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SUMMARY

Wind tunnel force and pressure tests have been conducted
for the GA(W)-1 airfoil equipped with a 20% aileron, and pres-
sure tests have been conducted with a 30% Fowler flap. All
tests were conducted at a Reynolds number of 2.2 x 106 and a
Mach number of 0.13. The aileron provides control effective-
ness similar to ailerons applied to more conventional airfoils.
Effects of aileron gaps from 0% to 2% chord were evaluated, as
well as hinge moment characteristics. The aft camber of the
GA(W)-1 section results in a substantial up-aileron moment,
but the hinge moments associated with aileron deflection are
similar to other configurations.

Fowler flap pressure distributions indicate that unsepa-
rated flow is achieved for flap settings up to 40°, over a
limited angle of attack range Theoretical pressure distri-
butions compare favorably with experiment for low flap deflec-

tions, but show substantial errors at large deflections.
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INTRODUCTION

The high performance possible with the new GA(W)-l1 airfoil
and airfoil-flap combinations has been reported earlier (Refs.
1,2,3). The present report documents force and pressure tests
of the airfoil fitted with a 20% aileron, and pressure studies
of the airfoil with a 30% Fowler flap.

All experimental tests reported herein were conducted in

the Walter Beech Memorial Wind Tunnel at Wichita State University.

SYMBOLS

The force and moment data have been referred to the .25c lo-
cation on the flap-nested airfoil. Dimensional quantities are
given in both International (SI) Units and U.S. Customary Units.
Measurements were made in U.S. Customary Units. Conversion fac-
tors between the various units may be found in reference 4. The

symbols used in the present report are defined as follows:

c Airfoil reference chord (flap-nested)

Airfoil section drag coefficient, section drag/

c
d (dynamic pressure x chord)

Ce Flap chord

cy Control surface hinge moment coefficient, section moment/
(dynamic pressure x control surface reference chord?)
cQ Airfoil section lift coefficient, section lift/{(dynamic

pressure x chordj

c Airfoil section pitching moment coefficient with respect
to the .25c¢c location, section moment/(dynamic pressure
x chord?)

c Airfoil or flap normal force coefficient, section normal
force/ (dynamic pressure x chord)

cp Coefficient of pressure, (p-p_)/dynamic pressure
Qc Cove length

P Static pressure

X Coordinate parallel to airfoil chord

Coordinate normal to airfoil chord

N

Angle of attack, degrees

Increment

o > R

Rotation of surface from nested position, degrees



Subscripts:

Aileron
f Flap
P Pivot

8

Remote free-stream value

APPARATUS AND TEST METHODS
Model Description

The GA(W)-1 airfoil is a 17% maximum thickness section devel-
oped at the NASA Langley Research Center (Ref. 1). For tests in
the WSU two-dimensional facility, models are sized with a 91.4 cm
(36 inch) span and 61.0 cm (24 inch) chord. The forward section
of the model was fabricated from laminated manogany bonded to a
2.5 cm x 34.8 cm (1l inch x 13.7 inch) aluminum spar. Wing trail-
ing sections to match each flap and aileron were fabricated from
solid aluminum as were the flaps and ailerons. Airfeoil and flap
or aileron are mounted on 107 cm (42 inch) diameter end plates.

A set of external brackets permit positioning of flap or aileron
without disturbing the flow over the model. Models are fitted
with flush tubes for static pressure surveys. Geometric contour
details are given in figure 1.

As shown, the 20% aileron model has inserts toc permit tests
with leading edge gaps of 2%, 1%, and 0.5% chord. Tests were made
with zero gap by sealing the slot with cloth-backed adhesive tape
applied to the airfoil lower surface.

The Fowler flap has 30% chord with full Fowler action possible
as shown in figure 1l(b). The force characteristics and optimization
of this airfoil-flap combination have been reported in reference 2.
Performance with spoilers has been reported in references 3 and 5.
The purpose of the present research is to provide surface pressure
distribution and flap loads information for optimum flap settings.

All tests were conducted with transition fixed by 2.5 mm
(0.10 inch) wide strips of #80 carborundum grit located at 5%

chord on upper and lower surfaces.

Instrumentation
Pressure studies are conducted by multiplexing as many as 96

pressure ports through four pressure transducers by means of a set



of pressure scanning switches. The tunnel is equipped with a
semi-automated data system which converts analog force and pres-
sure output signals to digital form, and records the data on
punch cards. Computational analysis and computer graphics are
done through the University Digital Computing Center.
Test Procedure

All tests were conducted at a Reynolds number of 2.2 x 106
and Mach number of 0.13. Lift, drag and pitching moment data
are obtained by direct load cell measurements from the tunnel
main balance. Drag data are corrected for end plate tare drag
based upon wake survey drag measurements conducted with the un-

flapped airfoil.

Wind Tunnel
The WSU Walter Beech Tunnel is a closed return tunnel with
atmospheric test section static pressure. The test section with
two-dimensional inserts is 0.91 m x 2.13 m (3 feet x 7 feet).
Complete description of the insert and calibration details are

given in reference 6.

TEST RESULTS

Force Tests with 20% Aileron

Results of three-component force measurements are shown in
figures 2 through 4 for 0%, 0.5%, 1% and 2% aileron gaps. Cross-
plots of important incremental effects of aileron deflection are
shown in figures 5 through 7.

These data show that the aileron provides positive control
response for deflections from -60° to +60° throughout the angle
of attack range prior to stall.

From the C, VS. alpha curves, it 1s observed that down aile-
ron results in early stalling, and conversely for up aileron. This
means that control reversal occurs at post-stall angles of attack.
While this is not a desirable characteristic, it is typical aileron
behavior, and is not peculiar to the GA(W)-1l airfoil.

Pitching moment data reflect a nose-down tendency for downward

aileron deflections. Drag data reflect a tendency toward greater



drag increase for down aileron than for up aileron. This drag
difference will produce adverse yawing moments on a finite span
wing. It must be remembered, however, that the principal contri-
bution to aileron adverse yaw is induced drag.

Effects of aileron slot gap opening are illustrated by com-
paring the various figures. Figures 5(a) through 5(d) show that
opening the gap from 0% to 2.0% results in only very slight de-
gradation of control authority. Close examination of figures
3(a) through 3(d) shows that the most significant effect of gap
opening is to increase the basic section drag with zero aileron
deflection. This effect becomes more pronounced as lift coeffi-
cient is increased. Gaps of 0.5% and 1% actually increase o max
slightly, evidently as a result of the boundary layer energization
provided. A gap of 0.5% would seem to be a good compromise, pro-

viding adequate clearance with minimal penalty.

Pressure Tests with 20% Aileron

Pressure surveys were conducted for -10° to +10° aileron with
zero gap to determine whether gap sealing had any significant in-
fluence (figure 8). Because of the extensive time required to ob-
taln pressure data, complete pressure surveys were conducted only
for the 0.5% gap configuration (figure 9). Comparison of figures
8 and 9 shows that the gap has little effect on overall pressure
distributions.

Aileron hinge moment data with respect to the 80% chord hinge-
line location were obtained by numerical integration of the surface
pressure data. Results of this analysis are shown in figure 10.

The data show that the hinge moment variation is nearly linear with
aileron deflection. The 0.5% gap has negligible effect on hinge mo-
ment. The aileron is subjected to large up-aileron moments with
zero deflection at high angles of attack. This is attributed to the
relatively large camber near the trailing edge which characterizes
the GA(W)-1 airfoil section.

Pressure Tests with 30% Fowler Flap
Optimum settings for the 30% Fowler flap were determined from

force tests reported earlier (Ref. 2). Subsequent to those tests,



a slightly modified 40° flap setting was developed to simplify

flap track design. The ¢, vs. o performance with original and

modified flap settings iszessentially the same, as shown in fig-
ure 11. The pressure data presented here were obtained with the
modified setting for 40° flap, and original settings for all
other flap deflections. Experimental pressure distributions are
presented in figure 12.

The flap cove on this model has a fairly abrupt entry. Theo-
retical analysis of the airfoil-flap combination (using the method
of reference 7) with the true cove shape invariably results in a
computer prediction of flow separation at the cove entry. It was
experimentally observed that the flow does separate in the region,
but reattachment occurs ahead of the slot exit. Since the present
theoretical techniques do not account for flow reattachment, it was
decided that the effective airfoil contour should be modified in
the cove region to approximate the separation and reattachment.
Figure 13 compares results of analyses using three cove contours
with an experimental pressure distribution for 30° flap at 10.3°
angle of attack.

Based upon these results, a decision was made to approximate
the effective shape of the free streamline within the cove by a
straight line from the cove entrance to the 75% assumed reattach-
ment location. It is seen that this modification results in con-
siderable improvement in the prediction of pressures near the air-
foil trailing edge. Two additional difficulties arise in utiliz-
ing the theoretical computing routine. First, the computational
program may indicate flow separation. If separation is present
at 0.95c or further aft, little change in pressure distribution is
expected, and the program results are probably valid. However, if
a substantial region of separation is present, large changes in
pressures are expected. Calculation of separated flow cases is
beyond the capability of the present computer program, and there-
fore computer-predicted pressure distributions are probably in-
valid for these cases.

The second computational difficulty involves analysis of the

confluence of the flap and airfoil boundary layers. In a number



of cases the program prints a "confluent boundary layer error"
message, indicating that slot flow velocity and outer flow velo-
city are not within limits specified in the program. No means
for obtaining proper convergence for these cases are presently
provided by the program.

Figures 14 through 17 compare theoretical pressure distri-
butions with experimental distributions for a number of cases.
Normal force coefficients for airfoil and flap obtained from in-
tegration of surface pressures are also compared with theory in
these figures. The agreement is generally quite good for flap
deflections up to 30° and angles of attack below stall. For 40°
flap, the theory consistently over-predicts the flap upper sur-
face pressures, indicating that the flap boundary layer is thick-
er than the theoretical prediction.

Unfortunately predictions of separation are inconsistent,

and frequent confluent boundary layer errors were encountered.

CONCLUSIONS

l. Force and pressure tests have shown that aileron charac-
teristics for the GA(W)-1l airfoil are not unlike airfoils with
more conventional camber and thickness distributions. The air-
foil provides excellent aileron control effectiveness.

2. Hinge moment characteristics of an aileron applied to
the GA(W)-1 airfoil are reasonably linear and of expected magni-
tudes. The airfoil aft camber inherent to this section does re-
sult in rather large up-aileron moments, particularly at large
angles of attack.

3. Pressure distributions for a 30% Fowler flap applied to
the GA(W)-1 airfoil indicate that with proper gap and overlap,
attached flow can be provided for flap deflections up to 40°, at
least for a limited angle of attack range. Present viscous flow
computational modeling is inadequate for many practical flap cove
designs in which flow separation and reattachment occur.
Aeronautical Engineering Department
Wichita State University

Wichita, Kansas 67208
August 1976
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.005¢c =~

20%c Aileron Coordinates

Upper Surface Lower Surface
xa/c za/c xa/c za/c
.000 .01960 .000 .01960
.005 .03750 .005 .00375
017 .05000 .017 -.01040
.035 .05286 .035 -.01600
.060 .04646 .060 -.01200
.085 .03988 .085 -.00860
.110 03315 .110 -.00580
.135 .02639 .135 -.00360
.160 .01961 .160 -.00250
.185 .01287 .185 -.00260
.210 .00609 .210 -.00400
.235 -.00070 .235 -.00800

L.E. Radius = 0.03443c

(a) 20% Aileron.
Figure 1 - Model Geometry.

3



*deTi92a0 pue deb jo SUOT3TUT3Ia(Qg -papnIouo) 1 @anbtyg

-de1d xa1mod 30¢ (9)

dep 3015 ——7, 00800° - oog- SEv00 - -
00v00° - SLT” 00700°
\.\w 09200 -  0GZ° 0€500°
abp3 butryrea) R 0600 " - sZT” 0S600°
3, 2V1T pIouS Busn oud 08S00° -  SL1 050"

uo “ogz° © sT 3uTod 30AT 1930 = - £
GgZ°0 3 T JUT 30ATd JION 09600 " - 0cT* 07870 "
00210~ GZT” 066T0°
000° 0€0” 290" 90¢ " o 0F 00910 " - 001" 00670 "
7¢0” szo- 860" 08¢ o0€ C7020° - cLo” 0€910°
LY0" GZo° 050" 9G6T* o0¢ 0ovC0° - gce” coTIC”
TL0° YAV 9%0 " AN 00T 0%6C0° - sZ0* 05200 °
00gE"0 0°0 0°0 0°0 o0 6z61I0" -~ 0co- 0726706 °
o/deTI92A0 o/deb U\QN U\ox w@ U\MN U\wx U\um
SUOT3ED0T JUTOd 30ATd deTld 20vIANS JaMmOT 20r3I0nS

ﬁlfmm~uw>o 307§ OZZTI0"0 = sniped

BIC OS]

eoe”
SLZ”
0ce”

)
M
i

L
{
¢

DD
Y~ QO
4 -t

Y~ D C) T
{
.

O«

RERRENG B e i S0 |
N
DO D -

[N



..................

.....

8

SYM

S
_O°

5o
10°
15°
20°
30°
40°
50°
60°

_omoambooo

........

Flagged Symbols Denote Aileron Up

PN EEEET TS SRR OSSP
i SR SRS SERRE BN

0% Gap.

N
- r=x

Figure 2 - Lift with 20% Aileron.

10



Flagged Symbols Denote Aileron Up

|%

.005c Ga

A

/.

v T T

11



Cormnt T

.035c -

.0lc Gap -+«

Flagged S

o

%a

5o

10°
20°
40°
60°

|

ymbols Denote Aileron Up

,. :jL“‘:{”,, .

]

{c)

Figure 2 - Continued.

1% Gap.

12

|
|

~
\



!

vvvvv

Flagged Symbols Denote Aileron Up

2% Gap.

(
- Figure 2 - Concluded.

)

d

.02c Gap

13



SYM

D ODDFOO0)

10°
15¢°
20°
30°
40°
50°
60°

I )

\.’%\’
i
R S
!
|

PR DI S

(a)

Figure 3 - Drag with 20% Ail

0% Gap.

14

1 1 [

eron.

i
i
SN Y SE—
|
i
i




...................

......

..........

,,,,,

. iy
.......

© (b

0.5% Gap.

15



: : : J | :
0 J : : i f
M [SENSIRES CRUUR SRS SERRE S | : ; |
; I [ BE I
| T

Figure 3 - Continued.
16




‘ i () 2% Gap.
Figure 3 - Concluded.
17




.....

.......

wn
ot
=<
e

5o

10°
15°

20°
30°

40°
50°
60°

0 ODDP>OLO)]
|

R

P

ne

......

(a)

0% Gap.

18




.035c

.005¢c Gap -

T
i
'

il
5

N

3l
r73r-’~m(

dlr

X%

[+ f Lol Ll o
'-—C L_,_O;_ .......... b
S $a f : +-—1 :
0e° ‘, | R SRS VRN SUUN UOR
5- & _ E
10° A O O O O O T 0
15° | ‘ i : .

D ODOF>ON0| &

20°
30°
40°
50°
60°

4
\
>

L] b A NN (N - A IR AN S i
9 | 0 ijo | 2l
, ! 1 :

B U —
= 3 -
=9 T
: R a1 I 1
i R Bles {t}
] 1

'*iﬂf

19

‘ | (b) 0.5% Gap. — B vi j
“7 Pigure 4 - Continued. E - i




.035c

g

!

.0lc Gap =+

)\\.”LCY e
Coronn Te—f e

20

+ I — T Aileron Down
i k_i:m . R ._v?':t‘j.:' SR J N f ~ _ * o l o
: - (c) 1% Gap. , ]‘
, Figure 4 - Continued. | | ‘ |




Vi

- (d)

Figure 4

i

b

-

2% Gap.
- Concluded.

21




POy SPeSd o

yive
[Sae Snoye

Figure 5 -

Aileron Effective
22

ness.



,,,,,,,,,,

PR S ER

,,,,,,,,,

““““““

.........

0.5% Gap. i
2l pigure 5 - Continued.

)

b

(

......

.....

......

IRRDRREY N

23



Continued.

4

2

Figure 5 -




Concluded.

2% Gap.

)

(d

Figure 5 -




............ Hi 0% Gap.

- Figure 6 - Aileron Effects on Drag.

26




d.

inue

-

Cont

|
N

6

.005c Gap
igure

F

27



{ : §

1
[PTONES Sy

: : IEERES - ; . ;
B ! : ! : : : ! :
SN SRS SUASt ;A;_;;:}A_,,,-,v.!,,M,:,,..}._A,;_.A. RS DO PSSR0 ST LSS SN NN
: : : :
! R : |
|

: (c) 1% Gap.
Figure 6 - Continued.

28




2% Gap.

)

Figure 6 ~ Concluded.

(

29



R
A (a) 0% Gap' J i "A14~

30

Figure 7 - Aileron Effects on Moment.




.....................................

Figure 7 - Continued. Bk

e !
i

......

B

,_ M R 1
_ [ i T E :
i ,,le_::«il — d;L,A S Aty auEIt annat EEEes sk baves SARHS SErerion
e 12 e
J po 1 NS I E
l+t 4%14. R ianl Sass sl e e s e et ¥
: N i e
e T T
o i BE :

31



e

P
e

Figure 7 - Continued.

RIS

T

.....

yuunt
1

fg? fas
I
HH

THT
Bt

32



=)

+6
a

(d)

Figure 7 - Concluded

33

T

2% Gap.

.......




-8-00 1t SYMBOL  ALFPHA
. -8°
x o°
> 162
-7.00 v 20
-6-00
Flagged Symbols Denote Lower Surface Pressures

(a) -10° Aileron, Large «'s.
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Figure 8 - Continued.
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Figure 17 ~ continued
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