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CALCULATED LIFT DISTRIBUTICNS IN INCOMFRESSIBLE
FLOW ON SOME SWEPTBACK WINGS

by

J. A. Bagley and G. M, Joyce

In the course of a larger survey of some aerodynoamic characteristics
of a family of sweptback vwings, the low-speed 1ift distributions were
caleulated. The 35 planforms considered cover a range of leading-edge
sweep angles from 55° to 70°, and aspect ratios frem 2 to 3+9. The results

are given here, together with a comparison with other calculations and with

experimental results on one particular wing.

Replaces R.A.E. Tech. Note No. Aero, 2836 - A.R.C. 24 437.
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1 DETATLS OF THE WINGS CONSIDERED

The wing planforms which were first dealt with are shown in Pig,i. This
family of planforms were considered by Bagley and Beasley’ in a general survey
of wing shapes designed for operation at Mg= 1'2; each member of the family
has a straight swept trailing cdge and a leading edge which is straight over
the inner half and parsbolically curved over the outer half, fairing into a
streamwise tip. The planform can be defined by three parameters: the
aspect ratio,A, and the sweepback angles of the inner part of the leading edge,

Pg? and of the trailing edge, Pye Other geometrical parameters of interest are

the semi-span, s, the overall length (in the sircamwise direction), £, the root
chord, Cys and the "projected tip chord”, Cry defined by extending the inner

part of the leading edge as indicated in Fig.Z,
Teking x,y,z as right handed Cartesian coordinates with x measured

streamwise and y spanwise, with the origin at the wing epex, the leading edge
of any planform in this family is given by

i

mO[y[ for 0 < |y] < % 8

L

t

x = mlyl+e 112201 ~n) + 2 (1 -n)} rords<lyl<s

and the trailing edge 1s given by

Xp = 0+ m1|y]

where m, = tan Py Wy = tan Py and 1 = IEI

1
It can be deduced that

2l s/C

A = ——
11 = b (s co mO - m1f

(e /s)

i

#% [%% + 5(mo - m1) }

11/[%—* +5m + 6m1}
(B, -n] [ e, ))

Values of these parameters for the various wings of the family are
given in Table 1

1l

(s/¢)

(04/5,)

[§]

Caleculations have also been made for the wing planform tested by
Garner and lelshe?, here referred to as "Garner's wing", which 1s shown in
Fig.3. This has a shape rather similar to the other wings considered, with
sweepback of 60° on the trailing edge and on the inboard parl of the lcading
edge., Outboard of m = 0°616 the leading edge 1s curved, and is given by the
expression

-l -
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no= (yWV3+ e [‘ mz

The aspect ratio of this wing 1s 35°899; the root chord of the model was
36 inches, the semi-span 657 inches, and the overall length 14,9'8 inches.,

2 CALCULATION OF THE LIFT DISTRIBUTIONS

Al the oalculations were made using Kuchemann's methodj, assuning
incompressible {low without separations. Thus no account has becn taken of
leading-cdge vortices or other viscous effects. The two-fimensional 1ift
slope parameter a_ was assumed equal to 2% throughout; past experience

suggests that this is a sensible value for wings of about §,. thickness-chord
ratio and moderate sweep., (The choice of a particular value for %y af'fects

the overall value of the calculated 1ift slope EL/d, but has little effect
on the spanwise distribution of 1lifs,)

For Garner's wing and for wing 31 of the original family, the celcu-
lations werc made using the completc Kiuchemarn theory, so that the correct
variation of mid-chord sweep, ¢ o/2? across the outer part of the wing was

taken into account. Calculations were also made for these two wings using
a constant velue of ¢ o/2 throughout (equal to the value over the inner part

of the w1ng) and the results are compared in Fig,4 with those from the
full theory. Calculations for the remaining wings were made using the simpler
methed with a constant value of mc/2 acroas the whole wing.

The results of these calculations are given in Tables 2, 3 and 4, in
the form of sectional 1ift slopes and aerodynamic centre positions, while
the overall values of 1if't slope and aerodynamic centre position are given
in Table 1. Kichemenn's methodd specifies that the chordwise loading at any
station i3 approximated by

w™n

n
sin %n (4 -
8C,(E,y) = =Gy (y) . ( 5‘5

where £ = (% — XL(Y))/ c{y)

and the parameter n (a function of y) is related to the local aerodynamic
centre position by

H

C @) - n ()

X
P - . e C
%oos. ) = B2

3 (1 - a(y))

“The- comparlsonSLbetween the two ' sets-of results using constant or

varying valie of~o 7* ~ ol the ‘outer part of the- wing show that.the variation
TopuEtode efbc mett el
in sweep-does not have a large influence on either the llft or, the aero~

dynamic centre position, The majorily of the wings considéred will have a
smaller veriation of sweep over the tip resion than either of these two, so
it is probable that the effects of taking o o/2 constant will also be smaller,



3  COMPARISON WITH QTHER RESULTS

The results celculated for Garner's wing are compared in Fig.5 with
experimental values taken from Garner and WalsheQ, and also with values
oalculated by Gerner from Multhopp's4 lifting-surface theory using 15 x 3
pivotal points., Over the inner part of the wing the experimental points
agree reasonably well with either theory, although Kichemann's method
appears to predict the aerodynamic centre positions more accurately, but
over the tip region it is clear that there is a considerable difference
between experiment ond both theories, Thie is an effect which has been
observed in several experiments on highly swept wings with curved tips: the
reason for it has not been convineingly explained as yet, but it probably
indioates a departures from the assumed attached inviscid flow in the immediate
neighbourhood of the wing tip even at this small incidence of 2°, Similar
effects have been discussed in Refs,3, 5 and 6,

4  OVERALL LIFT SLOPES AND AERODYNAMIC CLNTRE POSITIONG

From the oaloulated 1ift distributions, values of the overall 1ift
slope, C /ﬁ, and the aerodynamic centre positions were obtained by graphical
integration, and these are quoted in Table 1,

The lift slope values are plotted in Fig.6 against ¢ ,,, the mid-chord
sweep of the inner part of the wing, For comparison, valﬁég cbtained from
Helmbold's approximate relation which is quoted in Ref.3 are also shown.
This is:

a_  0os
o ?

ef.o
i

& 00S G2 & 008 ¢
Jre ()
A A

In these computations, the values of ¢q/2 have been used for Q.

Within this range of sweep angles and aspect ratios, the results given
by Helmbold's formula are within about 5% of those given by Ktichemann's method?,

ALnother approximate method for calculating the 1ift slopes of swept wings
is given in Royal heronautical Society Data Sheet "Wings O1.01,.01" and is
probably more generally used than Helmbold's formula, The values given by this
method also agree with those calculated in Table 1 within about 5%,

5 CONCLUSIONS

The comparison shown in Tables 2 and 3 and in Fig,4 indicates that in many
cases it is adequate to calculate the spanwise 1ift distribution for a wing with
a curved tip shape by using a constant value for the eoffective sweep, 1nstead
of taking the exact variation of ¢c 2 in the tip region. The chordwise loading

perameter n is even less affected by this simplification,

The experimental results quoted in Fig.5 suggest that any lifting-surface
theory which assumes attached inviscid flow over the whole wang will not ade-
quatcly predict either the spanwise lift distribution or the chordwise loading
clogse to the wing tip.
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TABLE 1

Geometric deteals and results

?y = leadang edge sweep (imner part of wing)
9, = 1trailing edge
Oofo = mid-chord sweep (inner part of wing)
co = root chord
8 = S8Semi-spean
2 = overall length
P . KBrogected tip chord
- root chord
Eac = distance of aerodynamic cenire behind wing apex
Wing No.] A % 1 99 | 902 cd/s I T s/t CL/h xac/e
1 3°5 | 55° 35°| 46°78° [ 0°G54 | 0+2L | 0604 | 2+876 | 0474
2 5*5 | B5%) 45°| 50°52° | 0°8181 048 0-550| 2780 | O+445
3 35 | 55°%) 55%1 BR° 0:623] 1:0C | 0487 2:605| O-442
4 345 | 60°| 35°% 50°57° 11+0921 0-06 | 0-558! 2:6371 0-491
5 3*5 1 60° 45°] 53-80° {0°956 | 023§ 0°511| 2+594 | 0+470
6 3°5 | 60° 55%¢ 57+67° 10762 0:60} 0°457] 2°470! 0441
7 2751 55%] 35°| 46°78° [4+124§ 035 | 0548 | 26951 0-463
8 2+75| 559 L5°! 50+52° | 0988 | G*57 | 0°503| 2-608| O+436
9 2+751 B59] B5%| B5° 0+793{ 1-00 | O-450 | 2:435] Q403
10 2:75) 60° 35°1 BO<57° | 1°2621 0*18 | 0*510| 2°499 0-489
11 2:75! 60°] 45°; 53-80° {1+126| 0+35 | 04701 2462} O+463
12 2075, 60°} 55°1 57+67° [0°932 | 0+67 | 0124 | 2-338| 0+432
13 2¢0 | 55°) 35°%) 46°78% [1-422 | 049 | 04741 29345 0-440
1, 2:0 | 55°] 45°| 50-52° [1+286| 0:67 0-458; 2°300} 0+413
15 2+0 | 55°, 55°| 55° 170911 1+00 § 0°397) 2183 | 0-385
16 2:0 | 60°%) 35°| 50°57° | 1560 | 0+ 3L | 0442 2°297| 0467
17 2:0 | 60°) 45° 7 53+80° {1424 | 049 | O-4431 2-2321 O L4
18 2°0 { 60°) 55°1 57+67° |1°229| 075 | 0-376, 2+116 | 0*413
19 35 | 65°1 55°! 60°76° {0949 | 0+25 | 04211 2246 | O-461
20 35 | 65° 65°| 65° 06231 100 | 0+361, 2-088| 0-435
2 3.5 | 70°| 65°| 67°76° 10-897| 033 0-3291 1:854 1 0454
22 2:75| 65°1 35°| 54-89° | 1450 0-00 | 0-L65! 2°2691 0509
23 2°751 65°] 45°1 57+54° [1°344 | 0:13 | 0432 | 2255 0487
2 | 2:75! 65°1 55°| 60-76° |1°119] 0-36 | 0-393( 2-172| 0-462
25 2-75[ 65°) 65°1 65° 0*7931 1-00 | 0*3L01{ 1+986 ¢ 0+427
! 26 2°75) 70°) 55%| Gh4+41° | 1°393) 0:05 | 0-354| 1879 | 0-480
i 27 2:75) 70°1 65°1 67°76° {1067 [ O | 0+311 | 1806 | 0457
28 2:0 | 65°) 35°| B4*89° [1-747{ 0+17 | 0°409 2+156{ 0-501
29 20 | 65% 45°) 57-B4° 1 1-611 0-29 [ 0-383! 2144 | 0477
30 2:0 ) 65%) 57| 6076% 1447 O°L9 | 0°252) 2*019 | 0448
31 2:0 | 65°] 659} 65° 1+091} 100 | 0-3091 1-8421 G410
32 20 | 70°] 45°| 64+91° 14-885| 0-07 | 0=347 ' 1:887 | 0°507
, 33 2:0 1 70%) 55° 1 64410 14:691 ) 022 [ G321 | 1+8451 0483
3§ 20 | 70°0 65°1 67-76° 51'365 0°56 | 0°2851 1-722 | 0*451




TARLE 2

Calculated spanwise distributions of 1lift and aerodynamic

centre on Q@rner's‘wiqﬁ

A =39, ¢ =9, =60°

A A Y W WA mirigeslt M AEW LRI LMCT

(a) Pull method of RSM 2935| (b) Using constant 96/
n CL/G Xa. Ce CL/CL xa- Ce
0 217 0410 218 0:310
0°195 2439 0-283 2+40 0-283
0-383 250 0+ 25k 2:52 0254
0+ 556 247 0245 2+50 0-245
0* 707 233 0232 241 0232
0+832 219 0209 2736 0211
0+924 203 0+169 2+ 31 0181
0981 1+93 0108 202 0140
Overall ﬁL/d = 2°36 ELﬁm = 2°42
TABLE 3

Calculated spanvise disiributions of 1ift and aerodynamic

cenlre on Wing 31

A=2, (p0=:p1:65°

(a) Full method of R&M 2935 (b) Using constant 9/

n CL/E Xa.c. CL/a Xa.c.

0 173 0411 17k 0411
0:195 1-80 0-313 1+82 0+313
0+383 1+86 0+ 266 1-88 0266
0556 1484 02352 1:88 0+232
0-707 1+79 0200 1+86 0+ 204
0-832 1472 0464 1+8L 0+170
0-924 1465 0426 179 0143
0+981 1+56 007k 171 01114

Overall CL/a = 1-80 cLﬁa = 1+8i




TABLE [

Calculated 1ift dastributions for 34 wings

(Using constant value of @0/2 across the span)

- | = -
1 1
flng“No. 1 h miﬂ ] 3 ¥
T] CL/U- XamCo; CIA/CL X eCo : CL/Q‘ XamC_Q
0 2.2, 03661 231 0376 , 243 0-392
0-1951 | 2:60 0-287| 2:60 0°286 | 261 028l
0°3827 | 2:92 Q-25, 283 0255 | 2-70 0255
0°5556 | 316 02431 294 0242 | 2:65 0-244
b 0:7074 | 33, 0-239] 3-00 0-23 | 2:55 0-228
08315 ! 2:53 0-232) 305 0+223  2'5, 0-210
0°9239 . 3+75 0220, 340 0°20L | 2-L8 0O+184
0+9808 { LeOLk 0°195! 3+47  0+472 1 2+44 0149
C/a = 288 2.78 | 260
| R I
| Wing ¥o, L | 5 _i 6
.k n CL/G' xa.c. CL/O‘ : 8,C, | CL/U' Xa..c.
L0 1+94, 0+378| 200 0388 | 2:08 0-401 !
| 009951 | 2°31  0+2961 2°33 0-295 | 2°33  0-293
0-3827 | 2:69 0-257) 263 0'258 | 2-52 0-258
05556 | 3+03 0-24,5] 286 C+243 | 2°59 0242
0-7071 | 335 ©0-24,3! 3-02 0239 | 2:62 0+233
0°8315 | 370 0-242; 321 0232 | 265 0-217
0+9239 | 416 02381 3+bh 0:218 | 2:69 0:193
0+9808 | 4°95 0°226; 3-99 04188 | 2:72 0-156
’?i:h 2e 6l 5459 T g
Wing No: ! 8 ‘ 9
1 e E W AT e . e e |

M CL/G" Xa.c. i CL/O" Xa.c. ’ CL/G' J{‘a.c.

0 P pe18 0358 227 O+371 | 2+5, 04386
041951 2:46 0+238. 2+48 0291 | 246 0-292
03827 | 2:72 0+25u] 265 04256 | 2-51 0258

Loe5556 | 2°90 02351 273  0:236 | 2:47 0+236
07074 302 02260 276 0+222 1 2:42 0-°216
0°8315 | 313 0-216| 277 0°208 1 2°35 0-197
0:9239 | 3-23 0-200] 2-77 0-183 ! 2:27 0+172
0°9808 | 335 Q0474 i 2°7% 0-159 ! 2-148  0-140
T, /o 2:70 261 i 24,3

- 10 -



TABLE

% (Contd.)

I

-

{ Wing No. | 10 l 19 !
b on - - v ATk AL s e ey |
I N i CL/G' Xa.c. ‘ CL/U’ Xa.c. CL/G' Xa.c. !
- 2 1 2 |
: O ; 1°90 0°364 1-96 0-382 .2:03 0+395
001951 ¢ 2+24 0291 ! 2.23  0°299 222 0°+300 |
. 03827 1 2°51  0+254 . 2:48 0°259 , 2+38 0-261
. 05556 | 2:78 0233 | 266 00237 | 2+hh 0-237 !
0:7071 , 301 0°227 | 279 0-226 ] 2:45 0219
0:3315 | 3'25 0221 | 2:90 0°215 | 2:u6 04202 i
| 09239 i 3:55 0+208 | 3:02 0°196 :2:45 0178 |
| 0°9808 ! 395 0183 | 3-16 0165 } 2:4L 0143
[ ! s e e -
LH"EE o | 2450 246 ; 23k
e 1 i
' Wiag No.‘ 13 ‘ 1L : 15
L N ' CL/G' ) Xa.c. CL “ Aa.c. | CL/a 1’(aL.c. |
|0 12:01 03 | 210 0:353 [2:18 0372
0-1951 | 220 0284 | 2+25 0-287 | 2-24 0291
0-3827 | 2+37 0-250 | 235 0°251 | 2:26 0-256
0°5556 | 2+46 0226 | 2:38 0-227 | 2°20 0-229
| 07071 | 2°52 0208 | 2:26 0°206 212 0-204
| 0°8315 | 2+54 0194 | 2-33 0188 204 0179y
009239 | 2°B5  0°177 | 2:28  0°169 , 195 0157
L 0-9808 | 2:53 07153 | 2:20 0145 ' 1:84  0-131
|'75L/a 243l 2430 : 2+18
Wing No. | 16 ! 17 | 18 |
i ; a— . !
n CL/a' 2eCe ; CL/c' Xa.c CL/G' asc. |
i _ . y . - i
0O | 1:85 0°549' 1-88 0:363 . 1:94  0-381
0-1951 | 2:09  0°288: 2:08 0°+294 | 2:06 0+300
03827 | 2+30  0°252i 2°25 0255 | 2°15 0-259
0-5556 | 2+48 o-227i 2:35 0228 1 2°18  0:230
Q7071 | 2°62 0+209! 2442 0+207 | 2+17 0°+205
08315 { 273 01981 2:46 0191 | 2°14  0-181
0:9239 | 2:83  0'182) 2:48 0172 | 2:09 0158
C+9808 { 2792  0+157| 2-:48 0°145 | 2:01  O-144
S /e | 2°30 | 223 2412
' « —l ——




TABLE 4 (Gontd.)

il ™ —— 3
Wing Ho. 19 20 24
n CL/G‘ Xa.c:. cL/Ct' Xa.c. CL ¢ Xa.c.
B S — T [P T —— s et
o) 1472 Q411 | 183  0+424 | 1°41  O°433
G+ 1951 2:00 0-304 | 2+02 0-294% | 165 0°310
G+ 3827 228 0261 1 213 0+259 | 1-87 0-263
0+ 5556 247  0°2kh | 2:44  0-2h2 | 2°02  O-2uk
0-7071 262 0240 | 243 Gr226 | 2+41  0-238
0-8315 2°77 0+231 | 2443 0204 | 2+22 0225
09239 2:97 0244 , 215 04173 | 2°37 0+203
0+ 9808 3:25 Q0180 1 244 0131 | 2+63 0161
C /o 2025 2409 , 1-85
—— —— J—— |
T -
wWing No, 22 23 24
g SVAIE ST BAYC D S Cfe X .,
0 164 0379 | 167 0391 | 1°71 0406
0+1951 196  0°304 | 1+96 ©-307 | 1°95 0-309
0+ 3827 2:31 0260 | 227 0-262 | 2°18 0+263
0° 5556 268 238 | 2°55  0°238 | 2+35 Q+238
0-7071 3+05 (0236 | 280 0°233 | 2°5¢ (0-226
0+8315 348 0°236 | 307- 07227 | 2°59 0+213
05239 L*09 0°+236 | 3Lt 0°216 | 2+72 0190
0+9308 525  0*235 | 396 0190 | 2+87 0+155
EL o 227 226 2417
Wing No. zZ5 26 27
n CL/G' 2eCa CL o ‘{a.c. CL @ Xa.c.
0 1°79  0°420 | 1:37  O412 } 141 0+430
0-1951 192  0+306 | 1°63 0319 [ 160 0-322
0+ 3827 201 0+266 | 191 0-267 | 180 0-268
0+ 5556 2:0L 0238 | 219 0-240 95 0239
0-7071 2:0L  0+213 § 24 0237 | 2:05 0-223
08315 203  0*190 | 2°70 0-234 | 2¢15 0205
09239 2°01  0-160 | 305 0227 | 2:26 0179
09808 1+97 0124 ¢ 374 0241 | 2:41  0+138
CL/d 1-99 1+88 1+81

- 10 =



TABLE 4 {Contd.)

v M165/1/ 4,60 14 3765 RECL

-13 -

Wing No. 28 29 30
i CL/h Xa.c. CL/d 8sCo CL/a Xa.c.
0 1:62 0361} 1-64 02373 | 1+68 0-389
0+1954 188 0-297 | 1°87 0303 | 1-86 0-308
0-3827 2+15  0°256 | 2-10 0*259 | 2-02 0-262
0+ 5556 2+44 04229 | 2-30 0°250 1 2+14 0+231
0-7071 267  0+214 | 2-48 0-210 | 222  0-206
0+8315 2:93  0-206 2°63 0198 { 228 0187
0-9239 3e24 0193 2'79 0-180 | 2-32 0-164
0-9808 365 0+167 1 2°97 0150 | 233  0+133
EL/a 2*16 2441 2+02
Wing No. 31 32 33
n CL/d 8.Cs CL/d xa.c. CL/h Xa.c.
0 174 O*u41 | 4-36 0-383 | 138 0-397
01951 1+82  0+313 | 161 03121 160 0-317
0-3827 1-88 C-266| 1-88 0264 | 182 0267
0°5556 1:88 ©-232| 218  0-232| 2-05 ©-232
07071 1+86 0-201 | 2'49 0218 | 2-26 0Q-212
0-8315 1484 0170 | 2-82 0+214 | 245 0+200
0°9239 1°79 0143 | 3-28 0-205} 269 0+1814
09808 171 0411 | 403 0184 | 299  0+148
EL/m 1-84 1-89 1+8L
Wing HNo. 34
n CL/d &eC.
0 141 0417
01951 1:57 0322
0-3827 1+71  0+270
0-5556 1:82  0-233
0+7074 191 0204
0-8315 197 0°+180
0+9239 2:02 0152
0-9808 2-05 0116
’ CL/a 1-72
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WINGS CONSIDERED.
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FIG.3. GARNER'S WING (R.& M.3244),
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