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FOREWORD 

The work reported herein was done at the request of the Air Force 
Office of Scientific Research (AFOSR), Air Force Systems Command 
(AFSC),  for Aerospace Research Associates,  West Covina,  California, 
under Program Element 6144501F,  Project 9781. 

The results of tests presented were obtained by ARO,  Inc.  (a sub- 
sidiary of Sverdrup &. Parcel and Associates, Inc.),  contract operator 
of the Arnold Engineering Development Center (AEDC),  AFSC,  Arnold 
Air Force Station,  Tennessee, under Contract F40600-69-C-0001.   The 
test program was conducted from August 20 through 28,   1968,  under 
ARO Project No. VT0864,  and the manuscript was submitted for publi- 
cation on October 16,   1968. 

Information in this report is embargoed under the Department of 
State International Traffic in Arms Regulations.    This report may be 
released to foreign governments by departments or agencies of the 
U. S. Government subject to approval of the Air Force Office of Scien- 
tific Research (SREM),  or higher authority within the Department of 
the Air Force.    Private individuals or firms require a Department of 
State export license. 

This technical report has been reviewed and is approved. 

Eugene C. Fletcher Roy R.  Croy,  Jr. 
Lt Colonel,  USAF Colonel,  USAF 
AF Representative,  VKF Director of Test 
Directorate of Test 
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ABSTRACT 

Tests were conducted in the 40-in.  supersonic wind tunnel of the 
von Karman Gas Dynamics Facility on a 70-deg-sweep delta wing.   A 
gap between the leading edge and main body was varied from a sealed 
condition to a nominal 0. 030-in.  opening for three leading edges of 
various camber.    The aerodynamic characteristics of these configura- 
tions were obtained at Mach numbers 1. 5,  2. 0,  and 3. 0 at angles of 
attack from -12 to 12 deg and Reynolds numbers,  based on the 10-in. 
model root chord, from 1. 3 x 106 to 6. 0 x 106.    Results are presented 
showing the variation in lift/drag for various combinations of gap width 
and leading-edge camber. 
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SECTION I 
INTRODUCTION 

Static force tests were conducted in the 40-in.  supersonic tunnel 
(Gas Dynamic Wind Tunnel,  Supersonic (A)) of the von Karman Gas 
Dynamics Facility (VKF) to investigate the effects of gap width and 
leading-edge camber on the lift and drag of a delta wing model.    The 
three leading-edge configurations,  cambered 0,  7,  and 11 deg, were 
tested with nominal gap widths of 0,  0. 010,  0. 020,  and 0. 030 in. 

Data were obtained at nominal Mach numbers of 1.5,  2. 0,  and 
3. 0 at Reynolds numbers,  based on wing root chord,  of 1. 3 x 106 to 
6. 0 x 106.    The angle of attack was varied from -12 to 12 deg. 

SECTION II 
APPARATUS 

2.1 WIND TUNNEL 

Tunnel A is a continuous,  closed-circuit,  variable density wind 
tunnel with an automatically driven flexible plate-type nozzle and a 
40- by 40-in. test section.    The tunnel can be operated at Mach num- 
bers from 1. 5 to 6 at maximum stagnation pressures from 29 to 200 
psia,  respectively,   and stagnation temperatures up to 750°R (M,,, = 6). 
Minimum operating pressures range from about one-tenth to one- 
twentieth of the maximum pressures.    A description of the tunnel and 
airflow calibration information may be found in Ref.   1. 

2.2 MODEL 

The model was a 70-deg-sweep delta wing with a 10-deg included 
thickness angle (angle between upper and lower surfaces in a longitu- 
dinal cross section) and a 10. 00-im centerline chord length.    Photo- 
graphs of the model basic configuration (zero camber leading edge, 
gap sealed),  installed in Tunnel A and of the model with the three lead- 
ing edges are presented in Figs,  la and b (Appendix I),  respectively. 
The three leading edges were cambered 0-,  7-,  and 11-deg in a plane 
parallel to the free-stream flow (see Fig.  2).    The gap between the 
main body and the leading edge,  w,  was measured normal to the 
centerbody-leading edge junction as shown in Fig.  2. 
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It should be noted that the gap was not uniform (maximum deviation 
from nominal value was ±0. 010 in.) along the leading edge.    An epoxy 
was used to seal the gap for the sealed gap configurations.    Also, the 
leading edge was thicker than the centerbody at their junction,  and a 
discontinuity (0. 006 to 0. 025 in. ) existed in the model surface contour. 
A summary of the configurations tested is given in Table I (Appendix II). 

2.3  INSTRUMENTATION 

Model force measurements were made with a six-component, 
moment-type,   strain-gage balance supplied and calibrated by VKF. 
Before the tests, loading in a single plane, that is,  normal force or 
axial force only,  and combined static loadings,  that is,  normal and. 
axial force together,  were applied to the balance which simulated the 
range of model loadings anticipated for the test.    The range of uncer- 
tainties listed below corresponds to the difference between the applied 
loads and the values calculated with the balance equations used in the 
final data reduction.    The minimum uncertainties are for loadings on 
the particular component only (i. e.,  no combined loading effects),  and 
the maximum uncertainties are for combined loading conditions. 

Balance Design Static 
Component Load Loading Uncertainties 

Normal force,  lb 200 ±10 to ±80 ±0. 07 to ±0. 10 
Axial force, lb 50 3 to 15 ±0. 04 to ±0. 05 

Model base pressures were measured with 15-psid transducers which 
were calibrated for ranges of 1,   5,  and 15 psia and are considered accu- 
rate to within 0. 3 percent of full scale of the range being used for meas- 
urement.    The tunnel sector angle of attack is considered accurate to 
within ±0. 1 deg,  and the centerline flow uniformity is within ±0. 5 percent 
in Mach number. 

SECTION III 
RESULTS AND DISCUSSION 

Lift and drag coefficients and the lift-to-drag ratio of the basic con- 
figuration are compared with computed theoretical values in Fig.  3.    The 
lift coefficients are compared with conical flow theory (Ref.   2) and coni- 
cal flow theory including vortex lift (Ref.  3) in Fig.  3a.    The vortex lift 
theory applies only in the case of subsonic leading edges which for this 
model occurred at Mach numbers 1. 5 and 2. 0.    Conical flow theory pre- 
dicts the initial slope of the lift curve at all Mach numbers.    Inclusion of 
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vortex lift indicates the trend of the nonlinearity of the lift curve in 
the subsonic leading edge case but tends to overestimate the magnitude 
for this configuration. 

The drag coefficients are compared in Fig.   3b with calculated 
values which are the sum of zero angle-of-attack pressure drag (Ref.  2), 
zero angle-of-attack laminar (Ref. 4) or turbulent (Ref.  5) skin-friction 
drag,   and induced drag (product of CL and the angle of attack in radians, 
where Cj^ is computed from Ref.  2).    The experimental values generally 
fall between the laminar and turbulent curves,   indicating that boundary- 
layer transition occurred on the model at this Reynolds number. 

Experimental and estimated lift-to-drag ratios are compared in 
Fig.   3c.    Lift was calculated from conical flow theory (see Fig.   3a),  and 
the drag values are for laminar or turbulent boundary layers (see Fig.  3b). 
It is considered simply fortuitous that the experimental data at M„, = 1.5 
agree so well with the laminar L/D curve since these data should be 
closer to the turbulent curve than the data at the higher Mach numbers.   As 
can be readily observed,  the theoretical maximum L/D is very sensitive 
to the condition of the model boundary layer. 

Leading-edge camber effects on lift,   drag,  and lift-to-drag ratios are 
presented in Fig.  4.    The lift (Fig. 4a) and drag (Fig.  4b) decreased with 
increasing camber in such a manner that the lift-to-drag ratio (Fig.   4c) 
tended to increase with camber at or above a at (L/D)max. 

The change in the maximum lift-to-drag ratio with camber is sum- 
marized in Fig.  5.    Maximum lift-to-drag ratio increased between 0- 
and 7-deg camber when the leading edges were subsonic (M,,, = 1.5 and 
2.0),  then decreased between 7 and 11 deg.    The supersonic leading-edge 
case (M^ = 3. 0) produced a reduction in (L/D)max with increasing cam- 
ber.    The angle of attack at which the lift-to-drag ratio was a maximum 
increased with increasing camber angle. 

A small decrease in lift and increase in drag were observed for in- 
creasing gap width,  producing the reduction in the lift-to-drag ratios 
presented in Fig.  6.    Variations in the lift-to-drag ratios as a function 
of a for two gap widths and a summary of the lift-to-drag ratio versus 
gap width illustrate this reduction with gap width in Figs.   6a and b,   re- 
spectively.    The angle of attack for maximum lift-to-drag ratio did not 
vary appreciably with the change in gap width. 
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a.   Basic Configuration (Zero Camber,   Gap Sealed) Installed in Tunnel A 

Fig. 1    Model Photographs 
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Conical Flow Theory with 
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Fig. 3  Comparison of Theoretical and Experimental Results for Zero Camber   Leading Edge, 
Gap Sealed (Rej   = 3.4  x   106) 
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a.   Lift Coefficient 

Fig. 4   Effect of Camber  on Wing Aerodynamic Loads, Gap Sealed 
(Reg   = 3.4 x 106) 
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TABLE 1 

TEST SUMMARY 

Configuration 
Angle of Attack, 

a,  deg 
Rei x 10" 6 

Leading-Edge Gap,  w, 00 

Camber, 9C, deg in. 

*0 *0 -2 to 12 1. 5 and 3. 4 1.5 
0 3. 4 2.0 
0 1 3.0 

0. 005 | 1. 5 
0.005 3.4 2.0 
0. 005 Varied 1.3 to 6.0 3.0 
0.010 3.4 1.5 
0.010 3.4 2.0 
0.010 3.4 3.0 
0.020     . 1.5 and 3. 4 1.5 
0.020"' 3.4 2.0 
0.020 

•\ 
3.0 

0.030 1.5 
0.030 '• 2.0 

0 0.030 3. 0 
7 0 "~ 1.5 

■ 0 3.4 2.0 
0 1.5,   3.4,  4.8 3.0 

0.010 , 3.4 1.5 
0.010 ' 2.0 
0.010 
0.020 
0.020 
0.020 
0.030 
0.030 ■ 

3. 0 
1.5 
2.0 
3.0 
1.5 
2. 0 

7 0. 030 ■ -2 to 12 3.0 
11 0 -10 to 12 1.5 

0 -12 to 12 2.0 
0 -12 to 12 3.0 

0.010 -2 to 12 1.5 
0.010 - 2 to 12 2.0 
0.010 -2 to 12 3. 0 
0.020 -10 to 12 1.5 
0.020 -12 to 12 2.0 
0.020 -12 to 12 3. 0 

1 0.030 -2 to 12 3.4 3.0 

Basic Configuration 
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