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TECHEWICAL NOTE No. 1061 L

WIND-TUNNEL INVESTIGATION OF EFFECT OF WING LOCATION,
POWER, AND FLAP DEFLECTION ON EFFECTIVE DIHEDRAL
OF A TYPICAL SINGLE-ENGINE FIGHTER-ATIRPLANE MODEL
WITH TAIL ﬁEMOVED

By Warren A. Tucker

SUMMARY

An investigatlon has been made of the effect of
wing locatlon, power, and flep deflecticn on the effective
dihedral of a typical single-engine fighter-airplsne model.
The model, which wss tested in the Langley 7- by 1l0-foot
tunnel, had provisions for placlng the wing in either
one of two verticsl locations. The wing was fitted
alternatively with a full-span single slotted flep and
with a full-span double slotted flap. The vertical and
horizontal tails were removed for all tests.

The results ere presented as curves of lateral-
stabllity derivatives egainst 1ift coefficient. The
observed effects are explained gualitstively. In addition
to showing the usuel loss in effectlive dihedral caused
by chenging from a high-wing to a low-wing design, the
results indicated that this loss 1s Ilncreased by the
application of power. The adverse effect of power increased
with 11ft coefficient. The effect of. flap deflection,
which was unfavorabls for all cases, appeared to be
slightly greater for the low-wing model.

INTRODUCTION

The problem of achleving sufficient effective dihedral
for satisfactory hendling qualities at low speeds and
high thrust coefficlents 1s becoming Increasingly
important, particulerly with -the advent of the high- -
powered low-wing fighter sirplanse. Some theoretical and
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sxperimental work has been done on the effect of wing
plan form and geometric dihedral on the effective dihedral
of an isolated wing (references 1 and 2). Other experi-
mental investigations of complete models of specific
airplanes and of reneralized mccéels {references 3

to 7) heve been mnde to determine the effect cf
wing vlen form end wing location, end some theoretical

work has been done on the effect of wing location (raf-
erenca £)., There seems, however, -to be little correlated
information aevailable regarding the mutuel effects of
power, flap deflz2ctlon, and wing location.

A comprehensive investigatlion of the effects of wing
locetlorn, power, end flar deflection on tha stetic
stebllity of & model ol 8 single-engine fighter alrplauae
is being conducted In the Langley 7= b¥ 1l0-foot tunuel.
Tke investizaetion includes longitudinal-stabllity gnd
lateral-stability lLests of the mndel as & high-wing and
as a low=-wing airplane. The tests have been made witnout
fleps, with a full-spen slotted flep having a chord
25 percent of the wing chord (0.25c¢), and with a 0..,0c
full-snan double slotted flap. All teste have beer made
both with the propeller windmilling end wlth powsr on.
Data on the seffect of wing location, wower, end Ilap
daflectlion on effectlive dihedral with the tall removed
have been obtained from the teests and are vresentad
herein. Sinc¢e the scope of the investigetion was some-
what limlted, varticulerly in the range of power, the
concluslons are not- very general,

APP ARATUS AND MODEL

The tests were made in the Langley 7- by 10-foot tummel,
which 1s described in refecences 9 and 10. The besloc

model wae a modified m-scale model of the Curtlss P-364

airplane (fig. 1). The vertical end horizontal talls
were removed for all tests., The- landing gear was
retracted for all tests, since the asrodynamic effect of
lending gesars on stebllity is usually smsll.

The wing without flaps corresponded to the P-364 wing,
The quartser-chord line of the wing wsas swept forwerd 2.6 .
The 0.0c double slotted flap, which covered 9% percent
snen, was designed by use of the data of reference 11.
The front part of the {lap wss deflected 30C with
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respect to the flep-retracted position; the rear part of
the flap was deflected 30° with respect to the front
part. The rear part was used as a 0,25c¢c single slotted
flep by keeplng the two parts of the flap in the same
position relative to each other but moving the whole
flap so that the front part was in the retracted position.
The front part of the flap was then faired to the air-
foil contour with modeling clay for tests of the wing
with a single slotted flap. The details of the flap are
shown in figure 2. ’ ' T
The model had a three-blade right-hand metal propelloer.
The propeller was driven by a 56-horsepower water-cooled
induction motor mounted in the fuselage ncse. The motor
speed was measured by use of a cathode-ray oscillograph,
which indiceted the output of a small alternator connected
to the shaft of the motor. The time base for the
oscillograph pattern was controlled by an audio oscillator
of the electrically driven tuning-fork type, the
frequency of which was known within 0.1 percent. The
propeller blade angle was set at 25° at the 0.75-radius
station for all the tests. The side-force factor of tno
propeller (see reference 12) was T70.2.

TESTS AND RESULTS

Test conditions.~ All tests, except the power-on tests
of the model with the double slotted flap, were made at a
dynamic pressure of 16.37 pounds per square foot, which
corresponds to a velocity of 80 miles per hour at standard
sea~level conditions. In order to obtain the required
thrust coefficients from the model motor, the power-on
tests of the modsl witih the double slotted flap were
made at a dynamic pressure of 12.5% pounds per sguare
foot, which corresponds to a velocity of 70 mlles per
hour at standard sea-lsvel conditions. The corrssponding
test Reynolds numbers for these velocitles were . .
about 1,000,000 and 875, 000, respectivgly, based on the
model wing me an ae“odynamic chord of 16,322 inches. The
corresponding effective Reynolds numbers, based on the
tunnel turbulence factor of 1.6, were about 1,600,000
and l,hO0,000, respectively.

Coefflicients end symbols.- The results of the tests
are presented in the form of standard NACA nondimensional
cogfficients of forces and moments. Rolling-moment and

LA,
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yvawing-moment coefficients are given about the center-of-
gravity location shown in figure 1 (26.7 mercent M.A.C.).
The data are referred to a system of axes 1In which the
Z~axis is in the plene of symmetry and perpendicular to
the relstive wind, the X-axis is in the plane of symmetry
and perpendicular to the Z-axis, and the Y-axis 1s
verpendlicular to the plane of symmetry. The axls system
is shown in figure 3.

The coefficients and symbols used herein ere defined
as follows:

¢, lift coefficlent (z/qS)

Cpg resultant-drag coefficient (%/q5)
Cy lateral-force coefficient (Y/qS)

C3 rolling-moment coefficient (L/qSb)
Cm pitching-moﬁent coefficlent (M/qSc)
Cn, yawing-moment coefficient (N/qSb)

Te! effective thrust coefficient based on wing arsa
(Te/3S)

Te effective thrust coefficient based on oroveller
disk amrea (Te/PVAD?) |

where

119t _ L -

m N

resultant drag
lateral force
rolling moment

pltching moment

= R MW

yawing moment
Te effective thrust, pounds

1
q dynamic pressure, pounds per square foot (Epvz>
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D - model propeller dlameter (2.0 ft)
S model wing area (9.hly sq £%)
b model wing span (7.L5 ft)

c model wing chord

g model wing mean ecrodynamic chord (16.%22 in.)

o Lo

o) mess density of air, slugs per cublc footbt )
\'i veloclity, feat per second

R propeller radius

n propeller speed, rsvolutions per second _

B model propeller blade angle at 0.75R

1 propeller efficlency

ap angle of attack of thrust line, degrees
W angle of yaw, degrees

6f or O8fp deflection of rsar part of flap with respect
to front part, degroes

6fl deflection of front pert of flap with respect to
flap-retractzd position, degreses )

The subscript W denotces the partiasl derivative of a

coefficient with respect to the angle of yaw; for cxeample,

- 9%
S T &
Test procedure.- Propeller calibrations were made

by measuring the resultant drag of the model at zearo

engle of attack, with flaps neutral, and with tail removed
for & range of propeller speed. The effective thrust '
coefficient based on wing erea was then computed from

the relsation )

TC' = GD - GDR
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whers Cp is the drag coefflcient of the model with the
nropeller removed. Motor torque, from whicl: the
propeller efficiency wns computed, was messured with a
bullt-in strain-gage torgue dynamometer. The propeller
calibration, which wes made for only the low-wing model,
18 shown in figure li; it is thought that the celibration
for the high-wing model would be the same.

The variations of the effective thrust coefficient
based ou wing ares Te'! and the effective thrust coeflficlent
bessed on vrppeller disk area T with the 1ift coslficlent
Cr, uscd for the tests are given in figure 5. A straight-
line variation was uavd because this variletion i3 & close
approximation to the variation for alrplenses witn constant-
speed propellers operating at constant powsr. The use of
a stralght-line variation 1s an assumption that . 7 JCr

is & constant; for this case, the value of nJEE was

about 0.98. Although this assumption requlres praweller
efficiencies that would never be reached at low 1lilt
coefficients on en actual airplane, the errar in Te! 1s
smell because the values of T,' sare smell. Tho
approximate amount cf alrplene engine horsspower represented
1s given in figure 6 for varlous assumned wing loadings

and model scuales. Th?2 horsepowsr represented 1lis
vproportional to the wing losading ralsed to the three-halves
power and to the reciprocel of ths square of the model
scale,

Tests were made through the remngs of angle of attack
and at angles of yew of 5° and =59 to determine the
slopes CLW’ Cpny» &nd Cy, for varlous powzr conditions

and model configurations. A linsar variation betwcen
¥ = =50 and ¥ = 590 was assumed for the correshonding
coefficients Cy, Cp, and Cy. The results thereflfotre are
not necessarily applicable at large engles of yaw.

Correctlons.~- All daeta for power-on tssts hsve
been corrected for tarcs caused by the model support
strut. The dsata for windmilling tests have not bekn
corrected for these tares because of the limited time
avallable for the tests; it 1s believed that the tarss
for thewindmilling condition would be relatively smell.
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The angles of attack and the drag coefficlents have
been corrected for tunnel-wall effects. The corrections
were computed as follows

dap = 57.36450L (aeg)

S
ACD SwgCr,

where L i
By jet-boundary correction factor at wing (0.113)
s model wing area (9.h); sq ft) .
c tunnel cross-sectional area (69.59 sq ft)

The corrections were added to the test data. -

Results.- The parameters CM!’ Cny, and Cyw
obtained at angles of yaw of +50 are given in figure 7.

The curves of Cry and CYW are included for completeness

in thes® standard lateral-stability plots. Figurcs §,
and 10, showing the effects on Czw of wing locatlon,

power, and flap deflectlion, respectively, were obtained
by taking the increments between the approprlate curves _
of figure 7. Figure 11 shows the aerodynamic character-
istics in pitch of the model at zero yaw. The effect
of power on the 1lift coefflclient, presented in figure 12
was obtained by taking the incremsnt between the
aporopriate curves of figure 1ll.

DISCIYSSICN e o

In the following discussion, the observed effects
are noted and some attempt is made to explain them
qualitatively. A quantitative explanation seems
impossible at the present stage of knowledge, because of
the ahsence of any adequate theory covering the complex
Tlows involved.
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Effect of wilng location.- The low-win§'model wesa
teated with a geometric dinedarsl engle of 6%, measured
to the c¢hord plans. When the wing wes shifted to the
high location, an estimate was made from rofurence %
of the samount the geometric dihedrsal angle would heve
to be decreased in order to give the same effactlve
dihedral for the high-wing end the low-wing models with
fleps retracted and propellsr windmilling. The estlmated
necessary change In geometrlc dihedral angle

(about U5 ) caused the upper surface of the wing in the

high location to be very nearly straight; for ease of
construction, therefore, the upper surface was actually
made straight. The dihedral angle of the chord plane
was then 1.9°. The curve of figure 8 for the model with
oropeller windmlllling and fleps retracted shows thst

the aim of achieving no thange In effective dihedral
between the low-wing and the high-wing configuretions
was very nearly reelized. The curve shows that the
low-wing model has about 1° effective dihedrsl less than
the high-wing model over most of the lift-coefficient
range (1© of effective dihedrsl corresponds

to Ciy = 0.0002). Ths effect of power with flans

retracted was to incrsase this difference 'In ef'fwcilive
dihedral between the high-wing and low-winz configuretions.
The rsason for this effect is discussad mcras fully in

the ssction on the effect of powsar.

The decrsase in effective dihedral caused by
lowering the wing cen be explained by considering the
flow theat occurs over and under the fus:zlege when the
model is yawcd. The type of flow is illustrated in
figure 13. This transverse flow increases the sngle of
attack near the fuselage of the leading wing in ths
high location snd decreases the angle of attack of the
lsading wing in the low location. These changes in
angle of attack result in a favorable rolling momsnt
for the high-wing model snd an unfavorable rolling
moment for the low-wing model. This explanation shows
why, in genersl, & high-wing elrplene will sxhibit
greater effoclive dihedral than a corrssohonding low-
wing sirplans. 3imlilar ressoning heas bzsen used in
reference 8 to obtain a quantitative check bstwesn
thooroticel and experimental results., The explenation
has sometimes been advanced thet, when the model 1ls yawsd,
a reglon of inmcreased pressure 1s bullt up on ths
upwind sidses of the fuselage and a region of decressecd
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pressure 1s bullt up on the downwind side. This
difference in pressure has been thought to give a
favorablé dlhedrel effect if the wing is high or an
unfavorable effect 1f the wing is low. This pressure
difference occurs, however, only when the céross-sectional
srea of the fuselage 1s Increesing with distence backward
along the fuselage - nesr the nose, for example. (A
smaller opposite pressure difference wlll occur rnear

the tail.) Since for most airplanes the wing is located
in e region where the cross-sectional fuselage area 1is
not changing greatly with distance along the fuselage
and since experimental results may be checked guantitatively
by considering angle-of-attack changes, it would seem
that this explanation is not usueally applicable.

With power on, the adverse effect of lowering the
wing appears to be incressed for all flap positions (fig. 8).
A particularly large power effect 1s observed for the
model with the double slotted flap. It should be noted
that the curve for the model wlth double slotted flaps
and propeller windmilling 1s not consistent with the
other curves. This curve was derived from figure 7(0),
in which the curve for the low-wing model in the :
windmlilling condition is thought to be unreliable,
perhaps because of a partial stsall. oo =
The foregoing discussion of the effects of w1ng
location can be summerized as follows: = = =

(1) Cheanging the wing from the high to the low
location results in a decrease in effective dihedral,

(2) The difference in effective dihedrel for the
high-wing and the low-wing models is increased by the
aoplication of power. o

Effect of power.- The effect of power (fig. 9)
seems to be adverse for most cases. The effect 1is
greater for the low-wing than for the high-wing model,
and this difference in effect seems to Increase with
1ift coefficient. Mn excention 1s noted in the curves
for the double slotted flep. These curves, however,
were derived from figure 7(c), in which the curve for
the low-wing model in the windmilling condizion is
thought to be unreliable.
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A possible explanation of the greater adverse effect
of power on the low~wing model 1ig given here. The &lip~
stream &affects the dlhedral effect In two ways:

{1) The increesed dynamic pressure in the slinstroam
results in an increased 1ift over the psasrt of the wing
immersed in the slipstream. When the modsl 1s yawed,
the center line of the slipstream tends fto pass over the
trailing wing. The center of pressure of the edded 1lilt
due to the slipstream thus lies somewnere on the btrailing
wing. The resulting rolling moment 1is ther=zfore
unfavorable.

(2) The incremted dynamic pressure over the fuselage -

Intensifies the effect of wing-fuselage Interfersenco
which, as has been seen, is In general favorabls for
the high-wing and unfavoreble for the low-wing model.

If the magnltude of the filrst effect is assumed
to be glmost indewendent of the verticeal location of the
wing, or at least te¢ bo less sensitive to wing locatilon
than the magnitude of the sscond effect, 1t is anparent
that power will have 8 smaller adverse effa2ct on th
high-wing than on the low-wing model. Thls dirfsroncse
In effect of power will increass with 11ft ceefficient.

As has been mentioned, one effect of power on
effective dihedrsl is an increase in the 11ift ocver Lhe
pert of the wing covered by the slipstream, whilch
regults In an unfavorsable spvanwlse shlift of the center
ol pressure when the airplene 1s yswed. In order to
show the increese caused by power, the 1increments of
lift coefficient betwesn the windmllling and power-on
conditions at the seme angle of atteck have been obtsined
from figure 11 and plotted in figure 12. As wes expected,
the curves of figure 12 showed the same tren:ds as thoss
of figure 9. Again an excepntion 1s noted In the curvs
for the low wing with double slotted flemn, which is
unrellable. '

The foregolng discussion of the effects of DOWEe D
are summerized as follows:

(1) The application of power results in a decrease
in effective dihedral.
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(2) The adverse effect of power iz greater when the
wing is in the low location then when the wing 1s in the
high location. , '

(3) The adverse effect of power generelly increases
with 1ift coefficient. ;

Effect of flap deflection.- The model with the
double slotted flap was not tested at a 1lift coefficient
low enough to permit the determination of the effect of
this flap on effective dihedral; the curves of figure 10
therefore show the effect of only the single slotted flap.

Flap deflection appegrs to be unfavorable for both
wing locetlions and for both power conditilons.

The effect of flap deflection seems to be of the
same order of megnitude for both  the power-on end the
windmilling conditions, and there seems to be no regular
variation with 1ift coefficient. Flep deflection seems
to have a slightly greater adverse effect on the low-
wing than on the high-wing model. Tail-on tests of the
same model (unpublished data) showed that thes adverse
effect of flep deflection was slightly grester for ths
high-wing than for the low-wing model.

The adverse effect of flep deflection on the
effectlve dihedral of a swept-forward wing can be
explained by considering sevarately the effect of yaw
on the 1ift of each half of the wing. A swept-forward
wing without flaps snd wlth no dihedral is considered
first. When the model 1s yawed, the trailing wing has a
greater component of wveloclity normal to the quarter-chord
line than the forwsrd wing and thus hes a greater 1ift.
This difference iIn 1ift between the leading and the
tralling wings results in an unfavorable rolling moment.
By extending this reasoning to cover a range of angles
of yew, the slope of the curve of rolling-moment
coefficient against angle of yaw 1s seen to be negative
(negative effective dihedral). The opposite will be
true, of course, for a swept-back wing. A more
detalled enalysis is given in reference 1. A wing with
the flaps deflected is now considered, An anslysis
similar to the foregoing one can be applied to the
additional 1ift caused by the flaps. In this case the
velocities considered should be those normal to the
hinge 1lines of the flaps. The analysis Indicates that,
if the flap hinge lines are swept forward (as on the
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P-264 airplane), the flaps will glve a negative I1ncrement
of effectlve dihedrel, regardless of wing sweep. This
effect 18 illustrated Iin figure 10. :

Since the increment In 1ift vroduced by deflecting
the flaps cen be ccnsidered constent throughout the
renge of 11ft coefficlent, the Increment In effectlve
dlhedral caused by flap deflection should =2lso be
constant. Although such iIs not qulite the case In
flgure 10, there is no declded trend of the curves so
that thls reassoning seems to be valld and the varistions
of the curves from horizontal stralght lines may be
consldered to be cswsed by other effacts. .

The foregolng discussion of the effects of dsflecting
the single slotted flap 30° 1s summerized as follows:

(1) Ths sffect of {lep deflectlon on effective
dihedral 1s unfavoreble for both wing locations end for
both wower condltions.

(2) This effect appesrs to be of the same order of
magnltude for both the power-on and the windmilling
conditions, for the limited range of thrust coefficlents
and 11ft coefflcients Investlgated.

(%) Flap deflectlon sappesrs to havo a slightly
greater advarse effect on the low-wing thsn on_the _
high-wing model. Taill-on tests of the same mcdel havs
showed a small opposlte effects

(L) There seems to be no definite varlstion of
the effect of flap dsflectlion with 11ft cosfflcient.

CONCLUSIONS

From tests 1n the Langley 7~ by 1l0-foot tunnsal of a
modified L-scale model of the Curtlss P-~26A airplane with

the guarter-chord llne of the wing swept forwerd 2.6°
and the tell removed, the following conclusions were
drawn regarding the effects of wing locatlion, powsr,
end flap deflection on effective dlhedral:
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Bffect of wing location.-

(1) Chenging the wing from the high to the low
location resulted in a decrease in effective dihedral.

(2) The difference 1n effective dihedral for the
high-wing end the low-wing models was greater for the
power-on condition than for the windmilling condition.

Effect of power.-

(1) The application of power resulted in a decreass
in effective dlhedrsal.

(2) Power had s greater adverse.effect for the
low-wing then for the high-wing model.

(3) The adverse effect of power generally increased
with 1ift coefficient.

Effect of flap deflection (full-span single slotted
r'lap only; flap hinge lLines swept forwsrd).-

(1) The effect of flap deflection on effective
dihedreael wss unfavorabls for both wing locations and
for both the power conditions.

(2) The effect of flagp deflection appeared to be
of the same order of magnitude for the power-on and the
windmilling conditions, for the limited range of thrust
coefficlents and 1lift coefficients investigated.,

(3) Flep deflection ampeared to have a slightly
greater adverse effect on the low-wing than on the
high-wing model, Tail-on tests of the same model have
showed a small ovvosite effect.

(LY There seemed to be no definite variation of the
effect of flap deflection with 1ift coefficient. Tris
fact seems to substantiate a rouzh qualitative analvyels,,
whick indicates that the effect of fIap deflection bkould
not very with 1ift coefficlent.

Lancley Memorlal Aeronautical TLaborstory
National Advisory Committee for Aeronautics
Langley Field, Ve., January 2, 1945
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NACA TN No. 1061 Fig. 3
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Figure 3.- Notation of axrs system
useq. Arrows indicaite pasitive directrons .
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Fig. 6 NACA TN No. 1061
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