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Sumnery

The report gives results of tests on two "constant velocity"'
acrofoil scctions, 9% end 115 tgick rcspectigcly, and of aspcct ratio 6,
over & range of R of 0.3 x 10° to 7.5 x 10°, -

In both cases Crmex. 18 0.8 ot low Reynolds numbers but

rises very sharply between R =1 x 10° ond 2 x 10° to 1,3 or 1.4,
reoching e value of nearly 1.5 et R = 4 x 106 , The stall is very
sharp at Reynolds nunbers above the critical value and the slopes of
the Cp, =0 curves arc not very different in the two cases over most
of the ronge. Above Cr, = 0.5 however, the slopc for the thin wing
appears to incrcase somewhet while the tendency for the thicker wang
is in.the other dircotion.

Cpginine is lower for the 11% then for the 9% section exccpt

ot low Reynolds numbers (where the reverse is found) end at high Reynolds
nuabers (wherce the values are nearly cquel).

ac, .
11

~-= at low lift coefficients is gencrally samewhet higher for

ac
L

the 11%. A4n appendix gives the results of tufting cxperiments.

[

Introduction

These wing scctions were examined as o result of prelininory
tosts, on an aircraft model, which made it desirable to check the profile
choracteristics, The thickness/chord ratio in the original design
varied from 12% nesr the root to 11j% at the tip but the outer ports of
the wing were loter modificed to o 9% thick section,

Derivation of Profiles”

The basic wing scctions werc designed by the method given by
Thwoites in Refs. 1 and 2, The specification was for constant velocity
on the upper surfoce up to 0.40 chord (14, t/c) ond 0.35 chord (9% t/c)
st Cp = 0.26 ond 0,18 respectively. This was associloted with a constant
© loading type comber line (Ref. 3) which gove constant loading on the 1175
wing up to 0,60 chord decrcasing linearly to zoro at the troiling edge at
a Opopt. of 0.13., The same coamber line wes used for the 9% scotion,
The rear portions of both sections were slightly cusped. The mexioum
thicknesscs of the scetions were located at 0.43¢ (114 t/c) and 0,34e

(9% t/c)s

Published with permission of the Dircctor, Netional Physical Laboratory.
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The upper and lower surfacc ordinates are recorded in Table I
while the profiles are sketched in Fig.1. The ordinntcs were checked by plotting
mean slopes ot different parts of the outline agoinst distance from the leading
edge. Some obvious small errors were found and the figures given in the
table thereforc differ slightly from those supplied by the fairm.

Wing llodels and Supports

The ¥} wing was medc of steel ond the 11% of hiduminium (R.R.56).
Both wcre rectangular in plen form. The nominal chord was 8 inches and
the span 4 ft. but the chord of the 9% wing, was actually 7.%4 in.. giving
an aspect ratio of 6.045 instead of 6 whilc the 11% model vas slightly bent
in the direcction of the span. As a result of this curvature the end chords
of the 11% wing were nesrly 0.08 in. bclow the centre chord (wing right
way up)s

The thicker wing was mounted (upside dowm) on the stendard end-pin
and tail supports. The 9% wing howvever, was too thin to be held in this way
and was thercfore suspended from streamlined rods at points 242 in. apart
and 1.6 in. from the leading edge., The adjustable rear support was located
near the centre of the trailing edge in each case.

Range of Tests

/

The tests included messurements of 1if4, drag and pitching moment
ranging from negativg values of (1 to the stalled rbgiog. Reynolds numbers
voried from 0.3 x 10° o 7.2 x 10° (9% wing) and 7.6 x 10° (11% wing).

Tables and I'igures

A summary of results is given in Table JI and detarls of the
observations in Tables III and IV. The summary 1s illustrated in Fig.II
ond typical curves of Cf, against o and Cp againat Cf are drewn in
Fage3. .

In addition %o the normal tunnel corrcctions for drag and incidence,
the aspcet ratio corrections that have been used in the caleculation of
a, are
- 3,52 Cr, degrees (9%) and ~ 3.55 Cp, degrees (11%)
while the induced drag coefficient has been estimated from the expressions
0.055 €2 (9%) end 040555 2 (11%).

Results

Laft.
The diffcrences in Cpmex. are small, and except at very low
Reynolds numbers, thg stall 18 very sharp in both cases (Fag.3). With R
approaching 1.5 x 10° the maximum lift coefficient begins to rise steeply.
At low values of R, Cymax. 1s 0.8 and at high values nearly 1.5 (Pig.2).

The slope of tho 1ift curve iz generally much the same in each case.
For the 9% section the values given in Table II and plotted in FPig.2 cover
a renge of Cp of -0.12 to +0.5. There appcars generally to be a slipght
increase at greater anples of incidence, The values quoted for the 11% section
refer to C7, ranging from -0.1 4o +0«35 up to R = 2 x 10° and ~0s1 to +0.75
for R greater than this., In this case the slope decreases at higher angles
of incidence.

As/
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As mentioned in o previous paragraph, a4 hos been calculated by
the use of the Glauert "lifting line" formula. The alope of the Cp
‘against @y curve houever, is appreciably different if the Bryant-Garner
eguation,

A A %o
- = ==+ 034 (1 +7T) + 0,064 [==
a ao n} A

based on liffing surface theory is euployed.

The calculated values for high Reynolds numbers arc co rollows:

dCr, dacy, dCr,

O = e ao = em—- ao = —

de ) doy da,

Glevert Bry wnt
9b 1.3 5,85 6.4
1150 Lk 64 Ol 6.6

At zero 1ift o 18 =-0.6 degrees for the 9% wing and -0.9 degrees
for the 11% wing, +hile at a = 0, the values of C are approximotely
0.0L5 and‘0.065 regpectaivelys The shaft of the curve is illustrated 1in
Flg-j.

Pitching iloment

The relation between C#‘ and Cp is also muach the same in the
dCpy
bwo ceses (Fag.3) but the value of ~-~- at the lover lift coefficients is
dCy,
eppreciobly differcnt (Table IT and Fip.2). The slopes rccorded cover the
renge of uJp fron =042 to +0.35 or 0. (9% wing) and -0.1 to roughly
+0.5 (1135 ving).

sonents arc paven nbout the quarter chord line in cach case.

-

Drap,
Cp,mine is lower for the 14% than for the $: section except at low
Reynolds nungors,émhere the rcverse is fouwmd, and at the haighest Reynolds
muiber of 7% » 10°, where the values are nearly equal and of megnitude
approxinately 0,007 (Table 1I and Fige2).

The slope of the Cp epainst 2 ourves ot low 11ft could only
be mcasured in & fevw cases and then with uncertain accuracy. Sufficient
measureients vere however, available to show the ususl relatively hipgh
values of slope at low Reynolds nuibers tending to the Glauert value of
00555 at high vilues of R,

(Note on c%ﬁﬂx i~ Allowing an inoresss of 55 for infinite aspect ratio,
C.max for The 11,6 ving fito well un thoe ¢uwrves of Multhopp's analysis
f%r gambered acrofoils (Rel. 4)3 for the 9% it is inclined to be rather
high by roughly 0.1.)
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Table T

Ordinates of Aerofoil Scctions

(Inches)
serofoil Profile 114 ﬁ/c Aerofoil Profile 94 Eﬂ
X 1ns. SN U SO ———
_________________ Yo o4 e L
0 Li.id. Radius 0088 L.B. Nadius 0«08L
Q.00 0.082 0,075 0.033 0.075
0.06 0,093 0,088 0,099 0.039
0.10 0.122 0106, 0123 0.108
0.20 04164 0137 0.162 Oel 34
0.40 0.226 0180 0.216 0.169
_0.60 0274 Q212 04258 0195
0.80 0+314 0.258 0292 0e215
1.20 0377 0.278 0345 0« 241,
1460 Q.26 04307 04385 026k
2.00 0463 04329 0412 0.278
240 0 o491 0340t 04429 O+284
2.00 0.509 0+354 0437 0282
3,20 04520 04359 0eL30 0273
3,60 0502 04358 0423 04258
4 .00 0515 01.350 0405 0239
LebiO 0+497 04337 0.379 0218
o850 0470 0+318 0.346 0«1 9L
5420 0433 0.293 0+308 0.168
5.60 04385 0,262 0+264 Oe1l4
6.00 0.327 0224 0.218 Q.11
6-40 04261 0.179 0171 0.038
650 0.189 0.128 0125 0.064
7.20 0.117 0.078 0,031 0.042
7440 0,084 0.035 0.062 0.032
7.60 0.053 0.035 0. 01 0.023
7.80 0.026 0.M8 0.02% 0.015
?.90 Ol015 00011 0.0121-. 00010
8,00 0 0 0 0
RV P ——— S P ] e e e s s e 2o
Spon L ft. L it
Chord 0.662 t. 0.667 ft.
AeRe 6.Q45 ‘ 6.0
Ving Area 2.645 8q. Tt 2,667 8q. .
tox t/c at 0.430 0,340
%00
2202 0,051 0,048
o]

Table 11/



——————— w-—————--ﬂr—--———--‘- i 0
R Incidcnce T
—— log R Cymex | ot Cymox, Cn man
106 (deg%ees) Do
------- ot o o i i e sk e o o e S i 2 e e et Al i o o
%> Aerofoal
0.287 | 5.46 0.805 12.0 0.0080
0eN 5.96 .85 1247 0.0066
1.51 6.18 0.995 12,6 0.0061
2.20 6434 1.385 18485 0.0061
2.98 6475 14430 19445 0.0063
3026 | 64515 | 1.47 20,0 -
4.05 6.61 1.475 20.15 0,0069
576 676 1475 20.15 0.0069
7.19 6.855 1403 19.4. 0.0070
ac
~-= refers to range of CL =
da
Slope generally shovs
ac .
~--= reflers to range of CL =
dCy,

11% Aerofoil

0.80

0.815
0.825
0.855
1430

1395
1,485
1.485
148

1465
14455

-6

IT

Table

Surmary of desults

12,2
12.5
1245
12.5
19,0
20.5
21.6
21 .85
21 o1
20.7
20,25

=~ refers to range of CL =

ac
L

da.

=012 to +0.5

=012 to +C.&

[10 o i 28 e b e

(o 1n roedians)

- e G "

________ -

dCpy

slight increase at hiph values of CL'

~0,12 to +0.35 ER up to & x 106§

0.0106
0.0072
0.0050

0.0046

0.0061

0.0068
0.0068

=0.1 to +0l55
=0.1 to +0.75

i

3.98
Le21
L2k

430
L.27

bl
bolidy

Slope decresses at higher values of Cp

0.30 5.48
0.65 5.81
1.075 | 6.03
1447 6.165
2.08 632
2N 6465
L2 6.615
5.05 6.7C5
5.73 6.76
6,65 6.825
7 .64 6.885

et

do

4ac

dCL

refers to range of Cp =

~0st1 to +0s5 roughly.

R over 4k x 10

0.044
0.036
0.0296

0.0217

0.0186

0.517
0. 0444

R up to 2 x 102;
R over 2 x 10



%3 Wing
P = 1.0 Atmos- |PV2 = 1244 lb./_sqéft.l P = 4.3 Atpos. pv2 = 27.9 1bykge-Lte P = 8.0 Atmos. PV2 = 41.6 1b/sg. ft-
V = 7240 FPS R = 0.287 x 10 F ¥V = 53.2 FBES R = 0.91 x 10~ V¥ = 47.7 FFS R = 1.51-x 1
o ) CL l CD (390 Cm _i @y o3 -i. #S}L N CD QDO l Cm Gg a_ CL CD C Cn O
—2.15;-0.096\0.0122 0.0117 -0.027:,I-1 .8 §1-2.15{-0.119]0.010910.0101 [-0.0232} 1,75 1-2.2 |~0.421 0.0093 |0.0085 -0.02191-1 .75
—0485 | =0.010 [0.0091{0.0091 | =0.0237{=0.8 §~0.9 |-0.023{0.009 [0.009 {~0.0218{-0.8 [~0.9 |-0.025|0.0080 |0,0080{-0.0212|~0.8
+0uL [ +0.074 10,0091 ( 0.00881 -0.01 % {+0e1 {+0.351+0.065{0.0077{0.0075 {~0.0198{+0.1 {§+0.35]+0.068{0.0068 {0.0066 [ -0.0201 {+0.1
14651 0.16910,0100{ 0,008, -0.0182] 1.05] 1.6 | 0.159{0.0082!0.,0068 |-0.01 %} 1.05} 1.6 | 0.16110.0075 [0.0061 |-0.n g | 1.05
2.85[ 0.266 [0.0120{ 0.0081|-0.0182( 1.9 | 2.85! 0.249]0.0101]0.0067|=0.0167] 1.95} 2.85] 0.255]0.0401 |0.0065 {~0.0183{ 1.95
5e3 | 0.440{0.0269}0.0163{ ~0.0151 3.75{ 5.25 0.433/0.0192/0.0089(-0.0154] 3.75 5.25{ 0.438 0.0188 ]0.0073 |-0.0168| 3.7
78 | 0.609(0.03531 0.0151} =0.011L4| 5.65] 7.75¢ 0.617]10,0318! 0.0109|-0,0148] 5.55] 7.75{ 0.632]0.0310[0.0091 |~0.0154 | 5.55
10.25] 0.763 10.0652] 0.0332{ =0.0066] 7.55] 9.0 | 0.709{0.0394{0.0117|~0.0138| 6.5 [[10.15] 0.842]0.0L7510.0113{-0.0149| 7.3
115 | 0.800{0.108 {0.0727( ~0.0261] 8.7 10.15! 0.793{ 0.0485{ 0.0139) ~0.0128{ 7.35811.4 | 0.906{0.0573]0.0122{-0.0148] 8.2
12,8 | 0.790{0.153 | 0.149 | =0.0626140.0 |11.45] 0.826]{0.0885; 0.0510] -0.0160| 8.55112.65] 0.995]0.0685{0.0141 | -0.0145] 9.15
1he15] Ce7h010.181 | 00151 | -0.0823111.55 12.75} 0.8531 0.132 ;0.0918] ~0.0429] 9.75112.65| 0.99%5[¢5taill - - 9.15
14405, 0.830{0.177 } 0.139 |=0.0721{ 11.15;14.0 | 0.885 0.165 [0.122 ;-0,0663!10.9
- i ) 115+3 | 0.88010.193 }0.150 |-0.080812.2
! i _..___L,___-__.__...___.._..__.._.-_......._____L._ _____ J-__.'..--.L ____________________ i S e e

Tabhle IIX
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114
439.0

o

Ataos.
¥PS

w
24

-

CL,

-

Cp | Cp,
-1

~0.12
-0.026
+0c068
0.165
0.256
0435
0.629
0.727
0-818
0.986
1085
14165
1.238
1315
1385
14385
0.805
0.815

0.0082

0.0075
0-0%5
0. 00614
0.0067
0.0C8L,
0.0085
0.0087
0.0t
0.0121
0.01 1]—8
0.0186
0.0228
0.0266
0.0283

0.0090
0.0075
0.0068
0.0076
0.0103
0.0188
0.0303
0.0377
0. 0L 69
0.0632
0.0798
0.0932
0.107

Oet22

Oat3h

+Stall
04277

0.508

0.242
0.271

-

Pable IIT {Contd.)

9:; ~ing

62.6 1b,/s(%.ft, P = 1h.7 Atmos- [ (N2 = 936 Ib/Bq.ft. § P = 18.5 Abtmos. |[W2 = 133 Ibysq. ft.
2.20 x 1 V = 53.3FFS | R =2.98 x 10 V = 57.9 ¥ES R =4.05 x 100
el t ol o fon [ o [o e [ o Jon o [o
«~0.0222]=1.75~2.2 |=0.1250.0094 [0.0082{=0.0223 -1 ,75|[~2.2 [|-0.12510.0093 {0.0084 {-0.0220 |-1.75
-0.,0211 |-0.8 {|-C.§ {-0.027]0.,007810.0078{-0.0211 |-0,8 {-0.9 }|-0.028]0.0076 {0.0076|~0.0209 {-0.8
~0.,020213+0.1 1140435 |+0.0680.0068|0.0066 | ~0.0202 | +0.4 [}+0.35 1+0.065|0.0073{0.0071 |~0.0201 140.1
~0.0192] 1.0 | 4.6 | 0.163{0.0079]0.0064.{=0,0193] 1.0 || 1.6 | 0.160]0.0083]0.0069|-0.0191 | 1.05
~0.0184 | 1.954 2.85] 0.25310,0108{0,0073{~-0.0184{ 1.95} 2.85] 0.256|0.0109{0.0073{-0.0480! 1.95
-0.0175 3.7 §| 4.05] 0.351| =~ - ~C 0174 2.85{ L.05] 0.3:9] -~ - -0.0176] 2.8
~0.0164| 5.55! 5.25{ 0.44210.019210,0085{-0.0172] 3.7 |} 5.25| 0.441.{0.0188 |0.0030|-0.0169| 3.7
~0.,0153] 6.45[ 7.75] 0.63%1]0.030310.0083[-0.0167! 5.55| 7.75] 0.635[0.03060.0084 |-0.0164 | 5.55
“0.0157| 7.25[110415| 0.827({0.0459{0.009, (-0.0163( 7.25(10.2 | 0.820{0.0,68}0.0097|-0.0163} 7.3
~0.0165] 9.15112.65] 1.00 [0.0681(0.0130[=0.0173] 9.15({12.65] 1.00810.0680{0.0120{~0.0168} 9.1
~0.0162140s1 15.15] 1.185]0.,09271{0.01561-0.0169]11.0 §13.2 | 1.095{C.0802{0.01441-0.0172 10.05
=0.016) [11.05{116.351 1.26 {0.1065]0.01931~0.0170111.9 [[15.2 | 118 [0.0931{0.0162}{~0.0176 11.0
~0.0166{12.0 1176 | 133 {0.1225]0.0253|=0.0175]12.95016.4 | 1.265|0.407 }0.0191 }=-0.0179 11.95
~0.01621{12.95118.9 | 1.40 - - =0.0192113.95017.65! 1.345]0.1215/0.0220{-0.0177 |412.9
~0.0166 [14.0 19,7 | 1.435{Bt211] -~ - 14..65118.9 | 1.415(0.135510.0250(-0.0172113.9

- 1440 20,5 | 0.87 {0.299 i0.258 [~0.1042]|17.45[20.15] 1.L.75{¢3t211] - - 14.95
~0,1008 [16.4 20.5 | 0.933{0.2756 |0.228 |[-0.0858]17.2
~0.1152 {177 21.85] 0.9 |0.310 {0.261 J—o.111? 18.55

- — - -

Contd./



Table III (Contd.)

95 ing

P = 22.8 Atuos- [pVZ = 216 1b./sq.ft.] P = 24.6 Atuos. W2 = 332 1b./sqe ft.

V = 63.9 FPS LR = 5.76 x 1 V = 78.0 FPS R =7.19 x 10
_____ R V. ——— —

o cL [ Cp | Cp, C % | o Cr Cp CDo Cpy @
~2.2 |=0.122{0.0092 0.00841 ~0,0221 |-1.75(-22 |=0.120]0.0093{0.0085 |-0.0223|~1.75
~0.95{~0.026[0.,0082 [0,0082 {~0.0214 {-0.85 ||-0.95 {~0.019 {0.0078 {0.0078 | -0.0209 } -0.85
+0.351 +0.071 {0.0081 |0.0078 |~0.0200 [ +0.1 {|+0.35 |+0.071 |0.0078 [0.0075 |~0.0203 | +0.4

1.6 | 0.162] =~ - -0.0192] 1.05} 1.6 | 0.164[0.0088{0.0073|-0.0192] 1.05
2.85| 0.25910,0106}0.0069}{-0.0182| 1.95( 2.85] 0.258(0,0109{0.0072 {-0.0183{ 1.95
5¢3 | O.ubb =~ - ~0.0167| 3.75{ 4.05| 0.347| - - -0.01761 2.85
775 0.6340.0304(0,00821-0.0158 | 5.55} 5.3 | 0.451]0.0181 [0.0070}-0.0168] 3.7
10.2 | 0.822]0.0461{0,00391-0.0150} 7.3 [| 7.8 | 0.640{0.,030010.007% |-0.0158] 5.5
12.7 | 1.008{0.0667}10.0110{-0.0156| 9.15{10.25| 0,828 [0.0462 |0.0083 {-0.0153]| 7+35
13495 1.098[0.0782|0.0119[~0.0162 [10.1 [f12.8 | 1.012 [0.0662 {0.0100{-0.0154| 9.2
1542 } 1.180]0.0918{0.0151 [-0.0159{11.05114.0 | 1.100}0.0787{0.0124 |~0.015610.1
16ale | 1268[{0.1055]0.0170{=0.0156[11.95115.25] 1.1850.0918}0.0144.]-0.0155 |11.1
17.7 | 1.345]0.1205{0.0208{~0.0168[12.95[16.5 | 1.27 [0.1055[0.0165 |-0.0155{12.05
18.951 1.420[/0.136 [0.0248|-0.0169[13.95(17.75]| 1355 |0.1275 j0.0265 |-0.0155(13.0
20.15| 1.475]|e3tall} -~ - 1&.95119.05 14451 = T .- ~0.0155115.3
.20.45] 0.9990.257.10.202 [{~0.1004[16.95]19.4 | 1.430}«8tall}| - - 14435
21,75 0.903]0.294 {0.249 |-0.1067][18.55/20.451 4.005[0.258 [0.203 |-0.1015]16.95

b e e s i e
*

Table IV/



1% _Wing
P = 1.0 Atnos. [p'v2 = 124 lbo/5qefte | P = 2.3 Atmos. V% = 2.9 Ib/sgeft. || P =
Vo= 70,95 FBS {R = 0,301 x10° || V = 67.7FPS | R = 0.65 x 106 v =
s e — ———— N | SN
o | % % 1% | % 1% [ % | % % | %m % ] %
~1 465 |=0.05710.0112,0.0110 -0.0276 |=1 J45li-1.7 [=0.053[0.0090|0.0088 |-0.0279 |-1.5 [-1.75
«0s6 |4+0.016[0.010710.0107 |-0.022}4 |~0.65[=0.6 |+0.014[0.0073 |0.0073 [~0.0238 |-0.65 {=0.65
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Summary

Since the original report wes written the models have been
examined qualitatively by e visuel nethod using tufts attached to the
upper surfoce,

-+

It was found that these tufts could be placed almost anywhere
on the surface of the 9% amerofoil without apprecieble cffect on the
flow conditions, but that the 11% wes sensitive to their presence
anywhere on the forward half, Nevertheless, by cambining balance
neasurcments with tufting in order to obtain the optimum tuft
arrangenent, good correlation wos obtoined between the flow pattern
developnent and the truc CL—-— Qa curves,

At high Reynolds numbers the 9% section stalls- shaxply by
seporation fram neor the lesding edge. This is also true of the 114
except that by the time it occurs, turbulent separation hes spread well
forward fram the recer, Below the critical R breaekdown of the flow
pattern is associeted with an crrly development of & nose bubble
separation.

Qut of o2 number of other profiles heving & similer criticsal
scele effect on Cpmex , one has been selected for campsrison and
contrast, It is dcuonstrated thot in the coese of these three aerofolls
(two cembered and each of 8 inch chord ond one symnetrical with a chord
of 12 anches) the stall occurs when the forwerd parts (which are similor
in forn end lineor dimensions) of the upper surfoces reech & certain
attitude with respect to the wind, This may indicate thet separation
in the peak suction region depends to somc extont on the size es well
as the shope of the nose profile.

Arrangements of Tuf'ts

Tufts on a model an the Copressed Air Tunnel can be viewed
through one of the small spyholes after reflection in a mirror and
Fig. 4 shows thelr- errangement on the Vickers wings. They consisted
of thin wool streamers affixed to the surface by Araldite 101 and it
will be noticed that they werc staggered so as to keep the rearward
tufts clear of ony wake produced by thosc nearcr the leading edge.

In addrtion to attempting to investigate the development of
the stalled conditions a fow cxperiments werc:carried out to cxamine
whether the tufts themselves wore causing an appreclable interference
with the flow pattern. For that rcason the lay-out in each case
included originally a8 set porallel to, and helf en inch fram, the
deadang edge. . '

Develomment of the Stalled Conditiong

In spite of the interference caused by the tufts on the 11%
wing which will be discussed later, 1t 1s ‘thought thet the flow changes
cen be fairly well defined as follows:- .

Below the Critical R .- In cach casc a scparatlon region
(nose bubble) forms along thc centre part of the loading edge ot an
incidence (10° for the 9% cnd 11° for the 11%), not far short of tho ,

incidence of meximum lift, where the slope of the COf - o curve
begins to decrease vory appreciably.  On the 9% the boundary layer
behind this is turbulent, but on the 11 only & narrow strip elong the
trailing edge is subject to unsteadincss, In the carly stoges
reattaechment on the latter section docs not eppcar to be associated with
a breskdown of the stcedy flow,
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As the lift coefficient passes through its meximum with
increasing incadence the centre two thirds of the wing becomes
stalled., -In the first case the separation region spreeds resrwards
and sideways from the nose bubble, and in the second it spreads
simultencously reerwerds fron the leading edge and forwards froam the
trailing edge.

The Cp -~ a curves below the criticel R hoave rounded t pa
corresponding to the camparatively gradual-stall. There is, however,
no indication to be associated with the pronounced loss of slope for
the 41,5 section above a value of GL of about 0.25 at these Reynolds
numbers.

Above the Critical R ,~ Above the critical Reynolds number the
first indication is an unsteodiness et the trailing edge. The 94 wing
later stalls suddenly by seporation from the leading edge but on the
14%, turbulent separotion first develops at the trailing edge and
spreads well forward before & similar breskdown occurs at the leading
edge. This fits in with the shape of the Cy == o curve which bends
over only very slightly for the 96 but much more sc for the 11,5 (Fig. 3).

On the latter the stsll 1s & race between o sharp leading

* gdge stall end a forward movenent of the resr separation, Presumably
the peak suction and the rear separation influcnce cne anocther.

On the 9%, however, it appcers thot as regards profile outline the
atall is deternined entirely by the nosc shape and that 1t might be
possible to dmprove Cpmex. quite appreciably by increasing the comber.

In the Critical Renge of R .- The behaviour in this renge is
naturally more indefinite. Generally an incipient unsteadiness is set
up at the trailing edge at moderate angles of incidence followed later
by & very sharp stall, but occasionally at an intermedicte stage, & amall
scparetion region develops in the centre of the gpan and at about 0.2¢
fram the lecading edge, '

General.- It might be anticipated that the greater slope of the
~— o curves of the 9% aerofoil at fairly high valucs of O .
compared with that for Cp = 0 would indicate the presence of a nose
bubble at low incidence even at high Reynolds numbers. This, however,
could not be detecteds In the G = C; curves there were no
significant peculiarities which could bc linked up with the tuft
indications below the stall,

Interference Effect of Tufts

In order to illustrete the severe interfercnce that can
samctimes arise when an acrofoil 1s tufted, or perhaps over-tufted,
angles of stalling incidence arc plotted in Fig. & under various
conditions, in reclation to the values found previously during the
balance measurements,  They refer, of course, only to the renge of
Reynolds number where the stall is fairly sherp snd although the new
values are not very precise the errors are not mportant,

4The curves show that the effect of the presence of the tufts
on the 9» wing is quite small even when the leeding cdge tufts are in
Place. It may be expocted therefore that the flow picture obtained
will be a f rly good represcntation of the development of stalled
conditions, .
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on the 11% wing on the other hand the interference caused
by the tufis is guite definite and scems to be independent of whether
those at the leading edge are present or not, At the highest
Reynolds numbers the stall of the tufted 11% model was always of a
very spasmodic naturc and hordly consistent with the shoarp stall
obtained during the balonce measurenents, 1t appears that the
separation at the leading odge 18 in this case much affeccted by
slight changes in the turbulent separation region further back.

For comparison the corrcsponding results for what is called
the HSA5 Bzection (symmotrical) sre also included in Fig. 4»  The
ordinates of this section may be defined as being cqual to those of
the AN510-009 plus one third of the difference between this end the
HSA5., The chord of this aerofoil was 12 inches but the first line
of tufts was still half an inch from the' leading edge. These
results show thet this line of tufts vitiated the flow pattern
campletely while the others had very little influence except
possibly at high values of R . This section stalls sharply from
neer the lecding edge without prelininary disturbance anywhere'in the
boundary layer.

Linitations of Tufting Experiments

It is clear that any investigation of flow pattern near the
stall by a technique involving the use of streamers wust be undertoaken
with en acute awareness of 1ts limitations, Tuf'ts ncar the peak
suction positions of en aerofcil arc very lisble to upset the flow
completely but are sometimes quite safe,  On the other hand, cereful
tufting of 'the rear half of the upper surfacc is usually safe but on
saae acrofoll sections the flow near the nose appears to be
particularly sensitive to what 1s happenang over the rear half,

Unless the major changes of flow pattcrn can be correlated
with definite changes of lift or noment characteristics the 1ndlcat10ns
must be accepted with sane reserve,.

The best technique is to approach the surface with & streamer
attached to the end of a probe but unfortunately this i1s often a slow
and inconvenient process.

Corperison of Profile Shapes

The similarities and differences have also been considered
from another angle, The syrmetrical HSAS B acrofoil was originally
sclected out of a number of aerofoils having & critical rise in
ngax with R first becouse thas critical occurred at nearly the
same value as for the Vickers wings and secondly because the theoretical
nose shape was somewhat similar. The actunl nose profilc was, however,
loter measured up armdfound to be a little blunter then 1s indicated in
the derivation given sbove, i.e¢. the section was very slightly truncsated
at the leading edge. The three profiles (HSA5 B as measured) up to one
inch from the leading edge are drawn in Fig. 5.

It was found that they could be superimposed as regerds the
upper surface for a distance of 0.8 inch fram the leading edge and 1t
was realized that the stall took place when this part of the three
surfaces reached approximately the same attitude with respect to the
wind (cf. Fig. 4).

-
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The flow on the HSAS B acrofoil at nax seperates
sharply fraa near the lesding edge with no preliminery disturbance’
anywhere in the boundery layer. The conclusion 1s that in each case
the breakdown 1s primarily due to the suction peak conditions and
that 1t may depend not only on the nose shape but, remembering thet
the HSAS B is a 12 inch chord aerofoil, also on the actual linear
dinensions,

Conclusions

It has been found that tufts can be pleced almost anyvhere
on the surface of the 94 aerofoil without appreciable effect on the
flow conditions but that the 11% 1s sensitive to their presence
anywhere in the forward helf, Interference effects of surface tufts
are so unpredictable that other tests must be applied in order to
find their optimm arrangement.

At high Reynolds numbers the 97% section stalls sharply by
separation from near the leading edge. This 1s also true of the 11/
except that by the time this occurs turbulent separation has spread
well forward from the rear, It appears that in respect of the
former it night be possible to improve Opmax appreciably by
increasing the camber.

Below the critical R brenkdown of the flow pattern is
associated with an eerly development of & nose bubble separation,

Coamparing the 8 inch chord cambered Vickers' wangs with one
ancther and with the 12 inch symmetrical HS.5 .B, all of which are
similar as regards form and dimensions for a distance of 0,8 inch
along the upper surface from the leading edge, it is found that
stalling occurs when these portions of the upper surface reach a
certain attitude with respect to the wind. It may be an indication
thet breokdown of the flow in thas region decpends not only on the
profile shape near the leading edge but also on the actual linear
dimensions,
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