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1 Introduction ---__ 

1n the R.&E. hxgh speed tunnel, pressure measuraments have been 
IIGI~ on a tapered IVZL~~ with 45O sweep back of the quarter chord Lne, 
with and mthout a body. A model wes made for the low speed tunnel, 
vath the angle of sweepback 9' mcr~-3sed so that:- 

where M was taken ~1s 0.8. Th1.s g~vc an angl= of sweepback Of 59' 
for the low speed model. 

The purpose or' thL foltowug tests was to check the 1u-1ea-r p6r- 
turb&On theory by comparing the pressuru drstrlbutuxx on the two 
models. The opportunity was taken to make a detailed uwestlgatlon Of 
the pressures near the centre section and at the vnng tip. 

2 Detals of models and method 

A drawlny of thL loci speed modzl 1s given in Flg.1, au3 a corn- 
paruon of the ?u.zh and low spztd models in Flg.2. Dlmenslons are 
given m Table I. The low spaed model was swept baok 5Y”, its taper 
ratio ~3s 4:?, zd thr Ispect rac~o vizis 3.6. 

On thL lxn~u ~erturoat~on theory the low speed. model should have 
had Its thcknas chord r?tx reduced by the factor Jm. 

The prissuro coeffwwnts on trit high speed model -t Mwh No. M 

should thtn Lx tqual to ( , .y s12) tmcs the pressure coefflcxnts on 

the low speed model. Smc6 tb tne appr.xm:tlon of the lxx31 theory 
the pressure outffvol$nts XL propurtlonnl to thxknsss chord ratlo, 
tht tvvo models c?n bc rn~~de v,lth thL S?JQL t/c and Cp on the hxgh speed 

model at Xech No. M 1s then /;. 1-L tlmts the Cp on the low speed 
I I - 73 

model. To svoid the &fflculty of makiklng z thxn model vvlth pressure 
plotting holes thzs latter method W:S used and both models have a 
thxkness chord ratlo of 14$ (set Table II). 

On a body of rwolutlon howver the pressure coefflclents are not 
proportional to the tkilckness chord ratla; the sax rule does not 
therefore %pp* and a strict comparison can only be obtaw&d on a 
wing-body comb1natlon of the wing t/c and body dumeter are both 
reduced. A body has been ma& hwever fx the low speed moael with 
a dumeter/iumg chad rxKuced t3 J---2 1 - 1~ tunes that of the high speed 
model so that body effects ctiuld be studled. 

For Convenxnce Its length has also been reduxd. 

Flush pressure holes VIZTL uxitalled It stations D, E, F, G and ii 
on the 1~ spied model shown ;n Flg.1 rind the readings were made on 
multltube nansmttas. 
explored Dy crz<apw. 

The rem;iuung stations A, B, C .uld I wre 
The tubes fran the pressure holes were led from 

8~ ova.1 hole (Flg.1) on the l~vtr mng surface on the centre line; 
when the body was present th(y vw-t led cut It the rtar of the body, 
but when 'chert was nd body, they pasntd vertically from the wing to 
the tunnel rwf, ,md were fared to an ovz1 shape. 
md lower surfac< rftldlngs r&t 

By comparing upper 
st:tlzn D vrlth and without the L~ody, rt 

appeared th-t the rnterf'trence af thess leuds was negllglble. 
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The pressure measurements will be found in TablesV-XVI and. Figures 
3-10. In Figures 11 and 12 they are plotted in the form of isobars. 
Lift and centre of Rressure distributions are then given, followed in 
Figures 17-21 by a oomRar~Son of these tests with the 1d = 0.8 tests on 
the 45O KU-I& 

4 Results 

4.1 Low speed data 

The pressure distributions at various chordwise Sections along the 
rang are given for zero mcldenct III Fig. 3 (mng alone) and Pig.5 (wing 
and body). Flg.4 shows a comparison with calculated pressure distrl- 
butions. At section F (at 0.39 b/2, which should therefore be unaffected 
by the special conditions at the centre line and tip), the pressure 
distribution has been calculated as for an infinite yawed wing, USing 
at any point the thickness distribution of the section normal to the 
local sweepback. This g~vas reasonablt agreement with the eXpeKU@ntal 
results. At the centre line of the wing without body, the calculntlOn 
follows the mtthoa of Re f.2 for SI mfxmte aspect ratlo wing If the 
local sweepback at any point is used. The agreement with experiment 1.9 
not quite so good as on an untapertd wing and a more refined method of 
allowing for taper rztro is nkeded. 

The large efftct of the bodY on the pressure distribution near the 
wing body junction can also be seen from Fig.4. If the bod,y had a 
large depth relative to the ruing thickness, tht pressure dlstrlbutlcm 
near the side of the body would bt cxpsoted to resemble that near the 
centre section of the wing without body. In this case, the body depth 
is only 1.43 times the wing thwkntss 2nd the lnterstctlon of the body 
and wmg shows n shape mlth a "wast". This has the effcot of reducing 
the velocity ovrr the region where the wing is thxok as shown in Fig.4. 
Further tests on body cffeots h&vi beLn msde on other mc&?ls and vnll be 
discussed in more detail in a lattr report. 

The spanwise Spread of the effect of the centre section IS shown 
m Fig.6 where the pressures at various percentages of the chord are 
plotted agaxnst the y co-ordinate divided. by the local chord. on the 
wing alone the interference effect is small by 0.4 Y/o; with this body 
0.6 to 0.7 Y/o must be reached for a similar result. The theoretical 
spread of the centre section effect fsr a wing with a biconvex section 
(Ref.l) is in close agreement with these results on the wLng alone. 

The chordwise pressure d1stributxonS at a = 4.2O are shown in 
Figs. 7, 8 and the chordwise lift distribution in lbgs.9,10. For 
Sections F and G, midway between the centre seotlon and tip the shape 
Of the chordwise lift distribution agrees fairly well with that cal- 
culated for a two-dlmenszonal yawed wag (Flgs.9,10), but over th- 
inboard sectaons there IS an induced camber effect gavmng a loss of 
hft and baokward movement of the centre of pressure comparedwrth an 
unswept wing (Figs. 14,15,16). Outboard near the tip the induced camber 
effect 19 of opposite sign but generally smaller. The curves of loc~i 
lift coefflcrent aganst incidence (Fig.13) Show 11. very early stall for 
the tip sections; 
just over 0.3. 

CL msz at section H (at 0.95 b/2) is apparently onl,y 

Adding the body increases the lift near the wing root due to the 
loodl upwash round the body (Wgs.l4,15). It should be noted that the 
effects of the centre section on the lift distribution spread out muoh 
further than at zero mopden~t. 

It 1s hoped to make a detailed comparison of these results with 
the theoretical lift distribution later. 
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4.2 ~@par~son ,of hlyh Speed and lav spetd rtsults 

Four statmns w&e avalable on the 45' wept aln@, tested at 
M = 0.8, at the following distances from the centre 11~: Zy/b = 0.15, e 
0.39, 0.69 and 0.94. The results at zero ux~3tnce are compared In 
Figs. 17,18 with statlons F, G and H and an ulterpolated result at 
2Y/b = 0.15 on the 5Y" vang. Partlculu‘ly on the 5Y" rang, the agree- 
ment betm?an upper and lwirr surfxt 1s not good, but the comj+?u.on . 
between the cu-ES which repxsunt tnz meal; values for upper Bnd lovk?r 
surfaces 1s satisfactory. Zhc cum-LS for 4, z.O.4 on tht 45O wing Shovi 
the magrutu& of thi. i zch Xo. &Y'ect emd It c?a bt stien that the analo- 
gous low spbed mod%1 @v\.s th i? ~~ompress~ollity effect f31rly xcurntely. 

Nith body on, the a%rLernLnt LS not so good for tht reasons whloh 
have alrtady bttn dlscussiZ m paragr:?ph 2. 

The integrated lift distrlbutrons and centres of prrswres X-L 
comparea In PL&20. 1~16~ the agremant IS not quite so good. TO 
almnn2te $he tfftct of <my I>osslbL t:nst In the w.ng the d&fferenct 
in hft betwL.n :x = rjo and n = 4.20 ha been plotted. From n oom- 
paxson of thL risultt OQ the 45 0 wing _rt ii, = 0.8 ad 0.6 (the 1~cSt 
Mach No. fx ~nich rxwlts are xxlablc) the 590 wmng appears to &W 
3.n wer-Cstun~tL of tht comprtsslbxilty effect over most of the wing:. 
Detxltd c~i~~'~r~so~~ J? the chor&nsL lo-dings due to uxldence (Flg.21) 
dots not suggest cny Ybvluus ~‘s~son for tnls. 1t 1s possible that tht 
kuks in the wrvLS ??x thL &5C -{u-q -t 0.40 on the two inbosird sectlOnS 
may be due. TO thL pr~~c:rrci, of :,h ock w;i~t , but it IS bffxult vilthout . 
3 mart detxzlcd chordw~.,~ pxssurc dlstrlbution to see extictly when the 
shock wwt st-rts. lf _ :hock .,-:<t is prc.srnt It would account for the 
fa&.nx of tliL 59O an, to prtdxct tht lc?t hstnbuhon on the 45' wing. L 
Near the tip dlffaenc<s .u&ht be L,xp?,cted Since the bQUndav layer 1s 
thick and ha ? lsrgi: tff+ct; ~,n th,. local lift. 

5 Conclusxx3S - 

(a) The exparuwntal lm sped pre~surc. dmtrlbutions on the 590 swept 
back wing art in r,xonablc +%cnsnt 'rath theory it ZCTO uxidenct. 
A body CCUS~S 1 roductlon of th- ir~.xlmuni wloclty at the "ring body root 
duo to effect of th< 'w.xst' produced by thi lntersectlon of the +ang 
and body. 

(b) There are very large ch&ngbS In the chordvasr‘ lift loadlry along 
the Span of a lvghly wept vang; nompar~sons with theory vnll be made 
later. 

(c) The oomparxson of the low speed results on the 590 w.ng (multlplled 

by 
v'? 1 0.8~ 

in acrordanct with tht iinL-ar pLrturbatxon th=ory), +*/xth 

those on a 45O swept wing at M = 0.8 shows wn.Sonably good ngreement in 
gtnerti, bhtcr on the pressurh hstributmn at zero mcldence than On 
tnt lift dlstrlbutxon. 

c 
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TABLE I 

mode1 data 

tan 9 

~rofde section 3.S.6 
scaled up to t/c 

Taper ratlo 

Aspect rat&o 

Semi span b/2 

Centre chord. 

Tip chord 

Mean chord -E 

Body diameter D 

Body length L 

Ratio of body dumeter to 
wing thickness at centre 
section 

Thxkness rat.10 of body 
D/L 

Low speefi tunnel High speed tunnel 
?lO&l lllOdd 

59O _- 
I/./I - 0.82 

45O 

1 

0.14 0.14 

4:l 4:l 

3.61 5.87 

45.72” 55.06” 

41.14" 30” 

10.28" 7.5” 

25.36" ~8.77~~ 

16.10 sq.ft 14.36 sq.ft 

8.22"' 9.84” 

100” 91.5” 

1.43 

0.082 

2.34 

0.107 
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Co-o&mates of thz Body of th< Low Spted Tunnel Model 

The body consxsted of a cylinder with front and rear 
fawings. The cyluxWxa1 part extended from x/L = 
0.194 to 0.787. 

FRONT PART 1 
I 

1 

1 REARPaRT 

I 0.0084 1 1 0.0133 1 

0.0167 

I 

0.0183 
I 

j 

0.0251 , 0.0219 

0.0335 0.0248 

0.050 0.0292 

0.067 0.0325 

0.084 0.0350 

0.100 0.0369 

0.117 0.0384 
I 

0.134 ' 0.0397 

0.151 o.olo3 

0.167 0.0408 

0.184 0.0410 

0.194 0.c411 J 

0.820 

0.837 

0.853 

0.370 

0.387 

0.904 

0.921 

0.937 

I 

0.0400 i 
I 

0.0386 

0.0369 

0.0348 

0.0325 

0.0298 

0.0269 

0.0238 

0.954 1 0.0205 

i 

0.971 / 

0.987 

0.996 

1.000 

0,0:70 

0.0132 

0.0111 

0.0101 
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TABLE IV 

Detards of pressure plotting StatlOnS 

P 

Section 

~ 
I t 

A* 0 , 0 0 1.622 i 
1 

j 
I 

B* 1 1 0.022 ) 0.025 1.5951 
I 

C. j 3 ~ 0.066 ' 0.0771 1.541 I 
/ 

/ 
Wmg Body Junction* 

I 
1.511 / 

D I 1.470; 

E 11.25 0.246 ~ 0.336' 1.318 / 

F 18.0 0.394 0.625 0.963 1.136' 

G i 31.5 0.689 1.6121 0.728 0.771 

142.75; 0.935 
c 

H 0.251 0.466 

1* 45.0 i 0.984 0.070 0.405 
i 

* Measurements of these statlons made by creeper. 
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Pressure Coefflclent at Centre Section .A 

0.039 ~ 0.29 0.19 

0,083 ~ 0.06 -0. a+ 

0.130 : -0.02 -0.13 

0.227 -0.12 -0.21 

0.323 -0.20 -0.28 
/ 

0.120 -0.24 j -0.31 
I 

0.517 -0.23 1 -0.29 

0.614 -0.20 -0.25 

0.710 -0.~1 

0.807 -0.15 

0.904 -0.09 

0.038 

0.@3 

0.130 

0.227 

0.323 

0.420 

0.517 

0.614 

0.710 

0. a07 

0.03 

-0.18 

-0.24 

-0.30 

-0.36 

-0.39 

-0.36 

-0.31 

-0.25 

-0.19 

-0.11 

0.29 ; 0.40 

0.08 / 0.19 

-0.01 / 0.10 

-0.13 -0.02 

-0.19 i -0.09 

-0.23 -0.13 

-0.22 / -0.11, 

-i).21! I -0.12 

-9.15 -0.09 

-0.11 -0.06 

; 0.904 j -0.05 ! -0.02 

a.40 
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TABLE VI 

Pressure Coeffxlent mthout Body at Sectums B and C 

SECTION B AT y = 0.022 b/2 

\ 

A\,” a 

0.023 

0.114 

0.211 

0.310 

0,409 

0.508 

0.705 

0.902 

UPPER 

O0 

0. 14 

-0.05 

-0.15 

-0.22 

-0.23 

-0.22 

-0.14 

-0.05 

URFACE 

4.2Q 

0.02 

-0.19 

-0.26 

-0.32 

-0.31 

-0.29 

-CL?9 

-0.07 

LOWER SURB’ACE 1 
O0 

0.15 

-0.06 

-0.16 

-0.24 

-0.23 

-0.16 

-0.04 

SECTIOK C AT y = 0.066 b/2 
a =o 

I 
x 
c UPPBR 

0.038 0.02 

t 

0.086 -0.08 

0.185 -0.19 

0.287 -0.25 

0.309 -0.24 

0.491 -0.23 

0.695 -0.13 

LOWER 

0.01 

-0.10 

-0.19 

-0.23 

-0.25 

-0.23 

-0.15. 

4.2O 

0.22 

0.05 

-0.04 

-0.08 

-0.14 

-0.15 

-0.07 

0.00 
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- 
-I 
- 

-O.l+6 

-c.:j 

4.6C 

a.53 

-0.4 

-0.55 

-(I. 24 

-( .I!+ 

X.05 

c.01 

-0.56 

-0.48 

-(‘.:0 

-2.27 

-Cl. r 6 

d.06 

0.06 

G.23 I 

c.23 

0.13 

0.13 

S.Cli 

-0.01 

-3,c4 

-C.Ch 

-?.Oj 
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T:laLE VIII 

Pressure Coefflcrent vnthout Body 

SECTION E AT y = 0.246 b/2 

UPPE -- 

I 2.10 
G! 

\ x 
c \ 

0.015 

0.03 

0.05 

0.08 

0.14 

0.20 

0.30 

0.43 

0.56 

0.69 

0.82 

0.95 

- 
1 

0.015 

0.03 

0.05 

0.08 

0.14 

0.20 

0.30 

0.43 

0.56 

0.69 

0.82 

0.95 

00 4.20 6.30 8.4' 

0.04 -0.09 -0.25 -0.43 -0.66 

-0.04 -0.18 -0.34 -0.51 -0.72 

-0.14 -0.28 -0.44 -0.60 -0.80 

-0.23 -0.36 -0.50 -0.65 -0.82 

-0.26 -0.36 -0.48 -0.59 -0.70 

-0.30 -0.38 -0.47 -0.56 -0.65 

-0.29 -0.35 -0.42 -0.48 -0.55 

-0.24 -0.28 -0.32 -0.36 -0.40 

-0.14 -0.17 -0.19 -0.22 -0.24 

-0.06 -0.08 -0.09 -0. IO -0.11 

-0.02 -0.02 -0.02 -0.02 -0.02 

0.05 0.05 0.06 0.06 0.05 

LOWEK 

T-----T 
00 1 2.10 

0.02 j 0.12 

-0.07 0.05 

-0.15 -0,03 

-0.20 -0.09 

-0.24 -O.lL 

-0.24 -0.15 

-0.27 -0.20 

- 

-0.16 -0.12 

-0.08 , -O,C6 

-0.02 / 0.00 

0.06 1 0. C6 

t 

1 

SUWACE 
I 

SL~FACE 

4.2' 6.3' 8.40 

0.18 

0.13 

3.07 

0.01 

-0.06 

-0.08 

-0.13 

0.20 

0.19 

0.14 

0.09 

0.02 

-0.01 

-0.07 

-0.05 

-0.01 

0.03 

0.06 

0.19 

0.21 

0.20 

0.15 

0. IO 

0.06 

-0.01 

-0.08 

-0.03 

C‘ 01 

0.06 

-0.01 

0.02 

0.04 

0.06 
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THBLE IX 

pressure Coeffxdent Hxthout Body 

SECTION F AT y = 0.394 b/2 

UPPER SURFACE 

k a 0' 2.1' 4.2' 6.3' 8.4' 

c \, 

0.015 0.06 -0.11 - -0.53 -0.83 

0.03 - 

0.05 -0.14 -0.30 - -0.71 -0.75 

O.G8 -0.24 -0.39 - -0.75 -0.95 

0.14 -0.28 -0.41 - -0.70 -0.86 

0.20 -0.29 -0.40 - -0.63 -0.79 

0. 3c -0.27 -0.34 - -0.46 -0.55 

0.43 -0.23 AJ.27 - -0.36 -0.40 

0.56 -0.11 -0.16 -0.20 -0.22 

0.69 -0.07 -;.oa - -0.09 -0.10 

0.82 -0.01 -c.oz - -0.01 -0.01 

0.95 , 0.06 0.06 - 0.07 0.05 

LOWER SURFACE 

\ a '\ 00 2.1° 
x '\ 

4.2' 6.3' 8.4' 

z . 

0.015 0.05 0.15 - 0.17 0.13 

0.03 -0.07 0.07 - 0.21 0.21 

0.05 -0.17 0.02 - 0.17 0.22 

0.08 -0.22 -0.08 - 0.11 0.18 

0.14 -0.26 -0.14 - 0.04 0.12 

0.20 -0.26 -0.15 - 0.00 0.08 

0.30 -0.28 -0.19 - -0.05 0.02 

0.43 -0.27 -0.20 - -0.08 -0.01 

0.56 -0.16 -0.12 - j -0.05 -0.01 

0.69 -0.05 -0.05 - 0.01 0.03 

0.02 0.01 0.01 - 0.02 0.03 

0.95 0.07 0.05 - 0.04 0.04 
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TABLE X 

Pressure Coefflclent at k7m.q Body Jmctlon 

a 

\ 

x 
0 

0.05 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

UPPER 

a0 

0.06 

-0.04 

-0.11 

-0.15 

-0.17 

-0.17 

-0.15 

-0.14 

-0.11 

-0.08 

JRFACE T- LDW? SURFACE 7 

4.2O O0 

0.09 

-0.02 

-0.09 

-0.13 

-0.15 

-0.15 

-0.15 

-0.13 

-0.11 

A.37 

4.2O 

-0.12 

-0.18 

-0.22 

-0.24 

-0.25 

-0.24 

-0.20 

-0.16 

d.14 

-0.13 

0.23 

0.11 

0.02 

-0.03 

-0.07 

-9.07 

-0.06 

-0.07 

-0.05 

-9.02 
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TAEiLEXI 

SECTION D AT y = 0.123 'i/2 

a 

\ 
x 
c 

0.015 

0.03 

3.05 

0.~8 

0.14 

0.x 

0.30 

i.0 2 

O.i6 

C.i? 

0.82 

0.95 

00 

0.17 

,;.O" 

0.00 

-c.o; 

4.13 

4,. 1: 

-i!.20 

-0. ib 

-i.lL 

4.10 

-c.c7 

o,c': 

UPPER t -- 

2.1 :i 

IN.1‘7 

- 0 . c 2 

-0.11 

-0.i7 

-11.20 

-?.?2 

-I?, z:, 

4.‘2? 

x.1; 

&,I2 

-U.Cf 

0.03 

"ACE 

L.2~' 

r -0.0<1 

-'),I5 

-0.23 

-0.27 

-0.29 

-0.29 

-0. '0 

-b.26 

-0.20 

-0.-i 2 

-G.-II 

c.x 

6.30 8.4' 

e.21 

-12.29 

e.36 

-0.38 

G.37 

-0.35 

-0.35 

-0.30 

-0.23 

-0.17 

-0.12 

0.30 
__- 

-0.38 

-3.44 

-0.50 

-0. (19 

-0.45 

-0.41 

-c.40 

-0.33 

-c.27 

-0.20 

-0.13 

C.00 
- 

-7 

a 

\\\i\ 
x 
c 

00 2.10 

G.015 0.18 0.25 

0.05 O.C8 c.:7 

0.05 0.00 0.09 

0.08 -3.05 0.c; 

0.14 -0.08 -0.01 

0.20 -0.13 -9.G 

0.30 -0.16 -0.11 

0.43 a.17 -<.I3 

0.56 -0.14 -0. Ii' 

0.69 -O.lC -O.O7 

0.82 -0.06 -2.01, 

0.95 0.01 0.02 

c 
-1 

I 

t 

1 

IXJRFACCE - - 

4.2" 6.3O 8.L" 

0.30 13.32 0.33 

0.24 0.29 0.33 

0.17 G.24 0.29 

0.11 0.16 0.24 

0.06 0.12 0.18 

0.01) 0.06 0.12 

-0.35 2.1'0 0.05 

-c.O8 -0.03 0.01 

-0.b6 -0.03 0.01 

-C.C& -3.01 0.03 

-O.O2 0.01 0.04 

C.03 c.0: 0.06 
- 

8- 
II 

-, 



-0.41 

-?.Jq” 

-0.57 

-L:.61 

-0.54 

-0.52 

-C.l+6 

-0.35 

-3.X i -0 . ii 

-(,.1? -0.7; 

4.55 

G.39 

-0.26 

-0.15 

-3.06 1 
I 

0.x / 
/ 

0.06 

-2.c2 

-i.TO 

4.20 

4.3; 

4 .zj 

-(I. 22 

-2. !5 

4. 09 

-!I. 1: j 

u.c5 

0 ‘5 .I 

C,c’6 

-O.iJj 

-G . 00 



, 

T&LE XIII 

pressure Coefflcltnt Nlth Body 

SECTSOX F ii?' y = 0.394 '/2 

0.015 

0.03 

0.05 

0.05 

0.14 

0.20 

0.30 

0.43 

0.56 

0.69 

0.82 

0.95 
- 

/ 
2.1° 

4.10 

-0.22 

-0.30 

-0.39 

-0.41 

-0.40 

-0.34 

-0.28 

-0.17 

-0.07 

0.06 

0.05 

-0.05 

-0.13 

-0.23 

-0.28 

-0.29 

-0.27 

-0.23 

-0.14 

-0.07 

0. ob 

4.2O 6.3' 8.4O 

-0.31 -0.57 -0.86 

-0.43 -0.68 -0.96 

-0.50 -0.71 -0.96 

-0.56 -0.74 -0.94 

-0.55 -0.69 -0.85 

-0.51 -0.62 -0.74 

-0.41 -0.49 -0.56 

-0.32 -0.36 -0.40 

-0.19 -0.21 -0.22 

-0.09 -0.10 -0.12 

0.05 0.03 -0.02 
- 

0.015 

0.03 

0.05 

0.08 

0.14 

0.20 

0.30 

0.43 

0.56 

0.69 

0.82 

0.95 

- 

2.10 

G-l-- 0.16 

-0.04 0.08 

-0.14 ) 0.01 

-0.19 -0.05 

-0.23 -0.12 

-0.22 -0.12 
I 

-0.27 -0.18 

-0.25 1 4.19 

-0.16 -0.13 

-0.06 ! -6.05 

-0.01 / c.00 
I 

0.05 1 o.ut 

su 
r t 

! I I 
I 

'XFXE 

4 20 6.3' 

0.20 0.19 

0.17 0.21 

0.11 0.18 

0.06 0.14 

-0.02 0.07 

-c. 04 0.04 

-0.10 -0.03 

-0.12 -0.06 

-0.09 -0.04 

-0,03 -0.01 

0.00 0.01 

0.03 0.02 
L 

- 

L 

8.4O 

0.12 

0.20 

0.22 

0.20 

0.14 

0.10 

0.04 

0.00 

-0.01 

0.02 

0.02 

0.01 
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7’xBLE XIV ~- 

pressure Coefficient dith Body 

SECTION G aT y = 0.689 b/2 

UZ'FXP SURFACE 
\ 

x CI 

\ c 

0.015 

0.03 

0.05 

0.08 

0.14 

0.20 

0.30 

0.43 

0.56 

0.72 

0.75 

! 0.80 

I 0.90 

T- 

00 2.1 O 4. 20 6.3O 8.40 

0.09 -0.08 -0.32 -0.62 -0.96 

-0.02 -0.21 -0.44 -0.74 -1.07 

-0.10 -0.30 -0.54 -0.80 -1.09 

-0.20 -0.40 -0.60 -0.82 -1.06 

-0.30 -0.46 -0.63 -0.80 -0.96 

-0.28 -0.44 -0.56 -0.64 -0.14 

-0.23 -0.34 -0.38 -0.45 -0.48 

-0.20 -0.24 -0.29 -0.30 -0.26 

-0.12 -0.14 -0.16 -0.12 -0. IO 

-0.03 -0.04 -0.02 -0.02 -0.08 

0.00 0.00 0.01 0.00 -0.07 

0.01 0,02 0.03 0.00 -0.08 
0.07 0.07 0.06 0.02 -0.09 

-  

LOwm s 
a x 

1 c 

0.015 
0.03 

0.05 

0.08 

0.14 

0.20 

0.30 

0.43 

0.56 
0.72 

0.75 
0.78 

0.85 

0.95 

00 
-- 

0.05 
-0.05 

-0.16 

-0.23 

-0.24 

-0.24 

-0.22 

-0.21 

-0.12 

-0.03 

-0.01 

0.00 

0.03 

0.08 

2. I0 

0.'18 
0. IO 

-0.01 

-0.07 

-0.12 

-0.14 

-0.14 

-0.15 

-0.10 

-.0.02 

0.00 

0.00 

a.02 

0.07 

-- 
LJR - FACE I 4.20 6.3O 8.4O 

0.23 
0.20 

0.11 

0.05 

-0.01 

-0.05 

0.22 

0.23 

0.19 

0.14 

0.08 

1. - 21 - 

-0.07 

-0.11 

-0. c6 

-0.01 

0.00 

0.00 

0.01 

0.05 
---_ 

0.02 

-0.01 

-0.06 

-0.04 

-0.01 

0.00 

0.00 

0.00 

0.02 

0.14 
0.20 

0.22 

0.20 

0.15 

0. IO 

0.05 

-0.02 

-0.02 

0.00 

0.00 

0.00 

-0.01 

-0.03 
r- 

1 



TABLE Xv 

pressure Coefficient WthBoSy 

SECTION H AT y = 0.935 b/2 
UFPER Sl 

I 2.10 

0.015 
0.03 
0.05 
0.08 

0.14 

0.20 

0.30 

0.43 

0.56 

0.72 

0.75 

0.80 

0.90 

00 

0.09 -0.13 

0.02 -0.22 

-0.06 -0.30 

-0.16 -0.39 

-0.26 -0.45 

-0.27 -0.42 

4.24 -0.34 

-0.19 -0.46 

-0.09 -0.10 

-0.06 -0.05 

-0.01 -0.01 

0.02 0. G2 

0.10 0. IO 

CI 
\ x 

c \ 
O.Ol5 
0.03 
0.05 

0.08 

0.14 

0.20 

0.30 

0.43 

0.56 

0.72 

0.75 

0.78 

0.85 

-- 

O0 

0.02 

-0.07 

-0.19 

-0.25 

-0.25 

-0.22 

-0.18 

-0.13 

0.00 

0.02 

0.04 

0. 07 

LO'dER S 

2.10 4.P 6.30 8.4' 

0.16 O"20 

0.10 0.19 

0.15 

0.20 

-0. c4 

-0.11 

-0.14 

-0.15 

-0.14 

-0.10 

-0.01 

0.00 

0.02 

0.06 

0.08 

0.00 

-0. o+ 

-0.08 

-0.10 

-0.09 

-0.02 

0.00 

0.02 

O.Qt 

0.16 

0.08 

0.03 
-0.03 
-0.07 

-0.07 

-0.02 

-0.02 

0.00 

0.02 

0.05 
0.17 

0.20 

0.14 

0.08 

0.00 

-0.05 

-0.07 

-0.05 

-0.04 
-0.03 

-0.02 

iz 

FACE 
I 

4.2' 

--. 

-0.Ll2 

-0.50 

-0.57 

-0.62 

-0.63 

-0.56 

-0.47 

-0.27 

-0.11 

-0.04 

0.00 

0.03 

0.10 

6.3O 8.4O 

-0.74 -1.06 

-0.80 -1.07 

-0.84 -1.07 

-0.84 -1.01 

-0.78 -0.88 

-0.70 -0.78 

-0.44 -0.42 

-0.28 -0.17 

-0. og -0.02 

0.02 0.02 

0.04 0.02 

0.06 0.02 

0.09 0.02 

- 

FACE - 
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TABLE xv- 

Pressure Coefflllsnt .dlt,ll Body 

SECTIO~J I AT y = O.%r, b/2 

UPPER SURFACE LCCV'ER SURFACE 

00 I J--;o 

L--- 

/ 420 . 

0.038 -0,08 -0.49 I- -0.16 0.09 

0.130 -0.23 -0.53 -0.28 -0.07 

0.225 -0.29 -0.47 -0.29 -0.16 

0.322 -0.215 -0.31 -0.25 -0.18 

0.419 -0.14 -0.20 -0.16 -0.15 

0.516 -0.07 -0.10 -0.09 -0.09 

0.613 -0.03 -0.07 -0.03 -0.07 

0.807 0.07 -0.13 0.07 -0.11 
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TABLE XVII 

Local Lxft Coeffl~vxts From Pressure Dlstrlbutlons 

WITJMJT BODY 

CL ,iT SE"TTON 

a A B D E P 
0 0.022 b/z 0.123 b/2 0.24.6 b/2 0.394 b/2 

00 -0.006 -0.010 -0. GO1 0.001 -0.004 

2.10 - 0.083 0.101 0.108 

4.20 0.154 0.144 0.159 0.183 

6.J" - 0.235 0.280 0.310 

8.40 0.306 - 0.321 0.369 0.423 

a D 

‘. 123 b/S 

0.013 

0.100 

0.189 

0.270 

0.353 

G 
I 

H 
1.689 b/2 0.935 b/i 

0.110 0.118 

0,211 0.223 

0.304 0.279 

0.390 0.301 

I 
L984 b/: 

-0.018 

- 24 - 



Local Pltchmg Moment Codfxlents about The 
$%er Chord Fomt From Prtssure Dlstributlons 

WITHOUT BODY 

I I C?., XT SECTION 

F 
0.394 bj2 

0. GO0 

-.. 

6.c A B D E 
0 0.02'2 b/2 0.123 b/2 0.246 b/2 

GO 0.004 0.004 0.003 0.002 

2.10 - -0.004 -0.001 

4.2O -0.023 -0.018 -0.008 -0. GO3 

6.30 - - -0.013 -0.OG3 

8.40 -0.044 - -0. 018 -0.007 

0.002 

WITH 3ODY 

- __ 

Ix vling Body D E F G H I 
Junction 0.123 b/2 0.2!+6 b/2 0.394 b/2 0.689 b/2 0.935 b/2 0.984 b/2 

00 0.000 -0.001 , 0. GO0 0.004 0.008 -0.003 -0.001 

2.10 - -0.008 -0.002 0.003 0.010 o.oc6 - 

4.20 -0.020 -0.016 -0.007 0,001 0.011 0.016 0.010 

6,J" - -0.024 -0. Cl 2 0.000 0.017 0.030 - 

8.40 - -0.031 -0.020 -0.006 0.016 o.cw - 

- 25 - 



LBLE XIX 

Coef'f'uxents of Total Iaft, Drag and PltChing Moment. 

-- 

a CL 

00 0.001 

2.10 0.101 

i 

4.20 0.195 

6.3O 0.286 

a.40 0.373 

-- 

a CL CD Cibi 

00 0.001 0.0122 0122 0.0019 

2.10 0.101 0.0125 0125 0.0172 

4.20 0.195 0.0150 0150 0.0340 

6.3O 0.286 0.0196 0196 0.0540 

a.40 0.373 GO270 0270 0.0775 

0. 

~ 

0. 

0. 

0. 

0. 

Posltlon of pitching moment 3x154:- 

Aft of leadug edge of centre lust: chord 

Below chord 

Aft of leading a@+ of standard mean chord 

Below chord 

46.72 m. 

1.18 3.n. 

0.5c6 % 

0.047 -6 

- 26 - 
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FIG. I. 

CUTOUT IN WING 

TO BRING PRESSURE t 
PLOTTING TUBES OUT. 9 

\ \ 
1 ‘\ \ 

TYPICAL SECTION %= 0 14. 

FIG. I. G.A. OF LOW SPEED MODEL 



FIG. 2. 

h 

! 

- FIG. 2. COMPARISON OF HIGH SPEED AND 

HIGH SPEED MODEL. 
SWEEPBACK 45’. 

LOW SPEED MODEL. ------- 
SWEEPBACK 59: 

LOW SPEED MODELS. 



FIG.3 8 4. 
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Q SECTION A Q SECTION A 

FIG.3. PRE;gREO;STRlBUTlON l 59” WING, 
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59” WING, d = 0, WITH 8 
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FIG. 5. 
-03 
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. SECTION D 

CENTRE REGION. 
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FIG. 5. 

TIP REGION 

~PRESSURE DISTRIBUTION 
59O WING , WlTH BODY, d = 0 l . 



FIG.6 

NO BODY 

- 0.3 
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-02 

-01 

0 I I I I / 
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WITH BODY. 

FIG.6 SPANWISE SPREAD OF EFFECT OF 
J CENTRE SECTION, WITH AND WITHOUT 

BODY. 59” WING, o( =O. 
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FIG. 7. 
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FIG.8. 
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3- 
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0, 
0 02 04 06 08 10 
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5 LOWER SURFACE 

FIG. 8. PRESSURE DISTRIBUTION 
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FIG. 9. 

-06 
I i \ n \ 

I I 

0 SECl-ION A ’ 
. 

$ f=O 
> =o ft,b/z 

X = o zs, b/2 
A ;; = 0 69,b/2 

WITH BODY 

CALCULATED FOR 
2 DIMENSIONAL YAWED WING 
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59 O WING, NO BODY, d = 4-2O P 
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FIG. IO. 
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I FIG. IO CHORDWISE LIFT DISTRIBUTION 
so WING. WITH BODY, o< = 4. 2’. 

4 



WITH BODY 

WITHOUT 000‘1. 

FIG. II. ISOBARS ON 59O SWEPT WING 
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FIG. 12. 
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FIG. 12. ISOBARS ON 59’SWEPT WING. 
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FIG I 3. 
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FIG. 13. LOCAL LIFT COEFFICIENTS. 

FROM PRESSURE MEASUREMENTS. 
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FIG. 14. 

* 
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- _- 
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FIG. 14. SPANWISE LIFT LOADING OF 59O SWEPT 
WING. COMPARED WITH UNSWEPT WING. 



FIG. I5 8 16. 
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WITHOUT BODY WITHOUT BODY 
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FIG. 15. 
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LOCAL LIFT SLOPE ON 
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59’ WING. 
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FIG.17. COMPARISON OF LOW SPEED AND 
HIGH SPEED MODELS, PRESSURE 
DISTRIBUTIONS. NO BODY, o( = 0 ~ 
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FIG. 19. 
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FIG. 20. 
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two tubes and reading the anfile of flow from a callbratlon curve. In 
the present tests, the yawneter was set at the positions on each side 
of the flow duectlon for which the pressxe difference mas a pre- 
determined value, about 0.1~. 'Ihe angle of flow was taken as the 
mean of these two settings, and related to the dwection of free stream 
flow, whlcn was assumed to 'nave been reached at about 2" vertically 
from the trailing edge, 1.e. at 0.06 and 0.1 z/c at sections E and G 
respectively. From these pr-essures and angles The dynamx pressure 
and total head at that point nay be obtalned xx terms of theu free 
stream values. The method of calculatxng these 1s gzven XI the 
Appendix, wnlch also descrzbes a simpler variation of this use of 
the yawmeter. 

3- Tests 

The tests were made m the No.2 114 ft x 85 ft wind tunnel at 
the R.A.E. dwlng October 1949. The wake imnetiately behind the 
trading edge ms examued at two spanrase sections, E (y = 0.25 b/2) 
and G (y = 0.69 b/2) of Kef.1, the yawmeter bclng mounted so that 
It was about 0.2" bc-hlnd the trailing edge (1.e. 0.01 and O.CO5 tunes 
local chord at G and E respectively). Wioclty, dynamic prcsswe, 
total heai and angle of flow woe found throughout that part of the 
vAke uxvhuzh they dxffered from thl: free stream values, for a = -C.6O, 
1.5', 3.6' 
E. 

and 5.7O at sectzon G and for a = -0.60 and 3.6O at sectlop 
The wux=i speed was 1206 f.p.s. The Reynolds nunber vms 1.23x 100 

at section G and 2.10 x 10 at section 3, ccrresponduq to local chord 
values of 19.5" and 33.4". 

4 Results and Dx.cusslon 

The total head, veloclt:,, and awle of flmv measwements are 
plotted agaznst z/c In F1gs.3 and 4. These show that, as the 
lncldence uxrea~es, the wake thickness increases on the upper 
surface and decreases or the lower surface, the overall thwkness 
xncreaslng for b: = 3.6oand over at section G, but shownng little 
mcrease at 3.6' on section E, wlch 1s fiearer the centre of the 
unrig. It 1s worthy- of note that, for a = 3.60 and 5.7O, the 
velocity and total heal do not jewease all the way down to the 
trailing edge, but have an approximately constant value over a z/c 
range depending on the xxz~ence. XOreOver the maximum angle 
between the local flow and the free stream dlrectlon xncreases with 
mcldence ~ At CL = 5.70 it IS abcuC 4Co and approximately constant 
from z/c = 0.005 to z/c = C.C?. 
trailxng edge is 49', 

Cxce the angle of sweep at the 
these facts suggest that, next to the mng 

surface at the traim& eddg", there ;s a layer of au- flomng almost 
parallel to the tralllng edge, m which the total head and velocity 
are almost constant. 

Fig.3 snow a comparison between the flow at sections E and G 
for (x = 3.60: thx shows that the vertical extent of the wake In 
terms of the local chord, anti the thukness of the constant velocity 
layer, both increase towards the tip, while at zero xxldence there 
1s little tiff'erence in the extent of the wake. 

. 

Y 

The effect of boundary layer on lift for straqht mngs has 
already been stu&ed by several authors, the most recent report being 
by Preston (Ref.3). The loss of lift due to bolindary layer 1s 
associated mth the displacement thrckness of the layer, 6*, defued 

*s f (1 -:I dz, &ere V IS the velocity m the boundary layer at 

i 

i 

dlstance e from the surface and Vl is the velocity at &stance 6, 

-4- 
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(a) Cdllbrailon or ymTEtar 

lr? the nt:~ghbo~~.hoou of the yawneter, p, q and H are the same 
as PO, q, and H, smcc no ilisturbuxg booy IS present. The 
callbratlon shoved thzt 

(i) @I i * - " i ' = Cl.8 l:lthlfi a range -loo 6 I9 Q +w 

and (A.) FL i ' + p2 i ' = 2 . C2, w1thln a range -loo G 4 < +lO", 

vhere c 1 and C2 are constants determuxd by the callbratlon. 

(b) Model Tests 

In traversing the boundary layer the most convenient metnod 1s to 
rotate the yawnetcr u.ntzlR1 = R2, i.e. 0 = O', and note (Rx + R2) and. 
the tingle Q from the free stream dlrectlon, which 1s assumed to be 
the flow Zrectlon at the measur~g point furthest from the surface. 
Then tlirn the yawmeter thro$Jgh 100 an15 note Rl and R2. Asswung po, 
q. and V, to be known, 

(Rl - R2)9z+100 = 
'Pl - P _ p,2 - P 

t 

q 
.- q q 

1 90 

= l@Cl * -, 'I bY (1). 
9" 
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and 

CR1 + R2) 
P1 - P P; - P 

+ 2. 
P - po % 

$=CO 4 9 90 

z2c2.9.2 P - Fo , by (ii). 
40 90 

' P-PO 
. . - = + (R1 

qo 

. . g = I> (RI p R2),5=00 - C2 . p + 2 
90 q. 90 

and 
H - PO = H-P +p-po=q+p-po 

Ho- PO Ho- PO Ho-F0 qQ qo 

HeWe, qnor~ng comPres::lbdzty corrections, the velocity, static 
pressure, ~dynamxc pressure and totai head at pomts throw&out the mke 
can be found in terms of thar free -'cream values. 
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FlG.1. SKETCH OF CONRAD YAWMETER AND ITS 
INSTALLATION. 
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FIG.2. CALIBRATION CURVES OF TWO DIFFERENT i 
YAWMETERS 
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FIG.3. VELOCITY, TOTAL HEAD AND ANGLE OF FLOW 
AT SECTION E. 2=0*254h 
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FIG. 5. 
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FIG.5 DISPLACEMENT THICKNESSES ON UPPER 
SURFACE AT THE TRAILING EDGE AT TWO 

SPANWISE POSITIONS. 



FIG. 6 & 7 
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FIG.6. LOCAL LIFT COEFFICIENTS AT SECTIONS E&G. v 
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FIG.1 SPANWISf LIFT DISTRIBUTIONS AT THREE 
INCIDENCES. 
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