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DEPARTMENT OF DEFENCE
DEFENCE SCIENCE AND TECHNOLOGY ORGANISATION
AERONAUTICAL RESEARCH LABORATORIES

Aerodynamics Technical Memorandum 356

AN EXPERIMENTAL INVESTIGATION OF THE AERODYNAMIC EFFECTS OF
FORWARD FACING WEDGES ON THE UPPER SURFACE AND LEADING EDGE
OF AN AEROFOIL, WITH EMPHASIS AT HIGH ANGLES OF ATTACK

by

A.P. BROWN

SUMMARY

A NACA 64-106 aerofoil model has been wind tunnel tested with
forward facing wedges at the leading edge and upper surface at the mid-
chord position. Of particular interest is their effect on low speed,
high incidence aerofoil aerodynamics. The majority of tests were
conducted at Mach 0.2 (corresponding to a chord Reynolds number of
0.57 x 106) over the incidence range -10 to +20 degrees. The upper
surface wedges increased drag by over 100% and reduced lift by omnly
102 at moderate lift coefficients, delayed the stall by about 2° and
maintained C . The leading edge wedges with a 2% chord slot under
them on the ogﬁer hand increased CL by between 11 and 17X (depending
on wedge size and deflection), had little effect on C_ (for a wedge
deflection from the aerofoil surface of zero degrees) and markedly
reduced variations in pitching moment prior .to and following stall.

(:) COMMONWEALTH OF AUSTRALIA 1983

POSTAL ADDRESS: irector, Aeronautical Research Laboratcries,

~
?.0. Box 433., Melbourne, Victcria, 3071, Australaia.
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1. INTRODUCTION

Sl

- - - Wind tunnel tests ééve—been carried out to determine
the effect on the longitudinal aerodynamic characteristics of a two-
dimensional” (2D) aerofoil fitted with descrete forward- ~facing wedges
(base to aerofoil chord ratio 0.24 and 0.39) at the leading edge and
on the upper surface of the aerofoil. The forward-facing wedges were
conceived as a means of delaying stall and enhancing 1ift at high
incidence. Thus they may be useful in low speed flight (approach and
landing) where they would be extended from the clean wing surface
along with the téqi;ing edge flaps.

fiese

Tests were conducted at Mach numbers 0.2/0.3, over an
incidence range of ~10 to +20 degrees. Corresponding chord Reynolds
numbers were 0.57 and 0.84 million (compared to an inflight value of
2.5 million for a wing of chord 1.25 metres and airspeed of 60 knots).
The results at M=0.2 are more extensive than those at M=0.3. 1

~..

The tests were conducted during January and February
1983.

2. TEST DETAILS

2.1 Wind Tunnel

The tests were carried out in the ARL transonic wind
tunnel at atmospheric pressure. The test section was fitted with solid
sidewalls and longitudinally-slotted top and bottom walls. The open
area ratio of the slotted walls was 16.5% at the model location (se=
Figure 1).

The aerofoil model was supported by integrally machined
end tongues in sidewall strain gauge balances which resolved aerodynamic
loads into normal and axial forces and pitching moment. The balances
were bolted to supporting frames which were in turn bolted to rotating
frames in the sidewalls and were covered by sealing enclosures to
prevent air leakage through the sidewall gaps surrounding the model
end tongues.

2.2 Test Model

The 2D model consisted of a 127 mm chord aerofoil of
section NACA 64-106 with a quarter chord plain trailing edge flap
deflected 6°. This model was chosen because it was available. It is
not representative of a typical aerofoil section (larger leading edge
radius and thicker) used on lower speed aircraft. The aerofoil
completely spanned the test section, giving an aspect ratio of 4.1.

The aerofoil was drilled and tapped for attaching the
forward-facing wedges with flush mounting screws. The assortment of
removable fixtures is shown in Figure 2, and consists of:
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-2- -
'@
‘{S (a) wupper surface forward facing wedges: leading edge sweep %
e 70°, base 30 mm (24% model chord), deflected 20°, to be {4
Lot attached at half chord; and \~
A AN
Rt (b) leading edge forward facing wedges: ;.
Y (1) leading edge sweep 60°, base 30 mm (24% c), :ﬁ
i: deflection 10°, 20°; and -
¥ ‘e
o (ii) leading edge sweep 60°, base 50 mm (39% c),
' deflection 0°, 10° and 30°.
. ’.
,z; Also, in each case the wedges were tested with various
e size slots between the wedges and aerofoil surface, obtained by using
'2@ brass washers as spacers. The wedges were spaced one base width
2 apart (see Figure 2) so that, in all, 8 of (a) and (b)(i) wedges were
";J fitted over the aerofoil span (and 5 of (b)(ii) wedges).
'\' Althcugh test chord Reynolds number was about one-
S fifth that in flight, no transition-fixing strips were used on the
e aerofoil, as, with the wedges fitted, at moderate/high incidence
N much of the flow would be vortical in nature, and hence not greatly
. affected by transition fixing strips.
: 2.3 Test Program
o
jd The test program was as scheduled in Table 1. Nominal
i) . running conditions were atmospheric stagnation pressure, Mach number
0.2 and chord Reynolds number 0.57 $0.03 x 106. Limited running was
e conducted at M0.3 to obtain the trend of aerodynamic behaviour with
i Reynolds number; above this Mach number compressibility effects may
i§ also begin to emerge. No corrections were applied to the data for
}v wind tunnel wall interference.
ot

2.4 Data Reduction

s

The strain gauge bridge signal for each of the 2 sides
X 3 channels was amplified and analysed separately. The 6 digital
outputs were then appropriately summed using the wind tunnel's PDP8I
6 component force reduction program with the balance calibration matrix

f122

suitably arranged, to give the three components of aerodynamic force

K on the aerofoil - 1lift, drag and pitching moment, referred to the
‘:ﬂ quarter chord point. o
£ e
>, 3. RESULTS AND DISCUSSION }tj
1% v
T . 3.1 Upper Surface Wedges ]

~ N
S Lift, drag and pitching moment curves for the upper o~
o8 . surface wedges are shown in Figure 3. Over the limited chord Reynolds S
A number range 0.57 to 0.84 million, Rec effects on aerodynamic coefficients ~
23

e




are slight and for this reason test results are discussed for the

one value of Re_ (0.57 x 106) only. It is seen from the lift curve
that the additiSn of the upper surface wedges results in an incremental
loss of 1ift (whilst maintaining the 1ift curve slope), a delay of

about 1.5° to stall and a similar value of CI . The CD ~ a curve
shows the minimum drag coefficient (0.0067 at a = -3° for the clean
aerofoil) is increased over six times (0.044 at a = -3.5° for ¢ = 0),

but close to and following stall, there is little difference

between clean aerofoil drag and that with the wedges fitted. However,
fitment of the upper surface wedges smooths the variation in pitching
moment above a = 0° and attenuates the rate of increase of nose-down
pitching moment at the stall. The slot size does not make significant
changes to the aerodynamic behaviour of the aerofoil fitted with the
wedges.

3.2 Leading Edge Wedges

3.2.1 30 mm Leading edge wedges

Comparative Cp, Cp and Cp ~ o curves are plotted in
Figure 4 for § = 10° and 20° and eg = 0 From the C. ~ a curve it
is seen that these wedges cause a slight incremental reduction in C
up to stall, that the stall of the clean aerofoil is replaced by a

gradual reduction in lift curve slope, and that C is increased
10X for 6 = 10° (i.e. C = 0.976 at o = 14°) LMQXSZ for 6 = 20°
= 0 960 at a = 14° compared with C = 0.887 at a = 10° for
thLMA§ean aerofoil). &, < 0 was briefly investigated. For §, = -20°
(data not presented) C = 0.949 at a = 13°, which is 3% less than

for & = 10°. Lyax

Fitment of the 30 mm leading edge wedges doubles CD
(to 0.015 at a = -3°); between this incidence and stall, C MIN
is less than doubled. However, Cp for 6§, = 20° is significantly
greater than for &, = 10°, Cn behaviour is significantly altered: by
providing a lift 1ncrement well ahead of the clean aerofoil centre of
pressure, Cm is less negative over most of the unstalled incidence
range, and dC /aa at stall (both positive and negative) is attenuated
from -0.0244 per degree for the clean aerofoil to about -0.0053 and
-0.0043 per degree for 6w = 10 and 20 degrees respectively.

Figure 5 shows the comparative effect of a slot
(e/c = 0.006 with § = 10°) beneath the wedges. There is a very slight
increase in C, over'the range a = -10° to +5°. Stall behaviour is
unchanged. Tke slot is formed by adding washers (9 mm outside diameter
x 0.8 mm thick) to the mounting screws between the wedges and aerofoil
surface. Thus blockage due to the washers is significant and for the
30 mm wedges, bs/bw = 0.37 only.
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3.2.2 50 mm Leading edge wedges

C., C_ and C_ curves are plotted in Figure 6 for the
50 mm leading edge wedges £0r various deflections with €. = 0.
Considering C. ~ a, it is seen that over the range o = -§° to +3°,
fitment of the wedges results in a small loss of CL (5% at C_. = 0.4,
a = 1°, for example). C. ~ a curves for § = 0° and 10° are nearly
identical up to a = 8°, above which C. is glightly greater for
Gw = 1G° than for Gw =(0°., C for Gw = 0° and 10° over the incidence

range tested are respectively I.13 and 1.15 times C for the clean

aerofoil. Again the relatively abrupt stall of theLgiéan aerofoil is
replaced by a gradual reduction in lift curve slope. For &, = 30°,

C. ~ a behaviour is different in that 3C. /3a becomes noticeably less
from about a = 2°, clean aerofoil stall Lbeing at a = 10°. The most
likely explanation of this behaviour is breakdown of the wedge leading
edge vortices, considering the local angle of attack of the wedges

is considerably greater in this case.

For &, = 0°, Cp over the range a = 0° to 12° is little
different from that for the clean aerofoil. Cp for &, = 10° is on
the other hand noticeably larger, indicating L/D at C is greater
for &, = 0° compared to 6, = 10°. Lax

As with the 30 mm wedges, the 50 mm wedges drastically
reduce the drop in Cm at the stall (see Figure 6(c)).

Figure 7 shows CL’ Cp and Cp behaviour for the 50 mm
leading edge wedges set &, = 10° with various slot depths es/c (from
0 to 0.044). It is seen that for this value of §, es/c = 0.02 is

about an optimum depth for maximising C . CD over the whole range

of incidence increases directly with es?MAﬁowever, there appears to
be a small drop in C_ for € /c = 0.044 compared to € /c = 0.019 or
0.031. Due to the s?ight 1¥f¢ augmentation effect tBe slots provide,
Cm for € > 0 is less negative than for eg = 0. Likewise Bleau
near and after stall is favourably affected by the existence of the
slots, in that 3%2C /3¢ da > 0. Figure 8 presents a C, comparison
between the two séts f leading edge wedges. It is oObserved that
over the tested incidence range the larger wedges are slightly more
lift enhancing.

The 50 mm wedges have also been tested with 60° bevelled
edges as compared to straight edges (see Figure 2), to determine whether
such edges could assist the formation of more stable vortices. Also
curved wedges of base deflection 30° and apex deflection 10° with
bevelled edges were tested at the leading edge (see Figure 2) for the
same reason. In both cases however, there was virtually no positive
effect on C. compared with the flat straight-edged wedges deflected
0-10°. As sStowage of the latter in an actual wing leading edge is
much more readily accomplished, no further results for these differing
wedges are presented.
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3.3 Surface Flow Visualisation

Surface flow visualisation studies were carried out
using a mixture of titanium dioxide, silicon o0il and oleic acid.
Two cases were studied:

(1) 30 mm leading edge wedges: Gw = 10°, € = 0; and

(ii) 50 mm leading edge wedges: éw = 10°, ss/c = 0.03].

Surface oil flow pattern photographs for o = 10°
appear as Figures 9 and 10 respectively. In each case the three
dimensional vortical nature of the flow over the aerofoil is apparent.
The o0il patterns are similar for the two wedge sizes, however vortex
breakdown may be occurring further upstream of the aerofoil trailing
edge in the case of the smaller wedges. Interference on the flow
through the slots under the wedges (Figure 10) from the mounting
screws and washers is quite significant and indicate further tests
with less obtrusive slot-forming spacers (such as smaller diameter
screw collars) are desirable.

4. CONCLUSIONS

For the aerofoil section tested, forward facing wedges
of leading edge sweep 70°, base to aerofoil chord ratio 0.24 and
deflection 20° fitted to the upper surface at the mid-chord position
have the following effects on section aerodynamic behaviour:

() CL is reduced somewhat - 12% at CL = 0.6;

(11) CD is increased drastically = 125% at CL = 0.6; and

(ii1) BCm/au is reduced slightly prior to and following stall.

Therefore such devices could be usefully employed as speed brakes or

descent rate controllers, in that, unlike spoilers, they augment drag
whilst reducing lift a relatively small amount and have little effect
on pitch trim.

On the other hand forward facing wedges of 60° sweep,
base to aerofoil chord ratios 0.24 and 0.39, deflection 0-10°, and
with a 2% chord slot between base and aerofoil surface have the following
effects:

(1) stall onset is delayed by 2°;

(ii) for both wedge sizes, the abrupt stall of the clean
aerofoil is replaced by a gradual reduction of lift
curve slope;

c is increased by between 11 and 17%Z and occurs

5 to 8° greater incidence;
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(iv) for the b /c = 0.39 wedges with Gw = 0°, C. is increased

by about ¥10°; and D ]

(v) the slope of the pitching moment curve through stall is -
reduced drastically. [

Therefore such devices could be used as low speed handling and control ?5
aids, in that they have little effect on aerodynamic performance at ﬁr
moderate incidence, whilst at high incidence they reduce significantly 5
the nose-down pitching moment associated with stall and maintain and T
increase 1ift coefficient through the normal stall regime. 91
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TABLE 1

Y

} Y
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TEST SCHEDULE

o Rec

oy MODEL CONFIGURATION MACH NO. X 106 RESULTS

. Clean 0.2/0.3 10.57/0.84| TABLE 2A

A Upper Surface Wedges
“ e, = 0; 6, = 20° 0.2/0.3 |0.57/0.84| TABLE 2B-1
ot e = 1.6 mm; GS = 20° " " TABLE 2K-2
§:$ e, = 3.2 mmy & = 20° " " TABLE 2B-3
30 me Leading Edge Wedges
5;* e, = 0; 6 = 10° 0.2/0.3 [0.57/0.84| TABLE 2C-1
fi‘ e, = 0; 6 = 20° 0.2 0.57 | TABLE 2C-2
2 €, = 0.8 m; §_ = 10° 0.2/0.3 {0.57/0.84| TABLE 2C-3

]

Lo 50 mm Leading Edge Wedges
“ e, =056, =0° 0.2 0.57 | TABLE 2D-1
= 0; Sw = 10° " " TABLE 2D-2
= 0; Gw = 30° " " TABLE 2D-3
€ = 2.4 mm; Gw = 10° " " TABLE 2D-4
€ = 4.0 mm; Gw = 10° " " TABLE 2D-5
€ = 5.6 mm; 6w = ]0° " " TABLE 2D-6
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