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Wti tunnel measuremnts of lift, pitching moment and drag on one plane 

and two cambered wings of "mild ogee" planfom (p = 8/15) are reported. 

These measurements are supplemented by vapour screen and oil flow observations. 

The wings were desIgned by slender wing theory for attached flow along 

the leadmg-edge at particular values of lift and patching mmxxt. The 

design and measured attachment conditions agreed fairly well. The non-lmear 

lift developed could be related with the type of vortex development above the 

attachment incidence. 

* Replaces R.A.E. Tech. Report 67202 - A.R.C. #3& 30 I&(, 
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I INTRODUCI'ION 

To assist the design of slender wings for flight at supersonx speads 

the "mild ogee" wings were tested in the 3 x 3ft vend tunnel over the Mach 

number range PromM = O.&O to 2.00 UI January 1961. These wings hsd a common 

plenform, wrth a value of planform psrsnzter p = 0.533 intermediate between 

the high value of wings tested by Squire 1,2,3 and the low value of wings 

tested by Courtney'and Taylo 2. The tests were intended to provide more 

data cn the effects of p on camber design snd lxft dependent drag. 

This paper compares the measured and calculated forces snd moments on 

the wxngs and describes the types of flow observed at off-desw ccndlticns. 

2 EGERrWiENTAL DETAILS 

2.1 Model deslm 

The three vvlngs had a c-on planform (Fig.1 and Table 1); as they 

followed the eight wings ducussed in Refs.1, 2 end 3 they were designated 

wings p, IO and 11. 

Nying 9 was uncsmbered. The cambered wings were deslgned by slender 

wing theory for attached flow at the leadmg-edge with a given load distribu- 

tion. The method of camber desl@ was outlined by Weber6. For both wings 

the spanwise csmber was restrzcted to a region outboard of a "shoulder 

position" defined by y = (0.5 + 0.25~) (Sx). Wing 10 was deslgned for flow 

attachment at a lift coeffxlent of 0.05 with the centre of pressure at 

0.547 Co. This was 0.07 co forward of the slender wing aerotic centre 

position, 0.617 oo. The pltchmg moment increment AC, was thus 0.0035 on co 

(or 0.0053 on C=). The design of this wing was discussed 111 Ref.7 and details 

of the design loading and the camber shapes are given m Flgs.2 and 3 and 

Table 1. Wing 11 was designed for the same pltchlng moment increment as 

wing IO (ACm = 0.0053 on z) at zero lift coefficient. The design load 

distribution for Wing 11 was that of Wing IO less the slender wing load 

dxstrlbution on en uncsmbered rrrsng with CL = 0.05. Details of Wing II* are 

given in Figs.2 and 3 of Table I. 

The thickness was added to the camber surface as on earlier wings of 

this serxes1J2'3. The dzamcnd shaped thichess dutribution was added to the 

, 

z 

*Although the centre line camber, C(X), for Wing IO was determined 
algebraically, C(X) for wing 11 was found numerically. 

. 

f 
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c&ber surfaces so that areas of spsnwme stations were the ssms for all 

three wings. Typical cross-sections are shown inFig.2. 

A small body was added to the rear of the model to shield the balance 

ana sting support. On the cambered models this shield was not quite 

symetrio, however, the estmated errors caused by this asymmetry on the wing 

pitching moment are smsll. 

Ving 9 was made completely of steel but Wings 10 and 11 were made of 

glass-cloth snd araldite on a steel core. The models were given a matt 

black pamt finish to facilitate flow visudization. 

2.2 Test r.mEe 

The tests were made in the trsnsomc and supersonic sections af the 

3 x 3ft tunnel at R.A.E. Bedfod. The lift, pitchmg moment and drag were 

measured in the nmmml lncldence* range -2' to +13' (one degree steps) at 

Mach numbers of 0.43, 0.70, 0.85, 0.90, 0.94, 0.98, 1.02, 1.4.2, 1.61, 1.82 

and 2.00. In addltum, surface oil flow and vapour screen patterns were 

obtalned at selected conditions where chsnges in types of flow were expected. 

The test Reynolds number was 1.6 x IO6 per foot, except at M = 2.0 when 

it was reduced to 1.35 x IO6 per foot because of a tunnel power Umitation. 

In all force tests bands of distributed roughness were applied to fix 

transltlon of the boundary layer on both surfaces of the aring. The ruugh- 

ness bands consisted of a mixture of carborundm grains and thin &minium 

pamt applied so tnat closely spaced in&vdLl grains proJected from a paint 

base about 0.001 inch thick. The height of the psrtlcles was 0.003 inoh at 

speeds up to 1.02 and 0.007 inch at h&er speeds. The roughness bands were 

half s,n inch wide (nod to the leadmg-edge) and started sn eighth of an 

inch inboard of the edge. 

This roughness distribution did fix transition an other wings of this 

series3 except poscibly at M = 1.02 and 2.00 for a smsll incidence range. 

However, the drag results on Wing 9 at I6 = 1.8 and 2.0 revealed a "bucket" of 

the type previously associated8 wdh laminar flow as shown in Fig.& An 
investigation of the boundary layer state using azobenzene did, in fact, 

reveal large areas of lsmna r flow (Fig.5). The minimum height of roughness 

*Incxd.ence for the cambered wags is defused as the incidence of the 
plane contammg tne vmg apex and the centre section of the wing trailing-edge. 



202 5 

neded to fix transition at the ocmparatively low Reynolds numbers than 

available in the 3ft tunnel was subsequently detelmined and was reported in 

Ref.9. This investigation inoltied drag msasurement scmWing9wit.h 

different roughness aistributiaus over a wide range of Reynolds numberbut 

for omsistenoy with wings 10 and II, only data with roughness particles 

0.007 inch high were quoted here. 

2.3 Aoo-~ 

The balance results have been corrected for interaction effeots and 

sting deflection befors bedng reduced to coefficient fozms; for au wings 

these ooeffioients are based on the dimensions d the oomnon planform. 

Mommts (based on E) are referred to the 48.596 point of the aerodynsmio nman 

ohord(66$of the root cho&) sothatthe change of aerodynedo centre 

position with Maoh number is emphasised (Figs.lGl2). The draghasbesn 
corrected to a base pressure equal to free stream static pressure. No 

corrections have been applied to the measured pitching moment. or drag for the 

smsll distortion caused by the sting shield. 

The incidence and pitching moment have been corrected for flow deflec- 

tion andcurvature inthetunnel stream, The flow correct- were found 

for the uncsmbered wing and the ssnu? corrections applied to sJ.l the cambered 

wings: the maximum corrections were Aa = 0.2' and AC, = 0.0010. Previous 

tests in this series3 have justified this procedure. 

No correctiona have been applied for tunnel interference; this inter- 

ference is, of course, absent at supersonic speeds when the bow shock wave 

is reflected clear of the model (Id > 1.3). Thers is, however, some inter- 

ference at subsonic and trsnaonic speeds. Previous tests have shown that 
these effects are mnall except near Id = 1.00. HeretheMachnuiber error 
may be as large as 0.02; the free stream Mach number being less than the 

quoted tunnel Mach number. 

Apart frcua this tunnel interference it is estimated that the accursoy 

of the results is as follows 
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3 RESUIIPS 
1 

3.1 Lift and pitching mcmmnt 

The variation of lift coefficient with incidence is plotted in Figs.643 * 

for wings g-11. ApWreciabla nun-linear lift is developed ftcm fluw s-- 

titans at the sharp leading~dges, partioularly at subsonic speeds. The 

oenbered wings should have attached flow along the leading-edge at the desi@ 

aonditian, whiah nmy be compared with the incidence (z) for minimum lift 

curve slope neer b¶ = 1.0 (the Mach number appropriate to the slender wing 

design value gsp/co = 0). Fair agreement is shown in the following table. 

Camuerisan af attachment conditicms near b¶ = 1.0 

Measured Design 

wing 
z s Li CL 

10 l+A" 0.075 3.2' 0.05 

11 l.o" 0.012 0.8' 0 1 II ( 1.0' 1 0.012 1 0.8' I 0 

The lift development for the three wings above the attachment incidence 

may be compared3 by plotting t - % against a - G, Fig.9. The lift on 

Wings 9 and 11 correlates exactly but much more non-linear lift is developed 

by Wing 10. This is discussed in 3.3 below. 

Near the attachment incidence the slopes of the curves do not vary 

significantly with Mach number and correspond fairly well with the slender 

wing value appropriate to M = 1.0 (d"J"a = xA/Z), (Fig.%). 

Above the attachunnt incidence nan-linear lift develops; this is 

considerable at M = 0.40 (Fig.Ya), reaches a marinmmnearM=l.Obut 

decreases as the Mach ntier increases to M = 2.0 (Fig.%). The non-linear 
1iftmeeauredonWings 9 and11 at I6 E 1.02 compares favourably with that 

given by Mengler end Smith IO,11 . 

The variation of pitching moment coefficient Cm with lift coefficient 
for Wings Y-11 is shown in Figs.lO-12. The -es are fair-Q smooth end 
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clearly show the reareardmwement af aerodynsdo centre, as the Maohnumber 

increases from subsonic to supsrsord speeds. The aerodynamio oentre 

positicns on the root OhoId co are given at lift ooeffioients of 0.05, 0.10, 

and 0.20 in Fig.13 and the corresponding centre aF pressure positi- are 

given in Fig.14, 

It is difficult to assess the success of the oanber designs of Wings 10 

end 11 as the slender wing thecny strictly applies only at M = 1.0. At this 

Mach number tunnel interference effects are oritioal. A small error inMach 

nuder csn mean large errors in the shock wave positions on both wing 

surfaces - and hence large errors in lift and pitching moment. However, the 

measured centre of pressure positions on Wing 10 at supersonic speeds, when 

extrapolated to M = 1.0, correspond quite well with the measured value at 

M = 0.98 andwith the design position (Fig.14, s = 0.05). Shoe Wing 11 

was desimed for s = 0 a comparison of the measured and design values of 

sero lift pitching moment, Cm , is given in Fig. 15. The measured Cm at 

Id = 1.00 (0.00~) does not ag&e with the design value (0.0053). 
0 

However 

the corresponding curve for Wing 10 indicates that Cm increases rapidly with 
0 

M near M = 1.00 so that the apparent discrepancy could be attributed to 

interference effects. It is interesting to note that Wing 11 does achieve 

aC m = 0.055 at M = 1.42. 
0 

The general success uf both the cs.&er designs is indicated by the plot 

of trimned CL against Msch number in Fig.16: a trimned CI, of about 0.05 is 

obtained on both wings atM = 2.0. In deriving these curves, a centre of 

gravity posztion of 0.41 z (0.61 co) was chosen, corresponding to the most 

forward positlon of the aerodynamic centre at likely flight oanditions at low 

tih number (see Fig.14). 

The variation of drag ooeffioient with lift coefficient for Wings y-11 

is given in Figs.17-19. These curves approxknate to parabolae except when 

the roughness is ineffective and there is a "lsminar bucket" near zero lift. 

On this plsnform at supersonic speeds it appears easier to fix transit&m on 

the more highly cambered surfaces, e.g. Wing IO, the wing with most camber 

has no 1smxns.r bucket in the test range, Wing 11 has a laminar bucket at 

M = 2.0 and wing 9 at 1.8 end 2.0. The reason for this effect of lesding- 

edge camber on transition is uncertain but it has been observed previously 12 
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at M = 2.0 on some highly swept arrow wings with sharp leading-edges. Fig.5 

bf Ref.12 is particularly relevant to the present tests. carboNnaum 

slightly higher than 0.007 inoh was used and the Reynolds number range 

extended fromR = 0.5 x lo6 to 4-4 x 106. Transition was always fixed on 

the camberedwingbutonthe plane w%ngtransitinn occu.rcedfromR = 1.3 x lo6 
. 

to 2.0 K 106 (c.f. the present test Reynolds number 1.35 x 106 with particles 

only 0.007 inch high). 

The measured variation with h¶ach number of Cl, for Wing 9 is plotted 

in Flg.20. The estimated total drag (the wave drai of the model including 

the faking plus sldn friction) is also plotted. At subsonic and transonio 

speeds the measured drag is lO$ higher than the estimated. skin friction as 

in previous tests tith a model having the same area distribution3: this 

difference may be caused by sting interference or it could be form drag. 

At supersonic speeds there is excellent agreement between the measured end 

estimated drags atM = 1.42 and 1.61, the measured CD being 0.0002 lower 

than the estimate. However, at 1.82 and 2.00 the me&red CD is lower than 
0 

the estimate due to the failure to fix transition of the boundary layer. It 

was assumed in the analysis of the drag due to lift that the plane wing s 

dth fixed transition at M = 1.82 and 2.00, CA , is also 0.0002 lower than" 
0 

the estimate. [If the axial force for M = 1.82 and 2.00 is plottd against 

la1 and the laminar bucket faired out the value of axial force at 01 = 0, 

(I+, ), is 111 fact about 0.0002 below the estimate for both Mach numbers.] 
0 

Fig.21 shows the variation of the drag due to lift factor with lift 

coefficient and Mach number for the three wings. CD is the measured drag 

coefficient on the respective wings (with roughness particles 0.007 inch 

high). 

The variation of the drag due to lift factors with slenderness parameter 

BST/CO 
at CL's of 0.10 and 0.20 fromFig. are plotted mFig.22. wings 9 

13 ad 11 are nearly identical and lie above Courtney's correlation 0-e . 

In contrast Wing 10 lies close to Courtney's curve, although &J.l above the 

desqn value7 at PST/cc = 0.374. This improvement in the drag due to lift 

contributes to the favourable lift-to-drag ratios measured on Wing 10 oomp-d 

to Wings 9 and II; the w lift-to-drag ratios are presented in Fig.23. 
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3.3 Vortex developlEnt 

The non-linear 1st developed on Wmgs 9 ad 11 above the attachment 

incidence is nearly the same. In contrast Wing 10 develops considerably 

more non-linear lift than Wings 9 and 11 when a - a 1s greater than about 3 
0 

. 

These results can be related wzth the vortex development observed on the wings. 

The first useful clue to the vortex development was observed on the 

tunnel schlieren at M = 2.0 with carborundum 0.020 uch high on the wings 

(durmg the roughness investigation reported in Ref.9). The shock waves 

from the partlcles were then clearly visible along the leading-edge (c.f. 3.2 

above) at the attachment mcidence. When the incidence increased these 

shock waves disappeared as the roughness became immersed in the separated 

flow from the leading-edge. For Wings 9 and 11 measurements revealed that 

the region wlthout shock waves increased gradually ss incidence increased 

(Fs.24). For Wing 10, however, the shock waves seemed to disappear 

suddenly between a = 7’ to a0 (a - a between 3’ and 4’) and It was impossible 

to measure thx movement. 

Observation* of the vortxes using the vapour screen technique 14 

confumed the close simdarlty of the flow on wings 9 end II (Figs.25a and 

25~). On Wings 9 and 11 the leading-edge vortex develops approxllrately 

conically as incidence mcreases. On Wing 10, m addition to the leading- 

edge vortex en array of streamwise vortuxs seems to develop as incidence 

increases (Fig.23). Between (x = 7.3’ and 8.3’ the leading-edge vortex and 

the streamwise vortices suddenly coalesc 8. The vortex onWing IO is then 

m&r than on Wags 9 and II (c.f. Fig.Z5a, a - a = 4.1' andFig.23, 

a - a = &2"). This waler spsnwise extent of the vortex on wing 10 probably 

produces the larger non-lmear lift (c.f. Flg.9, Wings IO end 9). The 

vapour screen on Wing IO at M = 1.4wxth and without roughness was Identical 

with that at M = 1.8 so that the boundary layer state could not be determining 

the vortex development. 

*In these experiments a television camera mounted on the model sting 
recoded the vapour screen. Photographs of the televuion pud.ures for one 
statlon on the wing are reproduced 111 Fig.25. 

+It 1s possxble that this 11 array" is redly an array of subsdIary vortex 
cores along the ma111 vortex sheet and thus a three-dxmenszd counterpart to 
similar arrays observed by PIerceA on two-dimensional plates moved in still 
au-. The present investlgatlon could not go far enough to establish the 
nature of the vortex development m sufficient detail. 



10 202 

The oil flow photographs now presented illustrate additimel details of 

the vortex developned on Wings 9 snd 10. Fig.26 ahowa some typical oil 1 

flowphotographstaken cn Wing 9. Fig.26a, at Id = 2.0 and a =5.1° shows a 

aidlarflowtothat on a slenderdeltawkg. The vortex devd~nt is . 

nearly conical and is characterised by a strong primry vortex end a secondary 

separation nesr the leading edge; the roughness w3s removed to show this 

seocndary separation. Fig.26b atM E 0.40, a = 5.1' is hdudea to recall 

that if wings are sufficiently slender there is close sindladty between the 

separated flows at subsonic and supersanio ape&s although the mm-linear 

lift is larger at subsonic speeds. The vortexis roughly elliptical in 

section on the vapour screen at supersonic speeds (Fig.25a) and is lmnm to 

be roughly circular in section at subsonic speeds. The change inwidth of 

the vortex canbe seen inFig.26. Here the intersection of the attschmnt 

line and the trailin~edge moves outboard from 0.64 E+ at Y = 2.0 to 0.77 sr 

at M = 0.40. 

Fig.27 shows scmy3 typical oil flow photographs taken on Wing 10 at 

Id = 1.4without roughness. The flow at 7.3' shows a complex array of stream- 

wise vortices covering most of the planfom (Fig.27a). Asimilsrarrayof 
vortices has been observed previously on delta wags and attributed 16 to the 

roll- up of the boundary layer vorticity under the influence of the spanwise 

pressure gradient. The flow at 8.3' apparently shows only one large vortex 

but a csreful examinatim reveals a few streamwise vortices inboad of the 

main vortex (Fig.27b). 

4 CONCIZJSIONS 

Tests of three mild ogee wings in the 3ft tunnel at subsonic and super- 

sonic speeds showed that a prescribe& type of lift and aentre of press- 
637 positian was achieve& on both cambered wings. 

The vortex developmnt an Wings 9 ana II was approximately conical snd 

similar to that on a slmder delta. The vortex development on Wing 10 at 
supersonic speeds was characterised initially by what seems to be an array of 

mall streemise vortices in addition to the leading-edge vortex. The 
stremise vortices oodesoed suddenly with the leading-edge vortex as 

incidence was increasea. This single vortex extended spanwise further than 
the vortex c~1 Was 9 and 11 at ccmparable incidemces; the increase jn size 
probably accounted for the larger non-linear lift increment af Wing 10. 
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TABLE1 

QZ.OMETKi OF WINGS T-11 

Root chord c = 22 inches 0 
= 

Aerodynamic mean chord c = 37/56 . co = 14.545 inches 

Wing area 

Aspect ratio 

S = 16/15 . ST co = 129.1 square 
inches 

A = 0.9375 

Xquatmn of leedmg edge y = +c(l +x3 - x4) 

Plmformparemeter P = 8/15 = 0.533 

Slenderness factor VC0 = 0.25 

Newby area dmtributxm A(x) = 12V ct x2(1 - x) 

where v = vol-/c; 

For Wings T-II v = aooy34. 

Hence non dimensional volume factor 

7 = wmg volume/wing area 312 = 0.0424. 

wing 10 Equation of centre line camber 

s = 0.0395[1.413 - (x + 2.648x2- 3.644x3 + 1.i,0Tx4)] . 

Whg 11 - Table of centre lme camber 
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TABLE2 
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M a CL c, 4 

0.40 -2.04 -0.051 -0.0032 0.0098 
-1.07 -0.026 -0.0019 0.0090 

0 -0.001 0 O.WYO 
+I.02 +0.024 +0.0021 0.~93 

1.99 0.048 0.0036 0.0105 
3.06 0.079 0.0054 0.0130 
4-09 0.108 0.0077 0.0163 
5.11 0.141 odE2Z 0.0212 
6.14 0.178 0.0271 
7.17 0.215 0:0139 0.0346 
8.20 0.256 0.0171 o.ow 
9.23 0.296 0.01yy 

10.27 0.336 0.0231 "d:f% 
11.30 0.378 0.0264 0:0&16 
12.34 0.423 0.0301 0.0983 

0.70 -2.06 -0.051 4.0032 O.WYY 
-1.08 -0.027 -0.cm7 O.WYl 

0 -0.002 0 0.0088 
+I.03 0.021 0.0018 0.0097 

2.02 0.050 0.0032 0.0106 

3.10 0.079 0.0047 &I4 0.113 0.0064 %2 . 
5.18 0.149 0.0082 0.0218 
6.23 0.186 0.01w 0.0279 
7.27 0.223 0.0121 0.0354 
8.32 0.266 0.0145 0.0457 
9*37 0.307 0.0170 0.0571 

IO.43 0.349 0.0192 0.0702 
Il.@ 0.396 0.0221 0.0863 
12.54 0.440 0.0250 0.1032 

0.85 -2.02 -0.054 -0.0033 0.0097 
-1.09 -0.028 -0.0017 0.0093 

0 -0.Wl 0 0.0086 
1.04 to.023 0.0015 0.0094 
2.03 0.052 0.0025 0.0104 
3.12 0.085 0.0039 0.0132 
&I7 0.121 0.0053 O.Ol7i 
5.22 0.158 0.0066 0.0225 
6.28 0.197 0.0083 0.0293 
7.33 0.238 0.0093 0.0379 
8.39 0.281 0.0112 0.0482 
9.45 0.327 0.0124 0.0609 

10.51 0.370 0.0143 0.0748 
Il.58 0.418 0.0158 0.0917 
12.64 0.465 0.0175 0.1103 

(coda.) 
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!l!ABIE 2 (conta.) 

M I 
a CL cm CD 

0.90 -2.02 -0.060 -0.0025 0.0098 
-1.03 -0.028 -0.0014 o.oop1 

0 -0.003 0 0.0084 
1.04 0.024 0.0012 0.0091 
2.03 0.054 0.0028 0.01op 
3.12 0.086 0.0036 0.0136 
4.17 0.122 0.0050 0.0172 
5.21 0.158 0.0060 0.0225 
6.26 0.199 0.0071 0.0296 
1.32 0.241 0.0081 0.0385 
8.37 0.284 0.0093 0.0490 
9.43 0.331 0.0102 0.0617 

IO.48 0.374 0.0116 0.0758 
11.54 0.421 O.OlyJ 0.0926 
12.60 0.469 O.OlI@ 0.1113 

0.94 -2.02 -0.056 -0.0029 0.0098 
-1.08 -0.029 -0.co17 O.cQPO 

0 -0.003 0 0.0086 
1.04 0.024 0.0015 0.0092 
2.04 0.055 0.0027 0.0108 
3.13 0.088 0.0036 0.0134 
h38 0.125 0.0047 0.0175 
5.22 0.162 0.0053 0.0228 
6.27 0.204 0.0062 0.0302 
7.32 0.245 0.0071 0.0390 
8.38 0.290 0.0079 0.0499 
9.43 0.339 0.0080 0.0635 

10.49 0.383 0.0086 0.0782 
11.55 0.431 0.0094 0.0951 
12.60 0.478 0.0100 O.lll+2 

0.98 -2.02 -0.059 -0.0023 0.0104 
-1.03 -0.029 -0.0016 0.0093 
co.01 -0.003 0 0.0087 

1.05 0.025 0.0015 0.0095 
2.04 0.055 0.0021 0.0115 
3.13 0.091 0.0027 O.Oll+l+ 
4.53 0.129 0.0031 0.0187 
5.22 0.167 0.0036 0.0245 
6.32 0.211 0.0037 0.0314 
7.32 0.257 0.0031 0.0414 
8.37 0.300 0.0031 0.0524 
9.42 0.351 0.0022 0.0665 

10.47 0.397 0.0018 0.0819 
11.51 0.445 0.0001 0.0993 
12.56 0.497 -0.0011 0.1195 

(conta. ) 
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TABB 2 (conta.) 

1.02 -2.06 -0.058 -0.ooo2 0.0125 
-1.03 -0.029 -0.0011 0.0117 

0 -0.005 0 0.0111 
1.04 0.024 .4.0010 0.0115 
2.03 0.060 0.0007 0.0138 
3.12 0.097 0.0004 0.0166 
4.16 0.134 0 0.0210 

7129 2;; 
0.177 -0.0011 0.0268 
0.222 0.262 -0.0016 -0.0022 o.o&l+2 0.0351 

8.34 0.308 -0.0031 0.0558 
9.38 0.354 -o.wl@ 0.0692 

lO.l$+ 0.403 -0. WI+& 0.0851 
11.49 0.450 -0.0055 0.1025 
12.54 0.494 -0.00% 0.1211 

1.42 -1.96 -0.052 +o.o007 -a0127 
-0.93 -0.023 +0.0004 +0.0117 
+o. IO to.006 -0.0003 +0.0114 
+I.14 +0.033 ~.0007 to.0122 
+2.17 +0.062 -0.0013 do136 
+3.20 +0.093 -0.0021 +0.0160 
+b24 +0.128 -0.cQ29 +a0201 
+5.28 +0.163 -0.0038 4.0254 
+6.32 +o. 199 -0.0046 4.0322 
+7.36 d.235 -0.0052 to.0402 
4.40 +0.272 -0.0059 +0.0499 
+9.45 4.308 -0.0064 4.0607 

+10.&Y +0.345 -0.0069 +0.0733 
+11.54 +0.381 -0.0073 +0.0873 
+12.58 +0.418 -0.0076 +&IO26 

+o.OY -0.008 +0.0002 +0.0113 

1.61 -1.86 -o.ol+& io.ooo2 KLo11y 
-0.83 -0.018 0 +0.0111 
+O.lY +o.OOl 
+I.23 +0.033 :.oOo, 

+0,0106 
+0.0115 

+2.26 +0.064 -0.0014 io.0131 
+3.20 +0.093 -0.0021 io.0156 
+4.23 to.126 -0.0028 +0.0193 
+5.27 a.158 -0.0035 
+6.41 +o.lYl -0.0041 E:2 
+7.45 +0.224 -0.0047 +I:0381 
4.49 +0.257 -0.0051 to.0472 
+9.53 +0.290 -0.0055 4.0573 

+io.57 +0.324 -0.0059 i&0691 
+11.61 to.356 -0.0061 4.0817 
wl2.66 4.389 -0.0063 +0.0956 

a.20 +a009 -0.0002 to.0105 

(Coda.) 
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TAELE 2 (Contd.) 
r 

. 

M 

1.82 

2.00 

a 

-2.06 
-1.03 

0 
+I.02 
+2.06 
+3.09 
+l+12 
+5.16 
+6.19 
+7.23 
d.27 
+9.31 

+10.35 
+11.39 
+12.43 

0 
-1.m 
-0.82 
-0.63 
-0.42 
-0.21 

0 
+0.20 
a.41 
a.61 
iO.82 
+I.03 
+1.23 

-2.05 
-1.08 

0 
+I.03 
+2.05 
+3.07 
+&IO 
+5.13 
+6.16 
+7.19 
+8.22 
+9.25 

+10.28 
+11.31 
+12.34 

-4. 10 
-I+ 10 
-3.08 
-2.05 
-1.04 
0 

0, 

-0.050 
-0.023 
+o.OOl 
+0.024 
+0.054 
AL081 
+0.112 
+o. 142 
4.173 
+0.203 
+0.234 
+0.265 
a.294 
4.324 
4.354 
+o.OOl 
-0.024 
-0.016 
-0.018 
-0.011 
-0.004 
+o.OOl 
+A005 
+o.Oll 
+0.015 
AI.020 
+0.027 
+0.031 

-0.046 
-0.022 
+o.OOl 
+0.027 
+0.049 
A.077 
+0.103 
+0.131 
+0.160 
+O. 189 
+0.216 
+0.243 
+0.271 
+0.298 
+0.325 
-0.105 
-0.104 
-0.076 
-0.049 
-0.042 
-0.001 

+o.oooy 
+0.0003 

0 
-0.0002 
-0.0010 
-0.0015 
-0.0022 
-0.0027 
-0.0032 
-0.0036 
-0.0038 
-0.0041 
-0.0043 
-o.oolJ+ 
-0.0045 
-0.0001 
+0.0004 
+0.0002 
+0.0004 
+0.0003 
+0.0002 
+0.0001 
+0.0001 
+o. occo 
to.0001 

0 
-0.0002 
-0.oco3 

+o.0006 +0.0105 
4.0001 +0.0086 

0 iO.0079 
-0.0002 +O.OOST 
-0.0006 +0.0110 
-0.0013 +0.0136 
-0.0018 to.0171 
-0.0022 +0.0211 
-0.0026 +0.0264 
-0.0029 4.0328 
-0.0030 +o.OLfol 
-0.0031 a0489 
-0.0032 co.0585 
-0.0032 +0.0693 
-0.0033 to.0810 
io.ooia +0.0160 
+0.0018 tO.0159 
+0.0013 +0.0130 
+0.0007 +0.0105 
KI.0009 tO.0091 

0 +O.OCBl 

c, 

+0.0115 
+0.0103 
+0.0095 
+0.0106 
to.0122 
+x0145 
+0.0181 
+0.0227 
+0.0285 
+0.0355 
to.0431 
+0.0531 
+0.0635 
io.0750 
+0.0877 
+0.0092 
to.0103 
to.0100 
to.0101 
+0.0094 
+0.0094 
+0.0092 
+0.0093 
to.oo96 
+0.0101 
+0.0106 
+0.0107 
+0.0111 
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M 

0.40 

0.70 

0.85 

1 TABLE 

I-lEsmm -WING10 

cl 

-2.00 
-1.08 
-0.01 

1.01 
1.98 
3.05 
4-07 

2:; 
7114 
8.17 
9.20 

10.23 
11.27 
12.31 

-2.03 
-1.05 
-0.01 

1.02 
2.00 
3.09 
b-12 

2:; 
7123 
8.28 
9.33 

10.39 
11.45 
12.50 

-2.10 
-1.11 
-0.01 

1.03 
2.02 
3.11 
bl5 
5.19 
6.24 
7.29 
8.35 
9.41 

IO.48 

:z . 

CL %l c, 

-0.w9 -0.ooo3 0.0170 
-0.072 +o.c012 0.0143 
-0.041 0.0028 0.0123 
-0.012 o.@Jw 0.0108 
a.017 0.0062 0.0406 

0.042 0.0078 0.0105 
0.063 0.0098 0.0111 
0.084 0.0121 0.0126 
0.117 0.0145 0.0157 
0.152 0.0165 0.0200 
0.185 0.0190 0.0259 
0.224 0.0216 0.0338 
0.264 0.0252 0.0438 
0.307 0.0293 0.0555 
0.351 0.0333 0.0695 

-0.103 0.0003 0.0175 
-0.073 0.0017 0.01&8 
-0.041 0.0032 0.0128 
-0.012 0.0047 0.0108 
+0.016 0.0061 0.0103 

o.ol& 0.0074 0.0105 
0.068 0.0095 0.0116 
0.093 0.0117 O.Ol37 
0.122 0.0139 0.0167 
0.157 0.0159 0.0219 
0.194 0.0180 0.0275 
0.236 0.0207 0.0360 
0.277 0.0238 0.0473 
0.321 0.0274 0.0600 
0.367 0.0298 0.0745 

-0.108 0.0019 0.0179 
-0.078 0.0030 0.0146 
-0.034 0.0036 0.0121 
-0.013 0.0054 0.0113 

0.016 0.0065 0.0112 
o.ol+l+ 0.0078 0.0121 
0.069 0.0098 0.0130 
0.096 0.0118 0.0134 
0.128 0.0139 0.0165 
0.164 0.0157 0.0214 
0.205 0.0172 0.0288 
0.249 0.0193 O.Oj85 
0.295 0.0219 0.0503 
0.341 0.0246 0.063a 
a389 0.0270 0.0803 

202 

1 

(conta. ) 
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TABIE 3 (Contd.) 

M 

0. go 

0.94 

0.98 

cc 

-2.09 
-1.05 
-0.01 

1.03 
2.02 
3.11 
4.14 
5.19 
6.23 
7.28 
a.34 

I%$ 
11.53 
12.59 

-0.111 0.0027 0.0179 
-0.079 0.0036 0.0146 
-0.045 0.0045 0.0123 
-0.012 0. ooy3 0.0107 
+0.014 0.0068 0.0101 

o.ol$+ 0.0078 O.OlO4 
0.066 0.0101 0.0114 
0.09s 0.0116 0.0136 
0.129 0.0136 0.0167 
0.164 0.0154 0.0214 
0.207 0.0171 0.0290 
0.251 0.0186 0.0387 
0.298 0.0207 0.0506 
0.346 0.0227 0.0651 
0.394 o.ozl+L 0.0814 

-2.09 -0.114 0.0032 0.0182 
-1.05 -0.082 0.0039 O.Oll@ 
-0.01 -0.047 0.0047 0.0122 

1.03 -0.014 0.0058 0.0107 
2.02 +0.014 0.0065 0.0102 
3.11 0. ol+& 0.0079 0.0106 
lrl5 0.071 0.0095 0.0118 
5.19 0.099 0.0114 0.0139 
6.24 0.130 0.0135 0.0169 
7.29 0.169 0.0147 0.0220 
a.35 0.212 0.0159 0.0298 
9.41 0.258 0.0176 0.0398 

IO.47 0.304 0.0189 0.0520 
11. jl+ 0.356 0.0203 0.0672 
12.60 0.404 0.0217 0.0837 

-2.09 -0.122 O.COl+8 0.0190 
-1. IO -0.085 0.0050 0.0152 

0 -0.048 0.0054 0.0126 
1.03 -0.015 0.0056 0.0112 
2.03 0.016 0.0071 0.0107 
3.12 O.O& 0.0081 0.0109 
4.16 0.072 0.0101 0.0121 
5.20 0.099 o.olia 0.0141 
6.25 0.133 0.0136 0.0175 
7.30 0.170 0.0145 0.0228 
8.31 0.218 0.0146 0.0309 
9.41 0.264 O.Oll+a 0.0415 

10.47 0.312 0.0156 0.0540 
11.53 0.362 0.0157 0.0693 
12.59 0.409 0.0166 0.0856 

(contd.) 
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TABLE 3 (Codd) 

M 

1.02 

1.61 

a c, %I cD 

-2.07 -0.121 0. 0080 0.0208 
-1.03 -0.086 0.0077 0.0176 
0 -0.09 0.0071 0.0145 
1.04 -0.015 0.0071 0.0126 
2.03 0.017 0.0071 0.0125 
2.03 0.017 0.0072 0.0120 
3.12 0.048 0.0074 0.0128 
4.16 0.076 0.0087 0.0145 
5.20 0.108 o.oogo 0.0169 
6.24 0.1&o 0.0106 0.0202 
7.29 0.184 0.0093 0.0267 
8.33 0.228 om90 0.0347 
9.38 0.275 0.00%4 0.0454 

lO.J$+ 0.326 O.W78 0.0558 
11.50 0.370 0.0077 0.0729 
12.55 0.422 0.0084 0.0909 

-1.95 
-0.97 
+0.12 
+I.15 
#.I8 
+3.22 
+4425 
+5.29 
+6.33 
+7.37 
+a.41 
+9.46 

+10.51 
+11.56 
+12.61 

+0.12 

-0.098 
-0.066 
-0bO34 
-0.003 
4.027 
4.055 
+0.083 
+0.112 
+O.ll& 
+0.179 
+0.217 
4.257 
A296 
4.334 
4.372 
-0.034 

to.0091 
+0.0083 
4J.0077 
+0,0070 
to.0064 
&0059 
+0.0059 
a.0056 
4.0055 
to.0051 
+0.0041 
+o.oojs 
+0.0038 
dJ.0038 
+0.0039 
+0.0077 

43.0188 
to.0156 
+0.0137 
+0.0127 
+0.0127 
+0.0134 
+0.0151 
4.0176 
to.0210 
4J.0261 
to.0340 
4.0435 
a.0542 
+0.0666 
+0.0807 
+0.0137 

-1.85 
-0.87 
c0.22 
+I.25 
+2.28 
+3.31 
+4.35 
+5.38 
+6.32 
+7.45 
a.49 
+9*54 

+10.59 
dl.64 
+12.69 
40.22 

dLoa3 
-0.052 
-0.022 
+0*007 
+0.034 
+0.062 
AL087 
+0.115 
+0.145 
4.176 
a.212 
4.248 
+0.285 
+0.318 
4.353 
a.023 

+0.0078 
+0.0071 
+0.0065 
+o.OQW 
4I.0043 
to.wllo 
+0.0038 
+om35 
N.0031 
+0.0028 
to.0021 
+0.0018 
iO.0018 
i4I.0020 
+0.0023 
+0.0056 

4.0173 
a.0245 
to.of2a 
+0.0120 
+0.0120 
+0.0130 
a.0147 
+0.0174 
+0.0210 
4.0257 
+0.0328 
+0.0419 
+0.0524 
+0.0635 
4.0767 
+0.0127 

(contd.) 
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TABLE 1 (C&d. ) 

M 

1.82 

2.00 

a 

-2.05 
-1.07 
4.01 
+I.04 
+2.07 
+3.10 
+lp13 
+5.17 
+6.20 
+7.24 
+8.28 
+9.32 

+jO.36 
+11.41 
+12.45 
+I*13 
+4.34 
+4.55 
G-75 
+4-96 
+5.17 
+O.Ol 

-2.04 
-1.07 
+o.Ol 
+I.04 
+2.06 
+3.08 
+I+11 
+5.13 
+&I6 
+7.19 
+a.22 
+9.25 

+10.29 
+11.32 
+12.36 

+lpll 
+4.11 
+4.62 
+5.13 
+5.65 
+3.60 
+o.Ol 

-0.080 
-0.055 
-0.025 
to.001 
Co.029 
+0.056 
to.080 
+0.107 
4.134 
+0.164 
+0.196 
+O.229 
+0.261 
+0.293 
+0.324 
+0.079 
+0.084 
+9.090 
4.095 
+o.lOl 
co.106 
-0.028 

-0.079 
-0.053 
-0.026 

$026 
+0.051 
+0.074 
+o.OTT 
+0125 
+0.153 
+0.183 
io.211 
+0.241 
Co.270 
+0.298 
+0.076 
+0.074 
+o.oa7 
+o. 100 
+0.113 
a.063 
-0.027 

C m 

IQ.0070 
4.0065 
+o.m59 
+0.0055 
+0.0050 
to.0045 
+0.0043 
+o.oo&Il 
to.0038 
+0.0035 
+0.0032 
+0.0030 
to.0032 
+0.0034 
4.0038 
ia 0044 
+o.oolqJ+ 
+0.0043 
+0.0043 
+0.00&2 
+0.0041 
+0.0063 

AL0066 
+0.0061 
+0.0056 
+0.0051 
to.0046 
+0.0043 
taoolto 
4.0038 
+I.0035 
+0.0032 
+0.0030 
+0.0031 
d.0032 
+0.0037 
+0.0039 
+o.c041 
+0.0041 
+o.oQ39 
+o.ooja 
AL0036 
+0.0041 
+0.0057 

OD 

+o.Ol64 
iO.0138 
+0.0122 
io.0114 
to.0114 
+0.0122 
iG.0137 
io.0165 
+0.0200 
a.0245 
+0.0307 
+0.0391 
+0.0@6 
+0.0592 
to.0711 
+0.0136 
a01 l&2 
+o.Ol@ 
+0.0153 
+0.0158 
+0.0164 
+0.0123 

io.o-157 
+0.0135 
+0.0116 
+o.olo6 
to.0104 
+o.OlOT 
+0.0129 
+0.0156 
to.0188 
+0.0233 
do289 
4.0360 
4.0450 
+0.0547 
+0.0655 
+0.0127 
+0.0122 
+0.0139 
+o.Ol55 
to.0173 
+0.0116 
+0.0116 
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REsTJIm -WING11 

202 

. 
?d a CL cm CD 

0.40 -2.04 -0.063 -0.0022 0.0118 
-1.52 40% -0.0006 0.0105 

0 -0.009 0.0012 0.0095 
1.02 +0.013 0.0031 0.0098 
1.99 0.028 om53 0.0105 
3.06 0.057 0.0069 0.0122 

yz 
0.092 o.cm37 O.OlJ& 
0.125 0.0102 0.0185 

6.13 0.156 0.0133 0.0234 
7.16 0.193 0.0155 0.0303 
8.19 0.224 0.0189 0.0372 
9.22 0.264 0.0219 0.0472 

10.26 0.309 0.0246 0.0592 
II.30 0.355 0.0286 0.0737 
12.33 0.394 0.0328 0.0882 

0.70 -2.07 -0.068 +mma 0.0121 
-1.08 -0.041 -0.0001 0.0106 

0 -0.013 0.0016 0.0097 
1.03 0.011 0.0032 o.w7 
2.01 0.034 0.0049 0.0104 
3.10 0.063 0.0065 0.0125 
4.14 0.094 0.0086 0.0154 
2:: 0.127 0.163 0.0105 0.0129 0.0184 

7126 0.200 0.0147 0.0237 0.0313 
8.31 0.233 0.0174 0.0386 
9.37 0.282 0.0198 0.0502 

IO.42 0.324 0.0229 0.0628 
11.48 0.368 0.0260 0.0770 
12.54 0.415 0.0282 0.093J3 

0.85 -2.09 -0.072 -0.0011 0.0125 
-1.09 -0.043 o.ooo3 0.0107 

0 -0.014 0.0016 0.0097 
1.04 0.011 0.0034 WmY 
2.03 0.037 o.cwo 0.0104 
3.12 0.065 0.0066 0.0122 
w7 0.098 0.0081 0.0147 
5.22 0.133 0.0098 0.0189 
6.27 0.171 0.0115 0.0246 
7.33 0.211 0.0133 0.0326 
a.39 0.252 0.0141 0.0416 
9.45 0.296 0.0172 0.0531 

10.51 0.340 0.0193 0.0661 
11.58 0.387 0.0214 
12.65 

o.oa15 
0.432 0.0260 0.0986 
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TABLE 4 (Cc&L) 

M 

0.90 

0.94 

0.98 

a c, 

-2.08 -0.073 -0.0010 
-1.09 -0.043 to.coo3 

0 -0.015 0.001y 
1.04 0.011 0.0033 
2.03 0.036 0.0052 
3.12 0.066 0.0066 
4-16 0.099 0.0080 
5.21 0.134 0.0093 
6.26 0.173 0.0112 
7.31 0.213 0.0122 
8.37 0.255 0.0139 
9.13 0.299 0.0155 

IO.49 0.344 0.0174 
11.55 0.389 0.0190 
12.62 0.439 0.0207 

-2.08 -0.078 -O.ooOy 0.0125 
-1.09 -0.045 0 0.0107 

0 -0.015 o.co14 0.0098 
1.04 0.011 0.0030 0.0094 
2.03 0.038 0.0047 0.0105 
3.12 0.067 0.0061 0.0120 
4.77 0.102 0.0074 0.0151 
5.22 0.137 0.0088 0.0194 
6.27 0.175 0.0102 0.0251 
7.32 0.216 0.0112 0.0331 
8.38 0.259 0.0124 0.0428 
9.43 0.305 0.0135 0.0546 

10.49 0.348 O.Oly3 0.0680 
11.55 0.398 0.0159 0.0844 
12.61 0.447 0.0165 0.1028 

-2.08 -0.077 -0.0003 O.Oljo 
-1.09 -0.046 0.~006 0.0110 

0 -0.016 0.0015 0.0098 
1.05 0.010 0.0033 0.0096 
2.03 0.036 O.OO@ 0.0106 
3.13 0.069 0.0059 0.0124 
lr17 0.101 0.0072 0.0151 
5.22 0.140 0.0080 0.0199 
6.27 0.180 0.0089 0.0261 
7.32 0.223 0.0092 0.0344 
8.37 0.266 0.0096 0.04L.3 
9.43 0.312 0.0098 0.0565 

IO.48 0.358 0.0098 0.0707 
11.53 0.406 0.0095 0.0870 
12.59 0.458 0.0086 0.1059 

c, 

0.0125 
0.0106 
0.0098 
0.00~5 
0.0107 
0.0119 
O.Ol47 
0.0189 
0.0250 
0.0327 
0.0419 
0.0535 
0.0670 
0.0823 
0.1005 

(canta. ) 
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TABLE k. (cmta.) 

M 

1.02 

1.42 

1.61 

a 

-2.07 -0.086 0.0025 
-1.08 -0.049 0.0025 
+o.Ol -0.017 0.0027 

1.05 0.009 0.0037 
2.03 0.038 0.0045 
3.12 0.071 O.OOI@ 
&I7 0.108 0.0051 
5.21 0.145 o.oolJ3 
6.26 0.188 0.0047 
7.30 0.231 0.0042 
a.35 0.275 0.0042 
9.40 0.3i7 0.0047 

10.46 0.360 0.0047 
11.51 0.405 o.oo47 
12.57 0.455 o.ooi@ 

-0b39 
+0.13 
+I.16 
+2.19 
+3.23 
+4.27 
+5.31 
+6.35 
+7.39 
a.44 
+9.48 

+10.53 
+ll.gs 
+12.63 

a.13 

+o.oow +0.0122 
+0.00&3 +0.0121 
+o.w46 +0.0120 
&00&.2 +0.0129 
+o.oo38 +o.Ol@ 
d.0034 d.0178 
tO.0029 a0221 
+0.0026 a.0278 
+O.W.22 +o.o349 
+0.0021 +o.o434 
to.0018 +o.o539 
+0.0017 +O.O653 
iQ.0020 4.0783 
+o.cma +0.0927 
*o.oo47 +o.o11a 

-1.84 
-0.86 
+O.23 
+1.26 
+2.29 
+3.22 
+lr35 
+5.39 
+6.43 
+7447 
+a.52 
+9.56 

+10.61 
+11.65 
+12.70 

4.27 

-0.022 
4.011 
a.017 
+0.045 
a.074 
+O.liX 
io.141 
a.476 
a211 
+0.247 
4.284 
+0.320 

2:;: 
Go10 

-0.059 
-0.030 
-0.004 
+0.022 
+ww 

2%: 
a:137 
+0.170 
a.203 

~*~~; 
i&Q3 

3;:: 
do05 

+0.0052 
+O.OW 
&0047 
+o.w&l$ 
+0.00&O 
+o.m35 
+0.0030 
+J.OO26 
+0.0022 
+O.o01y 
+o.w17 
io.co~a 
+o.cKH7 
+o.oola 
+0.0020 
+0.0047 

CD 

o.oyia 
0.0133 
0.0123 
0.0115 
0.0128 
0.0147 
0.0178 
0.0228 
ok295 
0.0377 
0.0479 
0.0593 
o.o7jo 
0.0889 
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