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Summary

This note presents the results of flight pressure distribu-
~tion tests on the right upper wing panel of a Douglas M-3 air-
plane equipped with a semicircular wing tip.

The results are given in tables and curves in such form
that the load distribution for any normal force coefficient with-
in the usual range encountered in flight may easily be determined.

The tests were made at Langley Field, Va., by the Nationai
Advisory Committee for Aeronautics in January and February, 1931.

Introduction

To supply reliable and systematic information on the effect
of changes in wing-tip plan form on the load distribution, a
flight investigation of the pressure distribution over wing tips
has been undertaken by the National Advisory Committee for Aero-
nautics at Langley Field, Va. This investigation has been out-
lined to include pressure measurements on the right upper panel
of a Douglas M-3 airplane with several variations in tip form,
systematic in the main, but also including a few odd shapes,
either because such forms are commonly used or because informa-
tion of value could be obtained with little additional work.

The results of tests on three tips have already been re-
ported: the "Douglas" tip in Reference 1, and the square tip,
both with and without a faired end, in Reference 2. This paper
is the third of a series presenting the results of this investi-
gation; it comprises the data obtained when a semicircular tip
was used on the right upper panel., During these tests a rounded
tip of the "Douglas" form (see Reference 1) was used on the
right lower panel. However, as was shown in previous tests
(Reference 2), the results obtained on the upper wing may be
considered to be unaffected by the shape of the lower tip.
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Methods and Apparatus

The -3 airplane being used in these tests is a normal bi-
pPlane having, however, an aspect ratio somewhat higher than
usual. The characteristics of this airplane are given in Table
I. The shape of the wing~tip plan form is given in Figure 1 and
the ordinates of the profiles in Table II. The Clark Y section

-was maintained throughout the span. The sections were so lo-
cated vertically that the points of maximum mean camber lay in a
Plane parallel to the main chord of the wing.

The wings were rigged with a washin of about 0.2 degree.
Deflection measurements previously made (Reference 1) indicated
that this amount would be sufficient to approximately cancel the
torsional deflection at the low angles of attack. However, at
high angles of attaclk the torsional deflection is practically
zero (Reference 1), and the rigged washin therefore resulted in
an "effective twist." This twist was such a small percentage of
the angle of attack in this condition that it had a negligible
effect on the results, and consequently they can be considered
to closely represent conditions for zero wing twist throughout
the range of angle of attack investigated.

The same procedure was followed in these tests as was used
in the tests on the "Douglas" and on the square tips (References
1l and 2). As in the case of the square tip, the extra pressure
rib X was connected in place of rid C in approximately one-
half of the runs. Although it was not possible to measure sim-
ultaneously ‘the pressures at ribs X and C, "s@fficient in-
formation was obtained on both ribs to establish the span load
and the moment curves at stations X and C.

In addition to the quantities measured in previous tests,
the angle of attack was also measured. This measurement was
omitted in the previous tests because no instruments for the
purpose were available. Although the lack of the angle of at-
tack measurement does not detract from the usefulness of the
results, the measurement of this quantity was considered ad-
visable in order to establish the pressure data on a basis
suitable for comparison with corresponding wind tuannel results.
This consideration was particularly applicable in this series
of tests as the order of accuracy of the data was sufficiently
high to justify such a comparison. The practice followed in
measuring angle of attack was to record the attitude of the
airplane with respect to the ground by means of a pendulum
inclinometer, while the pilot maintained level flight by means
of an indicating statoscope.
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As mentioned in References 1 and 2, the accuracy of these
tests was maintained at a higher level than had been possible
in previous investigations, largely because of the installation
of all instruments in an insulated compartment which was kept
at a constant temperature. The angle of attack values are con-
sidered accurate to 0.5 degree. The discussion of precision
given in Reference 1 applies to all other measurements given, as
no changes have been made in apparatus, methods, or procedure.
The flight records were taken over a period of three weeks; the
instrument calibrations made at the beginning and end of this
period agreed with each other.

Results

he results are given in Figures 2a to 5, inclusive, and
in Tables IV, V, and VI. The coefficients there referred to
are defined as follows:

Wing Normal Torce

Wi (6] =
L B q X Wing Area
ib — Rib Normal Force
we q X Rib Chord

—~ Moment of Rib Normal Force About L.E.
@ X (Ridb Chord)”

Rib CM

Figures 2a to 2j, inclusive, show representative pressure
plots throughout the range of Cy investigated, the pressures
for these cases being tabulated in Table IV. The final usable
results are given in Figures 3 and 4, which show the variation
of rid Cy with wing Cy and rid Cy with rib Cy, respect-
ively. These curves were established by a large number of
points, as in Figures 6 and 7 of Reference 1, but the points
were omitted to avoid confusion. The curves for the root sec-
tion were obtained by extrapolating span-Cy curves and span-Cy
curves from considerable data. Owing to the extrapolation, the
curves do not represent the true conditions near the fuselage
and in the slipstream, but they represent more nearly the ideal
conditions in which there is no effect from fuselage and pro-
peller.
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Tables V and VI give coordinates of the curves of Figures
%3 and 4 to allow their construction on a larger and more accu-
rate scale, if so desired. To use Figures 3 and 4: for any
wing Cy (or, practically speaking, for any wing lift coeffi-
cient), the span-Cy distribution may be obtained from Figure 3
by plotting the corresponding values of rib CN at their proper
locations on the span base line as determined from Figure 1.
The values of rib Oy corresponding to these values of ridb Oy
may be determined from Figure 4, and the center of pressure locus
can be drawn from the relation C = CM/CN. To obtain the
span-load distribution, the ordinates of the span-Cy curve must

be reduced at the tip in the same ratio as the reduction in
chord length.

By means of the curve of wing Cy versus angle of attack
in Figure 5, the results given in TFigures 2, 3, and 4 may be
correlated with angle of attack. The 1lift curwe of the airplane
has been included in Figure 5 as a matter of interest only and
has not been corrected for the component of propeller thrust
normal to the relative wind,

Langley lMemorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 15, 1931.
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TABLE I
Characteristics of Douglas M-3 Airplane
o B R T .- e e = = - === == - .- == o-
Airfoil - = = = = = = = i U e e el S
Phbac Lonpdp anil dower) - ~ == ~ - = I EGEEEEEE -
Chord (upper and lower) - - = - = = - - A e
R R I S S T TR L L
STREERY: = * "= = =~ = e L i -
Bl B DVr SUNt of chofd - = = = = o S
Original
Areas (sq.ft.):

Right upper wing, including aileron - - 126.4
Right lower wing, including aileron - - 126.4
Rl T - 505.6

fotal wing area = =

Horizontal tail surfaces

Yertiecal tail surfaces = = = ="7= '=5=

Weight during tests - -
Snging - » - = »~ » -« =
Rated hp at 1750 r.p.m.

Rower "loading ~ - -~ ==

Wing loading - -~ - - - -

- s e e em ee e e= =

_ s em s Gm  es ew  em we

Clark X

45 f4. 40 iﬁ.
5 £%s .8 Ados

6 £1.: O dms
None

29

*Semicircular

Right Upper

126.6
126.4

505.8

------------ 58

------ 17.7

!
I
]
I

4840 1b.

Liberty

420

11.52 1b./hp

9.57% 1v./eq.ft,

*TLeft wing panels remained unchanged.




TABLE II

Ordinates of Pressure Ribs

Station
in per Ciark Y Rib X Rib A Rib B Rib C Hib D Rib E Rib F
gﬁgid Upper| Lower | Upper | Lower{Upper |Lower |Upper |Lower Upper | Lower | Upper {Lower {Upper |Lower [Upper Lower
400 3460 t3.50 3.401|3.40 | 3.49| 3.49| 3.36| 3.36| 3,49| 3.49| 3.35| 3.35| 3.58| 3.58| 3.45 | 3.45
1.25] 5.45 |1.98 5.4711.84 | 5.56| 1.93| 5.34| 1.79| 5.42| 1.84| 5.41} 1.88| 5.73| 2.00! 5.99 | 1.80
2.50 | 6,50 {1.466| 6.53]1.29 | 6.52| 1.47| 6.38| 1.33| 6.43| 1.38| 6.34 1484 Gl 2.57] 16.87 14,57
5.004 7.90 #9031 780 <87 4 8.00 ST 7420 .83} 8.00 w8l Tl «+824 73892 | 1,08 | Bl 1217
7501 8.85 .629| 8.8 .51 |9.05 <68 8¢9l .28} 8.96 .46| 8.88 «B57 By 82 o 72 | Be96 o
10.00 | 9.60 A2 9.651 .41 19.74 «461 9.65 32 1. 9.65 2 B2 +32 | 9,40 471 9.79 .48
15.00 10.685{ .15 {10.61{ .18 §0.76 .28110.67 .14 {10.62 .18|10.59 .04 10.56 .26 |10.84 LB
20.00 [11.36 +083112.21 | .05.11.26 <0913 26 «05.111526 «05411.172 SO0 2T 11 [E1aB0 OB
3000 11.70 00 N3 .670 .00 §1.78 J00113..81 JO0 1, Bl J00111466 .00 11.81 08 1L E6 .03
40.00 11.40 0 1123801 00 §1.56 .00 (11.40 .05111.45 .00{11.47| -.04 11.39 .00 |11.46 .00
50.00 10.515| .00 {10.48| .00 10.48 00110.58 .03 110.58 JOBUG0 .57 .00 10.51 .00 10.63 .00
60.00 | 9.148} .00 9492 .00 39,191 =.08]:9.42 081 9.25 14f 9.10 .04 19.19 .00 | 2.46 .03
65.00 | 8.30 .00 Bi2? | Q5 18:27 .00 ]| 8.54 .09 8.45 A4} 8.2 .00 | 8.30 .00 | 8.74 85
70.00 | 7.35 .00 T7:85.| 09 §7.36 00 7.68 U9 | 2.67 o14] 7:385 S0 17.37 J0B } 7476 .05
80.00 | 5.216] .00 5.88| .00 15.33 L0 B 65 181 B8 70 s2d | 522 .04 15.30 .05 | 5:49 05
90.00 | 2.802| .00 2:90 ] 400 2,80 =.056 1 3.3 28 | 3.31 «18| 2481 00 12.83 .00 | 3:07 .00
95.00 | 1.494f .00 1.65 | 00 |1.521 <=.09 | 2:02 141 2.02 <09 13 | =88 11,19 | <.06.] 1:87 .00
100.00 o 12 .00 o7 | +00 23 | =.23 .74 .00 .65 .00 26 .00 05 +J0 +30 .00

Note: All ordinates given are in per cent of chord.
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TABLE

1§ 5 |

379

Orifice Locations in Per Cent Chord

Orifice
No.

Rib

3B

C

Swwoo~ITo U PR

=

1.47
2.94
4,41
6.62
13,24
25,00
41,18
58,95
72.30
94,20

1.54
3.06
4.45
6.69
13,31
25.00
41,30
59.50
73.70
94,40

1.47
2.94
4.41
6.70
13,30
25.00
41,40
59,10
72.00
94.560

1.47
3.02
4,49
6.69
13,30
25.00
41.30
58.80
72.30
94,40

1.26
2,65
4,37
6.47
13.09
24,85
41,00
58,40
76.00
93.70

1.70 2. 77
3.36 5.44
6.79 7.99
9.35 | 12.13
14,03 | 17.35
22.40 1 25.87
38.35 | 43.40
54.75 | 63.40
71.10 | 78.30
91.00 | 88,30

TABLE

Iv

Recorded Pressures in Multiples of

Wing CN

= =,159

Orifice

RiD

COWwowoy Ui I

e

-2.77
ol XY L
~-1.45
-1.13

52 | =
RIS
.06
«12
«07
.05

-2.38
~-1.84
~1432
~1.04

B | =
007 ve
12
o 12
14
.04

~2.37
"1080
~1.39
-~1.,09 |~

49 |-
.09
.04
12
+ 1B
.05

"2.45
"'1:60
~1.,48

39 |=
85 ol =
«Q2 i+
«15
.20
.07

——

-2.05
"'1.65
-1.04

+85
« 38
12
.09
14
.18
.07

-1.38
- 090
- +6%7
- «52
- .08
- 07

13
.07
.07
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TABLE IV (cont.)

379

Recorded Pressures in Multiples of g
RiD
Orifice
A B C D E F
1 -2.09 |-2.,14 |~1.76 | ~1.88 | ~-1.52 | -1.05
2 "'1049 "1.26 "1.35 "'1-19 “‘1.25 - G
3 =108 = ,95 ] «1.00 [+~ SOFS - e | w30
4 g 071 o .66 - 072 e 161 - 060 - 132
5 15 033 - .32 Lo .25 - .24 - 017 .09
6 % S g .04 13 «01 .04
7 s o L% L1 .0, «15 .04
8 i 5 P P 5 22 o liB .14
9 syl o 1D o L6 .08 «18 s
10 .04 .04 + 05 - .08 .04
TABLE IV (cont.)
Recorded Pressures in Multiples of ¢
Wing CN = 020
RiD
Orifice
X A B D B F
2 =1.50 1=1.30 | ~1.,38 | =1la22 =1.09 | =" .60
3 - o8l |= .96 | = 78| =1.07| = 57 | = 32
4 o 052 i .51 - 060 i 053 r -36 e 023
5 * o122 }= 415 | = 38 1= S8 1% SU¥ .02
6 «25 il il + 38 SOy PR
7 -8 28 ST +29 +20 v L S
8 «20 il « 28 FL- 7 1B S
9 .14 .14 .14 «12 vl .08
10 .04 -09 005 b .06 004
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TABLE IV (cont.)

Recorded Pressures in Multiples of aq

RiD
Orifice

X A B D E F
18 =1429 =1 .,33 | =1.40 8BS0 =1 CT5 -.61
e 1,09 = %95 | =1,07 =t sHaE = 85 = .35
3 = 546 |'=" 68 ] = +39 |'=Sanih =Sl =Le
4 =988 = 28 | .~ 32 =S -.08
5 .09 08 | = 210 Ji="1506 .08 <13
6 e 42 sB i 29 sl B .14
/4 D + 58 B i 24 e
8 24 25 D seD oD JPe
9 «15 + 1B «1D . 50 oo + 08

10 205 .08 .04 - .06 0

TABLE IV (cont.)

Recorded Pressures in Multiples of ¢

Wing Cy = .373
Rib
Orifice
A B C D b T

1 s06 |=.11 | ~.11 | =428 | =.14 |0

2 .18 .10 10 | =»0F Y=.1% .18
3 .38 .42 22 .02 .15 .29
4 . 64 .44 .32 «35 .19 .15
5 .61 .40 .45 <43 «43 .48
6 .60 .61 .50 .57 43 .40
v .62 .51 .41 «50 «40 27
8 « 36 .31 .32 .29 31 .25
9 23 19 .26 14 27 <19
10 .10 .07 .05 e .06 Q7
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TABLE IV (cont.)

oD

Recorded Pressures in Multiples of g
Wing CH = . 542
: Rib
Orifice
A B C D E i)
1 .92 e61 | 64 | 33 | 441 | .43
% s 28 o 82 | TE | s A8 555
3 107 |1.,0L | 785 G ais SiE0
4 1.25 «e95 | .83 | .81 | 47 | .48
5 1.01 o 7D |« Th | <@ IaeEie ) 7]
6 «85 81 4«71 | s ¥HS 68", 65
7 76 +62 | + 02 | JOU |kl | .35
8 344 037 .38 o36 038 .33
9 .28 2l | +30 | A8 ¥ 238 | .33
10 108 106 106 k3 009 .15
TABLE IV (cont.)
Recorded Pressures in Multiples of gq
Wing Cxy = .758
Rid
Orifice
A B c D E ¥
7 192 | 1.46 | 1.34 | 1L oGSl Sitiatl s 90
2 2985 T+63. | 14k Rl 921 .98
3 9% 1704 ‘Ledl] el «934 11,10
4 £.92 | 1.56 | 1446 | 1,89 10 + 8%
5 L0803 | 113 | 100 1 1508 «98. | 94
6 Tatsdt 3,10 23 «93 s80.1 64
(4 +93 +81 . 64 . 64 59} .41
8 ¢ 53 . 42 .46 «38 +49 | .45
9 «33 « 30 ¢35 .18 «38 | +37
10 10 O «09 -- el | #iB0

10
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TABLE IV (cont.)

Recorded Pressurces in Multiples of gq

Wing Cyp. = 1,048

N
Rid
Orifice
A B C D B F
1 B4 | 2,62 | 2,40 | 2480 EeEBl 158
2 5205 | 2:70 | 2+50 [ 20 B L 60
S 3306 1272 1 2+32 | B L ARpEaE =t 558
4 2:72 | 2.32 1 2:.25 | LS8 NS e
5 216 | La77 ] 1460 [ LG a0 n I Eaas
6 1.56 | 1e42 | 1.28 1 1ot .94
7 ¥e18 .99 s 82 .80 P D « 63
8 .69 « 54 « OO .48 » B « 65
9 A4h .36 42 +26 00 . 64
10 a & gLk il s, -- 2 | 56

TABLE IV (cont.)

Recorded Pressures in Multiples of g

Wing CH =" e S
RiD
Orifice
A B o] D E T
i 5308 1" 3«97 | 3.71 | -GRER L OeEE | Phito
2 474" 3.96 | 3:76 | 3«18 |FBagE [ VEoaD
3 L.B2 3,938 | 3.58 | S8 EESGE | 2eiy
4 .16 351 | B.24 |- 288 e @ s 90
5 2298 | 2.5%7 | 2,21 @CEEE T i 8
6 2:01 | 1.81 {'1.60 | 2D RO 1 o0
7 1041 4 1618 | 1,056} TSRS BEES .96
8 78 . 60 .66 « 63 w85 Lol
9 .48 .40 47 D s7 L ¥ 188
10 «20 | 1B - + 32 13,01
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TABLE IV (cont.)

Recorded Pressures in Multiples of g
Wing® Cp = 1.574
RiD
Orifi
gl B c D E 7
1 6+29 14,83 | 4.67 | 2. 65 B SHRES 53
2 5.78 14,87 | 4.,6% | Bedh G a2
3 5.43 | 4.65 | 4,28 | Ba%L | ZaBE | 2.88
4 4,92 [ 4.20 | 3.88 | 3.41 | 2.44 | 2.27
5 B+51 1 B.01 | 2.61 | 2eBEiREsaCwba, 18
6 9,530 12,01 | 188 | I+ EtnuisalioB O o
7 1.4% 1 2.28 | 1,14 | T80 [Esalated o
8 s 76 «59 « 68 S BT .85 | 1.8
9 «45 44 .48 38 288 1 12.68
10 QSO 020 |18 gk, -39 1028

12
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Coordinates of Curves of Figure 3

Technical Note

TABLE V

No. 379

13

Wéng RiD CN
L Beas X A B c D E T
o0 «000 « 3OO0 ,000 +' Q00 .000 « 900 .000 .000
O s s113 ] L1058 | L0871 o8B Sl S BEE b e
o5 s8 80 s BT a0 L 174 o 46D . 147 « 134 #1005
B 848 | .380 | 318 | w261 |24l BRG] SBR[ St
4 "e459 «453 « 420 e 348 e SeD 294 269 + 282
oD . D74 « D6 s Bob 436 «406 « 367 . 337 « 502
o6 1589 . 680 Sba L + D23 « 487 « 440 .409 « 378
o .804 + P95 # 1 5E + BEO +DBR .bl4 .483 .459
.8 -1 2308 .906 . 841 . 5697 + 650 + DB + 560 . 544
812,023 {1,080 | .946 | 784 | .75% L o8N | Ji0E | 85%
1.041 1,148 |1.133/1.051 | 871 | 62l R R L7 | i
1.3 12,868 [1.246 1,156 | .958 | 298l Gl T L90F | S8
LBl i EaS R [ Bsabl 1 2861 1 1,045 974 «891 . 882 « 360
1.3 ] 1.491 [1.476 | 1.366 [1.132 |1.056 § L9080 | 992 |1.088
Ted | 1600 13,587 1 1,470 11,219 |-1.,186 LG ESS e 067 || Lycith
T364 1,706 11,690 1.1.569 [1.307 |1l.218 laasstiil -baa" | eai
Tabal 1y BO2 11479 1,661 |1:.394 |1.299 P ant L2074 | 1,696
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TABLE V

I

Coordinates of Curves of Figure

379

14

Rib Rib GM
Cx
Root X A B c D E F
.0|=~-,071 |-.070 | ~-.069 | ~-,065 |-.063| -.060| -.056 | -,034
.1|/-,095 | -,093 | -.092 | ~-.087 |-.085| -.080| -.080 | -.058
2 | =e118 | =.116 | =c114 | =,108 | =106 | =.099 ] ~,104 | =,086
3 | =142 | =¢l39 | =4136 | =129 |=.127 | =120} -.129 | -.118
o4 | =165 | ~-,162 | =.158 | =.150 | ~.149 | -,140}| -,155 | -.152
20 | =189 | =185 | =s181 | =172 | =« 170wl cl | =182 | =5d85
B ] =212 | =%208 | =208 | ».198 | ~e k92| 2188 = 211 | = 228
o7 | »e236 | =4231 | =e225 | =eRld | =214 | =.205 | -e240 | =.269
o8 | =e2D09 | =254 | =247 | =235 | —eR36 | =227 | =270 | -,310
0D | =283 | =277 | =e270 | =, 257 | »,259 | «.251 | -,.30%L | =352
1.0 | =.306 | =,300 | =.292 | =+278 | ~.281 | =.275 | -.332 | =.395
1,1 | =4330 | =.322 | =314 | -.299 | =.304 | -,300| -.363 | -.438
Lol | =a8353 | =6B845 | =eB337 | 320 | =328 =884 | -.8958 | =s283
Lod | =eB77 | =.368 | =a359 | =,341 | =, 5561 -.428 | -.528
1.4 ~-.400 | ~.391 | -.381 | -.363 -.573
1.5 ]| =424 | -.414 | =,403 -.618
1.6 | =e447 | =,437 | -.426 -.663
1,7 | =471l | =o450 | =,448
1.8 | =.494 | -,.483
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Fig.2b Pressure distribution. Wing QN=-—.O47
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Pressure,q

Fig.2c Pressure distribution. Wing CN=.020
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Fig.2¢ Pressure distribution. Wing CN=.373
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Fig.2f Pressure distribution. Wing CN=.542
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5L
Pressure,q

Fig.2g Pressurc distribution. Wing CN=.758

Pressure,q

R ey
o = D

Fig.2h Pressurc distribution, Wing CN=1.048
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Pressure,q

Fig.21i Pressure distribution. Wing CN=1.387
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Fig.5 Cy of right upper panel and Cy, of airplane vs. angle of attack.




