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INTRODUCTION

Thls memorandum contains the results of wind
tunnel measurements of rolling moment , yawing moment,
and side force, made on a model of an A, V. Roe Canada
Limited swept wing, with and without tip tanks, Lift,
drag and pitching moment measurements were reported in
Reference 1,

MODEL

The pertinent model geometry is glven in
Flgure 1,

Large spanwise cracks, one on each surface,
had appeared in the model before the tests, and s ome
distortion was indicated by the fact that with the tail
sting removed the trailing edges of the two sides of the
wing, at the centre, were displaced vertically about
1/8 inch,

RANGE OF TESTS

At R.N. = 2.2 x 10°% the model, with and without
tanks, was yawed from -2° to 16° at each of six valuss
of Cy, between about zero 1lift and Cf, ax* At R N. = 3,3 x 10
measurements were made, w ing alone, F3F the same angle
of yaw range at 1ift coefficlents of - 0.01, 0,18, 0.28
and 0,38,

DESCRIPTICN OF TEST3

The model was assumed to he symmetrical about
1ts horizontal centre plane, hence, to obtain the inter-
ference of the main struts, which ave normally on the
high pressure side of thse wing, the model, with dummy
struts mounted, was pltcheds negatively rather than
inverted. The tests revealed little strut interference,
but the components measured at posltive angles of attack
did not agree with those measured at corresponding lift
coefficlents in the negative angle of attack range,
Further tests were made, therefore, with dummy struts
mounted and the model pitched posit ively, to determine the
effect of struts on the low pressure side of the wing.
Considerable strut interference was noted in this case,
but when the appropriate corrections were applied to
the results cbtained at negative angles of attack the
above dlsagreement was still present. To explain this
difference in the lateral force and moment component s
1t was concluded that the model was asymmetrical,
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This conclusion 1s based on the reasonable assumptions:
that the dumm struts exactly simulate the main struts,
and that the flow 1s unifcrm within the vclume swept
out by the model,

RESULTS

The results ave given in Tables I to V and Figs.
2 to 10,

Yawing moment is given, as measured, sbout the
suspension point, which was at 0.52¢c.

Rolling Moment:.

The rolling moments, with and without tanks, are
plotted ageinst angle of yaw in Figs., 2 and 3. Values
of 1,, measured at zero yaw are plotted in Flg, 8, The
latter decreases, indicating more stability, as COrp is
increassd up to 0,5 where ly begins to increase untll
instabllity 1s indicated above Cp, = 0.7, wing alone, and
0.85 with tip tanks, This unstable change indicates that
the 1ift on the leading half of the wing falls off sconer
than the lift on the trailing half of the wing.

Yawing Moment:

The yawing momsnt measurements are plotted in
Figs. 4 and 5 and values of ny in Fig. 8. Below Cp = 0.5
n, is small, but above this value, ny rapidly becomes
positive, indicating directional stablllity. At Cr,=(.9,
however, ny becomes negative. This 1s due to the reduction
in induced drag of the leading tilp asscclated with the
early fall-off of 1lift. At the three highest 11t coef-
ficlents the curves of On - V¥ have radically departed
from linearity at the large angles of yaw.

3ide Force:

The side force results are plotted in Figs, 6 and
7, and values of yy in Fig. 9. 1In general, y, 1s po%itive.
As in the case of ly and ny, yy 18 measured at ¥ =0
and at the higher angles of attack Cy tends to be non-

linear with V.
Effect of Wing Asymmetry:
By comparing the measurements made in the positive

rle of attack range with those made in the negative
range, the effect of model asymmetry can be sesn, Appraclable
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changes are noticeable in ny and yy, but 1, 1s not affected
wuc&, The model asymmetry 18 not very important, therefore,
becsause in the complete alrcraft the vertical tall and
fuselage provide the major contribution to ny and yy. The
results show, howsver, the extreme sensitivity of the wing
to small departures from horizontal symmetry.

]
N
e
%«3

ect of Tlp Tanks:

A definite increase in effective dlhedral due to
tip tanks 1s evident from Fig. 8 where 1, 1s seen to be
more negative with tanks than without. Furthermore the

change from & negative value of ly to a positlive one takes
place at a grsater value of Cr. This 1s apparently dus %o
an end plate effect of the tanks,

The effect cf tanks on ny is not as pronounced
a8 in the case of 1l,. 1In general, ny 1ls more posit ive
with tanks on,

The presence of tlp tanks makes y, more negative
as would be expected from a consideratlon of side area,

CONCLUSIONS

1. The lsteral components measured when the model was
pitched positwvely did not agree with those measured when
the model was pitched nagatively. The differences are con-
cluded to be due to & lack of horizontal symmetry in the
model, Cracks had appeared in the surfaces of the model
and some distortion was evident. Because the rolling
moments showed falr agreement, this is not very lmportant
when the complete model is conslidered, the fuselage and
vertical tail providing the major contributlions to ny and
Yy. The results do show, however, the extreme sensitivity
of the lateral components of the wing to apparently small
departures from symmetry. In future to prove more directly
the presence or absence of symmetry & model should be
pitched positively in one position and then turned over &and
pltched positively again,

2 The values of 1y, and ny, indicate increasing stabllity
up to values of Cp between 0,7 and 0.9, where they change
sign and indlcate instability. The values of y_ are In
general positive., The curves of Cy, Ch and C against V¥
become non-linear as the mcdel 1s pitched above the angle

of attack at which the tip stall begins.

Se The presence of tlp tanks increases the effective
dihmdval increases the directlonal stabllity about the

0.5620 p01nt, and makes yy more negative,

CPRT ) SO L R s T
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NOTATICN

rolling moment
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yawing moment

Cn =
3 vzn
2{)\; '..Db
w - angle of yaw
P - angle of sideslip = -V

per radian

n, = e per radlan
-
lB =0
dc

= 7 per radlan
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TABLE I
Wing Alone RN, = 2,2 x 106
Posltive a Range
C1
‘ 1 e 0 2 4 6 8 12 16
Cy,

b ‘A":'} e(:\(}l C O 'o&‘:’l O ~O e 001 ol 002
¢20 ‘ﬁGGl e OO}_ -(\Ql .001 00’05 0004 0005 OQOW
+45 | -, 002 -, 001 . GOL 20081 008 . 008 011 .014
271 | =002 -, 005 003 ~-,002 0 . 002 . 004 . 008
.90 0 -.008 | -.009} ~-,012]~,015} -,017 -.013f -,011
098 ~ e GOS "".OC’S ".le’ ’wﬂgo '.0:’3’7 : "1051 --Obé -06436

Cn
v -
-2 O 2 4 8 8 12 18
Cr,

=, 05 -. 0001 , 0000 -, 0001 -,0002|-.0003 | -,0002]|~-.0004|~.00086
ARG « 0001} -, 0001} -,0002| -.0003|-,0005 | -,0006 |-.0010 {-,0012
.45 -, 0001} -, 0001} -, 0002] -, 0001 }~-,0010 | -.0013|=.0023 |#. 0030
o7l . 0018f -, 0005 -.0021} -, 0029 |-, 0037 { -, 0039 |~,0050 |=-,006"
« 90 + 0009 0007 .0031] ,0015L ,0009 . 0002 |~. 0041 |~, 0068
.98 =, Q0101 0013, 00181 00441, 0070 LO0B6 L L0083 |, 0048

Co
L : » 5
< -2 0 “ 4 5 8 12 16
CL ‘\\

=-,03 « 000B | ,0008 2007 L0008 (00111 00111 (0018] ,0CLY
20 . 000%™ | ,0008 00051 ,0001L} ,00001 ,0000{=-,0003}~-.0003
e 45 L0032 | .C013 | -.0006|=,0017|~-, 0025 |-.0035|~-, 0051} ~-,0069
2L 0003 | 0031 .0035({ .,0007}~-,0019 |=,0066!~,0155]~.0241
. 90 « 0038 | 0029 00161 ,0001~-,0023 {-.0080|~,0332|~.0481L
.98 .0108 |,0019 | ~,0060(|=-,0122}|=-,0170 |-.0244|-,0392|~.0524
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TABLE II
Wing Alone H.N. = 2.2 x 10°
Negative ¢ dange
vi
v -2 0 2 4 6 8 12 16
CL =
= 085 | <. 001 0 001 | -.001 | ~.001 | =001 =002 =001
20 | ~.008( -.001| .001 | (002 0021 .002| .0Q4| .0O6
45 | ~.op2| -,002| -,001 | .00l 002 | .o00%| .00B| .00W
71 | ~,008] -,002| -.002| .000 00061 o000 Jopol Jo0E
90 | -, 002 -.007| -,011 | -,014 | -, 014 -,010 | ~.025] =.0B2
098 e 002 "0006 ""012 -.016 '0021 -0025 _-054 _0955
Cn
oo 0 2 4 6 8 12 16
CL
b
-.03 l=;0002 | ..0000| .0000| .00CO|-.0001}=-,0002}~,0004f ~,000~
.20 | .o001| .0001l}-.0002| -.0003|=-.0004]-.0006{ -.0009} -, CO13
45 | .0002 | .0012] .0015| .0013| .o00lo| .0007| .000Lf -,0004
.71 | .oo12| .ooo8{ .0c00| -.0001|-.0011}=-,0021] -.0042! -. 006"
.90 | .0001 | .o010| .o0l6| .oC23| .001B| .0010} .00l2 =-,0008
.98 |-.0010 | .oo001} .o0026| ..0038} .0069| .0088| ,0091 .0075
Cy
¥l o 0 2 4 & 8 12 16
CL
-.03 |..o0008{ .0008| .ooov| .o0008! .0005; .0008] ,0014| .00QLS5
.20 |-.0008]~-.0001|-.0005{-,0007!-.0007| -, 0005{ =.0004|=-.0001
045 90006 '.0045 "Tocﬁg _00090 “;0089 T 0095 _'0115 e 0156
.71 | -.0025{-.0037| -. 007" -.0129|-.0152]| -.0180} ~. 0266 |-.0540
.90 .0005| -.0027| -.0034| -.0067|-,0101| ~. 0167} -.0273|-. 0375
.98 .0052| -,0031] -. 0071 -.0141| -, 0187| -, 0281} ~. 0474 |-. 0694
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TABLE III
Wing with Tip Tarks H.,N, = 2,2 x 10°
- Positlve a nange
C1
¥ o 0 2 4 6 8 12 16

C,

-002 .000 | .cor | .000 | ,001 |-.001}-.001| -.003} .000
.23 0% o0t ] .ove I 005 ,004 | .008] .006] ,009
.49 . 004 =001 | 602 | 008 co0 !l o008t .o0ld4 .;19
.74 w005 t-.coe | 500 00) 008 | .0081 008 .01%
91 -.002 |-.005 |~.007 |-,012 |-.010 {-.013 | -.006{-,009

|
:Y]
v -2 0 2 4 6 8 12 16

Cr,

-.02 |-.0001| .0005! .0002| .0003 | .0003| .0004| .0004| .0005
‘2% | .0001| .0005| .0000| ,0001 | .0002| .000L{-,0002| ~.000Q
.49 0004 | .0C04|~.0007] -, 0009 =, 0012 |-. 0016 |-, 0027| -, 0032
.74 ~o0le | L0005 {~-.0014| -, 0030 |=,0038 |-,0041 {=, 0056 -, 0060
.91 L0011 | .C014| .0007| ,0006 {-.0002 {-.0019 {~.0054| -, 0069
“ow | -.0013 | .0003| .0015] .0024 | .0034| ,0039| ,0027| .0012

Cy
. -2 0 2 4 6 8 12 16
C1,
.00 0004 | .0002 | .0004 .0006 | ,0007| .0010| .0024] .004
.49 .0023 | .cc1v! ,0012| .0006 | .0000(-,0002}| ,0006| .COL
.74 _0024 | ., 00251 0019 .0039 | ,0011 |-, 0029 |-.0085| -.014
- &9 .0026 | .0017 | .0028] .0046 | .0035| .0005 -, 0222} -, 022!
LOm 0080 | o007 | .0019! -, 0033 |-,0045 |-. 0082 {-,0167] -, 026
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Wing with Tip Tanks

RN, w2 B & 300

Negative « Range

€y

sl
- -2 0 2 4 6 8 12 18
Cr,

"'302 -OOl .OOO .OOC’ ‘.(\101 "000‘2 .OOC ™ OO:L e GOQ
sb 1 008 [-.000 | 0001 00| 003 | oz | oon .004
<49 2,008 = 002 & 0011 .p05 ) .006 | oma .008'| .o012
+74 | -.007 [-,004 {-.002| .001| .o001 | o003 007 | 005
<8l | 5,006 (=,007 = 011 =011 |- 018 |- 0lc -.016 | -,020
»97 | =004 +-,006 |-,010( -,014 | -.017 |-.029 -.022 | -,020

cl”
¥ - 0 2 4 6 8 12 16
CL,

-.02 | -.0001) ,0005| .000Y ,0002 .0003| .0004| .0004 . 0001
iED 0001} .0006} .000Y .0001 .0001| .0001|-.0001| ~. 000"
.49 - 0009} .0010| .C003 .0000| -.0002|-,0005|-.0012 -. 0024
.74 - 0014} .0009| ,0004 -.0015! ~,0019-.0026|-.0043| -. 0065
.91 0006 ,0011} ,0004 .0007 -, 0004 |-.0009]-.0005| -. 0021
97 | =.0004| ,0013/ ,0014 ,0030 .0045( .0050| .0041 . 0024

|
; s
q -2 0 2 4 6 8 12 16
CL

-.02 -0005] ,0006| ,0009] ,0011} .0018} .0019| .0032| .0051
.23 - 0001} .0004| , 0005 .0006f .0006| .0009| .0022| . o043
«49 | -,0008]~,0032 {-,0040/ -, 0044} -. 0058 -. 0057 | -, 0050{ -, 0028
.74 - 00091 -, 0042 |-, 0099 -, 0078{ ~, 0118 {-,0147 |-, 0103 | ~. 022
.91 - 0004/ 0002 {-,0012] -.0038] -. 0045 |-, 0075 |-.0128| - . 0385
.97 - 0045 .0024 |-,0018| -, 0050| -, 0086 |-, C150 |-. 0267 | - . 0582

I B
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TABLE V :
Wing Alone R.N. = 5.5 x 10°
~ Positive a uange
i C1 It
-2 0l 2 4 6 & 12 16
-, 01 D01 .OQOi . 000 .000 . 000 . 000 . 000} 000
18 1=,001 -, 001, .001 . 001 2+ 002 L0035 005 .007
.28 {-,002 | .o00i] 001 | .003 | .004| .005| .o008] .01l
.38 [-.006 |codl!l oo1l | ,008 | .00B| .0OB/ (011l .01¢
Cn
¥
-2 0 2 4 6 8 1 ¢ a8
e
 =. 01 . 0001 .0001} .0000} -,0001 -.OGOl?*,GOZ . 0000 |-,0004
. 18 . 0001 . 0000} -, 0001 | -.0003| -, 0004| -, 0008-,0004 ~, 0011
.28 | ,0002 | .0000|-,0005| -.0003| -.0008| -, 001G-. 001§ -, 0020
. 38 . 0004 . 0000} -,0005 | -.0009| -, 0013| -, 0017-. 0023 -.003Y]
’1
C
¥
= 0 P 4 & 8 ag 16
CL
-,01 |-.0001 |{-.0001|-.0001{ .0000| ,0003| .0006} .0005 .,00C08
+18 . 0003 . 0001 | ,0000}~-,0001 |-.0C02 {-, 0002 |-, 0001 , 0001
.28 | ,0006 | .0003 | .00O1|-,0002 |-,0003 |-. 0008 |-, 0007, 0007
.38 | .0008 | .0003 {-.0002 |-.00C06 |-,0011 [-.0014 |-, 0024, 0022
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