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SUHKABY 

Combinations of an HACA 23012 tapered wing and a cir- 
cular fuselage having a wedge-shaped rear were tested in 
the HACA 7- by 10-foot wind tunnel to determine the effect 
of wing-fuselage interference on the lateral-stability 
oharaoteristios.  The model configurations represented a 
high-wing, a midwing, and a low-wing monoplane.  Tor each 
configuration, tests were made with a partial-span split 
flap neutral and deflected 60° and with and without a ver- 
tical tail.  Tests of the fuselage alone and of the fuse- 
lage with the vertioal tail were also made. 

The results are presented in the form of increments 
of the rate of change in the coefficients of -rolling mo- 
ment, yawing moment, and lateral force with yaw caused by 
wing-fuselage interference.  The coefficients at high 
angle-s of yaw for all model configurations are presented. 
The data are compared with similar model combination« of 
a tapered wing and oircular fuselage with a pointed rear 
portion-. 

The interference effects on the "combinations with 
the wedge-rear fuselage were similar to those on the com- 
binations with the circular fuselage; that is, the inter- 
ference reduoed the effeotive dihedral of the low-wing 
model and increased the effeotive dihedral of the high- 
wing model, and the vertioal tail was more effeotive on 
the low-wing combination than on the high-wing combina- 
tion.- 



When the flap was neutral, the influence of Inter- 
ference on effective dihedral was greater for the 
oircular-fuselage combinations than for the wedge-rear- 
fuselage combinations.  When the flap was deflected, the 
effeot of the interference on the dihedral was more favor- 
able for the. wedge-rear-fuselage combinations than for 
the circular-fuselage combinations.  The directional sta- 
bility of the model without tail with the wedge-rear 
fuselage was more favorably affected by wing-fuselage 
interference than the stability of those combinations 
with the circular fuselage, but the interference had a 
more favorable effeot on the effectiveness of the verti- 
cal tail of the circular-fuselage models than on that of 
the wedge-rear-fuselage models. 

At high angles of yaw the wedge-rear fuselage alone 
was more stable directionally than the circular fuselage 
alone. 

INTRODUCTION 

Data are available for evaluating the effeot of the 
aerodynamic interference between wing and fuselage and 
between wing and vertical tail on the lateral-stability 
characteristics for certain types of model.  The effects 
of interference on the characteristics of four types of 
wing having a partial-span split flap, both neutral and 
deflected, in combination with a oircular fuselage are 
given in references 1 and 2.  A comparison of a circular 
and an elliptioal fuselage 1B shown in reference 2.  The 
effeot of the vertical position of the wing on the fuse- 
lage is given in references 1 and 2, and the .effect of 
the longitudinal position of the wing on the fuselage is 
given in reference 3. 

It was thought desirable to extend this investiga- 
tion by tests of a fuselage of circular cross seotlon but 
tapering to a knife edge (wedge rear) at the rear, because 
this shape is representative of a commonly used fuselage. 
Tests (reference 4) have shown that this type of fuselage 
is more stable, directionally, than a ciroular fuselage 
at large angles of yaw. 

The present report gives the results of tests of a 
wedge-rear fuselage in combination with a wing at three 
vertical positions on the fuselage.  Eaeh combination was 
tested with and without a vertical tail and with and with- 
out a partial-span split flap deflected 60°. 



MODEL. AJTD  APPARATUS 

The teste were made in the BAOA 7- by 10-foot wind- 
tunnel with the regular Bix-oomponent balanoe.  The tun- 
nel and the.balanoe are described in referenoes 5 and 6. 

The model (fig. 1) was identioal with the oiroular 
fuselage and symmetrically tapered wing model of refer- 
ence 2 except for the new shape of the fuselage rear. 
Tor the midwing combination the chord line of the wing 
was placed on the center line of the fuselage.  Vor the 
high- and the low-wing combinations the outer surface of 
the wing was made tangent to the respective surfaces of 
the fuselage.  The wing was set at 0° inoidenoe with re- 
spect to the fuselage center line for all cases. 

The 3:1 symmetrically tapered wing used in the tests 
was previously used in the investigation reported in ref- 
erence 7.  It has the NAOA 23012 section and the maximum 
upper-surface ordinateB are in one plane, giving the chord 
plane a dihedral of 1.45°.  The wing tips are formed of 
quadrants of approximately similar ellipses.  The sweep- 
baok of the loous of one-quarter-chord points is 4.75°, 
the area is 4.1 square feet, and the aspect ratio is 6.1. 

The fuselage is the same as the circular fuselage 
used in the investigations reported in references 1, 2, 
3, and 8 except that the thiokness in side elevation is 
inoreased back of the 28-inoh station in suoh a way that 
the fuselage terminates in a vertical line instead of in 
a point.  The ordinates of the fuselage, which will here- 
inafter be referred to as the wedge-rear fuselage, are 
given in table I. 

A new vertical tail was constructed for the new fuse*- 
lage.  It is of HAOA 0009 section and has an effective 
area of 53.7 square inches measured to the center line of 
the fuselage,  (See fig. 1.)  The aspect ratio of the ver- 
tical tail is 2.2, based on the-area as defined and on 
the tail span to the center line of the fuselage.  The 
tail area and the aspect ratio are the same as for the 
vertioal tail used on the oiroular fuselage discussed in 
previous papers of this stability-investigation series. 

Split flaps, 20 percent of the wing chord and 60 per- 
oent of the wing span, were made of.l/16-inch steel.  Tor 
the high-wing and the midwing combinations, the flaps 
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were out to allow for the fuselage, and the gaps "between 
the fuselage and the flaps were sealed.  The flaps were 
attached with suitable angle blocks at a deflection of 
600. 

ZESTS 

The test procedure was similar to that used in pre- 
vious investigations (references 2 and 3).  Tests were 
made of the model with and without the flaps and with and 
without the vertical tail for all wing positions.  All 
combinations were tested at angles of attack from -10° to 
20° with the model yawed -5°, 0°, and 5°.  A yaw range of 
-15° to 50° was investigated for each combination at an 
angle of attack 2° less than the angle of attaok for maxi- 
mum lift at 0° yaw. 

A dynamic pressure of 16.37 pounds per square foot, 
which corresponds to a velocity of 80 miles per hour under 
standard conditions, was maintained in all tests.  The 
Reynolds number based on a mean wing chord of 9.84 Inches 
was about 609,000.  Based on a turbulence factor of 1.6 
for the 7- by 10-foot wind tunnel, the effective Reynolds 
number was about 975,000. 

HBSULTS 

The data are given, in standard nondlmenslonal coef- 
ficient form, with respect to the stability axes and the 
center-of-gravity location shown in figure 1.  The stabil- 
ity axes are a system of axes in whioh the X axis is the 
intersection of the plane of symmetry of the airplane 
with a plane perpendicular to the plane of symmetry and 
parallel to the relative wind direction, the Y axis is 
perpendicular to the plane of symmetry, and the Z axis is 
in the plane of symmetry and perpendicular to the Z axis. 
The results of all former reports in this series were 
given with respeot to the wind axes.  Data taken from 
these reports and presented herein have, therefore, been 
oonverted to the stability axes.  The stability axes are 
used because, with the stability axes, rolling-moment 
data are automatically oorreoted for untrimmed pitching 
moments and are less likely to lead to false conclusions. 



The coefficients for the fuselage alone and for the 
fuselage with vertioal tail are tased on the wingNdimen- 
Bions.  She ooefficients are defined as follows: , 

CL lift ooefficlent (L/qS) 

CD drag ooeffioient (D/qS) 

Cm pitohing-moment coefficient (M/qc"S) 

Gy lateral-foroe ooeffioient (T/qS) 

Cy.  slope of ourve of lateral-foroe ooeffioient against 
V   yaw (öOy/ö\|/) 

Cj   rolling-moment coefficient (L/qbS) 

°l,i,  slope of curve of rolling-moment coefficient against 
*   yaw (d^/d^) 

Gn   yawing-moment coefficient (B/qbS) 

C    slope of curve of yawing-moment coefficient against 
•**   yaw (ÖCn/öMO 

A1        change in partial derivatives caused "by wing- 
fuselage interference 

A3   change in vertical tall effectiveness caused by 
wing-fuselage interference 

where 

L    lift, rolling moment 

D    drag 

.7    lateral foroe 

M    pitohing moment 

5    yawing moment 
" ' '   "  a 

q   dynamlo pressure (£ pV ) 

T    tunnel air velooity. 



p air density 

S wing area 

"b wing span 

"c average wing chord 

and 

a angle of attack corrected to free stream, degrees 

a1 wind-tunnel angle of attack, degrees 

iff angle of yaw, degrees 

6f angle of flap deflection, degrees 

A angle of wing sweep, degrees 

Lift, drag, and pitching-moment coefficients for the 
various wing-fuselage arrangements are presented in fig- 
ure 2.  The values of  a  and  CD  shown in this figure 

were corrected to free air, 1>ut in all subsequent figures 
no corrections to  a*  were made.  The lateral-stability 
derivatives of component parts of the model appear in 
figure 3. 

The increments of partial derivatives with respect 
to the angle of yaw of rolling-moment, yawing-moment, and 
lateral-force coefficients due to wing-fuselage interfer- 
ence  A],  and due to wing-fuselage interference on the 
vertical tail  Aa  are shown in figures 4 to 9.  The in- 
crement  Aj  is the difference "between the slope-for the 
wing-fuselage combination without the tail and the sum of 
the elopes for the wing and the fuselage, each tested 
separately.  Thus,  Aj  is the change in  Cj., cn^»  and- 
Cy .  caused hy wing-fuselage Interference for the model 

without the tail.  The increment  Aa  is the difference 
"between the slope produced "by the vertical tail with the 
wing present and the slope produced hy the vertical tail 
with the wing ahsent.  The increment  A3  is, therefore,' 
the change in effectiveness of the vertical tail caused 
by the addition of the wing to the fuselage.  If, for ex- 
ample, the value of  Cn .  for the complete model is de- 

sired, the following equation may he used: 



.°xty " Qfe^*111«) + O^fueelage and tail) + L^   On^ + Aa Cn^ 

TalueB ^>f  Oi.  and  Cy.  for the complete model may "be 

o-btaineifc In a similar manner» 

The values of  Qi',, 0_ .,  and  Oy,  used to comcute 

Aj.  and Aa  were obtained from tests at -5° and 5° yaw 
by assuming a straight-line variation between those 
points»  This assumption has been shown in reference 1 to 
be valid except at hjL^fc angles of attaok.  Tailed symbols 
on the curves of fig^ttr** } jl^ 9 were obtained from slopes 
measured from curves $& fjguyes %Q to 13. 

The lateral-stability oharaoteristics of the compo- 
nent parts of the model at high angles of yaw are given 
in figure 10 and the oharaoteristics for the various com- 
binations with and without the vertical tail at high 
angles of yaw are shown In figures 11 to 13. 

DISCUSSIOH 

General Comments 

The lift, the drag, and the pitching-moment coeffi- 
cients of the several model combinations are shown in 
figure 3.  As is to be expected, the high-wing combina- 
ti one are more stable in pitoh than the low-wing combina- 
tions.  Inasmuch as the tests were made without wing 
fillets, the data for the low-wing combinations show the 
effect of the burble at the wing-fuselage juncture.  (See 
referenoe 3.) 

Lateral Stability at Small Angles of Taw 

• Component parts.- The wing-alone data given on fig- 
ure 3 were taken from referenoe 7 and oonverted to the 
stability axes.  The data of figure 3 show that the wing 
alone with flaps deflected is less stable in roll than 
with flaps neutral.  The data of referenoe 7 show a re- 
verse relationship.  The difference is oaused by the faot 
that the results of reference 7 were not oorrcfoted for 
the component of pitching-moment, which was negligible 
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for flaps neutral but appreciable for flaps deflected. 
Lateral force of the wing alone with respect to the sta- 
bility axle is found to be email with flaps either neutral 
or deflected.  When the moments of the wing alone are com- 
puted about points above and below the wing to represent 
the center-of-gravity position for high- and low-wing 
monoplanes, it was found, as is shown in figure 3, that 
the change in lateral-stability characteristics is. very, 
small. 

She fuselage data are also given in figure 3 and are 
converted from data of reference 1 to the stability axes 
and corrected for the wing area used in this paper.  Both 
fuselages give substantially similar results.  The cir- 
cular fuselage, however, is seen to be slightly less un- 
stable in yaw than the wedge-rear fuselage.  This result 
is in agreement with the data of reference 4 for small, 
angles of yaw.  The vertical tail is more effective in 
producing yawing moment in combination with the wedge-', 
rear fuselage. 

Wing-fuselage interference.- In general, the inter» 
ference with the wedge-rear fuselage was very similar t. 
the interference with the circular fuselage.  There are, 
however, certain small differences, which it might be 
well to point out. 

The increment  AtC;.  (fig.4) for flap neutral is 

greater, for the circular fuselage over most of the angl.e- 
of-attack range<  Tor flaps'deflooted the opposite is 
true for the high wing and, over a small angle-of-attaok 
range, for .the. low wing, -iigure '4 shows the tendency for 
the flaps to increase AiCj .  more when added to the 

wedge-rear-fuselage combination than when added to the 
circular-fuselage combination.  The effeot of the burble 
a few degrees before complete.stall is clearly shown by 
the abrupt change in the ourve for AjCi-  for flap neu- 

tral.  Tor flaps deflected, the burble occurs too close 
to the complete stall to show clearly in the ourves,'but 
it is probably responsible, for the fact that the stall 
ocours 2° earlier for the low wing. . 

With flaps neutral the increment -A^Ci.  (fig. 6) 

is more Stabilizing, for the wedge-rear fuselage for all 
three wing positions except for the midwing oombination 



'at angles-of attaok above 10° where .the-increment is about 
the same.  The result is the same for the condition with 
the flap deflected except that, at angles of attaok above 
10°, the interference for the circular fuselage beoomes 
more stabilizing. 

The increment  Ax0y.  (fig. 6) is abput the same for 

either fuselage, although it shows greater variation with 
angle of attack for the wedge-rear fuselage. 

Effeot of wing-fuselage interference on vertical 
taij..- The increment  AgC^  (fig. 7) is rather small and 

erratic, as might be ezpeoted.  The difference between 
the increments for the two fuselage shapes is much greater 
with the flap neutral than with the flap deflected. 

The increment  AaCn.  (fig. 8) is, in general, more 

stabilizing for the circular fuselage than for the wedge- 
rear fuselage.  The difference between the values of 
AaCn.  for the two fuselages is most marked when the wing 

is in the low position.  Tlap deflection also increases 
the difference. 

The lateral force increment  AaCy.  is about the 

same for both fuselages for the low-wing arrangement. 
With the midwing combination, the wedge-rear fuselage has 
a more positive  AaCy .,  and with the wing in the high 

position, a much more positive (less negative)  AaCy. tr- 

ilateral Stability at Large Angles of Taw 

Component parts.- Holling-moment coefficients (fig. 
10(a)) due to the fuselage and to the fuselage with tail 
are small, as would be expected.  Tawing moments (fig. 
10(b)) of the fuselages alone at low angles of yaw are 
nearly the same.  At high angles of yaw, the circular 
fuselage is more unstable.  With the tail on, the range 
tested for the circular fuselage is too small to deter- 
mine the difference at high angles of yaw but at low 
values of yaw the two fuselages are about the same.  Lat- 
eral force (fig. 10(c)) for the fuselage alone is higher 
for the wedge-rear fuselage at high values of \Jr.  This 
condition is in agreement with the more stable yawing 
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moments of the wedge-rear fuselage in this range.  Ae the 
angle of attack 1B increased, the wedge-rear fuselage de- 
velops less lateral force and 'becomes more unstable at 
large angles of yaw. 

The complete model.- The plots of rolling-moment 
coefficients (figs. 11(a), (b), (c), (d)) ehow again the 
favorable interference for the high-wing combination and 
unfavorable interference for the low-wing combination 
except for the low-wing combination with the flaps neu- 
tral.  As may be seen in figure 4, this combination was 
tested at a greater angle of attack than the angle of 
attack at which the burble at the wing-fuselage juncture 
occurs.  Because of the burble, the interference is as 
favorable for the low-wing combination as for the high- 
wing combination at small englee of yaw.  The decrease in 
effective dihedral of the low-wing combination at large 
angles of yaw may be due to the tendency of the air flow 
to revert to the flow condition before the burble.  This 
decrease is not caused by the stalling of one wing tip, 
because the lift decreased more rapidly with yaw for the 
high-wing combination, which did not exhibit the marked 
reduction in slope of the rolling-moment-coefficient 
curve shown by the low-wing combination.  Vith flaps de- 
flected, the low-wing combination has negative effective 
dihedral, as would be expected from the interference 
plots. 

A comparison of the yawing-moment coefficients pro- 
duced by the wedge-rear-fuselage model and the circular- 
fuselage model is made in figure 13.  The oircular- 
fuselage model had a wing with an angle of sweep of 14°. 
Data for this combination are given because it was the 
only circular-fuselage combination tested at an angle of 
yaw above 16°.  Unpublished data have shown that the ef- 
fect of sweep on yawing moment is small and should there- 
fore not materially influence the comparison. 

With the flaps neutral (fig. 12(a)), the wedge-rear 
fuselage is more stable up to about 32° yaw, although the 
difference in sweep of the wings tends to favor the 
circular-fuselage combination slightly.  Beyond an angle 
of yaw of 22° there is not mu.oh difference between the 
two fuselage combinations.  The stability of the wedge- 
rear combinations at large angles of yaw is not so great 
as would be expected from a comparison of the test results 
of the two fuselages alone.  When the flaps are deflected 
(fig. 12(b)), the wedge-rear fuselage with the high-wing 
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combination allows greater stability than'the "circular 
fuselage, 'but with the low-wing oombination "both fuselages 
have about the same stability.  The effect of flap deflec- 
tion is probably greater than the effect of fuselage shape. 

The lateral-foroe-coeffioient curves (fig. 13) are 
quite regular.  Tor flaps neutral there is no consistent 
difference between the two fuselage combinations.  The 
deflection of flaps increases the lateral-force coefficient 
developed by the low-wing combination but does not mate- 
rially change the characteristics of the high-wing combina- 
tion. 

CONCLUSIONS 

Vor small angles of yaw there was very little differ- 
ence between the lateral-stability characteristics of the 
wedge-rear fuselage and those of the circular fuselage. 
Some of the small differences were as follows: 

1. The increments of rolling-moment coefficient due 
to wing-fuselage interference for flaps neutral were 
greater for the circular fuselage, that is, were more 
stabilizing for the high-wing combination and more desta- 
bilizing for the low-wing combination. 

2. With flaps deflected the increment of rolling 
moment due to wing-fuselage interference was more stabi- 
lizing for the wedge-rear fuselage for all model config- 
urations. 

3. The increment of yawlng-moment coefficient due 
to wing-fuBelage interference was more stabilizing for 
the wedge-rear-fueelage combination. 

4. The effeot of wing-fuselage interference on the 
vertical tail tended to make the circular-fuselage combi- 
nation more stable dlreotionally than the wedge-rear- 
fuselage combination regardless of wing position or flap 
defleotion. 
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At large angles of yaw, the wedge-rear fuselage 
alone was more stable direotionally than the circular 
fuselage but, In combination with the wing and the verti- 
cal tail, there was very little difference between the 
yawing-aoment coefficients of the two fuselage combina- 
tions. 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Tield, 7a. 
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TABLI   I.-  DIMENSIONS  07  WEDGE-REAH  FUSELAGE 

Station Radius Depth 
(in.) (in.) (in.) 

0 0 0 
.312 .772 1.544 
.812 1.242 2.484 

1.312 1.572 3.144 
2.312 2.044 4.088 
4.312 2.660 5.300 
8.312 Z.338 6.476 

12.312 3.410 6.820 
16.312 3.440 6.880 
20.312  i L 8.406. 6.812 
24.312 «.»6« 6.536 
28.312 3.990 5.980 
32.312  1 .  3.516 5.134 
34.312 8.170 4.710 
36.312 1.698 . 4.387 
38.312 1.000 3.863 
39.312 .048 3.6.52 
40.312 0 3.440 

. Radius 

Radius >. 
&: 

TC 

VM 
Depth 

•Radius 

jii-. 



NACA 

Figure 1. NACA 2.3012 wing in combination with a wedge-rear 
fuselage and a tail of NACA 0009 section. 



NACA Fig. 2 

position. 

Figure 2.- Lift, drag and pitching- 
moment coefficient? of complete 

model. NACA 23012 wing with wedge-rear 
fuselage and vertical tail. 

-4 0 4 8 12 16        20 
Angle of attack, a, deg 



IACA rig. 3 

-.001 

O 4 8 12 
Angle of attach., a' , deq 

Figure 3.- Variation of Ci.+ , CQ*. and Cy+ with angle of attack. NACA 23012 wing alone, 
fuselage alone, and fuselage witn tail. (Data for wing and circular fuselage 

converted from references 7 and 1, respectively.) 



•ACA Fig«.   4,5 
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Figure 4.- Increment of Ci,t due to wing-fuselage interference. KACA 23012 wing 
with fuselage.  (Data for circular fuselage converted from reference 2.) 
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Figure 5.- Increment of Cn* due to wing-fuselage interference. HACA 23012 wing 
with fuselage. (Data for circular fuselage converted from reference 2.) 



NACA Figs.   6,7 
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Figure 6.- Increment of Cy+ due to wing-fuselage interference. NACA 23013 wing 
with fuselage. (Data for circular fuselage converted from reference 2.) 
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Figure 7.- Effect of wing-fuselage interference on C\^  due to tail. NACA 23012 wing 
with fuselage and tail. (Data for circular fuselage converted from 

reference 2.) 



IACA Figs.   8,9 

.OOI 

0 

-OOI 

.OOI 

o 

-.001 

Wing location        Fuselage 
High Middle Low 

o a >     Wedge-rear 
x     Circular 

-IO -5 
(a) 6f, 0° 

O 5 10 
Angle of attack, a', deq 

15 20 
(b) 6f, 60° 

Figure 8.- Iffect of wing-fuselage interference on Cn+ due to tail. HACA 23012 
wing with fuselage and tail. (Data for circular fuselage converted 

from reference 2.) * 
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Figure 9.- Effect of wing-fuselage interference on Cy+ due to tail. IACA 230^2 
wing with fuselage and tail. (Data for circular fuselage converted 

from reference 2.) 
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Figure 10.- Lateral-stability characteristics 
of wing, fuselage, and fuselage 

with tail. 
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