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SUMMARY

~compone me esurements on a s a
The six=-co nt t n traight and

o : b2 Zi
35% swent=back trapezoidal wing 7;-: 53 z-: 23
4 a

NACA airfoll section 0012; normal rounding of tips),
which differ from each other only in sweepback, have
indicated the following results:

A. Unstalled Flow Regime

Without flaps the rolling moment due to yaw of both
wings (for B >0) 1is positive, the leading wing is
raised, the yawing moment due to yew negative (restoring).
A comoarison of the straight trapezoidal wing with the
corresponding straight rectangular wing indicates that
the magnitude of the moments is reduced by the taper, as
stipulated by theory; the agreement is also good quanti-
tatively. The magnitude of the rolling moments due
to yaw and of the yawing moments duve to yaw is substan-
tially increased by the sweepback; this effect is likewise
reproduced satisfactorily by the theory.

Even with flaps the rolling moments due to yaw and
the yawing moments due to yaw are greater on the wing with
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swesen der Luftfahrtforschung des Generalluftzeugmeisters
(ZWB), Untersuchungen und Mitteilungen No. 1278 :

Aug. 1, 194l



2 NACA TM No, 1107

sweepback than on that without it. On the straight wing
a flap deflection has the effect of a varietion in profile
camber: at cg = 0O a negative rolling moment due to yaw

exists, while the increase wilth - Cqy is about the same as

without flaps. On the swept-back wing also the increase
of the rolling moment due to yaw with cqg 1s not essen-

tially modified by flap deflection, but the moment is
considerably dependent on the flap width at cqg = 0; with

50 percent flaps the swept-back wing has the same (nega-
tive) zero-1lift moment as the straight wing, while for

the full span (100 percent) flaps & zero-1lift moment of
about twice the moment and opposite (positive) prefix was
recorded. This ties in with the observation that the 1lift
of the straight wing with flaps in yaw remains zero under
constant angle of attack, when it disappears for § = 0,
while the swept-back wing in this instance receives posi-
tive 1lift. These phenomena, which rest on the fact that
on the swept-back wing the adjustment of the angle of
attack is not accomplished by rotation about the 1/ 1line
as on the straight wing, can be explained theoretically;
the agreement with the test data is good.

B. Behavior At Maximum Lift

Except for too small Reynolds numbers the maximum
1ift, especilally the effect of flap deflections, is
reduced by sweepback, as proved by the present measure-
ments., However, the effect 1s known to be greatly
dependent on the Reynolds number, so that the secured
data cannot be arbitrarily generalized. Noteworthy =- in
contrast to other swept-back alrfoil measurements at
gimilar Rg - 1s a comparatively high Cgy increase

max
owing to flap deflection.

The breakdown of flow on the swept-back wing is
characterized by great sudden variations in the rolling
moments due to yaw with minor 1ift changes as well as by
tail heavy (stalling) acting variations of the pitching
moment, while the rolling-moment variations of the
straight wing are somewhat smaller and associated with
great 1lift changes and nose-heavy piltching-moment varia-
tions. The cause of this dissimilar behavior is that the
flow on the stralight wing breaks down first in the central
part of the span, on the swept-back wing first at the tips.
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I. INTRODUCTION

In accord with the test program (published in refer-
ence 7) the wing in question is briefly designated as
No. 5. 1t differs from the rectangular wing (No. 1) dis-
cussed in reference 77 by 1ts taper and from the
359 swept-back trapezoidal wing (No. 9) treated in refer-
ence 8 by the absence of sweepback,

Since the effect of sweepback can be investigated
only in the light of the data on the straigiht wing an
interpretation of the test data on the swept-back wing
was omitted in (8). The present report consists there-
fore of two principal partss section V deals above all,
respectively, with the straight trapezoidal wing (No. 5)
and by having recourse to the rectangular wing (No. 1)
with the effect of taper, while section VI is primarily
concerned with the swept-back wing (No. 9), and with
wing No. 5 merely as comparative wing.

IT. NOTATION

Iift, drag and transverse force are referred to the
wind axis system (DIN L 100), the pitching, rolling, and
yawing moments to the experimental system of axes
(cfe reference 5). The origin the coordinate systems is
placed on the profile chord of the central section at
1/l wing chord. While the pitching moment of the swept-
back wing (No. 9) is, as in reference &, referred to
the measured quarter-chord point of the smooth wing (no
landing aids), the lateral axis placed at quarter-chord
point which is little behind the measured neutral point,
was chosen as reference axis, as for wing No. 1. For the
rest of the definitions see figure 1.

Vv alrspeed

P alr density

1Acoording to oral report from the Junkers Co.
comprehensive test data on swept-back wings (especially
also with flap deflections) are available but have never
been made public.
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dynamic pressure

wing area
span

wing chord

wing chord inside (wing center)

wing chord outside (wing tip)

mean wing chord

aspect ratio

taper

angle of sweepback (referred to 1/L line,

positive for swept-back wing)

Reynolds number

geometric angle of attack with respect to
tunnel axis

angle of attack corrected for slipstream
inclination, tunnel-wall interference
effect and wire length

angle of slip

Jg: Tk
drag (in air-stream direction)

transverse force (perpendicular to air-
stream direction)

lateral force (spanwise direction)




M = endFly pltchiing moment

Mn = cyn%Fly,  pitching moment (referred to neutral polnt
of smooth wing)

) b 0
L = CL-F§ rolling moment
b .
N = CNQFE vawing moment
de, .
B A 1lift increment
da
de,
Cg ! vrofifle constant —— gt A = o
© da

The subscript O indicates that the respective coef-
ficlent is to be taken at sgual  for c¢cg = 0.

The subscript g signi g that the coefficient
refers to equal a at p =0 (g = straight air flow),
subscript Pf that only the sweepback effect (the dif-
ference tetween the win and without sweepback) 1is
considered,

IIT. DESCHIPTION OF MODEL

Wing No. 5 was manufactured of reinforced olywood~
1ts dimensions are glven in figure 2. The /L line is
straight, the taper Z amounts to 2. Without end cap the

wing span is 1.5 m ani the mean chord 0.3 m, hence the
aspect ratio A = 5. On account of the ”norm“l“ rounding
of the tips (semiclrcular with the local half profile
thickness as radius) with which the wing is fitted, wing
ares, span,and aspect ratio are increased by 0.7 percent,

1.6 percent and 2.5 percent; however, the coefficients in
the following are always referred to the mass of non-
rounded wing (% = 0. M) m& b = 1.5). Apart from the
end cap the wing has the NACA section 0012 along the span:

dihedral and warping are absent.

i flJPS which extend 100 pbrcent and

The spli
(inside) across the span, were attached at

50 percnnt
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80 percent wing chord and formed a 60° angle with the
profile tangent (fig. 2).

IV.- TESTING PROCEDURE AND INTERPRETATION OF TESTS

The tests were run in the med%um wind tunnel of the
DVL at g = 156 kg/m® (Re = 1 x 10°) dynamic pressure,

The six-component measurements were run over the angle of
yaw, that is, angle [ was varied at 5° each between 30°
and -30° with fixed angle of attack ag, For @ = 200
(and naturally for B = 0) the angle of attack was varied
for fixed . Because of the symmetry control the measure=
ments were always made for positive and negative £, and
also for several negut.ve ¢y values on the wing without
angd with 50 percent split flaps. The symmetry was
satisfying, though not quite as good as on wlng No. 9,

which being of all metal, could be manufactured partlcularly
accurate., The assymmetry of the drag wlith respect to a,
already observed on wing No. 9, was noted again.

The suspension system is illustrated in figure 3.
To avoid a disturbance of the transverse force, no moment
lever was used, the wire leading to the moment balance
was attached to a small eye located directly behind the
wing trailing edge and also carried part of the initial
load. The rest of the initial load being on a wire which
applied on the straight line connecting the two forward
bearings., This wire forms the sole disturbance of the
suction side, so that it can be regarded as practlically
undisturbed. Care was again taken to prevent any air
from passing from the pressure side to the suction side.
The wires were of round section.

The angle of attack a 1is corrected for tunnel-wall
interference effect. The wire length, however, was then
not taken into consideration, since its effect on a was
very small according to several sampling teats. The cor-
rections on the forces and moments followed the customary
procedure, with due consideration to the relationship
exlsting between angle of attack ag sand pitching-moment
correction.

In the charts with respect to a (figs. 7 to 9) a
correction of the symmetry with respect to g was omitted
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as in reference 8, while in those with respect to §
the test values averaged for *3 are represented. The
derivations with respect to f were formed by dividing

v
the test values averaged for g = 5° by 5 X 785"

V. RESULTS OF TESTS ON STRAIGHT WING,
COMPARISON WITH THEORY

A, Straight Air Flow

1. Without flaps (figs. L and 7).~ Conspicious on the
curves cg(d), Cy.1i, Cu(&) 38 the marked depression in
the ¢y -curve, wkich as on the rectangular wing (refer-
ence 7, .fig. 7) sets in at about a = 6° and is at the

deg

same time assoclated with a temporary rise in yoi iy The

curve of c¢g(a) for wing No. 5 and wing No. 1 is, up to
g

the Capmgax OF the latter, almost identical (theoretically
G0

the 7;3 of wing No. 5 should be about 2 percent greater),
a

the apax of wing No. 1 is about 29, the capgx

about 0.03 smaller than for wing No. 5. 'The polar cg(cy)
of both wings agrees up to capgx, while theoretically
the induced drag of wing No. 1 should be about li percent
higher than that of wing No. 5.

2. 100-percent flaps (figs. 6 and 9).- With split
flaps over the entire span the maximum 1ift coefficient
for wing No. 5 1s 0.2 higher than for wing No. 1 (cf. refer-
ence 7, fig. 9). Unusual and not quite explainable is
the dissimilarity in zero 1ift angle - 12,89 for wing
No. 5 and -12° for wing No. 1. This as well as the
(slight) curvature of cg(a) and the substantial curva-
ture of «cp(a) near cg = 0 1is perhaps attributable to
separation phenomena. As for the rest, the difference
in the ¢y of both wings is due in part to the fact
that the coefficient was formed with the reference

chord In = g rather than with the so-called aerody-

namic wing chord, The conversion of the cyo = 0.203
value of wing No. 1 to No. 5 would give cyo = -0.211, as
against c¢yo = -0.228 by measurement. The polar of wing
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No. 1 is shifted toward the right by the constant amount
Acy = 0.28, ~rfor which also no true reason can be seen.

3. 50-percent flaps (figs. 5 and 8).- With flaps over

50 percent of the span the Camax ol Wing No. 1 18 0.1
smaller than that of wing No. 5. The zero 1lift angles are
-8.3 percent for wing No. 5 and -7.3° for wing No. 1.
Utilizing the profile characteristic a5 = -12° glves,
theoretically, a5 = =7.25° for wing No. 5 and a5 =-6.76°
for wing No. 1. That the measured difference exceeds 0.5°
is probably due to the deviation with full-span flaps.
The reduction of the moment ¢y, = -0.103 measured on the
rectangulsr wing to The trapezoidal wing gives cMO::O.lhl
instead of the measured cyo = -0.115, The induced drag
of -the rectangular wing is less than that of the trape-
zoidal wing.

B. YAWED FLOW

A correlation of the test data for the area of sound

flow? is to be found in the figures 13 to 16, while the
adjoining figures indicate further interpretations of
these results. Regarding the various coefficients the
following should be noted:

l. Tift.- Dividing the 1lift existing for angle of
yaw [ Dby the 1ift at p = 0 and equal angle of attack
should give, theoretically, ooszﬁ This law is very
rigorously complied with, for both with and without flaps,
according to flgure 21

2. Drag.- The drag of the wing without flaps diverges
in part considerably from the coscf law (cf. fig. 21).
This departure might in a large measure be attributable
to the instrumental inaccuracy caused by the smallness

2At the highest angles of attack shown, breakdown
phenomena are already visible in part.

5In figures 21 and 22 points which actually should
merge are pulled apart along the p-axis, that 1s, placed
along side each other.
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of cy &and in part to the friction drag which certainly

need not behave like cosZB. With 100 percent flaps the
test points cw/cwg lie better on the curve cose,

while in this insténce, wing No. 1 rather followed a
cosd3 law.

At zero 1ift the drag of the wing with continuous
split flaps consists practically only of pressure drag
Introduced by the dead-air region of the flaps; the
resulting force 1s therefore parallel to the plane of
symmetry of the wing in yawing. Since the effective air-
speed in yawing becomes smaller by the factor cos B,

the pressure drag varies by the factor coszﬁ and hence
the drag coefficient (ew), o (parallel to wind direc-

tion) by the factor cos?B. Why the wing No. 5 in con-
trast to wing No. 1 does not follow this law 1s not
evident. Theoretically, the induced_drag must, as
explained in reference 7 act as cos<f.

3. Pitching moment .- For the pitching moment with

and without flaps the c382B law also agrees very well
(ef. fig. 23), that is, the neutral point and the center
of pressure position are not affected by yawing. At
high c¢g values the variation with flaps is a little

less than cos25.

li. Transverse force, cross-wind force.- With the
coefficients of pressure, friction, and induced drag
denoted by cyp, CwRrs, and cyi (where cyp and cwi
signify forces perpendicular to the 1/} 1line, while cyp
is parallel to the wind),

cy = cos B (cyp + cwi) + cwR (1)

cq = -sin 8 (eyp + cwi) = -tgB (cw - cwR (2)

cy = 8in B X cyg (3)
therefore

écq

s <C“vg - CWRg) (!—!)

op



10 NACA TM No. 1107

oc
-
e E (5)

For the friction drag cyr without flaps the profile
drag cyp may be used. Nothing is known about the fric-

tion drag with rlaps, so for the want of something better
the value cyy without flaps will be used.

Without flaps formule (!}) agreecs comnletely, as seen
in figure 17. The agreement 1s also satisfactory with
flaps} it would become better even in this case after
striking of the friction term.

The cross-wind force is not measured directly by the
balance of the medium wind tunnel, but computed from the
transverse force and the drag. Since these are not very
accurately measured and largely carrisd out for the
composition of the cross-wind force, the determination
of the cross-wind force 1s not very reliable as evinced
by the marked scatter and the inferior systematic curve
distribution of figures 16 and 18. Moreover, negative

ocy
values of ?;L, as they occur on the wing with flaps,

seem qulite improbable. In view of this instrumental
de
Inaccuracy and the smallness of E;Z no agreement with
3 _
theory is of course to be expected. At any rate formula (5)
without flaps agrees at least in order of magnitude. 5
: c
L
5¢ Rolling moment.~ In figure 19 the derivation vt
op
of the rolling moment due to yaw Is plotted against the
1ift coefficient. By theory (reference 11)

i R - O [?5 1 + 0,15 (Z - 1)
5 K

- o.1d] Cag (6)

OB cB o+ 1
For wing No. 5 without flaps . should really be zero
P

by reason of the symmetrical profile; that the measured
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curve does not go exactly through the zero point 1is likely
to be due to design or jet inaccuracies., For the empirical
factor x, the value x = 1,2 1s optimum (cf. refer-

ence 1 and 11) and figure 19 actually shows the theoretical
curve with x = 1,2 %o be coincident with the measured
curve to a large extent. A flap deflection should act

like a profile camber on the rolling moment dve to yaw,
that 1s (reference 3 and 12) it should

al 2 )
where Cypo 1s the measuvred zero 1ift moment of the whole
wing., With the previously employed My values we get,

for 50-percent flaps, -%ck% = -0.053, and for full-span
-4

flaps, %-cMO = -0.091 and correspondingly according to

(\’\Cy‘o écvo

figure 19 = -0,008 anad = -0.049. Admittedly
Gp OB
ey,

the curve ——= (cg) of the wing with 1CO-percent flaps
o8

diverges, like cpylcg) within range of small c¢g4, -con-
siderably from a straight line and therefore the recti-

oe
linearly extraploated value rust be taken for =

A
o
exactly as for cy . Extrapolating the straight portion
o

Clo
5 e 013
o
instead of -0.049. So with this modification even the
formula still is inaccurate and its application to wings
with flaps is therefore very rough, quantitatively. With
Sc
50-percent flaps the rise in the straigcht parts of 1—9 (ca)
cp
is slightly less than with 100 percent flaps; on the
average it is about equal to the rise of the wing without
flaps.

between c¢cg = 0,9 and cg = 1.5 gilves

6. Yawing moment.- For the yawing moment due to yaw
of the wing without flaps the formula
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A il gl A +2 i cl'y

: e
éi§ & deNo % [?5 1+0,15(2-1) 08l éﬁl;tlzzz-o.lg]cag
% ~ % :

gives with x = 1.2 a 1ittle too great a (negative) rise
over Cag2 (fig. 20), as previously observed on the

rectangular wing. The marked deflection of the curves
near cg = 0, with flaps, is certainly related with the
similar phenomena observed at cy and cp, and might
be due to separation of flow. But even in the rest of

ocy
the cg range the curve of ““ (cg®) 1s far from

=
v

straight. An explanation for it may be found in the hint
given in reference 11 that on cambered proflles a term

oc
-(a - ay) LO, according to formula (&), should be added

to the yawing moment, because when plotted against caz
this term linear in c¢g would cause a curvature of the
ocrc dey
to the measured -—
op
should produce a linear curve over caa, as actually is

the case for the wing with 50 percent flaps according to
figure 20 (aside from the irregular vicinity of cg = 0).
No corresponding test was made with 100 percent flaps,

50 .o

op

curve. Thus adding (a - ay)

since it was not quite clear what value to use for

VI. COMPARISON OF THE TEST DATA OF THE SWEPT-BACK WITH
THOSE OF STRAIGHT TRAPEZOIDAL WING AND WITH THE
THEORY OF THE SWEPT-BACK WING
A. Straight Air Flow
Figures |} and 9 show the cg(a), ca(w), and cag(cyn)

for the sweepback wing of reference (8) as dashed curves.
The comparison discloses the following:
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1. Without flaps (figs. L, and 7).~ At equal angle of
attack The 1ift of the swept-back wing is smaller than
that of the wing wlthout sweepback. Near a = 0 the

swept-back wing shows %ﬁ% = 3,69 and the stralght wing
dcg %

A 3.89, hence a decrease of 5 percent by sweepback,

while by the formula given in reference 12

s 1
~

1% 31&00
.
Cag = - coe (‘p (Cag) i (9)
Cgq' COS =0
l + -—a-.gf....._..-_—g
M

a decrease of 1l percent should be expected. Considering

dcg

the uncertainty in the¢ experimental determination of 7;—,
a

this result agress with the experience cited in refer-
ence 10, that experience indicates a 1lift decrease only
half as great as formula (9).

The sweepback reduccs the maximum 1ift coefficient
by 0.13, and the related angle of attack by about 2°,
However, these Capgay Olifersnces are, like the still
greater differences on the wing with flaps, intimately
related with the Reynolds number; they increase, at first,
with increasing Re and then become smaller again (refer-
ences). and 6), Unususl is the smoother 1ift decrease of the
swept-back wing after exceeding the maximum 1ift. This
is due to the separation.of flow at the wing tips, where
the 1ift loss 1s not so great and wlth increasing angle
of attack progressively moves toward the center, whille
the straight wing breaks down fairly suddenly from the
center over a large part of the span.

The polars cg(cy) of both wings are almost identlcal
up to near ¢ Gt the induced drag 1s therefore not
modified by the Eweepback, which agrees with the theory
within the framework of the instrumental accuracy.
Theoretically, it should be 2 percent greater than on the
straight wing. However, this result may not be generalized
to other tapers,
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On the pitching moment the dissimilar behavior after
exceeding the maximum lift is of primary importance. The
moment experiences an abrupt variation, nose-heavy on the
straight wing, tail-heavy on the swept-back wing. The
behavior of the straight wing is explained by the backward
movement of the center of gravity at the flow separation,
whlle on the swept-back wing this effect is over-balanced
by the simultaneously lncipient 1ift loss at the wing tips.

The measured neutral point of the swept-back wing
lies at 0.769 mean wing chord Iy = % behind /L of

the wing center section. By the L-method (reference 10)

the value is a X % = 0.L4735 x % for the distance of the

load center of gravity of one wing half from the plane of
symmetry and hence % A tan ¢ = 0,783 for the shifted neutral

point (referred to 1y) w»roduced by the sweepback, whereby
it 1s to be assumed that the neutral points of the indi-
vidual profile sections are not changed by the sweepback.
Observing that the neutral point of the straight wing
lies 0.0351ly bvefore 11/, gives a backward position of
the neutral point of 0.748 instead of the measured 0.769.
That the computed point lies 2 percent 1y before the
measured point might be due to the fact that the cited
assumption is not entirely corrects as indicated by the
pressure-distribution measurement the suction peaks in
wing center are materially diminished by the sweepback,
thus causing a backward shifting of the neutral point of
the profile. By the Multhopp method (reference %) we

get a = 0.472z, % x Atan @ = 0,026 and 0,791 for the

backward position of tlie neutral point, hence a value
2 percent too hilgh,

Although the profile is symmetrical, wings Nos. 1, 5,
and 9 manifest at c¢g = 0 a negative value of c¢yo other
than zero. To what this phenomenon is attributable
(suspension 2) is not quite clsar.,

2. 100-percent flaps (figs. 6 and 9).- The sweepback
reduceés The zero angle of attack from -12.7° to -12.0°.
Whether this is connected with the irregularities of the
zero 1lift angle mentioned previously or whether the
theoretically anticipated effect, that the zero 1lift angle
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owing to flap deflection by sweepback is reduced by a
factor ranging between 1 and cos ¢ is involved, is
Impossible to decide. The cg(a) curves are ssverely

i deg
curved; in the range 0 ¢ a < 10° we get 7;; = 5.7h
acq .
for wing No. 5 and 75? = 3,3, for wing No. 9, or a
de '

decrease of 10 percent in 75? due to sweepback, which

is close to the theoretical 1l percent. The sweepback

lowers the ca, ., from 2.10 to 1.58. This is due in
de

part to the decrease in _“2, but in greater measure to
daa . :

the drop in apgx from 18° to 13°. . The abrupt drop

in c¢g behind Capax 18 Increased on both wings by the
flaps, although its magnitude on the swept-back wing is
slightly less than a third of that on the straight wing.
The corresponding pitching-moment variation,however, is
smaller on the straight than on the swept-back wing and
acts anti-stalling, while intensifying it on the swept-
back wing. The polars cg(cy) agree in the range cqg=0.6
to capgyx Of the swept-back wing. For small cg the cy
of the swept-back wing 1s surprisingly a little higher,
while theoretically the drag at zero 1lift should be

smaller by the factor cos? ¢K+ (mK = angle of sweepback

of the flaps). .For this drag is largely pressure drag
from the dead air reglon behind the flaps and hence

perpendicular to the f{laps; the projection on the wind
direction gives a factor cos ¢g and the reduction of

the effective alrspeed by cos Qg & factor cos? Qg.

3. 50-percent flaps (figs. 5 and 8).~ The sweepback

reduces the cg_, from 1.7 to 1.35, due essentially to
inax s y :

the decrsase in ay,x° from 18° to 14°. The moment
variation on the swept-back wing with part-span flaps
(50 percent) 1s consliderably lsss than on that with fulle
span flaps and even a little smallér than without flaps,
but also in the sense of increasinz angle of attack.

hIt actually should be considered that the flaps
even on the wing without sweepback assume a certain swept-
back setting.
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The induced drag of the swept-back wing is appreciably
smaller than that without sweepback. This is readily
apparent when considering that the sweepback reduces the
1ift accumulation produced by the flaps in wing center in
the sense of an approach to the elliptic 1lift distribution.

B, Yawed Flow

l. Lift.- The 1ift of the swept-back wing in yaw
withoUt rlaps follows tae law cosep very closely,
figure 22. But with flaps considerable departure from
cosab occurs, in contrast to wing No. 5. This 1s due
to the fact that the swept-back wing with flaps exhlbits
certain additive effects in yaw which do not occur on the
straight wing and which are essentially due to the fact
that on the swept-back wing the angle of attack is not
adjusted by rotation about the 1/l. line as on the straight
wing. Namely, according to reference (12)

Cgq'ew cos O
A ;
i tuan®p X 8in®p (Cog) (10)

Cg'leo CcOS O a=0

A :

Lt

Cag= cos?—fﬁ X Cag 1
12

From this it follows that without flaps the law cosaﬁ
epplies, and that for flap deflection, where the 1ift
for a =0 does not disappear, the 1lift of the swept-
back wing does not remain zero, when, starting from zero
1ift in straight flow, the yaw is begun with constant
angle of attack.

Figure 25 represents the theoretical curves (according
to reference 10) for the swept-back wing without, with
50-percent and with 100-percent flaps, along with the
related test points. Aside from the maximum angles of
attack (separation of flow) the agreement in the first
and last case 1s very good; that it is less good for
50-percent flaps is not surprising, since formula (10)
was not developed for this case (the second summand "
should be reduced on account of induction).




TACA TM No, 1107 17

e
2. Drag.- A comparison of EJL in figures 21 and 22

w
manifests on the swept-back wing cgnsiderable depar ture
from the cosaﬁ curve, due probably to instrumental
inaccuracy, while with flaps the test points are compara-
tively well placed on the cos B curve, especially for
smaller angles of attack. Considering that at zerc 1ift
the drag is largely pressure drag caused by the flaps,
hence is verpendicular to the flaps, and denoting the drag
coefficient of a profile section perpendicular to the flap
with c¢¥*y, the drag (measured in wind direction) of the
yawing swent-back wing with 100-percent flaps 1s at small cg

l

% l.cos3 (QK - B) + cos? (OK + p)]o*w

Cw

1l

cos g cosBﬁ + % cos Qg cos sin Sinzp ¥
YK 45 K. w

cos B [1 + (3 tan?‘er - 1) Sinaﬁf—‘ Cwg (11)

1f o 1s the angle of sweepback of the flaps and Cwg
the drag coefficient in straight air flow (and equal angle
of attack). For wing No. 9, tanpy = 0.55L, so that the
Cw 2
brackets are almost equal unity, hence i = cos (. With
wz
increasing angle of attack the induced drag then lncreases,
probably as cos<p, so that Cw/ng shifts from cos B
toward cos®f. This actually is the case for 100-percent

flapsS; for 50-percent flaps the conditions are more com-
plicated on account of the induced drag existing at c¢g=0.

3, Pitching moment.- A glance at figure 2, shows that
the pitcning moment does not vary with cos2p in yaw.
This is particularly evident with flaps. But by theory
itself another law must be applicable with flaps:

With CMD* as the zero moment of a profile section

2It_is a peculiar fact that the relationship
Cy = c08/Qpcy™ following from the same argument for zsro
1ift drag of swept-back and straight wing is not sub-
stantiated by the measurement.
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perpendicular to the 1/l line, the zero moment eMo  Of
the swept-back wing with full-span flaps in yaw is

“Mo :'% [0032(@ . cose(p + R) ]C*Mo

(coszwcosaﬁ + sinaosinap) c*no (12)

1l

and with the introduction of the term cyqp = cos®p X c¥yg
resulting for § =0 '

2 24 -

¢ sin3) Cypg (13)

(@)

Mo = (coszg + tan

that is, the zero moment 1s varied by the yaw by the
summand

Ao - Ciog = Clog (tano = 1) sin®p (14)

Starting to yaw from zero 1lift in straight flow at constant
anzgle of attack the expression (13) does by no means
represent the complete pitching moment, since the 1lift

by reason of (10) does not remain zero in yawing and
therefore contributes to the moment. So when assuming

that the neutral-point position Xy (eventually dependent
on ca) does not vary in yaw the total difference of the
pitching moment in yaw and for straight flow is

eyla) - cugla) = cyog x{tanaw - 1) sin2B + xy (cg - Cag)

= ¢, (tanav - l)sinzﬁ + oyg (cg) - CMg (Cag)

l.og
T
(15)

hence, owing to cMg(a) = Cmg(cag)

i
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oy = cug (ca) + Cyag (tan®@ - 1) sin@g (16)

Thus the moment6 for wing No. 9 with 100-percent flaps

in yaw is obtained by taking the 1lift coefficlent cg
existing in yaw from the measurement or else compute it
by formula (10), read the moment cyg(ca) related to

this c¢g for straight flow from figure 6 (dashed curve)
and add the second term of (16), oyog I1tself being taken
from figure 6 also. T.ez result of this calculation, shown
in figure 2ly in comparison with the measurement, is in
good agreement.

Theoretically the moment of the swept-back wing
without flaps should behave as cos<3, with an additive
term for 50-percent flaps. But in view of the irregular
variation of the measured curves no detailed study was
made.

l.. Transverse force, cross-wind force.- The coeffi-

cient of stability %§¥ of the cross-wind force for both

wings is reproduced in figure 27. Owing to the compara-
tively great instrumental inaccuracy no information con-
cerning the effect of sweepback on the smooth wing was

dc
obtained. However, the marked shift of ?;X to positive

values as a result of flap deflection on the swept-back
wing should be real.

This shift can be explained as follows: With c¥yp
denoting the coefficient of pressure drag of the flaps

'(at right angle to the flaps), the coefficient of the
cross-wind force at zero 1lift 1s

Cyo = c*wD % [0032 (@K - B) - cos® (@K -+ ﬁ)] sin g

= 2c*yp cos gg sinog sin B cos @ (17)

6Since the formula applies to any reference point,
the subscript n was omitted.
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and, since by (11) in straight flow (friction drag dis-
counted) Cwog = C¥yn c0S 0K
dc
¥O -
= 2 k= £ .
Y tana$“ Cyog (18)

On wing No. 9 with 100-percent flaps tan @p = 0,55l and

= 0.069, a value to some

Cwog = 0.128, hence

extent in agreement with the measurement. Theoretically
there is another additive constituent which is based on
phenomena similar to the 1lift variation and which for the
wing in question is about of the same order of magnitude
as the effect (18), so that, speaking as a whole, there
is no agreement between theory and test.

oc

Mgure 26 gives the stubility coefficlent -5(—5 of
the transverse force against c,pa for both wingsﬁ With-
out flaps there is no difference in the unstalled flow
regime, the agreement with the theory according to (L)
very good even for wing No. 9. But with flaps the trans-
verse force of the swept-back wing is substantially less
than that of the straight wing, even though the drag 1is
not essentially different, so that the formula (L) cannot
be quite correct for the swept-back wing. This is fairly
evident because of the relation for the transverse force
of the swept-back wing with flaps at zero 1lift

C -~
g0 gy W

ruhé

icos2(@ ) ﬁ) 31n(CpK ) - COSZ<CPK =+ ﬁ) Sin(@K it p)]f

{198
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and therefore

A" value in agreement with the mecasurements. (For the
comparison the stralght part on cg = 0 must be extra-
polated.,) Further discussion of the ¢g curve would
involve the induction wnich is omitted. Strictly
empirical it may be sald that a practical agreement with
the measurement 1is obtained by adding the measured

Cwog - Cwg to (20).

5. Rolling moment.- Figure 28 shows the rolling
moment due to yaw of the swept-back and the straight wing
comnared with the theory according to (12). The recorded
oery,

?ﬁ; values of the swept-back wing are connected by curves,
while dottcd lines of the intervnolation are placed through
the test point of the straight wing and which 1Is the same
straight line for both the 50-percent and the 1l00-percent

N\
oer

flans. Whereas the slove of for wing No. 5 is about

0B

the same with and without flaps, it is apprecilably weaker
for the swept-back wing with 100-percent flaps than the
nearly agreceable slope with and without 50-percent flaps.

de;
The behavior of f:£ at cg = 0 1s unusual. While the
A Cp
values of the straight and the swept-back wing without
and with 50-percent flaps agree, they are far apart for
the 100-percent flaps, even to a change in prefix. These
phenomena are rclated with the effect of flap deflection
on the swept-back wing already discussed for the 1lift,
and can be theoretically explalned.
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Reference 12 contains two formulas derived for the
rolling moment due to yaw as a result of sweepback, one
with induction dlsregarced but for any flap width

éCI)pf

—sE * OJﬂLtanchag + (2§O - ]) (Cag)azo] £21)

the other with the induction allowed for, but which holds
only for without and with 100-percent flaps:

Cg'ew COS O ¢ Cg'le COS Q
e +___._.__..___..——
éC’]:ro_f‘ » T g i e mA ¢
——SE~'-C.%utanJ> 1+ Ca o COS O Cag _Cg'eo cOS @( ag)wzo
' 1+2 l-&&—————K————
\ A/ m
(22)
with (cag) = 0 denoting the lift coefficlent existing
at a=0 (and p = 0), so that this term disappears for
the wing without flavs, he flaps reach from wing center

to ?O X %, hence 55 = 0,5 for 50-percent flaps,
and §O = 1 for 100-percent flaps. The formulas give

(SCL ~
only the sweepback portion, so must be added to the Eﬂ;
of the straight wing (dotted line in fig. 28), to give .

the total moment of the swept-back wing.

There is no very great difference between the formulas
with and without induction. The slope of the recorded
curves without and with 50-vpercent flaps is very closely
reproduced by the theory; why the slope for 1l00-percent
flaps diminishes is not clear. The behavior at c¢cg = O
is also very well described by the theory, while the
statement (made 1n reference 12) that the rolling moment
due to yaw as a result of sweepback is twice as high
for a =0 ¢than for cg =0 1is &also proved correct,

e,
n
6. Yawing moment.- The stability factors e of
3 5

the swept-back and the straight wing are contrastsd in
figure 29. 1In all three cases the restoring moment is

increased by sweepback, which is, largely by &n increase -
. C 3
in the negative slope of - B pelative to caga.

cp
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The theoretical yawing moment due to yaw as a result
of sweepback (reference 12) on the wing without flaps is

Cg'e cos @

Ocppr cag® A // 2/cos? i
—2B = oL ten o—2- |1+ 1o /
o8 cg ! 1A ca'eo cos ® i Cg'® cO8 @
A \\
7

(23)
a formula that yields too small amounts for wing No. 9
according to figure 29. The lever arm 0.Ll applicable to
1ift distribution should probably bs replaced by a higher
value ‘for the yawing moment,

The comparison with theory for the wing with flaps
is omitted in view of the same difficulties as encountered
for transverse and cross-wind force.

C. Maximum Lift and Pitching Behavior

1, Maximum 1ift.- Figure 30 represents the correlated
Capgx data of wingsNos.5 and 9 (from reference 8) It
indicates the nanVdYOFle effect of the sweepback which,
within the explored ' Re range is fairly independent of
the Reynolds number, but on the whole is nevertheless
greatly affected by it, the differences between straight
and swept-back wing increase at first with increasing Re,
then become smaller again (references i anéd 6), Regarding
further cay,, data on wing No. 9 with landing aids,
reference § should be consulted.

2, Pitching behavior.- The pitching action of the
straight and the swept-back trapezoidal wing was investi-
gated by a method suggested by Liebe (reference 2),
whereby a run was made at an angle of attack near Clpax
over the angle of yaw. From the abrupt variations in the
coefficients, especially the rolling moment due to yaw
are sub jected, certain deductions can be made, about the
probable pitching characteristics of the wing with the
admittedly restrictive remark that the behavior of the
coefficients in the presence of fuselage, nacelles, etc.,
may change fundamentally and that the study of individual
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stationary coefficlent measurements gives but a very
rough picture, since the actual pltching process is the
complicated (nonstationary) interaction of 211 six com=
ponents.

The data from the pltching measurements on wing No. 5

are glven in figures 31 to 3. The angle Cangx fServed

as angle of attack!. (ne measurement (fig, 32) was made
closely behind cay.,. Flgures 32 to 34 contain two
independent measurements, one made by procecedling from the
(almost) sound state at @ = 0 and equal angle of attack
in direction of positive angles of yaw, the other in
direction of negative angles of yaw., The latter measure-
ment is indicated by dasihies. This contrast of two
measurements and the gradually perceptible symmetry of
the variations (the occasional dissimilarity in the angle
being disconnected) indicates that the behavior 1s not
accidental but subject to a certain law, and hence
embodies & characteristic of the wing.

On comparing the measurements of the straight with
those of the swept-back wing (reference 8, figs, 22 to 27)
the dlfference in the behavior of ¢y and cn 1s
apparents on the straight wing the flow separates first
in the center and causes a great variation in cg and a
nose-heavy variation in ¢y, while on the swept-back
wing the flow separates first at the tips and shows
small ¢, varlations and taill-heavy variatlions in cp,
The variations in the rollling moment due to yaw which
precsumably determine the pitching behavior most are a
little greater on the swept-back than on the straight
wing, but the difference 1s not as great as might bse
expected perhaps on the basls of the diffenently located
breakdown zones. The explanation feor it is that, while
on the swept-back wing the lever arm of the additional
force created by the separation is greater, the force
itself 1s smaller than on the straight wing, as proved
by the ca curve.,

On both wings the mounting of rlaps causes an increase
ln the variations. : '

Tas 1s known capgx depends on the temperature and
barometric pressure of the wind, bubt even at equal state
the valucs are not always definitely reproducible, This
explains the minor capgx differences found when com-
paring the different diagrams of the present report,
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A minor dissimilarity, although perhaps of no great
significance in both wings is that the transverse force
of the straight wing is always near zero for straight
flow even in the separated state, while it can assume
fairly high values on the swept-back wing, especially
when fitted with flaps. The reason for it is clear:
on the straight wing the resultant force of half the wing
1s parallel to the plane of symmetry at { = 0, and-:
therefore parallel to the wind, while on the swept-back
wing it is largely perpendicular to the local /L line
and so can furnish a component perpendicular to the wind.

Summing up it may e presumed on the basis .of the
discussed measurements, that the swept-back wing by reason
of the somewhat greater variation in rolling moment due
to yaw and the stalling acting variation in pitching
moment is more unfavorable tihan the straight wing, aside
from its substantially inferior aileron effect.

Translation by J. Vanier
National Advisory Committee
for seronautics
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Figure 3. Wing No. 5 with full-span (100%) split flaps
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Fig. 7
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Fig. 9
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Wing 5 without flaps Figure 13. The 6 coefficients plotted against S at ﬁ=120ﬂ;

modified wing No. 5 without flaps.
wing tips q= 156 55 =
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Fig. 15
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Figs. 17,18

NACA TM No. 1107

Figure 17. %‘L plotted against cza_8 ;wing No. 5
without,with 50% and 100% flaps.
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NACA TM No. 1107 Figs. 19,20
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Fig. 30
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Fig. 31b NACA TM No. 1107
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Fig. 34b NACA TM No. 1107
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