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WIND-TUNNEL INVESTIGATION OF THE EFFECT OF POWIR AND FLAPS
ON THE STATIC LATERAL STABILITY AND CONTROL CHARACTERISTICS
OF A SINGLE-ENGINE HIGH-WING ATRPLANE MODEL

By John R. Hagp;man
SUMMARY

An investigation was conducted to determine the effect of power
and of full-span slotted flaps on the statlc lateral stability and
control characteristics of & single-engine high-wing airplane with
tail on and tall off. The model combinations investlgated included
three power conditions - namely, propeller off, propeller windmilling,
end. power on - tested with flap neutrel, single slotted flap, and
double slotted £lap.

The applicabtlon of powsr with the flap neutral was found to make
no appreciable change in the effective dihedral, to increasge the
directional stability at low 1ift coefficlents, and to reduce the
rudder effectiveness (rate of change of angle of yaw wlth rudder
deflection). Deflection 6f the single slotted flap dscreased the
effective dlhedrel, increased the directionsl stability, and incrsased
the rudder effectiveness. Deflection of the double slotted flap with
power on decraased the effective dihedral, increesed the directional
st&bi]ity,_and deoreased the rudder efchtiveness. The addition of
the tall surfaces increased the efféctlve dihedral and the directlonal
stability.

In comparing the high-wing and low~wing models, the high-wing
modol was found to have greater effective dihedral and grester rudder
effectivensss then the low-wing model; however, the fin effectiveness
on tho high-wing model waa found to be the sumaller.

INTRODUCTION

The development and use of higher-powsred engineéién airplanes
have introduced pronounced and importent effects upon the stability ,
end control cheracteristics of the alrplene. Iarge slipstream effects.



and increased wing loadings have been observed as a result of increased
engine power.

In view of the aforementioned developments and problems resulting
therefrom, & comprehensive investligation was undertaken at the
Langley 7~ by 10-foot tunnel to determine the effsecte of power, full-
span single slotted and double slotted flaps, and vertical position
of the wing on the stability and control characterlstics of a model
of a typlcal single-engine airplane. The results of the longitudinal~
stability and lateral-stability investigations of the model as a low-
wing airplane model are presented in references 1l and 2, respectively.
The results of the longitudinal-stability investigation of the model
a8 a high-wing airplane are presented in reference 3. The present
paper deals with the investlgation of the lateral stability and con~
trol characteristice of the model as a high-wing airplane model. In
addition, the effect of wing position on lateral stability character-
igtics is 1lncluded in this report. :

COEFFICIENTS AND SYMBOLS

The results of the tests avre presented in the form of standard
NACA coefficients of forces and moments. Rolling-moment, yawing-
moment, and pitching-moment coefficients ere given about the center-
of ~gravity location (26.7 percent M.A.C.) which is shown in figure 1.
The data are referred to the stabllity axes, which are a gystem of axes
having thelr origin &t the center of gravity and in which the Z-axls
is in the plane of symmetry and perpendicular to the relative wind,
the X~axis is in the plane of symmetry and perpendicular to the
Z-axis, and the Y-axis is perpendicular to the plane of symmetry.

The positive dlrections of the stability axes, of angular displace-
ments of the alrplane and control surfaces, and of hinge moments are
showvn in figure 2. '

The coefficients and symbols asre defined as follows:

Cr, 1ift coefficient (Z/gS)

Cx longitudinal~force coefficient (X/gS)
Cy lateral-force coefficient (Y/aS)

c, rolling-moment coefficienf;, (T./q95Db)

- pitching-moment coefficient (M/aSc')
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Cp yaving-moment coefficient (I/qSh)

Chy rudder hinge-moment coefficient. (Hr /gbrsrz)

T, effective thrust coefficlent bdsed on wing area (Teff /qs) :
Qe torque cosfficlent (Q./pvelﬁ)‘

V /rD propelley advance-diameter ratio

n propulsive efficiency (TeffV/ 2st,)

z lifs

X longitudinal force

Y lateral force

L rolling moment

M " pitching moment

N yaving moment

i binge moment, pound-feet

Tepr =  DPropeller effective thrust, pounds

Q | propeller torque, pound-feet -’

qa freeo-gtream dynamic pressure, pounds per square foot (pvale)

s wing area (9.kth sq £t on model) |

¢' - wing mean merodynamlic chord (M.A.C.) (1.36 £t on model)

T, rhdder root-mean-square chord back of hinge line (0.353 £t
on model) _

b wing s_paéx, unless otherwise defined (7.458 £t on model)

b © -rudder span along hinge line (la508.ft on model)

v . :z_ai:'c- .velo'ci’cy,“ foet per second
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D propeller diameter (2.00 ft on model)
n propeller speed;'revolutiohs per:éecond '
o] mass density of air, sluzs per cubic foob
o - angle of atback of fuselage 9enter line, degrees
¥ angle of yaw, degrees _ '
control-surface deflection with.respect to chord line,
degrees : .
B propeller blade angle at 0.75 radivs (25%° on model)
Peff effective dihedral. degreés
Subscripts:
a aileron
e elevator
r rudder

denctas partiel derivatives of a coefficlent with respect

- aC
to angle of yaw [for exauple, Czw = =

Oy
MOTEL AND APPARATUS

The teats were made in the Lengley 7- by 10-foot tunnel which
is descridbed in references 4 and 5. The model wvas a %~acale mddel

of a Tighter-type airplene and is shown in figure 1, The wing was
fitted with a hO0-percent-chord doitble slotted Flap which covered.

93 percent of the span and vas designed from data in reference 6.
For the flap-neutral tests the flape Were retracted and the gaps
between the.flaps were faired to the airfoil contour with modeling
clay. The rear flap of the double-slotted-flap configuration, which
repregented the flap for a single-slotted~flap configuration, had &
25.66~percent chord and was maintained. at a setting of 30°. The
front flap vas retracted and faired to the girfoll coptoitr with
modeling clay. For the double~slotted-flap tests, the rear flap



wvag set at 30° relative to the front flap which in turn was set .
at 30° relative to the -wing. With flaps deflected, there was about

%é--inch clearance between the end of the flap and the fuselage. No

landing gear vas used for these tests.

4 detalled drawing of the tall assembly 1s shown In figure 3.
During the preliminary stages of the investigation a conventional
horizontal tall swrface was found to be insdequate in providing
longitudinal, trim when the double slotted flap was deflected. As a
result, an inverted Clark Y alrfoll section equipped with a fixed
leading-edge slot was used. When the model was tested with flap
neutral and with the single slotted flap deflected, the tall slot
was sealed; with the double slotted flap deflec‘ged., the slot was

open. The vertical tail (fig. 3) wes offset l-;; to the left to help
counteract the asymmetry in yawing moment due to slipstream rota:bion.

Power for the 2-foot-dleameter, three~blade, right-hand, metal
Propeller used was obtained from & 56-horsepower water-cooled induc-
tion motor mounted in the.fuselage nose. Propeller speed was measured
by means of an electric tachometer which was accurate to within

0.2 percent. The dimensional characteristice of the. propeller are
given in figure k.

Rudder hinge moments were measured by means of an slectric
\s’orain gage mountsed in the fin.

TESTS AND RESULTS

Test Conditions

The tests were made at dynamic pressures of 12.53 pounds per
square foot for powsr-on tests with the double slotted flap deflected
and 16.37 pounds per square foot for all other tests. These dynamic
Pressures correspond to airspeeds of about 70 and &0 miles per hour,
respectively. The test Reynolds mumbers wers about 875,000
and 1,000,000 based on the wing mean aerodynemic chord of 1.36 feet.

. Coxrections
All p'ower-on data have been- 6orrected for tare effects caused

by the model support strut. The power-off data, however, have not
been corrected for tare effects because they have been found to be
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relatively emall and erratic on similar models, especially when the
flaps are deflected. dJet-boundary corrections have been applied to
the angles of attack, longitudinal~force coefficienta, and tall-on
pitching-moment coefficients. The corrections were computed as
follows: .

Oo = 57.35, = Cp,

ACX =: "Bw - CL
_ 30
mmz "57?3 -——a-].‘l-—-_—: - 51‘1’ -S---.-CP-}CL
Va, fa C oty
vhere '
B Jet-boundary correction factor at wing (0.1125)
ﬁr total Jet-boundary correction factor at tail (varies
between 0.200 and 0.210) .
8 model wing area (9.4h sq_ft)
c tunnel cross-sectional area {(69.59 sq %)
3¢y, "
—— change in pitching-moment coefficient per degree change in
oiy stabilizer getting as determined in tests

qt/q ratio of effective dynamic pressure over the horizontal
tall to free-stream dymamic pressure

-Test Procedure .

Propeller calibratlons vwere made by measuring the longitudinal .
force for a range of propeller speed with the model at zeroc yaw,
zero angle of attack, flaps neutral, and tail removed. The offec~ .
tive thrust coefficient wag then cumputed from the relstion

T,' = Oy : . = Ox
(propeller operating) - (propellsr removed)
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The motor torque was also measured and the propeller efficiency
com;outed. The results of the propsller calibration are showr- in
figure 5. Figure 6 illustrates the relation between T,' and Oy,

which is representative of a typlcal constant-gpeed propeller. For
simplicity, a straight line variation of T,' with Cf was used.

The propeller speed regquired to simulate this thrust ocondition was
determined from figures 5 and 6. The approximete amount of engine
horsepower represen’ced. is glven in figure 7 for various model scales
and wing loadings. Tests were also mad.e with ‘the propeller off,
propeller vindmilling, and consteant T,'s. The value of T, ' for

the tests with the propeller windmilling was about -0.005.

A%t each angle of ettack For power-on yaw tests the propeller
speed was held constant throughout the yaw range. Since the 1ift
and thrust coefficients vary with yaw when the propeller speed and
angle of attack are held constant, the thrust coefficient is stric'bly
correct only at zero yaw.

Iateral-etability derivatives were obtained from pitch tests
at angles of yaw of t5° (hereinafter termed slope tests) by assuming
a straight-line variation between these points. The tests were made
with the propeller off, propeller windmilling, constant power, and
congtant T,'

Owing to an error in part of the investigation of the double-
slotted-flap configwa'bion, same of the data are omitted.
Presentation of Results

. An outline of the figures presenting the results of the invesbi-
gation is given as follaws:

Figure
Effect of.pover on CZ\V’ C%, and CYﬂr
Flap NEULYAL ¢ ¢ o o o o o o o 2 & o o ¢ s o s 6 & ¢ ¢ s 0 s 8
Sin.gl.e élotted.fl&p deflected ¢ » 5 8 e 8 2 8 e & & s o o @ 9
Double slotted flap d.efle’cted, e e s o s 5 e s v e 0 s s s ¢ 10

Increments in Cy ¥ n*, and OY\I-’ reeul-bing fram:

Power (constant pover ‘minug propeller windmilling) « ¢ « o o 11
Flap_ deflectim L] L] L] L4 .. L4 .. . . Fi r L4 '. L ] ’ » * . @ e L) ‘o * -m .
Tail sux‘faces .o [ L * . e L 4 . * l'. » . ] Ll * [ ] L] L] [ ] L] - L] L] 13
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T Plgure
Aerodynamlc characteristics in yaw: : .
FJ-aP neu‘bral . L] . . L] a : . O L ] L] . * [ 3 * * . . L] - . .- * L] lh
- Single slotted flap deflected .« « . . I N
Double slotted flap deflected . + + o o ¢ « o s s s o o « + 16
Rudder conbtrol characteristics. .
Flapneutral- « o e v @ -'c « 8 . " e & € v £ 8 4 * ¢ & ¢ . 017
Single BlO‘t'bed. flap d.eflec'bed R R N A T R I Y D I Y I | 18
Double SlO‘bted. fl&p d.eflected - L] [ . L] . . . [ » L] L] ’ a . 19

BISCUSSTON

. The foliowing discussioﬁ is congerned with the tail on the
nmodel except where otherwise noted.

Effective-Dihedral Derivative (sz)

The variation of C{W with Ct (figs. 8 to 10) is generally

smooth for g1l power conditions and flap configurations. In general,
the yaw teste agree with the slope tests as is indicated by the
large symbols on figures 8 to 10. (The large symbols represent
slope values taken at zero yaw from the yaw tests.)

Effect of power.- The increments in CZW due to power (constant

power minus propeller windmilling) ere shown in figure 11l. Applica-
tion of power resulted in no eppreclable changs of effective dihedral
for the flap-neubral case but decreased the effective dihedral wlth
the single slotted and double slotted flap deflected (CZW = 0.0002

is approx. equivalent to 1° of effectlve dihedral). This decrease
in CZW with flaps deflected 1s caused by the lateral shift of the

slipstrean over the trailing wing asg the airplane is sideslipped.
The latersl center of pressure of the added lift due tse power moves
outboard and creates a rolling moment about the center of gravity.

The reduction.in effective dihedral caused by power (complete
model) ranged from 0.5° to -0.5° throughout the lift range for the
flap-neutral configuration, from -0.5° 4o -3° for the single-slotted-
flap configuration, and-from -5.5° to =13° for the double-slotted-
flap configuration.
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Effect of flap deflection.- The effect of deflecting the single
slotted flap on the effective dihedral is shown in figure 12. TInasmuch
as the doubls-slotted-flap configuration was not investigated at a '
low enough 1if%t coefficlent to meke a direct comparison with the flap-
neutral configuration, a comparison of the increments of Cy ¥ between

single-slotted~flap and double~slotted-flap deflections are 'presented
in figure 12 to show the effect of the double slotted flap.

Deflecting the single slotted flap resulted in a decrease in
effectlive dihedral with both power off and power on; however,
deflecting the double slotted flap (in comparison with the single
slotted f£lap) resulted in an increase of effective dihedral vith
power off and in a decrease with power on. The increase in effsctive
dihedral with power off is thouzht to be caused by wnsteady flow
conditions resulting from the deflection of the double slotted flap.

Effect of tall surfsces.~ The effect of the taill swfaces on
the ePfective dihedral ie snown in figare 13. The effective dihedral
was increcsed with the addition of the tail surfaces for all condi~
tions tested - the increase being slidhtly larger with power on than
with power off.

It has been prevlously established that the roll:mg nonent
contrivubed by the verticeal tail is dependent upon the distance fyom
the X-axis to the center of pressure of the vertical tail. For a
given lift coefficient the flap-neutral configuration (high angle of
attack), thersfore, would produce the smallest positive increment

in Cz‘#; and. the double-~slotted~flap configuration (low angle of attack),

would produce the greatest pesltive increment in .01\,{. This trend is

shown to occur for the flap-neutral and single-slot'bed.—flap cdnfigu.-
rations. DBecauss no double-slotted-flap tail-off data are avallable,
increments in C% resulting from the addition of the tail surfaces

for this flap configuration are not presenbed.

Effect of wing position.- The high-wing model has. less geomstric
dihedral (1.9°) than the low-wing model (5.8°) (reference 2). A com~
parison of the results in reference 2 and those presented herein,
howsver, indicates that the high-wing model has greatver effective
dihedral when power ls applied and when flaps are deflected than the
low-wing model. An sxplanation of the greater effective dihedral of
the wing in the high position is given in reference 7.
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Directional~Stability Derivative (in)

Tffect of power.- The -effects of power on an are presented

in figure 11. With the tail off, power produced a destabllizing
effect for the flap-neutral and single- slotted~-flap configurations,
with thée destabilizing effect increasing with 'increasing 1ift coef-
flcient. With the tail on, the resultant ‘effect due to power was
favorable for all flap conflguratzons with the exception of the
flap-neutral configuration which had a slight desbabilizing power
effect at low lift coefficients. The contribution of power to an

(complete model) varied throughout the lift range from aboubt 0.0001
to =0.0002 for the:flap-neutral configuration, -0.0001 to ~-0.0011
for the single-slotted-flap configuration, and -0. 0017 to =0.0004
for the double-slotted-flap configuration.

The addition of the wvindmilling propsller decreased the direc~
tional stability for all flap configurations with tail off and tail
on, except for the double-slotted-flap configuration with tall on
where the directional stability was increased.- (See figs. 8 to 10.)

Effect of flap deflection.~ Deflection of the single slotted

flap produced a destabilizing effect on the directiomal stability
with tail off above a 1ift coefficient of 0.8. (See fig. 12(a).)
With tall on, the directional stability was increased with both
power off and power on. (See fig. 12(b).) The contribution of .AC

produced by the single-slotted-flap deflection (complete model)
varies from -0,00027 to 0.00003 with the windmilling propeller and
from =0.00036 to ~0,00039 for the comstant-power condition. The
data presented are generally in agreément with the theory that flap
deflec?ion increases the directional stability. (See references
and 9

Deflecting the double slotted flé? had a favorable effect on
the directional stability for all tail-on conditions. (See fig. 12(b).)

Effect of tail surfaces.- The addition of the tail surfaces
increased the directional stabllity in all cases investigated.
(See figs. 13(a) and 13(b).) The increments contributed by the tail
increased with increased flap deflection and also increased with '
increased power.

The effect of tail configuration on the aerodynamic character-
igtics in yaw (from 40° to -40°) is presented in figures 14t to 16.
The directional stability is less in all cames when the rudder is
free than when held fixed. No rudder lock occurred for any of the
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configurations bested. Rudder lock is determined by the reversal
of the yawing-moment curve only when the reversal passes through
zero .yawing moment. The decreased slope of the yawing-moment curves
at about %18° yaw in figures 14(b) and 15(b) and at.18° yaw.in
figure l6éb) , a8 well as the reversal of the yawing-momert curve ab
about ~18° in figure 16(b), is probably due to vertical tail stall.

Effect of wing position.- A study of -bable I in reference 2 and

table I in the present paper shows that raising the vwing from & low-
wing position to = high-wing position greatly reduced the fin eoffec~

tiveness (Mn‘y dne to tail). (Ses reference 9.) The effect of

wing-fuselage interference on fin effectiveness has been shown (refer-
ence 8) to be unfavorable for high-wing designs. For & high-wing
airplane the vertical tail is mainly in a region of destabilizing
sldewash. A more detalled explanestion of this unfavorable inter-
ference 1ls fownd in reference 9.

¢

Directional Control and Trim

BEffect of power on rudder-control-and hinge-moment character-
istices.~ A summary of some of the principal rud.d.er-control and hinge=
moment: parameters obtained from the results of the yaw tests (figs. 17

to 19) 'is given in table I.-

oy

The application of power decreased the rudder effectiveness -é--

with the flap neutrsl and with the double slotbted flap deflected;
however, with the single slotted flap deflected the rudder effec-
tiveness was increased. The deflection of the single slotted flap
(power on) increased the rudder' sffectiveness, whereas deflection of
the double slotted flap (compared with the flap-neutral confisuration)
decreaeed the rudder effectiveness.

For the flap-neutral configuration only small changes occurred
in the hinge-moment parameters Chz- and achr Jo%, with power. The
thrust coefficient is low for this condition (low Cy); " therefore,

pover effects would also be expected to be low. For the single-
slotted~flap and double~-slotted~flap configurations, the application
of power greatly increased the values. of the hinge-moment paremeters.
This effect 1s especially noticesable on values of Ch \1; for the

double-slotted~flap conf:[gura'bion.

Effect of power on trim.- A factor of prime impor'banc'e to the
pilot is the trim change with power. The dashed curve for Cy = O
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on the yawing-moment curves (figs. 17 to 19) indicates points on ‘the

Cn-curve at which the lateral force is zero. The point at which the

curve for Cy = 0 intersects the C,-axis gives the rudder deflec~
tion and yaw angle necessary to maintain stralght flight with zero
bank. The changes in rudder deflection regulred to trim with the
wings level when powsr 1s applied and the corresponding changes in
yaw angle are as follows: .

Flap o cLév ' Brbrim Mppim
- (deg) (dsg) (deg)
Neutral 1.7 1 0.3 0 1.5
Single slotted 9.6 1.9 -6 ' .2
Double slotted 9.4 3.1 2 25

The foregeing date show that the trim changes caused by power are
small, thus, good conbrol is indicated‘

Bffect of wing position. Higher values of awlaar were

obtained with the high-ving model than with the low-wing model
(reference 2). This difference is explained by the fact that
vhereas oC {aar is nearly the same for both high-wing and low-wing

models, the low-wing model hasg greater stability (G ) .due probably
to favorable gide=-wash characteristics at the tail.

Rudder deflections required to trim the high wing design are .
- emall; ‘thus, good control is indicated. The results for -the low-
wing design, however, indicate relatively large deflsctions to
malntain trim.

. The hinge-moment perameters Cp,' and achrraar .for the low-
wing and high-wing modsls are within reasonable agreement.

CONCLUSIONS -

Teats vole conducted on a high-wing powered modsl of a typical
fighter airplane with tail on and tail off egquipped with full-span
single slotted flap and full-~gpan double slotted flup to investigate
the effects of power and flap deflection on the static lateral sta-
bility and - control characterigtics. Effect of ving posltion on
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lateral stability and control characteristics was also investigated.
The followinz conclusions can be drawn from the data presented.

1. Effect of power:

(a) Application of power had no effect on the effective
dihedral with the flap neutral; nhowsver, with the single slotted
and double slotted flsp deflected, application of _power decreasod
the effective dihedral.

: (v} The application of power increased the directional sta-
bility of the complete model except with flap neutral at low
1if% coefficients.

(c) Tue application of power decreased the rudder effec-
tiveness with the flap neutral and with the double slotied flap
deflected and incraazed rudder effectiveness with the single
slotted £lap deflected.

(4} Trim changes caused by power were small, thus, good
control wvas indicated.

2. Effect of £lap dsflection:

(a) Deflecting the single slotted flap decreased the effec-
tive dihedral; howsver, deflecting the double slotted [lap
increassd the effective dlhedrel with power off and decreased
the effective dihedral with power on.

(b) Deflecting the single slotted Flap increased the direc-
tlonal stablility of the complete model with both power off and
power on. Deflecting the double slotted £lap increased the
directional stability for all tall-on conditions.

(c) Deflecting the single slotted flap increased the rudder
effectliveness for the power-on condition, whereas deflecting
the double slotted flap (compared with the flap-neutral con-
figuration) decreased the rudder effectiveness.

3. Effect of tail surfaces:

(a) The effsctive dihedral was increased wlth the addition
of the tail surfaces.

(b) The tail surfaces added increments of directional sta-
bility for all flap and power conditions investigated.

o
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4, Effeot of wing position:

(a) For the high-wing model greater effective dlhedral was
apparent than for the low~wing medel when power was applied
and flaps were deflected.

(b) The fin effectiveness was less on the high-wing model
than on the low-wing modsl.

(o) The rudder effectiveness was Tound to be greater on
the high-wing model than on the low-wing model beca.use of less
directional stability for the high-wing model..

(a) Application of power resulted in small rudder deflec-
tiong required to trim on the high-wing design and large rudder
deflections on the low-wing design, .

Langley Memorial Asronautical Iaborstory
National Advisory Commlttee for Aeronautlcs
Langley Field, Va., May 6, 1947
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SUMMARY (F RUDDER-CQNTROL ARD EINGE-MOMENT PARAMETHRS

. B . _ -
. : - . C
Flap Power - _-;"f.f_\ O I cn&.._ Cn.‘.. . ¥ E.‘-"- b -

B A b ‘ = ¥ |(Tail off)| ab ¥ 9%

1 i - r xr
Neutral Windmi¥ling | 1.7 | 0.3 | =0.0011 | -0.0011 | 0.0007 | =0.85 | ~0.001% | -0.0058
Single slobted | Windmilling{ 9.6 | 1.9 | ~.0011| =.0012 | .000k | =.8 | ~.001k| =.0068-
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Fig. 2 NACA TN No. 1379
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Figure 2,- System of axes and control-surface hinge moments and
deflections. Positive values of forces, moments, and angles are
indicated by arrows. Positive values of tab hinge moments and
deflections are in the same directions as the positive values for
the control surfaces to which the tabs are attached.
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Figure 3.~ Details and dimensions of the vertical and horizontal tails.

OVN

'ON NI V

6481

g "81d




Fig. 4 NACA TN No, 1379
A
+ {_:k_’_’— . \_\
£05 Blade angle 50
é (set 25°al Q75R) o
1 QO
== 7-mm
06 3 % AN EY
A X S
S \ \\w ]
Qo1 “e . \\ 1 20 &
Q \ N
‘ h7b Q
0z 1 \\\\é - 10
\\
0 0 0
0 2 4 6 8 10
r/R co::lrr'lrc:::ﬁ;npfz‘losnaﬁ:ncs

Figure 4 .~FPlan-form and blade-form curves
for the model propeller. D, diarmerer
R, radius To tip; v shation radius,; b,
section chord; h, seclion 1hickness,

RAF 6 airfoil- section.



NACA TN No. 1379 . | Fig. 5
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NACA TN No. 1379 ' Fig. 7
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Fig. 8a NACA TN No. 1379
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Fig. 12b NACA TN No. 1379
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Fig. 14b NACA TN No. 1379
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