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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

TESTS IN THE AMES 40- BY 80 -FOOT WIND TUNNEL OF AN AIRPLANE 

CONFIGURATION WITH A VARIABLE - INCIDENCE TRIANGULAR 

WING AND AN ALL-MOVABLE HORIZONTAL TAI L 

By David G. Koenig 

SUMMARY 

--I 
I 

An investigation was made to determine the low-speed, large - scale 
characterist ics of an airpl ane configuration with an aspect ratio 2 tri­
angular wing of variable incidence . The complete model consisted of the 
vari abl e - incidence wing in combinati on with a fuselage of fineness ratio 
13 ( in plan view), a triangular vertical tail, and a thin, unswept , all ­
movable horizontal tail . The wing had an NACA 0005 (modified) section 
and was equipped with partial - span, slotted, trailing-edge flaps . Tests 
of the model at zero sideslip for 00 , 60 , 100 , and 140 wing incidences 
were made with t he horizontal tail off and with the horizontal tail at 
each of three vertical positions above the fus elage refer ence plane . 
Characteristics of the model in sideslip were obtained for a wing i nci ­
dence of 100 with two combinations of flap and hor izontal - tail settings . 
The average Reynolds number based on the mean aerodynamic chord was 14.7 
million and the Mach number was 0 .13 . 

The results of tests of the model with the horizontal tail off 
showed that wing incidence was approximately 87 percent as effective in 
produci ng l i ft on the model as was angle of attack . The effect of wing 
incidence on flap lift effectiveness was about the same as that due to 
model angl e of attack . 

Results of tests of the model with the tail installed showed that, 
in general , i ncreasing wing incidences were accompanied by incre ases in 
the extent of instability throughout the lift - coefficient range . This 
is r elated to the adverse effects on stability of increases in tail 
height above the wing- chord plane due to wing incidence . 

Use of the wing as a trimming device with the tail fixed produced 
stability but showed no advantage in lift over that possible for the 
model with the flaps deflected and with the wing undeflected . Slight 
increases i n drag accompanied use of the wing as a trimming device . 
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2 RESTRICTED NACA RM A53D21 

With the wing deflected 100
, directional instability was found to 

occur at approximately the same lift coefficient as was the case for a 
similar model with the wing at zero incidence. 

INTRODUCTION 

Probl ems have ari sen from the undesirably high attitudes used to 
attain landing lift coefficients for low- aspect -ratio triangular -wing 
airplane configurations . Two methods which have been investigated for 
r educing the attitudes required are the use of trailing-edge flaps and 
the use of a variable - incidence wing . High-lift, trailing-edge flaps 
have been i nvestigated at high Reynolds numbers on an airplane model 
having a triangular wing of aspect ratio 2 and an all-movable horizontal 
tail (refs . 1 and 2). Wing- fuselage models with variable - incidence 
wings of aspect ratio 2 have been tested at low Reynolds number (ref . 3). 

In order to extend the scope of published data on triangular -wing 
models with variable - incidence wings to higher Reynolds number, and for 
the purpose of investigating the static stability of a variable-incidence 
triangular -wing model equipped with a horizontal and vertical tail, tests 
were made in the 40 - by 80 - foot wind tunnel on a model with an aspect 
ratio 2 t riangular wing, a horizontal tail and vertical tail identical 
to the model reported in references 1 and 2, but with the fuselage 
modified to accommodate the varying of the wing incidence . 

NOTATION 

Figure 1 shows the sign convention used for presentation of the 
data . All control-surface defl ections are measured in a plane perpen­
dicul ar to the hinge or pivot line of the control surface . 

b wing span, ft 

flap span (movable) , ft 

horizontal - tail span, ft 

c wing chor d, measured parallel to wing center line, ft 

c mean aerodynamic chord of wing, measured parallel to wing 

Ib/2 
o c 2 dy center line , , ft 
Ib/2 
o c dy 
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Cy 

D 

L 

L 
D 

S 

Sf 

St 

w 

drag drag coefficient, 
qS 

increment of drag coefficient due to wind-tunnel-wall 
interference 

rolling moment 
rolling-moment coefficient, 

qSb 

lift lift coefficient, 
qS 

pitching moment 
pitching-moment coefficient, 

qSc 

horizontal-tail contribution to the pitching-moment coeffi­
cient of the model at a given angle of attack 

increment of horizontal-tail contribution to the pitching 
moment due to wind-tunnel-wall interference 

" t ff"" t yawing moment yawlng-momen coe lClen, 
qSb 

side force side-force coefficient, 
qS 

total drag, Ib 

horizontal-tail incidence relative to the fuselage reference 
plane, deg 

wing incidence relative to the fuselage reference plane 
(positive direction same as for a), deg 

distance from moment center to pivot line of the horizontal 
tail, ft 

total lift, lb 

lift-drag ratio 

total wing area, sq ft 

trailing-edge-flap area (total movable), sq ft 

horizontal-tail area, sq ft 

fuselage width, ft 
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x 

y 

z 

a 

CLo 
lw 

Cla 
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longitudinal coordinate parallel to the model plane of 
symmetry and the fuselage reference plane, ft 

lateral coordinate perpendicular to the model plane of 
symmetry, ft 

vertical coordinate perpendicular to the fuselage reference 
plane, ft 

vertical coord.inate perpendicular to the wing-chord plane, ft 

angle of attack of the fuselage reference plane with 
reference to free stream, deg 

increment of angle of attack due to wind-tunnel-wall 
interference, deg 

angle of sideslip of the model plane of symmetry with 
reference to free stream, deg 

flap defl ection with reference to the wing-chord plane, deg 

symbol denoting increment 

(ceL) 

Ciw a =O 

MODEL 

A drawing of the model is shown in figure 2 and pertinent geometric 
data are presented in table I. A photograph of the model as mounted in 
the Ames 40 - by 80 - f oot wind tunnel is presented in figure 3. 

The wing sections parallel to the model center line were modified 
NACA 0005 sections . The modification consisted of a straight fairing 
f rom the 67 -percent - chord station back to the trailing edge . The ordi­
nates of t he modified NACA 0005 section are presented in table II. The 
wing- fuselage installation was such as to allow changing the wing inci ­
dence through a range of 00 to 14° . The wing was pivoted about a line 
located at the 0 . 25-chord point of t he mean aerodynamic chord and lying 
in the fus elage r ef e r ence plane and was equipped with partial-span, 
cons tant -percent - chord, slotted flaps. Dimensions of the flaps are 
presented in fi gure 4. 
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Geometric data on the fuselage are presented in figure 5. In the 
fuselage reference plane, the fineness ratio is 13.00. The depth of the 
fuselage was such as to maintain a wing-fuselage gap (at the juncture of 
the wing and fuselage) of 0.0008 b/2 or less for wing incidences of 0 0 

to 100 • At 140 wing incidence, the wing-fuselage gap was 0.0008 b/2 or 
less from the wing leading edge back to approximately the 70-percent­
chord station, from which the gap increased to a value of 0.0047 b/2 
at the trailing edge of the wing. 

The horizontal and vertical tails were identical to those of the 
model reported in references 1 and 2. Characteristics of the model were 
obtained with the horizontal tail at each of three vertical positions, 
hereinafter to be referred to as low, middle, and high position, with 
values of z/(b/2) of 0, 0.25, and 0.50, respectively. 

In the low position, the horizontal tail had a larger span 
(bt/b = 0.738) than in the middle and high positions (bt/b = 0.632). 

All wing and horizontal-tail deflections were within ±O.lo. Flap 
settings were made wi thin ± 0.20

• 

TESTS 

Longitudinal characteristics of the model with the horizontal tail 
off were obtained with the wing at several angles of incidence and the 
flaps undeflected and deflected 400

• Longitudinal characteristics of the 
model with the horizontal tail installed (it, 00

) at each of the three 
positions (for values of z/(b/2) of 0, 0.25, and 0 .50) were obtained 
for several wing incidences with the flaps undeflected. With the tail 
in the low position and for of' 00 , tests were made with the tail set 
at incidences other than 0 0 • With the flaps deflected 400 and with the 
tail in the low position, tests were made for several wing incidences at 
it, 0 0 and for tail incidences other than 00 at i w' 00 and 100 • 

A limited investigation of the sideslip characteristics of the model 
was made with the horizontal tail in the low position and with the wing 
at 100 incidence. Flap and tail setting combinations used were of' 0 0 , 

itJ 0 0 , and of' 400 , it' 100 1'lhich were chosen to provide longitudinal 
trim at a landing lift coefficient. Tests were made with varying angle 
of attack at several angles of sideslip, and with varying angle of side ­
slip for several angles of attack. 

The average Reynolds number of the tests was 14.7 million based on 
the mean aerodynamic chord. The dynamic pressure was approximately 
25 pounds per square foot and the Mach number was 0 .13. 
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6 RESTRICTED NACA RM A53D21 

CORRECTIONS TO DATA 

All the data were corrected for air-stream inclination and for 
wind-tunnel-wall effects, the latter correction being that for a wing 
of the same span having elliptic loading but with an unswept plan form. 
These corrections were made as follows: 

~ = 0·73 CL 

CDT = 0.Ol28 CL2 

For data with the horizontal tail installed, a correction for additional 
downwash at the pivot line of the tail (at the plane of symmetry, ~, 00 ) 

was made as follows: 

C~ 0.0100 CL for the model with the tail in the low position 

CIDT = 0.0093 CL for the model with the tail in the middle and high 

positions 

Drag and pitching-moment tares due to strut interference, based on 
data obtained with a rectangular wing, were applied to the data. 

RESULTS AND DISCUSSION 

The basic results of the investigation are presented in figures 
6 through 14, and table III may be used as an index to these figures. 
The data were corrected for wind-tunnel-wall effects and support-strut 
i nterference. 

For purposes of aiding in the comparison of the longitudinal char­
a cteristics of the model with the horizontal tail at each of the tail 
positions, moment center locations were chosen such that a value of 
(dCm/dCL)C :0, -0.06 would be obtained with the wing at 00 incidence and 

L 
t he flaps and horizontal tail undeflected. These moment centers were 
located at 41.8, 46.2, and 53.0 percent of the mean aerodynamic chord 
for the low, middle, and high positions, respectively. For the pitching­
moment data with the horizontal tail off, a moment center location of 
25-percent mean aerodynamic chord was used. 
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Lift Characteristic of the Model With Tail Off 

The effectiveness of wing incidence in producing lift of the model 
as compared to that produced by model angle of attack is presented in 
figure 15 . Wing incidence was less effective in producing lift than 
was angle of attack; CLiw/CLa was approximately 0.87 for both 00 and 

40 0 flap deflections. 

The effects of wing incidence on flap lift effectiveness are shown 
in figure 16 . Qualitatively, the main effect of wing incidence is shown 
to be equivalent to that of actual wing angle of attack (a + iW)j the 
flap lift increment decreased rapidly when a + iw exceeded approx­
imately 160 • 

Longitudinal Stability With the Horizontal Tail On 

Figure 17 shows the effect of wing incidence on the longitudinal 
stability of the model with the horizontal tail at each of three tail 
heights with respect to the fuselage reference plane. A comparison of 
the pitching-moment curves of figure 17 indicates that the changes in 
stability brought about by wing- incidence changes with the horizontal­
tail height fixed are, in general, similar to the changes resulting from 
an increase in tail height with the wing incidence fixed. 

The loss in stability when the wing incidence is increased from 
00 to 100 is attributable directly to the height of the horizontal tail 
above the wing- chord plane. This is indicated by the data of figure 18 
which presents the pitching-moment contribution of the horizontal tail, 
Cmt , as a function of a + i w, for the tail at a given tail height above 
the wing- chord plane with the wing at 00 and 80 incidenceo Although a 
difference in tail span and tail incidence with respect to the wing 
contribute to a quantitative disagreement of the two curves, the shapes 
of the two curves are approximately the same . Figure 18 thus demon­
strates that the effect of wing incidence on the stability characteristics 
of the model is the result of the accompanying change in tail height 
above the chord plane . 

Examination of the data of figure 7 indicates the possibility of 
avoiding the adverse effect of wing incidence on the longitudinal 
stability of the model with the tail in the low position. This could 
be done by varying the wing incidence to provide longitudinal trim. 
It is seen from figure 7 that the model would be stable at the trim 
condition . 
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Trim Lift and Drag Characteristics 

Trim characteristics are presented in figure 19 for the model with 
the wing used as a trimming device with the tail fixed (it, 00 ) and for 
the model with the tail used to maintain trim but with the wing unde­
flected . The figure shows that with the flaps deflected, an insignif­
icant amount of trim lift is gained by using wing incidence . With the 
flaps retracted, the trim lift coefficients at angles of attack below 
that for maximum lift of the model with variable-incidence wing were 
less than those obtained with the wing fixed and the flaps deflected. 

The model with variabl e - incidence wing showed approximately the 
same trim drag characteristics as did the fixed -wing model for values 
of CL below 0 . 9 and 1 . 1 for Of , 0 0 and 400 , respectively. For lift 
coefficients above these values , the variable - incidence mode l had 
slightly higher drag than that of the fixed-wing model. 

Directional Instability 

The data for the model of reference 2 (similar to the present model 
except for fuse l age shape) showed that directional instability occurred 
at lift coefficients of the order of 1 .2. It is believed that t his 
directional instability was due to sidewash induced by separation vortice s 
originating from the wing (see ref . 4) . Based on the reasoning expressed 
in reference 4, it would be expected that with an increase in wing inci­
dence, the vertical tail would be in a region of less adverse sidewash. 
Results of the present investigation show, however, that with the wing 
at 100 incidence, directional instability still occurs at approximately 
the same lift coefficient as for the model (iw, 00 ) of reference 2 . 

CONCLUDING REMARKS 

Results of the investigation of the model with the horizontal tail 
off showed that wing incidence was approximately 87 percent as effective 
in producing lift as was model angle of attack. The effect of wing 
incidence on flap lift effectiveness was approximately t he s ame as that 
due to model angle of attack . 

Results of the tests of the model with the tail installed showed 
that setting the wing at incidence had an adverse effect on longitudinal 
stability . The adverse effect was the r esult of increases in tail height 
above the wing- chord plane produced by increases in wing i ncidence. The 
tail-height change due to wing incidence was shown to have approximately 
the same effect as changing the tail height with the wing incidence held 
constant. 
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NACA RM A53D21 RESTRICTED 9 

Trimming the model by varying the wing incidence rather than using 
the tail as a trimming device produced no significant advantages in lift 
over that possible for the model with the wing undeflected but equipped 
with high lift flaps. Trimmed by varying the wing incidence, the model 
was longitudinally stable for the entire trim lift range for the moment 
center locations and tail incidences considered. The trim drag 
characteristics were not affected greatly by using the wing as a trim 
device. 

With the wing deflected 100 , directional instability was found to 
occur at approximately the same lift coefficient as was the case for 
a similar model with the wing at zero incidence. 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif. 
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TABLE I. - GEOMETRIC DATA OF MODEL 

Wing 

Area , total , sq ft • . • 
Area , movabl e (exposed) , sq ft 
Span , ft ..•.•... 
Mean aer odynamic chord, ft • 
Aspect ratio . . . . .. •••• 
Taper rat i o • • • • 
Airfoil section parallel to model cent er l ine . 

Fusel age 

Length , ft • . • • . . • • . . • . • 
Maximum wi dth (on Wing- chor d pl ane) , f t 
Fineness ratio ( in chord plane ) .•. 

Vertical tail 

312 · 5 
215 . 96 

25 .00 
16 . 67 

2 
o 

NACA 0005 (modified) 

56 .16 
4 . 32 

13 .00 

Exposed area, sq ft 
Aspect ratio • . 
Taper ratio 
Airfoi l section parallel 

52 . 53 
1 
o 

to model center l ine •.. NACA 0005 (modified) 

Trailing-edge f l aps 

Sf / S •.• 
Chord 

Horizontal tail 

Low positi on 

stls ........ . 
bt/b ...••.•.. 
It/~ (c . g . at 0 . 4l8~ ) •• 
z/ (b /2 ) (iw, 0 0 ) 

Aspect ratio • • 
Taper ratio 

Middl e position 

St/S . . . . 
bt/b •.•• 
It/~ (c . g . at 0 . 462~) •• 
z/ (b/2) (iw, 0 0 ) 

Aspect r atio • 
Taper r at i o. 

Hi gh pos i t i on 

St / S • • • • • • • • • 
b t/b • • • • • • • • • 
It/c ( c . g . at 0 . 530c) . 
z /(b/2) (iw, 00 ) 

Aspect ratio • 
Taper ratio 
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0.123 
0 . 2084c 

0 . 246 
0 . 738 
1.170 

o 
4 . 4 

0 .46 

0 . 200 
0 . 632 
1.125 

0 . 25 
4 .0 

0 . 50 

0 . 200 
0 . 632 
1.057 

0 .50 
4.0 

0 . 50 
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TABLE II. - COORDINATES OF TEE NACA 0005 (MODIFIED) SECTION 

Station 
(percent chord) 

o 
1.25 
2.50 
5.00 
7 ·50 

10.00 
15.00 
20.00 
25.00 
30 .00 
40.00 
50.00 
60 .00 
67.00 
70 .00 
80 .00 
90 .00 

100.00 

L.E. radius: 

Ordinate 
(percent chord) 

o 
.789 

1.089 
1.481 
1·750 
1.951 
2.228 
2.391 
2.476 
2 ·501 
2.419 
2.206 
1·902 
1.650 
1·500 
1.000 

·500 
o 

0.275-percent chord 
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TABLE 111.- INDEX OF CONFIGURATIONS TESTED 

[W, ,-ring ; F, fusela6e ; V, vertical tail; HL, HM, HH , horizontal 
tail at l ow, middle, high position, respectively] 

Configu- Control deflection, deg ~ a. 
Figure ration iw of it deg deg Data 

6(a) , (b) W+F+V O'ftl O, 0 ,40 tail off ° - 2 to 26 CL vs a. , CD' Cm 

7(a) , (b) W+F+V+HL 0 , 6,10 , 0 ,40 ° ° -2 to 26 CL vs a., CD' Cm 
14 

8 W+F+V+HM 0, 6,10, ° ° ° -2 to 26 CL vs a. , CD , Cm 
14 

9 W+F+V+HH 0 , 6,10, ° ° ° -2 to 25 CL vs a. , CD' Cm 
14 

10(a) , (b) W+F+V+HL 0 ,10 0 , 40 -2 to 10 
(c) , (d) ° -2 to 26 CL vs a., CD ' Cm 

ll(a) ,(b ) W+F+V+HL 10 ° ° 0, 6, 8 ° to 26 CL vs a , CD , Cm 
C2, Cn' Cy 

12(a) , (b) W+F+V+HL 10 ° ° -4 to 0 , 9,17 Cv CD ' Cm' Cy , 
8 21 Cn' C2 ) vs ~ 

13( a) , (b) W+F+V+HL 10 40 10 0 , 6, 8 ° to 25 CL vs a. , CD ' Cm 
C2, Cn) Cy 

14(a) ,(b) W+F+V+HL 10 40 10 -4 to 1, 9,17 CL ' CD' Cm' Cy , 
8 21 Cn, C2) VS 13 
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"",,/' 1 
------~-------------- ----

I " i 
_~~/6. 6T.. 

63.43" /l-
.L/ 

loE--- t/50 I i 
~------------;--2 5 . OO,-----;;--i--l _I 2~1.04" 

1-=-- ------ --23.91 ------+-------------22.30 

Wing pivot line 

Fuselage 
reference plone 7 

Pivot line for 
horizontol toil 

-26.24---1 
~-----I7. 92~ 

~ 
___ ---rf 

63.43" I ~ t8.96 
~==~ .i6.33 

1 
.... / / 3.17 

~~:::::::::::::====:=:~~~<"~_/. ,,/' , I 

- - - ~ ~I :-::~I 
1oE;---------------- 56.16-----~---,-<".L--,..L'---------...-, 

Oimensions shown in feet 
unless otherwise noted 

£ntersection of pivot line 
and plane of symmetry 

~ 

Figure 2 .- Geometric detail s of t he model, wing a t 00 incidence . 
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Figure 3.- The model as mounted in the Ames 40- by BO -foot wind tunnel, 
shown with the wing at 100 incidence. 
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Flap 
station 0 
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20.84 from wing TE. 

~-----4.30-----t 

NACA RM A53D21 

Edge of slot lip 

Section shown parallel to 
model center line 

+ Point at which flap hinge 
line intersects section plane . 

Flap deflection,8f, is measured 
perpendiculor to flap hinge line. 

I I This point on hinge line --1 2 .5 0 /-E- / moves parol leI to model 
1 feet 1/ center line 

I 
'~- Flap hinge line 

, Slot lip \ 

\ 

~_-------lL..- __ 3~ 
Wing TE. 

I 

I ~FUSelage 
~Model center line 

Flap coordinates 

Station Upper Lower 
surface surface 

0 -0.77 -0.77 
./0 - .49 - .91 
.20 - .36 - .96 
.40 - .16 - .99 
.60 - .01 -1.00 

1.20 .31 - .99 
1.80 .52 - .96 
2.40 .66 - .92 
3.00 .76 - .89 
3 .60 .80 - .86 
4 .20 .8/ - .83 
5.00 .80 - .80 

10.00 .54 - .54 
15 .00 .29 - .29 
20.84 0 0 

CenteLof L.E arc 
./5 - .77 

L.E. radius: 0./5 

~ 
Dimensions shown in 
percent wing chord 

Figure 4.- Ge ome tric data of the trailing-edge constant -percent - chord 
slotted flap . 
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Olstance from nose of fuselage, x, 
Figure 5. - Geometric details of the fuselage . 
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Figure 6.- Longitudinal characteristics of the model with the wing at four incidences and the 
tail off; moment center, 0 .250c. 
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