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ON FORCE AND MOMENT CHARACTERISTICS OF LIFTING
MODELS IN THE LANGLEY 16- AND 8-FOOT
TRANSONIC TUNNELS

By Charles F. Whitcomb and Robert S. Osborne
SUMMARY

A wing-fuselage force model configuration and the fuselage alone
have been tested at angles of attack up to 32° in the Langley 16-foot
transonic tunnel. The force and moment characteristics obtained from
these tests are presented with comparable measurements obtained from
previous tests of the identical model and with a model geometrically
similar but three times as large in the Langley 8-foot and 16-foot
transonic tunnels, respectively. The agreement of the compared results
indicates that boundary-interference effects are of small magnitude for
the particular configurations tested.

INTRODUCTION

The investigation of the accuracy and reliability of aerodynamic
data obtained from transonic wind tunnels involves four major problems.
These problems are: (1) tunnel-flow uniformity, (2) blockage, (3} 1ifE
interference, and (4) at supersonic speeds, the reflection of disturbances
from the test-section boundary. The reduction of solid blockage inter-
ference by a slotted-wall test section was reported in reference 1. 1In
these tests, closed tunnel choking was eliminated and low supersonic
velocities were attained. The attainment of improved flow uniformities
in this tunnel is described in reference 2. Based on these results, the
Langley 8~foot and 16-foot tunnels were modified to slotted transonic
tunnels, and the calibration results of these tunnels as presented in
references 3 and 4, respectively, indicated the attaimment of uniform
flows. Comparisons of pressure~distribution results from tests on
nonlifting models in these tunnels with those from free-fall tests
(refs. 3 and 5) showed negligible tunnel interference effects at subsonic




% NACA RM L52L29

speeds and small though significant interference due to boundary-
reflected disturbances at low supersonic speeds.

The tunnel boundary effects on lifting-model characteristics
obtained in slotted test sections have been the subject of recent inves-
tigation. Unpublished theoretical solutions in the subsonic range show
that for model sizes currently tested in these tunnels, the corrections
to the lift-curve slope may be neglected. Reference 6 provides an
experimental indication of tunnel-wall effects on reflection-plane model
1ifting wings in a slotted tunnel. Other currently available data
(ref. 7) indicate that under some conditions of testing the effects of
boundary-reflected disturbances at supersonic speeds may be voided by
interpretation of test results.

Some additional information concerning boundary-interference effects
in slotted tunnels on force and moment characteristics of 1lifting models
has been made available by the completion of a series of tests of
typical transonic wing-fuselage and fuselage-alone models in the Langley
16-foot and 8-foot transonic tunnels. A wing-fuselage configuration and
the fuselage alone, typical of the size tested in the 8-foot tunnel,
have been tested in both the 8-foot (ref. 7) and 16-foot tunnels. Also,
a geometrically similar wing-fuselage model, typical in size of 16-foot
tunnel models (three times the size of the model tested in the 8-foot
tunnel) , has been tested in the 16-foot tunnel (ref. 8). The present
paper describes the tests of the smaller model in the 16-foot tunnel and
presents the resultant force and moment characteristics as comparisons
with the previously published intormation. These comparisons provide
information on the boundary interference including the effects of both
the 1lifting interference and the reflected disturbances on sting-mounted
1lifting models tested in the Langley 8-foot and 16-foot transonic tunnels.

SYMBOLS
Cp drag coefficient, D/aS
Cr, 1ift coefficient, L/qS
Cm pitching-moment coefficient, ME/%/qSE
¢ wing mean aerodynamic chord
D drag, 1b
L ki e

M Mach number
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Mz /L pitching moment sbout &/4, in-1b

Py base pressure coefficient, Eh_é_EQ

Po free-stream static pressure, lb/sq ft

Pp static pressure at model base, lb/sq £t

q free-stream dynamic pressure, %sz, Ib/sq Tt
R Reynolds number based on ¢C

S wing area, sq ft

v free-stream velbcity, ft/sec

a angle of attack of fuselage center line, deg
o) free-stream density, slugs/cu £t

APPARATUS AND TESTS

The present tests were made in the Langley 16-foot transonic tunnel
(ref. 4). The model, its three-component internal electrical strain-gage
balance, and the 18-inch portion of the support sting immediately rearward
of the model were the same as tested in the Langley 8-foot transonic
tunnel and reported in reference 7. The wing was mounted on the fuselage
center line and had 45° sweepback referred to the quarter-chord line, a
taper ratio of 0.60, an aspect ratio of 4, and NACA 65A006 airfoil sections
parallel to the free stream. The fuselage was designed by cutting off
the rearward portion of a body of revolution with a fineness ratio of 12
to form a body with a fineness ratio of approximately 10. Both the wing
and fuselage were made of steel. Dimensional details of the model are
given in figure 1; ordinates of the airfoil section and the fuselage are
available in reference 7. A static orifice located at the side of the
support sting in the plane of the model base was used to measure the
base pressure.

At its downstream end, the balance sting was attached to the tunnel
support sting by means of angular couplings used to augment the pitch-
attitude range of the support system which normally has a maximum limit
of 15° (see ref. 8).

Shadowgraph pictures of the air stream in the vicinity of the model
were obtained using an f:2.5 lens and a shutter speed of 1/150 second.
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A mercury-arc diverging-light supply placed in the horizontal plane passing
through the tunnel center line was directed normal to the air stream at ~
the midsection of the body.

The model used for the tests of reference 8 was geometrically
similar to the model just described, but was three times as large. The
ratio of sting diameter at the plane of the model base to model-base
diameter was approximately equal to that for the smaller model. It
was also of similar construction, thus minimizing the effects of
aeroelasticity on the data comparison.

The smaller wing-fuselage model as tested in the 16-foot and 8-foot
tunnels will be referred to hereinafter as the small model, and the
model that is three times as large and tested in the 16-foot tunnel will
be referred to as the large model. Dimensions of the models and the
tunnel test sections are given in table I.

The variation with Mach number of test Reynolds number based on the
wing mean aerodynamic chord is presented in figure 2. Lift, drag, and
pitching moment were measured for the wing-fuselage combination and the
fuselage alone at several angles of attack over a Mach number range
from 0.60 to approximately 1.07. Accuracies of the presented 1lift, drag,
and pitching-moment coefficients are estimated to be within 10.02, “
£0.002, and 10.004, respectively. Test-section Mach number accuracy for
both the 16-foot and 8-foot transonic tunnels was *0.005. The model
angles as presented are estimated to be accurate to ¥0.15°. No *
corrections have been applied to any of the data presented.

RESULTS AND DISCUSSION

Force and Moment Characteristics

Lift, drag, and pitching-moment data from tests of the wing-fuselage
models are presented as functions of angle of attack or 1lift coefficient
in figures 3 to 5. Figures 6 to 8 present the model characteristics as
a function of Mach number. Comparisons of the small-model fuselage-alone
characteristics as obtained from tests in the Langley 16-foot and 8-foot
transonic tunnels are presented in figures 9 and 10. Experimental points
have been presented wherever possible, and faired data are used to
complete the comparisons.

Wing fuselage at subsonic speeds.- The evaluation of possible
boundary-interference effects on typical model test results in the 16-foot
and 8-foot transonic tunnels over the subsonic Mach number range is
accomplished by comparisons with the force and moment results obtained
from the small model tested in the 16-foot tunnel, which are assumed to
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be essentially interference free. This assumption is considered reasonable
since the ratio of maximum cross-sectional area of model to cross-
sectional area of tunnel is only about 0.0004 (see table I). These
comparisons (figs. 3 to 8) indicate generally small differences over the
low and medium 1ift range represented by the approximately straight line
part of the lift curve. The occasional somewhat greater differences

in the data at low Mach numbers represent random experimental error

and are therefore not significant. More appreciable discrepancies

occur above an angle of attack and 1lift coefficient of a = 8° and

b= 0.6, respectively, at which conditions the lift-curve slopes

decrease, indicating the spread of flow separation over the wing-tip
sections. The flow over the small leading-edge-radius highly swept
wing in this high angle-of-attack range is known to be very sensitive
to model surface and stream turbulence conditions, making repeatability
of test results difficult.

These results seem to indicate, even at the higher angles of attack,
that subsonic boundary-interference effects on the total force and moment
characteristics are shown to be small for the wing-fuselage combinations
represented herein when tested in the 16-foot and 8-foot transonic tunnels.

Wing fuselage at supersonic speeds.- Boundary interference is known
to exist in the low supersonic Mach number range of slotted-test-section
transonic tunnels. Briefly, the presence of the tunnel boundary located
a finite distance from the test model permits flow disturbances which
originate in the stream at the forward sections of the model to be
reflected back onto the more rearward portions of the model. At Mach
nurbers high enough to sweep these reflections downstream of the model
base, the test results are considered completely free of interference.
For the present tests the boundary-interference-free condition for the
small model in the 16-foot tunnel is estimated, by use of shadowgraph
pictures presented later in this paper, to begin at a Mach number of
about 1.045. At lower supersonic speeds the axial forces appear to be
appreciably influenced by boundary-reflected disturbances only at Mach
nunbers slightly greater than 1.0 (fig. 7(b)). These findings are in
agreement with those reported in reference 3. Therefore, in considera-
tion of these observations, the 16-foot transonic tunnel test results
for the small model provide an essentially interference-free basis for
evaluating the extent of interference effects on the other data except
at Mach numbers only slightly greater than 1.0.

The supersonic characteristics of the wing-fuselage configurations
tested in the two tunnels are compared in figures 3 to 8. In general,
the indicated differences over the supersonic Mach number range are of
slight magnitude, although differences as large as 0.02, 0.008, and 0.01k
in 1ift, drag, and pitching-moment coefficients, respectively, occur at
angles of attack of 8° or larger. It is to be noted that the general
trends of the force and moment characteristics are similar for the
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several tests as a function of angle of attack or 1lift coefficient. The
consistent small displacements of the curves may be due to the effects-of:
boundary-reflected disturbances in combination with possible effects of-
other factors such as Reynolds number, separation, and experimental error.

In general, the comparisons of the results obtained from the wing-
fuselage models tested at lifting attitudes in the two tunnels are
indicative of small boundary-interference effects over the entire Mach
number range investigated. These results should be applied to other
tests with caution, however, and only after careful consideration of
the particular configuration involved. For example, a configuration
with a conventional horizontal tail or with a large portion of the
1ifting surface well downstream of the nose might have the pitching-
moment data seriously affected by the boundary-reflected disturbances.

Fuselage alone.- The force and moment characteristics of the small-
model fuselage-alone tests in the two tunnels are compared in figures 9
and 10 for varying angle of attack and Mach number, respectively. In
general, the compared data were in good agreement. An exception occurred
in the low supersonic Mach number range, where boundary=-reflected
disturbances resulted in drag-coefficient differences as large as 0.003
at a Mach number of 1.04. Although such a drag increment is not large,
it is significant since it represents a sizeable percentage of the total
body drag. The fuselage-alone drag differences are of approximately the
same magnitude as the differences which occurred for the small wing-
fuselage model comparisons over a similar angle-of-attack and Mach num-
ber range (see fig. 7(b)). Therefore, since the differences for the
wing-fuselage tests are no greater than for the fuselage alone, it appears
that drag of the wing has not been affected by the reflected disturbances.

Base Pressures

Base-pressure-coefficient results of the small-model wing-fuselage
and fuselage-alone configurations tested in the two tunnels are presented
as a function of Mach nunber in figure 11. The comparisons indicate some
slight differences in the form of the curves in the compared supersonic
range which are attributed to the passing of the reflected expansions and
compressions over the regions of the model base.

Shadowgraph Pictures

Shadowgraph pictures of the small-model wing-fuselage and fuselage-
alone configurations tested at several angles of attack and at transonic
Mach numbers in the 16-foot tunnel are presented in figures 12 and 13.

In the low supersonic speed range, increases in the model angle of attack
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caused the wing leading-edge root-juncture shocks to become stronger and
more normal to the stream (see fig. 12). The fuselage nose shocks were
similarly affected to a smaller degree. At a Mach number of 1.03

(fig. 12(e)) increasing the angle of attack to 12.3° caused the wing
leading-edge root-juncture shock to become sufficiently strong to leave
the vicinity of the wing and combine with the fuselage nose shock. (At
the higher angles in figs. 12(e) and 12(f), the normal disturbances
pictured immediately behind the wing leading-edge root-juncture and
fuselage-nose shocks are merely the intersection line of these shocks
with the tunnel-wall window.)

CONCLUDING REMARKS

Tests of a fuselage-alone and of wing-fuselage configurations
having model-to-tunnel cross-sectional-area ratios from 0.0003 to 0.0038
have been conducted in the slotted test sections of the Langley 16-foot
and 8-foot transonic tunnels in order to obtain experimental information
concerning the effects of boundary interference on force and moment
characteristics of typical models at 1lifting attitudes for Mach numbers
from 0.60 to 1.07. The agreement of the test results indicated that
boundary-interference effects on the force and moment characteristics of
these models were small.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I.- DIMENSIONS OF TUNNEL TEST SECTIONS AND MODELS

Tunnel Test Sections

[ T
| Effective test- | Test-section cross-
[ Langley tunnels section diameter, sectional area,
l Bt sq ft
Jr |
i 16-foot transonic 15.95 199.9
1 8-foot transonic 7.30 | 42 .9 {
Models
B == T ‘
| |  Maximum cross- Wing mean Wing Fuselage
| Model configuration | sectional area, aerodynamic chord, 2 ?iea, length,
| sq £t £ q g ft |
| il |
: T
1 Small fuselage 1 0.061 ——— o 2eie
‘ Small wing fuselage | 084 0.510 1.0 Zie
Large wing fuselage \ .56 1.531 9.0 8.33
i ATIS O el BT Tnle | I : SR |

Ratios of Model-to-Tunnel Dimensions

Model-tunnel configuration

Ratio of model maximum
cross-sectional area to

Ratio of model
wing plan-form area to

J Ratio of model
| fuselage length to

tunnel-test-section tunnel-test-section tunnel-test-section
cross-sectional area cross-sectional area effective diameter
Small fuselage model in 16-foot transonic tunnel OREEER: = T R e e e 0.,1705
Small fuselage model in 8-foot transonic tunnel SOODUE e SPTILE Thh a gma TSN R .3725
Small wing-fuselage model in 16-foot transonic
tunnel .0004 0.0050 .1705
Small wing-fuselage model in 8-foot transonic
tunnel .0020 .0233 3785
Large wing-fuselage model in 16-foot transonic
tunnel .0038 0450 [ 5225

—
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Wing Detalls

Airfoll sectlon
(parallel to plane of symmetry) NACA 654006

Area, sa Tt

L

Aspect ratio N
Taper ratio 0.6
Incidence, deg 0 — 3
Dihedral? deg 0 25-chord line
c=6.25
=040

[“‘4.5 =

Sting

Fineness ratio
Base diameter

Fuselage Detalls

diameter at base

Figure 1.- Model details.

All dimensions in inches unless otherwise noted.
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Small model in 16'TT

————————— — Small model in 8" TT (ref.7)

Large model in I16'TT (ref 8)
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Figure 2.- Variation with Mach number of test Reynolds number based on

the mean aerodynamic chord of the model wing.
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Figure 3.- Variation of angle of attack with 1ift coefficient for wing-
fuselage configurations. (Plain and single flagged symbols indicate
data from smell model in Langley 16-foot and 8-foot transonic tunnels,
respectively; cross-flagged symbols indicate data from large model in
16-foot transonic tunnel.)
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Figure L4.- Variation of angle of attack with drag coefficient for the
wing-fuselage configurations. (Plain and single flagged symbols
indicate data from small model in the Langley 16-foot and 8-foot
transonic tunnels, respectively; cross-flagged symbols indicate
data from large model in the 16-foot transonic tunnel.)
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Figure 6.- Variation of 1ift coefficients with Mach number for the wing-
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N omal[fmodelfin 6Tl
s Small model in 8' TT (ref 7)
— ——— Lorge model inI6'TT (ref 8)

44 80
R
RS
40 , 76
»
36 (de 7 72 F
(iw /)g’ )/
a -
_32—203?"‘ ==t 68 (deg) I
sz% | _| == -
A g i
.28[ /,/ N 64 32 1 .
‘ y ///
o 24— |6ttt 60 4
(&) b
§ 20 56 e
o A, | = I N
= M & 0 il
[T - 52
S 2 e T P F I
= .
= 2 48
S ¥
NI ;
08 - ' 44 ’
8 YT 24 Yool oop=—p -
04 S 40
4 O p¥o ik _NACA |
oﬁo = e 36 l I
5 6 < 8 9 10 1 12 5 6 7 8 9 10 1l
Mach number, M Mach number, M

(a) Complete angle range,

Figure 7.- Variation of drag coefficient with Mach number for the wing-
fuselage configurations. (Single flagged symbols indicate data from
small model in the Langley 8-foot transonic tumnel; cross-flagged
symbols indicate data from the large model in the Langley 16-foot
transonic tunnel.)

9T

6212571 Wd VOVN



e e

Small model in 16'TT

7,

——————————— Small model in 8 TT (ref 7)
Large model in 16 TT (ref. 8)

62T2ST W VOVN

A

-
~ .
/\V\Q

Drag coefficient = Cp

V.fe
o N
(0% o =
(deq) |—1 | ,‘—~-;§&f:f>‘*/
4 %?::.’._Z:' —_— K
Y=o o q
@) e [ | D }
C‘ __:?;::E .%%:53%E=__;q—l§f;a
S T .8 S

Mach number, M

(b) a = OO,' )4-0.

Figure T7.- Concluded.

5T




18 NACA RM L52L29

04 ) Q) 98 4. (g2 I
deg) | | 20 & Swe
0 -0 e e ey L&;,‘Q TSRS 04 == =~
. T
BN
-04 ‘ ‘ 0 \x,
04 l ﬂ ‘ \\
-04 N
0 4 /-l£_-~5; : xu’% Syl P
: N
Rl -08
04 %@u : 08 =
| Ti | Irji
_08 il 04 2% Tl |
L N
047 N
U O\ X
o8 TS - REA
. -04
o4 N L] ‘"
L1 i
N O8——
-08 \ 08 ‘
& e 28 [ ]
. el L . = 04 L = .
S 08 | — — Y
= w Q
T 04} 12 Segtema — , ‘
3 m"&\\ _04| 2
5 © b | 1
é i o I i 1
: 04 T
= ) 0 EEEEEEEEN
= € )
25508 \ RO T e el !
= o, || eV
= Small model in 16'TT
i - ek Small model in 8'TT(ref. 7) -
- L— — — —Large model in I6'T T (ref.8) |
_16 = B
|
0816 == 08
‘&\ﬂ 32l _
04 % 04 Py
\\ O i
0 |8 ] X
\\\ \
-04 k -04 b
-08 Ry -08 —
12! L | 2 | | 1 [ T
5 6 i BEG O Il |2 D6 T 8 i) 10 LI 2
Mach number | M Mach number, M

Figure 8.- Variation of pitching-moment coefficient with Mach number for
the wing-fuselage configurations. (Single flagged symbols indicate
data from small model in the Langley 8-foot transonic tunnel; cross-
flagged symbols indicate data from the large model in the Langley
16-foot transonic tunnel.)




Lift coefficient, Cp

16'TT
TR )
s
¢ & 107 107 1
| ol — 04 -
] ; N e P I.O4<
0 e b 0t M=107 g > 104 0 V=107 4z >
M=107 Rl te el B _ A ¢ 102
o R P 104 oLM-104 102 o K04 L =N
M= 104 /\j#—L/ e % ] - 10l
1102 0 T il =
0 [J e 0 O M=102 — 10! T oMH02 12 r
M=102 . I gL 4 _P099
1 — 1O o T f | = -
Op—T—F e ~ OIv=1o1 3 0|M-10Lp—
M=10] z - © 099 S | i 094
N | —I ‘O ,/\‘g/ r= 5 ;
ol L — 2099 2 ol | S 0M-092 ‘ :
M=099 | S| M=099 1094 5 o .090
o
5 . | —
O SR T eunly : o= N o o M=094 | b ’
M-0.94 | g |M-094 © 0.90 £ b 060
(a2 = [
p 4L | 311090 g e L & N0%0) o
M=090 M=090 o 060
oo 060 R M=060,
e )—a—"‘*b’J L
0 OIM-060 O
M=060 ,/ SNAGA |
= ] ] -04 e
AR o T SN N A T VI TR R e L A e BRea e e

Angle of attack,a,deg.

Angle of attack,e,deg. Angle of attack,a,deg.

Figure 9.- Variation with angle of attack of force and moment charac-
teristics of the small fuselage-alone model. (Plain symbols indicate
data for model in the Langley 16-foot transonic tunnel; flagged symbols
indicate data for model in the Langley 8-foot transonic tunnel.)
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Mach number , M

Figure 10.- Variation with Mach number of the force and moment charac-
teristics of the small fuselage. (Flagged symbols indicate data for
model in the Langley 8-foot transonic tunnel.)
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(a) Wing-fuselage combination.

Figure 11.- Variation of base pressure coefficients with Mach number for
the fuselage and the wing-fuselage configurations of the small model.
(Plain symbols indicate data for model in the Langley 16-foot tran-

sonic tunnel; flagged symbols indicate data for model in the Langley
-foot transonic tunnel.)
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Base pressure coefficient, Py
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Mach number, M

(b) Fuselage alone.

Figure 11.- Concluded.
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(b) M = 0.98. i

Figure 12.- Shadowgraph pictures of the small wing-fuselage configuration
5 tested in the Langley 16-foot transonic tunnel at several Mach numbers.
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(C) M =1.00.
L-77091

Figure 12.- Continued. -
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(d) M = 1.01.

Figure 12.- Continued.
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(e) M = 1.03.

Figure 12.- Continued.
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(£) M = 1.045.

Figure 12.- Concluded.
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(a) M = 0.99.

() M = 1.00.

Figure 13.- Shadowgraph pictures of the small fuselage-alone configuration
tested in the Langley 16-foot transonic tunnel at several Mach numbers.
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(c) M = 1.01.

(d) M = 1.02. AR~

Figure 13.- Continued.
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(e) M = 1.0k.

Figure 13.- Continued.
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NACA-Langley

(f) M = 1.07.

Figure 13.- Concluded.
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