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SERIES OF WING-BODY COMBINATIONS HAVING CAMBERED
- WINGS WITH AN ASPECT RATIO OF 3.5 AND A
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EFFECT AT M = 1.60 OF NACELLE SHAPE AND POSITION ON THE

AERODYNAMIC CHARACTERISTICS IN PITCH OF TWO WING-BODY

] ' COMBINATIONS WITH 47° SWEPTBACK WINGS

By Lowell E. Hasel and John R. Sevier, Jr.
SUMMARY

An investigation has been conducted in the Langley 4- by 4-foot
supersonic pressure tunnel to determine the effect of a serles of
nacelles on the aerodynamic characteristlecs in pitch of a sweptback-
wing - body combination. Nacelle shape and position were varied on a
configuration with a 6—percent thick wing having an aspect ratio of 3.5,
a taper ratio of 0.2, end” 1&7 of sweep at the qusrter chord. Submerged
nacelles were tested on this wing-body combination end alsc on =a
similar configuration with a 6-percent-thick wing ha.ving a thickened
root section. Lif%t, drag, and pitchihg-moment results are presented at

a Mach number of 1.60 and a Reynolds number of 2.7 X 106 'ba.sed on the
wing mean aerod.yna.mic chord. .

INTRODUCTION

A research program has been In progress .at the Langley Aeronsutical
Laboratory to determine, at subsonic, transonic, and supersonic speeds,
the effects of thickness ratio and sweep on the asercdynamic chsracter-
istics of & series of wing-body combinations. The cambered wings have

an aspect ratio of 3.5 and a teper ratio of 0.2. The effects of sweep
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at subsonic and transonlc speeds are presented in reference 1. The
effects of both sweep and thickness ratioc on the serodynamic character-
istics in pitch at a Mach number of 1.60 are presented in references 2
and 3.

This paper presents the results of a nacelle investigation which
was conducted on two wing-body combinations of:this series. The nacelle
shape and location were varied on a 6-percent-thick wing having the
quarter-chord line sweptback 47°. Submerged nacelles were also tested
on this configurstion and on a similar configuration with a 6-percent-
thick wing having a thickened root section. The root-section thickness
ratio varied linearly from 12 percent at the body center line to € per-
cent at the LO-percent-semispan station. Lift, drag, and pitching-
moment results are presented at a Mach number of-1.60 and s Reynolds

number of 2.7 X 106 based on the wing mesn aerodynamlic chord. The data
of this report are presented without analysis to expedite publication.

SYMBOLS

c meen serodynamic chord of wing {0.646 f+t)

Cp drag coefficient (D/qS)

ACp nacelle drag increment, drag-coefficilent rise due to addition
of nacelles to baslc wing configuratlon

Cy, 1ift coefficient (L/qS)

Cn pitching-moment coefficient about the quarter chord of the
mean serodynemic chord (m/qSE)

D drag -

L 1lift

M .Mach number

m pitching moment

P . gtatic pressure

q . dynamic pressure (%pME)

s winé-plan-form area (1.143 sé )



| NACA RM I51Kika SECURITY INFORMATION = 3
a _angle of attack, degrees
vd ratio of the specific heats of air -
¥ angle of yew, degrees
_ - APPARATUS
Tunnel

These tests were conducted in the Langley 4- by 4-foot supersonic
pressure tunnel which was originally powered by a 6,000-horsepower
electric-drive system (reference 4). Recent modifications have
'increased the continuous horsepower rating to 45,000. Other modifica-
tions made at the same time included installing machined, flexible
stainless-steel walls in place of the mild-steel flexible walls which
form the nozzle and test section of the tunnel. The modifications have
not affected the Mach number range which extends from 1.2 to 2.2. The
meximum stagnation pressure has been lncreased from about 0.3 atmosphere
to more than 2 atmospheres. At & Mach number of 1.60 the test section
has a width of 4.5 feet, a height of L.4 feet, and a region of uniform
flow which is T feet long at the flexible walls. An external alr-
drying system supplies air of a sufficliently low dew point to prevent
moisture -condensstion in the test section.

Models and Equipment

Wing body.- The basic wing-bady model (fig. 1) consisted of & body
formed by an ogival nose and a constant-diameter cylindrical section
with a 6-percent-thick tapered wing having the quarter chord swept _
back 47°. Pertinent dimensions of the body and wing are given in fig-
ure 1. For one test the 6-percent-thick wing was replaced by a similar
wing with a thickened root section. The thlckness of the wing varied
linearly from 12 percent at the fuselage center line to 6 percent at
the LO-percent-semispan station and was constant over the remainder of
the semispan. Ordinates for both wings are presented in table I.

Nacelles.- Two basic nacelle shapes were used during most of these
tests. The open nacelle (fig. 2(a)}) allowed straight-through air
passage whereas the faired nacelle (fig. 2(b)) was closed st both
entrance and exit. The three NACA series one nose inlets (reference 5)
used on the open nacelle are illustrated in figure 2(a). Since the
design inlet-velocity ratio increases rapidly es the length ratio of
"the nose inlet is increased (see reference 5), the inlet diameter ratio
of the shorter nose inlets was reduced in designing the NACA 1-60-300 nose
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inlet to avold an excessilvely high inlet-velocity ratlo. Pertinent
"dimensions of both faired and open nacelles are glven in figure 2.

The open and falred nacelles were mounted atfour vertical posi-
tions with respect to the wing chord plane as shown in figure 3 (the
position designations denoted in fig. 3 are used ‘throughout this paper).
The nacelles were supported on each semlspan by variable length struts
which were swept forward 75°. The angle between the nacelle center .
line and the line formed by joining the top of the nacelle exit 1lip _
with the wing tralling edge at the nacelle station was constant at 15°

for all open-nacelle tests. Nacelle strut details are shown in figure 2.

The submerged nacelle installations which were tested on the
6-percent-thick and thickened root wings are shown in figures 4(a)
and 4(b). The frontal areas (including the area buried in the wing) of
two submerged nacelles and of one open or faired nacelle (fig. 3) were
equal.

Support system.- The model was sting-mounted in the tunnel as
shown in figure 5. The attitude of the model was varigble during a
run in only a horizontal plane. A bent sting was therefore used so
that the model could be tested, if desired, at combined angles of
pitch end yaw (one attitude fixed, the other varied during a given runm).

Force and pressure measurements.- Force data were obtalned with
en internselly mounted six-component straln-gage balance. Pressure dats
were megsured with e multiple-tube mercury manometer.

The models, balance, and associated indicating equipment were
furnished by a U. S. Alr Force contractor.

TESTS, CORRECTIONS AND ACCURACY

Tests

The results presented in this paper were obtained at—=a nominal
Mach number of 1.60 asnd st a Reynolds number of 2.7 x_106 based on wing
mean aerodynamic chord. The longitudinel characteristics were deter-
mined for an angle-of-attack range from -29 %0 12° at zero yew. The
stagnation dew point was kept more negative than -25° F to prevent
condensatlon effects on the flow in the test section. The configura-
tions which were tested and the corresponding figure numbers in which
the data are presented are listed in table II.

The strain-gage balance was calibrated prior to any model tests,
and g check calibration was made whilile the tests were in progress.
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During the initial phsase of this check calibration, the balance con-

" stants sgreed with those obtained from the initial calibration. As the
check calibration progressed, however, the characteristics of the drag
balance changed by 5 percent. Further checks of the drag balance :
‘indicated no further changes of the drag comstant. All data obtained
after the check calibration was made are based on the final calibration
and are denoted by flagged symbols. -

Corrections and Accuracy.'
" " The following table presents the approximate Mach number and flow

angle variatlon along the test-section.center line in the region of
the model fuselage: .

MacCh NUMDET « « o « o« « « o o =« o o o o o« « o o o« o« o a « o« « « £0.01
"Flow angle variation in a horizontal plane . . . . . .-« . . . . 0.1
Flow angle varistion in a vertical plane A 0.1

No corrections have been_applied to the.data to account for these flow
irregularities.

The data have been corrected for engular deflection of the model
" Gue to alr loads. The model was at small negative yaw and roll angles
(approx. -0.2° and -1.0°, respectively) during all of the tests, and no -
corrections have been applied to account for these effects.

The drag data have been corrected to reduce the base pressﬁre to
the free-stream value. : '

The estimated accuracies of the force data are as follows:

CI « + + + = = o = s o o o 4 4 o & 4 4 e e e e e e e e e .. . ¥0.005
CD « = oo o kv e e e e e e e e e e e e e e e e e e e .. . 30,001
Cim = ¢ o « o o o« ¢ o e e 4 e« o s 4 e s 4 e e 4w e e e ... .. 0,001
= A I K 0

It should be mentioned that the tests were conducted so thet the
dsta presented for nacelle positions 2, 3, .and 4 in Tigure 6 and all
data presented in figure 8 were obtained from a consecutive serles .of
tests in which the model configuration was not altered except to change
the fore and aft portions of the nacelle configurstions. BSimilerly,
the date presented in figures T and 9 were obtalned from two other
series of comsecutive tests. It is therefore thought that the small 4dif-
-ferences 1n the results are valid and are a result of the different '
nacelle configurations and not differences due to small variations of
model surface conditions.
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RESULTS

The results are presented in this paper without analysis to
expedite publication. The variations of drag, nacelle drag increment,
pltching moment, and angle of attack with 1ift coefficlent are presented
in figures 6 to 12 for a Mach number of 1.60 and a Reynolds number

of 2.7 X 10” based on wing mean aercdynamic chord. Data from repeat
tailed symbols) are presented in figure 12. Repeat runs were
made in order that the check calibration of the drag balance could be
further verified and so that data on certain nacelle configurations
could be obtained from consecutive tests. No reason for the large dis-
crepancy between the two sets of data for nacelle position 1 is known
except that a large number of configurations were tested during the
intervening time interval. An attempt was made to fix transition on
position 3 nacelles with falred opénings snd exits (the upstream edge
of a 0.25 -inch wide band of number 60 carborundum was located spproxi-
mately 2 percent of the nacelle length from each nacelle tip). The
data from this latter run asgreed with transition-free datae from the
previous run and therefore have not been included in this paper. - The
- factor required to convert the nacelle drag increment to a wvalue based
on nacelle frontel area 1s llsted in each flgure title.

The 1lift-drag ratios for most of the configurations are presented
in figure 13. It 1s evident from this filgure that the nacelle shape
and location have only & small effect on the meximum 1ift-drag ratio.
Furthermore, the drsg penalty of the thickened root wing-body configura-
tlon becomes smell when the ‘use of submerged nacelles 1s considered.

Representative schlieren pictures are presented in figure 14+
Langley Aeronautical Laboratory

Neational Advisory Committee for Aeronautics
Langley Field, Va.
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AIRFOIL COORDINATES FOR THE 6-PERCENT-THICK AND
THICKENED ROOT WINGS

Eihickness distribution: NACA 65A series. Mean line ordinates:
1/3 of NACA 230 + (& = 1) for Cp = 0.1]

6-percent-thick wing Thickened root wing
Root station
y/c. y/c _ y/c y/c
x/c
x/ ¢ . Upper Lower Upper Lower
surface | surface surface | surface
0 0.061 0 0 0.301 o]
.5 STT 376 | .5 1.120 .T54
51 L W77 TS 75| 1.335 .904
1.25 919 .53k 1.25 | 1.658 1.141
2.5 1.30Lk .621 2.5 2,261 1.507
5.0 |. 1.872 761 5.0 3.208 2.024
7.5 2.318 857 7.5 3.919 2.433
10 2.668 980 | 10 4.500 2.799
15 3.150 1.269 15 5,362 3.445
. 20 3.482 1.496 : 20 5.965 3.984
25 . 3.701 1.697 25 6.395 L. hik
30 .3.858 1.846 30 6.718 L.716
, 35 3.946 1.960 '35 6.912 k.910
ko 1 3.981 2.021 . . Lo 6.977 5.017
L5 3.937 {. 2.030 L5 6.912 L.996
50 3.823 1.977 | 50 6.675 L.823
55 3.613 1.872 . 55 6.288 4. 500
60 | 3.3k 1.697 ' 60 5.771 4.113
65 3.018 1..487 65 5.168 3.618
70 2.651 | 1.277 | TO L k57 3.101
75 2.231 | 1.059 T5 3.725 2.58)..
80 C1.785 .849 80 2.929 2.067
85 - 1.339 .639 . ' 85 2.239 1.550
90 892 koo 90 1.486 1.03%
95 RIVTS .210 95 .732 S1T7
100 0 0 100 0 o]
L.E. radius = 0.002kc L.E. radius = 0.0099¢
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TABULATION OF WING AND NACELLE CONFIGURATIONS TESTED AND

FIGURE NUMBERS IN WHICH BASIC DATA ARE. PRESENTED

Wing Figure in which
thickness Na.;:-:]..le Nacelle _agi:e%le basic data are
(percent) position nose rbody presented

6 None | ceemmmee | cmmmmme-e, 6,8,10,12
-+ 12 to 6 None | —--—cooe| ~memea- 11
6 Submerged. | Faired | Failred 10
12 to 6 | Submerged | Faired Faired 11
6 1 Faired Faired 6,12
- ;
6 3 " Faired Faired - 6,8
Consecutive 6 3 1-66-100 | 1-66-050 8,12
tests
6 - 2 Faired Faired 6
. . 6 - 4 Faired Faired 6
(6 1 1-66-100 | 1-66-050 9
Consecutive 6 1 Faired | Faired 9,12
tests ‘
_ 6 1 1-60-300 | 1-66-050 9
6 None | -==-=cmc| ccmmmeuc 71,9512
6 3 1-60-300 | 1-66-050 7
Consecutive :
tests 6 3 1-66-050 1-66-950 7
6 3 1-66-100 | 1-66-050 7,12

COVEaNEEnS
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Figure l.- Details of body and 47° sweptback wing.
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Figure 3.- Nacelle position designation.



”

NACA RM L51K1lhka . - SECURITY INFORMATION 13

- iLe3 ]
I-Gyﬂndr[ml sectiona ‘I

' Tip dlameter at X=0O
283 ~~0.22
16° 3,1 — l'h/_ is Ol f0.02 inch
. 56—

“—Farting line

Bosic nacelle detfails

Nacelle coordingtes

X Y
.83 25
133 .38
183 a5
233 52
283 83

2289

—
J

N
[W Y4

N4

\ /
d—.}r,
\i/\_/

TR

OI7—

(a) Six percent thick wing

(a) 6-percent-thick wing.

Figure h4.- Detalls of submerged nacelles and nacelle locations on'wings.
All dimensions din inches unless noted.
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(b) Variable-thickness-ratio wing.

Figure 4.- Concluded.
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Top view of installation
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Side view of installation

Figure 5.- Details of model sting support. All dimensions in inches

unless noted.
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t,aC,

Nacelle drag incremen

Nacelle position

" Wing without nacelles
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Drag coefficient
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-

Lift coefficient,C,

Figure 6.- Effect of position of strut-mounted faired nacelles on the '
aerodynsmic characteristics in pitch of the 6-percent-thick wing-body -
combination. The ratio of wing-plan-form area to the frontal area of
the two necelles is 46.57. CoTT
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Nacelle drag increment, AC

Nacelle position Nacelle nose

———— g 3 NACA |-66- 050 .
_ 3 NACA |-66-100" 3
1 Y. 4 3 NACA 1-60-300 .
- ! (o] without nacelles

e w b e

-

1.

Wit dad s s

tCp

o

Drag poeff icien

2 3
LIf'r‘coefflcient,CL -

igure 7.- Effect of various nacelle nose conflgurations on the aerodynamic
characteristics in pitch of the 6-percent-thick wing-body combination -
with the nacelles mounted at position 3. The ratlo of wing-plan-form
area to the frontal area of the two nacelles is 46,57.
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Figure T.- Concluded.
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ncremer'\t, ACD

Nacelle drag |
6

18 :
" Nacelle position - Nacelle shape
e o.... 3 Falred
eiE = o . 3 . NACA 166-100
0 - Wing without nacelles

2 .
Lift coefficient, CL

3 4

Figure 8.- Effect of nacelle shape on the serodynamic characteristics in
plitch of the 6—percent7—thick wing-body combinstion with the nacelles
mounted at position 3. The ratio of wing-plan-form area to the frontal
area of the two nacelles 1s 46,5T7. : :
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Figure 9.~ Effect of various na.c'e],le shapes on the aerodynamic chearacter-
istics in pitch of the 6-percent-thick wing-body combination with the

nacelles mounted at position 1. The ratlo of wing~plan-form aree to
the frontael area of the two nacelles 1s 46.57. -
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Figure 10.- Effect of falred, submerged tacelles on the aerodynamic -
characteristics in_pitch of the 6-percent-thick wing-body combination.
The ratio of wing plan~form ares to the frontal area of the four .
nacelles is 46,63, . "
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Figure 11.- Effect of'fa.ired, submerged nacelles on the aerodynamic

characteristlcs in pitch of the wing-body combination with wing
thickness ratio varying from 12 to 6 percent. The ratio of wing-
plan-form area to frontel area of the four nacelles is 46,63,
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Figure 12.- Comparison of the originel and repeat sets (teiled symbols)
of date obtained from three model configurations. The ratio of wing
plan-form area to the frontal ares of the two nacelles is 46.57.
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Figure 1L4.- Schlieren photogra.}jhs of open and falred nacelles mounted st
position 3 on the 6-percenmt-thick wing. o = 0°.
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