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SUMMARY 

Pressure distributions have been measured on a 10% thick two-dimensional 
aerofoil of R.A.E.lO1 section fitted with split flaps deflected at 15" and 55". 
Measurements were made at two distances above a ground plate, and also without 
the ground plate. The results have been integrated to give the sectional 
lift, drag and pitching-moment coefficients. 
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1 INTRODUCTION 

In order to verify a theoretical method for calculating the pressure 
distribution on wing s near the ground, the experiments described in Ref.1 
on a two-dimensional aerofoil were undertaken. While the model was in the 
tunnel, experiments were also made with split flaps fitted to the aerofoil, 
and the results of these experiments are described in the present note. 

The data are presented merely as an addition to the literature on the 
subject, since no corresponding theoretical investigation has been undertaken, 

2 DESCRIPTIO~OF EXPERI1mT 

2.1 Details of model and apparatus 

The tests were made in the R.A.E. No.2 ll$ ft x 8$ft low-speed wind 
tunnel during November 1953. The model used was of R.A.E.101 section, with 
a chord length, c, of 30 in. and a thickness-chord ratio of 10%; it was 
mounted to span the vertical dimension of the tunnel. The model had previously 
been used in a series of tests2 to investigate the boundary layer development 
and its effect on the surface pressure distribution, and in the tests1 to 
investigate the influence of a ground plate. For the present tests, it was 
fitted with a split flap, consisting of a piece of a in. plywood chamfered 
to have a sharp trailing-edge, fixed to the wing with wooden blocks. The 
flap chord was 45in. (OC~~C), and it was fixed to the wing with its 
leading-edge at 0.85~ for flap angle p = 15" and at 0.84~ for fi = 55". 

Pressures were measured on the wing at 52 points arranged on two parallel 
lines 4 in. apart around the centre of the wing; there was no provision for 
measuring pressures on the flap itself. The pressures were measured on two 
multi-tube manometers; the estimated accuracy of the Cp values quoted is 
about 0~01. The nominal incidence of the model was measured by a light-and- 
scale system, whose zero was determined by setting the model (without flap 
or ground plate) so that equal pressures were recorded at several corresponding 
points on the upper and lower surfaces. The accuracy of this system was 
about OeOl", 

The ground was represented in the same way as in the tests described in 
Ref.1. A wooden board XL& ft (4.6~) long spanned the tunnel vertically, and 
was fixed at distances H = Xl. in, and H = 15 in. from the centre of rotation 
of the model, which was at Oa43c behind the leading-edge. 

The leading-edge of the ground plate was sharpened, and a pair of pitot 
tubes placed just behind it so that a movement of the stagnation point to 
one side of the leading-edgo provoked a flow separation on the other side 
and consequently produced a large difference in the pressures recorded by 
the two pitots. In this way a sensitive indication was provided of any 
circulation around the ground plate. The circulation was controlled by 
adjusting a flap at the trailing-edge of the ground so that equal pressures 
were recorded by the two pitots. 

As long as there is no circulation around the ground board, it gives a 
good representation of an infinite ground; but it still differs from the 
real system being simulated in that a boundary layer develops along the 
ground plate. As long as the lift on the wing is fairly small, this 
boundary layer can be corrected for as described below, but at a large 
enough lift coefficient the boundary layer on the plate separates, and the 
resulting flu& ceases to be a reliable representation of the prototype. 

Fig.1 shows a sketch of the experimental rig used in the present 
experiments. 
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2.2 Details of tests 

All. the tests were !nade at a wind speed of 100 ft/sec, giving a Reynolds 
number based on the wing chord of 1.6 x 1.06. Transition was not fixed; the 
position of transition was not measured. Tests were made for a range of 
noilzinal incidences from 0" to 8" on the wing with 15" flap angle, and from 
-4" to 6" on the wing with 55" flap angle. The tests were ;ilade for ground 
distances of ll in. and 15 in., i.e. for H/c = 0.37 and 0.50, and also on 
the wing alone, far fro!2 the ground. Owing to the correction to wing inci- 
dence for the boundary layer on the ground plate, the actual values of 
incidence for the various series of tests differ quite considerably. 

Pleasurements of the velocity profiles within the ground boundary layer 
showed that it was no longer 
H/c 

attached for the two highest incidences at 
= 0*37, so that the results for these two cases mst be treated with 

considerable caution. 

2.3 Corrections to expertilental results 

Corrections to the experimental results are needed for tunnel blockage, 
and for the change in flow direction at the model due to the boundary layer 
developed along the ground plate. 

For the wing alone, without the ground plate, the standard tunnel 
corrections(see, e.g. Ref.3 for solid blockage and wake blockage can be 
applied,' This gives a charge of tunnel speed, av/V,, of 

AdV, 

Flap 
deflection "NON Solid Wake 

blockage blockage Total 

p=l5" 9: o 090018 0.0016 0.0034 
0.0019 0.0022 0.0041 
0.0022. 0.0027 090047 

8 0 ic \I 0.002.l+ 0.0082 0.0103 

p = 55" -4," 0*0019 0.0033 0.0052 
to 0.0019 0.0018 0.0033 0.0038 0.0057 o.oc51 

6”+ 0*0020 0.0108 0.0128 

+;- These values arc appropriate for all cases where 
the wing is effectively stalled. 

For the wing near the ground, additional blockage corrections are 
required to account for the presence of the ground plate and the supporting 
struts. These are discussed in detail in Ref.1. The solid blockage 
correction for the wing itself is also altered, since the positions of the 
images of the wing in the walls are altered, and the first image now 
represents the true ground effect ‘and is thus not accountable as a tunnel 
correction. 

The final tunnel corrections obtained are given in the following 
table,' 
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laap deflection 

H=llin. 
p = 15" 

P = 55" 

H= 15 in, 
f3 = 15" 0” 

!g 

8 0 ,I -If 

p = 55" -4': 

i" 
6'3t 

0.0175 0.0097 
0.0176 o.ol.03 
0.0178 O*OlO% 
o* OMO 0.0179 
O.Olp5 
O-0175 
0.0176 
o.oly% 

O-0173 
0.0174 
0*0175 
O-0177 

0.0174 
0.0173 
090174 
0.0175 

040272 

"0'3Z 
0:0359 

o.olJii 0*0290 
o*ou!+ 0*02%% 
oaLl9 0.0295 
0.0190 0.0368 

0~0094 0.0267 
o.0099 0.0273 
0*0104 0*0279 
0.0159 0.0336 

o*ollo 0.0284 
0. ollo 0.0282 
o*oll5 0.0289 
0.01%6 0.0361 

* These values are appropriate for all cases where 
the wing is effectively stalled. 

The effective incidence of the wing differs from the nominal incidence 
owing to the flow being inclined to the tunnel walls. For the wing without 
ground, the flow deflection is that induced by the images in the walls of 
the wing circulation, and is given by the standard formula 

Aa = 0.0269~~ (CL + 2 Cm) 

Uhen the ground plate is introduced, the principal image of the wing 
circulation is that in the ground plate, and is thus no longer accountable 
as a tunnel correction. The remainder of the images consist of equal and 
opposite vortex-pairs, reasonably far away, and the correction due to these 
is negligible. 

A correction is needed due to the boundary layer which develops along 
the ground plate. Pleasurements were made of the velocity within this boundary 
layer, using a pitot comb with tubes at 0805, 0.57, 1*07, 1*58, 2.09 and 
2.51, in, from the surface of the plate., Thus the displacement thickness, 
@+, of the boundary layer was found at two points below the wing leading-edge 
and trailing-edge for each test. The displacement surface of the boundary 
layer was assumed to be defined by a straight line through these points, and 
the flow direction at the wing was assumed to be parallel to this line. 

This leads to an incidence correction: 
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Values of 6&, 6& and .& measured in the tests are given in Fig.2, It will 
be noted that 8% is usually greater than 8&, which may seem surprising at 

first sight - it is important to realise that this does not imply that the 
boundary layer thickness, 6, also decreases in the stream direction. In 
Ref.1, a similar phenomenon occurs at large incidences, and a check calcu- 
lation of the boundary layer development under the pressure distribution 
induced by the wing confirmed that 6&, could be greater than 6&. 

As was mentioned in section 2.2, the ground boundary layer had separated 
at the two highest incidences for H/c = 0037, and the values of 6% deduced for 
these are likely to be unreliable, so that the incidence correction is aho 
doubtful. However, as the whole flow pattern ceases to be representative of 
that round a real wing travelling close to the ground when the plate boundary 
layer separates, there is no point in trying to i;aprove the estimate for Au. 

The appended table shows the corrected incidence values corresponding 
to the nominal incidences tested. 

a 
'NOM - No ground H/c = 0.50 1 H/c = 0*37 

B 51 15" o 
i" 

0.06” 0 -0.06” 
4*13” ;:g" 3&P 
6916” 

,:& - 
5&” 5939” 

5.95” 
7m3..7” 

;I - 7Y72” 

P = 55” -4” -3 l 94” -4.04” -4.16. 
0" 0*13" -0.23” -0.62' 

0 

3f5” 
2.16" 1.62" 0.64" 

2*99” 
4” 4:20” -  2*38" 
6" 6.19" - 

2.4 - Presentation of the results 

The measured pressure coefficients, with the corrections noted in 
section 2.3, are given in Tables 1 and 2, for p = 15" and p= 55" respectively., 
The results are also plotted in Figs.4 to 9. 

Owing to the large incidence corrections, the results in the various 
figures are all obtained at different incidences, and it is difficult to 
visualise what changes are due to the proximity of the ground. Figs.10 and 
J-1 have therefore been prepared, by interpolation between the measured 
results,to compare pressure distributions at fixed incidence at various 
ground distances. 

It is clear that the main influence of the ground is a reduction in 
local velocities and a consequent increase in pressure on the lower surface, 
exactly as was found for the wing without flapl. However, in the present 
case there appears to be more change in th e upper surface distributions when 
the ground is present than was recorded on the u&Lapped wing. This may well 
be due to the greater change in pressure at the trai.ling-edge found here, 
which in turn is possibly due to a aodification in the shape of the separated 
flow region behind the flap, 
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The pressure distributions have been integrated to produce values of 
the sectional normal force, tangential force and pitching-moment coefficients, 
and the lift and drag coefficients have been derived from these. Since no 
pressures wore masured on the flap itself, the flap contribution has had 
to be estimated.~ Examination of som N.A.C.A. experiments4 suggested that 
the load distribution on the flap could be approxixated by assming that the 
load fell off elliptically from the measured AC at the flap leading-edge to 
zero at the flap trailing-edge, For the flap c R ord of O*l%, the load on the 
flap (as a coefficient based on wing chord) is thus: 

CF = f x 0815 x ACp 

(For the test rcs&Lts given in Ref.4 for a flap chord of 0.2~ at fi = 20" and 
p = 60", experimntal values of the factor replacing x/,!+ in this expression 
vary from 0.61 to 0.92 over a CL range siixi.lax+ to that considered here,) 

Thus the contributions to the lift and drag coefficients from the flap 
load are respectivel.y: 

ACL = CF co+ + p) = oCU.78 ACp cos(a + 6) 

AC9 = CF sin(a + a) = O*ll78 ACp sin@ c @) 

and the pitching-rlxoment contributions from the flap load are: 

AC, = -0.0758 ACp for P = 15" 

and AC,, = -0+04GO ACp for p = 55" 

The force coefficients are tabulated in Table 3, and plotted in 
Figs.lZ to I& 

It is noteworthy that the drag coefficient is almost constant with 
increasing lift within the range covered. The major contribution to the 
drag is in fact that due to the flap load; fr0i-n. Figs.4 to 9 it is clear that 
ACP at the flap leading-edge is practicalLy invariant with incidence, and 
this result is naturally reflected in the shape of the CD curves. 

Apart from this, there appear to be no notable features of the results. 
The large increase in lift measured for a > 0 at i-I/c = 0*37 and 13 = 5.5" is 
associated with separation of the boundary layer on the ground, and is 
therefore probably spurious, 

3 CONCLUSiOKS 

Pressure distributions ixeasured on a two-dknensional R.A.E.101 aerofoil 
of 10% thickness-chord ratio with a split flap of 15% chord at p = 15" and 55" 
have been measured away from and at two distances fron a ground board. 

The results, and the integrated sectional force coefficients, are 
presented here without analysis. 
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TABLEl- Pressure coefficients for wing with flap z.t@ = 15" 

I 
\o 
I 

0 
0.005 
o*ow 
o*oll 
0.024 
0.047 
0*0?3 
0.098 
0*X+8 
0*190 
0*297 
0*346 
09396 
0*447 
0.497 
09548 

Fzg 
01696 
08748 
0.795 
0.8.4.8 
0.896 
09948 
0.967 
l-000 

a = 0.06” 

0.58 
-0.85 
-0.91 
-0.87 
-0.80 
-0.73 
-0.69 
-o*G!+ 
-o* 51 
-0.60 
-0*55 
a.51 
-094a 
-0.43 
-0.35 
-0.32 
-0e32 
-0.29 
-0.26 
-0.25 
-092.4 
-0.23 
-0.25 
-0.29 
-0.32 
-0.54 

UPPER SURFACE LtlWEIl SURFACE 

a = 4*13" 

-2.IL9 
-3840 
-3a28 
-2*97 
a.78 
-1.61 
-1.39 
-1*25 
-1.06 
-0.99 
-o&4 
-0.76 
-0.68 

-042 
-0.54 
-0.49 
-0*45 
-0.41 
-0*37 
-a*34 
-0*32 
-0.29 
-0.29 
-0.32 
-0.32 
-0.4.l 

a = 6*161~ 

-4.41 
-5907 

:y:k c1 

-2:67 

-2*10 
-la 77 
-l*gl 
-1.30 
-l* 17 
-0.96 
-0*88 

-0*?9 
-0.70 
-0.62 
-0+6 
-0. jl 

-0.4’7 

-0.Q. 

-0.37 
-0.34 
-0032 
-0.30 
-0*30 
-ih30 
-0.37 

i 
I i 
L 

(4 Without gr0un-1 

a = 7617" 

-5973 
-6.U 
-G.o9 
-3e95 
-3.u 
-2.35 
-1.97 
-1.71 
-1.&l 
-1.26 
-1.04 
-0993 
-0.64 
-0*'74 
-0.66 
-0.58 
-0*53 
-0.48 
-0*.&z 
-G*3d 
-a*35 
-0*32 
-0*30 
-0.29 
-0.28 
-0.31 

x/c 
0.006 0.65 
0.007 0974 o.ol.4 o*Go 
01026 0.39 
0.050 0.20 
o*w5 0110 o*loo 0.05 
Obl-49 o*oo 0.200 -0*04 
0.298 -0.06 
0*3&s -0.05 
0.398 -0.02 
0*448 o-00 
0*49fJ 0.03 
o-548 0106 
0*599 O*ll 
0.647 0.16 
0.69;3 0*21 
0,747 oe26 
0,797 0.35 
0.848 -0m5:+ 
O*Q97 -0954 
0*948 -0.54 
0.967 -a*55 

i 

a = 0.06" a = 4.13" a= 6.16" a = 7.17" 

0.88 0.47 0.16 
0096 o-70 0*49 
l*OG 0.92 0.63 
0.89 0.98 la01 
0.67 0.82 0.90 
0*53 0.69 oe76 
OS43 oe60 0.66 
0.32 0947 0*53 
0.24 0938 O-112 
0.16 0*26 0*31 
oa15 0.24 0*29 
0*15 0.23 0.27 
0.16 0~23 Oa27 , 
047 0823 0*27 
O.l.8 O*zr, 0.27 
0*2l 0.26 0.29 
0*23 0.28 0.3; 
0=28 0.30 0.33 
0.34 0.35 0*36 
O-40 0843 0*45 

-0.39 -0.33 -0*30 
-0.i.J.O -0*33 -0.30 
-0.40 -0a34 -.0*30 
-0.40 -0.35 -0.30 



TABN l- Pressure coefficients for wiw with flap at P = 15” (cant *d) 

Id c 

0 
0.005 

i 
O*W 
O@OxL 
0.024 
0*047 

lo*073 
! 0.09% 
' odl+% 
1 0.198 
I 0.297 
j 0*348 
I oe396 
; od+l&7 

a = 0.13” 

OF50 
-Or91 

~'Z 
-0:79 
-0470 
-0.66 
-0.61 
-0.56 
-0.53 
-0.50 
-O*47 
-O.&L 
-0936 
-0.31 
-0.28 
-0.27 
-0.25 
-0*2l 
-0m20 
-0.33 
-0.l.8 
-0.19 
-0.23 
-0.25 
-0-45 

(b) Ground distaace H/c = 0950 

llIW3.R SURFACE UNERSURFACE 

a = 3*97" a f 5*85" 

-2.40 -4.57 
-3-30 -4*99 
-3.21 -4.91 
-3*Ol -3*29 
-I*75 -2.50 
-1.48 A*90 
-1.27 -1.58 
-1d3 -1.38 
-0*93 -1.13 
-0*%5 -0.99 
-0.71 -0.81 
-0.63 -0972 
-0*57 -0.63 
-0.50 -0*55 
-0-43 -0*47 
-0.3% -O.&l 
-0a34 -0*37 
AI.30 -O*33 
-0.26 -0127 
-0~23 -0e23 
-0.20 -0.20 
-al% -0.17 
-o&16 -0415 
-O*U -O*ll& 
-0.19 -0al5 
-0m26 -0*15 

a = 7*72" 

-1.37 
-1*37 
-1937 
-1437 
-1*37 
-1@37 
-1*37 
-1.37 
-1.23 
-1*19 
-ld& 
-0.99 
-O-95 
-0*90 
-0.85 
-0e 76 
-0.71 
-0.6% 
-0.62 
-0*57 
-0.54 
-0.50 
-=0'46 
-0*43 
-0.43 
-0c45 

a = ogy a = 3*97” 

0.006 0.92 0.81 
O&O07 0.83 0.92 
o.ou, 0.71 1.01 
0.026 0.48 0*94 
0*050 0.29 0.76 
0.075 0.20 0.64 
O.lOO 0.15 om 56 
0.3-49 0.09 o-46 
0*200 0.06 0.40 
0.29% 0.03 0.32 
0.348 0.04 0.33. 
0*398 orno7 0*31 
M-48 0.09 0.31 
O*498 O*U 0.32 
O*54% 0-U 0.33 
O*599 0.1% 0*35 
o&47 Om23 0.36 
0.698 0.27 0.39 
0.747 0.32 0.44 
09797 0.40 om50 
0.848 -o-L+!& -0.23 
09897 -0-45 . -o&23 
0.948 -0.45 -O&i+ 
09 967 -O*45 -0m23 

a = 5*85” a= 7*72" 

0*35 0979 
0.60 O-89 
0.87 a*99 
1.01 1.01 
0.89 0.84 
0*79 0.75 
0~72 0~67 
0.61 o-56 
0*54 O*49 
0*44 0.39 
0.43 O*37 
0*4J. O*35 
0.40 0.34 
O*kl 0934 
WJ- o-33 
0.42 O*34 
0-U O-36 
0.45 0937 
0*47 0.38 
0.54 O*45 

-0.15 -0-31 
-0aJ-4 -0*31 
-0d5 -0.32 
-odl+ -0.33 



.TABLZl- Pressure coefficient for winz with flap atf3 = 15" (contld) 

(c) Ground dhtmce H/C = 0.32 

UPPEft SURFACE LcJdER SURFACE 

a = 3*6%" 

Ow4.7 
-O-%9 
-0-96 
-0.86 
-O*77 
-0*6% 
-0,64 
a.61 
-WC5 
-O*53 
-Oe53 
-O*49 
-04-3 
-O&37 
-042 
-0.29 
-Q*ZG 
-0.26 
~323 
-0*2zL 
-0.20 
-0*18 
-0*20 
-0.25 
-0.27 
-Od&% 

-2955 
-3B36 
-3*28 
-3*33 
-1.80 
-1949 
de27 
-1d3 
-O*94 
-o*yY3 
-0~74 
-cl*65 
-o* 5% 
-O* 51 
-o*l+l+ 
-O-39 
-@35 
-0131 
-0427 
-O*Zi& 
-0.22 
Ah20 
-0.18 
-0*19 
-0@20 
-0.2& 

a = 5*3%" 

-4-92 
-5*29 
-5.20 
-3*37 
-2.61 
-Ia 98 
-1~65 
-la43 
-1.16 
-l* 03 
-Cl,%0 
-0.72 
-UN55 
-0.56 
'04&% 
-0-43 
-0937 
-0.33 
-O*Z% 
-o&z4 
-0*2l 
-0.17 
-OrnIl.& 
-0. I& 
-0*13 
-0115 

a = 545” 

-5890 
-6d5 
-6113 
-3*7x 
-&%7 
-2*u 
-I*79 
-b54 
-1825 
-1.10 
-0.85 
-065 
-o* 66 
-e+8 
-0#50 
-0*43 
-0*3% 
-OS33 
-0*27 
-o.zl, 
-0.20 
-0.16 
-0*16 
-0.U 
-0mlO 
-0alO 

0~16 
o* 007 
O*OL$ 
0.024 
0.050 
O-075 
O*lOO 
O4U9 
0*200 
O*29% 
0.34% 
0.398 
0~44% 
0949% 
O-54% 
00 599 
0.647 
O&9% 
Oa747 
w97 
o.%i& 
O9%97 
0.94% 
0.967 

i 

a.= 3.68" 

0*7% 
0.91 
1.00 
0.96 
Oe79 
04 67 
0.60 
cl*50 
0.44 
0.36 
b36 
O-36 
Gw36 
O*36 
047 
0.39 
0.38 
O*43 
0.46 
0.52 
0.65 

-0.46 4 -0423 
-O&47 -0.24 
-O*47 -0~24 

a= 5*3%” a = 5e95" 

0927 o*oo 
0*45 O-34 
045 0*75 
140 ho0 
0.91 0.95 
0.82 O-%6 
0=74 O*79 
0.64 b69 
0*57 0*63 
0.49 O=53 
0.4% 0.52 
0947 04 50 
0*4? 0*50 
0.47 0*50 
0.47 u.50 
0*47 0-51 
owl+% 0.52 
0.50 0~52 
0.51 0.55 
O*57 0456 
0.69 ob69 

-0*x3 -0.09 
-043 -0.09 
=-0.32 -0.09 



- - - -  e-v- - -  ---___ - -  



TM&l3 2 --Pressure coefficients for wiry with flap at B = 55" (contrd) 

(b) Ground distance H c = 0.50 

I--- + 
0 

0.005 
0.00'7 
o*oll 
0*024 
0*047 
0.073 
0.09s 
O.l&.$ 
0*19S 

I O&297 

I 
, oa348 
j Oa396 
iO*4-47 
j 0.497 
! 0.548 
I 0*5g6 
1 0.647 

0.696 
00 74-8 
o* 795 
O.&!@ 
0.896 
o* 9kE) 
o* 967 
1* 000 

a = -4*04" 

0973 
-0.51 
-0.58 
-O*jij 
-0*54 
-o*jz 
-0a 51 
-0.49 
-0.48 
-o*L&.Fj 
-0, jo 
-0.4i3 
-0.46 
-0.43 
-0.40 
-0-37 
-0935 
-0.32 
-0.31 
-0*32 
-0.32 
-0*34 
-0.3s 
-o* 167 
-0.51 
-04 73 

UPPEil SURFACE LONER SmACE 

a = -0.23” 

-1, jo 
43 61 
-2.55 
-2*19 
-1.44 
-1.23 
-1.08 
-o* 97 
-0.84 
-0.79 
-0*72 
-0.6'7 
-0.62 
-o* 60 
-0*50 
-0447 
-0*45 
-o*L+2 
-0.39 
-0*37 
-0a36 
-0.36 
-o* 40 
-0.46 
-0.49 
-o* &I 

a = b62” 

-3m52 
-4eo6 
-3*96 
-3946 
-2.12 
-1.68 
-1.43 
-1825 
-1.06 
-0.95 
-0.84 
-0*76 
-0.69 
-0*63 
-0-56 
-0*51 
-0.48 
-0945 
-0=&!&l 
-0.39 
-0937 
-0.36 
-0*39 
-0943 
-o&b 
-0.61 

L 

i 

t 
a= 2*99" j 

-5*20 
-5.49 
-5b45 
-3.39 
-2d5 
-2*oo 
-1.&3 
-1.46 
-1.22 
-1.09 
-0.91 
-o*G3 
-&74 
-0e67 
-o* 60 
-Go 55 
-03.50 
-0~ 46 
-o-&2 
-0.39 
-0-38 
-0.36 
-0.38 
-O.&l 
-0. L.&z 
-0.59 

0.006 
0.007 
0.Ou, 
0*026 
0*050 
O-07 j 
0~100 
o*u9 
0.2OO 
0.298 
0*34Q 
o-398 
O*L&.d 
o.!&,qt3 
0*54E! 1 
o-599 j 
;*;;; I 
61747 
0*797 
0.848 
w397 
0*948 i 

0.967 ! 

I- 
t 

om$2 
0*74 
0.62 
O*d!& 
0*29 
O*.?.j 
0.20 
0.13 
0.S 
0.19 
O-23 
O-26 
0.30 
0.37 
0.42 
0.49 
0*56 
O&j 
0~72 
0.68 

-0*74 
-0-74 
-o* 74 
-0.74 

0.92 
0.98 
0.99 
0*91 
0.74 
0.64 
0*57 
O&50 
0.46 
0.42 
0*43 
O*45 
0.47 
0.49 
0*53 
049 
0.64 
0973 
0*78 
0977 

a65 
-o&5 
-0.66 

, -09 66 
I 

a = -0.23" r a = 1.62" 

0.56 
0.76 
0.94 
1.01 
0.88 
0.79 
0.72 
oe63 
o* 5c: 
0.53 
0.53 
0.54 
00 55 
047 
0.56 
0.63 
0.68 
097.5 
0.81 
0*79 

-o* 59 
-o* 60 
-o* 60 
-0.60 

I 
I a = 2.99" 

I- 

j 

0.16 
Odj.6 
0*80 
1.01 
0*92 
Od3j 
0.78 
O*71 
0~65 
0.60 
0.60 
04 60 
0.6~ 
0962 
s63 
0.66 
0.71 
0*77 
o*G3 
O*C4 

-o* 53 
-0.54 
aa55 
de55 

i 



TAE&E 2 - Pressure coefficients for wing with flap at j3 = 55" (cont'd) 

L 

/dc a = 4+.16” a = -0.62” 

0 Q*67 -1.66 
0.005 -0*59 -2.64 
0*007 -0.64 -2*57 
0.oil -0*62 -2*28 
0*=4 -0.59 -1a3-4 
0.047 -0*55 -1*23 
0*073 -0.54 a*07 
0.09% -0.52 -0.95 
O-L!&% -0.51 -0.83 
0.19% -0.51 -0.7% 
0.297 -0.52 -0.69 
0*31$ -0.50 -0.63 
0*396 -0*4% -0*5% 
04447 -0*45 -0*53 
0.497 -0-g -0.47 
0.54% -0937 -O.&f+ 
0.596 -0.37 -0.42 
0*647 a.36 -0*39 
0.696 -0.34 -0.36 
0.74% -0.34 -0*34 
0.795 -0*35 -0*33 
O-848 -C*36 -0*33 
0.896 -0.40 -0*36 
0.94% -0.50 -o*l+2 
0.967 -0*53 -0.45 
l*OCO -09 76 -0.62 

UPPEIR SURFACE LU&lB3 SURFACE 

(c) Ground distance H/c = 0.37 

-3:- 
a = 0.84," 

-3*65 
-4.u 
-4*03 
-3*28 
-2*ll 
-1*65 
a*40 
-1.22 
-1.03 
-0.94 
-0.81 
-0*73 
-0.67 
-0.60 
-0*53 
-0.4% 
-0.46 
-0142 
-0*38 
-0.36 
-0.34 
-0*34 
-a36 
-0.40 
-0*43 
-0.60 

-1.4% 
-1.30 
-1.09 
-1.03 
-0.87 
-0.86 
-0.72 
-0*70 
-0.62 
-0-61 
-0*51 
-0.46 
-0.43 
-0*39 
-0*37 
-0935 
-0*35 

] i 
X/C 1 (X = -4.16” a = m(j.62” j a = z.&+” 

I 
a = :*3&j” 

I 

0.006 ' 0.65 0.8% 0*51 0*53 
0.007 Ot7% 0.96 0.72 0.66 
o*oll+ 0.66 1.00 0*92 0.%9 
0.026 0*49 0.94 1.01 1.02 
0.050 0834 0.7% 0.91 0.95 
0*075 0.27 0.70 0.82 0.8% 
0*1ccl 0.24 0*63 0*76 0.82 
0.49 0.22 0.56 0.6% 0.7% 
o*zoo 0.22 0*53 0.64 0.69 
0*29% 0.24 0*50 0.59 0.64 
0934% 0*27 0*52 0*60 0.64 
0*39% 0.30 0*53 0*60 0.64 
O.l+!4% 0.34 0.54 0.61 0.65 
0.498 0.40 0*54 0.63 0166 
0.54% 0*45 0.59 O-64 0.67 
0*599 0*51 0*64 0*6% 0~72 
0*647 0.57 0.68 0.72 0*75 
0.69% 
0.747 

I 0.66 0875 0*7% 0.80 
0*73 0.41 0.%4 0.96 

0*797 o*yo 0*79 0.83 O-90 
0.848 -a*75 -0.59 -0*54 -0.30 
0.897 -0*75 -0.61 -0*55 -0.30 
0*94% -0~78 a*61 -0.56 -0.32 
0~967 -0*77 1 -0.61 -0*56 -0*32 

3:- N.3, Wing to boundary layer separation on the ground plate the results for a > 0' are considered to be of doubtful reliabilit;T. 



p = 15” 
No ground 

WC = 0*.50 

H/C = 0.37 

(3 = 55" 
No ground 

H/c = 0950 

H/c = 0*37 

* 
<$ 

TABLE3 

Force coefficierlts, from integration 
of pressure distribution 

a 

0.06” 0*427 -0.004 0.543 0.036 -O*ll2 
4*13" 0.880 0.056 0.983 0.042 -0.l23 
6.16" 1.095 o.llo 1.194 @Ok4 -0.121 
7*17" 1.188 o*l45 1.2%6 Omo41 -0.122 

0.466 -0.001 o* 580 033 -0.SL2 
0*%93 oeo67 om991 0.020 -0.123 
1*0%5 o.u.6 1.181 0,030 -o*EJ+ 
1.1%5 0.016 1~279 0*1%5 -0*210 

0*4%0 0.001 0.596 0.030 -0.120 
0.942 0.066 bO4.4. 0.030 -o*Ea 
1.150 0.127 1.247 0.016 -0.133 
1.204 0. Ill+% 1*297 O-012 -0d25 

-3*94" 
Od3" 
2*16" 
yg: . 

-4*04" 
-0*23" 
1.62" 
2~99" 

0,602 -o.ou+. 0.696 0*090 -0.160 
09994 0.036 1.092 0.101 -0.172 
1.209 0*072 19304 0.~1.6 -Owl75 
1,421 0.323 b516 0.130 -0.175 
I.557 0.035 le 615 0.245 -0.250 

0.62% -o*ol3 0*726 
1.001 0.036 1.095 
1.209 0.080 1,294 
1@319 O*M4 is402 

-4.16" 0*675 -o*oll+ Oa776 
-0.62" 1.046 0*045 l.l&O 
o.%4O b224 0.083 le315 
2.380 la550 0.056 la624 

0.091 
0.089 
0*082 
06095 

0.091 
0*072 
0.064 
0*130 

-0.164 
-0*171 
-0.163 
-0.170 

-0*170 
-0.173 
-0,170 
-0.207 

- 

t 

CN [ CT 
Less flap 

loads 

! 

CL 1 CD 1 %I 
Assuming elliptic distri- 

bution of flap load 

X- N,B, Doubtful results, 

- 15 - 
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FIG. I. SKETCH OF TUNNEL RIG USED IN EXPERIMENTAL INVESTIGATION. 
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FIG, 7. PRESSURE DISTRIBUTIONS; p =SS; 
NO GROUND. 
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FIG. 8. PRESSURE DISTRIBUTIONS; p =55,0 
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FIG. 9. PRESSURE DISTRIBUTIONS; /3 =SS; 
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FIG. 12. LIFT COEFFICIENTS, ASSUMING 
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with split flaps deflected at 150 and 55”. Heasurements were made at two 
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