
RESTRICTED 

ACA 

l JJ 
RM No. L7I30 
Copy No. 

RESEARCH MEMORANDUM 

YAW CHARACTERISTICS AND SIDEWASH ANGLES OF A 420 SWEPTBACK 

CIRCULAR-ARC WING WITH A FUSELAGE AND WITH LEADillG-EDGE 

AND SPLIT FLAPS AT A REYNOLDS NUMBER OF 5,300,000 

By Reino J. Salmi and James E. Fitzpatrick 

Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 

So.>r,I£D 
hI::. uO\,;Ut. .... NT ON LOAN FROM THE FILES 01' 

U.",L 
.J 1 ...... t r .. 'r C { C ~ 2157 ~ 

D TE 12-14-?~ 
T ~A~ONAL ADVISORY COMMITIEE FOR AERONAUT; 

• i.ANGm A£RONAUTICAL LABorA' RY 
LANGLEY FttLD HAMPTON. ViR '/J IA A~""FIED ~UMENT 

his k-:um t n·..a1n1l -:kas1t1ed :inI ~ tlOfl 
ar"u ~t n& e ~atlonal t "en e C'! lh U't1ted 
:.; -.wt!Uc '''e :n~ -!lho '!.t: r..ge A 

r,"~th;l ;n:!s ~ontec~ t~~?n -:~. ",1o\IIO&.l.wL.":":"WIi..'::':::':"'':';''':'~':':''':;';,--­
anauth ~cd pen; II IL r Iblt:1 ~ lB; 

n' "" "on ,1As.ll1aS ""'1 _ EQUt'.'STS FOR PU I. 
mly t/ ~ rll liS 1n tho n....Uluy and c " 

.em""," 01 u,., "llIt-.l Slates, ." ~?rl fOLLOWS: 
v1l1.aft ~l~er. &ad '1%:; 7"a f lh ~eraJ 

: .rernJDent. w!-_ have a legitimate lnter st 
therein. and 11 Umted :'.a1e8 clUzens l' lmown 
:yallJ and dlac:eU:m who, f neceastl, must be 
.n!ormed ttl .ea!. l'tAT1ONAt. AOVl Y CO l~E 

15l2 ... $'rR£E.,.. N. W. 

NA llONAl ADVISORY ~MMlfTEE 
FOR AERONAUTICS 

WASHINGTON 

December 10, 1947 

RESTRICTED 





NACA RM No. L7I30 RESTRICTED 

NATIONAL lliJVTSORY COMMI'ITEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

YAW CHARACTERISTICS AND SIDEWASH ~~GT~S OF A 420 SWEPTBACK 

CIRCULAR-ARC WING WITH A FUSELAGE AND WI'I'll LEADING-EDGE 

AND SPLIT FLAPS AT A REYNOLDS NUMBER OF 5,300,000 

By Reino J. Salmi and James E. Fitzpatrick 

SUMMARY 

An investigation of the low-speed aerodynamic characteristics in 
yaw of a 420 sweptback wing of circular-arc airfoil sections was 
conducted in the Langley 19-foot pressure tUlUlel. The wing had an 
aspect ratio of 3.94, taper ratio of 0.625, and neither dihedral nor 
twist. The tests were made at a Reynolds number of 5,300,000 and a 
Mach number of 0.11 and included the effects of leading-edge flaps 
ani split flaps ani of a fuselage with the wing mounted in high and low 
post tions. 

The results of the tests showed that the dihedral effect of the 
plain wing was maximum at a lift coefficient of 0.35 and was negative 
for lift coefficients above 0.60. Deflection of the split flaps caused 
the effective-dihedral parameter to remain fairly constant throughout 
the lift range at a value of about 0.002, but an almost linear increase 
with increasing lift occurred when both the leading-edge flaps and 
split flaps were deflected. In general, the fuselage increased the 
dihedral when the wing was in the high position and decreased the 
effective dihedral when the wing was in the low position. With the 
flaps neutral, however, the fuselage effect was reversed except in 
the law lift range. A rapid increase in the dihedral effect occurred 
at maximum lift for all model configurations except for the wing alone 
when the 0.55-semispan leading-edge flaps and split flaps were deflected. 

The plain wing had neutral directional stability with flaps neutral 
up to a high lift coefficient where it became unstable, but the 
directional stability increased with increasing lift up to maximum lift 
for all flap canfigurations. The fuselage added a destabilizing increment 
of about 0.001 to the directional-stability parameter for all flap 
configurations and wing positions. 

A comparison of the circular-arc wing with a wing of NACA 64
1

-112 

sections indicated that, whereas the circular-arc wing showed a rapid 
decrease in effective dihedral above a lift coefficient of 0.35, the 
61~-series wing showed a continual increase in effective dihedral up to 

RESTRICTED 
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maximum. lift. With leading-edge flaps there was negligible difference 
in the variation of effective dihedral with lift coefficient for the 
two wings. 

The results of the air-stream surveys showed that a vertical tail 
and dorsal fin would be nore effective on a low-wing airplane of this 
type than on a corresponding high-wing airplane. 

INTRODUCTION 

Supersonic air- flow theory indicates the practicability of using 
wings with large angles of sweep and sharp-edged airfoil sections for 
flight at speeds above the speed of sound. In the low-speed range close 
to maximum lift, the stability of swept-wing aircraft cannot be adequately 
evaluated from existing theories and, consequently, experimental means 
of determining their characteristics must be used. Investigations were 
therefore made in the Langley 19-foot pressure tunnel to determine the 
aerodynamic characteristics of a 420 sweptback wing of symmetrical circular­
arc airfoil sections at a Reynolds number of 5,300,000 and Mach number 
of 0.11. The longitudinal characteristics of this wing are p~esented in 
reference 1. This paper presents the aerodynamic characteristics of the 
wing in yaw and, also, shows the effects of various wing flaps and o~ a 
fuselage on these characteristics with the wing mounted at high and low 
positions. In order to acquire information concerning the effectiveness 
of a vertical tail on a swept-wing airplane, air-stream surveys were made 
to determine the sidewash angles and dynamic-pressure ratios in the region 
of a vertical tail. 

A comparison is shown of the lateral-stability parameters of the 
circular-arc wing and a. wing of nearly identical plan form but emp:!.oying 
NACA 641 -112 airfoil sections. 

COEFFICIENTS AND SYM80LS 

The d.ata are referred to a system 0: axes shovm in figure 1 . All 
moments f or t he wing-fusela.ge comoinations are referred to '::'he assumed 
center of gravity, which is located on the fuselage center line and in 
a plane normP~_ to the fuselage center line that passes through the 
quarter-chorli point of ~.he mean aerodynflllic chord. The pitching-moment 
data for the wing alone '3.re referred to the quarter- chord point of the 
mean aerodynamIc chord p:-oJected to the plane of symmetry _ Standard 
NACA symools are used, which are defi~ed as follows: 

C
L 

lift coefficient (Lift/qS) 

CL maximum lift coe~ficient 
max 
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CD 

Cx 
Cy 

C? 

Cm 

Cn 

Clt 

Cn t 

Cy 
t 

Lift 

D 

X 

Y 

Z 

L 

M 

N 

(I, 

t 

C1 

= 

drag coefficient (D/qS) 

longitudinal-force coefficient (X/qS) 

lateral-force coefficient (Y/qS) 

rblling-moment coefficient (L/qSb) 

pitching-moment coefficient (M/qSc) 

yawing-moment coefficient (N/qSb) 

rate of change of rolling-moment coefficient with angle of 
yaw, per degree (oC?"'t) 

rate of change of yawing-moment coefficient with angle of 
yaw, per degree (ocn/d,,) 

rate of change of lateral-force coefficient with angle of 
yaw, per degree (oCy/dt) 

-z 

drag, -X at zero yaw 

longitudinal force 

lateral force 

vertical force 

rolling moment 

pitching moment 

yawing moment 

angle of attack of chord line measured in plane of symmetry 

angle of yaw, positive when right wing is back 

sidewash angle, angle between direction of air flow and tunnel 
center line measured in XY-plane, positive when angle of 
attack at vertical tail 1s decreased 

(fc1.2 ) 
C1 average sidewash angle C1 dh 

av 0.2 

S wing area 

St tail area 
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c Mean aerodynamic chord (M.A.C.), measured parallel to plane 

[
b/2 2 ) 

c dy 
' 0 

of symmetry 

c local chord parallel to plane of symmetry 

b wing span 

y spanwise coordinate 

<I free-stream dynamic pressure (~pv2) 
<It dynamic pressure at tail 

V free-stream velocity 

p mass density of air 

R Reynolds number (pVc/~ ) 

~ coefficient of viscosity of air 

M Mach number (v /a) 

a velocity of sound 

h height above fuselage center line, fraction of M.A.C. 

(
dCn) 
dT t 

(dCL) 

do. t 

longitu1inal distance from center of gravity to center of 
pressure of vertical tail 

rate of change of yawing-moment coefficient with angle of 
yaw, due to vertical tail 

lift-curve slope of vertical tail 

APPARATUS .llND TESTS 

Model 

Figure 2 shows the details of the model. The wing has a sweepback 
angle of 42.050 along a line joining the leading edges of the root chord 
and the theoretical tip chord. The aspect ratio is 3.94 and the taper 
ratio, 0.625. There is no geometric dihedral nor twist. The airfoil 
sections normal to the line of maximum thickness are symmetrical circular­
arc sections having a maximum thickness of 10 percent at the root and 
6.4 percent at the tip. A constant ra1ius of 83.26 inches was maintained 



I . 

NACA RM No. L7I30 5 

for all sections, measured in planes normal to the line of maximum 
thickness. The leading and trailing edges are therefore parts of an 
ellipse, with the maximum deviation being 0.4 inch from a straight line 
Joining the leading edges of the root and tip chords. The wing thickness 
measured in planes parallel to the plane of symmetry is 7.9 percent at 
the root and 5.2 percent at the tip. The wing was machined from solid 
steel and was lacquered and sanded to an aerodynamically smooth surface. 

The fuselage has a circular cross section tapering to a point at 
each end and has a fineness ratio of 10.2. The maximum diameter, which 
is constant at the wing intersection, is equal to 40 percent of the 
wing chord (measured at the plane of symmetry). The center portion of 
the fuselage has removable blocks to permit the mounting of the wing at 
various heights from the fuselage center line. The fuselage was made 
from laminated mahogany and was lacquered and sanded smooth. 

The leading-edge flaps were fabricated from sheet steel on 
1 

which 2-inch-diameter steel tubing was welded to form a round leading 
eige. (See figs. 3 and 4~ The flaps had a constant chord of 3.80 inches 
normal to the leading edge of the wing and were deflected down 370 , 

measured in a plane normal to the leading edge of the wing. Two flap 
spans were used, extending from 27.9 percent semispan and 42.5 percent 
semispan to 97.5 percent semispan. 

The trailing-edge split flaps were made from sheet aluminum and 
extended over the inboard 50 percent of the wing. The inboard 12.5 percent 
of the split flaps were removable to permit flap deflection with the 
wing mounted on the fuselage in the high wing position. The split flaps 
were deflected 600 from the wing lower surface as measured in a plane 
normal to the flap hinge line. The flap chord was 20 percent of the local 
wing chord. 

A streamlined fairing was used to cover the support-strut fittings 
near the trailing edge of the wing center section, and a small fairing 
(fig. 2) was required for the ~~ng-fuselage comb~nations. A photograph 
of the model mounted in the tunnel is presented in figure 4. 

Tests 

S~x-component f orce tests were made in the Langley 19-f~ot ~ressure 
tunnel with the model mounted on a single support (fig. 4) which permi t ted 
changee in both the angle of attack and the angle of yaw . The test 
Reynolds nlwber was 5,300,000, and the corresponding Mach number was 0 .11. 

Tests of the wing-alone and the wing-fuselage combinations were made 
with the flaps neutral and with the two leading-edge flaps in conjunction 
with deflected split flaps. Wing-alone tests were also made with only the 
sp1~t flaps deflected . 
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The static-stability derivatives were obtained from tests through 
the angle-of-attack range at 00 and ±50 ~gle of yaw, and the character­
istics in yaw were found from tests made at constant angles of attack 
wi th the angle of yaw varying from -50 to 200

• 

The air-stream surveys were made with the 19-foot-pressure-tunnel 
rake (figs. 5~a) and 5(b)) at the locations shown in figure 5(c). The 
survey plane was always perpendicular to the tunnel center line regardless 
of the model angle of attack. Sidewash angles and dynamic-pressure ratios 
at the tail were measured at two angles of attack for the wing alone with 
flaps neutral and with the 0.55 E leading-edge flaps in conjunction with 

2 
split flaps, deflected. Surveys were made atbthree angles of attack for 
the wing-fuselage combinations with the 0.55 ~ leading-edge flaps and split 
flaps deflected and at t1VO angles of attack with the flaps neutral. 

Corrections to Data 

The lift, drag, and pitching-moment data presented herein have been 
corrected for support tare and interference effects and for air-stream 
misalinement. The jet-boundary corrections to the angle of attack and 
drag coefficient were calculated from reference 2 and are as follows: 

!:::a :a 1.00CL 

teD - 0.0152CL
2 

The correct i on to the pitching-moment coefficient due to tunnel­
induced distortions of the wing loading is 

tem = 0 .004CL 

No jet-boundary corrections were applied to the rolling-moment, 
yawing-moment , and lat eral-force coefficients. 

All corrections were added to the data. 

RESULTS AND DISCUSSION 

The Dn gle of at t ack, drag coeff i cient, and pitching-moment coef­
ficient ar e plotted against lift c oeffic~ent for the plain wing with all 
fl ap config.xrations and are presented in figure 6. The stabil i ty 
parameters Cl., C~, and Cy• are gi ven as functions of lift coef-

ficient i n figures 7 and 8. The results of the extended angle - of-yaw 

• I 
I 
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tests are presented" in figures 9 and 10. Figures 11 and 12 show the 
results of air-stream surveys in the region of the vertical tail. 

b 
At the maximum lift coefficient for the plain wing with 0.70 ~ 

leading~edge flaps, the break in the pitching-moment curve (fig. 6(a)) 
is opposite to that obtained in reference 1. The stall progression 
obtained with the 0.70 ~ flaps (reference 1) would not greatly affect 
the pitching moment unless some external distur"bance caused the root 
or tip stall to be more severe. This change in the pitching-moment 
characteristics may be caused either by some difference in test setu~s 
or by the degree of smoothness of the wing-flap juncture. The 0.55 '2 

7 

flap tests do not exhibit this change in the pitching-moment characteristics. 

Lateral-Stability Parameters of Plain Wing 

Dihedral effect.- The effective-dihedral parameter C~ ... of the plain 

wing increased with increasing lift coefficient (fig. 7(a)) to a value 
of C~ ... = 0.00095 at a CL of 0.35 and then decreased to zero at a 

CL of 0.60, beyond which it decreased to a minimum value of -0.00210 at 
a CL of 0.84. The decrease in C~... may be associated with the early 

tip stalling (reference 1) which, as indicated by stall studies of a 
similar wing in the Langley full-scale tunnel, starts on the leading wing. 
Near the maximum lift coefficient, a rapid increase in C~... occurred. 

These same stall studies showed that the trailing wing remained relatively 
stall free to a very high angle of attack and a similar tendency on the 
wing of the present discuss~on would cause a rapid increase in C~ ... 

when the trailing wing finally stalled. 

Directional stability and lateral force.- The plain wing had neutral 
directional stability throughout the lift range except for lift coef­
ficients above 0.73 where the positive values of C~ showed the wing to 

be slightly unstable. The lateral-force parameter Cy... of the plain 

wing increases slightly with lift and has a maximum value of 0.0018. 

Effect of Wing Flaps on Lateral-Stability ~arameters 

Dihedral effect.- Figure 7(a) shows that with only the split flaps 
deflected the values of C! remained fairly constant at a value of ... 
about 0 .0020 i n t he range of moderate lifts but decreased in the high 
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lift range. When the leading-edge flaps were used in conjunction with 
the split flaps, C1 increased with lift coefficient to values 

of CI. of 0.0059 ftr the 0.70 ~ leading-edge flaps. This variation 

in CI with CL can be explained by the tuft studies of reference 1, • which show that the leading-edge flaps delayed the tip stall to high 
angles of atta.ck . 

Directional stability and lateral force.- For all flap configurations 
the wing was d i rectionally stable throughout the lift range and Cn was ... 
approximately equal for all flap configurations at corresponding lift 
coefficients. A decrease in stability occurred near the maximum lift, 
however, particularly with the 0.70 ~ leading-edge flaps, although 

positive values of Cn did not occur at the highest angle of attack 
... 

tested. 

The lateral-force parameter Cy remained at a fairly constant 
... 

value of about 0.001 through the lift range up to CLmax' 

Effects of a Fuselage on Lateral-Stability Parameters 

Dihedral effect.- The effects of a circular fuselage on the variation 
of the effective-dihedral parameter C1 with lift coefficient are shown 

... 
in figure 8. In the flaps neutral condition, the high-wing combination 
showed greater effective dihedral than the wing alone for values of CL 
below 0.35, but at values of CL greater than 0.35, the values of C1 ... 
for the high-wing combination were less positive than those for the wing 
alone. The effective dihedral of the lOW-wing combination was ne6ative 
at lift coefficients 'below 0.18 but had an almost constant low positive 
value in the range of CL from 0.18 to 0.76. This variation of C1 ... 
with CL contrasts with that of the high-wing combination and the wing 

alone which showed a rapid decrease in C1 with increasing CL • The 
... 

effects of the fuselage were similar to those observed for low-wing models 
of reference 4. 

When the 0.55 ~ leading-edge flaps and 0.50 ~ split flaps were 

deflected, the high-wing combination had more positive values of C1 ... 
than the plain wing except for lift coefficients above 1.15. 
were obtained for the high-wing combination with the 0.70 ~ 

No data 
leading- edge 
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flaps. The low-wing combination had lower effective dihedral throughout 
the lift range than the plain wing for both leading-edge flap spans. 

A reduction in Ct t near C
Lmax 

and then a subsequent rapid 

increase was evident for all combinations regardless of flap deflection. 

Directional stability and lateral force.- The wing-fuselage combi­
nations had values of Cn of about 0.001 more positive than the wing ... 
alone, for all flap conditions. The lateral-force parameter 

the wing-fuselage combinations is more posttive than that for 
alone. The low-wing combination had irregular variations of 

high lift range when the leading-edge flaps were deflected. 

Comparison with NACA 641-112 Wing 

Cy of 
t 

the wtng 
Cy in the 

t 

Dihedral effect.- A comparison of the lateral-stability derivatives 
of the wings with circular-arc sections and NACA 641-112 sections 

(reference 4) is given in figure 7(b). At a Reynolds number of 5,300,000 
and with the flaps neutral, the NACA 641-112 wing had an almost linear 

increase in dihedral effect with increasing lift coefficient up to Ctmax . 
The dihedral effect of the circular-arc wing, however, reached only a 
small positive value at a CL of 0.35 and then decreased rapidly. At 

a Reynolds number of 1,720,000, the variation of Cl with CL with 
t 

flaps neutral for the NACA 641-112 wing w~s somewhat similar to that of 

the circular-arc wing. There was a negligible difference in the 
variation of Cl with CL for the two wings at a Reynolds number 

t 
of 5,300,000 when the leading-edge flaps and split flaps were deflected. 

Directional stability and lateral force.- With flaps deflected, the 
directional stability of the two wings was about equal at a Reynolds 
number of 5,300,000. With flaps neutral, however, the NACA 64

1
-112 wing 

was directionally stable whereas the circular-arc wing had neutral 
directional stability. At the lower Reynolds number, however, the 
64-series wing was also neutrally stable up to moderate lift coefficients. 
The circular-arc wing had somewhat more positive values of Cy than 

t 
the NACA 641-112 wing. The destabilizing effect of the fuselage was 

similar for both wings. 
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Characteristics in Extended Yaw Range 

o 
Tests through a yaw range of -So to 20 angle of yaw, showed that 

the greatest effect due to yaw occurred on the yawing moment of the 
low-wing combination (fig. 10) at an angle of attack of 17.40 • With the 
leading-edge flaps and split flaps deflected, a change from a stable 
(negative) slope to an unstable slope occurred at angles of yaw of 50 

for the 0 .55 ~ flaps and .. = 80 
for o. 70 ~ flaps. The plain wing 

(fig. 9) had a change in the variation of rolling moment with angle of 
yaw at a yaw angle of 100 for a. = 14.80 . when the curve changed from an 
unstable (negative) slope to a positive slope. 

Air-Flow Characteristics in the Region of a Vertical Tail 

Figure 7 and reference 4 show that, in general, an isolated 
sweptback wing is directionally stable below the stall. A comparison of 
figure 9 with f i gure 10, however, shows that the directional instability 
of the f uselage is great enough to make the combination unstable. A 
vertical tail is therefore necessary for directional stability on a 
configuration of th t s type. Information concerning the effectiveness of 
a vertical tai l may be obtained from the sidewash angles and dynamic­
pressure ratios. The dynamic-pressure rati os presented in figures 11 
and 12 show values somewhat great er than unity in the region above the 
wake. 

Although dynamic-pressure ratios greater than unity have been 
observed in the field of flow behind wing-fuselage combinations, the 
values obtained in this investigation appear somewhat greater than would 
be expected. 

The sidewash angles and dynamic-pressure ratios are related to 
vertical-tail effectiveness by the following expression: 

Al though an exact value of (d~;)t cannot be known without actual 

vert i cal-tail test s because of t ail-fuselage interference, the preceding 
dC 

expression will give f a irly accurat e values if --1 of the isolated 
do.. 

tail is used. 

Under certain of the present test conditions, the flow angularity 
was in excess of that f or which the rake had been calibrated and an 
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extrapolation was necessary. A straight-line extrapolation was used 
and the values of the extrapolated sidewash angles are thought to be 
accurate within :to .50

• The extrapolated values are designated on 
figures 11 and 12 by dot-dash curves. These data have been corrected 
for the slight variations which may have occurred at zero yaw. 

11 

To facilitate the present discussion, the values of sidewash 
angles presented in figures 11 and 12 have been averaged and the average 
values are given in table I. These sidewash angles have been corrected 
for the sidewash angles at zero yaw. 

Effect of wing vortex field.- Figure 12(a) represents sidewash angles 
measured behind the wing alone. Even at the low angle of attack (5.90

), 

the average sidewash at 150 yaw is as much as -1030
• At the higher angle 

of attack and at a value of h of 0.7, the sidewash angles were _20 

and -50 at t = 100 and 150, respectively. As there was no fuselage, 
but only the wing with flaps, the flow angularity appears to be caused 
by the vortex field of the wing as the wing was yawed; that is, the 
vortices from the leading wing influenced the side flow while those from 
the trailing wing were carried downstream. A previous side-flow investi­
gation (reference 5) pointed out that the vortices associated with the 
span load distribution of the wing of conventional sections and low sweep 
made a practically negligible contribution to the sidewash angle. However, 
the present investigation included tests of a wing of lower aspect ratio 
and of circular-arc sections at higher lifts. The wing vortices were 
thus stronger and closer to the survey plane. 

At the high angles of attack, the lower survey points were found to 

be in the wake of the wing (fig. 12( a» inasmuch as qt suddenly decreased. 
q 

Effects of fuselage position.- The effect of wing-fuselage interference 
on the side flow at a vert i cal tail has been described in reference 3 and is 
demonstrated by the air-stream surveys of reference 5. In reference 5, 
fuselage was considered to be a low-aspect-ratio aerodynamic surface with 
vortices shed from the upper and lower surfaces When the fuselage was 
yawed. These vortices produce a negative sidewash angle in the region of 
a vertical tail when the fuselage is at positive yaw. With the wing in 
the low pOSition, however, the vortices shed from the upper surface of 
the fuselage were stronger in that the wing acted as an end plate, and they 
were thus the pri ncipal factor in causing an angularity in the flow. 
Consequently, the effect of interference on the low-wing combination is 
to cause a greater negative sidewash than that due to the fuselage alone, 
and this fact i8 substantiated by the results of reference 5. With the 
wing in the high position the vortices from the upper surface are weakened; 
hence the sidewash is less negative than for the fuselage alone. 

The results of the present investigation seem to verify the preceding 
analysis. Figures 12(a) and 12(b) show a close similarity of the sidewash 
angles for the wing alone and for the high-wing combination. The inter­
ference thus appears to cancel the fuselage effect, and the sidewash 
behind the high-wing combination is due almost entirely to the wing-vortex 
field described in the preceding section. 
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On the other hand, the large negative sidewash angles of the low­
wing combination (fige. ll(b) and 12(c)) indicate that the combined 
effects of the fuselage vortices and wing-fuselage interference are 
large. The greater negative sidewash angles behind the low-wing 
combination would increase vertl'cal-tail effectiveness but would cause 
vertical-tail stall at lower angles of yaw. The average values 

of ~ obtained were from -0.2 to -0.3 in the low-wing configuration 

and from 0 to -0.1 in the high-wing combination. 

The '~ea8e of negative sidewaeh near the fuselage in the low-wing 
c(;. +'iguratiuu (fig. l2( c) would increase the effectiveness of a dorsal 
fin _.n this configuration over that in the high-wing configuration. 

Figures l2(b) and ll(a) indicate a sudden diminution in dynamic 
pressure at the high angles of attack in the high-wing configuration. 
From the geometry of the model attitude, the lower survey points are 
seen to be in the wake of the wing, which has stalled near the root as 
has been previously pointed out. In the low-wing combination, however, 
(figs. ll(b) and l2(c» the survey points are mostly above the wing wake 
and, consequently, the dynamic pressure remains nearer the free-stream 
value. 

Effect of flap deflection.- The influence of flap deflection on the 
sidewash angles may be seen by referring to table I. A comparison of 
average sidewash angles at approximately equal angles of attack with 
flaps deflected and flaps neutral in either the high-wing or lOW-wing 
configuration indicates that flaps cause a small decrement. This decrease 
in sidewash increases with angle of yaw and with angle of attack to a 
maximum of 1.50 at ,a 150 and ~ - 17.40

• The decrement in sidewash 
is probably caused by changes in the span loading of the wing due to 
flap deflection. 

~y OF RESULTS 

The results of an investigation of the aerodynamic characteristics 
in yaw of a 420 sweptback wing of circular-arc sections and of air-stream 
surveys in the region of a vertical tail may be summarized as follows: 

1. The dihedral effect of the plain wing was maximum at a lift 
coefficient of 0.35 and was negative for lift coefficients above 0.60. 

2. Deflection of the split flaps caused the effective-dihedral 
parameter to remain fairly constant through the lift range at a value 
of about 0.002, but an almost linear increase with increasing lift 
occurred when both the leading-edge flaps and split flaps were deflected. 
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3. In general, the fuselage increased the dihedral when the wing 
was in the high position with flaps deflected and decreased the effective 
dihedral when the wing was in the low posi tion. With the n aps neut ral, 
however, this effect was reversed except in the low lift range. 

4. A rapid increase in the dihedral effect occurred at maximum 
lift for all model configurations except for the wing alone When the 
O.55-semispan leading-edge flaps and split flaps were deflected. 

5. With flaps neutral the wing alone had. neutral directional 
stability up to a high lift coefficient where it became unstable, but 
for all flap configurations the wing had increasing directional stabi lity 
with increasing lift up to maximum lift. 

6. The fuselage added a destabilizing increment of about 0.001 t o 
the directional-stability parameter for all flap configurations and 
wing positions. 

7. Comparison of the characteristics of the circular-arc wing 
with those of a wing of NACA 641-112 sections showed that the circular-

arc wing had a rapid decrease in effective dihedral with lift coefficient 
above a lift coefficient of 0.35; whereas for the NACA 641 -112 wing, the 

effective dihedral increased continuously up to the maximum 11ft. With 
leading-edge flaps, there was negligible difference in the variation of 
effective dihedral with lift coefficient for the two wings. 

8. The results of the air-stream surveys showed that a vertical 
tail and dorsal fin would be more effective on a low-wing airplane of this 
type than on a corresponding high-wing airplane. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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TABLE I 

AVERAGE SIDEWASH ANGLES 

Configuration 

Wing alone, flaps on 

Low wing, flaps on 

High wing, flaps on 

. 

Low wing, flaps off 

High wing, flaps off 

a. ... O'av 

(deg) (deg) ( deg) 

5·9 5 -0·3 
10 - ·9 
15 -1.3 

1503 5 03 
10 .4 
15 .2 

3.6 5 -1.5 
10 -2.6 
15 -4.4 

11.1 5 -2.2 
10 -3.1 
15 -4.5 

17.4 5 -1.4 
10 -3.4 
15 -6.4 

3.6 5 -.4 
10 -·9 
15 -1.2 

11.1 5 - .2 
10 -.8 
15 -2.2 

17.4 5 - .3 
10 -1.2 
15 -2.0 

5.4 5 - ·9 
10 -2·3 
15 -3·1 

14.9 5 -1.3 
10 -2·9 
15 -4.3 

5 .4 5 - .2 
10 - .7 
15 -1.2 

14.9 5 . • 1 
10 - .1 
15 - .4 
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170. 95 
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- 52.60 ---+---

/3650 

~=------- - ---:;-= 

-----------

!;/lC' 0/ ma)(lmum thIckness 

TfJ ,?s - f5rJ(ou) -(50)/0':1.2) 
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NATIONAL ADVISORY 
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FUSELAGE ORDINATE5 
Olsmnce from nose O/ometpr Ols/ance from /IOSP Olompter 

0 0.2 /12 00 16.80. 
I.B . OO 9.84 /22 00. 16.32 

22.05 11 8 0. 132.00. /4.90. 
27 .39 /3 80 /42.00 1252 
34.56 1560. 15/.20 ';7.46 
42.35 16.60. /6200. 478 
4 8 .00 1680. 170.95 O. 

Figure 2 .- Plan VIew and details of 42° sweptback wklg and fuselage . Wing 
area=4728 sq in.; c=35.31 in.; aspect ratio =3.94. No dihedral or twist . 
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Support 
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SECTlOff A-A 

NATIONAL AOVISORY 
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Figure 3. - Geometry of flaps for 42° sweptback wing of 
circular-orc sections. All dimensions in inches. 
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(a) Model installation. 

Figure 4. - The 420 sweptback wing of symmetrical circular-arc 
sections mounted in the Langley 19-foot pressure tunnel. 
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(b) Details of leading-edge flap. 

Figure 4. - Continued. 
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(c ) Suppor t -fairing details . 

Figure 4 . - Concluded. 
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(0) Photograph of rake head. 
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Yaw orifIce 

Static onflc e 

-
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/mpac t orifice 
NATIONAL ADVISOR Y 

COMMITTEE FOR AERONAUTICS 

(b) Sketch of tube head. 
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Figure 5 .- Longley · 19-foot pressure tunnel air­
stream survey rake. 
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(c) Location of air - stream survey points. 

Figure 5 . - Concluded. 
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Figure 8 .- Variation of CIt/', Cnt/' ' and Crt/' with CL of a 42° sweptback 

wing of symmetrical circular-arc sections, tested a/one and with a 

fuselage , in high-wing and low-wing combinations . 
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(a) High wing . 

Figure 11 .- Variation of sidewash angle and dynamic-pressure rati o with height above fuselage 
centerline . Flaps neutral. R = 5,,00,000; M = 6 . 11 . 
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~igure 12 .- Variation of sidewash angle aod dynamic-pr es sur e r at10 wi t h ~e i gOt a bove f uselage 
center11ne . Centerline for wing alone same as f o r high wing . 0 . 55 b/2 leading-edge f l a ps 
and split f laps deflected; R = 5,300 , 000 ; ~ = 0 .11. 
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(b ) High-wing combinati on. 
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