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RESEARCH MEMORANDUM

AFRODYNAMIC CHARACTERISTICS AT SUPERSONIC SPEEDS OF A
SERIES OF WING-BODY COMBINATIONS HAVING CAMBERED
WINGS WITH AN ASPECT RATIO OF 3.5

AND A TAPER RATIC OF 0.2

EFFECT AT ‘M = 2.01 OF NACELLE SHAPE AND POSITION ON
THE AFRODYNAMIC CHARACTERISTICS IN PITCH
OF TWO WING-BODY COMBINATIONS
WITH 47° SWEPTBACK WINGS .

By Cornelius Driver
SUMMARY

An investigation at M = 2.01 has been conducted in the Langley
4. by h-foot supersonic pressure tunnel to determine the effect of a -
series of nacelles on the longitudinal stability characteristics of a
sweptback wing-body ¢ombination. Nacelle shape &nd position were varied
on a configuration with a 6-percent-thick wing having an aspect ratio
of 3.5, & taper ratio of 0.2, and 470 of sweep at the quarter chord.
Simulated partially submerged necelles were tested on this wing-body
combination and also on & similar configuration with a wing having a
l2-percent~thick root section. The Reynolds number ‘was 2.2 X 106 based
on the wing mean aserodynamic chord.

The shape and location of the external nsacelles had only small
effects on the drag coefficient and the 1lift-drag ratio of the configu-
rations tested. With the partially submerged nacelle configurations
(tested without internal air flow), the totel drag was sbout the same
for the 6-percent-thick wing and the wing with thickened root sections.
In general, the magnitudes of the drag-coefficient increments at
M = 2,01 were of the same order as the drag increments at M = 1.6.
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INTRODUCTION

A research program has been in progress at the Langley Aeronautical
Laboratory to determine at subsonic, transonic, and supersonic speeds
the effects of thickness ratio and sweep on the aerodynamic characteris-
tics of a series of wing-body combinations. The cambered wings have an
aspect ratio of 3.5 and a taper ratio of 0.2. The effects of sweep at
subsonic and transonic speeds are presented in references 1 and 2. The
effects of sweep, thickness ratio, and nacelle position on the longi-
tudinal and lateral stability characteristics at a Mach number of 1.60
are presented in references 3, h, and 5. The effects of both sweep and
thickness ratio on the longitudinal and lateral stability characteristics
at a Mach number of 2.0l are presented in references 6 and 7.

This paper presents the results of tests at M = 2.01 of a majority
of the nacelle configurations previcusly tested at M = 1.60 (ref. 5).
The nacelle shape and location were varied on a 6-percent-thick wing
having the guarter-chord line swept back 470, Simulated submerged
nacelles were also tested on this configurstion and on a simular configu-
ration with a wing having a thickened rocot section. The root-section
thickness ratic varged linearly from 12 percent at the body center line
to 6 percent at the L4O-percent-semispen station. Lift, drag, and
pitching-moment results are presented for a Mach number of 2.0l end a

Reynolds number of 2.2 X lO6 based on the wing mean aerodyneamic chord.
The data of this paper are presented with & minimum of analysis to
expedite publication. '

SYMBOLS

mean aerodynsmic chord of wing, 0.646 ft

(&1

Cp drag coefficient, D/qS

ACq nacelle drag increment, drag-coefficlent rise due to
addition of nacelles to basic wing configuration

cr, 11ft coefficient, L/qS

Cm pitching-moment coefficient about the gquarter chord of
the mean aerodynemic chord, m/qS¥

b drag

L 1ift
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M Mech number

m pitching moment

P static pressure

q dynamic pressure, % w2

s wing-plan-form area, 1.1h43 sq ft
o angle of attack, deg

ratio of the specific heats of air

¥ angle of yaw, deg

APPARATUS

Tunnel

The tests were conducted in the lLangley 4- by 4-foot supersonic
pressure tunnel described in reference 3.

Models and Equipment

The basic wing-body configuration (fig. 1) consisted of a body
formed by an ogivael nose and a constant-diasmeter cylindricel section
with a 6-percent-thick tapered wing having the gquarter-chord line swept
back 47°. Body and wing dimensions are given in figure 1. For one
test, the 6-percent-thick wing was replaced by & similar wing with a
thickened root section. The thickness of the wirg varied linearly from
12 percent at the fuselage center line to 6 percent at the 4O-percent-
semispan station arnd was a constant thickness ratio over the remainder
of the semispan. Ordinates for both wings are presented in table I.

Two basic nacelle shapes were used during mecst of these tests. The
open nacelle (fig. 2(a)) allowed straight-throughk air passage and the
faired nacelle (fig. 2(b)) was closed at both entrance and exit. The
three NACA series one-nose inlets (ref. 8) used on the open nacelle are
illustrated in figure 2(a). Dimensions of both faired and open nacelles
are given in figure 2.
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The faired nacelles were mounted at four vertical positions with
respect to the wing chord plane. The open nacelles were tested only at
position 3 as shown in figure 3. The positions designations denoted in
figure 3 will be used throughout this paper. The nacelles were sup-
ported on each wing panel by variable length struts which were swept
forward 75°. The angle between the nacelle center line and the line
formed by Jolning the top of the nacelle exit lip with the wing trailing
edge at the nacelle station was constant at 15° for all open nacelles
tested. 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 L(a) and
k(b), respectively. 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.

The models were sting-supported and had a six-component internal
strain-gage balance in the body. The model and sting are shown in

figure 5.
The models, balance, and indicating equipment were furnished by an
Air Force contractor.
TESTS, CORRECTIONS, AND ACCURACY

Tests

The conditions for the tests of the wing-body configurations were:

Mach number . . ¢ ¢ ¢« o ¢« ¢ & ¢ 4 ¢ o o o o « o o o o « o s o o & 2.01
Reynolds number, based on € . « &« + v « o« « 5 o« o o o = o« » & 2.2 X 106

Stagnation dewpolnt, OF . . . o i v v v o & o o o o o « o o o o « « <=30
Stagnation pressure, pounds per sguare inch . . . . . . « « « .« & & 14
Stagnation temperature, OF . . . . . . 4 & o &4 o« s & o « o « » o« » 110

Tests of all configurations were made through an angle-of-attack
range from -2° to 13°. The body alone and the basic wing-body combination
were tested with and without a transition strip on the nose to establish
the type of boundary layer existing during the tests (ref. 6). The
boundary layer of the body alone was laminar for the Reynolds number of
the test. The necelle configurations presented 1n this investigation
were not tested with transition strips.
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Corrections and Accuracy

Calibration of the nozzle prior to these tests has shown that the
flow in the test section is reasonably uniform. The magnitude of the
variations in the flow parameters is summerized in the following table:

Mach NUIDET & + « o o o o « o o.0 o o o o o o o o o« o o . « « » *T0.015
Flow angle in horizontal plane, degrees .o I
Flow angle in the vertical plane, degrees . . « « «» » + » « « « « 0.1

The angle of attack of the model was corrected for deflection of
the balance and support system due to 1ift and ritching moment. Angle
corrections were obtalned from in-place calibration of the Balance for
various 1lift loads and pitching moments.

The validity of these corrections was verified during the tests at
M =1.60 (ref. 3). The estimated angle-of-attack error was £0.10.
During these tests, the model was yawed about -0.2° due to misalinement.
No corrections were applied for this yaw angle or for the flow variation
in the test section.

The estimeted errors In the force data obtained by comparing the
results of two tests of the same configurations are as follows:

cL...............................*—'0.001
. +

_cD........_.......................-0.001
+

Cppo@ o @ = o o s o o o s s s s s e e e e e e e a u s e e s . . . 0,001

The base pressure for all configurations tested was measured and
the drag data were corrected to correspond to & base pressure egual to
free~stream static pressure.

RESULTS

The results are presented in this paper with a minimum of analysis
to expedite publication. The variastions of drag, nacelle drag increnent,
pitching moment, and angle of attack with 1ift coefficient are presented
in figures 6 to 10 for a Mach number of 2.0l and a Reynolds number of

2.2 X 106 based on the wing mean aerodynamic chord. The factor required
to convert the nacelle drag increment to & value based on nacelle frontal
area. is listed in each figure. A test with transition fixed at the nose
of the body on the 6-percent-thick wing-body comoination showed only &
slight increase in drag (ref. 6).
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The lift-drag ratios for most of the configurations are presented
in figure 11. It is evident from figure 11 that the nacelle shape and
location have only a small effect on the maximum lift-drag ratio. The
drag penalty of the thickened root wing-body configuration becomes small
when the use of simulated submerged nacelles is considered. Representa-
tive schlieren pictures are presented in figure 12.

In general, the magnitudes of the drag increment at M = 2.0l are
of the same order as the drag increments at M = 1.6 (ref. 5). The
meximum lift-drag ratios, however, decreased with increasing Mach
numbers.

Langley Aeronauticsal Laboratory
National Advisory Committee for Aeronautics
langley Field, Va.
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TABLE I

ATRFOIT, COORDINATES FOR THE VARIOUS WINGR

1“. - o. Onll-
c
¥/e ¥/c
x/c upper lower
surface | surface

0 0 0
.5 L1 245
.5 .lgg .27
1.29 .bb5 .2fy
2.5 962 .32k
5.0 1.435 . 367
1.5 1.776 2o
10 2,039 472
15 2,423 5TT
20 2,6h2 682
25 2.800 .87
30 2.8687 .Bo2
35 2.983 . 997
Lo 2,992 1.006
] 2,950 1.0k,
50 2,852 1.006
35 2,712 .945
60 2,511 857
&5 2,265 . T61
70 1.986 .67h
T 1.680 5TE
8o 1,356 LBy,
85 1,041 .385
=) .26 .89
o5 ho2 . 201
100 .105 .105

Tangent | 80.00 £0.00
polnt

£ORET Wi VOVN

L.E. radius = 0.0016c

L 0.06 %= 0,09 Thickened root
Root statiom
¥/e v/e vle /e xfe /e yle

x/ec upper lower 1/ec upper lover upper lover
surface | surface surface | surface aurface | surface

0 0.061 0 ¢ 0.156 o 0 0.301 0
5 9T 376 .5 .8kg 5Th 5 1,120 .5k
i ST ks .75 { L.oPL 680 .51 1.3% 904
L.25 519 .53k 129 | 1.283 846 .25 1.6% 1.1k
2.5 1,304 .621 2.5- | 1.78 1.06 2.5 2,261 1.507
5.0 1.872 . T6L 5.0 2,537 1.%00 5.0 3.208 2.02h
7.5 2,318 -857 T.5 3.1 1,662 7.5 3.919 2,433
10 2,668 .980 10 3.5T7 1.896 10 4,500 2,799
15 3.150 1.269 15 b i 2,352 15 5,362 3.4h5
20 3.482 1. 496 20 k. 705 2.751 20 5.965 3.3131‘
25 3.701 1.697 25 5.0L5 3.052 25 6.395 RS
30 3.858 1.846 30 5, 288 3.276 30 6.718 k. M6
35 3.9%6 1,960 35 5.5 3. ML 35 6.912 4,910
Lo 3.981 2,021 ko 5,473 3.529 Lo 6.977 5.017
15 3.937 2.030 ] 5, k2h 3.519 45 6.912 h.9%6
20 3.883 1.977 50 5,2kg 3. 422 50 6.675 L, 823
55 3,613 1.872 55 k. 967 3.208 55 6.288 L.522
60 3.3k 1.697 60 L. 579 2,916 60 5. 771 4,113
65 3.018 1. 487 65 k102 2,566 65 5.168 3.618
70 2.6 1,277 70 3.568 2.197 10 L LY 3.10L
i) 2,231 1.05%9 i 2,970 1.837 i) 3.725 2. 584
8o 1.785 .8k 80 2,382 1.h68 8o 2.929 2,067
85 1.336 639 85 1,789 1.098 85 2,239 1.550
90 392 Rt 90 1.186 + 739 20 1.186 1.03%
95 JH6 .210 95 .593 .39 ] 95 .32 SLT

100 0 0 100 Q 0 100 0 0

L.E. radius = 0.002kc

L,E, radiue = 0,0056c

L.E. redlus = 0,0095c

r
L
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Nacelle nose inlet (ref 8)

—NACA -60-300

/-ﬂNACA I-66-100

S L AT T T T
IE LS ITHT I # 7T

e e

/ NACA 188 e
Siraight taper / M
- \

SR S I 2. L —

koo
.50 —

(a) Open nacelles. |

5.00

40.75r=——--»—~e.27 / fo.?&w
: NACA 1-66~050 nacelle exit

NACA 65,-005 strut sectlon

All dimensions in inches unless noted

Faired nacelle coordinates

X
0
100

~ 150 —

150
200
250
300

400 ———e————6.27 -

(») Feired nacelle.

4.

00 -

~NAGR

350
400

Flgure 2.- Detalls of open and feired nacelles, and nacelle strut.

L4

Y

0
287
422
536
626
693
735
750 .

ECA2CT W YOVN

1T



12 ) NACA RM L52F03
Y«/\/\_\/\A\\
C RN R —
0 L
/
480 e
R A A S
12.00 ///////,
I
== 023
__1_ p——— — .
Q;‘\\\\\‘__ - Position |
______}_rz.30~
L3I >
_ - - Position 2

¥ - - - Position 3
' e 830 s
! \\ .
2.85 T~
|
i S - - e Position 4

~NACA -

Flgure 3.- Nacelle position designation.



—m e 1183 ——- -

_ fg;’?w "db"| 083 - -~ Tip diometer @t X=0
S i O Jo.02 inch
i oy

Basic nocelle detalls

(]
g
-
3
EOZECT WI YOVN

. ' Nacalle coordinafos

- X Y
83 25
133 38
185 A8
) 233 52
“ _ 2a3 53
£289 |
| 1ee (_
e 1 Iz )
o8 189 -~
J—
=
v
s

(a) Six-percent-thick wing.

ET

Figure %.- Details of submerged nacelles and necelle locations on winga.
All dlmensions in inches unlese noted.




——— N3 —— —— -~ =
!_ cgg;rhl sacﬁon-L 283*1 ~— Tip diameter at X=0
18 283 k0 T L is .0l fo 02 inch
s - Tofe Sy
f line
Basic nocelis defails
Nacelle coordinalas
X Y
83 25
L33 38
183 a45
\ 233 52
. . 283 53
- —— 2289 —_—
e \ J "\\\‘ . >
- & - _:}____-.—__._._.
: Lz
“—.__:_d--_‘.'.----f-‘
/’ 0.03
. — z
R z
o
&
(b) Varying-thickness-ratio wing. R
o
(OS]

Figure 4,~ Concluded,




w

NACA RM 152F03 L

15

Top view of installation

N

Tunnel wall

L

\— Sting

Body

. . . NA
Side view of installation 58

Figure 5.- Details of model sting supp.ort.
' unless noted,.

4%

All dimensions in inches



16

-+, NACA RM L52F03

&
q
= o2
QL
£
5
€ O F— -
g E .-_:ﬁ::.. i ;;%-\ ~ |
- X
2
Nacelle position Nacelle shape
————0 | Faired
_ 2 Faired
———A 3 Faired
— D 4 Faired
o Wing without nacelles
14
12
10 y :
S /|
£ /
.8 /
& 74
E oo b
A
L+
04 Lsﬁ# e
P
NACA, ]
0 I i 1 }
- 0 | 2 3 4 5

Lift coefficient, C|

Figure 6.- Effect of position of strut-mounted faired nacelles on the

longitudinal characteristics of the 6-percent-thick wing at M = 2,01.

The ratio of wing-plan-form area to frontal area of the two nacelles

.is 46.57.
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Figure 6.~ Concluded,
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Nacelle drag increment, ACp

Drag coefficient, Cry

N NACA EM L52F03
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Figure 7.~ The effect of various nose configurations on the longitudinal
characteristics of the 6-percent-thick wing with the nacelles mounted

at position 3 for M = 2.0l.

The ratio of wing-plan-form area to the

frontal area of the two nacelles is 46.5T7.
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Figure 8.- Effect of nacelle shape on the longitudinal characteristics
of the 6-percent-thick wing with the nacelle mounted at position 3
for M = 2.01. The ratio of wing-plan-form ares to the frontal area
of the two nacelles is 46.57.
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21



22 . NACA RM L52F03

&

<

= Ol

g o 5

S o

(=]

S

2 .

8 -0l

(]

2
O Wing with nacelles
O Wing without nacelles

J4

[} 4/;
S oo 7
g 4
» 7
g y
o4 1
MR
<R
|1
o)
) o) A 2 3 P 5 6

Lift coefficient, C;

Figure 9.- Effect of faired submerged nacelles on the longitudinal
characteristics of the 6-percent-thick wing et M = 2.01. The ratio
of wing-plan-form area to the frontal area of the four nacelles

is 46.63.
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Figure 10.- Effect of faired submerged nacelles on the longitudinal
characteristics of the wing with thickness ratioc varying from 12 to
6 percent at M = 2.0l. The ratio of wing-plan-form area to frontal
ares of the four nacelles is 46.63.
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Figure 1l.- Variation with 1ift coefficient of the lift-drag ratios of
the 6-percent-thick and variable-thickness wings with and without
nacelles., M = 2,01.
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(2) NACA 1-66-050 nose inlet; (b) NACA 1-66-100 nose inlet;
¥ = 0°. ¥ = 0°.

(c) NACA 1-60-300 nose inlet; (d) NACA 1-66-100 nose inlet; v
¥ =0 =t L-75113

Figure 12.- Schlieren photographs of open and failred nacelles mounted at
position 3 on the 6-percent-thick wing. o = 09; M = 2,01,
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