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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

EFFECT OF ATRVOTIL, PROFILE OF SYMMETRICAL SECTIONS ON THE
LOW-SPEED STATIC-STABILITY AND YAWING DERIVATIVES OF
)-1-50 SWEPTBACK WING MODELS OF ASPECT RATTIO 2.61

By Williem Letko and Byron M. Jaguet
SUMMARY

An investlgation was made 1n the ILangiey stability tumnel to deter-
mine the effect of alrfoil profile of symmetrlcal sections on the static-
end yawing-stability derivatives of three untapered wings of 45° sweep-
back. The wings had the followlng profiles normal to the leading edge:
biconvex (12 percent thick), NACA 65;-012, and NACA 00l2. The wings all
were of aspect ratioc 2.61.

The results of the tests Indicate that, of the wings tested, the
biconvex wing had the lowest 1lift-curve slops and the lowest value of
maximmm 11ft coefficlent.

Of the derivatives resulting fraom an angle of yaw or a yawlng velocity,
only the effective dihedrsl and the rolling moment dus to yawlng parameter
were serliously affected by change In profile shape. The values of both
these derivatives were reduced as the sharpness of the wing lesding edge
increased. It appears that certaln qualitative predictions of the trends
1n these derivatives might be made for plaln sweptback wings by using only
basic 1ift ahd drag data.

For the present low-scale tests the addltion of an inboard nose
spoller to the NACA 0012 wing caused & small Increase of the maximum 1ift
coefficient, decreased the rearward shift of the aerodynamic center, and
caused a small reduction in the maximum value of effective dihedral. The
spoiler did not appreclably affect the other stability derivatives of the
NACA 0012 wing.

INTRODUCTION

Estimation of the dynamilc Flight characteristics of alrcreft requires
a knowledge of the forces and momsnts resulting from the angular motions
of the airplane. The relationship betwsen the forces and moments and the
engular motions of the alrplamne are commonly expressed in nondimensional

T -
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terms known as the rotery derivatives. In the pest these rotary deriv-
atives have generally been estimeted from theory because of the lack of
a convenlent experimental technigue.

The recent application of the rolling-flow and curved-flow principles
of the Langley stability tunnel (references 1 and 2), however, has made
the determination of the rotary derivatives relatively easy. A systematic
research program utilizing these new experimental techniques has been esgtab-
lished to determine the effects of various geocmstric variables on both rotary
and static stability characteristlcs. .

The present lnvestlgation was mefe to determine the effects of airfoll
profiile of symmetrical sections on the low-speed statlic and yawlng char-
acteristics of sweptback wings. One of the wings having a blunt lesading
edge was tested with and without & nose spoller extending from the plane
of symmetry to the 50-percent semispan of sither wing panel to determine
whether there might be any advantage In a wing with the sectlon varylng
from sharp nose at the wilng root to roumd nose at the wing tip. The effect
of increased turbulence on the asrocdynamic characterlstics of the wings
in atraight flow was investigated. Comparlisons of some of the experimen‘ta.l
results with theory are also presented. .

SYMBOIS

The date are presented in the form of standerd NACA coefficilents of
forces and moments which are referred, in all cases, to the stabllity axes,
with. the origin at the quarter-chord point of the mean aerodynsmic chord
of the models tested. The positive directions of the forces, moments, and
angular displecements are shown In figure 1. The coefficlents and symbdls
used herein are defined as follows:

CL, 1ift coefficient (L/gs)

Cx longltudinal-force coefficient (X/q8).
Cp drag coefficient (-Cx for ¥ = 0°)
Cy lateral-force coefficient (Y¥/qS)

Cy rolling-moment coefficient (L'/qSb)
Cp pitching-moment coefficient (M/qST)
Cpn yawlng-moment coefficient (N/qSb)

L 1if+

X longitudinal foxce
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lateral force

rolling moment sbout X-axis
pltching moment about Y-axis

yewing moment about Z-axis
dynamic pressure %p#)

magss denslity of alr

froe-stream velocity

wilng area

span of wing, measured perpendicuiar to axis of symmstry

chord. of wing, measured parallel to axls of symmetry
5 b/2
mean aserodynamic chord 5 / c2 ay
' o]

distance of guarter-chord point of any chordwise sectlon fram
Jleading edge of root section

dlstance from leading edge of root chord to quarter chord of

b/2
mean aerocdynamic chord -g— / cx ay
0

b2 -
aspect ratlo g-

angle of attack measured in plane of symmetry
angle of yaw

angle of sweepback

yawing veloclty parameter

yawing angular veloclty, radlans per second
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APPARATUS AND TESTS

The present investigation was conducted in the 6- by 6-foot test
section of the Langley stability tunnel. The meothods and conditions of
testing In yawing flow are presented in reference 2.

The models tested consisted of three untapered wings of 45° sweepback
and aspect ratic 2.61. The models hed the followlng profiles in planes
normal to the leading edge: bilconvex (12 percent thick), NACA 651-012, end
RACA 0012. The plan form of the models and the three profiles are shown in
figure 2. Also shown in figure 2 is the semispan leading-edge spoller _
vhich, for some tests, was mounted on the wing with the NACA 0012 section.

All the tests were made with the model mounted rigldly at the quarter-
chord polnt of the mean aerodynamic chord on a single strut support as
shown in figure 3. Although the strut projected above the top surface
of the wings, 1t 1s believed that the effect on the resulte was negligible.
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The forces and moments were measured by means of electrilical strain gages
contained in the strut. The dynamilc pressure at whlch the tests were made
was 24.9 pounds per square foot which corresponds to a Mach mumber of 0.13.
The Reynolds number based on the mean serodynamic chord of the models was
1,100,000.

The models were tested through an angle-of-attack range fraom about
-20 a.n,gle of attack up to and beyond the angle of maximm 1ift at 0°
and ¥5- angle of yaw in stralght flow and at 0° angle of yaw in yawing
flow. In the straight-flow tests at 0° angle of yaw, six-component meas-
vrements were obtained for each wing. For stralght-flow tests at i5° angle
of yaw and for yawing-flow tests at values of rb/2V of -0.032, -0.067,
and -0.088, only measurements of lateral force, yawing moment, end rolling
moment were obtalned. Although most of the stralght-fiow tests were ob-
tained with a turbulence screen I1n the test section, the data for the wing
with the NACA 651—012 airfoll sectlon were also obtalned wlthout the turbu-

lence screen. The turbulence screen, which conslsted of vertical wilres
uniformly spaced across the tunnel cross sectlon, was placed about 10 feet
ehead of the model. As 1s explalned 1n reference 2, screens of nonuniform

spacing are necessary for cbtaining yawing flow.

CORRECTIONS

Approximate corrections (similar to those of reference 3) s based on
unswept-wing theory, for the effects of the Jet boundaries have been applied
to the angle of attack, the longitudinal-force coefficiemnt, and the rolling-
moment coefficient. The lateral-force coefficlents have been corrected for
the buoyancy effect of the static-pressure gradient assoclated wlith curved

flow. (See reference 2.) The CZ tare assoclated wlith the induced load

r
resulting from the presence of the strut was obtalned for the wing at zero
1ift coefficient and was applied throughout the lift-coefficient range to
the C values.

-LI‘

No other tare correctlons have been applied to the data. Corrections
for blocklng, turbulence, or the effects of statlc-pressure gradient on
the boundary-lsyer flow have not been applled to these results.
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RESULTS AND DISCUSSION

Characteristics in Straight Flow

The 1ift, longitudinal-force, and pitching-moment characteristics as
measured 1in straight flow are presented in figure 4. The characteristics
are similar to results obtelned in the Langley 19-foot pressure tunnel and
in the Langley full-scale tunnel. From figure 4 and table I, it can be
geen that the lowest lift-curve slope at small 1ift coefficilents and the
lowest maximum 1ift coefficlient were obtained with the blconvex section.
For comparison, table I also contains values of CLm computed by the

method glven in reference 4 and by Welssinger's method glver 1n reference 5.
The highest maximm 1ift coefficlent was obtalned with the wing with

NACA 0012 airfoil section with inboard nose spoiler. The increase in the
maximm 1ift coefficlents obtalned with the nose spoller across the
midsemiapan also has been indiceted from unpublished datae of tests on a
full-scale triangular—plan—form.model. Effectively increasing the sharpness
of the leading edge, by changes in airfoil sectlon, caused higher values of*
the longltudinal-force goefficient at moderate and high 1ift coefficients.
The rather high longitudinal-force coefficients obtalned at high 1ift
coefficlents for the NACA 651-012 wing probably are a result of the low

Reynolds number of the present tests.

Tncressing the sharpness of the leading edge also reduced the rear-
ward movement of the aserodynemic center wilth 1lift coefficiemt. Of the plain
airfoils, the biconvex appears to have the smallest rearward shift of the
aerodynamic center. The additlon of the nose spoller to the NACA 0012 wing
reduces the rearward shift obtained with the plain NACA 0012 wing.

From figure 5 it can be seen that at low 1lift coefficients the values
of .Cr* and C are very small and are little affected by alirfoll section.

:Dw

The values of GI¢ obtained throughout the entire lift-coefficlent range

are relatively unimportant with regard to airplane stabllity; however,

the Cn* values are quite important. At moderate 1ift coefficlents the
negative‘values of an for swept wings may contribute an appreciable amount
to stability (of the wings tested, the NACA 0012 wing is the most stable)

but at high 1ift coeffilcients, the ingtability (positive n*) of the

swept wing may offset the stabllity given by a vertical tail and, thus,
may cause the complete airplane to be unstaeble.
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The effects of airfoll sectlons on C.‘* » however, are important.

The value of C 1s affected both with regerd to its maximm valne and

by
the 1ift coefficient at which the curves begln to deviate fram thelr initial
linearity. In general, as the alrfoll nose shape was made more pointed

both the maximum value of Cz* and the range over which the characteristics

wore linear decreased.

The addition of the nose spoller to the NACA 0012 wing hed very little
effect on chr and Cn* but decreased silightly the maximm value of C'L
L]
C

The valus of 7,1 at zero 1ift coefficient for a L5° sweptback wing

&

of aspect ratio 2.61, glven by the theory of reference kI, is 0.0055. This
theoretical value i1s somewhat less than the experimental values with the
exceptioz)l of the value of 0.0050 obtained with the blconvex section. (See
table I. : .

Most of the date in stralight flow woere cbialned with a turbulence
screen about 10 feet ahead of the model to obtaln date in stralght flow
with more nearly th® same turbulence condition as obtained in yawing flow.
Screens of nonuniform wire spacing are used in yawlng filow to obtain proper
alr-stream cuxrvature. (See reference 2.)

. In order to determine the effect of the increased turbulence on the
eerodynemic characteristics in straight flow, tests of the NACA 651-012

wing were made both with and without a turbulence screen. The effect of
turbulence on the 1ift characteristics and the effective dihedral
parameter C.L\F for the NACA 651-012 wing can be seen in Ffigure 6. The

increase 1n turbulence ceaused a slight reduction in 1ift-curve slope but
had no effect on the maximum 1ift coefficlent. The rate of change of CZ

with 1ift cocefficlent and the marimum value of Czir were reduced slightly

by an increase in turbulence. In general, the turbulence effects seemed
to be of negligible importance.

Characteristics in Yewing Flow

Although, in gensral, the values of CY are lower for the NACA OQl2
r
wing with and without the nose spoiler than the values obtalned with the
other wings (fig. T) , the values are consldered to be of neglligible meg-

nitude. The valuss of Cr'r are 1ittle affected by airfoil section and the
magnitude of the values of C, alsc appear to be negligible. There are,
r
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however, large and Importent effects of airfoll section on Czr. The

family of curves of C?, pregented in figure 7 very closely resembles the
family of Czw curves ;resented. in fig_ure 5. Both the maximum value
of CIr and the lift-coefficient. range for linear characteristics are re-

duced in much 'bhe same manner &as C.L by effec‘bively sharpening the lea,d.-
¥

ing edge by changes in airfoll section. It should be noted that very small

positive or even negative values of Cz may exist at hilgh 1ift coefficients.
r

Previous tests of umswept wings have shown that the initial positive slope

1s maintained to the maximum 1ift coefficilent.

A value of the slopse .C_ZI_' of 0.277 is predicted by the theory of
C
L : : -
reference 4 for a 45° sweptback wing of aspect ratio 2.61. This velue is
much lower than any of the experimented values and compares best with the
value of 0.400 obtained experimentally with both the NACA 651-012 wing and

the biconvex wing. (See table I.)

% .
The addition of the inboard nose spoller to the NACA 0012 wing caused
some changes in the values of CY which are considered to be insignif-
r

icant. There was very little effect on C, ; however, there was a reduction

Iy
of the maximum value of C‘L and & slight decrease in the 1ift coefficient
. r
at which CZ began. to deviate from linearity.

r

c.2
Drag Index, Cp - ?i_

From the similarity noted for the effecte of ailrfoll sectlon on C?,
and 07, i1t might be expected that some criterion might be selected which
r

would make 1t possible to make certaln qualitative predictions of the trends
in stabllity derivdatives by using only basic lift and drag data. A suitable
criterion for sweptback wings appears from reference 6 to bectge Increment
of drag not ideally associated with 1ift or, roughly, Cp - '1}'_A This incre-
ment is plotted for the different wings in figure 8. The 1lift coefficient
at which this increment begins to rise rapidly should indicete the beginning
of flow separation from some point on the wing and it 1s at this 1ift
coefficient that changes would be expected to occur in the stability de-
rivatives. The drag increment (flg. 8) begine to increase rapidly at about
0.6 1ift coefficient for.the NACA 0012 wing, and from figures 5 and 7 it
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can be seen that the values of CZ and C'Lr for the HACA 0012 wing begar
¥
to deviate from their initial linear trends at about 0.6 1ift coefficient.

For the NACA 651-012'm and for the bilconvex wing the increamse occurs at

about 0.35 and at about 0.25 1ift coefficient, respectlvely, and from
filgures 5 and 7, 1t can be seen that changes in the trends of the deriva-
tives Cl and C'L begin to take place at approximately these 1ift

¥ r
coefficients for each wing.

This criterion might also be expected to apply to variatlons of the
characteristics with Reynolds number. It has appeared to work oubt fairly
well at lemst for C'L.*, as indicated by tests made at various Reynolds

numbers in the Langley 19-foot pressure tunnel. From data of this typnel
presented in reference 7, it was found that by increasing the Reynolds
number from 1,%00,000 to 5,300,000 the deviation of the values of 01*

(for e low-drag airfoil) from the initiel linear trends and the lncrease
c 2
in the quantity C'.D - % were delayed to a 1lift coefficlent almost at

the stall.

From the foregoing discussion it appears that the drag increment might
be used as a basis for predicting the lift-coefficient r e over which
the calculated valuss of the derivatlves such as CZ usually linear
r
with 1ift coefficient) might be expected to rem=in linear. This might be
especinlly true for predicting the Reynolds number effects on the deriva-
tives such asg Cz which normelly can he determined in tunnels only at
r

small Reynolds numbsrs.

2
Tt showld be noted that the quantity C - CLF might not be as useful

in making predictions for other than plain sweptback wings because when
d.e.vicce;sgwhich delay tip stalling are used, they may ga.u.se the quantity

C]') - ?LA— to show an increase because of separatlion of flow from inboard '
parts of the wing which could not greatly affect the rolling- and yawing-
moment derivatlives.
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CONCLUDING REMARKS

The results of low-acale tests made to dstermine the effect of alrfoll
profile of symmetrical sections on the low-gpeéd static- and yawing- :
stabllity derivatives of untapered 450 sweptback wing models of aspect
ratio 2.61 ipdicate the followlng: . - _ i

1. For the wings tested, the blconvex had the lowest lift-curve slope
at amall 11ft coefficients and alsc the lowest maximm 1if+t coefficlent.

2. The rate of change of effective dihedral with 1lift cosfficient was
the least for the wing with the sharpest leading edge (the biconvex).

3. For the plain ajirfolls the maximum value of effec¢tive dlhedral and
the ramge over which the variation of the effectlve dihedral with 1ift
coefficient was linear decreased ag the airfoil nose shape was made more
pointed. : . . . .

4. At zero 1lift coefficient there was little effect of airfoll sectlion
on.the rate of change with 1ift coefficient of rolling moment due to yaw-
ing but the maximum value of rolling moment due to yawing and the range
for which the variatlon with 1ift coefficilent remained linear decressed as
the girfoil nose shape was made more pointed.

5. It appedrs that certain qualitative predictions of the trends in
the stabllity derivatives might be made for plain sweptback wings by using
only basic 1ift and drag data.

6. For the present low-scale tests the addition of an inboard nose
spoiler to the NACA OQl2 wing caused a small increase of the maximm 1ift
coefficient, decraased the rearward shift of the aerodynemic center, and
cansed a small reduction in the maximum value of effective dilhsdral over
that obtained wilth the plaln NACA 0012 wing. The spoiler 4id not apprecilably
affect ths other stability derivatives of ths NACA 0012 wing.

Langley Aerconautical Labaratory
National Advisory Committee for.Aeronautics
Langley Field, Va. '~
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TABLE I.- COMPARISOR OF EXPERIMENTAL AND THECRETICAIL, VALUES

OF SOME OF THE IMPCRTANT AERODYNAMIC PARAMETERS

C at C =0 C at Cp, =0 c at CL =Q
W G s 1
Alrfoll :
section
Theory Theory Theory Theory
Meagured (reference 1) |(reference 5) Neasured (reference 4) Measured (reference &)
NACA 0012 0.0L420 80,0407 20.0395 | 0.0071 0.0055 | 0.460 0.277
NACA 65,-022 | 0430 b olpp b o8 L0071 .0055 koo 27T
Biconvex .0350 ©.,0383 ¢.0355 .0050 0055 400 277
RACA 0012 a a
with nose 0420 0407 .0395 00T 0055 2430 277
gpoller

2ggaumed section lift-curve slope, 0.099, per degree.
Prgeumed gectlon lift-curve slope, 0.105, per degree.
Cissumed eection lift-curve slops, 0.089, per degres.

OTEGI "ON WM VYOVN
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tunnel, NACA 0012 airfoil sectlon.,
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