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By David G. Koenig 

An investigation was made to determine the low-speed, large-scale 
characteristics of an airplane configuration with sn aspect ratio 2 tri- 
angular wing of variable incidence. The complete model consisted of the 
variable-incidence wing in combination w5th.a fuselage of fineness ratio 
13 (in plan view), a triaar verticaltail, and a thin, unswept; all- 
movable horizontal tail. The wing had an KACA 0003 (modified) section 
and was equipped with partial-span, slotted, trail 

"$ 
-edge flaps. Tests 

of the model at zero sideslip for O", 6O, loo, and 1 O wing incidences 
were made with the horizontal tail off and tith the horizontal tail at 
each of three vertical positions above the fuselage reference plane. 
Chsracteristics of the model in sideslip were obtained for a wing inci- 
dence of loo with two combinations of flqp and horizontal-tail settings. 
!The average Reynolds number based on the mean aerodynamic chord was 14.7 
million snd the Mach number was 0.13. 

The results of tests of the mole1 with the horizontal tail off 
showed that wing incidence was approximately 87 percent as effective in ' 
producing lift on the model as was angle of attack. The effect of WLng. 
incidence on flq lift effectiveness was about the same as that due to 
model angle of attack. 

Results of tests of the model with the t&l installed showed that, 
in general, increasing wing incidences were accompanied by increases in 
the extent of instability throughout the lift-coefficient range. This 
is related to the adverse effects on stability of increases in tail 
height above the tin@;-chord plane due to WFng 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 in drag accompanied use of the wing as a trimming device. 
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With the wing deflected loo, 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. 

. 

. 

INTf%ODUCTION 

Problems have arisen 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 
reducing the attitudes required are the use of trailing-edge flaps and 
the use of a variable-incidence wing. High-lift, trailing-edge flags 
have been investigated at high Reynolds numbers on an airplane model 
having a tr1angu.l~ 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 teated at low Reynolds number (ref. 3). . 

In order to extend the scope of published data on triangular-wing 
models with variable-incidence wings to hi&er Reynolds nmiber, 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 kO- by 80-foot wind tunnel on a model with an aspect 
ratio 2 triangular wing, a horizontal tail and vertical t,ail 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 deflections are measured in a plane perpen- 
dicular to the hinge or pivot line of the control surface. 

b wing span, ft 

bf - fla;p span (movable}, ft 

b-t horizontal-tail span, ft 

C wing chord, measured parallel to wing center line, ft 

F mean aerodynamic chord of wing, measured parallel to wing 

- 

1.: center line, 
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CD 
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cmt 

se 
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S totel wing area, sq ft 

. Sf - trafling-edge-fl@ area (total movable), sq ft 

St horizontal-tail srea, sq ft 

w fuselage width, ft 

drag coefficient, - 
qs 

Increment of drag coefficient due to tind-tunnel-waU. 
interference 

rolling-moment coefficient, rolling moment 
s= 

lift coefficient, 5 

pitching-moment coefffcient, 
pitching moment 

qSE 
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 Kind-tunnel-wall interference 

yatingmoment yawFng-moment coefficient, S 

side-force coefficient, side force 
SS 

total drag, lb 

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

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

distance from moment center to pivot line of the horizontal 
fxil,fft 

total lift, lb 

lift-drag ratio 
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X 

Y 

z 

=t 

a 

9 

0 

&f 

n 

%w 

longitudinal coordFnate 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 coordinate 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 deflection with reference to the wing-chord plan:, deg 

symbol denoting increment 

MODEL 

A drawing of themodel is shown in figure 2 and pertinent geometric 
data are presented in table I. A photograph of ther model as mounted in 
the Ames 4C- by 80-foot tind tunnel is presented in figure 3. 

The wing sections parallel to the model center lfne were modified 
NACA 0005 sections. The modification consisted of a straight fairing 
from the 67-percent-chord station back to the -t;railing.edge. The ordi- 
nates of the modified I?ACA 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 O" to 14'. The ting was pivoted about a line 
located at the 0.25-chord point of the mean aerodynamic chord and ly-fng 
in the fuselage reference plane and was equipped tith partial-spar; 
constant-percent-chord, slotted flaps. Dimensions of the flaps ere 
presented in figure 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 Fncidences of 0' 
to loo. At lb0 wing incidence, the ting-fuselage m was 0.0008 b/2 or 
less from the wing leading edge back to approximately the TO-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 identdcal to thase of the . 
model reported in references 1 and 2. Characteristfcs of the model were 
obtained tith 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 
I @t/b = 0.738) than in the middle and high positfons (b& = 0.632). 

I All wing and horizontal-tail deflections were within M.1". Flap 
, settings were made within f0.2O. 

. 
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 deflect& 40'. Longitudinal chsracteristfcs of the 
model with the horizontal tail inst&Ued (it, O") 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 6f, O", tests were made with the tail set 
at incidences other then O". With the flaps deflected &I0 and with the 
tail in the low position, tests were made for several wing incidences at 
it;; OO'and for tall incidences other then O" at iw, O" and loo. 

A l&&ted investigation of the sideslip characteristics of the model 
was made with the horizontal tail in the low position and with the wing 
at loo incidence. 
it, O", and Ef, 

Flap and tail setting combinations used were Eft O", 
&Jo, it, 10' which were chosen to provide longitudm 

trim at a landing lift coefficient. Tests were made with varying angle 
of attack at several angles of sideslIp, and KTth 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 nuziber was 0.13. 
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All the datawere correctedfor air-streaminclination andfor 
wind-tunnel-wall effects, the latter correction being that for a wing 
of the same span hsva elliptic loading but with an unswept plan form. 
These corrections were made as follows: 

?I? = 0.73 CL 

% = o.olz8 CL2 

For data with the horizontal tail irstalled, a correction for additfonal 
downwash at the pivot line of the tail (at the plane of symmetry, p, O") 
was made as follows: 

% = 0.0100 CL for the model tith the tail in the low position 

c?Lc = 0.0093 C+, for the model uith 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 applkied to the data, 

RFSULTS ATID DISC!USSION 

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

For purposes of aiding in the comgarZson of the longitudinal char- 
acteristics of the model ~9th the horizontal tail at each of the tail 
positions, moment center locations were chosen such that 8 vaJ2i.e of 
@c?lJJ~~)c,&~ -0.06 would be obtained with the wing at O" incidence and 
the flaps and horizontal tail undeflected. These moment centera were 
located at 41.8, 46.2, and 53.0 percent of the mean aerwc chord 
for the low, middle, and high positions, respectively. For the pitting- 
moment data with the horizontal tail off, a moment center location of 
25-percent mean aerodynamic chord w&s used. 

. 
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Lift Characteristic of the Model With Tail Off 

. 

The effectiveness of wTrtg 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 Uft than 
was angle of atta&; 
40° flap deflections. 

was approximately 0.87 for both:' and 
I yf 

The effects of wing incidence on flap lift effectiveness are shown 
in figure 16. Qualitattively, the main effect of wing incidence is shown 
to be equivalent to that of actual wing angle of attach (a + iw)j the 
flag lift increment decreased rapidly when a + i, exceeded approx- 
imately 16O. 

Longitudinal StabUity With the Horizontal Tail On 

Figure 17 shows the effect of ting 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 comparfson 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 resultingfrom 
an increase in tail height tith the wing incfdence fixed. 

The loss in stability when the wing incidence is Increased from 
O" to Loo 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 contrfbution of the horizontal tail, 
Cmtt 8S a fLUEtiM Of a + iw, for the tail at a given'tail height above 
the wing-chord plane with the ting at O" and 8O incidence. Although a 
difference in tail span and tail incfdence tith 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 chsracterfstics 
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 incfdence on the longitudinal 
stability of the model with the tail in the low position. Thiscould 
be done by varying the wing incidence to prov2de longitudlnsl 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 

NACA RM A5321 

. 

Trim chsracteristlcs are presented in figure 19 for the model tith 
the wing used as a trimming device with theta11 fixed (it? O") and for 
the model with the tail used to maintain trim but tith the ting unde- 
fleeted. The figure shows that tith the flaps deflected, an Issignif- 
icant amount of trim lift is gaIned by using tin@; incidence. With the 
flaps retracted, the trim lift coefficients at angles of attack below 
that for maxFmum lift of the model with variable-Incidence wing were 
less than those obtained with the wing fixed and the flaps deflected. 

The model with variable-incidence wing showed approximately the 
same trim drag characteristics as did the fixed-- model for values 
of CL below 0.9 and 1.1 for 6f, O" and kO", respectively. For lift 
coefficients above these values, the variable-incidence model 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 fuselage shage) showed that directional instability occurred 
at lift coefficfents of the order of 1.2. It is believed that this 
directional instability was due to sidewash induced by separation vortices 
originating from the wing (see ref. 4). Based on the reasoning elrpressed 
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. 
Resrllts of the present investigat,ion show, however, that tith the wing 
at loo Incidence, directional instability still occurs at approxkately 
the SSIE lift coefficient as for the model (iw, O") of reference 2. 

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 the same 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 
stabilfty. The adverse effect was the result of increases in tail height 
above the wing-chord plane produced by increases in wing incidence. 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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TrLmmingthemodelbyvaryingthewing incidence rather thanusing 
the tail as a trimming device produced no signiffcant advantages in lift 
over that poss-lble for the model with the wing undeflected but equipped 
with high lift flags. Trimmed by varying the WFng incidence, the model 
was longitudinally stable for the entfre trim lift range for the moment 
center locations and tail fncidences considered. ThetrFmdrag 
characteristics were not affected greatly by usln@; the wing as a trti 
detice. 

With the wing deflected loo, 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. 

7 
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!luBm I.- GGOMEXRIC DA!lZA OF MODEL 

Wing 

Area, total, sq ft ......... ;. ......... 
Area, movable (exposed), sq ft.. ............. 
Spsn,ft ......................... 25.Oc 
Mean aerodynamic chord, ft. ............... 16.67 
Aspectratio ........................ 2 
Taper ratio ....... -. ............... C 
Airfoil section parallel to model center line. . NACA 0005 (modified) 

.. 
Fuselage 

Length,ft............; ........... 
Maximum width (on wing-chord plane), ft ......... ZE .2 
Fineness ratio (in chord plane). ............. 13.00 

Vertical tail 

Exposed area, sq ft ................... 1 . 52.53 
Aspectratio ....................... 1 
Taper ratio ..... ;-. ................ 0 
Airfoil section parallel to model center line ... NACA CX2O5 (modified) 

Trailing-edge flaps 

Sf/S ........ : ........ ........... 0.123 
Chord ...... . . .. . 

r 
................ ti.2084~ 

Horizontal tail 

Low position .... 

St/S ............... ; ........... 0.246 
bt/b............r .............. 0.738 
It/E (c. at 0.418E). 
z/(b/2) Ti,, 00) ..................................... 

1.170 

Aspect ratio. ..................... 4.: 
Taper ratio .............. .-. ....... 0.46 

Middle position - 

St/S ................... ,- ..... i 0.200 
bt/b .......................... 
1 /E (c.g. at 0.4625). 

0.632 

7 
................. 1.125 

z (b/2) (iw, 00) .................... 0.25 
Aspsctratio. ..................... 4.0 
Taper ratio. ...................... 0.50 

High position 

St/S .......................... 0.200 
bt/b .......................... 0.632 
It/E (c.g. at 0.53E) 
z/(b/2) (iwr O") 

................... 1.057 
................... .- 0.50 

Aspectratio ...................... 4.0 
Taper ratio ....... .c;--:*. ...... 0-m 

. 



TABLE II.- coomm~m3 OF mmmmoo5 (MODIFIED) SEcTIoN 

station 
(percent chord) 

Ord.inate 
(percent chord) 

0 0 
1.25 -789 
2.50 1.089 
5.00 1.481 
7.50 1.750 

10.00 1.951 
15.00 2.228 
20.00 2.391 
25.Qo 2.476 
30.00 2.501 
40.00 2.419 
50.00 2.206 
60.00 1.902 
67.00 1.650 
70.00 1.500 
80.00 1.000 
go;00 -500 

100.00 0 

L.E. raUus:' 0.275qercen-t chord 
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TABLE III.- INDEX OF-CONFICXJRA!PIONS TESTED 

[W, wing; F, fuselage; V, vertical tail; EL, HM, EH, horizontal 
tail at low, middle, high position, respectively) 

Figure 
Configu- Control deflection, deg B ' 
ration f W 

Pm a. a- - 

6(s) t(b) W+F+V 0,6 lo, 14 
7(a),(b) W+F+V+EL 0,6&o, 

14 

I ur J-t aeg 

0,40 tad.1 off 0 

0240 0 0 

0 0 I 0 

0 0 0 

o,b -2t010 0 

0 0 0,498 

0 0 -4 to 
8 

40 10 0,638 

40 xl -4 to 
8 

8 W+F+V+BM 0,6,10, 
I 14 

9 W+F+V+EH 0,6,10, 
14 

lo(a), (b) W+F+V+HL Of10 
(c>,(a) 

ll( a) ,(b) W+F+V+EL I 10 

12(a),(b) W+F+V+EL 10 

1 
13(a) I (b) W+F-kV+EG 10 

L4(a), (b) W+F+V+HL 10 

a 
deg Data 

-2 to 26 s vs a, %, c, 

-2 t0 26 CL ~8 a, cDJ & 

-2 to 26 cL vs a, CD, c, 

-2 to 25 CL va at CD, c& 

-2 to 26 CL vs a, CD, c, 

o to 26 q, vs a, CD, c, 

0,9,17 CL3 CDt &, Cyr 
21 c,, CZI vs B 

-- 



, r 
, I I 

i 

Figure IL.- The sign convention used In presentation of the data. All. force and moment 
coeflklents, angles, and control-surface deflections are shown as positive. 



14 NACA RM A53DZl 

1 ~+Yz+22~o~ 
Wing pivot /he Pivot line for 

horizoniui far’/ 

L156.,6/ 

fnfersection of pivot /he 
Dimensions shown in feef ffnd pione of symmefry 
unless otherwise noted 

- 

Figure 2.- Geometric details of the model, wing at OO.hcidence. 
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Figure 3.- The model as mounted in the Ames b- by 80-foot WLnd tunnel, 
shown with the uing at 10° incidence. 
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mode/ cenfef line 

+ Poinf of which flop hinge 
line /n#ersecfs secfion p/one. 
Ftop def.fecfion,&+f , is measured 
perpndiculrrr fo flap hinge line. 

This poinf on hinge line 
nkwes paru//e/ to moaW 

Mode/ cenfer /ins 

flap coordinofes 1 

0 
JO 
20 
40 
.60 

f-20 
1.80 

2.40 
3.00 
3.60 
420 
5. OG 

/O.lW 
l5.00 
20.84 

- 0.77 
- 49 
- .36 
- .16 
- .o/ 

.3/ 
52 
.66 
.?6 
.BO 
.8/ 
.80 
.54 
.29 

0 

Lower 
surfuce 

-0.77 
- .9/ 
- 36 
- .99 
-/.a, 
- .99 
- .96 
- .92 
- .89 
- .86 
- .83 
- .80 
- 34 
- .29 

0 I 
LE. radius: 0./5 

=7jgJ7 
Uimensiis shown in 
percent wing chord 

Figure 4.9 Geometric data of the trailing-edge constant-percent-chord 
slotted flap. 
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2.96 ff.29 15.83 27.06 36.43 42.30 50.28 
Df&me fm nose of foseloge, xf 

Figure 5.- Geometric d&tile of the fuselage. 
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0 .I .2 J P .S .6 .7 .8 
c+q? CQEtifrn, I$ 

(4 6pr O” 

Figwe 6.- Longitudinal characteristics of the model with the wing at four incidencea and the 
tail off; mment center, 0.25oc'. 
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P&sure 6.- conch.aea. 
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Figure 7.” LongituddmiL characterietics of the model with the wing at four incidence8 and the 
tail In the low position; It, O"; z/(11/2), O; uanent center, 0.4185. 
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Fbure 7.- Concluded. 
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Figure 8.” Longituajnal characteristics of the model with the wing at four incidencea, the f&pa 
retracted, and the h~izo~tal ttil in the middle position; it, 0'; e/(b/2), 0.25; moment ki 
nan+ar r\ l,Lclz k= .- 

. . I . 
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Figure 9.- Longitudinal characteristics of the mdlel with the wing at four Incidences, the flqps 
retracted, and the horizontal tall in the high position; it, 00; z/@/2), 0.w; mment center, 
0.53ooc’. 
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Figure lO.- The effect of tail incidence on the longitudinal characteristics of the model with 

the tail in the low position; z/(b/2), 0; manned center, 0.418;. 
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I I I I I I I I ” ” ” s,ffw ““II I 
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IG 0 0 b 0 -41 I I I I I I 

I I I I I l/ID-l I I I I I I I II;F I IA I I I I I 

ij 

I 4 8 I2 I6 20 a% .08 .w 0 44 48 ,I2 46 720 4iw 
At@ d attack, a, tikg mching-tlmlmnj ooemi, cm 

0 .I .2 .3 .4 .5 .6 .I .8 lag wefflkhlt, 8 . 

lb) + 0’; 8-p, 40’ 

Figure lo.- ContinueB. 
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