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C.P. NO. 272 

MeaaurEonent of hft, Pztchjng Mcmmt and Fmge hWmcnt 
on a Tvro-dirnumsonal Lkqpcl RAE.102 k1cmf0i.l.. 

A. 5. Batson, B&c., 
of the Aero~am;~cs DXVSUI, N..P.f 

15th February, 1952. 

The charts given in X. 6c Iii. 2730 fey esti~notmg kolaunensi.onaL 
control derrvatives at low speeds was drawn mostly from data obtamed on 
aerofolls of 15 per cent thcknoss. l?urth# data ham sinco been obtauked 
on two aerofolls of LO percent tluckness, Results for the R&L 102 aerof'oils 
nlth a trail.ing edge angle of 10.9 de, axe reported in C.P. 1916 ‘and 
those for a modjhed R&3 102 aerofod with a cuspedtralluq-edge are 
described here. 

The aerofoll was fitted with 20 per cent and 40 percent plain nxmd- 
nosed control surfaces, iAft, pitchug niornent and hjnge moment were 
determined from baLanc6 measurements. The usual care was taken Ln 
observing or fi;cing with wres tie positions of boundary-layer transition. 

In general, the derivatives vapJ only a little vilth posltlon of 
transition and the l&X and pztchad moment are UI satrsfactory agreement 
with the charts of H. & M. 2730. 
moment seems desuable. 

Some revzsion of the charts for lunge 

1. Int.~QJ.&ii~o~ - Ref. 1 (1953) describes experiments on a symmetr=al 
10 par cent RUi 102 section rrlvch were carried out in ordes to 
the results of earlrer work by Bryant, Jklkday and Batson 
Ref. 2 provides oharts for estimating the low-speed steady two-dimensional 
cliwlvatzve coefficients of ltit, pitching moment ma ku.nge maent on aerofofis 
wth plain round-nosed control. surfaces. These charts wers largely based 
on data for aer0foil.s of 15 per cant tkzckness. The results for the thinner 
scctlon in Ref. 1 sug&ost that fairly small a&tustments to the charts are 
neccssaq. Since tratiug-edge angle 1s an uqortant parameter, the reaz 
~~~~~,;f -t&e RA.E 102 seotmn has been modified to give a cuspcd 

The resulting aerofoil, &sign&cd RA.E 102C or NPL 290 
(Ref. 3), has'becn Oestea with 20 per cent and vuth 40 -per cent control 
surfaces and the results are given in the present report. 

Published vnth pennlsslon of the Director, National physical Laboratory. 



-2- 

2, Desoriptlon of Model rind Scope of Tests - The ordinates of the I&E 102C 
section are alven in Table 1. The model was mounted in the 7 ft. No.3 square 
tunnel and the method of mcasurmg the forces uas proclscly the same as that 
given 3~1 53 of Ref. 4. The llorking portion of the aerofoil, finished nith 
a black smooth surface, leas of 5 ft span and 30 U. chord and was fitted 171th 
alternative plain controls of 6 in . chold (B = 0.2) and 12 cn. chord (ti = 0.4). 
There was no apparent dsstortion of the model under ma-um load and dcf'lectxn 
he to bentig of the supporting rod iyas ncgl.l@ble. 

The scope of the experamonts is gz.vcn fully UI Table 2, Llff, 
pitching moment and bingo moment WIX obtnlnod from measurements an the roof- 
balances of the t-cl. The results ucro obtained to a fair dogroe of 
accuracy, the maxmum departure from the moan curves bomg about 0.004 for 
CL, 0.0005 for Cm about tho quarter-chord axis and 0.0008 for OH. 

3. Control of Transition - The &amoters of tho w3ros used in fixing 
transItion were 0.022 in. at chordwise pooltlons xt= O.lc, 0.028 in. at 
k+ = 0.30 and 0.032 m. at 3 z 0.5~ as Z-~commonded 2.n 83.1 of Ref. 5 
(Bryant and. Garmr 1950). These eero sotcsfactory in practice prwlded that 
natural transition had not occurred farther forward. 

The position of natural transition was mcasurcd on the upper surface 
by the paraffin-evaporation mothod and the results aro sho>m by tho curWs of 
Fig 1. All the points plottod U-I iilg. 1 refer to the RAE 102 soctlcn 
with trailmg-edgo angle 10.9 deg.; a comparxson of tho points and the curves 
reveals that cuspsng the scctlon has but lattle effect on trm3itmn. 
Control chord,however,has a greater effect presumably on account of the 
presence of the hcnge-gap and its positxcn along the chorI. hansltlon Was 
oonsxstontly farther for-ward for the larger control, and was found to remam 
near the hinge-gap for all lncldences a belov# 1 deg. Between 1.5 and 3 deg 
transition rushed rapiay fen-jar-d from x,t - 0.50 to 0.1~ apprcxcmately. 
Thus the range of cncldence for a baohiard transxtion on both surfaces at the 
same time is apprcxxaately between ~1.5 dog. For a = 0, transition remained 
at a roughly constant posltion, xt = 0.60, when either control T,as deflected 
from 7; = + to +5 deg. 

4. Balance Measurements - Coofflclcnts of lift, pitching moment and hinge 
moment, uncorrected for tunnel blockage and cnterfemnco due to the tunnel 
VkiLlS, are given in Tablo 3 for E = 0.2 and in Tablo 4 for E = 0.4. 
PrOVlddod that there 1s little or no change o.n tranaltion (a3) those 
coeffacients plotted agacnst a or 
witbin the accuracy stated in ,§ 2. 

r~ form wall-defmcd straight lines 

Experiments mere also oarriod out at some angles of inoidonce and 
oontrcl settings by varyutc~ tho posltxon of transition on the upper surface 
Only by means of a wire. hmpsruhm rrLth the results for UE 102 UI 
Fig.20 of Ref. 1 rcvoals that for tho cuspcd control the variations of lsft 
and pitching moment arc smaller. Comparison also rove&s that tho 
incremental coefficients of pitching moment and Inngo momont havo changed 
sign. 

5. Derivatives - The uncorrected derivatives wrth respect to ticldcnce 
and control setting have been obtalncd from the slopes of curves of the 
experimental coefficients glvcn UL Tables 3 and. 4. These slopes were 
obtained for symmotrxcally fixed transx,tion x t = 0.10, 0.3c and 0.50 ‘Qnd 

with natural transition at about 0.60 on both surfaces; the ranges of angles 

were / 
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mere limited by the considerations of 8 3. After applying a blockage 
correc'clon fran equation (1) of Ref.4, R 7, the slopes thus obtained ware 
corrected for tunnel sntorferonco by using equatwns (3) and (4) of Ref.4. 

The derlvatlves arc defined m Table 5, where the= theoretlcal and 
oorreoted oxpervnental values are sot out. They am plottea against q/c for 
both controls m Pigs 2 & 3. mere is U'fioulty owing to the lack of 
alqpmmt of certain pomts for natmal transltlon, espeolally xn the case bl 
@lg. 2). Honevor, straight lines have been drawn over the rongo 
0.1~ <xt < O,!%;and these mdxoata a small mduotinn in the values of olr 02, 
-m2, -b2 and a small onoroaoo 111 -ml. 33 transition moves forward. 
When tronsitlon is preoipltated art~f~oially, -bl creases ss 4 dcoroases* 
Novortheless, -bl is gmatest when transition ocwrs naturally at about 0.60. 
For each derivative the magnitude of tho ohango in value with movement of 
transxtion is smaller for the cuspod aorofoil than for the RAR 102. 

6. Discussion of Results - Aport from a change on troncition due to the 
gap at the nose of the control, the vnlues of 

9 
and y should be the same 

for the two oontrols. As X is changed frcan 0.4 to 0.2, there is, wzth.?n the 
acouraoy of the experiments, little alteration in 3 but there 5s a small 
movement in the aerodynamic centre h of about 0.0 3. b 

The results in Table 5 may be analysed by considervlg ratios of 
experxnental derivatives to their theoretzcal values, which are denoted by 
the suffx.x T. In Table 6 such ratios are compared wth oorres onding 
quantities deduced from Rof 2. The experunental values of a,fial)T have 
been taken as a basis for cstlmatmg the quantities from the charts speolfied 
z.n Table 6. 
bo 

In these calculatzons the trailmg-edge angle has been taken to 

7 = 2 tan-l yo*95 - ywy = 3.5 aeg. 

0.040 

Except for bd(bl)T and b2/(b2)T, the estjmated ratios are substantiatedby 
the experuneolts. The peatest 
the estimated (bl/al) /(bl/al)T 

disoropanoy 111 Table 6 1s for E = 0.2, when 
is as muoh as 25 per cent greater than tho 

sppmprlate expermentnl value. 

Previous experunents on the l&M seotwn, also wxth a ousped 
tr~ii.m.g-edge, gave values of bl/(bl)T and b2/(b2)T greater than unity (Ref 2), 
ths effect of transition bea.ng unusual as the v&ues were largest for a 
fO?Ward p0sLtion of transition. These rosul.ts are set out in Tsble 7 
together with COKC~S~CW.U.XI~ resCi.ts of the present experiments for oomparison. 
It 1s seen that, for the ousped R;rE102 aerofoil, the values are aILl 
3~Uer espe0iaU.Y for bL/(bl&and that the marked reversed effect of 
transition for the thicker aerofoil 11j not present. 

For RAE 102 (58 <and Table 10 of Ref. l),the eat-ted 

~$$$$&~ :~l& &.:;',fl~;b::~t:? ~;;a;1;~2:ai~?% 
fair agreement with the e~erlmental results for E = 0.2. For 
E = 0.4, however, (bl/al)/(b1/3-L)T and (b2/al)/(b%l)T for both 
nerofoils are very row 10 per cent greater than the oorrespondlng 
experima.ntaJ. values. 
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It LS concluded that some rotisxm of the charts for bl and b2 
is ncccssary. Tl~s forms the subJect of a separate report. 
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Table 1 -- 

Odmates of Symnetrioal Aerofoil NPL 290. 

Mockfled 102 mth cusp (RAE 10%). 
Maximum thiclamss 0.10~ at x = 0.35c 
Leading edge radius of curvature = 0.00686c 
Aerofoil chord = c = 30 inohes. 

.2E. 100 0 ,t 

0 
0.005 0.8:53 
0 .om 1.009 
0.0125 1.299 
0.025 1.821 
0.05 2.529 
0.075 3.c41 
0.1 3.445 
0.15 4.051 
E5 4.473 

0.3 
0.35 

%5 
4.492 
4.U.7 
3.751 

z5 2%; 2:220 
0.8 1.596 
0.85 
a9 
~925 
OP.95 
b975 
~9875 
1.0 0 

I!& GGo.61, the or&m&es are those of BAZ! 102. 

FOG X_ao.&Y_ = 1.~60 - 7.20796 ” + 10.71080 (2 
4 

a c 0 kc 

- 23.80782 (g)’ + 14.59208 (;)4 - 3.43170 (95. 

Table 2/ 
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Table 2 

Balance Measurements of kft, Pltchlng Moment and Hinge Moment 
rrmd speed = 60 ft/se? 

a(d0g.) from no-lift 
Incidence s0ttingS 

a(acg.) = o -+ 0.5 2 1 t1.5’2 f 3 + 5 

Smooth Wing 

alres at X,~ad %i = 0.10 

-10 to + 10 
Wires atx+nd XL = 0.10 -5 to t 5 

-5 to + 5 
-5 to + 5 

W3.m at xu - 3,-l, 0, + + 3 1, 
- 3,-l, 0, + 1, + 3 
- 34 0, + 1, + 3 

-3,-l,O, +l,t3 

-3,“l,O, a,+3 
n = -2 aeg. 

Smooth %ng -5 to t 5 
lyires at x+nd x1 = O.la -5 to + 5 

a = + 2 deg 

-5 to + 5 
-5 to * 5 

- -. -- -__- 

s hctual V = 63.45 ft/sec. 

Table 3/ 
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3 Table 

Uncorrected Coefficients f?xm Bd.a.nce Measurements 

- -_- 
a (WJ 

-5 
-3 
-2 
-1.5 
-1.0 
-0.5 
0 

+0.5 
1.0 
1.5 

: 
5 

i; 

-1.5 
-1.0 
-0.5 
0 

+0.5 

;:5" 

: 
5 

T 
(a) E = 0.2 : 

CL ; CD 
Smooth wing 

-0.523 ; -0.0016 

.o. OS5 -0.0058; 
o.10z5 i -o.oqx 
0.156 / -0.0075' 
0.206 I -0.0074, 
o.3125 / -0.0087; 
0.527 -0. ooyp 

\Yires at 0.5c 

-0.524 i -0.0023, 
-0.313 ;o"m: 
-0.207 . 
.O.l5!t 

I’ -0.1005 
.o. 056 
,0.003 
0.056 
0.1055 
0.153 
0.2uc 
0.320 
0.5245 

-0.0055 
-0.0061 
-0.0059 
-0.0066 
-0.0068 
-0.0066 
-0.0077, 
1;. "0;;; 

-0:0097 

-7 

5 

5 

: 

; 

; 

5 

5 

/ 

R = 0 deg, varying a 

_I_-- 
CH 

0.0367 
0.0215 
o.oxt2 
0.0106 
0.0059 
0.0029 

-0.0007 
-0.0043 
-0.0083 
-0.ol.21 
-0.0162 
-0.0255 
-0. c&o0 

0.0355 
0.0215 
O.Olu, 
0.0089~ , 0. O@hY E 
0.0023' 

-0.0017 
-0.004.5,, 
-0.0075' 
-0.0118 
-0.0162 
-0.0254 
-0.0388 

T 

CL ; Cm 
WireA at 0.10 -_ 

-0.518 i -O.OOZO5 
-0.3E5 -0.00385 
-0.2c& ;-0.00515 
-o.1515j-o.oo55 
-0.~85~-0.00575 
-0.052 i-o.oo595 
-o.ooo5 l-o. 0062t.5 
+0.050 -0.0063 

O.lQ4.5 -0. cql 
0.153 i-o.0076 
0.206 ,-0.0083 
0.310 (-0.00815 
0.520 I-0.00951~ 

Wires at 0.3~ 

CH 

o.w.9 
0.0195 
O.Olll+ 
0.0080 
0.0048 
0.0016 

-0.0023 
-0.0050 
-0.0093 
-0.0129 
-0.0166 
-0.0234. 
-0.0390 

0.0365 
0.0198 
0.0112 
0.0077 
0.0045 
0.0011, 

-0.0019' 
-0.0059 
-0.0089 
-0.0121 I 
-0.0152 ] 
-0.0236 
-0.0381 

Contimed / 
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(Continued) Table 2 

a = 0 deg, VaIylng ?J 

-o.4955 
-0.254 
-0.1535 
-0.04a; 
"0.001 
10.052 
0.156; 
0.263 
O-5095 

WiElS 

-0.2525 
-0.ut7 
-o.w+ 
i.o.003 
0.052 
~I.156~ 
0.262 

(0) : 

-0.452 
-0.353 
-0.w5 
d.2005 
-O.l45 
-0.046 
co.0545 

a : 
-O.O525 
to.056 
;*;;"a 
0:2565 
0.355 
0.454 

c 11 
h 
0.0944 0.1265 
0.0456 0.0656 
0.0249 0.0392 
O.Oo4O O.Olz.l 

-0.0549 CL0007 
-0.Ol.7~ .O.dl.46 
-LO3?7 -0.w 
-0.0562 .0.0663 
-0.1076 -3.1325 

0.50 t 

C.0448 
0.0&l 
0.0032 

-0.W66 
-0.0167 
-0.0379 
-0.0586 

0.0653 

z%? 
.0:0017 
a..oIJ+5 
.a.0409 
*0.0668 

= 0.2 : 
c m 

s + -2 

cH 
hwmq 
2 deg 

0.0457 
0.0259 
0.0352 

-0.0050 
-0.0157 
-0.0365 
-0.0569 
+2 deg 
0.0453 
0.0235 
om35 

-0.0074, 
-O.Ol.i3l' 
-0.0375 
-0.0573 

0.0783 
0.0537 
0.0283 
o.ol42 
Q.0005 
a.0275 
a.0532 

0.0528 
0.0034 
a.Oa.5 
Go162 
*0.0302 
a.0552 
-0.079! 

--.- __ . .- _... 

%I % 
Wues at 0.10 

- 
-0.244 O.at3L 
4J.145 0.0229 
-0.050 0.0031 
-0.0005 
+a455 

-o.cobc~ 
-0.0156 

0.151 -0.0359 
0.247 -0.0551 

Wres at 0.3~ 

-0.1365 -0.2375 
0.0434 
0.0227 

-o.oLL15 o.O030 
+o.oc$ 4.0066 
0.053 -0.0164 
0.156 4.0375 
0.258 -0.0569 

2 deg. -Jaryws 

CL c m 
Vu-es at 0.10 
a =-.2deg 

$$<5 g-g; 
-ok545 u:oO49 
-0.204 
-0.156 

-o.oO515 

-0.ob-1~ 
-0.0&6 
-0.0336 

~0.033~ -0.0532 
cr = - 2 deg 

-0.041 0.0418 
40.060 0.0208 
0.153 0.0017 
0.206 -0.0083 
0.25~1~ -0.0176 

0.4605 0.3515 
-0.0377 
-0.0580 

_-__ -_ - -_- 

C 
H 

0.0615 
0.0357 
0.0101 

-0.0023 
-0.0144 

z%s * 

0.0622 
0.0367 
0.01l3 

-0.0019 
-0,OlJ+7 
-0.0456 
-0.0661 

CH 

0.07w 
0.0502 
0.0261 
O.Olll& 

4J.0011 
-o.o269 
-0.0516 

0.0492 
0.02jo 

-0.0037 
-0.0166 
-0.0294 
-0.0549 
-0.0807 

Tabla w 
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Table 4 

Uncorrected Coeffxxents from Balance Measurements 

GGiJ 

-5 
-3 
-2 
-1.5 
-1.0 
-0.5 

0 
*0.5 

1 
I*5 

2 
3 
5 

:: 

I,", 
-1 
-0.5 

0 
to.5 

1 
1.5 

; 
5 

--- 

-0.5115 
a.306 
-o.zo$ 
-0.1515 
-0.0985 
-o.ol+B5 
to.005 
0.058 
0.1105 
0.164 
0,213 
0.326 
0.522 

=o.l+ : 

cm 

& 

to. 0028 
0.0018 
0.0009 
0.0003 

-0.0003 
-0. ooO$ 
-0.0012 
-0.0015 
-0.0021 
-o.coe55 
-o.oo3z5 
-0.0040 
-0.0054 

Wire8 at 0.5~ 

a.503 to.0022 
-0.292 
-0.188 

0.00025 
-0.0012 

-0.238 -0.0018 
-0.085 -0.0023 
-0.~36 a.0028 
to.01 

t;; 
-0.0031 

0.36 -0.0033 
0.118 
0.1705 

-0.0038 

0.2225 
-0. ooLtz5 

0.326~ 
-o.oo505 
-0.0062 

0.530 -o.w775 
---.- 

n 

- 

. 

. 

_ 

. 

J 0 deg 
%I 

0.0542 
0.0335 
0.0233 
0.0173 
0.0118 
0.0067 
o.noo9 
cl.0048 
-0.0103 
Q.0154 
a.0215 
-0.0324 
-0.0538 

0.0524 
0.0313 
0.0197 
0.0141 
0.0082 
0.0033 

-0.cnl5 
-0.0064 
-0.0117 
-0.0175 
-0.0235 

. - 

-0.506 
-0.2945 
-Q.lY25 
-0.140 
-0.0a85 
-0.038 
to.0125 

0.061~ 
0.113 
0.167 
0.220 
0.326 
0.59 

Wlre3 s 

-0.50% 
4.2975 
-0.1925 
-o.1425 
-0.092 
-o.oljQ5 
to. 0125 

o.oh25 
0.11 

s 0.165 
0.2205 
0.323 
p.530 

5 

to.0022 
-0.ow45 
-0.00135 
-0.0014; 
-0.0020 
-0.0o21 
-0.0025 
-0.00295 
-0.0035 
-0.0041 
-0.0045 

to.00245 
o.ooo35 

-0.0011 
-o.OCl~ 
-o.ool75 
-Q.o021 
-f-h0025 
-0.00285 
-o.oo335 
-0.0036 
-0.0041 

Z'gg5 . 
5 

CH 

0.0524 
0.0294 
0.0189 
0.0138 
0dma3 
o.fwlQ 

-0.0013 
-0.0063 
-0.0117 
-Go173 
-0.0226 
-0.0336 
-0.0546 

0.0524 
0.0307 
0.0194 
0.0143 
P.0094 
0 .ool$t 

-0.0013 
-0.0060 
-0.0113 
~0.0164 
-0.0220 
-0.0333 
-0.0549 

continued/ 

(38@5-1) 
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Table 4 (contmued) 

(b) E = 0.4: a = 0 deg, varying 11 

---.---- -_---- 
1 
I CL i c, CH 

I 
tl (aed 

-10 

1: 

-1 
0 

:: 
5 

10 

-5 
1: 

0 

: 
5 

1; 
-1 

0 

: 
5 

-5 
-3 

0.1502 
/ 
I- 
I* I: 

Smooth Witq 

-0.723 ' 0.1016 

-0.0575 I 
0.0125 I. 
0.0825 I. 
0.02305~-0.03355 
0.367 y-0.0544.5 

0.0501 
0.0287 
0.00735 

-0.0025 
-0.0128 

0.0736 
0.0433 
0.0127 
a.0013 
0.0157 
0.0454 
0.0745 

0.074.8 0.0440 
wwv 
o.oooy 

-0.0136 
-O.Ol;jY 
-0.0738 
-0.1457 

wres at 0. 0 

/ , 
I- 

I 0.0734 

! 
'-0.357 

0.0428 -0.207 
0.0133 l-O.0575 

o.oi2; 
0.0835 
0.228~ 
0.383 

0.05065 
0.02945 
0.00805 

-0.0025 
-0.ol.29 
-0.033 7 
-0.05475 

:;*g5 “o-g$ 
-01056 

1 
0.014, 

, o:OO725 
-0.0031 

0.087- 1-0..0136 
0.237 
0.3% 

i-O.03545 
-0.0561 

-0.0015 
-0.0165 
-0.0467 
-0.0761 

.0.0013 

.0.0160 

.0.0451 

.0.0749 

(c) E = 0.4: a=-2,+2&g varyulg~ 

Smooth Knq Wires at O.lc 

a = -2 deg 

0.0984 
0.0686 
0.0387 
0.0233 
0.0058 

-0.0199 
-0.04.91 

j 
I . 
I . 

j: 

3 

a = -2 deg 

a = c2 aeg 

-0.561 
-0.~65 

' 0.05115 

-0.267 
1 0.03065 
1 0.0093 

-0.1925 
-0.1215 

~-0.00135 
,-o.olu5 

co.019 
0.1665 j-O.03205 -0.0526 

a = +2 aeg 

-0.1535 
-0.0055 

I o.Q.995 

+0.139 
) 0.02855 
; 0.0075 

0.213 i-O.00325 
0.290 i-o.ouf3 
0.45!t.tj i-O.03525 
0.580 :-0.05605 

, 
1, 
I: 

;: 
L 

0.0534 
0.0228 

-0.0064 
.0.0215 
-0.0362 
.0.0667 
-0.0962 

-0.1375 I yw5 
+O.OlO 
0.138 0:0061 
0.220 -0.0045 

0.0946 
0.0646 
0.0342 
0.0189 
0.0049 

-0.0242 
-0.0532 

0.05& 
0.0211 

-0.0076 
.0.0226 I* I - 

I_ 

i 
- 

i 

&03E4 
.0.0676 
.0.0961 

-1 
0 

: 
5 

Table 5/ 
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Table2 

I 

Derivative 

al 
9 
bl 
h 

a2 

5 

b2 
m 

9 
ml 
b 

h’ 

a2 

?2 

b2 
In 

--- 

Theoretical 

6.751 
-0.0641 
-0.406 
0.2595 
3.712 

-0.6752 
-0.795 

0.6400 

6.751 
-0.0641 
-0.665 

0.2595 
5.a.z 

-0.6358 
-0.896 

0.5873 

-- 

al =av 

9 = acd 

5 =acy 

a2 
m z -5 +--ml1 

a1 

S~mooh j W;ir;at 

E = 0.2 a-- 

5.62 5.65 
"0.007, 
-0.387 

+O.OO85 
-0.341 

e.2513 0.2485 
2.835 2.825 

-0.571 -0.566 
-0.739 -0.734 

0.50 0.570 

3.. ” 
5-6 

s -0.01 9 
-0.566 

0.2532 

4-11 
-0.572 
-0.799 

0.559 

0.4 - 

5.575 
-0.0110 

-0.529 
h2520 

4.04 
-0.577 
-0.813 

0.567 
-- 

Wire at 
0.3c 

5.59 
to.0 6 a5 
-0.341 

n.2491 
2.73 

-0.555 
-0.715 

O-558 

2% 
-0. 3658 

0.2516 
2-73 

-0.539 
-0.706 
O-535 

5.595 5.61 
-0.0087 -0.0219 
-0.531 -0.556 

0.2516 0.2539 
4.c15 3.9B5 

-o*574 -0.566 
-C.805 ~0.804 

0.568 0.550 

a2 = acJan 

m2 = ac,( an 

b2 = aq an 

Wwe at 
C.lc 

Table 6/ 

(38485-i) 



Derivative I 

Table 6 

_Cmparison of Experiinental Derivatives and Values ~Yxxn Charts (fief.2) 
Modified RAE 102 wth cusp 

“lg. or 
9ef. 2 

18 

29,30 

31,312 

65 

67 

l- 
l- 

From Charts (Ref.2) 

E = 0.2 

baCk 

0.832' 

0.486 

1.34 

1.14 
2 

1.114 

0.950 

0.969 

0.880 

-T- 

~ 

1 

forward 

0.818* 

1.45 

1.16 
4 

l.1B6 

0.952 

3.962 

o.sl+l+ 

E - 0.4 

Transition 

back 

0.036* 

1.17 
2 

0.916 

0.980 

0.971 

0.995 

J 

~ 

forward 

3.8319 

0.738 

1.10, 

1.18 
5 

0.923 

3.984 

0.968 

o.9T3 

T is taken as 3.5 deg. w'nen estimating the chart values 0%) 

*taken from expertioent 

a2 **m = - mp +--m.j 
al 

From Experiments 

E = 0.2 

Transrtion 

back forward 

3.832 0.818 

0.504 0.494 

I.146 I.130 

1.116 1.085 

0.954 3.900 

0.929 3.888 

0.968 0.970 

0.886 0.836 

T 
t 
t 

E = 0.4 

Transition 

back 

0.836 

0.728 

7.318 

1.066 

0.851 

0.892 

0.976 

0.951 

forward 

0.831 

0.710 

f.006 

1.080 

0.836 

0.897 

0.978 

0.936 

1 

N 

I 

Table 7/ 
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'I Table 

"1 b:! 
Comparative values of ----- and --- 

lbl)T (b2 h 

for aerofoils RAE 102C and 1541d 

,- 
1 From Experiments 

RAE 102c -------I bl/(bl )T 1541, cusped 
(1541d) 

--- - 

RAE 102c 

bdb2)T 1541, cusped 
(1541d) 

I- 

E = 0.2 
_.. __--_.-.-- 
Transltlon 

Flg.of back forward 

- 
4 
I 

1 

E = 0.4 
---. ---- _- -- 

Transztlon 
back I forward 

Natural i :=0.5 fJ=O. 1 
-.--.- 

-I 
..- .--.. 

0.851 0.795 0.836 

0.93 1 1.n1 / 1.12 

---I- 

--- .--- -_ 

0.892 0.907 0.897 

0.98 1.085' I.225 





f-IG. i. 

0.6 

“$4 

0.4 

J 
-6 -4 -2 2 4 b 

Ia0 1 1 I I 

Effect of control setting 

0 
I I I 

0.6 I I I . --Lo- - 
xe -- -_ - 

-0 
--. 

“c 
/ 

p ‘+ 
C . 

\ 

0.4 \ 
\ 

\x 
\,a=t2oj 

\ 
02----d 

01 I I I I I I I 
-b -4 -2 

Variation of natural transition on upper surface. 
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5.7 --o-- 

=I 
56 
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54 

0 04 

DO2 
-ml 

0 

- 0.02 

0 56 

0.54 

0 52 

O-50 

0.48 
-h 

0 ‘46 

0.44 

0 42 

0 36 

0 32 
0 01 02 03 -04 05 0.6 07 

xi5 /c 
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FIG.~ 

26 

29 29 

x x - - 

4.2 cl, 4 I 
O-04) 

4.0 

3.9 

-x- E = O-2 
---- E:04 0 

I 
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I I I 
U58 

-m2 
0 56 

084 
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-4 

0.78 

0.76 

074 
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0 0’1 0’2 
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