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C.P. No. I'+ 

Tests on a Swept-back Wing cud Body with Endplates 
and Wing Txp Tanks in tho Corrpresscd Air Tunnel 

- By - 
C. Salter,ILd., ,and H. Jones, H.A., D.So.," 

of the Acrodynxtics Dxtision, K.P.L. 

In this report results nro glvon of oqer?ments carried out to d&ermine 
the effect, m respect of lift, drag and pitching moment, of wng tip t,anks 2nd. of 
two SMOS of endplates on the tapered swept wing model already cx,amined sad 
described m Ref. I. 

The tests were undertaken primarrly in m-&r to extend the range of R 
for checks on the theoretical considerations of Ref. 2. 

As regards lift and pitching moment the effects are found to be fairly 
well r~efuwd. The drag characteristics arc however, less consxtent but it appears 
that endplates have the effect of reducing the drag of the model over quite a large 
range of CL. This does not apply m the case of ~nng tip tanks. 

Introduct-Lon 

The mvestigation follows the theoretical treatment of the effects of 
ezdplates on swept wxugs as described in Ref. 2 and the experimental results 
obtalnod at low Reynolds numbers at the B.A.E. It was undertaken in order to 
extend the range of R of the tests on endplates sxd to obtain evidence relating 
to ty+cal. wug tip tanks. 

The tests were expected to uwolvc the accurate meassurement of quite 
small differences, e.g., about 2$ theoretloal zncrease In CL for the small 
en+lates, 3% for the large ones, wxth correspondrngly accurate estimations (by 
differences) of ACD for specified values of CL". 

The balance was known to be snherently capable of measuring such small 
differences with sufficient accuracy, except porhaps at the lower Reynolds numbers, 
but it was not kn.o~m whether the readugs would be steady enough for Its full 
scope to bo utilised. Th1.s wuld depend on the steadiness of the flow pattern 
on tho model. 

*The experimental work mas carried out before Dr. Jones retired from official 
duties. 

Published with permlsslon of the &rector, National Physical Laboratory. 
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Model -- 

Most of the information relating to the model is given in Ref. 1 and is 
therefore not included in the present report, The modified outline is however 
reproduced in Fig. 1; the only differences from the previous model being in respect 
of the vnng tips. 

The four model conditions were as follows:- 

(a) With square ended wing tips, i.e,,psrallel to the body centre line, 

b) with small endplates, 

(c) with large endplates, 

(4 with wing tip tanks. 

Tho end plates were respectively g&6 end lo.27 in. long, and 1.61 and 
2.42 in. deep, the ends being semicircular (gross mean chord cf model 13.59 in.). 
They were 14 S.W.G. thick and spmetricelly placed about the wzng tip chord line. 

The tip tanks were 19.4 in. long with the me&mum diameter of 2.42 in. 
extending from 35 to 55s of their length. They had the same engle of ulcidence 
as the vvlng tips end the mid points of their centre lines were situated in line 
with the mid points of the wing tip chords. 

R2nge of Tests 

me main tests covered angles of incidence from small negative values to 
high ones above the stall at Reynolds numbers rsnging from 16 to 13 x 18. 
Measurements include those of lift, drag and pitching moment. 

Some measurements were also made up to R = 4 x 106 with two sizes of 
transition wires (0.01 and 0.016 in. diameter respectively) at lO$ local chord 
from the leading edge on both surfaces. 

Tables and Figures 

Table I gives the observed results, for various angles of incidence up 
to 210, without the use of transition wires (observations were actually continued 
up to 27.5'); 'Cable II are those with transition wires as specified up to 
a = le. 

For a variety of reasons somewhat more scatter is present in the drag 
values than is desirable for the purpose of estimating A%. The procedure for 
reducing any uncertainties involved, if time had been available, would have been 
to carry out a fair amount of repetition of the observations after the first 
results had been fully evaluated and examined. As en alternative a further set 
of values of CD is recorded in Table III. Those are obtained from smoothed 
curves which, on the basis of past experience are judged to be probably the best 
smoothed curves. 

For tho seme reason Table IV is included giving what areaconsidered to 
be the best values of the slope and slope ratlOS of the CC--- 

% 
ourves in 

the lower range of Ch. The points are else plotted in Fig. 6 bu the table 
assists in too indication, by bracketed values, of whore It is somewhat difficult 
to decide just what the value aotuo-llY is. 

Table IJ gives the correspondang propertxes when transition wires are 
applied. Tho slope V~LUCS er'e also plotted in Fig. 6. 

The/ 
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The figures m general are self oxplonotory. In partlculor, however, 
7 ShOWS tnlCd CuTVC%3 at ~1 high value of H for the variations of ED lylth 
m respect of the three tip forma. 

12 Fig. 3 the sequence of the curves is difforcnt f!rom that in Figs, 2 
2lfl-b. cud this difference is not to bo taken as bang duo to a misprint. 

Results 

The SallO values of S NIP c have been taken as for the original model 
irrespective of the wing tip confIguration. 

Typcol curves of ~----a, 
R = 12x?@ 

cm--- CL, "n 
care shor\?l xn Figs. 2, 3 cad 4. 

--CL cm3 CD----CL" at 
Generally speaking the major sc,ilo 

effects on the main characteristics appear in the xxonge up to R = 4 x IO'. It 
will be noticed that the dip m the Cm------Q curve at CL = 0.8 to 0.3 
disappears with the fitting of ondplates or tanks. 

scale effect on acd/aa 
quite small (Fig. 5). 

is not large and on the ratios of the slopes is 
'The ratlo 1s farly constant ai 1.025 for the small endplatcs 

rind varies from 1.05 at low R to 1.035 nt high R for the large plates. It 1s 
much higher for the tip tanks. The theoretvxl values mentlgned curlier are 1.022 
and I.032 and refer to the ratlo of values of CL which, however, as this 1s not 
~1. Strictly symmetrical modol, is not the same ns the ratio of slopes. 
generally occurs at a.glcs f mcidence greater than 21°. 

%mx 
o 

Curves of Cxn--.R, token from the smoothed curves, are also given 
m Fig. 5 cand follow a normal pattern. Values of d Cn/d CI: and their ratios 
aTO plotted In %g. 6. Scnle effect is considerable and the effect of ondplatcs 
and ta&s is not entire 47 consistent. The attachments result in an mcreased slope 
upto R = 7or8xlO and a decreased slope above this. 

For the prosent purpose however the rclatlons between AC, ‘and C a 
nre of greater mtercot. It 1s known that in many casts the fli-txng of endp !k atcs 
co3 lead to a reduced drag at convenient values of CL. The curves of AC,----CL" 
show ap"reciablo scale effect and the lmear r,uye is sometimes rather uncertain. 
Only t‘nc curves for R = 12 x IO6 Larc therefore reproduced in the present report 
(FIT. 7). On two of those the straignt lines through the origms. lndicntc the 
slopes anticipated from the considerntiions of Ref. 2. Further conadcration is 
rcquxed from the thcorcticol aspect. 

Gcnorally speak5 ng, except at the lower Reynolds numbers, Ac, with 
cnd~lc:cs has nc@Svc vduos for Lzn aplwccinble rnrye of CL. With tip ta&s 
% LS always posxtivo and mnorcascs rapidly with CL at low R but remains 
almost cordxnt up to CL of roughly 0.15 zt high R. 

The effect of tr,ulsitionwires on d Cj/d CL2 is shown =n Fig.6. AS 
would be cxi)ected the slope is much roduccd but to n value even lower than at 
top R. It may be noted that at R = I .I x IO6 vlolcnt fluctuations .sh*wed that 
the thin mires ?ioro barely thick enough. Nevertheless, at R = 1.5 x IO', the 
thick ~&es g'lvc n hi&or value than ihe thin, both slo-pcs being quite well defined. 

Conclusion 

The results presontcd in'this report cover the effect of endplates cad 
tl> to&s on the three basic characteristics of NI aircraft for n kvgc range l f 
R ma of a,. 

~hcy we given in some &tnjI because of the desire to link them with 
the theoretical conclusions of Ref. 2. Althou@ the -inherent precision of the 

C.A.T./ 
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C.A.T. balance is very great, the extreme accuracy rquired for this particular 
investi&icn would have rendered further cheek mmwremnts desirable if time 
had permitted and if the model h3il not mtrcduc&i scm uncert,xinty in not bemg 
symmetrical (see F3.g. 1). 

The results have, however, been fairly caref'dly checked for observation 
and czitculation errors, nUa suggestions zre mn& as to the best smmthing of the 
curves where scne scatter of the points is present. Closer identificatmn of 
the best smoothed curves cm be cbtamed if desired by superposition of the 
cbscrvntmne for scvoml adjacent vrlues of R in ranges whcrc scdlo effect CCJI 

be seen to be ncgliglble. 
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~--- ____---- -.-- .-- _-~-----___--.. 
Squrso Tips Iargc Ed.:,i;.tm Smdl En!iiplates T1p Tanks 

I. - 7 - 

P = 2.06 ntmos I‘ = 2.17 Atnos P = 2.09 Atms 
pva = X.65 lb/sq i't pv" = 24.65 lb/sq ft 

= 2.19 Atms 
, Pa = 24.65 lb/sq ft 

V = 70.6 f.p.s. 
' $' = 24.65 lb/sq ft 

I V = 69.6 f.p.s. V 
R = I.05 x IO6 R = I.07 x IO" 

= 71.2 f.p.s. : v = 70.1 f.p.s. 
R = 1.03xloe R = 1.01, x IO6 

----.---:- .----. __------------ --------. . . _. ----. - - 
': 

-__. -_ ._ - ______ -. __.________ 
a CL CD CU a cL s .%I : a CL i s ; cm a cL jc, ;%I 

_-.*_-_ .--.~---'~'- l---_l -_ -.-- ----4--------- ----.-..- --__.- --..:---.--- .‘_ _-___i_. _--- ___, -__.---_-~--_-___ 
-2.4 
-1.1 
+O.l 

1.3 
2.55 
3.75 
5.0 
6.15 

'8-i 
918 

11.0 
12.25 
13.5 
14.7 
15.95 
17.2 
18.5 
19.75 
21.05 

-0.149 :0.0148 -0.0081 -2.4 
-0.083 0.0120 -0.0080 -1.1 
-0.021 0.0112 -0.0082 +O.l 
+0.0&2 0.0114 -0.0099 I.3 

0.11j5~0.01205 -0.0092 2.5 
0.179 0.014.8 -0.0099 3.75 
0.2AL7 0.0179 -0.0115 5.0 
0.31L 0.0211 
O.j8j 0.0268~ I:::;% $1:: 
0.451 ,0.0363 -0.0191 8.6 
0.5% 0.0552 -0.0249 9.8 
0.597 ,0.0802 -0.0276 11.0 
0.657 0.1065 -0.0253 12.25 
0.714 0.130 -0.0192 13.5 
0.759 0.161 -0.0181 14.7 
0.807 0.192 -0.0159 15.95 
0.848 0.221 -0.0162 17.25 
0.891 0.252 -0.016& l&55 
0.921 0.289 -0.0174 19.8 
0.943 0.326 -0.0179 21.1 

-0.153 0.0172 -0.0051 -2.4 -0.151 0.01705 . -0.fJo67 
-0.089 0.0138 -0.0058 -1.1 -0.082 0.0148 : -0.0082 

0.012&: -0.0081 -0.019 +O.l -0.016 0.0120 'j -0.0\,93 
+0.053 0.0121 -0.0115 1.3 to.053 0.0113 '-0.0115 

0.12ci 0.0140 -0.0130 2.55 0.122 0.0133 :-0.0128 
0.185 0.0163 -0.01&l+ 3.8 O.ler, 0.0156 ; -0.0137 
0.256 0.0197 -0.0174 5.0 0.252 o.oiyo :-0.~164 
0.327 0.0241 -0.0220 6.15 0.324 0.0236 : -0.0201 
0.401 0.0304 -0.0263 7.4 0.396 0.0296 . -0.0239 
0.466 0.0396 -0.0291 8.6 0.~63 0.0390 -0.0263 
0.534 0.0591 -0.0310 9.8 0.532 0.0576 -0.0291 
0.600 0.0815 -0.0290 11.0 0.596 0.0816 -0.0280 
0.661 0.107 -0.0238 12.25 0.654 0.107 -0.0233 
0.708 -0.0175 13.5 0.708 -0.0175 
0.742 

0.132~ 
0.160 -0.0135 14.7 0.740 

0.1335 
0.159 '-0.0139 

0.783 0.1865 -0.Oll3 15.95 0.778 0.189 -0.0121 
0.819 0.217 -0.0110 17.25 0.816 0.218 -0.0122 
0.851 0.247 -0.0109 18.45 0.855 0.248 -0.0129 
0.885 0.285 -0.0114 19.7 0.879 0.287 -0.0136 
0.892 0.316 -0.0128 21.1 0.900 o.3175 -0.0139 

-2.35 i-0.1&,, 0.0181 -0.0013 
-1.1 
+O.l 

'-0.097; 0.0129 '-0.0030 
i-o.021 0.0119 

I.3 '+0.058 
;-0.0088 

0.0123 ,-0.01~6 
2.5 * 0.128. 0.0134 -0.0177 
3.75 0.199 0.0166 .-0.0218 
'c.95 0.277' 0.0213 -0.0273 
6.1 0.353 0.0272 -0.0342 
7.35 0.426 0.0354 -0.0413 

' 8.55 0.497. 0.0473 -0.0466 
9.75 0.576 0.0671 -0.0526 

IO.95 . 0.642 0.0917 -0.0529 
12.2 0.705 -0.0478 
13.45 0.753 

O-1185 
0.143 -0.0406 

IL.65 0.787 0.170 -0.0363 
15.9 0.833 
17.15 0.863 

0.2025 -0.0355 
-0.0349 

18.45 0.919 0.2355 0.271 -0.0376 
19.75 0.935 O.JGl -0.0336 
21.05 0.960 0.338 -0.0346 

I 
cn 
I 

Table I (Cd%.)/ 



TaXe I (Cont'd.) 

Square Tips 

----__ -- ------__-- --.----- --- 

Lcvge Endplates smell Endplates Tip Tanks 
___ .-- _- _---- __- --_ __-__ 

-- 

-__._ 

cm a CL CD c, a . CL : %I cm 
-...-.--.- ___..-..- -- ..--. ___._ -_.-__- ..-- _.__.____.__ ___.__ 
-0.0033 -2.4 -0.173 0.0148 +0.0026 

-0.021 0.0110 -0.0079 +O.l -o.oz!+ O.OIIO -0.0069 a.1 -0.024 0.0105 
1.25 +0.045 0.0104. -0.0089 1.25 +0.01+8 0.0109 -0.0101 1.25 +0.047 0.0108 -0.0098 1.25 +O.Ol+y 0.0108 -0.0124 

::; 0.111 0.179 0.0119 0.0148 -0.0088 -0.0114 3.7 2.5 0.116 0.187 0.012& 0.0157 -0.0115 -0.0156 3.75 2.5 0.112 0.18!+ 0.0123 0.0149 -0.0106 -0.0135 3.7 2.45 0.120 0.195 0.0126 0.0161 -0.0157 -0.0220 

0.249 0.0182 -0.0111 0.315 0.0227 -0.0165 2.7 0.259 0.329 
7135 0.397 

0.0190 -0.0201 3' 0.253 0.0187 -0.0181 4.9 0.273 0.0201 -0.0283 0.0234 -0.0239 0.324 0.0229 -0.0212 6.95 0.348 0.0266 -0.0346 i, 
0.387 0.0275 -0.0190 0.0293 -0.0271 7:;5 0.391 0.0285 -0.0244 7.3 0.421 0.0339 -0.0408 I 

8.55 0.49 0.0338 -0.0211 8.55 0.465 0.0352 -0.0300 8.55 0.458 0.0343 -0.0265 8.5 0.492 0.0423 -0.0479 
9.75 0.516 0.0414 -0.0234 9.75 0.531 0.0435 -0.0329 9.75 0.526 0.0419 -0.0287 9.7 0.562 0.0542 -0.0553 

11.0 0.581 0.0504 -0.0255 10.95 0.596 0.0528 -0.0353 10.95 0.590 0.0506 -0.0305 10.9 0.525 0.0677 -0.0596 
12.2 0.643 0.0600 -0.0275 12.2 0.660 0.0639 -0.0376 12.2 0.654 o.06~0 -0.0323 12.15 0.692 0.0853 -0.0628 
13.45 0.712 0.0742 -0.0326 13.45 0.717 0.0855 -0.0392 13.45 0.719 0.0808 -0.0369 13.4 0.752 0.1085 
lb.6 0.782 0.101 -0.0415 14.65 0.766 
15.85 0.834 0.140 -0.0436 15.9 0.803 

0.117 -0.0381 14.65 0.772 0.1125 -0.0382 14.55 0.305 0.1335 
0.149 -0.0335 15.9 0.814 0.1475 -0.0361 15.8 0.958 0.1655 

17.1 0.875 0.182 -0.0401 17.15 0.851 0.19 75 -0.0306 17.15 0.849 0.191 -0.0304 17.1 0.895 0.200 
18.45 0.904 0.224 -0.0359 18.5 0.860 0.233 -0.0212 18.45 0.872 0.234 -0.0249 18.4 0.914 0.249 
19.7 0.932 0.265 -0.0359 19.75 0.888 0.271 -0.0206 19-75 0.895 0.253 -0.0213 19.7 0.940 0.293 -0.0!+46 
21.0 0.947 0.304 -0.0342 21.05 0.909 0.311 -0.0204 21.05 0.907 0.312 -0.019p 21.0 0.958 0.336 -0.0437 1 

Table I (Cont'd. 



‘able I (CoKt’d.) -- 
---- .__--- -_--.- .--- -- _--.- ---...-- .-._ ---____ -- 

square Tips Large lMp1ates Shall Endplates Tip Tanks 

P = 8.4 ktnos = 7.9 Atmos P = 8.35 Atmos ' D 
'1"' = 98.9 lb/q ft $ q 98.9 lb/q ft pV" = 98.9 lb/q ft pTJa 

= ea.55 Atmos 

= 70.9 f.p*s. 
= s8.9 lb/q ft 

v = 73.4 f.p.s. V = 71.5 f.p.s. v 
R = C.19 x 10' 

= 71.3 f.p,s. 
R = 4.04 x IO" i? = 4.13 x loG R = I&..08 A IO6 

-2.45 
-1.15 
+0.05 

1.25 

::; 
4.95 
6.1 
7.35 
8.55 
9.75 

lO.Y5 
12.2 
13.4 
14.6 
15.85 
17.1 
18.4 
19.7 
20.95 

-0.159 0.0142 -0.0023 
-0.092 0.0117 -0.0052 
-0.021 0.0103 -0.0077 
+0 ,048 0.0108 -o.ooyG 

0.115 0.0121 -0.01oy 
0.183 0.0145 -0.0139 
0.251 0.0175 -0.0163 
0.318 0.0218. -0.0190 
0.387 0.0271 -0.0217 
0.457 0.0335 -0.0250 
0.522 0.0407 -0.0278 
0.588 0.0486 -0.0307 
0.650 0.0586 -O.o334 
0.717 0.0687 -0.0363 
0.781 0.0805 -0.0398 
0.837 0.0933 -o.o4u+ 
0.908 0.1085 -0.0476 
0.948 0.171 -0.0531 
0.959 0.232 -0.0428 
0.970 0.280 -0.0:59 

-2.4 : -0.164 
-1.15 -0.092 
a.05 -0.022 

1.25 +0.050 
2.45 @.I19 
3.7 0.189 
4.9 0.262 
6.1 0.332 
7.3 0.406 
0.55 0.475 
9.7 0.542 

10.95 0.610 
12.2 0.678 
43.4 0.737 
14.6 0.800 
15.55 0.854 
17.1 0.886 
18.4 0.918 
19.7 0.924 
21.0 0.944 

0.014g +0.0011 
0.0119' -0.OO32 
0.0104 -0.0063 
0.0108 -0.0099 
0.0125 -0.0133 
0.0148 -0.0179 
0.0183 -0.0220 
0.0225 -0.0258 
0.0281 -0.0302 
0.0349 -0.0341 
0.0423 -0.0380 
0.0507 -0.0412 
0.0609 4.04.L4 
0.0734 -o.c476 
0.0865 -0.0500 
0.112 -0.0504 
0.1485 -0.0436 
0.1935 -0.0390 
0.242 -0.0335 
0.285 -0.0355 

-2.h5 
-1.15 
+0.05 

1.25 

::: 
Z’ . 
7.35 
8.55 
9.75 

IO.95 
12.2 
13.4 
q4.6 
15.85 
17.1 
18.45 
19.7 
21.0 

-0.163 
-0.091 
-0.023 
+0.047 

0.116 
0.187 
0.256 
0.327 

:s$l: 
0:531 
0.598 
0.662 
0.729 
0.790 
0.849 
0.886 
0.912 
0.928 
0.946 

0.0141 +0.0001 -2.11 
0.0117 -o,OO40' -1.15 
0.0104 -0.0068. ic.05 
0.01~6 -0.0097 1.25 
0.0121 -0.0125 2.45 
0.0147 -0.0168 5.3 '5 
0.0182 -O.O204 4.9 
0.0224 -0.0237 G.05 
0.0273 -0.0271 7.25 
0.0335 -0.0302 8.5 
0.0411 -0.0337 7.55 
0.0497 -0.0365 10.05 
0.0593 -0.0393 12.1 
0.0698 -0.0421 13.35 
0.0825 -0.046 14.55 
0.0975 -0.0475 15.75 
0.132 -0.0455 17.0 
0.190 -0.0410 18.35 
0.238 -0.0356 19.6 
0.284 -0.0370 20.9 

-0.178 O.Olg+ +0.0069 
-0.102 0.0120 0 
-0.025 0.0108 -0,006l 
+0.051 0.0108 -0.0120 

0.125 0.0123 -0.017f3 
0.202 c.0156 -0.0252 
3.278 0.0201 -0.0313 
0.351 0.0249 -0.0370 
0.429 0.0317 -0.0438 
0.500 0.0404 -0.0506 
0.570 0.0504 -0.0585 
0.640 0.0619 -0.0661 
0.697 0.0751 -0.0704 
0.766 0.0912 -0.0746 
0.819 0.1115 -0.0771 
0.872 0.134 -0.0768 
0.924 0.164 -0.0738 
0.964 0.207 -0.0727 
0.982 0.255 -0.0663 
1.001 0.298 -0.0638 

, 

-2 
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I so$5l-c 's'1ps 

1 I? = 16.3 Atmos 
I pva = 198.6 lb/sq ft 

-- - -___ --- 

Large Eniiplates Small Endplates Tip Tanks 
--- 

P = 16.9 AMOS = 17.2 Atmos P 
pv= = 198.6 lb/sq ft p%- = 198.5 lb/sq ft 

= 16.6 Atmos 

I V 
PV' = 198.6 lb/sq ft 

= 72.2 f.p.s. v = 71.8 P.p.s. V = 71.8 f.p.s. V = 72.8 f.p.s. 
R = 8.20~10~ R = 8.10 x IO' R = 8.03 x 10' R = a.cj x 106 

! a I % q) c, a CL q) c, ,_” CL s cm a * CL CD Gl _ ._----_----____-_.- -_--_._---___ --__- 
1 -2.45 -0.16.4 0.0135 -0.0008 -2.45 -0.170 O,Olb& +O.OO% -2.45 
/ -1.15 -C.Oyl 0.0119 -0.0038 -1.15 -0.095 0.0122 -0.0017. -1.15 

+0.05 -0.022 
1.25 +0.047 
2.45 0.115. 

;:4 : 
713 

0.185 0.252 0.322 
0.389 

a.55 0.459 
9.75 0.522 

IO.95 0.591 
12.2 0.656 
13.4 0.723 
14.6 0.782 
15.85 0.843 
17.1 0.902 
18.4 0.935 
19.7 0.948 
21.05 0.954 

0.0106 
0.0105 
0.011: 
0.0135 
0.0165 
0.0212 
0.0259 
0.0322 
0.0400 
0.0472 
0.0566 
0.0678 
0.0783 
0.0918 
0.107 
0.1515 
O.UL3 
0.292 

-0.0055 
-0.0089 
-0.0110 
-0.0145 
-0.0170 
-0.0204 
-0.0234 
-0.0269 
-0.0305- 
-0.0337 
-0.0374 
-0.0405 
-0.0427 
-0.0452 
-0.0480 
-0.0515 
-0.0412 
-0.0349 

+0.05 
1.25 
2.45 

6:; 
6.05 
7.3 
8.5 
9.7 

10.9 
12.15 
13.35 
14.55 
15.8 
17.1 
18.35 
IV.7 
21.05 

-0.023 
+0.046 

0.119 
0.189 
0.260 
0.333 
0.399 
0.471 
0.540 
0.603 
0.676 
0.740 
0.803 
0.853 
0.894 
o.y-lo 
0.918 
0.933 

0.0114 
0.0110 
0.0122 
0.014f 
0.0178 
0.0218 
0.0272 
0.0337 
O.OL.11 
0.0498 
0.0595 
0.0708 
0.0837 
o.1025 
0.130 
0.18k 
0.238 
0.287 

-0.0062: +0.05 
-0.0102; 1.25 
-0.0141 i 2.45 
-0.0188< 3.7 
-0.0233' 4.9 
-0.0278 6.05 
ym& 7.3 
c .L 8.5 

-0.0410 j 9.7 
-0.0447~10.95 
-0.0491 '12.15 
-0.0527 
-0.0553 

i 13.35 
j 14.55 

-0.0537 15.8 
-0.0506 ,17.05 
-0.0409 18.4 
-0.0368 : 19.75 
-0.0358 : 21.0 

-0.166 0.0147 
-0.096 0.0120 
-0.01y 0.01oy 
+0.049 0.01oy 

0.118 0.0122 
0.187 0.0135 
0.260 0.0179 
0.328 0.0219 
0.399 0.0268 
0.467 0.0333 
0.532 0.0406 
0.603 0.0185 
0.668 0.0582 
0.737 0.0685 
0.797 0.0806 
0.854 0.0952 
0.898 0.12e 
0.918 0.176 
0.928 0.236 
0.935 0.2a 

+0.0008 
-0.0025 
-0.0067 
-0.0103 
-0.0135 
-0.0175 
-0.0220 
-0.0256 
-0.0293 
-0.0334 
-0.0370 
-0.0407 
-0.0440 
-0.0471 
-0.0499 
-0.0523 
-0.0510 
-0.0445 
-0.0371 
-0.0376 

-2.4 
-1.15 
+0.05 

1.2 ' 

:::5 
4.85 
6.0 
7.25 
8.45 
9.6 

10.8 
12105 
13.3 
x.45 
15.7 
16.95 
18.3 
19.6 
20.9 

-0.179 0.0156 
-0.103 0.0126 
-0.024 0.0114 
+0.054 0.0113 

0.128 0.0128 
0.205 0.0150 
C.278 0.0190 
0.355 0.0240 
0.428 0.0309 
0.4?9 0.0384 
0.513 0.0481 
0.637 0.0592 
0.704 0.0733 
0.762 0.0872 
0.819 0.135 
0.874 0.124 
C.918 
0.955 

0.1505 
0.200 

0.982 0.247 
0.990 0.298 

io.0077 
+0.0016 
-0.0060 
-0.0133 
-0.0193 
-0.0263 
-0.0321 
-0.0387 
-0.0452 
-0.0520 
-0.0601 
-0.0681 
-0.0741 
-0.0763 
-0.0761 
-0.0781 
-0.0782 
-0.0726 
-o.o6go 
-0.0656 

---- __-- 

Table I (Cont'd.)/ 



WWJI (cant '3. ) 

------ - - - ------"..--.---- .----..-_ -____--__I_ I--- .-.- -- ---- -- I ---_-.- .---..-- __ .- --_- .-. - .._.._ _-._ _ 

I.---- 

Squ;uare T'Tip.9 Large ~rla~lates &ml1 Endpl&3s Tip !b.nk,s 

-_I- .--lr. --- -_.------ .---- -.- ___-_ ---- ._--. --.-- ..-..__ -..---. 

.-i 

i 
.j 

P = 2o.l+ atmos P = 20.4 AimOS P P = 
p:p = 252 lb/sq r"t 

= 21.3 afnlos 
p" = 252 lb/sq 3 PV2 = 

2-I . 9 attaos 
252 ltdsa ft PV2 = 2i2 lh/so ft 

v = 73.8 f.p.s. 7 = 73.3 f.p.s. ‘V = 72.3 f.pp;s. V 
R = 1o.c x 106 

= 73.7 r".p*s. 
n = 10.22 :< IO' 2 .L = 10.2 x If ii = 9.-p? x loG 

, -----__- ___.__-. --_A____ __ --.-.-.-_-.-_-- .--_ -_-----... --- _-.. -_- _ . . .~ 
I 

f a CL . CD cm 
t------ .--- 
1 -2.45 
I -1.2 

+G.O5 
1.2 
2h.5 

1 3.7 
4.9 
6.1 
7.3 
8.55 
9.7 

lC.95 
12.15 
13.4 
IL.6 

i -2.15 -0.167: 0.0143 +O.OOZL,. 
-1.15 -0.096. o.0119 -0.oGl6 
+0.05 -0.021;. C.OlG8 -0.GC57 

-0.162 0.01~1 -0.0@:3 
-0.091 ,0.011p -0.0040 
-0.0187 0.0103 -0.0061!. 
+0.048 0.0105 -G.O083 

0.117 0.0114 -0.0113 
0.187 0.0135 -0.0147 
0.255 o.Gj68 -0.G174 
0.322 0.0212 -0.0207 
0.391 0.0260 -0.0239 
0.458 0.0326 -0.0272 
0.526 G-0397 -0.0307 
0.595 0.0475 -0.0339 
0.655 0.0579 -C.O372 
0.719 0.0679 -G.GL+OO 
0.780 0.0803 -0.0423 
0.640 0.0923 -0.0436 
Cl.898 0.1265 -0.0529 
0.911 0.216 -0.0386 
0.920 0.264 -0.0317 
0.933 0.304 -G.o:41 

1.2 to.G1+6 0.0113 
2.45 0.119 O.Gll9 
3.65 0.190. 0.0143 
4.9 0.261 0.0171 
6.05 0.332 0.0214 
7.3 0.402 0.0266 
8.5 GA73 0.0333 
9.65 0.544. 0.0408 

10.9 0.608 0.0494 
12.15 0.679 0.0595 
13.35 0.741 o.c702 
14.55 C.798 0.0835 
15.85 o.e46 0.1045 
17.1 0.885 0.1355 
18.45 o.syG 0.1y6 
19.8 0.909 0.251 
21.05 0.916 0.293 

-0.0?02 1.2. 
-0.0142 2.45 
a.0191 3.65 

-2.45 -0.166 0.0143 +O.OOlO -2.4 -0.lC2 0.31~0 +0.0087 
-1.2 -o.oyL 0.0121 -o.OC26 -1.15 -0,lOj 0.01j: +9.0015 
+0.05 : -9.023 'J.OlO5 -?.DO63 iG.05 -0.024 ~1.0116 -0.0057 

. 10.348 0.0110 -O.;?C99 1.2 +O.L52 0.0116 -0.0127 
0.118 0.011g -0.0134 2.4 0.128 0.0127 -0.0194 
0.189 ,0.0138 -0.C178 j.6 0.235 C'.Oljl -0.0267 
0.261 0.0172 -0.0218 4.55 0.277 G.OI% -0.0326 -0.0232 4.9 

-0.0277 6.05 
-0.0333 7.3 
-0.0368 8.5 
-0.0413 9.7 
-o.GL50 10.9 
-0.G49G 12.15 

-0.0523 13.4 
-0.0540 34.55 
-0.0516 15.8 
-0.0470 17.1 
-0.0386 f8.45 
-0.0327 
-0.0303 21.05 

0.330 0.021L 

0.399 0.0266 
o.L,66 0.0329 
0.536 o.o'p7 
0.605 0.04b7 
0.656 0.0581 
0.734 C.0683 
0.793 G.G797 
cl.845 
0.892 

0.1025 
0.132 

0.304 0.194 

-0.0259 
-0.0275 
-0.0336 
-0.0376 
-0.01~10 
-0.9441 
-o.GL:67 
-0.0485 
-0.0491 
-0.OLl82 
-0.G417 

6.0 
7.2 
8.4 
9.55 

10.75 
12.0 
13.25 

0.0241 -0.0392 
0.3303 -0.0459 
0.0383 -0.0534 
0.0475 -0.0603 
0.0606 -0.G699 

0.318 0.291 -0.0322 

0.359 
G.LL27 
0.502 
0.572 
O.f%L+ 
0.7>6 
0.761 
0.817 
0.859 
3.915 
0.948 
0.972 
0.983 

lL.Lc5 
15.7 
t6.95 

0.0733 
U.O%3 

-0.07+ 
-0.0777 
-0.0774 O.l04r, 

18.3 
19.6 
20.9 

0.125; 
0.1155 
0.203 

-0.0797 
-0.0762 
-0.0726 
-0.0671 
-0.0637 

0.254 
0.3G4 



S:Ju?~e Y~?ls -.. l&r&e 31d;?latEs Small Ens~ldm Tip Tanks T 

_______ ---_--.--.--_---- -__- ---- 
i 
, 

I? = 23, 93 LtT.103 P = 25.15 1itnos = 24.7 3tmo.s 
$2 = 

P = 25.1 Aim&5 I 
?y" = 311.4 !b/s/sil CG pv2 = jll.!,~ lb/q ft 311.4 l'o/sq f t pv2 = 311.1 lb,~zq f-G I 

ii = 75.8 f.i).~% v = 75.7 f.p.s. J 
11.68 x IO" 

= 75.7 i-.&S, 
= Il.& x IO0 

v = 75.6 f.p.s. 
II = 11.7 x 10' 

I 
3 = 12.0+ x IO B = E: I 

/ 
-- - 

-2.5 -0.160 
-1 (1 2 -0.090 
IO.05 -0.020 
1.2 +@.&a 
2.45 %I19 

:':; 
C.lE? 
0.255 

U. 0.3& 

i:& 
0.3% 
0.463 

9.7 0.530 
IO.95 0.593 
12.15 0.661 
13.4 0.722 
14.6 0.781 
15.8 0. @+.5 
17.05 0. a36 
18.5 0. SC& 
19.8 0.916 
il.05 0.928 

; . I$ :; -0. -0. cc1 3 
Cc!!.@ 

0. Cl 07 -0, cw/ 
0. Cl 07 -0.008y 
G.Cll2 -0.c113 
0.0137 -0. Gl,+8 
0. Cl 67 -0.Gl76 
C*cQC~ -0. oxa 
0.0262 -0.02$.2 
0.0325 -0.0277 
0.0402 -0.0312 
o.q.a5 -0.03.2 
0.0574 -0.037 3 
0.0678 -a 0399 
; :);;h -0. atI4 

0: 1675 -G. -0. c1,VC &.83 
0.233 -0.0357 
0.277 -0.0322 
0.316 -0.0330 

-2.45 
-i.2 
+c. 05 

i.2 
‘A!,5 
3.65 
4.9 
6.05 
7.2 
a.55 
9.65 

10.9 
12.15 
13.35 
14.5 
15.8 
17.1 
18.5 
"9.8 
21.05 

-0. ? 70 
-0.037 
-0.026 
+o. ~$6 

0.119 
0.190 
0.261 
0.333 
0.4% 
C.L7L 
0.544 
0.610 
o. 676 
0.741 
0.801 
0.868 
0.880 
0. a93 
0.898 
0.917 

0.01'+5 
0.0120 
0.01 I 2 
0.0108 
0.0117 
0.0137 
0.0159 
0.0207 
0.0263 
0.0327 
c. oqc6 
Q.G% 
0. G5y2 
c. 0706 
CL w7 
0.1062 
0.1446 
0.2110 
0.2590 
0.~010 

+o. 0030 -2.45 
-0.0016 -1.2 
-0. a059 TO. oj 
-0.0101 +I.2 
-0. m/+3 2.45 
-0.01 go 3.65 
-0.0236 4.9 
-0.0280 6.05 
-0.0325 7.25 
-0.0370 8.5 
-0.0+16 9.7 
-Q.O+57 IO. 9 
-0.0495 12.15 
-0.0527 13.35 
-0.0542 14.55 
-0.0511 15.8 
-G-Q+55 17.05 
-0. Cy+l la.45 
-0.0279 19.8 
-0.0293 21.1 

-0.168 0. Ol!#!& 
-0.0% 0. Cl 23 
-0.023 0.0109 
to. Q&9 G.0107 

cr.117 C.Ci17 
G.19T 0.0136 
c 260 0. CH 67 
0.334 0.0206 
c.402 0. CPjv 
0.!&70 0.03& 
0.539 0. a!&02 
0.608 0. c485 
0.673 0.0580 
0.7% 0.0685 
0.739 0.0801 
0.847 
0.887 

c. 1035 

0.897 
0*1405 
0.207 

0.912 0.256 
0.926 0.300 

iG.cccQ 
-0.0026 
-0.0063 
-0.9098 
-0.013.~ 
-G.0179 
-0. 0210 
-0.02G0 
-0.0299 
-0.0337 
-0.0375 
-0. cY&.<!& 
-3. cl&&? 
-0.C467 
-O.&r:6 
-0. cjao 
-G.CL75 
-0.036? 
-0.c314 
-0.0312 

-2.4 
-1.15 
-1G,o5 
3.2 
id+ 
3. 6 
lb.8 
5.95 
7.2 
8.1, 

-0. I se 
4. ,Gj 
-G.O27 
+o.gjo 

C.127 
0. ‘?lY, 
0.270 
0. 3Yy, 
G.&r8 
W+YY 
0.572 9.55 

IO.75 
-; I 

0. @‘eL 
11.95 am 
.l3.2 o. 762 
l'b.4 0. a20 
15.65 Q.Y70 
16.9; 0.912 
la.3 0. c&Y 
19.5 0.970 
20.95 0.373 

0.01 jr, 
0.01 LI; 
0. Cl I* 
0, '0-t IO 
0.01 ?I 
O.C?4 7 
0.01% 
o.mj.3 
0. CC97 
0.0375 
c.Q.73 
0. Gj92 
0. C736 
0. c&33 
n.:c5 
0.129 
0.j5a5 
0. ?I 3 
0.270 
0.312 

+G.C06j ; 
+o. COI 6 
-0. cKlj3 / 
-0.0123 
-0.0187 / 
-@.G‘?65 : 
-G.G3:8 / 
-0,.C39? I 
-cJ.Q+~8 / 
-G.G5ijr6 I 
-1?.060j ! 
-O.OGa!& / 
-0. CT!&1 1 
4.0758 j 
-O.OiB+ 
-CL 07VV ' 
-@.C;i53 ; 
-0.0687 
-0.0600 / 
-0*055a j 

~~~- 

, . . I ,  I ,  I , , , ,  , ,  . , _ , .  1, , , I  . . ,  , , , ,  , , ,  , , , , , , , , ,  / , , . . ,  , . , , ,  , ,  , ,  , , , ,  I  



Table I (Cc&d) 

Spare Tips 
_ --__ 

Large Endplate. sm.ll Edplates Txp Tanks 

P = 24.8 Atmx ‘P = 24.5 Atmos .P P 
pva = 354.5 lb/q ft PVa 

= 24.5 Atnos = ah.5 Atmos 
= 354.5 lb/sq ft 354.5 lb/q ft pv2 = 354.5 lb/sq ft 

V = 80.3 f.p.s. V = 81.0 f.p.s. 
pV2 = 

V v 
R = 12.7 x 10~ R = 12.6 x 10~ 

= 80.0 f.p.96' = 50.75 f.p.s. 
R = 12.98 x IO R = 12.72 x 10~ 

- - 

a CL %I %I a CL CD cm a CL, CD c, a CL c, cm 
-- *_- .---- 

-2.45 -0.161 O.Dl39 -0.0010 -2.45 -0.165 0.0145 +O.OOZL+ -Z-l+5 -0.167 0.011+!+ +0.0011 -2.45 -0.178 0.0149' LO.0081 
-1.2 -0.093 0.0113 -0.0035 G.2 -0.095 0.0122 -0.co17 -1.2 -0.095 0.0123 -0.0027 -1.15 -0.103 0.0126 +0.0013 
+0.05 -0.023 0.01~ -0.0061 +O.Q -0.023 i 0.0111 -0.0060 +0.05 -0.023 o.cno7' -0.~065 +3.05 -0 026 0.0111 -0.0056 

1.2 +o.q7 o.olcr, -0.0~86 j 1.2 +O.C&8 0.0112 -0.0101 1.2 +o.o!+y 0.0106 -0.0100 1.2 +0:051 O.Clo8 -0.012.!& 
2.45 0.116 o.cn10 -0.0110' 2.45 0.119 0.0120 -0.Ol41 2.45 0.121 0.0118 -0.0136 2.4 0.126 O.OlZj -0.0188 
3.7 0.186 0.0131 -O.Cn& 3.65 0.194 0.014 -amy+ 3.65 0,190 0.0138 -0.0179 

2:: 5.95 

0.202 0.0142 -0.0260 

i-T . 0.257 0.323 0.0163 -O.O-l75 -0.0205 4.85 6.05 0.260 0.331 O.OZO!+ 0.0167 0.0208 -0.0231 -0.0273 4.9 6.05' 0.333 0.259 O.Ol& 0.0206 -0.0259 -0.0216 0.275 0.351 O.Ol81 0.0232' -0.0321 -0.0386 

z5 : 0.395 0.463 0.0260 0.0319 -0.0275 -0.02+0 7.25 8.45 0.474 o.w+ 0.0266 0.0336 -0.0322 -0.0368 7.25 8.5 : 0.472 0.403 0.0263 0.0328 -0.0300 -0.O~i.Z 7.15 8.35 0.426 0.5ck 0.0296 0.0374 -0.0;53 -0.C525 
9.7 0.530 0.0396 -0.0311 9.65 0.539 o.w% -0.0&3 9.65 1 0.538 0.0!+05 -0.0378 9.5 0.568 o.oi.66 -0.0593 

10.95: 0.596 O.c&81 -0.0~ 10.85 0.611 o.i&yo -0.~~+50 lo.9 0.606 0,0?+85 -O.c&ll, 10.75 c.637 0.0582, -0.0669 
12.15 0.662 0.0574 -0.0373 12.1 0.674 0.0600 -0.0!&.87 12.1 0.673 0.058!+ -o.c$l+& 11.95 0.699 0.0723 -0.0722 
13.3 0.720 0.0677 -0.0395 13.3 0.738 0.0709 -0.0519 13.35 0.739 0.0685 -0.0!+65 13.2 0.757 0.0863 -0.0745 
14.6 0.786 0.0793 -0.Q.15 14.5 0.797 0.0&3 -0.0525 14.55 0.79,. 0.0811 -0.&.79 14.35 0.820 -0.0781 
15.8 0.868 0.106~ -0.~95 15.8 0.839 0.108 -O.olcYl 15.8 0.851 0.1055 -O.Q+79 15.5 0.868 

0.1Gj5 
0.1275 -0.0775 

17.1 0.883 0.171~ -O.D++Q 17.1 0.869 0.158 -0.q.07 17.1 0.876 0.148 -0.a+09 16.95 o.$KZ -0.0709 
la.5 O.VQQ 0.235 -0.0354 18.5 0.881 0.218 -0.0326 18.5 0.891 0.216 -0.0326 18.3 o.yj8 

O.1555 
0.223 : -0.0630 

19.8 0.908 0.279 -0.0319 19.8 0.897 0.266 -0.0289 19.8 0.913 0.264 -0.0299 I 9.6 0.962 0.265 -0.0588 
21.05 0.927 ,0.316 -0.0329 21.1 0.901 0.3% -0.0295 21.1 0.917 0.306 -0.030!& 20.9 0.976 0.322 -0.0596 

- 

Table II/ 



Table II 
,-.--- . ..___ -_-.---__--- ..__ -_-.-- _._-. --.-_-_--- ..______.___ _.______ --._---------- ----___ 

I No vires Yith Thick Transition ??ires 

t 
__--- -.-- -- -------- -----__-_---I_-- ._.______- - 

---7 I 

t 

i ’ 
= 1 Atmos P - 1 Amos P = 2.21 Atmos P I 

pP = 12.07 lb/sq ft p-f = 12.07 ib/sq ft 
I .v = 72.1 f.p.s. v = 72.3 f.p.s. 

P; = 24.7 lb/sq ft 
= 3.23 Atmus 

P? = 34.2 lh/sq ft 
= 68.8 f.p.s. V = 68.1 f.$.S. I 

! R = 0.51 x IO6 R = 0.51 x I?". R = 1.08 x IO6 R = 1.52 x 10~ I 

i--- I---- _- __-.--._-.--__-_ --_-_____-~---._~-~.l_l_--- __ 

i a CL CD G m a '1, 'D C, a CL CD C, a CL CD %I f _---. ~-~--- ----.--- - ._.--. .-----.--tie.-- ___~_____.__ ---- ____. __ _~-_----_--_-- - -.-!. 
1 -2.4 
' -1.1 

-0.148 0.0162 -0.0059 -2.4 -0.150 0.0494 -0.oc21 -2.45 -0.159 0.0183 -0.0033 -2.45 -0.lbl 0.0173 -O.OOjy / 

! +0.1 
-0.083 0.0145 -0.0062 -1.1 -0.083 0.0174 -0.0043 -1.15 -o.oyo 0.0155 -o.ooy, -1.15 -0.091 O.Olyc -0.0057 I 
-0.014 0.0128 -0.0069 +0.1 -0.016 0.0167 -0.0058 +0.05 -0.022 0.0145 -0.0074 co.05 -0.022 0.3141 -0.0074 : 

F 1.3 +0.052 0.0128 -0.0076 1.3 +0.052 0.0168 -0.0077 1.25 +0.0&7 0.014y -o.ooyo 1.25 +0.0440 0.0141 -0.3091 j , 

2.55 0.115 0.0137 -0.0061 2.5 0.120 0.0180 -0.0097 2.5 0.116 .0.0155 -0.0108 2.5 +0.112 0.0155 -0.0108 e.. 

3.75 0.178 0.0165 -0.0074 3.75 0.186 0.0~01 -0.0122 

5.0 0.247 0.0205 -0.0112 5.0 0.252 0.0227 -0.0128 ;2:;5 
0.183 0.0171 -0.0127 3.7 0.181 0.0171 -i;.Olu, I" 
0.250 0.0207 -0.0138 4.95 o.z+y O.C'102 -7.0140 ; ' 

6.15 

I 266 

;-;P& 0.0257 I;.;;~: 6.15 0.315 0.0227 -0.0132 6.1 0.318 :0.0250 -o.oiC.!+ 6.1 0.315 0.3247 -0.0157 
0.0335 . 

01470 O.OL87 87:: 
0.381 O.OyCO -0.0138 7.35 0.383 . - -0.0161 7.35 0.3SO 0.0395 -0.0171 * 

-0.0252 0.459 0.0510 -0.0213 8.55 0.448 '0.0389 -0.0180 8.6 , 0.447 0.0362 -3.018y . 
0.536 0.0678 -0.0261 9.8 0.528 0.0706 -0.0238 9.75 0.525 ,0.0572 -0.0250 9.75 0.5Ud "a-53 -0.0202 ; 
0.598 0.0897 -0.024 11.0 0.604 0.0873 -0.0232 IO.95 
0.651 0.111 -0.0206 12.25 0.660 0.113 

0.602 0.0814, -0.0279 11.0 0.5E5 0.0672 -0.0276 ; 
-0.01yy 12.2 0.655 0.0925 '-3.0296 j 

0.702 0.135 -0.0159 13.5 0.701 0.137 -0.0159 13.45 
0.666 o.1065 -0.02&!+ 12.2 

0.749 0.162 -O.Oljl 14.7 0.756 0.162 -0.0151 14.65 
0.725 0.1315 
0.763 0.159 

-0.0202 13.45 ; 0.712 0.1215 -0.0276 
-0.0172 14.65 

0.788 0.192 -0.0140 15.95 0.795 0.217 -0.0142 15.9 0.808 0.189 -0.0162 15.85 
0.766 ti.155~ .-0.0220 / 
0.805 0.235 --0.0173 ; 

-- -.------_.-_~ ______-_ ________ ______- -_--__-_-.-- .------ L -_-- .: 

All these runs with square tip configuration 

Table TI (Cant*&)/ 

;, ,, ,,,, 



P = 0.99 Atmos P = 3.10 Atmos P = 4.18 Atnms P 
pv" = 12.1 lb/sq f't P‘J" = 34.2 Ib/sq ft. PV2 

= 8.4J AImx 
I = 49.2 lb/sq f't PVZ = 98.95 Ib/sq ft 

/ 
V v = 

; = = 71.5 0.51 f.p.s. x IO" v = 67.2 f.p.s. R = 4.36 x IO6 / = 1.55 x IO" 
= 70.4 f.p.s. 

R _9 = 2.12x106 
72.4. f.p.s. 

/ 
-- ---.---- _: --. .--- ..---- --------. ----.-._-- . ..-- ---.. - - -. -_- .-- ____ -- -_ ..-. -__ - ._ --. 

a ?L CD cm a -.-_-. ---...----c ---. --_.----- CL CD C a 
-.~.--- _______ _m CL CD 'rn a CL CD C m 

----__- -.. . .-..--.--A-.. .-----..-- ----------._ _.---- ---; ___. _. 
-2.!& -0.142 !0.017~+ -0.~069 -2.45 -0.159 0.0172 -0.0036 -2.45 -0.160 GO161 -O.OOfsc -2.45 -0.159 0.0149 -0.0328 ! 

j -1.1 -0.078 ;0.0156 -0.0072 -1.15 -0.089 0.0147 -0.0056 -1.15 -0.091 .0.0137 -0.0053 -1.15 -0.0~1 0.013d -v.oo&v j 
: to.1 -0.012 .0.0143 -0.0075 40.05 -0.023 0.0136 -0.0073 +0.05 -0.023 0.0125 -0.0071 +0.05 -0.021 0.0117 -0.0068 : 

1.3 +0.053 o.ow+ -0.0079 1.25 +0.048 0.0141 -0.0095 -1.25 +0.046 :0.0128: -0.0090 1.25 ,+0.047 0.01-17 -0.0090 ! 1 
2.55 0.118 '0.0158 -0.0082 ' 5 0.115 0.0150 -0.0111 2.5 0.114 j '0.0133 -0.0109 2.45 0.115 0.0125 -0.0113 

3.7 O.lS3 O.Oll+7 -0.0141 
: :*i5 0.251 ,0.0213 -0.0124 1.95 0.249 0.0199 0.0147 L.95 0.250 0.0191 -0.0149 4.9 0.253 0.0183 -0.0171 j 

0.183 ,@.0175 -0.0100 ;:7 O.l&+ 0.0166 0.0133 3.7 0.182 lo.0158 -0.Oi32 j 
< 
, 

6115 0.320 .0.0263 -0.0153 6.1 0.317 0.0238 0.0162 6.1 0.316 -0.0169 6.1 ' -0.3201 '0.0231 0.319 0.0225 : 
7.35 0.386 0.0327 -0.0169 7.35 0.382 0.0286 0.0176 0.383 0.0283 -0.0188 8.55 0.462 .0.0488 -0.0227 8.6 0.443 0.0347 0.0186 '8';: . 0.452 '0.0343 -0.0208 2:: 0.457 ?.oy+b -0.027c ; 0.389 0.0275 -0.0235 * 

9.8 0.531 0.0685 -0.0246 '0.0417 9175 i 7.75 0.508 0.0438 0.0205 9.75 0.517 -0.0231 0.524 3.0416 : -0.0314 
, 11.0 0.596 ,0.0878 -0.0229 11.0 0.580 0.0642 0.0272 11.0 0.581 O.C504 -0.0248 10.95 0.592 0.0502 -6.3357 ! 
I 12.25 0.653 .O.IIO -0.0196 12.2 0.658 0.08yy 0.0303 12.2 0.&+3 0.0630 -0.0280 12.2 0.658 0.0594 -0.0401 1 
; 13.5 0.694 0.135 -0.0152 13.45 0.712 0.119 -0.0292 13.45 0.716 '0.0870 -0.0364 13.4 0.725 O.C7J2 -3.0447 ; 

/ 

$4.7 0.742 0.161 -0.0145 14.65 0.768 0.152 -0.0250 14.6 0.782 0.116 -0.0414 14.6 0.789 0.0817 -0.0491 1 

! 
15.95 0.793 0.191 -0.0141 15.85 0.838 0.204 -0.0325 0.828 jO.150 / 15.85 -O.&l3 15.85 0.853 3.04~ -0.0542 

-----~- -..-_. --.-... .-.-..-._:---- - . . . . - ..- ---- .--.-- .-* -__.___.____. - __~ ._ .- ._-.-__-__~---.-c. _.--..-- ----_ .-_- - ._ __- ^._. 

All these runs with square txp conflgwatlon 

Table III/ 
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Table III 

Values or" 0, taken from Smoothed Curves 

-- ---- -- 

% : cu % “CD %I "a, ; c, "% -u --- -- -- 
Square 

: Tips Large Endplates Small Endplates I pI;Lng Tip.Tanks 
- -- 

R = 1.05 - 

0.002 1 0.0112 ’ : +o.c008 
:%i : 0.0114 : 0.01255 : 0.0144 i 0.0002 i 0.0120 

0.008 1 o.o1155 

0.0?28 
0.0130 

0.0014 0.0013~ ' 0.0116j 

i 
0.01 j 0.0120 0.01175 

; : 
0.0135 0.01325 

0;00145 0.011B5 

: : 0.00025 : 0.0122 
0.0003 

O.coO8 o.oooB 

0.0015 i : 0.0123~ 
. O.OOl5 0.01215 

o.oocQ 0.0008 

0.02 : 0.0131 
0.0124 ; ‘ ' 0.012j5 o.ooo!+ 0.0127 0.0007 

0.0147 0.0016 
0.03 1 

i ' 0.0007 0.0139 o.ocO8 

Q.ab ; 0.0153 0.01425 

0.0138 
0.0159 0.0151 . 0.0008 : 0.0010 
0.0170 0.0017 0.00165 o.ol63 ! 0. oo105 I 0.0165 0.01525 o.co12 

0.06 
0.08 i O.Ol745 0.0195 

; 0.0017 0.0186 : 0.0190 
: 0.0011~ 

0.00155 
0.0020 

0.10 : 0.0216 : 
0.0213 o.ols1j 0.0010 '0.0209 0.0014 0.0215 

0.15 ; 0.0275 
0.0233 0.0017 0.0231 0.0015 0.0239 0.0023 
0.0289 0.0014 ~ 0.0289 0.0014 : 0.0305 0.0025 

0.20 @.@345 
0.25 ; j o.O+78 

0.0363 o.0018 0.0361 0.0016 0.0385 0. oo!&o 
0.0478 o.ck7.79 

0.30 : 0.06~5 : 0.06!+0 :: EC1 j 0.0630 
1 0.0001 O.WO o.oco2 

0. 0oc.G 0.0592 -0. 00% 
0.35 . 0.0778 0.0788 0.0012 0. oaa+ 0.0022 0.0726 -0.0056 
0.40 0.0922 0.0940 0.0018 0.0966 0.00!+6 0.0880 -o,oiI+2 
0.45 0.108j 0.1120 0.0037 0.1147 0. OOQ 0.1039 -0. ca4 
0.50 0.1265 0.1313 0.0048 

0.13% 
0.0069 0.11 Y+ -0.0071 

0.55 0.1482 0.1599 0.0117 0.1620 0.0138 0.1369 -0.a13 

Yl = 2.0 
---..A_- ._ 

-- 

0.002 i o.olo55 0.0002 
0. OQk ' 0.0108 

; 0.01095 
0.0112 

co.ooo65 i 0.01075 
0. 00% ' 

: +0.0002 i O.OlO75 
0.006 0.01105 
0.008 0.01135 0.01145 0.0117 

0. ooc& ' o.01115 
0.00035 0.01145 

' 0.00035 o.ooc& 0.01105 0.00025 
0.0113 

0.0117 
0.0003 0.0116 0.00025 

0.01 0.0117 
: 

i 0.0120 0.0003 : 0.0120 ' 0.00035 0.0119 0.00025 0.0002 
0.02 . 0.0131 0.01325 0.0001 0.0003 
0.03 0.0145 0.0145j 

0.00015 0.01% 
0.0 0.0148 0.00@3 

52 : 0.0181 0.0157 0.01585 
0.00005 j ; O.Olj2j 0.0145 

O.OlH2j 
0.00015 : 0.0157 

0:08 0.00015 j 0.0180 
-0.0001 0.0 0.0161 o.ooch 

‘ 0.020$ 
' -0.0001 0.0187 0.0006 

0.0213 
' 

o.ocQy 
0.10 0.0226 0.0225 0.020&5 

: 0.0203 

0.02805 
-0.0001 o.ooOcI5 0.02255 0.0012 

0.15 0.0282 
0.20 0.03355 

-0.oQo15 0.0282 
: -0.00005 0.0238 

0.0 cl.0303 0.0021 
0.0337 +o. 0001 0.0335 

Q * ',r 13 0. ojy1 0.0395 0.0@o!t j 0.0390 
-0. ooooj 0.0367 
-c. 0001 0.~37 

0.00315 
0.0%6 

0.30 o.Q.55 
0.35 * o.oj21 

o.cv,595 0.00035 o.O!v!+.B -0.0007 0.0515 0.0060 
0.0522 0.0001 0.0508 -0.0013 0.0607 0.0086 

0.40 0.0586 0.0588 0.0002 0.0577 -0.0009 0.0698 0.0112 
0.45 0.0658 0.0661 0.0003 0.0664 +0.0006 0.0800 0.0142 
0.50 0.0730 0.0780 0.0050 0.0770 0.0040 o.oyoo 0.0170 

Table III !cont'd)/ 



R = 4.1 ___.-_--- _- ____.--- -. --_- 
0.002 0.0107 0.01075 +0.00005 0.01065 

0.01095 0.0110 0.01095 
-0. oooo5 0.0108 +o. 0001 

0. oc$ 0.0000~ 0.0 o.01105 +o. 0001 
0.006 0.01125 0.0113 
0.008 

0.00005 0.0112 
0.0115 0.0117 0.0002 

-0. oooo5 

o.oqt3 
0.01 lLt5 -0. oooo5 

;:g? c to” 

-0. cooo5 0.0117 : 0.01 0.0117 -o:oooo, 
0.02 

0.01175 
0.0129 0.01295 

0. cm05 
0.01%9 0.0 0.0130 : +0.0001' 

0.03 0.01405 0.03L 
3 

0. oooo5 
0.0001 0.0141 0.0143 ! 0.0002~ 

0. % 
0.06 0.01515 0.0173, 

0.015 
0.0174 

0.00015 0.0153 
+o. oooo5 
0.00015 ;.;;;,"5 0.0005' 

0.0007c 
0.08 
0.10 

0. 01 75; 
0. oooo5 0.0175 0.00015 

0.0195 
0.0216 0.0214 

-0. oooo5 0.0137 
-0.0002 0.02165 

0. GO01 5 
0:02cY+ 

0.0008; 
0.00005 o.02275 . 0.0011; 

0.15 0.0271 0.0265 -0.0006 0. 
0.20 0.0326~ 

O.O%?-5 0.0013; 

0.03205 
-0.0006 0.0318 o"6!#.5 -0.00065 

0.03Lo 0.0013; 

0.25 0.0383 0.0376 -0.0007 
-0.00085 

0.0375 -0.0008 0. wh 0.0021' 

0.30 0. c!+l!+.o 0. cb29 -0.0011 a.0432 -0.0008 O.Q+71 0.0031 

0.35 0.0552 O.c&Y65 0.0464 0.40 
0.0540 

-0.00125 0. WY 0.0539 aoa&2c 

-o.oo.l2 0. w+.7 
-0. ooo75 
-0.0005 0.0607 0.0055' 

0.45 ~ 0.0613 0.0578 -0.0015 0.0607 -0.0006 0.0685 0.0072 

0.5c 0.0672 0.0670 -0.0002 0.0662 -0.0010 0.0763 0.0091 

0.55 0.0732 0.0744 +o; 0012 0.0724 -0.0008 0.0&+7 0.0115 

0.60 0.07Y4 0.08145 o.oo205 0.0792 -0.0002 0.0934 0.0140 
0.65 ' 0.9356 0.0861 +0.0005 0.1%5 0.0189 

0.70 0.0953 
0.08795 
0.0990 

0.00235 
0.0057 0.09!+2 +o. 0009 

-- __------- .-- -~ 

- 15 - 

Table IT1 (Cd'd) 
._-- .--- .--. --- -- --- -- _-- -.- .___. _-- I 

G CD % A% co "CD 5 A% 
.- .-;--------- ;---. ---_ ._- __-_ -_- . ..-. __...__ . _^________. --_., --.- ..__ ------ 

S~LlE3.l-e 
Tips Ii??ge Endplates Small JiMplates Wing Tip Tanks i ____ _ ---.--__ .--.-. .--. - -----4 

0.002 
0. 004 
0.006 
0.008 
c. 01 
0.02 
0.03 
O.C& 
O,c6 
0.06 
0.10’ 
0.25 
0.20 
0.25 
0.30 
0.35 
C.&O 
0.45 
0.50 
0.55 
0.60 
0.65 
e. 70 

0.0105 
0.01065 
0.0107 
0.0109 
0.01 IO 
0. 0119; 
O.Oi30 
0.01405 
0.01615 
0.01825 
0.02025 
0.02565 
o.ojv+ 
0.0370 
O.Q.23 
0.c476 
0.0230 
0.05S85 
0.06!+65 
0.0706 
0.07665 
0.0029 
o.ogoo 

__-- --_ -_ __, 

0.0?105 
0.01115 

-I-o.00055 
0.0005 

0.0113 o.Ooo& 
0.0115 0.0006 
0.0117 
0.0127 

0.0006~ 

0.01375 
0.00075 

0.011,8 
0.00075 

0.0166 
0.00075 

0.01885 
o.00065 
0.0006 

0.0:?08 
0.02595 

0.00055 
0. 0003 

0.03135 
0.03675 

-0.00005 

O.Q+23 
-G.O0025 
0.0 

o.OL795 
0.05% 

+0.00035 
+o. ooc!+ 

0.05885 0.0 
O.OQI.45 -0.0002 
0.0708 +0.0002 
0.0777 
0.0844 

0.00005 
0.0015 

0.0939 0.0039 

0.0109 
0.0111 
0.01125 
o.olli+j 
0.01165 
0.01265 
0.01375 
0.01475 
0.01695 
0.0191 
0.02105 
0.0260 
0.0312 
0.03695 
o.Om5 
0.0476 
0.0526 
0.05825 
0.0639 
0.0698 
0.07565 
0.0825 
0.0906 

0. oocr, 
0. oocft5 
0.00055 
0.00055 
0.0006 
0.0007 
c.00075 
0.0007 
0.0008 
0.00085 
0.0008 
o.00035 

-0.0002 
-0.00005 
+0.00015 
0.0 

-0. OOQ. 
-0.0006 
-o.ooo75 
-0.0008 
-0.0010 
-0. oocY+ 
+0.0006 

0.01:35 0.00085 ' 
0.0115 0.00085 
0.01165 0.00095 
0.0118 o.ooog 
0.0120 0.00095 
0.01285 0. ooG9 
0.01385 0.00085 
0.0149 o.ooas5 
0.01705 0. 0009 

3.0192 ET95 0.02115 
0.02685 0.0012 
;;;;;5 . 7 0.0016 0.00125 

0.0448 0.0025 
0.0511 0.0035 
0.0583 0.0053 
0.06605 0.0072 / 
0.0742 0.00955' 
0.0827 0.0121 
0.0918 0.01515 
0.1007 0.0178 
0.1105 0.0205 

-. 

Table 41 (Cont'd)/ 
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Tc?.ble III (Cont'd.) 

cc CD CD ACD CD ACD CD AcD 
.--w- I- - -. ~_I_ II--" I _-II_- __" ll._ ._-- - -_---- -"-"--- .__.I __. 

Scp.re 
Tips Large End Plates slmll End Plates King Tip Tanks 

R = 10.0 

0.002 
o.oc4 0.01045 0.0106 
0.006 0.01075 
0.008 0.01oy 
0.01 0.0111 
0.02 0.0120 
0.03 0.0130 
0.04 
0.06 

0.01405 
0.01625 

0.08 0.01855 
0.10 0.0208 
0.15 0.02595 
0.20 0.03115 
0.25 0.03665 
0.30 0.0423 
0.35 0.0478 
o.lf.0 0.0530 
0.15 0.0592 
0.50 0.0656 
0.55 0.0727 
0.60 0.07Y4 
o.c5 0.0856 
0.70 0.0918 

0.01oy 
0.01115 
0.0113 
0.01155 
0.0117 
0.01265 
0.01365 
0.0146 
0.0164 
0.01835 
0.0203 
0.02535 
0.0308 
0.0362 
0.0415 
o.w+72 
0.0526 
0.0584 
o.oe2+1 
0.0704 
0.0778 
0.0867 
0. ok3p111. 

0.0004. 
r' 0. ooo> 3 

yJ&5 

0:0006~ 
0.00065 
0.00065 
0.00055 
0.00015 

-0.0002 
-0.0005 
-0.0006 
-0.00035 
-0.00045 
-0.0008 
-0.006 
-0. ooolt 
-0.0008 
-o.oo-i5 
-0.0023 
-0.0016 
+0.0011 
-O.OO& 

o.oios- 
0.0110' 
0.01115 
0.0113 
0.0115 
0.01235 
0.01335 
0.0143 
0.01635 
0.0184 
0.02045 
OaO256j 
0.03105 
O.Oj& 
0.01l.195 
0.0476 
0.0530 
0.05265 
0. of&o 
0.0696 
0.0757 
0.0838 
0.0886 

0.0004 
0.0004 
0.0004 
0.0004 
0.0004 
0.00035 
0.00035 
0.00025 

+0.0001 
-0.00015 
-0.00035 
-0.0003 
-0.0001 
-0.00025 
-0.00035 
-0.0002 

0 
-0.00055 
-0.0016 
-0.0031 
-0.0037 
-0.0018 
-0.0032 

0.0115 
0.0116 
0.01175 
0.01195 
0.0121 
0.0130 
0.01395 
O.Oll+Y 
0.01695 
0.01y1 
0.0213 
0.02685 
0.0324 
0.0380 
0.0442 
0.05115 
0.0582 
0.0662 
0.0736 
0.0822 
0.0916 
0.1016 
0.1126 

0.00105 
0.0010 
0.0010 
0.00105 
0.0010 
0.0010 
0.00095 
0.00085 
0.0007 
0.00055 
0.0005 
o.oooy 
0.00125 
0.00135 
0.0019 

"o*g;;5 
. 

0.0070 
0.0080 

f$ ,"1"2' 2 
0:0160 
0.0208 

--_-.,--__- --l-.-__l_ll.----.--------_.--. -._- -- 

i? = 12.0 
-.- --- _e---__-- 

0.002 
0.004 

0.0105 
0.0106~ 

0.006 0.0108' 
0.008 
0.01 

0.0109~ 
0.0111 

0.02 0.011y 
0.03 0.013 d 
0.04 0.0140 
0.06 0.0161 
0.08 0.018 
0.10 

4 
0.0202 

0.15 0.02% 
0.20 0.0:11 
0.25 0.0368 
0.30 0.0426 
0.35 0.0483 
0.40 0.0538 
0.45 0.0592 
0.50 0.0648 
0.55 0.0713 
0.60 0.0781 
0.65 0.0863 
0.70 0.1001 

0.0111' 0.0003 
o.01125 0.0003 
O.Oillc o.oooj, 

0.01y o.01225 
0.0003 

O.Oll+d 
0. 00015 

0.01595 0. -0.0002 oooo5 

o.01p5 -0.00045 
o.o1y'3 -0. OOOL 
0.02.8 -0.0006 
0.0301 -0.0010 
0.0355 -O.OOlj 
0.0412 -0.00111. 
o.w+68 : -0.0015 
0.05&5 0.0522 : -0.0008 -o.oo155 

0.0645 ' -0.0003 
0.0707 -0.0006 
0.0776 
o.oaQ+ 

-0.0005 
+o .OOOl 

0.0990 -0.001 I 

0.01075 
o.010y5 
0.0111 
0.0112 
0.01145 
0.0122 
0.01315 
0.0139 
0.0156 
OS0175 
o.w45 
0.0246~ 
0.0300 
0.0356 
O.&l2 
o.a+65 
0.0518 
0.0577 
0.05& 
0. osg?, 
0.0755 
0.0829 
0.0368 

+O.OOO25 0.0110~ +0.0005 
0.0003 0.0111, 0. ooo? 
0.0003 0.0113' 
0.0003 
0.0003 

o.01145 
0.0116 

o.oooj 
0.0001 

o.01255 
0.0136 

-0.0001 0.0146 
-0.00055 ' o.o1665 
-o.ooo75 

-"*ooo75 -o.ooo75 

0.0A875 
0.0207 

-0.0011 
0.02605 

-0.0012 0.0316~ 0.0377 
-0.0014 O.ol&l 
-0.0018 ' 0.0505 
-0.0020 . 0.0575 
-0.0015 0.0652 
-0.0011, j 0.0738 
-0.0019 ' 0.0828 
-0.0026 , 0.0919 
-0.00% 0.1013 
-0.0033 I 0.1226 

0.0005 
0.0005 
0.0005 
0.0006 
0.0006 
0.0006 
0.0005 
0.0005 
0.0005 

2 :::? 
0. ooog5 
0.0015 
0.0022 
0.0037 
0. co60 
0.0090 
0.0115 
O.Cl38 
0.0150 
0.0225 

1 

Tabie III (Cont'd.)/ 
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Table III (cont'd.) 

-- -- _-.- --_--. -__-__ - -- 
6 CD 4 LCD cD *c~ CD AcD 

---- -- 
SCpEll-C 

TIPS Large End Plates ,%xlll End Plates limg Tip Tanks 
------- __--___-- __ -̂--- --- 

pi = 12.7 _.-~ __-_-__- 
0.002 : 0.0102 
0.004 . 0.0103 
0.006 
0.008 

0.01045 
0.0106 

0.01 0.0107 
0.02 0.0117 
0.03 : 0.0127 
0.04 0.0137 
0.06 0.08 ;*;;;;5 

0.10 0:0199 
0.15 0.0252 
0.20 0.03OG 
0.25 
0.30 

0.03605 
0.0418 

0.35 
0.40 

0.04745 
0.0532 

0.45 0.0593 
0.50 0.00+8 
0.55 0.0706 
o.co 3.0770 
0.65 0.0845 
0.70 0.097L 

0.0111 
O.Oll25 
0.0114 
0.0116 

;.;;;p 

o:or36: 

;.;;'t;5 

0:0179 
0.0196 
0.0250 
0.0308 

0.000 y 
0. ooo?5 
0. ooog5 
0.0010 
o.oolo5 
o.ooog5 
0.0009, 
0.0008; 
o.ooo45 
0.0001 

-0.0003 
-0.0002 
+0.0002 
+o.ooo35 
-0.0002 
-0.0006 

0.0523 -0.0009 
0.0586 -0.0007 
0.0651 +0.0003 
0.0717 0.00'l1 
0.0788 0.0018 
0.0872 0.0027 
0.1050 0.0076 

o.o-iGG5 
0.0:08 

0. ooo45 
Q.QQQ5 

0. 
0.0111 010v5 

0.0005 
0.0005 

0.0113 0.0006 
0.0123 0.0006 
G.Ol33 0.0006 

-O.Ol&? 0.0005 
0.01595 +3.0002 
0.0178 0 
0.0196 -0.0003 
0.0247 -0.0005 
0.0303 -0.0003 
G.035Y5 -0.0001 
0.04415 -0.0003 
0.0467 
0.0523 -o.ooo75 -o.ooog 
0.0580 -0.0013 
0.0637 -0.0011 
0.0690 -0.0016 
0.0762 -0.0008 
0.0852 +0.0007 
0.0988 +0,0014 

0.0108~ 
' 0.0110 
; o.01115 
. 0.0113 
: 0.0115 

.' 0.0124 
. 0.01% 

O.Ol& 
o.o164-5 
0.01855 
0.0207 
o.02605 
0.0317 
0.0374 
0.0437 
0.0502 

, 0.0574 
0.0657 
0.0741 
0.0827 
0.0910 
0.1010 
(1.1126 

0.00065 
0.0007 

~ 0.0007 
0.0007 
0.0008 
0.0007 
0.0007 
0.0007 
0.0007 
0.0008 o.ooo75 

0.00085 
0.0011 
0.00135 
0.001y 
o.oo275 
0.0042 
0.0064. 
0.0093 
0.0121 
0.0140 
0.0165 
0.0152 

- - - I -  1” - _ - - - - I - . - -  “ - -1--1 _ . - . -  -  - -  - - - -x_ I  - - - - . -  - .__--  ___ _---_- __._. - - - - - - -  . . 

Table IV/ 
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Table IV 

Without Transxtion !lires 
-_--_---_ -__--_- _______ ---__- 

ISlope of s-CL2 Curves (Smoothed) 

-_I --.. 

Slope Ratios 

R 
(Approx) 

12.7 
12.0 
10.0 

t:: 
2.0 
1.05 

:Square Tips :Largc Plates :&ml1 Plates Tip Tanks b/a . da 
a b ~ c a 

-, 
0.1005 : 0.0875 . 0.092 0.104 0.871 0.916 
0.1025 0.090 0.094 OJO3 0.878 0.917 
0.1075 I 0.095 o.ogs 0.102 0.8fJ.4 0.912 

: 0.1045 0.104 
: 0.110 (0.117) 

0.115 (0.116) 
, 0.109 0.111 0.117 

I.035 
j.005 
0.949 
1.005 

[i:~gj 
, 

With Trensitmn Wires end Souare Tl~s 

r- 

-----_____------ -~--- 
Slope of c, ---c La Curves (Smoothed) Slope Ratios 

I No Wires Thm Wxes Thick Wires b/a da 
a b 0 

0.138 0.1145 0.099 0.830 0.718 
In no\ 

0.109 
\“.“J, 

1.5 - 0.995 
0.115 0.110 0.957 - 

0.110 0.110 1.00 - 
_____ ~-___-._____--.-_l--_l- --- 

Slope of CL- a Curves Slope Ratms 

0.5 0.0541 0.0537 0.0554 
1.1 

0.992 
0.0544 

I.025 

I"5 
0.0555 1.020 

0.0558 0.05% 
0.0550 0.0556 1.011 - 
0.0560 0.0561 1.002 - 

.-- 

Values of & (Smoothed Curves) 

0.5 0.0126 0.0142" 0.0166 
1.1 0.0111 (0.014)" 0.0146 
1.5 0.0138 0.0142 
lf:? 0.0102 0.0105 0.0116 O.Olui. 

High R 0.0103 %-rf?s not thick enough. 

Bracket-d values arc Marc it is dj.ffi.cult to decide what the value 
actually is. 
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C.P. NO. 196 

Comparison Between the Measured Lift and Dra(; 
and Calculated Values for the Wuy wxth Tip Tanks 

-KY- 
Dr. J. iieber 

It has been shown above (p. 3) that the changes of both lift 
slope and induced drag of the wine; with endplates can be predicted vvlth 
reasonable accuracy from the theory of Ref. 2. In the follomg, a 
similar oomparxson ~~11 be made for the wng with tip tanks where the 
caloulatlon method of Hartley3 1952, is wallable. 

Calculating the theoretlodl lift slope of the wing wth tip 
tanks by the method of' Ref. 3, one obtarns 1 .I5 tunes the lift slope of 
the wing alone. This value is only slyhtly hl3her than the experimental 
values given XI Fig. 5, the mean of whxh through the Reynolds number 
range 1s 1.13. A snail dxscrepancy of this order must be expected as a 
consequence of visoos~ty effects, partxularly x.n the sweptforward. 
junctions between wing and. tanks. Thus the large effect of the tanks on 
the lift slope which 1s found experimentally, can be explalned by the 
theory; thus confums the findings of Spence and Holford4, 1953. 

The calculated lift includes the effect of the lxx&s on the 
wng load and the load on the centre part of the tanks themselves. The 
change of the tail load on the tank due to the downwash from the wng 1s 
very mall ~fl the present case (ACL/~O = 0.0005) and can, therefore, 
be lyored. 

The theory of Ref. 3 g;lves a 259 reduotxon of the lnduoed drag 
due to the tanks. On the other hand, the drag of the tanks themselves 
can be expected to rue with aa. Therefore, the fmal result depends 
on how these two opposzng effects counteract one another; It cannot be 
predxted vuthout also knowmg the drag of the tanks. In the present 
case, the two effects appew to cancel one another and. the drag remans 
nearly constant at lar CL-values. At h-her CL-values, however, a 
large lnterferenoe drag arxses, mainly from unfavourable boundary-layer 
effects XI the sweptf'oryiard junotlons where large adverse pressure 
gradients behind increased suction peaks appear. Similar effects have 
been observed in Ref. 1. 

s 
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