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1. INTRODUCTION

In this report, some results in a wind tunnel testing program
to investigate the ground effect associated with low-aspect-ratio
aircraft during the landing takeoff operation will be presented. In
this reporting period (September 16, 1985 - March 15, 1986) the main
research activity was wing tunnel testing on two aircraft models and
one delta wing model in a 3 x 4.3 foot low-speed wind tunnel at the
University of Kansas.

The tasks in this reporting period were as follows:

1. Planning the test program

2. Checking the KU wind tunnel facility

3. F-106 model design and manufacture

4. F-106 static ground effect testing

5. Analysis of F-106 test data

6. 60-degree delta wing testing

7. Analysis of 60-degree delta wing test data

8. XB-70-1 model design and manufacture

9. XB-70-1 static ground effect testing

10. Analysis of XB-70-1 test data

11. Testing of a 60-degree delta wing in the Vortex Research

Facility at Langley Research Center.




2. TEST FACILITY AND MODELS

These experimental studies were conducted to determine the
longitudinal force and moment aerodynamic coefficients for a 1/48-
scale model of an F-106 airplane and a 0.0l-scale model of an
XB~70-1 airplane. The two airplanes and one 60-degree delta wing
models (see Figures 1, 2, and 3) were designed and fabricated to
satisfy the specific test conditions of the KU wind tunnel with a 3
X 4.3 foot test section. The models were mounted at the front edge
of the balance sting support (see Figure 4) which includes three
strain gages to measure the lift, drag, and pitching moment of the
airplane models. The static ground-effect tests were conducted in
the wind tunnel by the ground-board methods (see Figure 5). Tests
were made with a ground height varying from H/b = 1.6 to a low
ground-board height, which depended on the model span length and the
angle of attack. Before each run, the angle of attack was preset
within a range from 0° to 34°. Based on the wing mean aerodynamic
chord, the test Reynolds number was approximately 500,000 for the F-
106 model and 750,000 for the XB-70-1 model. Several tests were
made with the wing flap (elevon) deflection at 15° (trailing edge
down) or -30° position. The strain gage signals sampled by the
voltmeter were used along with the calibration factors by the

Hewlett—Packard 9826 microcomputer to determine the lift, drag, and

pitch moment coefficients.




3. PRELIMINARY DATA ANALYSIS

3.1 60-Degree Delta Wing

Lift data in Figure 6! show that the present results are
consistent with Wentz's, except for a > 25 degrees. However, the
lift coefficients measured in the Langley Vortex Research Facility
(VRF) tend to be lower and the drag coefficients tend to be higher
as shown in Figure 6B. Exact reasons for the discrepancy are not

known.

3-2. F—106

The longitudinal characteristics of a clean configuration of
the F-106 out of ground effect are presented in Figures 7. The 1lift
coefficients obtained in the Langley 12-foot tunnel are always lower
than the present results (Figure 7A), although the vortex-breakdown
characteristics appear to be quite similar. In addition, the drag
coefficients are higher (Figure 7B) and the pitching moments are
more positive (Figure 7C) from the 12-foot tunnel. For the latter,
since the slopes of the moment curves for both sets of data are
nearly the same, the discrepancy 1is not caused by the difference in
the coordinates of moment center.

As expected, the wing-body lift is lower than that of the wing
alone (Figure 7A) and the wing—body-drag is higher (Figure 7B).
Although the longitudinal stability of the wing-body configuration,

as evidenced by the reduced moment-1ift slope, is lower than that of




the wing alone, the zero-1lift moment of the former is negative.
This is probably caused by the nose camber of the fuselage.

The static ground effect on longitudinal aerodynamic
characteristics is presented in Figures 8A-8C. As expected, the
1lift is increased and the drag is reduced in ground effect as shown
in Figures 8A and 8B. Longitudinal stability tends to be increased
substantially (Figure 8C).

Comparing the results with flap deflection in and out of ground
effect (Figures 9 and 10) indicates that 1lift is increased as usual
by ground effect. However, at a given CL, DD is not much different
in ground effect (see Figures 9B and 10B) at low CL’ Again, the
longitudinal stability 1is increased by ground effect (Figures 9C and
10C).

In Figure 11, variation of longitudinal characteristics with
ground height is presented at an o of 14 degrees. With a positive
flap angle of 15 degrees, 1lift increases more rapidly (Figure 11A);
and the drag increase is much smaller (Figure 11B) as the ground
height is reduced, when compared with a flap angle of -30 degrees.
On the other hand, the pitching moment becomes much more negative
with a positive flap angle as the ground board is approached.

Finally, the percent increases in 1ift and drag at a = 14
degrees with ground height are presented in Figure 12. Although the
lift increments for flap angles of +15 degrees and -30 degrees are
approximately the same, the change in Cp is much lower with a

positive flap angle, as it was indicated in Figure 11. This is




perhaps because with a positive flap angle, the leading-edge vortex
flow is stronger and the conical camber of the F-106 will produce

the effect of a vortex flap to reduce the drag.

3.3 XB-70-1 Configuration

The longitudinal characteristics of the XB-70-1 with various
ground heights are presented in Figures 13. The lift coefficients
obtained in the present (KU) datas are always higher than the
Langley 7 x 10 foot results (Figure 13A). However, the lift-curve
slope is seen to be in good agreement. In addition, the drag
coefficients are higher (Figure 13B) and the pitching moments are
more positive (Figure 13C) from the 7 x 10 foot tunnel. But the
slopes of the moment curves for both sets of data are nearly the
same.

The static ground effect on longitudinal aerodynamic
characteristics of wing alone, wing-body-vertical-tail, and wing-
body-vertical-tail-canard configurations are presented in Figures
14A-14C, Figures 15A-15C, and Figures 16A-16C, respectively. As
expected, the 1lift is increased in ground effect (Figures 14A, 15A,
and 16A) and the drag is reduced in ground effect at a given C
(Figures 14B, 15B, and 16B). Meanwhile, the longitudinal stability
tends to be increased substantially (Figures 14C, 15C, and 16C).

As expected, the lift and drag of the wing alone and wing-body

configurations (Figures 14A, B; 15A, B; and 16A, B). However, the



canard tends to reduce the longitudinal stability greatly (Figures
14C, 15C, and 16C). Once the lift coefficient reaches

0.6 (a > 12°), the pitch-moment slope relative to the quarter mean
aerodynamic chord shows a trend from a negative to a positive value
(Figure 16C). This variation of the pitch-moment slope indicates
that the XB-70-1 has a longitudinal instability within the high
angle-of-attack region.

Comparing the results with flap deflection in and out of ground
effect (Figures 17 and 18) indicates that 1ift is increased as usual -
by ground effect at low Cj (Figures 17B and 18B). Again, the
longitudinal stability is increased by ground effect (Figures 17C
and 18C).

The longitudinal characteristics and the percent increases in
ground effect are shown in Figure 19 and Figure 20, respectively.
Variation with ground height is presented at an a of 14 degrees.

The 1lift and drag are increased as the ground height is reduced
(Figures 19A, 19B). The pitching moment becomes more negative as
the ground board 1is approached (Figure 19C). In addition, the 1lift
and drag percent increase at a flap angle of -30 degrees is higher
than that at a flap angle of +15 degrees (Figures 20A, 20B).

Figure 21A compares flight and wing tunnel (static) ground-
effect data at an angle of attack of about 9.5 degrees. The general
trend for the increase in 1lift is the same for all three sets of

data. However, there is considerable disparity in the magnitudes of

the results.
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COEFFICIENT OF LIFT

Symb.  H/b WIND TUNNEL - f¢.
A 1.27 K.Uu. - 3 x 4.3
a 0.4 K.U. - 3 x 4.3
O 0.938 Langley - 7 x 10
v 0.266 Langley - 7 x 10
a0 RN = 750,000
1.4 ¢ /D\:'
o <
1.2 + /A -
P~
1 -
.8 -
e 18 28 30
RLPHA

Figure 13A:

CL VS ALPHA

Comparison of Some Static Ground Effect

Data for the XB-70-1

Configuration from the

KU and Langley 7 x 10 Tunnels
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Symb. H/b
A 1.27
a 0.4
() 0.938
v 0.266

A0 RN =

WIND TUNNEL - ft.

K.U. - 3 x 4.3
K.U. - 3 x 4.3
Langley - 7 x 10
Langley - 7 x 10

750,000

&
5

é
5

COEFFICIENT OF PITCHING MOMENT,CM(1/43 % 10~3

CM(1,/4) VS CL

Figure 13C: Comparison of Some Static Ground Effect
Data for the XB-70-1 Configuration from
the KU and Langley 7 x 10 Tunnels
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CONF. Hsb

A WB¥V 1,27
0O KBV 8.4

RN = 750,000

4 8 12 18 28 24 28 32 36

ALPHA
CL VS RLPHRA

Figure 15A: Longitudinal Aerodynamic Characteristics
for an XB-70-1 Model (W + B + V) in Static

Ground Effect
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1.

1

CL

4r

.2'

CONF. Hsb

a REBHVHC .27
A WBHVHC 8.4

RN = 750,000

Figure 16A:

12 16 28 24 28 32
HLPHH_
CL VS ALPHR

Longitudinal Aerodynamic Characteristics
for an XB-70-1 Model (W + B + V + C) in
Static Ground Effect
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COEFFICIENT OF LIFT

/ﬁa\o
A— A
0
SYM 5
A 30 Degrees
O O Degrees
O 15 Degrees
RN = 750,000
0
k.l .2 .3 4 .5 .8 o? .8 .8 1
COEFFICIENT OF DRAG
LL vse c¢cb
Figure 18B: Longitudinal Aerodynamic Characteristics

for an XB-70-1 Model (W + B + V + C) with
Flap Deflections in Static Ground Effect.
H/b = 0.4.
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A -30 Degrees

O 0 Degrees
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- T Q 15 Degrees
N - 08T RN = 750,000
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5 COEFFICIENT OF LIFT
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Pigure 18C: Longitudinal Aerodynamic Characteristics

for an XB-70-1 Model (W + B + V + C) with
Flap Deflections in Static Ground Effect.
H/b = 0.4.
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1.2
Symb. a - deg.
\ A 0.98 K.U. - 3'x 4.3
[ a 0.93 Langley - 7' x 10’
O 0.93 Flight @ a=Const.
. in Approach
0
.3 ™ 0
0
£
\ .8 o
s =
0
: A
'\ 0
.4 o u
0
b 0 A
0 \
.2 o 0
l}000~_u
e 4 8 12 18 28 a4 28 32

Figure 21:

% INCRERSE IN CL
H/h ve ACL%

Comparison of Ground Effect Data for the
XB-70-1 Configuration from Flight Test and
Wind-Tunnel Static Test at a« ~ 9.5 Degrees
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