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SUITEARY

In this roport results are givon of cxperiments carried out to determine
the effect, in respect of 1ift, drag and pitching moment, of wing tip tanks and of
tvo sizos of endplates on the taperced swept wing model olready cxamined and
described in Ref. 1,

The tests were undertaken primarily in crder to extend the range of R
for checks on the thecretical copsiderations of Ref, 2,

As regards 1ift and pitching moment the effects are found to be fairly
well cefined. The drag characteristics are however, less consistent but it appears
that endplates have the effect of reducing the drag of the model over guite a large
range of Cp. This does not apply in the case of wang tip tanks.

Introduction

The snvestigation follews the theoretical treatment of the effects of
endplates on swept wings as described in Ref. 2 and the experimental results
obtaincd at low Reynolds numbers at the R.AE., It was underteken in order to
extend lhe range of R of the tests on endplates and to obtain evidence relating
to typical wing tip tanks.

The tests were expected to 1nvolve the accurate measurement of quite
small differences, e.g., about 2% theoretical inerease in Cj, for the small
endnlates, 3% for the large ches, vith correspondingly accurate estimations (by
aifferences) of ACp for spocified values of CLQ.

The balance was lknown to be inherently capable of measuring such small
differencos wilh sufficiont accuracy, except perhaps at the lower Reynolds rumbers,
tut 1% was not known whether the readings would be sieady encugh for 1te full
scope to be utilized, Thas would depend on the steadiness of the flow pattern
en the model,

Model/
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th? experimental work was carried out before Dr, Jones retired from official
duties,
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Model

Most of the information relating to the model is given in Ref., 1 end 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 wing tips.

The four model conditions were as follows:-
(a) With square ended wing tips, i.c., parallel o the body centre line,
(b) with small endplates,
(¢) with large endplates,
(d) with wing tip tanks.
The end plates were respectively G.46 and 10.27 in. long, and 1.61 and
2,42 in, deep, the ends being semicircular (gross mean chord cf model 13,59 in.).
They were 1, S.W.G. thick and gymmetrically placed about the wing tip chord line.
The %ip tanks were 19,4 in. long with the meximum diameter of 2.42 an.
extending from 35 to 55% of their length. They had the same angle of incidence
as the wing tips and the mid points of their centre lines were situated in line

with the mid points of the wing tip chords.

Range of Tests

The main tests covered angles of incidence from small negative values to
high ones above the stall at Reynolds numbers ranging from 1F 1o 13 x 18,
Measurements include those of lift, drag and pitching moment.

Some measurements were also made up to R = 4 x 10°  with two sizes of
transition wires (0,01 and 0,016 in. dismeter respectively) at 107 local chord
from the leading edge on both surfacss.

Tables and Figures

Table T gives the ohserved results, for various angles of incidence up
to 21°, without the use or transition wires (observations were actually continued
up t0 27.5°); Table IT are those with transition wires as specified up to
&L = 160.

Tor a variety of reasons somevhat more scatter is present in the drag
veluss than is desirable for the purpose of estimating ACh. The procedure for
reducing any uncertainties involved, if time had been available, would have been
to carry out a fair amount of rcpetition of the observations after the first
results had been fully eveluated and examinod, As an alternative a further set
of values of Cp is recorded in Table IIIL, Those are obtained from smoothed
curves which, on the basis of past erperience are judged to be probably the best

smoothed curves.

For thc same reason Table IV is included giving what are considered to
be the best values of the slope and slope ratios of the Cp—-— ? curves in
the lover range of Cp. The points ere also plotted in Fig. 6 but the table
assists 1n the indication, by bracketed values, of vhere 1t is somewhat difficult

to docide just what the valuoc actually is.

Table IV gives the correspondang propertres when transition wires are
applied. The slope valucs are also piotted in Fig. 6.

Tha/
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The figures in genoral are self oxplanaotory. In particular, however,
Flg. 7 shows typical curves at a high valuec of R for the variations of A wath
C1” 1in respect of the three tip forms.

In Fag. 3 the scquence of the curves is different from that in Figs, 2
and 4 and this difference is not to be taken as boing duc to a misprint.

Results

The samo values of § ard ¢ have been taken as fer the original model
irrespective of the wing tap confaiguration.

Typrcal curves of Cp-——ga, Cp——=Cy, Cp C; and Cp~——0Cp® at
R = 12 x 10° are shown in Figs. 2, 3 ond 4., Generally speaking the major scale
effects on the main characteristics appear in the range up to R = 4 x 10°, It
will be noticed that the dip in the Cy-—Cy curve at Cp = 0,8 to 0,9
disappears with the Citting of cndplates or tanks.

Scale effoct on EICL/da is not large and on the ralios of the slopos is
quite small (Fig. 5). The ratio 1s fairly constant ac 1,025 for the small endplates
and varies from 1.05 at low R %0 1.035 at high R for the larpe plates. Tt 18
much higher for the tap tanks. The theoretical values mentioned carlier are 1.022
and 1.032 and refer to the ratio of values of C; which, however, as this 1is not
a strictly symmetrical modcl, is not the same as the ratio of slopcs. Crmax
generally eccurs at angles of incidence greater than 21°,

Curves of Cppsp—R, taken from the smoothed curves, are also given
in Fig. 5 and follow o normal pattorn. Values of 4 Op/d C;? and their ratios
arc plotted in Fag., 6. Scaole effect is considerable and the effect of ondplates
and teadks is not entire consistent. The attachments result in on increased slope
up to R = 7 or 8 x 10 and o decrcased slope above this.,

For the prosent purpose however the rclations betweon ACh and C 2
are of greater intercst., It 18 known that in many cases the fittaing of endplatcs .
can lead to a reduced drag at convenient valucs of CL' The curves of ACp CL
show apeoreciable scale cffect and the lanear range is sometimes rather uncertain.
Only ithe curves for R = 12 x 10° arc therefore roproduced in the present report
(Faz. 7). On two of thosc the straignt lines through the origins indicate the
slomes onticipated from the considerations of Ref. 2. Further consideration is
rcequired from the theoretieal aspect.

Generally specking, except at the lower Reynolds numbers, ACD with
endrleies has negative volues for an appreciable range of Cp. Wath tip tanks
ACD 13 always positive and ancreascs rapidly with Cp, at lew R but remains
clmost constant up to Cp of roughly 0.45 at high R.

The effcet of transition wires on 4 Cp/d C.® is shown in Fig.6. As
would be cxpected the slope is much roduccd but to o valuc even lower than at
top R. It may be noted that at R = 1.1 x 10°  vaolent fluctuations shewed that
the thin wires wore barely thick aenough. Nevertheless, at R = 1.5 x 106, the
thick wires gave a highor value than ihe thin, both slopes being quite well defined,

Conclusion

Tho rosults prescented in' this report cover the effect of endplates and
t1p tonks on the three basic characteristies of an aircraft for a large range ef

R and of a.

They ore given in some detnil becausc of the desire to link them with
ihe theoretical conclusions of Ref., 2. Although the inherent precision of the
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C.A.T. balance is very great, the extreme accuracy reguired for this particular
investigation would have rendsred further check measurements desirable if time
had permitted and if the model had not introduced some uncertainty in not being
symmetrical (see Fag. 1),

The roesults have, however, been fairly carefully checked for observation
and colculation errors, and suggestions cre mnde as to the best smoothing of the
curves where sore scatter of the points is present. Cleser identification of
the best smoothed curves can be obtained if desired by superposition of the
observations for scveral adjacent values of R in ranges wheore scale effect con
be seen to be nogligaibvle.
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Ta'fle I

Sgurre Tips Large Exdpletos omnll Endplates T1p Tonks
P = 2,06 Atmos T = 2,17 Atrios P = 2,09 Atmos P = 2,19 Atmos
sz = 21!-.65 lb/Sq_ it [DV = 21;4.65 lb/sq 4 pVB = 21‘;,65 1b/sq 4 PV2 = 2}‘_.65 1‘b/sq_ r
V = 70,6 f.pess V = 69.6 f.p.s. V = 71.2 f.p.s. V = 70.1 f.pes,
R = 1,06 x 10° R = 1.07 x 10° R = 1.03 x 10° E = 1,04 x 10°
a Cr, " Cp Cn a Cy, Cy Cp a Cr, Cp Cny a Cy, Cp Cry
~2. 0,149 0,0148 -0,0081 -2,k -0,153 0.0172 -0,0051 -2,4 -0,151 0,01705 . =0.0067 ~2.35 i-0.164, 0.0181 -0.0013
-1.1 -0,083% 0,0126 ~0,0080 -1,1 -0,089 0©,0138 -0,0058 =-1,1 =0.082 0,01.8 :-0,0082 =-1,1 °-0,097 0,0129 ~-0.0030
0.1 =0.020 0,0112 -0,0082 +0,1 =0.019 0,0124° -~0,0081 " +0,1 =0,016 ' 0,0120 :-0,0093 +0,1 i-0.,021 0,0119 , -0.0088
1,3 +0.0L8 0,0114 -0,0099 1,3 +0.053 0.0121° -0,0115 1.3 +0,053 0.0113 °-0.0115 1,3 40,058 0,0123 | -0,0146
2.55 0.1155'0.01205 -0,0092 2,5 6,120 0.0140 -0,0130 2,55 0,122 0,0133 :-0.0128 2.5 0.128 . 0,013, -0.0177
3,75 0,479 0,018 -0,0099 3,75 0.185 00,0163 -0,014 3,8 0,18 0.0156 ' -0,0137 3,75 0.199 0.0166 - -0.0218
5.0 0.2h7 0.,0179 -0,0115 5,0 0.256 0.0197 =0.017L. 5.0 0.252 0,0190 :~0.0164 .95 . 0,277 0.0213 -0.0273
6.15 0.3k 0,02115 =0.0132 6.15 0.327 00,0241 -0,0220 6,15 0.324 0,0236 :-0,0201 6,1 0.353 0,0272 -0,03,2
7.k 0,385 0.0268" -0.0166 7.35 0.k01 0.0304 -0.0263 7.4 0,396 0,0296 --0.0239 7,35 0.L26 0.035k -0.0413
8.6 0.451 ,0,0363 -0.0191 8.6 0466 0,0396 -0.0291 8,6 0.h63 0,0390 =~0.0263 '8.55 0.497.0,0473 -0.0465
9.8 0.52L 0,0552 -0,0249 9.8 0.534. 0.,059% -0,0310 9.8 0.532 0,0576 ~0,0291 9,75 0,576 00,0671 -0.0526
11,0 0,597 .0,0802 =0.0276 41.0 0,600 0,0815 -0,0290 11,0 0.596 0.,0816 -0.0280 10,95 ' 0,642 ©.0917 -=0.0529
12.25 0,667 0.1065 -0.0253 12,25 0,661 0,107 -0,0238 12.25 0.65L. 0.107 -0,0233 12,2 0,705 0.1185 ~0,0478
13,5 0,744 0,130 =~0.0192 13,5 0,708 0,1325 -0.0175 13.5 0.708 0.1335 ~0.0175 13.45 0,753 0.143 -0,0406
14.7 0.759 0,161 =0.0181 14,7 0.742 0.1607 -0,0135 14.7 0.7.0 0,159 '~ -0,0139 14,65 0.787 0,170 -0,0363
15.95 0.807 0.192 -0.0159 15.95 0,783 0.1865 -0,0113 45,95 0,778 0,189 -0,0121 15,9 0.833 0.202; -0,0355
17.2 0.8,8 0.221 -0,0162 17.25 0.819 0,217 -0,0110 17.25 0,816 0,218 -0,0122 17.15 0,868 0.235% -0,0349
18.5 0.891 0,252 ~0,016k 18,55 0,851 0.2,7 ~0.0109 18.45 0.855 0,2.8 -0,0129 18.4L5 0.919 0,271 -0.0376
19.75 0.921 0,289 -0,0174 19,8 0.885 0,285 -0,011k 19,7 0.879 0,287 -0.0136 19.75 0.935 0.301 -0.0336
21.05 0.93 0,326 -0,0179 21.1 0.852 0,316 -0,0128 21.4 0.900 0.317g -0.0139 21,05 0.960 0.338 -0.0346
Table I (Cont'd.)/




Table I {Cont'd,)

Square Tips , Large Endplates Small Endplates Tip Tanks
= 3,88 Atmos P = L.,53 Atmos ’ F = 4,68 Atmos : P = 1.09 Atmos
= 49,2 1b/sq Tt PV = 49,2 1b/sq £% pV? = 49.25 1b/sq Tt V% = L49.2 1b/sq ft
= 72.9 f.PoS- . v = 67.8 f.p.s. v = 67,3 f.p.s, v = 72.1‘_ f'p.s.
= 2,05 x 10° , R = 2,20 x 10° R = 2,18 x 108 R = 2,01 10°
a cL G, Cm a Cy, Cp Cm a Cp, G, Cm a Cr, Cpy Cp
w245 ~0.,155 0,045 =0,0054 ~2.05 -0,160 0.0146 0,002 =245 =-0,160 0,0135 =0,0033 -2.4 ~C.173 0,0148 +0.0026
-1,15 <0,08. 0,0120 -0.0065 ~1.,15 ~0.09% 0.0119 -0,00/4 -1.15 -0.093 0,0119 -0.0048° -t,15 -0,102 0,0121 -0,0013
H0.05 -0,021 0,0110 -0,0079 +0,1 -0.02% 0,0110 -0,0069 -0.1 -0,02% 0.0105 -0.0069 +0.05 -0,025 0,0106 -0.0065
1,25 +0.045 0.0104. -0,0089 1.25 +0.048 0.0109 ~0.0101 1,25 +0.047 0.0108 -0,0098 1,25 +0.049 0.0108 -0.012L
2.5 0.111 0.0119 -C,0088 2.5 0,116 0,012%. -0.0115 2.5 0.112 0,0123% -0.0106 2.45 0,120 0,0126 -0,0157
3.7 0.179 0.0148 ~0.,0114 3.7 0.187 0.0157 =0,0156 3,75 0.18, 00,0149 -0.0135 5.7 0.195 0.0161 -0,0220
4,95 0.249 0,0182 -0.01x1 4,9 0,259 0,0190 -0.0201 4,95 0.253 0.,0187 -0.0181 4.9 0.273 0.,0201 -0,0283
6ol 0,315 0,0227 -0.0165 6.1 0.329 0,023, =-0,0239 6,1 0.32,. 0,0229 -0,0212 6,05 0,348 0.0266 -0,0346
7.35 0,387 0,0275 -0,0190 7.35 0.397 0.0293 -0,0271 7.35 0.391 0,0285 -0.0244k 7.3 29.421 0.0339 -0.0408
8.55 0.9 0,0338 -0.0241 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 -0,023L 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 0,381 0.0504 -0.0255 40,95 0,596 0.,0528 -0,0355 10.95 0,590 0.0506 =0,0305 10.9 0,625 0,0677 -0,0596
12,2 0,543 0,0600 -0,0275 12,2 0,660 00,0639 =0,0%376 12.2 0.65,. 0,0620 -0.0323 12,15 0.692 0.0853 -0,0628
13,5 0,712 0.074.2 -0,0326 13,45 0,717 ©0.0855 -0.0392 13.45 0,719 0.0808 -0.0369 13.k 0.752 0.108; =0.0646
14,6 0,782 0,101  —0.,0k15 14,65 0.766 0.117 -0.0381 14.65 0,772 0.1125 -0,0382 14,55 0,305 0.1335 -0.0628
15,85 0,834 0.140 -0.0436 15.9 0.803% 0,149z -0,0335 15.9 0.814 041475 -0,0361 15.8 0.858 0.1655 -0.0593
17.4 0.875 0,182 -0.,0401 17.15 0.851 0.19 -0.0306 17.15 0,8.9 0.191 -0,0304 17.1 0.895 0.200 -~0.052h
18.45 0,90L 0.22, -0,0359 18.5 0,860 0,233 -0.0212 48,45 0,872 0.234 -0.0249 18.4  0.914 0,249 -0.0470
19,7 0.932 0,265 -0,0359 19,75 0,388 0.274 =0.0206 19,75 0,895 0,253 -0.0213 19.7 0.940 0,293  ~0,0446
21.0 0.947 0.304 =0,03L2 21,05 0,909 0,311 =0.0204 21,05 0,907 0,312 -0.019% 21.0 0.958

0.336

-0.0437

Table T (Cont'd.)/




Table I {Cont'd.)

Square Tips , Lerge Endplates Small Endplates Tip Tanks
P = 8.4 Atmos P = 7.9 Atmos P = 8.35 Atmos P = 3,55 Atwosg
pv? = 98,9 1b/sq % , PV = 98,9 1t/sq 4 pV? = 98,9 1b/sq Tt oV = 98,9 1b/sq £t
v = 70-9 ftptst : V = 73.}4- f.P.Sc v = 71'5 f.P.S. ! v = 71 ,3 f.P¢S¢-
R = %19 x 108 R = 4,04 x 10° R o= 4,13 x 10° R = .08 x 10°
a Cp, Cp Cq - o Cy, Cp Gy a c Cp Cr a o ¢, ' O

~2.45 =0,159 0.0142 -0.0023 ~2.4 ' ~0,16L 0,0149° +0,0011 -2,L5 ~0,163 0,014} +0,0001 -2,4, -0,178 0,015 +0,0069

-1,45 ~0,092 0,0117 =0.0052 : =1.45 =-0.092 0,0119- -0,0032 -1,15 -0,091 0,0117 -0,00L0 -1,15 -0,102 0,0120 0

+0.05 =0.021 0.0103 =0.0077 +0.05 +0,022 0,0104 -0.,0063 +0.05 =~0.023 0.0104 -~0,0068. +0.05 0,025 0,0108 -0.0051
5 +0,048 0,0108 =C,0096

1.2 1,25 +0,050 0,0108 -0,0099 1,25 +0,047 0,0106 -0,0097 1.25 +0.051 0,0108 -0,0120
2.5 0.115 0.,0121 -=0.0109 2,45 - 0,119 0,0125 -0,0133 2,5 0,116 0,01241 -0,0125 2,45 0,125 0.0125 -0,0179
3.7 0,183 0.01L5 -0,0139 3,7 0,189 0.0148 -0,0179 3,7 0,187 0,0147 -0,0168 2,35 0,202 00,0156 ~0.0252
L.,95 0,251 00,0175 <=0.0163 4.9 0.262 0,0183 ~0,0220 4,95 0,256 0,0182 -0,0204 4.9 2.278 0.0201 -0,03%13
6el 0.318 0,0218 , -0,0190 6.1 0,332 0,0225 -0,0258 6,1 0.327 0,022, -0,0237 (.05 0.351 0,0249 =0,0370
7.35 0,387 0,0271 -0,02%7 7.3 _ 0,406 0,028%4 -0,0302 7,35 0,397 0,0273 -0,0271 7,25 0.429 0.,0317 -0.0L38
8.55 0,457 0,0335 «0.0250 8,55 0.475 0,0349 ~0.03.1 8,55 0.463 0,0335 -0,0302 8,5 0.500 0,040L -0.0R06
9,75 0.522 0,04,07 =-0.0278 9.7 0,542 00,0423 -0,0380 9.75 0,531 0,011 -0,0337 ©,55 0.570 0,0504 -0,0585
10,95 0.588 0.0486 -0.0307 10,95 0,610 0,0507 -0.0412 10.95 0,598 0.04Y7 -0,0365 10.85 0,640 0,0619 -0,0661
12,2 0.650 0,0586 ~C,0334 12,2 0,678 0,0609 -0, 0444 12,2 0,662 0,0593 ~0,039% 12, 0,697 0.0751 -0,0704
134 0.717 0.0687 =-0,0363 43.k  0.737 0.073h =0.CL76 13.4  0.729 0.,0698 -0.0421 13,35 0,766 0,0912 -0,0746
14,6 0,781 0.,0805 =-0,0398 14,6 0,800 0,0865 -0,0500 14,6 0,790 0.0825 -0,0L46 14,55 0.819 0.1115 ~0,0771

15.85 0.837 0.0933% -0.042% 15,8 0,854 0.112 -0,0504 415,85 0.,8,9 0©.,0975 -0,0475 15.75 0.872 0,134 -0.,0768
171 0.908 0.1085 ~0,0476 47.1 0,886 0.1L85 ~0,0L36 17,1 0.886 0.132 =0,0455 17.0 0.92% 0.164 -0,0738
18.4 0,948 0,171 =0.,0531 18.4L 0.918 0.1935 -0.0390 18.45 0,912 0,190 -0.0410 18.35 0,964 0,207 ~0,0727
19,7 0,959 0.2%2 =-0,0428 19,7 0,924 0,24,2° -0,0335 19,7 0.928 0.238 -0.0356 19.6 0.982 0.255 ~-0,0663
20.95 0.970 0,280 -0,0%59 21.0 0,944 0,285 -0,0355 21,0 0,946 0,28, =0.0370 20.9 1,001 0.298 ~0.063%8

Table T {(Cont'd.)/
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Trole I i’Gcn'"'d.)

Square Taips

Large Endplates

Small Endplates

Tip Tanks

P = 16.3 Atmog P = 16,9 Atmos P = 17.2 Atmos P = 16.6 Atmos
V2 = 198.6 1b/sq £t v = 198,6 1b/sq £t v = 198,5 1b/sq ft ov? = 198,56 1b/sq £t
V = 72.2 f,p.s. v = 71.8 f.p.s. V = 71.8 f,p.s. V = 72.8 f.p.s,
R = 8.20 x 10° R = 8,10 x 10° R = 8,03 x 10° R = 8,03 < 10°
? a CL CD Cm @ CL CD Cm a CL CD Cm o Cr, CD Cry
! 2B -D.16h 0,0135 -0,0008 =2,45 -0,170 0,014 +0.0026 -2.45 -0,166 0.0147 +0,0008 -2.4 ~0.179 0.0156 +D.0077
[ =1.15 0,091 0,0119 -0,0038 -1,15 -0.095 0.0122 -0,0017.-1.15 -0,096 0,0120 -0,0025 ~1,15 =-0,103 0.0126 +0.0016
. +0.05 -0,022 0,0106 -C,0065 +0,05 =-0,023 0,0114 -0,0062:+0.05 =0,019 0,0109 -0,0067 +0,05 =-0.024 0.0114 -0.0060
| 1.25 +0.047 0.0105 -0.0089 1.25 +0.046 0.0110 ~0.0102; 4,25 +0,049 0.0109 -0.0103 1,2 ~+0.054 0.0113 -0.0133
L 2.45  0.115, 0.0113 =0.0110 2.45 0,119 0.0122 -0,0041 % 2,45 0.118 0.,0122 -0,0135 2.4 0,128 0.0128 -0,0193
{ 3.7 , 0,185 0.0135 -0.0145 3.7  0.189 0.0141 -0,0188. 3.7 0,187 0.0135 -0.0175 3.65 0,205 0.0150 -0.0263
4,9 = 0.252 0,0165 =0,0170 4.9 0,260 0,0178 =0,0233  L.9 0,260 0,0179 -0,0220 4,85 C.278 0.0190 -0,0321
6.1 0.322 0.0212 -0,020L, 6,05 0,333 0,0218 -0.0278 6.05 0,328 0,0219 -0.0256 6,0  0.355 00,0240 -0,0387
7.3  0.389 0.0259 ~0,0234 7.3 0,399 0.0272 =0.0320 7.3 0,399 0.,0268 -0.029% 7.25 0.428 0,0309 -0.04,52
8.55 0.459 0,0322 -0.0269 8.5 0.471 0,0337 -0.0366 8.5  0.467 0.0333 -0,0334 8.45 0,499 0.038. -0,0520
9.75 0.522 0.0400 -0,0305- 9.7  0.540 0,0k11 -0.0410: 9,7 0,532 0,0406 -0,0370 9,6  0.513 0.0481 -0.0601
10,95 0,591 0.0472 -0,0337 10.9 0,603 0,0498 -0,0447 10,95 0,603 0,0.85 -0,0407 10.8  0.637 0,0592 -0.0681
12,2 0.656 0,0566 -0,0374 12,15 0.676 0,0595 -0,04,91 12.15 0.668 0,0582 -0,0440 12,05 0.70L 0,0733 -0.0741
13,4 0.723 0.0678 -0.0405 413,35 O.740 0,0708 -0,0527:13.35 0,737 0.0685 -0,04,71 13.3 0,762 0.,0872 -0,0763
4.6 0,782 0,0783 -0.0L27 14,55 ©0.803 0,0837 -0,0553 ;14,55 0,797 0,0806 =-0,0499 4.5 0.819 0,105 -0.0761
15.85  0.8.3 0,0918 -0.,0552 15,8  0.853 0.1025 -0.0537 15.8  0.854 0.0952 -0,0523 15.7  0.87h 0.12k -0.0781
1741 0,902 0,107 -0,04,80 17.1 0.894. 0,130 -0,0506 -17.05 0.898 0,128 -0,0510 16.95 C.918 0.1505 -0.0782
18.L  0.935 0,1515 -0,0515 18,35 0.910 0,18. ~0,0,09 18,4  0.918 0.176 -0,0445 18.3  0.955 0,2007 -0,0726
19,7  0.948 0.,2.3 -0,0h12 19,7 0.918 0.238 -~0,0368 :19.75 0,928 0,236 -0.0371 19.6  0.982 0.2.7 -0,0690
21,05 0.95. 0,292 ~0.034,9 21,05 0.933 0,287 -0.0358  21.0 0.935 0,28, -0.0376 20.9 0.990 0,298 ~-0.0656

Table I (Cont'd.)/




Teble T (Copt'd,)

1
1
e R R ot e R b s e s Lt Yo

Square Tips ‘ Lerge Endplates ‘ Omall Endrlates Tip Tanks

P = 20,4 Abtmos P = 20,4 Alwos : P = 21.3 Almos P = 21.9 Atnos

pV% = 252 1b/sq £t 7% = 252 1b/sq % ; pr® = 252 1p/sq £ 7% = 232 Ih/sq T4

v = ?3-8 ftp&Sa ‘;Jr = 73-3 fapnsl . V = 72.5 f.Pl’S‘n v = 73.1 f-_p-st

R = 10.C x 10 R = 10.22 x 10° R = 10.2 x 1¢° R = 9.78 x 10°
Lo — - —_—— B T e LS
l : :

& L G G, @ CL .G C, j o G, - Op G, o o Gy C,,

Y -~ L

245 =0.162 00,0141 =0.0043 . =2,L5 ~0.167 ; 0,0143 +0,002k + =245 -0.166 0,0143 +0.0010 2,4  -0,102 0.0150 +0.0087
0,091 0.0119 -0,0040 ~1.,15 =0,096° 0,0119 «0,0016 ¢ ~1,2 =0,00L 0,012 «0,00286 =1,15 -0.103 0,013% +0.0015
+0,05 =0,0187 0.,0103 0,006k +0.05 =~0,02L . C.0108 ~0.0057 +0.05. -0,023 0.0905 =0,0063 +0,05 ~0,02L 00,0116 -0.0057

I
—
.
i

-
15.85 0,840 0.0923 ~0,0436 15.85 0.86 0.1045 -0.0516 15,8 0.8L5 ©C.1025 -0.0L91 15.7 59 C,1255 ~0.0797
17,05 0,898 0.1265 -0,0529 7.1 0.885 0.1355 =0.0L7C 17.1 0,892 0,132° -0.0L82 16.95 15 0.1L55 -0,0762
18,45  0.911 0.2167 -0,0386 18.L5 0.896 0,196 =0.0386 18.45 0.90% 0.19%  -~0,0L17 18.3 0.948 0,203" -0,0726
19,75 0,920 0.264 -0.0317 19.8 0.909 0.251 -0.0327 19,6 0.972 0,254  -0.0671
21.05 0,933 0.304 -0,0341 21.05 0.916 0.2935 =-0.0303 21.05 0.318 0.291 -0.0322 20,9 0.983 0.30k ~0.0637

1.2 +0.048 0.0105 =0.0083 1.2 +0.046 0,013 <0.0102 4,2 . +0.048 0.,0110 =0.9C99 1,2  +0.052 0.0116 -0.0127
2.5 0,117 0.01M4 =0.0113 2,45 0.119 0.0119 -0.014h2 2,5 ©.1M8 0.0119 -0,013L 2.k 0.128 0.0127 -0.0194
3.7 0,187 0.0135 <=C.0ML7 3,65 0,190 0.0143 =~0,0191 3,65 0,189 - 00,0138 -0.0178 3.6 0.205 0.0151 -0,0267
1.9 0,255 00,0168 -0,0174L 4.9 0.261 0.0171 =0.,02%2 4,9 0.261 0.0172 ~0,0218 4,85 0.277 0,0186 -0.0326
6.1 0.322 0.0212 =0,0207 6.05 0,332 0.02th -0,0277° 6,05 0,330 0,021k -0,0259 6,0 0,350 0,021 -0,0392
Te3 0.391 00,0260 -0,0239 7.3 0.402 0.0266 -0.0323 7.3 0,399 0.0266 «0,0275 7.2  0.127 0.0303 -0.,0459
8.55 C.458 0.0326 -0.0272 8,5 0.473 0.0333 ~0.0368 8.5 0466 0,0329 -0,0336 B.L 0.502 0.0383 -0.0534
9.7 0,526 0.0397 -=0.0307 9.65 Q.5.4L 0.0508 ~0.0413 9.7 0.536 C.0W07 =0.0376 9.55 0.572 C.0475 -0.0603
10,95 0.595 0.0475 -0.0339 10.9 0,608 0,049, ~0.0L50 10.9 0.605 0.0457 -0,0410 10.75 0.6l 0,0606 -0.069%
12,15  0.656 0,0579 -0.,0372 12,45 0,679 C,0595 ~0.0590 12,15 0.6566 0.0581 -0,0441 42.0 0,706 0,0733 -0.0757
13k 0.719 0.,0679 =0.0L00 13.35 C.741 0.0702 -0.0523 13,4 0.734 0.068% ~0.0467 13.25 0.761 0.0583 -0.0777
1.6 0,780 0.0803 -0.0423 14.55 0.798 0.0835 ~C.05.0 1h.55 0,793 ©.0797 -0.0485 1L.45  0.817 0,10k; -0.0774
Q.55
4]

f— ———

N F
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Table I (Cont'd. )

i
Souace Tips Iarge Endnlates Small Endplates Tip Tanks ;
o 1
i
T = 27,95 Ltaos P = 25,15 Atmos P o= 2.7 Amos P = 25,1 Atmos :
p'*” = 3.4 ]b/gq T p‘*g = 3L 1b/sq £t PV‘ra = 314 Ib/sq Tt pva = 311.. 1b/za £ {
v = 75.8 f.P.SaG v = 75.7 f.p.s.‘ v = 5.7 7. 'D...;; Vv = 75.6 T, e 8. |
R = 12.0 x 10 R = 41.68 x 10° R = 1.8, x 10° R = 1.7 = 10° i
%
@ G Cp Cry o G, O Om o o, D Cn % Cr, Gy Cry

-2.5 -0,160 0.0137 -0,0C13 =2.45 -0,170 0.0145 +0.0030 =-2,45 =-0,168 0,014 +0.000. -2.4 -0.180 C.0154 40,0085 |
1,2  -0.0%¢ C€.Ct16 -0.0040 -1.2  -0,097 0,0120 -0.0016 -1.2 -0,0% 0.0123 -0.0028 -1.45 ~0..03 0,01Z  +0,0016
+0,05 ' ~0,020 0107 -0.0067 +0.05 =0,026 0,0112 =0.0059 +0.05 =0,023 0.0109 =0.0063 4C.05 =0,027 0,011, -0,0053 |
1.2 40,08 0,0107 -0.0089 1,2 +0.0.6 0.0108 -0,0i01 1.2 +0.0.9 0,0107 -0.0098 4.2 +0. 050 0,0110  =0,0123
245 7,119 0,012 0,013 245 G419 0.0117  ~0.0143 2.4,5 0.117 09,0117 -0.0133 2.4 0,127 0,01721  -0,0187 |
3,7 0.187 0,0137 ~0.C148  3.65 0.150 0,0137 =~0.0190  3.65 0.1 0,0136 =~C,0179 3.6 O. 200 0,017 -0.0265
4.9 0,255 0,0167 -C.0176 4.9 0.261 0.0159 -0.0236 4.9 0 260 00,0167 -0,0218 4.8 0.278 0.C186 -, 0328
6.1 0.32, 0,0207 -0,02¢8 6.05 0.333 0,0207 =0.0280 6.05 0.3%331 C,0206 -0.026C 5,95 C.35,. 0.0233 -0,G391
7.3 0.39. 0.0262 =-0.0242 7.0 0.4.0,. 0.02683 -0,0325 7.25  0.402 0.0259. -0.029% 7.2 0.,28 0.0297 -0,0458 |
8.55 0463 0.0325 -0.0277 8.5 0.4.7% . 0.0327 ~0.0370 8.5 0.,70 0,032, -0.0337 8.h G499 0.0375 =C.0526 |
9.7 0.530 0.0.02 -0,0312 9.65 0,54 0.0,06" ~0.u16 9.7 0.539 0,02 =~0,0378 9,55 0.572 0.Q473 =C.0605 |
10,95  ©.593 0.0:85 -0,03.2 10,9 0.610 0,0:%9, ~0,0.57 10.9 0,608 G,85 =0, 10.75 0,602 0.0592 -0, 068 |
12,15  0.661 0.0574 =0.0373 42.15 0.676 0.0532 -0,495 12.15 C.673 0.0580 =0.Q2 11.95 0.7, 0.C7%6 -C,071 !
13,4 0.722 0.0678 =C.0399 13.3%% O.741 0.0706 =0.0527 13.35 0.73% 0.0685 =-0,0.67 13.2 0.762 0.,0883 -C, 075@
.6 C.781 0.0796 -0,0u14 4.5 0.80%1 0,087 =0.0542 #.,55 0,799 0C.0801 -=0.0486 th.y 0.820 0,106 | ~0.078,. .
15.8 0.8.5 0,106 ~0.0.90 15,8 0.88 0,1062 -0,0511 15,8 0.87 0C.1035 =0.C480 15.65 0,870 0.129 -C. 07995
17.05  0.886 0,1675 -0.0:83 17.1 0.880 0.1446 -0.Q,55 17.05 06.887 0,105 LQU75 16,95 0.912 C.1585 -0.0753 | l
1845 0.9 0.233  -0,0357 18,5 0.893 0.2110 -0,031 18,45 0.897 O. 2077 ~0.036% 18.3 .29 0.213% - -0. 0o87l

19,8 0.6 0,277 ~0.,0322 19,8 0.898 0.2590 -0.0279 19.8 0.912 0,256 -0.0314% 19,5 0.970 0.270  -0.0602
{21.05  0.928 0.316 -0,0330 21.05 0,917 0.30i0 -0,0293 21.1 0.926 0,300 =C.0312 20,9 C.973 0.312 -0,0558j

Tahle T (Lo*‘”“)/
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Table I {Cont'q)

Square Tips Large Endplates Small Endplates Taip Tanks
P = 2,.8 Atwmos P, o= 2.5 Atmos P = 2.5 Atmos P = Z.,5 Atmes
pV® = 35,.5 1b/sq £t pV® = 354.5 1b/sq It pV9 = 354.5 1b/sq ft pV? = 35,5 1b/sq ft
VvV = 80.3 f.p.s. ¥ = 81.0 fip.s. vV = 80,0 f.p.s. V = 80,75 f.p.s.

R = 12.7 x 10° R = 12.6 x 10° R = 12.98 x 10° R = 12.72 x 10°
I A G o 0. G Cny « 0 O Cn « G, G G
2,45 =-0,161° 0,0139 -0.0010 =2.k5 =0.165 0.0145 +0.002, -2.45 <0.167 0. 014 +0.0041 -2.45 -0,178 0,019 +<0,0081
-1,2 -0,093 0.0113 -0,0035 =-1.2 -0,095 0.0122 -0.C017 -1.2 -0.095 0.0123 -0.0027 -1.,15 =~0.103 0.01%26 +0.0013
+0,05 -0.023 0.01G. -0,0061 ¢ +0.05 -0.023 C.0111 -0,0060 +0.05 -0.023 0.0107° -0.C065 +0.05 =~0.026 C,0111 -0.0056
1,2 ' +0.Q,7 0.010, -0.00861 4.2 +0.(48 0.0112 -0.0101 1.2 +0.0.9 0.0106 -0.0100 ° 1.2 +0,051. C.C108 -0.012,
2,45 0,116 0.0110 -0,0140° 2,45  0.119 0.0120 -0.0141 2,45 0.12% 0.0118 -0.0136 2.4 0.126 0.(123 -0.0188
3.7 0,186 0.0131 -0.044  3.65 0.1% 0.4k -0.0M9%  3.65 0,190 0,0138 -0.0179 3.6 0.202 0,042 -0,.0260
4.9 0.257 G,0163 -0,017% 4.85 0.260 0.0167 -=0.0231 4.9 0.259 O.01&,. -0.0216 4.8 0.275 0.0181 -0, 0321
6.1 0,323 0,020, -0,0205 6,05 0.331 0,0208 -0,0273 6,05 0.333 0.0206 -0,0259 5.95 C.351 0.0232 -0.0386
7.3 0.395 0.0260 =0,02.0 7.25 040, 0.0266 =-0.0322 7.25 0,403 0,0263 -0,0300 7.15  0.426 (©,0296 =-0.Q45%
8.55: 0463 00,0319 -0.0275 8,45 0.474 0,033 -0,0368 8.5 @ 0.472 0.0328 -0.03%2 8.35 0.50. 0.C37 =0.C525
2.7 . 0,530 0.0396 -0.0311 9.65 0.539 0.406 -0.Q408 9.65° 0.538 0.Q.05 -0.0378 9.5  0.568 0.0p06 -0.0593
10.95¢ 0.59 0.Q,81 ~0,0%4 10,85 0,611 0.0,.90 -0,0,50 10.9 C.606 00,0485 -0.Q14 1Q.75 0.637 0.0582. -0.0669
12,15  0.662 0,0574 -0.0373 12.1 0.67,. 0,0600 =0,0487 12.1 0.673 C.058, =0.044 11.95 0,699 0,0723 =-0.0722
13.3 0.720 0.0677 =-0.03%95 13,3 0.738 0.0709 -C.0519 13,3 0.739 0.0685 -0.Qq 65 13.2 0.757 0.08€3 ~0,0745
a6 0.786 0,0793 -0.Qu15 4.5 0.797 0.08,3 -0.0525 4.55 0.7% 0.0811 -0,0479 14.35 . 0.820 0.1C5g -0, 0781
1548 0.8,8 0.1065 -0.0;55 15.8 0.839 0.108 -0.0.91 15.8 0,851 0.1055 =0.Q,7% 15.5 0.868 0.1275 -0.0775
171 0,883 0,1715 ~0,0:8. 17.1 0.869 0.158 =~0.0.07 17.1 0,876 0,148 -0,Q.09 16.95 0.902 0.1555 -0. 0709
18.5 0,900 0.235° =0,035. 18.5 0.881 0,218 -0.03%26 18.5 0.8 0.216 -0,0326 18.3 0.938 0.223": -0,0630
16,8 0.908 0,279 -0,0319 19.8 0.897 0.266 -0,0289 19.8 0.913 0.26, -0,0299 19,6 0.96z C.266 -0,0588
24,05 0.927 - 0,316 -0,0329 24.1 0.901 0.3, ~0.0295 21.1 0.917 0.306 ~-0,030% 20.9 0.976 0.322 -0.059

Table II/
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Tebhle IT

No Vires With Thick Transation Wires ;

B B

| P = 1 Atmos P = 1 Atmos P = 2.21 Atmos P = 3.23 Atmos §

pV® = 12,07 1b/sq Ot Pv: = 12,07 1b/sq £ eV = 24,7 I1b/sq £ PV = 3.2 1b/sy £t !

'l = F2.47 Taless v = F2,3 fopc Se Vv = 68.8 fepPes. v = 68.1 fanese !

R = 0,51 x 10° R = 0.51 x 10°, R = 1,08 x 10° R = 1.52 x 10° i

a C, Cp Oy  © % % G o ¢, %% G @ o,  Cp G |
~2Jp 0,148 0,0162 -0.0059 -2.4 -0,150 0,019% ~0.0021 * ~2,45 =0.159 0.0!83 -0.0033 -2.45 =-0.161 0.0173 -0.0039

; -1.1 -0.083 0.01h5 -0.0062 -1,1 ~0.083 0.017& =0,0043 ~1.15 =-0,090 0,0155 0,005 =1.15 =-0.091 0.G154 -0.0057 :
b 0.1 ~0.01k 0.0128 -0.0060 +0.1 -0.016 0.0167 ~0.0058 +0,05 =0,022 0,045 =-0,007% +0.05 =-0.022 0,041 -0.007,
1

I 1.3 +0.052 0.0128 ~0,0076 1.3 +0,052 0,0168 -0,0077 1,25 +0.047 0,019 =0.,0090 1.25 +40.04ko 0.CI41 =-0.0091
2.55 0.115 00,0137 =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
3,75 0s178 0,0165 -0.0074 3.75 0.186 0,0201 -0.0122 3.7 0.183 0.,0171 =0.0127 3.7 0,181 00171 ~0.0124 |
5.0 0.2,7 0.0205 =0.0112 5,0 0.252 0.,0227 -0,0128 L..95 0.250 0.0207 =0.0138 4.95 0.249 0.C202 -2.0140
6.15 0.317 0.0257 =0.G1&. 6,15 0.315 0.0227 -0.0132 6.1 0.318 10,0250 =0.01&. 6.1 | 0.316 0.0247 -0.0157
7eb 0.386 0.0335 =0.0186 7.L 0.381 0.03,0 -0.0138 7.35 0.363 . - . =-0,0161 7.35 0.380 0.0295 -0.0171
8.6 0.470 0.0.87 -0.0252 8.6 0.459 0.,0510 -0.0213 8,55 0.448 '0.0389 -0.0180 8.6 . 0.447 0,0362 =2.0189 -
9.8 0.536 0.0678 -0.0261 9,8 0.528 0.0706 -0.0238 9.75 0.525 -0.0572 -0.0250 9.75 O0O.5u3 ~,0L53 -0.0202 !

11.0 0.598 0.0897 -0.02:4 11,0 0.60L 0.0873 -0.0232 10.95 0.602 0.0814 -0.0279 11.0 0.565 0.0672 " -0,0276
12,25 0,651 0.111 -0.0206 12,25 0,660 0,113 -0,0199 12,2 0. 666 0.1065' ~0,02, 122 0.655 0.0925 * -).0296 |
1345 0.702 0.135 -0.0159 13,5 0.701 0.137 =0.0159 13,45 0.725 0.1315 =0.0202 13.45 | 0.712 0.1215 -0.0276 |
Uo7 0.749 0,162 ~0,0151 4.7 0.756 0,162 =0.015%  14.65 0.763 0.1597 -0.0172 14,65 0.766 L. 1555, ~0,0220 |

15,95 0.788 0.192 -0.0140 15,95 ©0.795 0.217 =0.012 15,9 0.808 0.189 ~0.0162 15,85 0,805 0.235 -0.0193

All these runs with square tip configuration

Table TI (Cont'd.)/
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All these runs with square tip configuration

P .

Table IIT/

e e e e b e e =

|
'
1

% With Thin Trancition Waires
P = 0.99 Atmos P = 3.18 Atmos P = L.18 Atmos P = 8.43 Atnos
PV® = 12,1 Ib/sq ft PV® = 3.2 Ib/sq £t PV® = 49.2 Ib/sq ft Pv® = 98.95 1b/sq £t
V = 71.5 feDuse V = 6742 fuDuse V = 704 fuDase V = 72 fup.se
R = 0.51 x 10° R = 1.55 x 1¢° R o= 2,12 x 10° R = L35 x 10°
a Cy, Ch Cn G Cy, Cp Gm o Cq, ) Cm @ Cs, Cp Cm
: e e SO S S, = ; .
-2.h 0,12 10,017%  =0.0069 -2.45 =C.159 0.0172 =0.0036 -2..5 =0.160 5.0161 =0.003, ~2,45 =0.15¢ 0,049 -0.0028
1.1 -0.078 ,0.0156 =~0.0072 -1.15 -0.089 0.01L7 =-0,0056 ~1,15 ~0.091 .0.0137 -0.0053 =1,15 =0.091 0.0130 -u.C0LY
+0.1  ~0.012 ,0.0143 -0.0078 +0.05 =-0.023 0,0136 =-0,0075 +0,05 =0,023 0.0125 -0,0071 +0.05 =0.021 0.0117 -0.0068
1.5  +0.053 0.0M44 -0.0079 1.25 +C.048 0.0%1 =-0.0095 1,25 +0.046 ,0.0128 L -0,0090 1.25 +0.047 0.0117 =0.0090
2,55 0.118 ‘0.0158 -0.0082 2.5 0,115 0.0150 =0.0111 2,5 0194 10,0133 -0.0105  2.45 0.115 0.0125 -0.0113
3.75 0.183 .0.0175 -0.0100 3.7 0,18 0.0166 0.0133 3,7 0.182 0.0158 -0.07132 3.7 0.183 0.014.7 -0.0141
5.0 0.251 10,0213 -0,0124 k.95  0.249 0.0199  0,0147 L.95 0.250 0.0194 -0.0149 4.9 0.253 0.0183 -0,0171
6.15  0.320 .0.0263 -0,0153 6,1 0.317 0.,0238 0.0162 6.1 0.316 '0.0231 -0.0169 6.1 ' 0.319 0.0225 -0.7201
735 0,386 0.0327 -0.0169 7.35 0.382 0.0286 0.0176 7.35 0.383 0,0283 -0.0188 7.35 0.389 0.0275 -0.0235
Ba55 ' 0,462 .0.0488 =-0,0227 8.6 0.443 0.,C0347 0,0186 8,55 0.452 '0,0343 -0,0208 8.55 . Q457 2.03,0 -0.027C
9.8 0.531 0.0685 -0.0246 9.75 0.508 0.0,38 0,0205 9.75 0.517 '0,0417,-0,0231  9.75 0.524 2.0416 ~-0,031L
11.0 0.596 '0.0878 -0.0229 1.0 0.580 0.06,2 0,0272 11.0 0.581 0.0504 -0.0248 10.95 0.592 0.0502 -(.J357
12,25  0.653 0,110 ~0.0196 12.2 0.658 0.0899 0,0303 12.2 0.643 0.0630 -0,0280 12,2 0.658 0.059; ~C.0401
13,5 0.69 0.135 -0.0152 13.45 0.712 0,119  -0,0292 13,45 0.716 0.0870 -0.0364 13.4 0.725 0.C702 =d.0N7
a7 O0u7h2 0.161  -0.0145 14,65 0,768 0,152 =0.0250 4.6 0.782 0,116  -0.0414 4.6 0.789 0,0817 -C.Q491
15.95 0,793 0.191  -0.0141 15.85 0,838 0,204 -0.0325 15.85 0,828 '0.150 -0.0413 15.85 0.853 0.095h -0.0542
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Table I1IT

Values of Op taken from Smoothed Curves

cr, % % dop % bop i b
Square .
' %1@8 large Endplates Small Indplates * Wing Tip.Tanks
= 1505 I
' ' ' iy ? © 40,0008
{ 0,0112 0.0125; - 0,0013 0,014 | €.0002 0.0120 +04!
;0,011 - 0.01285 . 0.0015° 001165 : 0.00025 ; 0,0122 8.8882
i 0,01155 " 10,0130 0, 0015 0,0118; ° ©0,0003 : 0,01235 2. 0%
i 0.01175 : 0,01325 0, 0015 0,01215 '} 0,000, ¢ 0.0125% o 000
i 0,01200 7 0.0135 0, 0015 0.012.~ < 0,000 0. 0127 0. 0007
i 0.0131 0. 0147 0.0016  0,0138 | 0.0007 ' 0.0139 0.0008
i 0.01,25 0,059 . 0,0016;  0.0151 : 0.0008; : 0.01525 o o
! 0.0153 0.0170 0.0017 0.0163 * 0.0010 0. 0165 06015
; 0.017h5 0,019t 0,007  0,0186 : 0.00115  0,0190 0. 0020°
! 00,0195 | 0,0213 0.0018  +0,0209 ' 0,001 0.0215 0. 0053
£ 0,0216  0.0233 0, 0017 0.0231 . 0,0015 0. 0239 o oo
P 0,0275 0. 0239 0,001, 0,0289 0. 0014 : 0.0385 0. 000
i 0,0%5 0.0363 0.0018 0.0%361 ., 0.0016 0.03 g o 0coa
i 0,78 0. Q.78 0.0 Q.79 : 0,000 0.0432 o003,
©0,0625 . 0,080 0, 0015 0, 0630 0. 000, 0.0596 o 00et
©0,0778 0.0788 0.0012 0. 080 0.0022 . 0'%20 oot
0. 0922 0. 09,0 0.0018 0.0968 0. 0046 0.088 T o0r
0,1083 0.1120 0, 0037 0.114.7 0. 006 0.1?59 o 000
0.1265 0.1313 0.00:8 0,133, 0. 0069 o.1 249. o113
0. 14,82 0. 1599 0,0117 0,1620 0.0128 0,13
2.0
. . 0,01095  +0,00Qg ! 0,01075 . +0,0002 : 0.01075  0,0002
0.0108° ° 0.0MZ 0,000, 'o.omg . 0,0003 . 0,01105  0.00025
0.01105  0,011k5 0,000,  0,01443 0, 000, 0.0113 0'08325
0.0113, . 0,0117 0,00035 . 0,0117"  0,0003; 0,0116 | o.00025
0.0117 0.0120 0,0003” . 0,0120 0, 0003 . 0.0119 o.ooo
0 0.0131 0,01325  0,00015  0.01325 . 0.00015 0,013 o.,ooog
0. 0. 0145 0,0145;  0,00005 { 0.0145" | 0.0 0,014.8 0.0 o
0, O 0,C157 0,0158 0,00015 ¢ 0.0157 0.0 0.0161 . 0,000k
0.06  0.0181 0. 01522 0,00015 ; 0,0180  -0,0001 0.0187 0, 0006
0.08 . 0,020, 0, ozm; 0,00005 ; 0,0203 ~0, 0001 0.0213 - Q. 0003?2
0,10  0,0226 0,0225"  =0,0001 0.02255 @ -0,00005 0.0z5§ 0.08‘12
0,15 0. 0282 0.02805 -0,00015  0,0282 0.0 06,0307 0.002
0.20  0.0335 0,0337" 40,0001 0.0335 ~0. 00005 0.0367 0,00315
: ° 2 0 -0.0001 0. 0137 0, 00,6
o oo o2% 8'8885 o 0 0. 0007 0.0515 0. 0060
L 'fg OOO) [] » b - -
82?2 i 8. géﬂ 0. 02225 0.0001” 00508 ~0, 0013 0. 0607 0, 0086
040  0.0586 0, 0588 0. 0002 0, 0577 ~0. 0009 0, 0698 0’811 g
0.L5  0.0658 C. 0661 0.0003 . 0,066 +0. 0006 0.0888 8'01150
0.50  0,073%0 0, 0780 0, 0050 0.C770 0. 00,0 0. 09 .
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e e

|
|

0. 0939

0.0039

+0, 0006

Ao
“D o o8
dcp )
- ; e Wing Tip Tanks
. Smail Endplates
Square Iarge Endplate%___“—_"g__ , -
- e 0,0108 +0, 0001
0. 0106 -0, 0000 00120 +ngﬂ
0.0107 +0, 00005 0. 01095 0.0 0,012 o
0.010; 001107 0.00385 0.0112 -0.88885 0.0 _8-30005
L010 . 0. 00 . 0. 5 . ‘
3.01122 8’811? 0. 0002° 8.81i%5 “0.0000] 8_8135 +8.388;
,0115 . 0, 0000 . 2.0 0% ' 5
g. 01475 0.0118 o. oooog C. O: 219 1010000, 8. 81 565 0,000
0. 0129 0.01295 G. 0001 0'81%3 Lo o o
0.01405 0. Q% 0.0001 0.01{?5 ooty 00181 s
8-8%‘ 0.01757 8'8122 ~0, 00007 8'02165 0.00025 0.02842 8-88:;5
» - ' . _ . '
o9 0.0 ook 0008 0, 02647 -8'88882 0- 028, 6005
0.10 0-0271 0, 0265 0-000¢ 0028 2 O.O#O# o
Ou 1 5 - O. 05205 L] O. 03?5 ' 8 O. 0+7 @‘ OmQ
20 0. 03265 276 -0, 0007 > 0. 000 G 5
o-ir 0.0383 0.0); -0, 0011 0.0459 _0.00075 0'0607 0'0052
0-25 0, G0 0y Q129 -0, 00125 0. 9 0.7 0158 0'0071
o.Jr 0. 07965 0. Q.84 -0,0012 o.o?%? -0. 0005 0.0763 /o0
0. 35 0.0552 0. 0540 -0,0015 0,06 7 0. 0008 . 76 0.009
Co4t.0 . 613 00,0558 .0002 g-0807 0000 o7 o
0 0.0613 0.0670 -0, 0,072 - 0008 O o .o
il +0,001 2 oz, 0,000 0.5
0. 07322 O.O?.’TIF 0. 00205 0. 7o 00002 .
i 0rce752 0, 00235 0.0 5 +0, 0009
0. 05856 C. 08795 ooz 000
L0035 0.09%0 :
0, 0532
.o 143 0. 00085
3.1 00,0108 0. 000, 8‘8112) 0008
5 0.01105 +0, 00055 0'0111 0.00045 0.01165 0. 00085
0,002 0. 0105 0'0111 0. 0005 o1 s oo i
O' 00, 0.01 065 ' 011 35 0. 0006 Q. 0114 E 0, 00055 . ons % 00095
0'006 0.0107 0-0115 0. 0006 8.01129 0. 0007 8‘01?8r 0.0009
0.008  ©0.0109 8-011? C. 0006 L1262 0.0007 0. 01285 0000
0. o1 0,01105 0-012? 0, 00075 0.01%?) 00, '01495 i
0°02 0, 01195 -0157 0, 00075 O.O1£?5 oo 0'0170 0.5
0'03 0,01%0 0-01)85 0. 00075 0.01695 o 0006 0.01925 0:0007
0.d, 0.01%35 3-0128 0.08825 8-01915 0'38825 8’02115 O.gggg
001623 : 0.0 . 0. . 0.
8183 0,01825 0.81325 0, 00055 0-83235 0. 0003 0'82225 oot
010 0,02025 0.0359 0. 0003 0.0312 00003 0.03865 G5
0'15 0, 02565 2-05152 =0, 00005 o.o369r Pt g.o448 0.5
o2 0077 0.03672  -0.00022 3,0424; S5 e =
i 0,077 . &0 : i - 0.
8°§5 0. 023 o.o#$§ +0, 0003 o,ggzg o0 8-82235 S
0.35  0.0476 oloes ieea 00882 0n000 R 0.00955
O.Tr i cicais o7 0005 0.0638 -0, 0008 0.0918 0, 01515
o 50 0. 0665 mo%%s 0 0005 &052 oo O}OG? o
P 0. 0706 0.07 0, 00005 0. 07565 0. 0010 0. : .o
0. 60 0,o7ﬁ S-orrt 2 S
0,65 0.0829 ) :
.70 0, 0900
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Square .

Tips Large Ind Plates Smalil End Flates Wing Tip Tanks
R = 10.0
0.002  0.010k5  0.0109 0,000k - 0,07085 0,000  0,0115 0.00105
0.00,.  0.0106 0.01115  0,0005% 0.,0110 0.0004k  0.0116 0.0010
0.006  0.01075  0.0113 0.000575 0.01115  0.0004  0.01175  0.0010
0.008  0.0109 0.01155  0.00065 0.0113 0.000k  0.01195  0.00105
0.0 0.0414 0.0117 0.0006 0.0115 0.0004  0,0121 0.0010
Ca02 0.0120 0,01265  0.00065 0.01235  0.00035 0.0130 0.0010
0.03 0.0130 0.0136%  0.0006% 0.01335  0.00035 0.01395  0.00095
0. Ok 0.01405  0.0146 0.00055 0.014.3 0.00025 0,019 0.00085,
0.06 0.01625 0,016k 0.00015 0.01635 +0.0001"  0,01695  0.0007
0.08 0.01855  0.01835 ~0.0002 0,018  -0.00015 0.0191 0.00055
0.40 0.0208 0.0203"  ~0.0005 0,02045 ~-0.00035 ©.0213 0.0005
0.15 0.02595  0.02535 -0.0006 0.02565 =0.0003"  0.02685  0.0009
0.20 0.03115  0.0308  -0.00035 0.03105 =-0.0001  0.032k 0.00125
0.25 0.03665 0.0362 ~0. 000 5 0,036 -0.00025  0.,0380 0.00135
0,30 0. 0423 0.0415  =0,0008 0.0M195  ~0,00035  0.0442 0.0019
0,35 0.0478 0.04.72  =0.006 0.0L76"  ~0.0002" 0.0511g  0.0033g
0.40 0.0530 0.0526  =0.0004 0.0530 0 0. 0582 0.0052
0,15 0. 0592 0.058.  =0.0008 0.05865 -0.00055 0.0662 0.0070
0,50 0.0656 C. 0641 -0.0015 0,084.07  =0.0016"  0.0736 0. 0080
0.55 C.0727 0,070k  =0.,0023 0,0696  ~0.0031  0.0822 o.oogg
0.50 0.079% 0.0778  =0.0016 0.0757  -0.0037  0.0916 0.012
0.05 0.0858 0.0867  +0.0011 0.0838  -0.0018  ©0.1016 0.0160
0.70 0.0918 0.,089%  -0.002% 0,0886  -0.0032  0.1126 0.0208
R = 12,0
0.002  0.010 0.01085  +0.000 0,010 +0.00025  0.01105  +0.000
0,00k o.o1o%5 0.0109? 0.00025 o.ofdgg 0.00035 0.01112 o.ooc;5
0.006  0.0108 0.0111 0, 0003 0.0111 0.0003  0.0113 0.0005
0.008 0.01095 0.0112 0.0003 0.,0142 0. 0003 0.01 11,_5 0.0005
0. 01 0.0111 0,014 0. 0003 0.01142 C.0003  0.0116 0.0005
Q.02 0-011§5 0.0122;  0.0003 0.0122¢  0.0003  0.01255  0,0006
0.03 0.013 0.,01314 0. 00015 0.0131 0.0n01 0.0136 0.0006
0, Ol 0.01L0 0-01&£% 0.0000, 0.0139  -0.0001 ' 0,0146 0.0006
0.06 0.01615 0.0159°  -0.00023 0.0156  ~0.0005 ' 0.0166 0.0005
0.08 0,01825 0.0176;  ~0,0004 0.0175 -0.00072 0.0‘875 0. 0005
0.10 0. 0202 0.0198" -0, 000k 0,018k 5  -0,00075 0.0207° 0.0005
0.15 0. 0251, 0,02:3  -0,0006 0,026 -n,00075 0.02605  0,0005
.20 0.031  0.0301  -0.0010 0.0300°  -0.0011° 0.03167  0.000
.25 0.0368  0.0355  -0.0015 0.0356  -0.0012  0.0377°  0.0005>
O.jO 0.014.26 0. 0412 ~0, 0011, 0.0L12 "0.0011{. 0. 001 0.0015
0035 0,483 0.0468 ; -0.0015 0.0.65  -0,0018 - 0.0505 0.0022
0.4.0 0.0538 0.0522;  -0.0015¢ 0.0518  -0.0020 . 0.0575 - 0.0037
g°§g g-ggzg 8'825& . ~0.0008 0.0577  ~0.0015  0.0652 0. COZ0

. . 065 -0,0003 0,06 -0.001,. ! 0.0738 .

0.5 0.0715 0.0707  -0.0006 0-06gi ~0. 001 o.oggs 8.8???
0.60 0.0781 0.0776  -C.0005 0,0755  -0,0026 _ 0.0919 0.0138
0. 65 Ca 086_3 0. 086’-{- +0, 0001 0.0829 ey 00314_ i 0-1013 0.0150
Q.70 0.1001 . 0.09%0  -0.0011 0.0968  -0.0033 - 0.1226  0,0225
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sissrois cminin min it i o

[o—

B T

cf, Cp Op 5Cp Cp ACp Cp ACp
Syuare
Tips Large End Plates Small Fnd Plates Ving Tap Tanks

R = 12,7

0.002 : 0.0102 0.0113 0.0009 0.016é5  0.00045 - 0.0108;  0.00065
0.00L. " 0.0403 0.01125  0,00095  ©0.0%08 0.0005 0.0110 0,0007
0.006 * 0.010hk5  0.017L 0.00097 ~ 0.0%095  0.0005 0.01115 - 0.0007
0.008 0.0106 0.0116 0.0010 0.0111 0.0005 0.0113 0. 0007
0.0 0.0107 0.01175  0,0010 0.0113 0.0006 0.0115 0.0008
0.02 0.0117 0,01265 0.00092 0.0123 0.0006 0,012 0.0007
0.03 0.0127 0.01365  0,0009% C.0133 0.0006 0.0134 0.,0007
0. Ol 0.0137 0.01455  0.0008;  ~0.0142 0.0005 0. 011y 0.0007
0.06 0.01575  0.0462° 0,000, 0.01595  +0.0002 0.016k;  0.0007
0.08 0.0178 0.0179 0.00015 0.0178 0 0. 01857 0.0007¢
0.10 0.0199 0.0196  ~0.000% 0.0196 -0.0003 0.,0207 0.0008
0.15 0.0252 0.0250 =0.0002 0.0247 * =0.0005 0.0260; 0.0008;
0. 20 0.0306 0.0308  +0.0002 0.0303 ~0. 0003 0.0317 0.0011
0.25 0.03605  0.036 +0,00035  0.03595  -0.0001 0,037 0.0013
0. 30 0.0418 0.0416  ~0.0002 0.0L15 -0.0003 0.04.37 0.0019
0.35 0.0h7:5  0.04685 -0.0006 0.0467  -0.00075  0,0502 0.00275
0.40 0.0532 0.0523 -0,0009 0.0523  «0.0009 0. 0571 0. 0042
Oudi5 0.0593 0.0586  -0.0007 0.0580  -0.0013 0.0657 0.008
0.50 0.0648 0.0651  +0.0003 0.0637  -0.0011 0. 0751 0.0093
0.55 0.0700C C.0717  0.0011 0.0690  -0,0016 0.0827 0.0121
0. (0 92,0770 0.0788  0,0018 0.0762  -0.0008 0.0910 0.0140
0.§5 0,085 0.,0872 0,0027 0.0852 40,0007 0.1010 0.0165
0.70 Q. 097 0.1050  0.0076 0.0988  +0,001L ¢. 1126 0.0152

" Table IV/
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Table IV

Without Transition Wires

M - b Rt
Slope of CD_.__....CL2 Curves (Smoothed) Slope Ratios
R Square Tips ‘:Large Plates :Small Plates Tip Tanks va = c/a i/ a
{Approx) a ‘ b . o a
12,7 0.1005 “ 0,0875 - 0.092 0,105  0.871  0.916 1,035
12,0 0.1025 0,090 . 0,09, 0,103 0.878 0.917  1.005
10,0 0.1075 © 0,095 0.098 0,102 0.88,. 0,912 0,949
8.1 ' 0.,1045 J 0.1005 0,10k 0.105 0,962  0.995 1,005
Lo © 0,110 0,112) (0.417) (0.123)  (1.018) (1.06%) (1.118)
2.0 0.115 0.125) (0.116) (0.129)  (1.087) (1.009) (1.112)
4.05 0,109 0.111 0,117 0.125 1,018 1.07L 1,030
With Transition Wires and Square Tips
Slope of Cp--——Cp” Curves (Smoothed) Slope Ratios
No Wircs Thin Wires  Thick Wires 'a o/a
a b o]
0,830 0.718
1.1 0,109 - (g-?g;% - (O'a?)
1 '5 - 0.995 * [ -
2.0 0.115 0,110 - ?'367 -
Lo 0.110 0.110 - ’
Slope of Cr—= g Curves Slcpe Ratios
0,5 C.0541 0.0537 0.055.. 0.992 1,025
1.1 0,05L4 - 0.0555 - 1,020
105 - 0.0558 0.055L - -
2.0 0.0550 G.0556 - 1,044 -
LA 0.0566 0.0561 - 1,002 -
Values of Cpp., (Smoothed Curves)
0.5 0,0126 0.,014.2% 0.0166
1.1 0,0111 (0,014 )% 0.0146
1.5 - 0'0158 000111-2
2,0 0.0105 0,012 -
High R 0,003 *ires not thick enough.

Bracketed values are where it is difficult to decide what the value

actually is.
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C.P. No. 196

AFTENDIX

Comparison Between the Measured Lift and Drag
and Calculated Values for the Wing wath Tip Tanks
- By -

Dr. J. Veber

It has been shbwn above (p. 3} that the changes of both 1lift
slope and induced drag of the wing with endplates can be predicted wath
reasonable accuracy from the theory of Ref. 2. In the following, a
simlar comparison will be made for the wing with tip tanks where the
calculation method of Hartley3 1952, is avaalable.

Calculating the theoretical 1ift slope of the wing with tip
tanks by the method of Ref. 3, one obtains 1.15 tames the 1lift slops of
the wing alone. This value is only slightly higher than the experimental
values given in Fig. 5, the mean of whach through the Reynolds number
range 18 1.13. A amall daiscrepancy of this order must be expected as a
congsequence of viscosity effects, particularly in the sweptforward
Junctions between wing and tanks. Thus the large effect of the tanks on
the 1lif't slope which 1s found experimentally, can be explained by the
theory; thas confirms the findings of Spence and Holfordh, 1953,

The caloulated 1ift ancludes the effect of the tanks on the
wing 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 wing is
very mmall in the present case (AC[/a® = 0.0005) and can, therefore,
be 1gnored.

The theory of Ref. 3 gaves a 25% reduction of the induced drag
due to the tanks. On the other hand, the drag of the tanks themselves
can be expected to rase with o?, Therefore, the {inal result depends
on how these two opposing efTects counteract one another; 2t cannot be
predicted without also knowing the drag of the tanks. In the present
case, the two effects appear to cancel one another and the drag remains
nearly constant at low Cp-values. At higher Op~values, however, a
large interference drsg arises, mainly from unfavourable boundary-layer
effects in the sweptforward junctions where large adverse pressure
gradients behind ancreased suction peaks appear. Similar effects have
been observed in Ref. L.

Additional References

No. Author(s) Title, etc.
3 D. E. Hartley Theoretical load distributions on wings

with cylindracal bodies at the tips.
C.Pl No' 1]—]-7. Jlme’ 1952.

i A, Bpence and The low speed effects of wing tip stores.
J. F. Holford R.A.E. Technical Note No. Aerc. 2279.

1953.
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