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The charts of R. &IL2730 for eetiaating two-djmcnsicnal control 
derivatives were la3ed ~xGnl.y cn data for xarofoils of 15 per oent thi.oImess. 
Supplementary tists have been azried out on a t~~o-dimens5xal 10 per cent thick 
RAE 102 aerofoil with 20 per cent znd J+O per cmt plain round-nosed control surfaces. 
Lift, pz.tctig llx=nt and htige moment wez~e determined from balCaco neasuzxments and 
frcxn integrated pressure distributions at om seotion. In rxst cases, oonsistcnt 
coefficients were obtained by the two mothcds, 

Particulm O&TX wzs taken 5n observing or fixz.ng with wires the positions 
Of boundary-layer transition.on bath stiax% of the nerofoil. The experimental 
derivatives varied smoothly with posiCa of transitia and were in fair agreement 
with the general charts of R. &M.27jO. 

1. Intrcduotion 

R. &M.27301 (&yont, Halliday ad Eatson, 1950) provxles &arts for 
estjaating the stady, 1~ speed,, tVo4.5aasirxn.31 derivative coefficients of lift, 
pitching moment and hinge nomat on aerofoi3.s tith plain ro~&-nosed oontrol 
surfaces~ These charts were based largely cm experiments with aerof'olls of 
15 per cent thickness. To ~~plif'y the results of this work, the p=aent report 
gives data obtained with a 10 per cent sU p 102 aercfoilwith titermtive 20 per cent 
aa 40 pm cat c0ntr0b3. 

SiaKl.or tests on a modified RAE 102 arofoil with a cusped trailing edge 
are in proses% To obtain results uneffeoted. by hinge-sp a model of m I02 
section without a control surfaoc is also being tested. The fjaal assessment of the 
reseazoh on two-dimensional c~?ntrols xi11 require the results of those further 
tests. 

I% tidition, it is proposed to use the model vdthout a ocntrol surface for 
<on investigatian of boundary lzycrs ,%d th4.r cfftxt on the press~c distribution. 

2. ?ksoription of Mode? 

The ordinates of the syruxtrioalRi3 102 aerofoil are taken from Table II 
of Ref.2 (Pankhurst, Squire, 1950) and arc given in Table I of this report. The 
model was mowted in the N.P.L. 7 ft No.3 squxce tunnel; and the ti~o-dimensianal 
~oxrongement and method of measuring both forces and pross~s was precisely tl-at 
used for previous tests and given in A.R.0, report 15,456 (Ref.3). As before,the 
work5ng portion of the aerofoil, finished with a black smooth saxface, was of 
5 ft spy-, and 30 in. chord znd fitted y&th olternatim plain ~ontCcols, one of 
6 in" chord, E = 0~2, ma the other of I2 in. chord, E = 0.4.. TWO sepxato 
nodels were made. The first aerofoil, E = 0.2, and its control surfaCe 

were found to distort under the static load.. At the section used for pressure 
rAotti.ng, 10 tie from the a, the control s.a~ed about OeOIO in. relative to 

the/ 
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the min portion of the aerof'oil (see ~7.3, &set). In consequence of this, the 
second aerof'oil and its 40 pm cent control mre stiffened with spanvise steel 
bars and the spindles supporting the nodcl. at the quatir-chmd positIon mm 
kmeascd in diameter from 1 in. to 1,125 in. No distortion vas observed for this 
nerofoil. 

3. Notation 
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suffix u denotes upper surface 

,t 1 &notes lower surf%ce 

!, T denotes theoretical derivative 

prefix 8 denotes incremnt due to chLmge in transition. 

4. Scope a-d Accumc-~ of Tests 

The scope of the exper5mcnts is given fully in Table 2. Lift, pitohing 
11omxt and hinge rao~~cnt were obtaned. fror2 ~.~easurcments on roof balances of the 
tunnel and isolated pressures on both surfo.ocs of one sectIon were masured on a 
m.lti-tube manometer. 

The results of the tests were obt&ned with a fair degree of acc!~Uy, 
the mA.mr.~ departure f'rom the mooth curves, bejng tithin the values given ja 
Ref.3; viz: 
(P 

0.007 for CL, 0.0010 for ~~, 0.0015 fO3T cfj Ud 0.015 fO?Z 
- Po)/+pvS. 

In assessing aocuracy, the sz+&.ng of the mailer control should be borne 
in grind, but it is not expected to alter 'he foal derivatives by ~~oro thau 1% 
The ~1.~11 2p at the mse of the control has ,m effect cn k‘msition when 
E = Oe4 see F+l), apart fkor.1 this the values of % amI q 7 . should be the 
sme for tne two oontrols. Results from balmce ~emurements show a differonce 
b%t of about 5 pw cent for the mooth &~g and about 3 per oent when the 
ti-amation is fixed at O.lc, Gx being l%mger for E = 0.4 ccmtrol. There 
<are also chalges jn the aerodymmic ceni,re of about 0.006 and. 0.002 respectively 
for these two tmnsition positions. Thcsc differences ore too large to be 
cx@Gnod by the sa&ng of the smllcr control. This ocmclusion is borne out by 
siailar diffomnocs in ai fro1.1 identical mper~wnts which mm oarried out on a 
cmbcred mrofoil wi.Yn boa controls s'ctifmed. (Ref.3). 

5* Control of Transit& 

In the earJ.ier tests with E = 0.2, the dim~eters of wire used to fix 
transition at eaoh position were 0,022 ino 
60 ft/seo md 40 ft/sec respectively. 

cd 0~036 h ~OZ- WEI spo~a~ of 

Apart fkm the formed position, these dimetom were less than those 
subsequently 1G.d dome in l?ig*l of Ref.4 (I&pat Xmd Carnor, 1950), namely:- 

at xt = O*lc - not less than 0.020 in. at 60 ft/sec and 
0.027 in. at 40 ft/sec. 

at xt = 0*3c - not less tm 0.026 &I. 2.t 60 et/see and. 
a035 in. at 40 ft/sec, 

at xt = 0.50 - not 12~3 Vimm 0.029 in. at 60 ft/sec and 
0.039 k-h at 40 ft/sec. 

Though the romlts at the time appma~I to be consistent in themselves, it was 
thou&t bettm for the lltor testp,with E = OA+ and V = 60 ft/sec, to 
=~croase the dim&or to 0*028 in, z.t posltioa xt = 0.3~ ad. to 0.032 ~JI~ 
?.JG Xb = 0.5c. 

The position of natural trmsitmn was nezmrcd on the upper surface 
by the pzmffti - emporatmn mAhod &and the results Lare given in Fig-?. These 
t+sts included the effect of w5ad speed Lmd of E omr a range of incidence of 
the model and of E over a range of control ScYthg- There was a rapid forward 
~ovez~e~~t of natural traasition fro~l ?-bout xt = 0.550 to q = 0.15~ at 
60 f't/sec as incidence inoreased from about I.5 deg. to 3 deg. AS wind speed 
&creased ~0 ix-2nsition r6ccdcd. fbm the leading-edge9 the OmOunt Of movement 
fo.r a chmge of wkd speed fron 60 to LO ft/seo be5ng of the order of xt = 0.0%. 
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For a = 0 deg, transition was back roughly at o constant value of xt = O.&, 
over a range of control setting from n = -5 to +5 deg: for a s +Z deg it 
moved slowly forvmrd from about xt = 0.55c to xt = 0.15~ over the same 
range of q from -5 to +5 deg. Transiticm -was comistontly forther formrd for 
the larger control surface, rem.ining at a constant position of xt -= O*Gc, 
presumbly due to the presence of the hinge-gap, over a range of a from -5 to 
0 deg. 

6. @&nce ?,feosurements 

All coefficients of lift, pitching momnt and hinge moment, uncorrected 
for tunnel blockage and xtll interference are given in Table 3 for E = 0.2 and 
in Table 4 for E = 0.4. These coefficients, when plotted against a or 71, 
form well-ioftied straight lines to the sowrsoy stated in &, provided that there 
is little or no ohenge of transition xith incidence or oontrol setting. Taking the 
lower surface also into consideration, Fig.1 shows that, for the smooth-wng case, 
transition is opproxirmtely oonstont over cnly o limited range of incidence from 
-1.5 to +I.5 deg -.vhen Q = 0 deg and over a range of con+xol setting frm -5 to 
+5 deg when a = cl deg. 

Experiments were also carried out at some angles of inoidence and control 
settings with a vtire on the u&pw surface ‘and natural transition on the lower. 
The unoorreotod jnoraznts to the coeffkient of lift, pitching moment and hinge 
mount, as the trmsition on tine upper surface is moved from 0.1~ to xu, have 
been plotted against xu/c in Fig.2(&) for n = 0 deg snd certain values of a 
and E. Stwight lines Mve been dr&n o.lloGng for a reo.scnoble sosttering of the 
points. The effect of moving the tronsitlon is expressed by the slopes of these 

C 

,-% d% '=ri 
ldnes - , -- and -- 

dX dX dx ) 
, ~-/hero the difference in transition on the two 

surfsow is denoted by X = (xu - xt)/c. These slopes ore plotted against a or 
71 5n Fig02(b) so as to compare the effect of osymetric transition on lift, 
pitching moment and h5nge moment for the two values of E. 

7. Fresswe Distributions 

Fressures in the form (p -p ore given for each aerofoil surfooe 
in Table 5 for E = 002 and in Table '(!for 

) &ova 
E = Oe4. p 6.s mwsured at a 

position upstrew of the model and no correotion has been &e for pressure-drop, 
as in the NPL 7 ft No.3 tunnel this is proctioslly sero. lh Fig.3, pressures over 
the rear portion of the wrofoilwith a = 0 deg, n = 0 deg we plotted against 
x/o (0.8 < x/c < 1.0) for both values of E. With each control at neutral setting, 
complete curves of the pressur c distributions ore given in Fig-4 for a = -2 and 
+2 deg, n = 0 deg. Similar curves with a = 0 deg for various settings of 
the lwger control Lwe given in Eg.5. In Figs.3, 4. and 5 colculoted pressure 
distributions from Table III of Ref.2 sre inoluded. As stated u the footnote on 
p:qe 1 of Ref.29 these pressure distributions were caloulated for the original 
shape at the trsiling edge which uns mcdified later. 

Except twLords the trLoiling edge whore they are less positive, the 
sxpezxmental ~3.1~s of (p -p&&P agree very ~~~llvri.th those calculated. As 
the experiment&l curves for the txo surfaces of E = 0.2 in Fig.3 should be 
coincident, the difference betwen them shows the effeot of discontinuity of? 
surface due to saggjng of the control (see FigOj, inset). The ou.r;es far t e two 
surfaces of E = O& ore, however, coinc:dent to the aocurooy stated in ii!4 sz~3. 
the plotting of points over the some pxrt of the zerofoil ohord for this control 
indicates that the dif.'ference in the case of E = 0.2 is almost entirely due to 
the ?clxC'fc along the lcwer surface near the hinge of the control. Otherwise the 
qreement for the two control chords in Fig.& is reeswably gcod.. 

lh the ease of the larger control surface> there wore no pressure holes 
betwsen x/c = Oe55 and the hinge st x/c = 0.6 so that for purposes of 
integration the curves for this portion of the chord were assumed to be reflections 
of those oft of the hinge. Table 7(a) gives the mtegrated values of CD, Cm and 
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CH together with those from balance measurements, all unccrreoted for wind-tunnel 
interference. Also uncorrected integrated values of CH are given in Table 7(b) 
for different values of E, estxnated from the pressure distribution on the model 
with the larger control (a = $2 deg, n = 0 deg). Mean values are taken for 
positive and negative angles of inoidence and control settings. For pitohing 
moment and hinge mcment the two methods of measurement give reasonably good 
agreement; but for lsft, with the larger control set over and o = 0 deg, the 
integrated CL is from 3 to 5 per cent larger than that obtained from balance 
measurements. 

a. Derivatives 

!tTm uncorrected derivatives with respect to inoidence snd control sett%ng 
have been obtained from the slopes of curves of the expersmenta'l coefficients given 
in Tables 3 and I+. For a backward transition, the ranges of u and q have been 
limited. roughly to -1.5O < a c +1.5’ and to -5O c ri < +5’ respectively. After 
applying a blockage correction from equation (1) of Ref. 3, 37, the slopes thus 
obtained were corrected for tunnel interference by us.lng equations (3) and (4) of 
Ref. 3. 

IXe corrected derivatives are gxven, to ether with their theoretical 
values* in Table S; a13 ml and b* (n = 0 deg 7 are plotted against x+/c in 
Fig. 6 end a2, m2 axl bs (a = 0 deg) similarly inFig. 7. These results 
includa both ccntrols at wind speed 60 ft/seo and the mnsller control at 40 ft/sec. 

With the exception of rn% there is a reduction in the numeriosl 
expetiental values of the derivatives as transition mcves forward. m1 has a 
small positive value and does not vary greatly with movement of transition. With 
transition fixed at 0.1~ the values of aa, ma and ba, for a = 2 deg, were 
found to be xithin 2 per cent of those for a = 0 deg. As E is changed from 
0.4 to 0.2, aI is reduced by about 5% when the transition is back and by about 
J$ when it is fonmd and the small positive value of mi xs increased giving a 
slightly more forward position of the aerodynsmio centre. Results of recent 
exper~xnents, to be published later, on an aerofoil of the ssme seotion without a 
control surface give values of a1 and rnL very nearly the s&se as the present 
values when E = 0.4. 

The effeot .& csmber on the derivatives is fully given in Table 9, where 
the results of experiments on the csmbared aercfoil from Tables III and IV of Ref. 3 
are sst besx%e the present results taken from Table 8. The dmerences between 
these two sets of derivatives show that the effect of csmber is approximately 
independent of transition position for all the values and independent of E for 
aI* ml and bi. 

In Table IO the present experimentsl results are ccmpared with values of 
the derivatives deduced frcm the general charts given in R. & M, 2730'. The present 
experimental values of ai fit l?ig. 14 of Ref. 1 reasonably well* mt m view of 
the unoertainti abcut tbm.s derivative, the lo-~own values of %Aai)T from Table 8 
have been used as a starting point: hence from Rigs. 18, 29, 32, 65 md 67 of Ref. I, 
as indicated in Table 10, the other ratios hav8 been calculated. Except for 
h/b i) TS the results of these experiments support the charts, m some cases very 

bi bi 
closely: but the expression -- 

ai /O 
-- , from the experimental data for E = 0.2, 
ai T 

has a value of only about 0.6 of that obtained from the appropriate ohart. 
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0.92 0.7641 

0.22 0.925 0*7A63 
0.24 417117, 0.94 o*573c 
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mble '2 

Scope of E~erimnts 

BBnce hkzxwremnts of LWt, Fitci-iing, $iomnt and Hinge Nomnt. 

v = O0 Range of 13’ from no-lift cmglc (at intervaJ.s of I') 
---.-.-~--.----- 

Model, E x=3,2 Model, E = 0.4 
---- -- .-----~-------- ~.---.-----.---- 

Rna speed 
= 60 ft/sec* 

Etnd speed. 
= 40 ft/se2 

Rnd speed 
s 63 ft/sec* 

-- ----- - ---..--- - ..-- .- .-.,- -....-w--..-em--e-L .-.- . . . ..--. -----------~--~ 
tiooth wing -4 to+5 -4 to +5 -3 to +2, %$ 

Kires at 5 3nd Xl = O.lr, -5 to is -5 to +5 -5 to +5 
= O*ja 
= 0.40 -2 to +2 - 

-5 to +5 

= 0.5a -2 to +2 -2 to +2, %& 

S.re at xu = O.lc 4 culd +4 -4md+4 -5 to +5 
= 0.3c -3 and +3 0 -5 to +5 
= 0.5c -3 and +3 -2 to +5 

- -----~-- .--- ----.-..------ ---------~ 
cont201 sett*s, q=o" t2O 230 %!+o %5O tlo" for E=o.2 

77=0' &lo +' t3' 25' *IO' for SO*4 
-- ---. -. .-.- -----~ .---.-- -..-.-- -----.---- ~----- - ------- 

a = o" 

BJooth xin~ -10 to t10 -10 to +10 -10 to iI0 

a.rcs zt xu and q = O.lc -10 to +I0 40 to +10 -5 to +5 
= 0.3c -5 to +5 
= 0.50 <- -5 to +5 

rim at % = O*lo -10 to +10 -10 to +10 "5 -to +5 
= iL3c -10 to +10 

-10 to +I0 
-5 to +5 

; zz 0.50 -5 to +5 

a zz .a 0 

Zuooth w5nS -5 to +5 -10 to +10 -5 to 4.5 

iJ, = .“p 

,%ooth n5ng -10 to +10 -10 to +10 "10 to +10 

Wires at xtiend q = 0.1~ -10 to +I0 -10 to +13 

iTire at x = O.lc 
u -5,-3,%+3,+5 -5>-3>0>+3,+5 

= 0.3c -5>-3,0>+3,+5 - 
= 0.5c -5S.-3,0,+3,+5 - 

a = +2O 

kooth xiq, -10 to +10 -10 to +10 -10 to +I0 

i?i.res at xu md q = 0.10 -10 to +10 -10 to +I0 

l7ire at xu = O.lc -5,-3,0,+3#+5 -5,-3,0,+3*+5, 
= 0.3c -5,-3,0,+3,+5 - 
= 0.5c 1 -5,-3,0,+3,+5 - 

-.- - 

- 
-- 

1 

'lkible 2 (cc&d.)/ 



-Y- 

Table 2'(contL) 

Fm~surc Distributicns 

.- ..-. - ---- ---- - --. -.---.-.---.- -. ------- -- ~------ 
iYIod.01, I3 = 0.2 hbkl, E = 0.4 

--------.------.-P.-..---- 
l3.nd speed m.nd spoea Tend 3peea 
= 60 ft/xc = 4.0 ft/sec = 60 ft/sec 

--- --- .-- -.-- -.-- --.- ~-- ---.------- ------- 
0,' fron no lift agle (n=Yl -- --- - -~. - - -~- --------- -. -. ------ - -..--. 

-2,+2 
Go ~corrtrol 

-2,t2 
I 

kW.-.&CCO~l~) 
---- ---.-..- -. - ~~-~-~--- ----- ------ 

control setttig, 71° (@Too) 
--... ---.----.-..- ---- - ---~-~ --~ 

sn00t11 wing -5,G,+3s+5s+lo 
, ---.---.-..~- ---..--- --.~- A 

%otua1 v = 6~5 CIIXI 40.2s ft SG 
Ii = 0.95 x 10 J! and 0*63x10. 
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-1 
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5 

-2 
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-5 
-4 

2 
-1 

0 
1 

G 
4 
5 
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2 !Cable 

Uncorrected Coefficients fknn Ealsnce Measurements. 

(a) E = 0.2 : TJ s 0 dej+,wzyk~ a 

-. ---- ..~ 
CL %I % 

Smooth ving (6~ ft/sec) 

-0.397 -O.OOl& 0.0136 
-0.284 
-0.19% 

-o.oo17s 0.0094 

-0.09& 
-0.001 OS 0.0074 
-0~0005~ 0.0031 

0 -0. oooo5 0 
to.099 +0.0005~ -O*oo37 

o.j96j 0.0015~ -0.0074 
0.3006 0.0020~ -O.oilO 
0.401s 0.'X29C -0.0131 
0.4% 0.0Q35s a0173 

W..res at 0.5~ (60 f'q'sec) 

-0.1975 -0.0011 0. ocx31 
-O.O98 -0*0005 0. ocwt 
+o. 00%' "0.0003 -0.oa4 

O.O97$ to. 0008 -0. o&o 
0.194 43.0002 -0.0098 

~-.---------~- 

booth VW (J+O ft/secl 

-0.4033 -0.0018 0.0154 
-0e303 -0aGGA7 G.GlQ6 
-0.199 -0.0008 0.0082 
-0.09eg -oeooo3 0.0058 

0 -0.0001 -O,ooo2 
+0.0945 +o.oooG -0.0038 

0.196 0. oooy -0.0086 
0.798 0.0020 -0.0122 
09397 0.0023 -O,Olp+ 
O.48& 0.0030 -0.0182 

---------- 

CL %I %i 
---- 

Wires at 0.1~ (60 ft/secl 

-0.4975 dl.0031 0.01 yo 
-0.394 -0.0018 0*0159 
-0.301 -0.0015 0.0116 
-0.197 -0.0008 0.007s 
-0.09% -0.0003 +0.0037 

to.094 +0.0003 dl.0037 
0.192 0~0005 a0074 
0.300~ 0.0015 -0.0117 
0.40& 0.0021 -0.0154 
0949% 0.0030 "0.0170 

Wires at O&c. (60 ft/sec) 

-O.l93 -0.0019s 0.0067 
-O.096 -o.ooo& 0.0046 
t0.001~ -0.000~ -O.o002 

0. oKi& to. 00% -O.O039 
0.19~ 0. 00% -&CO86 

~ --. 
wires at O.lc (40 f%/sec) 

:::gt 
-0.0024 0. Cl 79 
-0.0012 OeOl58 

-0.29~~ -oeGO?6 G.GlO8 
-0.203~ -0.0013 0*0066 
-0.089~ -0.0005 0.0028 
to. 001 +0.0002 "0.0002 
to.oyo ~ -0.0003 -0.0236 

Oll20& +O.OOlO -0.0081 
0.2925 to.oO11 -oeolo5 
0.392 0.0022 -0.0155 
0.47% : 0.0039 -0.0183 

Table 2 (ocntd.)/ 
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Table 3 (cm-A.) 

(b) E = 0-2 : a, = 0 deg., mry=i.ng rj 

----.- ---..- ------~ 
Snocrth %TlK (40 ft/seC) Wires at OS lc O+O ft/sec) 

-10 -0.47% 0~0962 0.112fi -0.431 0.0865 alcat 
-~.2Jt.% 0.0505 0.0586 -0.21% 0.0448 0.0496 
-0.193 0.0398 Oe@+G7 -0.171Fj 0.0387 

-3 -0.142 0.0300 O-0335 -0.128 lEz; 0.0297 
0.0200 0.0227 -0.083 0:0176 0.01ya 

-0.0001 qeOOO2 +O.OOl +0.0002 -0.0002 
-0.0188 -0.0219 , 1 o.oy& -0.0207 
-0.0293 4.0333 1 0.125 -0.0302 

4 0.190 -0.0393 
5 0.237~ -0.0494 

-0.Q435 I 0.1746 -0.0414 
-0.ogj.a 0.220 

10 0.478 -0.0978 -0.1074 0.43% 
----A----- ------- --~----~- .--- 

Table 3 (cant&)/ 



.-- 
d& 1 -- 

-5 
4 

:; 
0 

; 
4 
5 

-10 
-5 
-4 
-3 

8-2 
0 

; 
4 
5 
10 

--- 

-10 

2 
-3 
-2 

0 

; 
4 
5 
10 

-10 

2 
-3 
-2 

0 

; 
4 
5 
10 

- 12 - 

Table 3 (con%) 

(c) E = 0.2 : a = -5, -2, i2 deg., varying ti 

--- ---- 
OL %l CH 

Fmooth wing (Go ft/s.ec) 

1 OF-5 dx3.q. 

CL % CH 

wires at 0.1-2 (60 ft/sec) 

-0.73le 0.04.30 0.0719 

$+% 
-0:59e 

0.0x2 0.0251 0.0602 0.0510 
0.0154 0.0396 

-0.504 -0.0025 0.0183 
-w& -0.01p6 -0.0010 
-0.3Ql. -0.0287 -0.0121 
-0.327 -0.0387 -0.0231 
-0.28$ -0.0491 -0.0352 

IF-2 de!+ c-2 dq,. 

4.637 0.0886 0.1100 
-0.426 0.0471 o.oGoo 
-0.37& O-0373 0.0481 
-0.327 0.0272 0.0372 
-o.28& 0.0177 0.026a 
-O.lP& -0.001 OS 0.0074 
-0.1075 -0.01ep -0.0141 
-0.oG5 -0.0286 -0.0251 
-0.014 -0.03ak -0.0362 
+0.028 -CL a79 -0.cb72 

0.275 -0.op81 -0. I o&l 
- 

-0.627~ o.oa43 0.1oap 
-0.41% CL&44 0.0580 
-0.380E 0.035J.t. 0. a.80 
-0.3355 0.0265 0.0386 
-0.2895 0.0181 0.0285 
-0.197 -0.0008 0.0079 
-0.12% -0.0174 -0.0117 
-0.0755 -0.0265 -0.0218 
-0.03% -0.0357 -0.0319 
+o.o12s -0.w9 -O.&l9 

0.224 -0.0860 -0.0895 

u%2 do& LF+~ de,q. 

-0.27& 0.0985 0.1030 
-0.0295 0.0494 0*0477 
+0.01 y 0.0400 0~0362 

0.068 0.0292 o* 024.1 
0.114 0.0196 0.0136 
0.1965 0.0@155 -0.0074 
0.284 -0.018p -0.0300 
0.340 -0.0276 -0.0393 
0*37& -0-0417 -0.0508 
O-435 -0.0467 -o.o611 
0.637 -0.0868 -0.1108 --.-~ 

8lncJuth Whff (40 ft/sea) 

-0.22% 
-0.014 
+0.036 

OeO78 
0.120 
0.192 
0.291 
0.336 
o-374 
0.437 
0.62~ 

0.0876 0.0920 
a@444 o.c429 
0.0356 0.0329 
0.02&h 0.0228 
0.0175 0.0132 
0.0005 -0. 0074 

-0.0177 -0.0270 
-0.0266 -0.0370 
-0.0359 : 
-0.0447 ; 

-0.0!+76 
40580 

-0. o&w -0.?076 

CF.-5 de& 

-0.9% 0.0826 0*1223 
-0.729 0.0431 0.0689 
-0.6a3 a w-9 0.0583 
-0.651 0.0251 0.04G6 
-0.596 0.0160 0.0371 
-0.501 -0.0625 hoi G8 . 
-0.413 -0.0218 -0.0072 
-0.3785 -0.0299 ' -0.0157 
-0.3245 -O.&O3 
-0.280 -0.05Gl 

1 -0.0289 
: -O.olf.lC 

-0. cYt.8~ -0.0?93 -0.0985 
- 
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Table 3 (contd.) 

Ccl conta. E = 0.2 : a = -5, -2, +2 d.eg*, varying 7l 

CH i CL % CH 

.-~-~-. - 

Smooth M~I,T (40 ft/wxl IEL-es at O.lc (4.0 f%/sec) 

UF-2 de.+ CL=-2 &eR. 

-10 -0. Q.6 o.oy10 2~~2 1 -0.62% o.oa21 0.1076 
-0.434 a w&. -0.41!& a0424 

2 
0.0558 

-0.397 0.0390 0;;561 s -0.3% 0.0341 0.0458 

1; 
-0.35% 0.0288 o.Qt30 -0.321 0.0252 0.0366 
-0.30% 0.01y1 0*2311 -0.281 0.0157 0.0262 

0 -001yv -0.0008 0.0082 -0.20% -0.0013 0.0066 
2 -O.ll& -0.0200 -0.0135 -0.112 -0.0194 -0.0140 

-0.0% -0.0299 -0.0243 -o.aoQ -0.0270 -0.0232 
2 -0.02% -0.0400 -0.03G3 -0.035 -0.03G2 -0:03t 7 
5 +o.o3Q -0.0503 -0.G5G8 +o.ooY~ -0. WY -0. c4.01 
10 0.095 -0.1000 -0~1112 0.209 -0sO873 -o.oyoy 

- ---.---- - 

cii=+2 de+ -j ~+2 de& 

-10 -0.2903 O.lool+ ~~1096 d~227~ 0.0869 0.0914 
-0.0&7 0.05% a(-%91 -0.01 y 0.0447 0.0421 
+a 009 Q.CW4 0.0383 +0.01s 0.0374 0.0323 

0.056 0.0298 0.0251 0.081s 0.0278 0.0222 
0*102 0.110 0.01y1 0.0129 
0.196 o.m& +0.0010 -0.0081 
0.2a7 o.277s "0.0168 -0.0268 
OS338 O&333 -O.-O253 -0.0380 
0.3905 0.382s -0.0343 -0.0483 
0.427s O-4125 -0.0436 -0.0589 
0.636 On613 -0.0851 -0.1303 

- 



!Cable 4 

Uncarrected Coef'f'icients from lhlance Meaeuremats 

(a) E = 0.4:~ = Odeg.,vq/ing CL:V = 60 f-t/sea. 

- .- 

(de;.; 

2 
-3 
-2 
-1 
-0.5 

0 
+0.5 

1 

: 
4 
5 

--- 

- 

---- --.--- ---. -.---- .-- 
% %I CH 

"0.299 -0.0003 0.0236 
"0. IV& +o. 00% 0.0155 
-0.103 0.000~ o.oiJi32 
-0.056 +o. OK& 0.0044 
-0.001 -0.0001 "0.0007~ 
+a 044 -0.0001 -0.0044 

o.lo5s -0.000.5$ -0. 009% 
0.210 +0.0002 -0.Cl75 

-o.lY7s -0. oool.& 0.0165 
-0.10% +o.oooc$ i 0.009% 
-0.04% "0.000c& t o.oolt.5 
+o* 0015 +o.ooo~ 1 -0.GOO2 

0.051s 
0.105 

-0.oou7 ; 
-0.0001~ ; 

0.196 -oeoooq \ 

- 

CL cm CH 
- -----~-----.------..- 

wires at O*lc 

-0.510 -o.oooF& 0.0400 
-0.40& -0.0014 0.0314 
-0*304% -0.0006 0.0241 
"0.1993 -oeOolG 0.0157 
"0. I 0% +0~0002 o.oo>o 

-0.003 -0.0020 0 

+0.10& +o. 000% -0.0081 
0.201s 0.0007~ -0.0149 
0*303 0.0007~ -0.0234 
oa405 00 CO25 -0eo305 
0.503 0. oo24s -0.0382 

-0.50% +o. 000% 0.0408 
-0*402 -0.0003~ 0.0316 
-0.304 -O.OOO& 0.0237 
-0.20% -0. oools 0.0163 
-0~104 -0.000~ 0.0082 

-0.001 -0~0003 -0. oools 

+0.1005 0 -0c.0085 
0.20% +o*oooc& -0-0175 
0*30% -0.000~ -0.0256 
0.4025 +o. 000% -0.0319 
0.511s 0.0003 -O.cY+l I 

Table & (co&l.)/ 



- 15 - 

Table & (con+&) 

(b) E = 0.4 :ct = oaeg*,v~a-y3ng 7l:v = 6Q ft/.%c. 

-..-- 
:&:j 

-10 

1; 
-2 
-1 

0 
I 

; 
5 
10 

-~ 

-5 
-3 
-2 
-1 

0 
1 

; 
5 

-- 

-- 

~ 

i 
-. 

I -. 

.- - 
CL cm CH 

.---~------.---..-- ---. 

-0.7015 0.0938 0.1235 
-00367 0*0510 0.0665 
-0.218 0.0307 0.0395 
-0.146 0.0212 0.0277 
-0.072 0.00% 0.0130 
-oa 001 -0.0001 -0. ooo&, 
+0.064 -0.0101 -0.0131 

0.145 -0.0213 -0~0265 
0.216 -000327 -O*c&OG 
0.367 -0.0525s -0.0667 
0.6955 -0.~9~ -0.1247 -.---------.--------- 

Vires at 0.5~ 

-o.356s 0.0517 0.0660 
-0.213 0.031& 0~0396 
-0.1395 0.021% 0.0266 
-0.067 0.0113~ 0.0150 
+o.ools o* 000% -0.0002 

0.068 -O*OOY3 a0120 
0.151 -0.0201~ -0.0267 
0.216 -0.0305 -.Lo3c9 
0~372~ "0.0512 -0.u660 

-.----- --, 

-0.357 0.0463 0.0625 
-0.209~ 0.0265 0.0360 
-0-140 0.0165 0.0232 
-0.072s 0.0069 0.0110 
-0.003 -0.0020 
a. 059s -0.011 7s -0~:126 

0.129 -0.02155 -0.0253 
0.197s -O.OjlO -0.0371 
O-3505 -0.0510~ -0.0635 

--.--------.--.-.--- 
lm-es 3.t OD3C 

-0.361~ 0.0491~ 0.0633: 
-o.211s 0.0287 0.0363 
-0.139 0.0192 0.0238 
-0.069~ o.oovls 0.0116 
-0.001 -0.0003 -0.0001~ 
+0.06& -0.0105 -0.0138 

0.1,3& -0.0201~ -0.0251 
0.209 -0.0303 -0.0371 
0.356 -o.0507s -0.0651, 

---... - 

(c) E = 0*4 : a = -5, -2, +2 deg., wlqklg q 

&ooth v5.n~ (60 ft/secl 

1; 
-2 
-1 

0 
1 
2 
3 
5 ~- 

-10 
-5 
-3 
-2 
-1 

0 
I 

; 
5 
10 

..- 

- 

--- .- -.--. 

-o.P47s o.u-45 0.102f3 
-0.728 0~0271 0.0774 
-0.656 0.0174 0*0643 
-0.59% 0.0099 0. WI-9 
-0*52& -0.0010 0.04@2 
-0.4% -o* OOy3~ OeO288 
-oe3f35s -0ao193 oc.0173 
-0.315 -0.0296 o.m32 
-0~176 -0.&86 -0.~205 

-0.837 o.oy2 0.,1425 
-0e551 oe 0481 ot.0765 
-0.40% 0.0285 000508 
-a329 0.0177 oeo367 
-0.265 0.0093 0.0265 
"O.lYc$ 0.00% oe0155 
-0-125 -0.oovg +0.0022 
-00058 -0.0195 -0.0103 
+0.015 -0.0301 -a.0243 

0.165 -0eo513 -O&511 
0.546 -0.1~25 -0.11yo 

-- -----.-.~ -.. .~ ---.- -- ---. 

I 

oF+2O 

-0*51&j +0.1002 0.1130 
-0.1475 0.0508 0.0468 
+o* 001 0.0298 0~0202 

0.072 O"OlV7 +0.0078 
0.141 0. cm2 -0.0055 
0~210 +oeooo2 
0.285 -0.0103 
o-3575 -0.01gv 
0.43% -0.0296 
a576 -0a 0490 
0. xi& -0. oy1 



CL 0376 
O*%Y7 
o-0663 
0.0827 
o* ~997 
0.124 
OelfjO 
ajvv 
CJ. 249 
awv 
cl. 349 
0.375 
0*399 
0.425 
a450 
0.500 
om54.9 

:*z;z 
0: 699 
CL 730 
0~802 
o-l317 
0.m 
o.Jt351 
0~867 
0. aa& 
CL.901 
oev17 
a 934 
0~951 
0.967 
oe976 
CL934 
Q~%P 
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MeasuredFressure Eistributians. Uncorrected (p - po)/&Va 

E = 002 : n = 0' : Smooth Xng (60 ft/sec). 

Upper Surface for a = 

-2 de@ 0 deg. +2 deg. 
~-- 

0~99~ 
0.965 
0.852 
0.618 
0.357 
0.234 
0.152 
o.w3 

io.024 
-0.026 
-0*053 
-00075 
-0.097 " 
-0.126 
-0.1% 
"0.183 
"0.1~1 
-0.193 
-0.197 
-0.1y 
-0.183 
-0.153 
-0-132 
-0.1oa 
-0.075 
-00043 
-CL 024 
+0*032 0.004 

o.om 0.006 
0.028 oc.004 
0.032 0. oG.4 
oao35 ObOl2 
0.ofl.a 0,022 
oeo47 0*028 
y&i& 
0: 03 

0.052 0.039 

0.069 
0.093 o*oY5 
ooloj 0.102 
oo112 0,118 
00120 0.112 

-0.J61 

-0.677 
-0.708 
de.572 
-0*533 
-0.537 
-0,5&o 
-0*521 
"0.471 
-0.460 
-00445 

-0.408 
-0"33a 

-0e372 

-0.334 

-0.201 

-0.1oa 
-0-082 
-CL 0% 
-0.02?3 
-0.016 
-0~012 

+0*002 
0.022 
oeo30 

0.067 

cJ* WV 

0.113 

, 
1 
1 , , - 

c. 000; 
0.002~ 
0.003; 
O.UOlX 
0.016: 
G. 024: 
Q.037C 
a w: 
O-066: 
0.0832 
0. IOOC 
0.125 
a#151 
0.200 
oa250 
0.300 
0.349 
CL 374 
0.400 
%I+% 
0.450 
0.500 
~.549 
0.600 

?6$; 
0: 739 
0.803 
0.817 
0.833 
0.350 
o. 867 
0.3a4 
a go0 
0.916 
a 933 
0.950 
00967 
0.975 
0.933 
~.VW -I- 

lkwer 8urfxe for a = 
-- - --- - 

-2 deg- 0 aege +2 deg< 

+0.132 
-0.183 
-09393 
-0.535 
-0.628 
-0.629 
-0.560 
-0.529 
-0*519 
-0.515 
-0.492 
-0.466 
-o&A5 
-o.G?l+ 
-0.416 
-0q416 
-0.404 
-0.383 
-0-377 
-0.353 
-0.342 
-0.292 
-0.248 
-0,211 
-0.165 
-0.120 
-0*087 
-0.136 
-0.082 
-0.060 
-0.W 
-0.01 a 
-0.003 
+0.W. 

0*030 
0.041 
0.067 
0.087 
OelO8 
@*II4 
0.12a 

0.618 
oe369 
0.258 

+0.105 

-0.017 
-0.03t3 
-0.057 
-0.008 
-0.134 

-0.183 
0.199 

-0.197 

-0.189 

-0.111 

-0.053 
-0~036 

-0.119 -0. lop 
-0. o&l -0.035 
-0*035 -0.012 
-0*022 +oeoo6 
-0.004 - 
+0.012 0.028 

0.022 0.04k3 
0.035 00049 
0.052 - 
0.071 0.075 
0.099 - 
oo112 0.112 
0.12l3 - 
00124 0.120 

6/ Table 



P - PO 
Neasvxed Fressure lXstributions. Unoomeoted -- 

SpV’ 

E = 0.4: Snmth \7ing (60 ft/sec) 

4.496 -0.692 
-0.499 -0.626 
-o-4yy -0.6G6 
-0.509 -0.696 -0.314 -0-4-27 
-0.509 -0*701 -0.302 -0.402 
-0.494 -0.696 
-0.496 -0.696 

-00273 4,190 

-0.212 -0*2m -oo211 .a145 
-0*130 -0.073 

. 



Table 6 (cant&) 

~---------------~~~~= * gee* for --J 

q/c I.- 
c” = 0 de& for n = 

-Y 

.-...-; ~ o leg 
. 

f~ ;-?fL-FEz- 
Q = 0 deg. for a t- 

---i-- 00603 +o.?Jt -5 &&-YjTdeg. -0.493 

-~. 
1 5 deg. 10 deg. 

-0.713 -1.327 l 

-2 aeg. 0 deg. +2 deg.1 
dc 

-5 de@ +3 deg. 5 deg. 10 degs -2 deg. 0 &go +2 dega 

-0.117 -0.190 -0.271 ' 
I 

0.603 -0. a7 0.145 0.286 0.54k7 -0.229 -o.l6!+'-oeO85 
0.6-I3 O-177 -0e406 -0e553 -0.?@4 a.098 -0.160 a227 o-613 

z‘g-: 
0.08? o.igo 0.425 -0.207 -Oely+ -oeo.Ty 

O-628 0.$41 -0e329 -0.438 -Oe696 -o* 090 -0.137 -0.196 0.628 
00648 0.105 -0.271 -0.363 -0e.583 -0.070 -0.111 -0.164 o.fA8 -0:378 

0.036 0.128 oa325 -0.196 -0.135 -0eoy7 
0.026 0.107 0.282 -0.165 -0.109 -0.062 

0.673 0.090 -0.218 -0.303 -0.487 -0.045 -CL090 -0.141 0.672 -0.301 0.015 0.100 0. %I -0.145 -0.086 4.oJ.8 
0.698 0.083 -0.18!$ -0.256 -0.402 -0.039 -0.077 0.699 -0.259 0.015 0.077 0.214 -0.122 -0.077 -0.045 
Oe749 0.073 -0.132 , -0.188 a290 -0.015 -0.053 

-0.al22 I 
-GO85 0.748 -0.186 0.030 0.073 0.182 -0.083 -0.047 -0,015 

007yY I 0.073 -0eO83 -0.126 -0.197 
-0.096 -0.160 1 

+0.004 -0.021 -0.053 0*799 -0.w. 0.03. 0*07l O.lal -O.Q$Y -0.017 0 
0.823 0.075 -0.060 

IJ.;cS& -0.118 1 
0.013 -0.006 -0*03)+ 0.823 -00094 O-045 omo75 O-139 -0.026 -0.004 +0*015 

O.i%Y 0.075 -0.039 OeOlg +o.oo& -0.017 O-133 -0*024 
0.875 O-075 -0.019 -0.08a 
0.899 0.079 -0.002 -01013 -0.058 

0.036 0.017 
0.053 0.032 

-0.002 1 
w349 -0.073 0.047 0.075 +o.oo& 0.023 
0.873 -0*062 0.019 ODO&3 0.090 +Oc.O08 0.015 0-032 

+ooo17 I 0~899 4019 0.058 0.079 0*107 o*wt 00030 O~Qb3 
0.924 Oe.081 +0.026 +ooo13 -0.032 0*(x& 0.049 0.034 0.39% +oe006 o-056 ooo6a 0.083 0.045 0.036 000&Y 
0.949 0.092 O-055 0.043 0 O-086 0.073 o.oa ! 09949 0.04-3 a 077 0=088 0.088 oeo70 0.066 0.06a 
0.974 0.098 0.081 oeo7g +0.030 oe094 0.~96 0+974 0.079 oe105 00107 0.075 00094 0.098 a,098 
0.984 O-088 0.098 0.092 0.030 oao94 0.098 

oc.096 1 
0~100 1 OeY@t 0.096 0.128 O-117 0.071 O.all3 0*117 oe113 

.-- - 



- 1q - 

- ---~.- -- -- 

CL CT2 GI 
I3 

( dZ!+ ) (cl&. ) 
l?alance IxtegatLon &&nce ktegmtian Ealmce Integmtic 

I02 t2 0 0.1949 0.1933 

I*4 *2 0 0.2c%l co 2021 4 00015 +o. 000% -0*0165 -0.0163 
c t3 0.216!+ 0.2277 -0.0321 -o.o321 -0. c4.01 -0.041y 
0 t5 0.3670 0*3502 -0.0519 -0.0523 -0ao666 -0.0680 
0 *lo 0.69f32 O-7172 -0eo973 -CL 0975 -0.12&l -0.1226 

(b) Integrated CH : different moues of 13 : E = 004 model 

* (a&.) Integrated CH 

--- ---- -.- 

0. I 0 -oaoo30 
202 0 -0.007G 
1-3 0 -0.0116 
a*4 0 -0~0163 



- 20 - 

--- 
lkrivative Theoretical &moth TiiR%3 wres . wires VEre s 

wing at 0.5c at o.l+c at 0.3 at O.alL 

E = Oe2 (60 ft/sec) 

6-767 
-0.07% i i& i%s ET@ - 

5e27 
0.056~ 

-o.4!4 -0.ll3 -0.207 4.x& - -0.191 
0.2tO!+ 0.2382 0.2384 0.2% - 
3.721 2.&6 - - 

0.2393 
- 2042 

-o.677 -0.522 - 
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