .. . F0.0020
CpR(1.05 <M< 1.25) &« v v v « o v o o o v s s o o o s« o« o £0.0008

M(O.B <X M<I25) v v ¢ o ¢« o o s o o« 2 o o o o s o « s o o« o T0.005

RESULTS AND DISCUSSION

Falred curves showing the variations of total drag, base drag, and
fin drag coefficients with Mach nunber for the models with the cylindri-
cal body and with the original boattail body are given in figures T(a)
and 7(b). The effect of nacelle location esnd afterbody shape on the
drag through the Mach nunber range 1s presented in figures 8 and 9. The
nacelle-plus-interference drag coefficients are compared in figure 10.
The drag of the isolated nacelles shown in figures 8 and 10 were cbtained
in en earlier investigation (ref. 8). '

The results in figures 8(a) and 8(b) show that mounting the nacelles
at the wing root or at the 40-percent-semispan station resulted in the
largest incremental drags near Mach number 1.0 and to the upper limits
of the tests on either the cylindrical body or original boattail body
configurations. A comparison of these drag increments with the drag
from the isolated nacelles in figure 8 shows that the interference effects
were greater from the nacelles on the boattall body models than from the
nacelles on the corresponding cylindrical body models neaxr the speed of
sound. Above Mach number 1.05, the totel spresd between the curves in
figures 8(a) and 8(b) are of the same order of magnitude and indicates
that a large part of the interference effects were due to wing-nacelle
interference.. The relatively small changes in drag obtained when the
nacelles were mounted at the wing tips resulted from favorable inter-
ference throughout the Mach number range.

The variations of Cp with M 1In figure 9 show that replacing the

boattail afterbody with the cylindrical afterbody reduced the drag coef-
fieient of the basic configuration (model E) by about 0.0035 above Mach
nunber 1.0. The changes in drag coefficlent obtained for the configura-
tions with nacelles were less, greater, or of the same order of magnitude
ag that from the basic configuratlon; thus, the Interference effects
changed when the boattall afterbody was replsced by the cylindrical after-
body. The change In interference effects with afterbody shape may be

seen more clearly from the comparisons of the nacelle-plus-interference
drag coefficients in figure.lO.
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The favorseble interference effects obtalined from the wing-tip
nacelles were reduced throughout the test range when the cylindrical
afterbody configuration was used. For the nacelles located at the
15-percent- and 40-percent-semispan stations, changing from the boat-
tail afterbody to the cylindrical afterbody decreased the unfavorsble
interference near the speed of sound and increased the interference drag
at the higher Mach numbers of the test range.

The transonic ares rule (ref. 9) provides a simple basis for
explaining the drag rises of alrcraft configurations near Mach number 1.C.
Thils rule states that the zero-lift drag rise of thin, low-aspect-ratio
wing-body combinations near the speed of sound is primarily dependent on
the axisl distribution of the cross-sectional areas of the configuration
normal to the axis of symmetry. Recent investigations (refs. 8, 10, 11,
12) have shown that the area rule may be used to compare the drag rises
of configurations having nacelles or externsl stores on wings of moderate
agpect ratios to & limited extent: —References 8 and 12 indicate that the
drag rises of such configurations can be explained (1) by comparing the
total cross-sectional area distributions of the configurations and (2) by
comparing the displacements between the nacelle peek area and the maxi-
mm area of the basic configuration resulting from changing the nacelle
location. In this paper, the cross-sectional area distributions of the
models are presented in figure 4 for comparison with the drag rises in
figures 8 and 9.

When the nacelle positions are varled spenwise, as on the configura-
tions with the cylindrical body (models A to D), there is & noticeable
change in the cross-sectional areas and drag rises of the models, as is
shown in figures 4 and 8(a). The highest drag rise was obtained from
the nacelle positions (models C and D) giving the largest maximm cross-
sectional areas, which gave the smallest displacement between the peak
areas of the nacelles and the basic configuration and highest slopes
before and after the peak area position. Figures 8(b) and 4 show that
this same effect was obtained when the nacelles were varied spanwise on
the models with the boattail afterbody (models E to H). By changing
from the boattall afterbody to the longer cylindrical afterbody, the
pesk areas were increased slightly and the slopes reduced for the basic
configuration without nacelles and with the nacelles located at the
15-percent- and 4O-percent-semispan stations. The slight increase in
maximim area was not great enocugh to offset the geins from the lower
Blopes; consequently, the drag rises were reduced. For the models with
the wing-tip necelles, this change in afterbody shape Ilncreased the maxi-
mm area enough to offset the gain obtained from the reduced slopes and
had no apparent effect on the drag rise of.the conflguration.

Previocus investigations (for example, ref. &) and model F show that

the drag of the boattell configuratlon is reduced near Mach number 1.0
due to extremely favorable lnterference when the nacelles are added to

e
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the wing tips. The present tests offer & possible explanation for this
extremely favoreble interference. When the nacelles are mounted on the
wing tips, the shock wave off the base of the boattail afterbody inter-
sects the rearward part of the nacellie and 1Induces positive pressures to
lower the drag. By changing to the longer cylindrical afterbody, the
shock wave from the base was moved rearward end did not lntersect the
wing-tip nacelle. As a conseguence, there was a noticeable reduction

in the favorsble interference at the wing tips as 1s shown in figure 10(a).

The drag-rise Mach nunmbers of all the configurations tested varied
between 0.92 and 0.96, the highest drag-rise Mach number being obtained
for the basic wing-body configurations wilithout nacelles.

CONCLUSIONS

The effects of nacelle location and afterbody shape on the zero-lift
drag of a L5° sweptback wing-body configuration have been determined by
flight tests between Mach number 0.8 and 1.25. The nacelles were tested
at the wing root, at 4O percent of the semispan, and at the wing tips.
The effect of afterbody shape was investigated by Teplacing the boattail
afterbody with a cylinder. The results indlcate the followlng:

1. The trends in drag rises and nacelle-plus-interference drag coef-
Ticients near Mach number 1.0 were found to be in gualitative agreement
with the concéepts of the transonic area rule.

2. Favoreble interference effects were cobtained from the wing-tip
nacelles throughout the Mach number range regerdless of the afterbody
shape used. The nacelles at the wing root and at 40 percent of the semi-
span experienced unfavorable interference effects near Mach number 1.0.

5. Changing from the boattail afterbody to the cylinder on the con-
figurations tested resulted in a genersal reduction in the pressure drag
(base drag excluded), of all the models, except for the configurastion
with the wing-tip nacelles, near and above Mach number 1.0. This change
in afterbody shaspe reduced the unfavorable interference from the nacelles
at the wing root end the LO-percent-semispsn station nesr Mach number 1.0.

L. A large part of the interference effects was due to wing-nacelle
interference.
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5. The drag rise Mach numbers varied between 0.92 and 0.96, the
highest drag rise Mach numbers being obtained from the models without
nacelles. I

Langley Aeronautical Isboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., January 20, 1954,



NACA RM L54BO2 COERRMR 11

REFERENCES

. Pepper, Williem B., Jr., and Hoffman, Sherwood: Comparison of Zero-

Lift Drage Determined by Flight Tests at Transonic Speeds of Sym-
metrically Mounted Nacelles in Varilous Spanwlse Positions on a
45° Sweptback Wing end Body Combinetion. NACA RM L51D06, 1951.

Pepper, William B., Jr., and Hoffman, Sherwood: Transonlc Flight
Tests To Compare the Zero-Lift Drag of Underslung and Symmetrlcal
Nacelles Varied Chordwise at LO Percent Semispan of a 45° Sweptback,
Tapered Wing. NACA RM IL50G1l7Ta, 1950.

Hoffman, Sherwood: Transonlc Flight Tests To Compare the Zero-Lift
Drags of Underslung Necelles Veried Spanwise on a 45° Sweptback
Wing and Body Combination. NACA RM L52DO4a, 1952.

Pepper, Williem B., Jr., and Hoffmen, Sherwood: Comparison of Zero-~
Lift Drags Determined by Flight Tests at Transonlic Speeds of Sym-
metrically Mounted Nacelles in Various Chordwlse Positlons at the
Wing Tip of a 45° Sweptback Wing and Body Combination. NACA
R IL51F13, 1951.

Hoffmen, Sherwood, and Mapp, Richard C., Jr.: Transonic Flight Tests
To Compare the Zero-Lift Drags of 45° Sweptback Wings of Aspect
Ratio 3.55 and 6.0 With and Without Necelles at the Wing Tips.
NACA RM 151127, 1952.

Hoffman, Sherwood, and Pepper, William B., Jr.: Transonic Flight
Tests To Determine Zero-Lift Drag and Pressure Recovery of Nacelles
Iocated at the Wing Tips on a 45° Sweptback Wing and Body Combina-
tion. NACA RM L51K02, 1952.

Hoffman, Sherwood, and Wolff, Austin L.: Transonic Flight Tests To
Determine Zero-Lift Drag and Pressure Recovery of Nacelles Tocated
at the Wing Root on a 45° Sweptback Wing and Body Configuration.
NACA RM L53H20, 1953.

Hoffman, Sherwood, and Pepper, William B., Jr.: The Effect of Nacelle
Combinations and Size on the Zero-Lift Drag of s 45° Sweptback Wing
and Body Configuration as Determined by Free-Flight Tests at Mach
Nunbers Between 0.8 and 1.3. NACA BM I53E25, 1953.

Whitcomb, Richard T.: A Study of the Zero-Lift Drag-Rise Cheracter-

isties of Wing-Body Combinations Near the Speed of Sound. NACA
RM 1L52HO8, 1952,

e



12 e NACA RM L54BO2

10. Whitcomb, Richard T.: Recent Results Pertaining to the Application
of the "Area Rule." NACA RM 153I15a, 1953.

11. Hall, James Rudyard: Comparison of Free-Flight Measurements of the
Zero-Lift Drag Rise of Six Airplane Conflgurations and Their Equiva-
lent Bodles of Revolution at Transonic Speeds. NACA RM 153J21a,
1953. it : :

12. Smith, Normen ¥., Bielat, Ralph P., and Guy, Lawrence D.: Drag of
External Stores and Nacelles at Transonlc and Supersonic Speeds.
NACA RM L531I2%b, 1953.



NACA BM L54BO2 Collisauiiig

TABLE I.- COORDINATES OF CYLINDRICAL FUSELAGE

I__S_tation measured from fuselage nosgl

Station, Ordinate,
in. in.
0 o]
A .185
.6 .238
1.0 .34
2.0 .578
L.o . 964
6.0 1.290
8.0 1.577
12.0 2.074
16.0 2.472
20.0 2.772
2.0 2.99%
28.0 3.146
32.0 3.250
36.0 3.%51h
. hko.o 3,334
T9.7 3.334
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TABLE II.- COORDINATES OF ORIGINAL FUSELAGEL

E%bation meagured from fuselage noé%

Station, Ordinate,
in. in.
0 0
i .185
.6 .238
1.0 .Bh2
2.0 .578
4.0 . 964
6.0 1.290
8.0 1.577
12.0 2.074
16.0 2.472
20.0 2.772
24.0 2.993
28.0 3.146
32.0 3.250
36.0 3.31k
40.0 3.334
4.0 3.304
k8.0 3.219
52.0 3.037
56.0 2.849
60.0 2.661
6l. 0 2.47h
66.7 2.347

1Coordinates are taken from

reference 2.



NACA RM IL54BO2

TABLE III.- COORDINATES OF THE NACA 65A009 AIRFOIL

x/e, v/e,

percent percent
o] o]

5 690
.75 837
1.25 1.068
2.5 1.463
5.0 1.965
7.5 2.385
10.0 2.736
15.0 3,292
20.0 3. 714
25.0 k.03
30.0 4.266
35.0 4. .k20
k0.0 4.495
45.0 4. .485
50.0 L.379
55.0 h.173
60.0 3.881
65.0 3.519
70.0 3.099
75.0 2.630
80.0 2.125
85.0 1.601
90.0 1.07k
95.0 BT
100.0 .020

L.E. radius 0.00516c

15
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TABLE IV.- COORDINATES FOR SOLID NACELLE

E?ation measured from nacelle no%ﬁ

Station, Ordinate,
in. in.
0 0

.100 .070
<330 .169
.830 «336
1.330 1189
1.83%0 622
2.330 ST
2.580 .800
2.958 .876
3.585 Ol
4,840 1.105
6.095 1.190
T.350 1.240
8.605 1.255
16.830 1.255
17.872 1.237
18.913 1.195
19.955 1.127
20.996 1.029
22,038 . 909
23.079 . 768
oh.121 .616
2k, 250 .598
Nose radlus = 0.05 in.
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Modsl Charucterlstios:
Ning:
- AZpEOL PRELO.sesacuesncancascannseransBeld
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[ Frec-ptresm eirfoll sectlion.....FACA 6BACUD
T Total plarn=form arss, 39 ft....c.ease.:5.878
/ Swaspbaok angle along quarter chord.....43°
Oylindricel body:
M~y 0 PInenos® PRGSO scaveraresosctnaasess 11,96
45 original body (ref, ) Frontal mrea,s8q Pt....vuus [P : 18 -1 -]
Gylindrigal body origine) bodys
/ 42891 /_ Flooness Tti0usseissncess vesarrenss 10,0
Prontal area,zq £t veravanars 0,840

. Ex.g“ Pins,8q ftasnsnsvosanmprancanans 0.468

l? / ’
- L —6.67 Flns are flat plates and 0.001-inch thisk with
I\ 0,048-1noh radlus ut odgow.
l - _L osad fin plan-form area of

e—712,06 \\;\;\ i

9.86 \ Base prassure orlfisa
0,05-inoh diametor, -—>\

1.0

- 1.38

86.87

[ Bass pressurs orificea
0.08-1nah diumeter
%.70 wunifolded on tubular ring.

.Cylindrical body

Figure 1.- Details and dimensions of the basle wing-~body configurstions
heving the cylindrical body and the original body (ref. 2). All
dimensions are in inches.
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Nose NACA 1=50-250
plug nacelle inlet
(s011d)

Cylindrieal midsection {Form-111 afterbody

I
|
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- 8.60
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16.83 L - 7./-.2_'—’-

Re25

Nacelle frontal arez = 0,034 sq It
Necelle fineness ratio = 9.66

Flgure 2.- Detalls and dimensions of nacelle. All dimensions are in Inches,
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Model B

Model A (nace:lles st 0.96b/2)

Model C
(nscelles at 0.4b/2) . (necelles at 0.15b/2)

Model D

L-82095

(a) Models with cylindrical body and nacelles in various
spanvwilse positions.

Figure 3.- Photographs of flight models.

]
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Model F
Model E : (nacelles at 0.96b/2)

1
]

Model G '
Model H.
(nacelles at 0.4b/2) (nacelles at 0.15b/2)

1.-82096
(b) Models with original body and nacelles in various
spanwise positions.

Figure 3.- Concluded.
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(d) Original body and nroellss mt 0,9 b/2; modal P,
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Figure 4.- Comparison of nacelle locatlon andi cross-sectlonal srea
distribution of the configuratlions having the cylindrical body
and the original hody.
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Figure 4.~ Conbinued.
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Figure 4.~ Concluded.
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Figure 5.- Photograph of cylindrical-body configurstion and booster on
rail lsuncher.
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Figure 6.- Variation of Reynolds nunber with Mach nunber for models tested.
Reynolds number 1s based on wing mean aerodynamic chord.
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(b} lodels with original fuselsage.

Figure 7.~ Variations of total drag coefficlents, base drag coefficients,
and fin drag coefficlents for the configurations having the cylindrical
body and the originel body.
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Figure 8.- Variations of drag coefficient with Mach number for the
configurations having the cylindrical body and the original body.
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Figure 9.~ Comparisons of the effect of afterbody shape on the drag

coefficients of the configurations with nacelles at various spanwise

locations.
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~ Figure 10.- Comparisons of the nacelle plus interference drag coefficlent

for necelles located in various spanwise positions on the configuratlons
having the cylindrical body and original bedy.
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