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I INTRODUCTION 

With the modern trend towards wings of low aspect ratio, the effects 
of "planform taper" and "thickness taper" have become more marked, the two 
types of taper being defined in the following way%- 

7 
The decrease of wing chord across the span, 

without implying a corresponding variation of wing thickness). 

Thickness ta er The decrease of wing maximum thickness across the 
GsiF-e- not the spanwise variation of thickness/chord ratio). 

At zero incidence, thickness taper usually results in a decrease in 
the velocities over tho inboard parts of the wing, relative to a wing of 
the same planform and centre-section thickness/chord ratio; while planform 
taper causes an increase in the velocities over the outboard parts, 
relative to an untapered wing of the same mean sweep. To take the fullest 
advantage of these effects, it is important that the separate contributions 
of planform taper and thickness taper to the velocities on a wing are 
accurately known for various angles of sweep. Since thickness taper allows 
a high wing-root thickness without causing high velocities at the root, it 
might be profitably employed for the following reasons:- 

(a) To concentrate the enclosed volume of the wing near the 
wing-root, 

(b) To give a better junction shape with a fuselage 
. and (c) To allow a high spar depth at the wing-root. 

Furthermore it has been shown in Ref. 1 that certain sharp-edged 
J slender wings with a high rate of thickness taper at the root, have 

geometric characteristics which could simplify the design and construction 
of both full-size aircraft and wind-tunnel models. These wings are also 
of special interest aerodynamically, in that the calculation of the 
velocity distributions on their surfaces is straightforward. 

In a theoretical study, Newby* has considered a number of wings of 
simple planform shape with biconvex sections, and obtained quantitative 
results for the separate effects of planform taper, thickness taper and 
sweep on their velocity distributions at zero incidence. These results 
were then related to the standard chordwise distributions for the infinite 
sheared wing, and the centre section of the infinite swept wing9 by 
velocity increments depending on pianform taper, thickness taper and sweep, 
It was then assumed that the aame increments could be retained for wings 
of any chordwise profile where the two standard distributions were known. 
However, these results for wings of biconvex section could not be applied 
with certainty to wings with round-nosed derofoil sections, since very 
little experimental evidence waa available in a form suitable for analysis. 

For this reason a family of win2-s of various tapers has been tested 
to determine how far the results obtained by Newby can be used quantita- 
tively for wings of symmetrical round-nosed section (in this case RAE 101). 
A single model of biconvex parabolic-arc section was also included in the 
tests to enable a direct comparison to be made with theory. Although only 
zero incidence velocity distributions were required for comparison with 
theory, a small incidence range was covered to obtain local section 
characteristics, and overall force and moment measurements*. Some,results 

3 Tabulated lists of pressure coefficients and integrated sectional force 
coefficients at incidence s other than zero are not included in this Note. 
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of tests on slender wings with sharp edges, reported in Ref. 5, are also in- 
cluded to provide information on wings of lower aspect ratio than the famil 
of round-nosed wings tested. Theoretical work by Neumark and Collingbourne 3 , 
and Webe&, has been compared with the experimental results in cases where 
applicable. 

2 DZ3CRIPTION OF %ODELS AND TESTS 

The family of wings tested consisted of eight models of RAE 101 
section, with 30 in. root chord and 42 in. 
at the centre line being 12) in all cases. 

span, the thickness/chord ratio 
Four wings were of constant 

chord, and four of planform taper ratio zero, giving aspect ratios of I.4 
and 2.8 respectively. Details of the models are shown in Figs. 1 and 2, 
As the wings all had the same span/root chord ratio and root section, their 
geometry is defined byr- 

(a) Planform taper ratio (1 or 0) equal to tip chord/root chord 

(b) Tip thickness/chord ratio pi'> j, Q being either 1 or 0. 
/ 

(I-- 1 
\ 0 

means zero thickness taper on the wings of constant chord, and linear thick- 
ness taper on the wings of zero planform taper ratio. Similarly p= 0 
means either linear thickness taper or parabolic thickness taper.) 

(c) Sweep of jC$ chord line, $; this is effectively the sweep of the 
maximum thickness line (which is actually at 31s chord). P 

From this family of eight wings the following separate effects of plan- 
fern taper, thickness taper and sweep on the velocities on the wings at zero c 
incidence have been founds- 

(a) Wings 1 and 2. The effect of thickness taper on constant chord 
wings of zero sweep. 

(b) Wings 3 and 4. The effect of thickness taper on constant chord 
wings of 45O sweep. 

(c) Wings 1 and 39 2 and 4. The effect of sweep on constant chord 
wings of the same thickness taper. 

(d) Wings 5, 6 and 8. Effect of sweep on wings of zero planform 
taper ratio, and linear thickness taper. 

(e) Wings 6 and 7. Effect of thickness taper on 45' swept wings of 
zero planform taper ratio. 

(f) Wings 2 and 5. Effect of planform taper ratio on unswept wings * 
of linear thickness taper. 

(g) Wings 4 and 6. Effect of planform taper ratio on 45' sweep wings 
of linear thickness taper. J 

The wing with parabolic-arc sections was included to obtain a direct 
comparison with theory, and was similar to wing 5, except that the unswept 
maximum thickness line was at 5% chord. Results of pressure measurements 
at zero incidence on two delta wings of aspect ratio I, with parabolic-arc 
sections, are also included. Details of these three models are shown in 
Fig. 3. 
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All. measurements were made at a tunnel speed of 200 ft/sec, which 
gave a Reynolds numbar of 3.14 x lo6 (based on root chord) for wings 1-8 
and wing A. 

3 SUPERVEMClTY DISTRIBUTIO1TS AT ZERO IPTCIDESTCE, WINGS 1-8 

3.1 General 

The results of pressure measurements at zero incidence (Table 1) 
are plotted as supervelocities, 
thickness/chord ratio to/co, 

which are directly proportional to the 
(at least up to moderate thickness/chord and 

nose-radius/chord ratios). 
pressure coafficient byn- 

The supervelocity, vx, is related to the 

V 

f = +-cp-' 
i 

where V. is the free stream velocity. 

In Ref. 2, the supervelocities are plotted in the formr- 

v 7c 
4 v. (to/co) ’ vf 

* 

Y 

the significance of this expression being that it is equal to unity at the 
maximum-thickness position on a two-dimensional wing of biconvex parabolic- 
arc section at zero incidence. 

Th+ velocity increments due to the effects of taper derived in 
Ref. 29 are based on calculations made for wings of biconvex parabolic-arc 
section, where the maximum thickness position is at 5@ chord. It was 
estimated (by combining suitable parabolic-arcs) that the effect of moving 
the maximum thickness position forward from 50% to 33$& chord would be to 
increase the supervelocity there by about jO$ on rectangular wings (Fig. 6(a), 
Ref. 2), and about 15% on wings tapered in plan (Fig. 23(a), Ref. 2). 
Another theoretical estimate of the effect of maximum thickness position 
has been made for rectangular wings by Web&+, which gives a supervelocity 
at the maximum thickaeso position on a wing of RAE 101 section (tmax at 31% 
chord) about 15% above that of a comparable wing of biconvex parabolic-arc 
section. The latter figure was confirmed by the results obtained from 
wing 1, and in Fig. 4 it can be seen that excellent agreement with theory 
is obtained. Clearly, it is not accurate enough simply to approximate a 
round-nosed aerofoil section by combining two parabolic-arcs to give the 
same maximum thickness position, as was attempted in Ref. 2, Hence, where 
the results of the present series of tests on wings of RAE 101 section are 
compared with the theoretical estimates of Ref. 2, the experimental resultg 
have been reduced by the factor F = v,(k) biconvex/vx(k) RAE 101 = l/1.15. 
The valuas of the suporvelocity are therefore plotted as:- 

V 
F. 

7: X .- 
4 v. (to/co> v. 

it is, of course? possible for results for wings of any section to be 
compared with the theoretical values in Ref. 29 provided that the ratio F 
is known. 



3.2 Effect of finite span 

The effects of finite span on unswept and swept wings of constant chord, 
and constant thickness/chord ratio, are illustrated in Figs. 5 and 6 
respectively. The results are in good agreement with the estimates made by 
Newby (Fig. 7), and confirm that at low aspect ratios and angles of sweep, 
finite span causes an appreciable reduction in the supervelocity at the Centre 
section, but that the effect diminishes with increase of sweep becoming almost 
negligible when a sweep of 45O is reached, 

3.3 Effects of thickness taper 

Plotted in Figs. 8 and 9 are the chordwise supervelocity distributions 
at various spanwise positions on two rectangular wings of different thick- 
ness tapers; one a wing of constant spanwise thickness distribution, the 
other tapered linearly in thickness over its whole span. 
unique curve of vx(x)/vx(k) 

For each wing a 
is obtained, where vx(k) is the supervelocity at 

the maximum thickness position. For the wing of constant thickness, this 
curve is similar in shape to the chordwise distribution for the two- 
dimensional wing, but on thti other the effect of the thickness taper alters 
the shape of the distribution from that of the two-dimensional case. Thus 
the chordwise supervelocity distributions on the wing of RAE 101 section 
tapered in thickness cannot be accurately obtained by scaling the distribu- 
tion for the two-dimensional wing by an appropriate factor, %9 as suggested 
in Ref. '2 for wings with biconvex profiles. 

Also plotted in Figs. 8 and 9 are the theoretical centre-line super- 
velocity distribtrtions of Webe&+, Excellent agreement is obtained between 
theory and the experiment&l results for the wing of constant thickness/chord 
ratio, but for wing 2, theory slightly underestimates the reduction in 
supervelocity due to the thictiess taper; however, the shape of the 
theoretical distribution is correct, 

The effect of thickness taper in reducing the super-velocity at the 
maximum thickness line of a rectangular wing, relative to that on the two- 
dimensional wing of the same local thickness/chord ratio, is illustrated 
in Fig. IQ(a). Part of this reduction is solely the effect of reduced 
thickness/chord ratio, but Fig. 
the local thickness/chord ratio. 

IO(b) shows the reduction on the basis of 
It can be seen that the maximum effect 

of the thickness taper is at the centre-section of the wing, the reduction 
of supervelocity decreasing almost linearly, becoming zero and changing sign 
at about q = 0.8. 

From the above it is apparent that a close estimate of the chordwise 
supervelocity distribution at any spanwise position on a rectangular wing 
tapered in thickness, can be obtained by using the theory of Webe& to 
obtain the distribution at the wing centre-line, and reducing this by the 
appropriate amount (given by the theory of Ref. 2) to obtain the distri- 
bution at other spanwise positions. 

Supervelocity distributions on a constant chord, constant thickness/ 
chord ratio, wing of 45O sweep are sl~orvn in Fig. 11. Here again, the 
experimental distribution at the wing centre-line agrees well with the theory 
of Ref. 4. Results for a similar wing, but tapered linearly in thickness, 
are given in Fig. 12. These swept wings are of the same aspect ratio as 
the rectangular wings (1 and Z), but it is found that the reduction in 
supervelocity at the maximum thickness line, due to the effects of the thick- 
ness taper, is less than on tho corresponding unswept wings (Fig. 13). This 
decrease in the effect of thickness taper with increase of sweep was pre- 
dicted by the theory of Raf. 2; the experimental values of this reduction 

-7- 



at the maximum thickness position on the wing centre-lines are compared 
with the theoretical values in Figs, 13 and II+. 

The effect of different rates of thickness taper on wings also 
tapered in planform is illustrated by comparing results for wings 6 and 7, 
which are deltas of aspect ratio 2.8, the former tapering linearly in 
thickness from the root, while the latter decreases parabolically in thick- 
ness from the root, Results for these wings are plotted in Figs. 16 and 
1 79 and analysl, 'e shows the two main effects of thickness taper found 
previously with the constant-chord wings. (Fig, 18). Firstly, the higher 
rate of thickness taper causes a reduction in supervelocity at the wing 
centre section with only a slight effect on the shape of the chordwise 

v b> 
distribution, the k curves for each wing being very similar (Fig. 18(a)). 

X 
Secondly a comparison of the supervelocity distributions at the maximum 
thickness lines of the wings, on the basis of local thickness/chord ratio, 
reveals that the effect of the higher rate of thickness taper is only 
apparent near the centre of the wing (out to r) = 0.3); the same effect was 
found with the constant-chord wings of 45O sweep, which was also the sweep 
of the maximum thickness line of these delta wings. 

3.4 Effects of planform taper 

Plotted in Fig. 15 are the chordwise supervelocity distributions on 
wing 5$ which is tapered linearly both in plan and thickness, and is unswept 
at the maximum thickness line, Over the region covered by the pressure- 
plotting tests (0 c II < 0.3), the shape of the ohordwiso supervelocity 
distribution remains the same. Comparison with the results for wing 2, a 
rectangular wing but of the same thickness taper, reveals that planform 
taper has the following effectso- 

(i) At the centre section of the wing, the peak value of tho super- 
velocity is almost unchanged but the shape of the chordwise distribution 
is altered, the supcrvelocitioa on the wings tapered in planform becoming 
progressivoly less towards the loading and trailing edges than those on the 
rectangular wing of the same thickness distribution, These effects were 
predicted in the theory of Ref. 2, though at very low aspect ratios it was 
expected that planform taper would increase the supervelocity at the centro- 
section maximum thickness position by a small amount. The results in fact 
show this, but a firm conclusion cannot be drawn because the difference is 
of the same order as the possibla experimental error. 

(ii) At the spanwise maximum thickness line the supervelocities 
become greater towards the wing tip, while on the rectangular wing tapered 
in thickness the supervelocities steadily docrease towards the tip. 

Similarly, the effects of planform taper on wings of 45' sweep at the 
maximum thickness line is shown by a comparison of the results for wings 
4 and 6, which are plotted in Figs. 12 and 16. Here too, the effects 
noticed with the unswept wing s are found, though the increase in super- 
velocity at the maximum thickness line due to planform taper is not as 
great as with the unswept wing. 

3.5 Effects of sweep 

The effect of sweep on wings tapered linearly both in plan and thick- 
ness is shown by comparing the results plotted in Figs, 199 20 and 21, where 
the results are plotted for wings 5? 6 and 8 of O", 45O and 60° sweep at 
the maximum thickness lint respectively. Increasing sweep is seen to have 
the offoct of:- 



(i) Reducing the peak supervelocity at the centre section, and altering 
the shape of the chordwise distribution so that the peak supervelocity ocour~ 
at a more rearward position. 

(ii) Reducing the rate at which the supervelocities at the maximum 
thickness line increases with distance from the wing centre-line. f 

4 SUPERVELOCITY DISI'RlBUTIONS AT ZERO INCIDENCE, WINGS A, B AI?D C 
. 

A single model of biconvex parabolic-arc section, wing A of Fig. 3, 
was included in the present series of tests in order to enable a direct com- 
parison to be made with the theories of Newby', and Neumark and Collingbourne 3 . 
Results for two delta wings of aspect ratio 1, wings B and C of Fig. 3, are 
also included; tests on these are reported fully in Ref. 5. The pressure 
coefficients measured at zero incidence on wings A, B and C are given in 
Table 1. 

Supervelocities at the maximum thickness line on wing A (at 50$ chord) 
are compared with the theoretical prediction of Neumark and Collingbourne3 
in Fig. 22, (their value of the supervelocity at the maximum thickness 
position on the centre-section being in agreement with that given in Ref. 2). 
It is seen that the reduction of supervelocity at the centre-section, 
relative to the two-dimensional value, and the rate at which the super- 
velocities increase outboard of the centre-line, are greater than predicted 
by the theory of Ref. 3. Also plotted in Fig. 22 are the supervelocities 
on the corresponding win (wing 5) of RAE 101 section, with an unswept maxi- 
mum thickness line at 3 4 chord. Some chordwise supervelocity distributions 
on wing A are plotted in Fig. 23, and in Fig. 24 the theoretical and 
experimental reductions of supervelocity at the maximum thickness line of 
the wing are shown relative to the two-dimensional value for the local 
thickness/chord ratio. 

The experimental supervelocity distributions on the centre-lines of 
wings B and C are compared with the theoretical estimates of Ref. 2 in 
Fig. 25. Here again, it is found that the experimental values are con- 
siderably less than those predicted by theory. Although the shape of the 
experimental distribution for wing B does not agree so well with the 
theoretical estimate as in the case of wing C9 it should be noted that the 
theoretical distribution for wing B was determined from calculations for two 
wings whose mean thickness taper was approximately linear, and is therefore 
not such a reliable estimate. In addition, Ref. 2 assumes that the wing 
thickness is small compared with th ti span, which clearly does not hold here. 

5 CONCLUSIONS 

5.1 The present series of tests confirm the main qualitative effects of 
taper on wings of low aspect ratio at zero incidence which were predicted in 
Ref. 2. 

5.2 Thicbess taper has two main effects, which are: 

(i) to reduce the velocities near the centre-section of the wing, the 
greatest reduction being at the centre-line, 

(ii) to alter slightly the shape of the chordwise supervelocity 
distribution from that of the urtapered wing, 

The magnitude of these effects decreases with increase of sweep, 

5.3 Planform taper has tvx, main effects also, which are:- 
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(i) to increase the velocities outboard of tho wing centre-section, 
there being a progressive increase towards the wing tip. 

. 

(ii) to altor the shape of the chordwise velocity distribution, 
although the magnitude of the maximm supervelocity at the centre-section 
is only slightly affected, It should be noted, though, that the theory 
of Ref. 2 predicts an increase of supervelocity at the centre-section for 
wings of aspect ratios lower than those of the wings in the present tests, 

The magnitude of these effects decreases with increase of sweep. 

5.4 The limited stop 6 of the present tests did not enable the variation 
of the effects of taper with aspect ratio, and with s2anwise extent of 
tapor, to be investigated. However, the limited spot checks that could 
be made confirmed the theory of Ref. 2. 

5*5 The assutnpt ion in Ref. 2 that - “for rectangular wings of symmetrical 
parabolic-aro aerofoil sect ion, the supervelocity distributions are 
similar in shape to the corresponding two-dimensional distribution, but 
with the supervelocities at all points of the chord reduced in approximately 
the same ratio” - is not strictly justified for more conventional profiles 
in that thickness taper alters the shape of the chordwise distribution, 
as pointed out by TiFebe&. This raises a difficulty in presentation of 
results in that the reduction of supervelocity at the maximum thickness 
position is different from the reduction in peak supervelocity, the peak 
values on an untapered and a tapered wing not being at the same chordwise 
posit ion. However, the estimates in Ref. 2 for the spanwise variation of 
supervelocity at the maxima thickness position on rectangular wings were 
confirmed by the present tests. 

5.6 The theory of Ref. 4 gives close estimates of the centre-section 
distribution on wings 1 9 2 and 3p although slightly underestimating the 
effect of thickness taper on wing 2. Combined with the estimates of 
Ref. 2 for the spanwise variation of the supervelocity distribution at the 
maximum thickness line, a close estimate of the velocity distribution over 
the whole surface of wing 2 can be obtained. 

5.7 For wings tapered both in plan and thickness, the theories of Ref. 2 
and Ref. 3 both underestimate the rate at which the suparvelocity at the 
maximum thickness line increases outboard of the centre-section. 
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4 

Wing 1 

Y 
C 

0 1.005 
0.01 0.161 
0.03 -0.149 
0.05 -0.240 
0.08 -0.300 
0.13 -0.333 
0.20 -0.346 
0.25 -0.347 
0.30 -0.350 
0.35 -0.314 
0.40 -0.274 
0.50 -0.1 yo 
0.60 -0.122 
0.75 -0.015 
0.90 0.063 

Wing 2 

TABLE 1 

Coefficients of pressure, Cn, at cc = 0' 

0 0.1 

1.005 1.006 

-0.233 

-0.327 
-0.342 

-0.350 

-0,266 
-0.1yo 
-0.117 
-0.024 

-0.237 

-01326 
-0.341 

-O,j48 

-0.268 
-0.181 
-0.111 
-0.023 

-i 
rl 

0.3 I 0.5 I o-9 

1.008 

-0.118 
-0.199 

-0.313 
-0.330 

-0.337 

-0.250 
-0.177 
-0.oy8 

I 
-0.013 

I 
0 0 

0 1.006 
0.01 0.148 
0.03 -0.123 
0.05 -0.197 
0.08 -0.246 
0.13 -0.267 
0.20 -0.271 
0.25 -0.263 
0.30 -0.256 
0.35 -0.220 
0.40 -0.1yo 
0.50 -0.131 
0.60 -0.086 
0.75 0.004 
0.90 0.070 

1 .OOl 

-0,161 
-0.208 

-0.246 
-0.246 

-0.250 

0.1 

1.005 

-0.198 -0.188 

-0.248 -0.215 
-0.256 -0.218 

-0,241 -0.201 

-0,igo -0.161 
-0.117 -0.108 
-0.079 -0,062 
-0.005 -0,001 

-0,138 
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TABLE3 1 (CONTD) 

F 

Wing 3 

x 
c 

0 
0.01 
0.03 
a05 
0.08 
0.13 
0.20 
0.25 
0.30 
0.35 
0.40 
0.50 
0.60 
Ob75 
0.90 

0 I 0.1 

I .006 W49 0.509 0.495 as7 0.482 0.481 0,470 0.461 
o.i+cg 0.206 0.167 0.139 0.125 0.130 O.l-iZ O.?Q 0.110 

r-, 1 0 2 bL1 0.023 -0.026 -0.055 -0.074 -0.076 -0.084 -0.088 -0.107 
0.110 -0.051 -0.10-l -0.133 -0.147 -0.153 -0.161 -0.160 -OS33 
o.ooy -0.111 -0.161 -0.192 -0.205 -0.210 -0.217 -0.221 -0.236 

-0.078 -0.161 -0.207 -0.232 -0.245 -0.249 -0.254 -0.255 -0.264 
-0.153 -0.217 -0.246 -0.264 -0.272 -0.273 -0.276 -0.274 -0.268 
-0.197 -0.244 -0.268 -0.278 -0.283 -0.284 -0.280 -0.271 -0.257 
-0.237 -0.262 -0.278 -0.286 -0.287 -0.281 -0.278 -0.265 -0.242 
-0.243 -0.259 -0.264 -0.267 -0.263 -0.259 -0.251 -0.234 -0.205 
-0.245 -0.240 -0.242 -0.240 -0.235 -0,226 -0,214 -0.181 -0.147 
-0.214 -0.201+ -0.180 -0.165 -0.157 -O.-r47 -0.135 -0.157 -0.AO3 
-0.173 -0.?38 -0.120 -0.113 -0.100 -0.087 -0.079 -0.060 -0.045 
-0.092 -0.065 -0.043 -0.024 -0.013 -0,004 0.008 0.018 0,026 
-0.013 0.028 O-O49 0.060 0.066 0,071 0.078 0.079 0,080 

0.2 0.3 0.4 0.5 0.6 0.7 

I 
0.422 I 
0,068 1 

-0.138 
-0.212 
-0.253 
-0.254 
-0.234 
-0.219 
-0.205 
-0.170 
-0.-?37 
-0.081 
-0.034 

0.026 
0.071 



0 1,007 
0.01 0.338 
0.03 o,oi+i 
0.05 -0,063 
0.08 -0.163 
0.13 -0,225 
0.20 -0.265 
0.25 -0.273 
0.30 -0.273 
0.35 -0.245 
0.40 -0.203 
0.50 -0.116 
0.60 -0.041 
0.75 0,040 
0,po 0.116 

x -. 
C 

T 
0 

-- 

0 1,008 
0.01 0.448 
0.03 0,18L 
0.05 0.074 
0.08 -0.016 
0.13 -0.093 
0.20 -0.154 
0.25 -0.181; 
0.30 -0.206 
0.35 -0.21'3 
0.40 -0.20(3 
0.50 -0.164 
0,GO -9.121 
o*75 -0.050 
0.90 0,029 

~T.A~ I (COKTD) 

i 

0.1 

m57 

-0.169 

-0:257 
-0.281 

-0,286 

-0.219 
-0.12b. 
-0.061 

0.026 

5” I c 3.3 

0.817 

-0,321 

-0 , 204 
-0.323 

-0.325 

-0.252 
-0,163 
-o,oy2 
-0.002 

-0 i 

0.1 o*3 

0,527 0*45Q 

-0.072 -0.146 

-0.156 -0.185 -0.155 
-0,187 -0.191 -0.149 

-0,210 -0.182 -0.127 

-0.183 -0.?49 
-0.143 -0,101 
-0.094 -0.059 
-0.027 0.002 

,x 
c 0 

0 0.994 
0.01 0.495 
0.03 0.224 
0.05 0.1-t8 
0.08 0.030 
0.13 -0.055 
0.20 -0.119 
0.25 -0.161 
0.30 -0.196 
o*35 -0.210 
0.40 -0.207 
0.50 -0,171 
0.60 -0.115 
0.75 -0.026 
0.90 0.071 

0.1 0.3 

0.350 0.271 

-0.044 -0.125 

-0.143 -0.218 
-0.186 -0.250 

-0.223 -0.260 

-0,203 -0.217 
-0,162 -0.171 
-0.086 -0.088 
-0.012 -0.00% 
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1 
0 

r 

0.1 0.3 

0.996 0.189 0.136 
0.452 
0.229 
0.162 
0.083 
0.002 

-0.050 
-0.098 
-0.127 
-0.142 
-0.154 
-0.150 
-0.132 
-0.071 

-0.028 -o.opo 

-0.102 
-0.141 

-0.173 
-0.201 

-0.180 -0.220 

-0.171 
-0.145 
-0.107 
-0.042 

-0.187 
-0.137 
-0.085 
-0.014 

x 
C 

0 
0.01 
0.03 
0.05 
0.08 
0.13 
0.20 
0.25 
0.30 
0.35 
0.40 
0.50 
0.60 
0.75 
0.90 

25 
C 

0 
0.01 
0.03 
0.05 
0.08 
0.13 
0.20 
0.25 
0.30 
0.35 
0.40 
0.50 
0.60 
0.75 

I 

0.002 t - 

0.1 0.3 

0.322 0.252 

-0,056 -0.131 

-0.134 -0.166 
-0.163 -0.179 

-0.1g0 

-0.162 
-0.120 
-0.077 
-0.010 

-0.182 

-0.144 
-0.107 
-0.061 

0.00-l 

0 

0.999 
0.483 
0.203 
0.118 
0.030 

-0.053 
-0.120 
-0.142 
-0.170 
-0.173 
-0.A63 
-0.133 
-0.123 
-0.015 

0.063 

linp A 

0.1 0.2 0.3 0.4 0*5 I 0.6 

0.374 0.128 0.163 0.052 0.134 
0.146 0.123 0.108 0,095 0.087 
0.082 0.059 0.046 0.031 0.017 

-0,001 -0.023 -0.039 -0.058 -0.066 
-0.op1 -0.111 -0.125 -0.142 -0.151 

0.071 0.064 

-0.069 -0.094 

-0.175 -0.190 -0.206 -0.222 

-0.229 -0.242 -0.255 -0.274 

-0.241 

-0.294 

-0.307 
-0.292 
-0.232 
-0.144 
-0.007 

-0.298 -0.321 

-0.248 -0.261 -0.274 -0.294 
-0.230 -0.244 -0.248 -0.278 
-0.171 -0.179 -0.195 -0.220 
-0.073 -0.092 -0.11: -0.131 

0.077 0.059 0.035 0.002 

-0.318 
-0.299 
-0.244 
-0.153 
-0.021 

x 
c 

0.01 
0.03 
0.05 
0.08 
0.13 
0.20 
0.25 
0.30 
0.35 
0.40 
0*45 
0.50 
0.60 
0.70 
0.80 
0.90 
0.95 

0.7 0.8 

-0.107 

-0.268 -0.280 

-0.343 
-0.323 
-0.267 
-0,201 

-0.339 

-0,362 
-0.340 
-0.293 

0 

0.358 
0?253 
0.192 
0.120 
0.029 

-0.063 
-0,120 
-0.164 
-0.196 
-0.222 
-0.239 
-0.241 
-0.223 
-0.158 
-0.022 

0.102 
0.203 

! 
L 
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, * 

Thing B 

0.10 0.101 
0.20 0.044 
0.30 -0.008 
0.40 -0.05’; 
0.50 -o.ogy 
0.60 -0.137 
0.70 -0.152 
0.80 -0.131 
0.90 -0.012 
0.95 0.100 
0.98 

, 
1 - 

I 

0.097 
0.042 

-0.011 
-0.057 
-0.102 I 
-0.141' 
-0.158 
-0.135 
-0.024 

0.087 
o,igz 

! 
! 

0.2 I 0.3 i 0.4 1 9.5 I 

0.093 
0.0&O 

-0.011 
-0.059 
-0.104 
-0.145 
-0.165 
-0.148 
-0.037 

0.976 ' 
0.175 1 

I 

n.091 
0.044 

-0.003 
-0.057 
-0.103 
-c).144 
-a,170 
-0.154 
-o.o:,o 

0.065 
0.170 

0.094 0.090 
0.046 0.043 
0.010 -O.ooJ+ 

-0.050 -0.01+8 
-0.101 -0.097 
-0.147 -0.444 
-9.175 -0,181 
-0.168 -0.185 
-0.0~1 -0.100 

0.048 0.019 
0.162 0.149 

i 

0.6 ’ O-7 0.8 1 O*Y 
I 

0.096 ’ 0.093 
0.049 0.052 
0.011 0.018 

-0.038 -0.024 
-0,080 -0.070 
-0.135 -0.120 
-0.179 -0.168 
-0.lY9 -0 (i 202 
-0.129 -0.16y 
-0.013 -0.062 

0.132 j 0.206 

0.096 
0.060 
0.029 

-0.010 
-0.047 
-0.089 
-0. I&l 
-0.195 
-0.202 
-0.124 

0.046 

0.107 
0.062 
0.036 
0.007 

-0.023 
-0.055 
-0.094 
-0.148 
-0.211 
-0.206 
-0.075 

Xote: q = y/s(x) where s(x) = local smi-span 



TABLE 1 (CONTD) 

X - 

cO 

0.10 

0.20 
0.30 
0.40 
0.50 

0.60 
0.70 
0.80 
0.90 
o*95 
0.98 

0.092 
0.033 

-0.004 
-0.052 
-0,082 
-0.100 
-0.106 
-0.082 

0.036 
0.028 

-0.010 
-0.055 
-0.081 
-0.103 
-0.108 
-0.084 

0.002 
0.094 
0.170 

0.2 0.3 

o.oF33 0.081 
0.029 0.028 

-0.007 -0.012 
-0.054 -0.055 
-0.083 -0,084 
-0.105 4,111 
-0.110 -3.11y 
-0.090 -0.093 
-0.012 -0.025 

0.073 0.056 
o-154 0.138 

0.4 

0.081 
0.028 

-0.011 
-0.052 
-0.083 
AI.137 
-0.116 
-0.132 
-0.037 

0.035 
0.114 

C  

0.5 

0.080 
0.029 

-0.004 
-0.01+8 
-0.080 
-0.108 
-0.120 
-0.103 
-0.046 

0.017 
0.089 

Note x q = y/s(x) -die re s(x) = losal semi-span 

0.6 

0.083 
0.038 
0.031 

-0.042 
-0.071 
-0.094 
-0.109 
-0,101 
-0.050 

0.004 
0.070 

0.7 

0.082 
0.042 

-0.002 
-0.036 
-0.066 
-0.090 
-0.106 
-0.102 
-0, Ol+O 
-0.007 

0.8 

0.089 
0.047 
0.012 

-0.026 
-0.051 
-0.081 
-0.089 
-0.084 
-0.048 
-0.016 

0.9 

0.100 
0.053 
0.021 

-0,011 
-0.039 
-0.058 
-0,070 
-0.070 
-0.046 
-0.028 

c a 



Coefficients of total lift, drag and pitching moment, 
from balance measurements9 wings I-8 

B = 3.2 x IO6 

Wing I 2 Wing 

i I cl 5J 
I 

'm 
J I 1 L 

I 1 I 
0.0085 -0.0025 
0.0079 0.0004 
0,0082 0.0023 
o.ooqa 0.0049 
0.0132 0.0070 
0.0169 0.0093 
0.0225 0.0101 
0.0295 0.0109 
0.0382 0,0104 
0.0480 0.0092 
0.0601 0.0082 
0.0739 c).OO63 

t 0.0081 ' -0.094 
-0.036 0.0059 

I -0.0037 
-0.0028 

0.015 0.0056 -0.0001 
0.069 0.0068 0.0020 
0.128 0.0097 o.oozg 
0.1y1 0.0147 0.0030 
0.259 0.0222 0.0041 
0.398 0.0473 0.0036 
0,539 0.0932 
0.588 

1 0.0035 
0.1147 -0.0046 / 1 

-2.48 
-1.02 

0.51 
1.94 
3.43 
4.82 
6.56 
9.54 

22.78 f 
13.86 I 

-I*43 -0,051 
-0.15 -0.003 

1.13 0.046 
2.56 0.095 
3.84 0.147 
5.12 0.197 
6.50 0.249 
7.89 0.303 
9.22 0.361 

10~56 1 0.418 
11~90 i 0.478 

j -t3.23 ! 0.539 
0 1 

Wing 3 4 WinF: 

1 a 
B 5J 

-0.079 
-0.035 

0,007 
0.051 
0.095 
0.740 
0.185 
0.230 
0.276 
0.321 
a'368 
0.414 
0.463 
0.511 
0.560 
0,609 
0.659 
0.710 

0.0079 
0.0062 
0.0059 
0.0065 
o,oos5 
0.0?09 
0.0146 
0.0192 
0.0252 
0.0316 
0.0388 
o*o473 
0.0572 
0.0681 
0.0803 
0.0938 

'm 

-0.0013 
0.0002 
0.0018 
0.0029 
0.0043 
0.0051 
0.0057 
0.0062 
0.0062 
0.0057 
;3.0046 
0.0031, 
0.0014 

-0,0013 
-0.0046 
-0.0088 

a 

-3.18 
-0.99 

0 
1 .Ol 
3.11 

;*;a 

10125 
12.63 
14.79 
16.96 

-1.95 -0.82 
0.32 
I.)+8 
2.65 
3.53 

2:; 
7:32 
8.50 
9.63 

IO*75 
11.93 
-13.11 
14.25 
15.37 
16e51 
17.64 

-O.lli 0.0087 
-0.030 0.0053 

0,002 0,0051 
0.036 0.0056 
0.111 cm093 
0,192 0.0168 
0.292 0.0310 
0.408 0.0546 
0.518 0.0843 
0.625 O.ll99 
0.739 0.1683 

-0.0050 
-0.0001 

0.0020 
0.0037 
0.0057 
0.0052 
0.0044 
0.0016 

-0.0022 
-0.0073 
-0.0156 1 

0.1085 f -0.0124 
0.1243 1 -0.0196 
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Wines 59 6, 7 and 8 

a.$. = 2.1 x IO6 

Bing 6 Wing 5 

F I F u 
‘IJ 'D 

-5.01 -0.237 0.0143 0.0246 
-3.00 -0.144 0.0093 0.0153 
-1 .oo -0,048 0.0067 0.003y 

0 0 0.0064 -0.0012 
1.01 0.049 0.0066 -0.0068 
3.04 0.146 o.ooyo -0.0182 
5.07 0,243 0.0145 -0.0291 
7.13 0.338 0.0236 -0.0393 

10.20 0.480 0.0454 -0.0550 
12.26 0.570 0.0687 -0.0632 
14.30 0.656 G.1017 -0.0727 
16.35 0.737 0.1480 -0.0822 
18.39 0.807 O.lY49 -0.1184 
20.44 ! 0.869 I 0.2545 -0.1361 

0.0140 
0.0101 
0.0~~86 
0.0089 
o.ooy”, 
0.0122 
0.0174 
0.0247 
0.0419 
0.0602 

-0.199 
-0.104 
-0.016 

0.029 
0.072 
0.161 
0.248 
0.333 
0.455 
0.533 
0.592 ’ 0.0921 
0.631 I ‘ 0.1400 

a 

-4.46 
-2.33 
-0.30 

0.71 
1.71 
3.71 
5.72 
7.75 

10.77 
12.80 
14.82 
16.83 

-G,OlOl 
-0.0055 
-0.0015 

0.0006 
0.0028 
0.0071 
0.010y 
0.0149 
0.0197 
0.0209 
0,0167 

-0.0037 
I 

5 
m 

a 

-2.33 -0.096 0.0135 0.0088 
-1.31 -0.048 0.0121 0.0030 

0 0.001 0.0116 -0.0026 
0.81 0.050 0.0118 -0.GO86 
2.03 0.098 0.0131 -0.0143 
3.86 0.198 0.01y1 -0.0265 
6.19 0.300 0.0304 -0.0386 
8.12 0 .l&OO 0.0474 -0.0481 

10.24 0.497 0.0703 -0.0587 
12.27 0.589 0.0998 -0.0673 
14.40 0.678 0.1359 -0.0768 
16.52 0.762 0.1842 -0.0892 
18.54 0.831 0.2401 -0.1003 

a 

-0.204 
-0.128 
-0.045 
-0,003 

0.041 0.120 
0.200 
0.295 
0.415 
0.494 z;: 
G:717 
0.786 
0.857 

0.0135 0.0415 
0.0098 0.0256 
0.0079 0.0097 
0.0075 G.0010 
0,0076 -0.0086 
0.0094 -0.0222 
0.0134 -0.0377 
0.0216 -0.0519 
0,038y -0.0753 
0.0552 -0*0905 
0.0777 -0.1044 
0.1047 -0.1086 
0.1412 -0.1151 
0.1827 -0.1214 
0.2274 -0.1322 

-4.73 
-3.04 
-1 .Ol 

0 
1.01 
2.88 
4.71 
7.08 

IO.12 
11.94 
13.84 
15.88 
17.90 
19.87 
21.89 

L 
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WING 2 

MODEL SCALE IN 

-7s” 

1. 
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, 

/ 

/ 

/ 

I I I - 

WfNG 3 WING 4 

- - - MAXIMUM THICKNESS t=OSlTlON 

FIG. 1. CONSTANT CHORD WINGS. 
ASPECT RATIO = l-4. 



I 

WING 5 

d / . / 
WING 6 

MODEL SCALE IN 

WING 7 WING 8 

-- MAXIMUM THICKNESS POSITION 

FIG.2. WINGS OF PLANFORM TAPER RATIO 0 
ASPECT RATIO = 2*8. 



WING A 

A = 2.8 

0 

‘p 

MODEL SCALE IN 

-_ MAXIMUM THICKNESS POSITION 

FIG. 3. WINGS OF BICONVEX PARABOLIC 
ARC SECTION 

WINGS B&C - SEE REF. 5, 
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0 0.5 I.0 I.5 2.0 2.5 
A 

FI+. IO REF 4 

FlG.4. EFFECT OF SECTION SHAPE ON 
SUPERVELOCITIES AT CENTRE SECTION 

OF RECTANGULAR WINGS 
d= 0: CONSTANT tic 

I.2 

l-r ad-@ -- 
4to v. ( > co 

-- THEORY ‘A = 00 - 

(REE 4) 
I 

0.8 - 

O-6 
0 O-2 0.4 

FIGS. EFFECT OF 

-- 

SUPERVELOCITIES 

0.6 0.8 I.0 

v CO 

FINITE SPAN ON 
AT t MAX OF 

RECTANGULAR WING. 
oC=O: CONSTANT t/c 



0.E 

0-f 

5- 

0 o-2 0.4 0.6 

v 
08 

co 

FIG. 6. EFFECT OF FINITE SPAN ON 
SUPERVELOCITIES AT tMAX OF SWEPT 

CONSTANT-CHORD WINGS. 
CL=00 , CONSTANT ‘/c 

2 

0.’ 

C 

i 

I 

FIN 39(c) Rw.2 

0 WING I 
a WING OF REF 6 

- THEORY REF: 2 

FIG.7 EFFECT OF FINITE SPAN ON 
SUPERVELOCITY AT CENTRE-SECTION 

OF CONSTANT CHORD WINGS. 
d=OO 
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0 

0 0.2 4 0.4 O-6 x 0.8 II0 

C 

FIG.80 WING I. SUPERVELOCITIES AT d=O” 
A=[*4 q4=(-jo cr=I 
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0 0.2 +i 0.4 06 x 0.8 
c 

I.0 

I 
A I 

/ / 

3, 
\ 

0 WIN5 2 
I 

EFFECT OF EFFECT OF 
,THlCKNESS TAPER /THICKNESS TAPER 

J 

0 0.2 0.4 0.6 0% 

FlG.9. WING 2. SUPERVELOCITIES AT d-0’ 

A=104 f!#=O p=O $=042 
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0 02 04 0.6 “z 028 IO 0 

&!I REDUCTION OF & RELATIVE TO TWO-DIMENSIONAL 
VALUE FOR LOCAL THICKNESS/CHORD RATIO 

0 0 WING t 

X-% WlN$ 2 

REDUCTION DUE REDUCTION DUE 
- TO TAPER IN TO TAPER IN 

THICKNESS THICKNESS 

I 

\ \ I I 
\ 

\\ 
\ 

\ \ 
\ 

\ 
\ 

\ 

0 6 n 0.8 L 

0 0 EFFECT OF THICKNESS TAPER 

I I 

INTERPOLATED FROM em - -- _ . 
FIG. IO(b) REF. 2 

EXPTL. RESULTS 

e 

r 

FIGJO (a 6 b) SPANWISE VARIATION OF 
SUPERVELOCITY AT MAX. THICKNESS 
WINGS l&2. d=O” A=104 A,O” &=O-12 



FIG.ll. WING 3. SUPERVELOCITIES AT d =O” 
A=I*4 v#=4S” p=l 2= 0*12 
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I 

q=o 

X--x 
7 

= 0.1 

&-A 7 = o-3 

c-e- 

0 0.2 -k 0.4 

FlG.12. WING 4. SUPERVELOCITIES AT oL=Cf 
A= I*4 Q=45* p=O 2=092 



& 

EFFECT OF 
THICKNESS TAPER 

--- THEORY 

RESULTS 
0 I 

0 0.2 04 0.6 7 08 l-0 
L 

0 0 EFFECT OF THICKNESS TAPER 

0 02 0.4 06 
72 

O-8 I.0 

(b> REDUCTION OF ‘J;r RELATIVE TO TWO-DIMENSIONAL 
VALUE FOR LOCAL THICKNESS / CHORD RATIO 

(SEE FIG. lo .) 

FIG.13 (a 8 b) SPANWISE VARIATION OF 
SUPERVELOCITY AT MAX. THICKNESS LINE. 

WINGS 3 8 4. 
d=OO A-la4 

9 4 
= 45 0 



0 Q REDUCTION OF SUPERVELOCITY AT MAXIMUM 
THICKNESS (EXPERIMENTAL) 

FI$ 33 (b) REF: 2 

I 
- THEORY 

x h + EXPERIMENT 

A. FT . 

~~J 

II I I I 
-0 O-25 0.50 0.75 d I.00 I.25 

co 
0 REDUCTION OF SUPERVELOCITY AT MAXIMUM 

THICKNESS OF CENTRE-SECTION. 
c COMPARISON WITH THEORY OF REE 2. 

FIG.14 (a 8 b) REDUCTION OF SUPERVELI>CITY ON 
CONSTANT CHORD WINGS DUE TO THICKNESS 

TAPER 7 
X DIFFERENCE BETWEEN WINGS I & 2 
+ DIFFERENCE BETWEEN WINGS 3 & 4 

A.R.= l-4 



% x 7=0-l 

h 43 ,7 = 0.3 

I 
---- wmJq2 7po 

I 

I\I\ \ r\ ,PLANFORM TAPER 

\ EFFECT OF 

7=0*3 0 
0 0.6 $ 0.8 

I I EFFECT OF I 

FIG.15. WING 5. SUPERVELOCITIES AT d, = 0” 
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