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DETERMINATION OF THE DAJPIN“ MONENT IN YAWING FOR
TAPERED WINGS WITH PARTIAL SPAN FLAPS
By ?idney 1. Harmon
SUMWARY B |
A mefhod for determining fhe\damping moment in yawing'
for tapered wings w;fh partial -span f{laps 1s presented herein.
Charts are given for untw;sted wings with taper ratios of

0.25, 0.50, and 1.00, with aspect ratios from 6 to 16, and

~with center-span flaps extending frem 25 to 100 percent of \

the wing semispan. The results are also appiicable to tip-

span flaps extending from O'to 75 percent of fhe wing semi?

" 8span. The calculated damping moment in yawing is compared -

with experimental results for a.rectangular wing with a flab‘
having a span EO‘pefceﬂt Ofethekwing span. |
| _ INTRODUCTION.
The calculation by Wieselsberger of the wing damping

moment for an untwisted elliptical wing in yawing is summa- .
‘ :

rized and extehded in reference 1 to the case.of an untwisted

rectangular wing. Reference 2 presents the results of cal~

[

culations for a wide range of taper ratio for untwisted wings
and also for the special angle- of attack distribution that

results from the deflection of partlal—span flaps of constant

bchord ratio when the rest of the span is at zero angle‘ofauadc
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The results in reference 2 fpf the yawing derivative due to
induce’d drag, hoWevél‘; contain $inaccuracies because .<~)f the
omissi§n of an important ternm in the formula for thé yawing
moment. Also, as noted in reference 2, the results cannot
be applied by simple superposition to the case in which the
liftlis contributed simultaneously by partial-span flaps and
by the plain portions of the wing. This limitation follows
from the fact that the dampiné moment varies as the square of
the angle-of-attack distribution; hence; separate componehts
of the 1lift distribution have iﬁteractions that/contribute.to
the resultant value of the yawing d?rivative.’

The present analysis gives the results of célculations
for the yawing derivative éCn/E éﬁ%g) for untwiétedtépered"
wings with partial-span ylaps‘of.constant chord rafio at
variéus angles of attack. The results are presented for ﬁhe
same range of tapcr ratio as is considered in’reference 2 and
for center-span'flaps extending from‘25 to 100 ?efcent of ‘the
wing semispan. The results pfeseﬁted for the’center-span
flaps may be aﬁplied to'tip-span‘flaps extending from O to
75 percent o% the wing semispan., The computations in the
present péper do not include‘thé part of the yaﬁing rcoment
contributed by the changes in spanwise profile drag. The
effect of this factor on the yawing derivative is discussed

in reference 2.
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SYMBOLS

A

vawing-moment coefficlent due to spanwise induced-

drag distribution

~angular velocity in yaw, radians per second

wing span

wind velocity along plane 6f symmetry of éirpléne.
local relative wind velocity at any section
coordinate measured slong lateral axis of airplane
circulation éround anyusection‘

section 1ift coefficient

wing chord at any secticn

induced angle of attack at any section, radians

coordinate indicating fixed spanwise positionr

normal component of veloéiﬁy |

yawing moment due to spanwise induced-drag distri-
bution (CnagShb)

dynamic pressure at plane of symmetry (%pvsz)’

wing area ‘

density

cos 0;

parameter defining spanwise'position (y =

%

plo jo

b
when 8 = 0, vy =73; when 8 =m y=- )
parameter defining fixed spanwlse position
wing chord at plane of symmetry of airplane
»

slope of section lift curve at plane of symmefry of

airplane, per radian

Aj,+.. A, coefficlents of Fourler series (see reference 3)
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Cn,,
Cr,

Kl’KZ?

A

m,

B
ACL,

, bf
© d.O
Acdo

8

(csmb '
parameter ‘-—E

]
' b

aspect ratio
yawing derivative \:éC Z‘\t;—sﬂ
over-all 1ift coefficient
and K5 pfoportionality constants used to express induced-
yawing-moment derivative in terms of its
compcnent parts
taper ratio, that is,‘ratio of extended tip chord to
chord at plane of symmetry
slope of section 1lift curve, per radién
arbitrary constant
increment of over-all 1ift coeffielent due to deflec-
tion of flaps 7
flap span

section profile-drag coefficient

I_,increment of section profile-drag coefficient due

to deflection of flaps
increment of yawing derivative due to spanwise

changes in profile drag

Subscripts and superscripts:

w

refers to ¢y~ or cdo-distribution resulting from
wing angle of attack

refers to c¢;- or cdo-distribution resulting,from\

.deflection of flaps

center-span flaps

tip-span flaps
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METHOD AND ANALYSIS

The method used in the preéent analysis for ca1culating
the stability defivatives is based on the assumptions out-
lined in reference 2. Because the angular motions con-
sidered in the?present analysis are small (rb/2Vg < 0.1), the
influence of the curvature‘of.the wing wake 1s considered to
be negligible for practical purposes.\‘ Powers of rb/2Vs
higher than unity are also neglected.

In Yawing motion, the followiﬁg relationships hold:
’ =\ . Iy
v /g (1 Vs)

- where V 1s the local relative velocity at a section and y -

varies along the span from % to -g

cycVy. . - ;
I = '—7—"5-(1-%) (1)
Ty 3
"2

| 1 - avdy
, =7 . ay=J 4
'aiyo Vv~ v p ¥ = Yo T " (2)
2 ‘

- where aiyo i1s the induced angle of attack at any section 'yo'

due to the tralling-vortex system.

f

b : v
N N ) 2 e
N = -qsﬁ 2C]'cCl.i (1 :ﬁl)y\dy (3)

where N 1s the yawing moment due to the spanwise changes

in inducéd drag.




It is convenient to make the substitution
' D
¥y =75 cos @
Then, by differentiating equation (1) with respect to the new

variable 8 , the downwash equation (2) becomes

.d c7C
Wil -‘(mz ) + cyc ’)_____rb sin 8| @3
ieo T Jo ~cos € - cos @, (L)

Equation (L) is equivalent to the downwash Aequation (8) given
-in reference 2.
If the Lotz method for determining the span load distri-

bution (references 3 and Lp) is followed, the circulation

14 \ e
I' = > = 42... sin .ne (5)
. . . | Czc)
Substituting for c¢yc ,and T from equation (5)

in equation (li) and integrating gives

_ Csllog i_\f" sin nf rb \2- -“
“ = T i/ nAp 3in g ZVSZ_“An cos nﬂ
T ,

The yawing moment N from equation {3) now becones

N = -qg T j <Z Ay sin neZnAn :;‘ﬁ e

m 3 - Ib » i
+ 5y LAn sin nez A, cos n@) (l ' cos G) cos 6 sin © 48




b ‘ Integration of equation’ (6) and conversion to the

nondimensional coceffiecient Cp results in

2 - '
rb | & A : }
S e S e amndl @)
. | ,
) -~ 4
where |
CaMog
L= TH

E . ' It will be noted thatithe even-numbered -A-coefficients
in eQuation (7) are directly proportional to the asymmetric
1ift produced in yawing.  These coefficlents are therefore

o ~ proportional to rb/2Vs and thelr products or powers greater

than unity can be neglected. It follows that, if the even-

numbered A-coefficients hdve the values for unit fb/ZVs,

)

equation (7) becomes

‘ Cp 2 | \ ‘ =
e el }; (2n + 1)Ap Aoep * Z 2n4 2
§ ~ 2Vg L A 1 :

Ay 2 = . : 1 '
} —?— *2 (@n + 2)A, An+%} ‘ ' (8)
| o |
L , _
| \ ~ Tn equation (8), each of the A-coefficlents is a linear
| function of the angle-of-attack or cy-distribution.  For a

riven wing, therefore, similarly numbered A-coefficients due
(X 4 > o

E .
F : : to any number of cjp-distributions may be superposed, and the

w?
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sum of these similarly numbered coefflcients may be substi-

tuted in equation (8) Lo give the resultant value for Ch
: r

due to the combined 1if't distributions. o

The subsequent analysls considers the case of the
cz-distribution paused bv the comblned distributions of the
angle of attack and the deflectlion of oartial -span flaps.
The superscripts w and [ refesr to the cL-dlstrlbutlons:
due to the angle of attack énd to the flap deflection,
respectively. By cordbining these cj-distributions, equa-

tion (8)-becomes

) 2
Cpp = - L{:A l (2n + 1) (An ’+ Ay ) (An+1 + An+l) +> aﬁ(An + Anf)

S

oy

+ A , ‘
1 1 = £
- ( f) . (20 +2) /Anw + Anf) (An+2w + An+2 ) (9)
b 1 :
~ Bquation (9) may be expanded to the form

)

( o |
. 21TA r oo W w fes) i 1
= = B U:g_ (2n + 1)Ay" fpyy” Zl 2n(a,") - 3L

o

(9n vy v An+2W 4 ~§E. (2n + 1) (kn An+l + An+l Anf)

+

13 r—'i\48

o]
+ LnAnw_Anfm AlwlﬁlfQ 2{: ( 2n + 2) (Anw An+2 + An+2" An i]

. _ ' £ 2 ™ )
-+ [——)_; (2n + 1)a,F b ¥ ""S;- zn([’nf)e - (Aé ) -t Z (2ne2)an AHQﬂl
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ca The fhree grouﬁs o’ terms on the right-hand side of
equation (10) are equal to the yawing derivative due to the
w-distribution,‘to the Interaction of the w- aﬁd
f-distributions, and to the f-distribution. It should be
noted that, in equation (10), the even-numbered A-coefficients’
have the values appropriate to unit rb/2Vg. In the equa-
tion, each A-coefficlient is directly proportional to the

over-all 1lift coefficient Cr, that results from the par-

‘ticular cy-distribution to which this A-coefficient refers. -

It follows that

‘- c. W C. wf c T . "j
L c _ Ny C + ny. c AC + Ny, AC 2 (11 )
;Y = 2™ — e BRoo 2

nI’ CLWL LW CLW ACLf LW Lf ACLf - ;f

where Cﬁrw, Cp YL and Cnrf are obtained from equation
(10), and the superscript wf denotes the interaction of
the w- and f-distributions.

For a given wing, equation (1l1) may be written

—-— 2 F— 2
Cn,. = K1Cp,° * KaOp A0L. * K3 ACL, (12)

where Ky, Ky, and K3 are counstants referring to the yaw=-
- ing derivative per unit CL2 for the angle-of-attack and
flap-deflection distributions and for the interaction of

these distributions.

w




10

RESULTS AND DISCUSSION
Theoretical Results

Calculations were made in the present analysis to deter-
mine the yawing derivative for the 1lift distribution that ’
results from a combined uniform and symmetrical distribution
of angle of attack and uniform deflection of partial—span
flapsvof_constant chord ratio. The computations were made
by equation (10). The A-coefficlents for the angle-of-
attack and flapudeflectioﬁ distributioﬁs were obtained by
the method given in references 2 to l. (See equation (9)
of reference 2.) The computations assumed a value of 5.67
per radisn for the slope of the section 1lift curve. The -
range of the investigation includes three taper ratios: 0.25,
0.50, and 1.00; three aspect ratios: 6, 10, and 16; and
flaps extending from the wing center to 25 to 100 percent
of the wing semispan. The plan forms of ths wings, which
have rounded tips, are shown in figure 1 of reflerence 2..
The results of the calculations are given in figures 1 to 3.
Figures 1 and 3 are similar to figures 13 and 12, respectilvely,
6f reference 2. The results presented in these figures in
reference 2‘are in error because of the omission of the term
- ﬁéi, which appears in equation (8) of the present paper.

The variation of the yawing-derivative factor Ky wilth
aspect fatio is‘shown in figure 1 for taper ratios of 0.25,

0.50, .and 1.0, for a uniform and symmetrical angle-of-attack
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distribution, and for 'ACLf = 0., Figure 1 shows that the
magnitude of K, decroases as the aséect ratio decreases
and as the taper becomnes sharper.

Pigure 2 shows thé varigtion with flaw spen of K2,
ﬁhich gives t%g vawing derivative due to the interaction

\

of the comblned distributilons of angle of aﬁ%ack ard flep

‘deflection. The actual computations for the taper ratios

of 0.25, 0.50, and 1.00 were made for flap spans of -50 and
100 percent of the Wiﬁg span. In order to obtain the correct:
falring for the curves, similar results weré computed for the -

ellipticalAwing with A =41O,‘for {lap spans of 25, 50, 75,

'87.5, and 100 percent of the wing span. The data of figure

2 ipdicate that the magﬁitude of K2 decreases with aspect
ratio and increases with flap span. For flap spans that
are greater than approximately 50 percent of the wing span,
the magnitude of K, 1increases as the wing becomes less
tapered; the increase becomes greéter as the flap span is
increésed. For flap spans of approximately 50 percent of
the wing sﬁan, K.2 'varies only slightly with wing taper.
It is interesting to ngte'in figure 2 that, for flaps of
approximately 30 percent of the wing span, the curve for
K2 -reverses sign; this condition indiceates a destabilizing
influence for this factor. |

The variation of Kz with flap spah for uniform
deflection of flaps of constant chord ratio and for -CLW =0

\




12

1s shown in figure 3. The actual computatiohs and falring
of the curves were obtained in the same menner as thdse for
figure 2. The values for K3 show variations with wing
taper, aspect ratio, and flap span similar to those for Ko
in figure 2.

The total value of the yawing dérivativevdue to induced
drag for the combined distributions of angle of attack and
flap deflection is obtained from figures 1 to % and equa-
tion (12).

It should be noted from the derivation of equation (12)
that the values for Cn obtalned from this equation and
also I'rom figures 1 to g are equally applicable when the angle
of'atﬁack or fhe'flap deflection is either positive or negative,
as’ long as proper account is taken of the signs. Because
the analysis in deriving the formula for Cnr shows that Ky
K2,’and. K3 ~are negative for either a positive or a negative
angle of attack or flap defledfion, the application of
equation (12) and figures % to 3 requires only a considera-
ticn of the sign of CLW énd ACLf'

Figures 1 to %4, as noted previousfy, are based on a
value of 5;67 per radlan for the slope of the»section lift
'cuPQe.' In order to apply the filgures for‘oﬁher values of
m, - for example, my = 5.67B, wher; B 1s an arbitrary
constant - each ordinate iga multiplied by‘ B? or each

curve in the figuresAcan be shifted to an equivalent aspect




‘center flaps for which‘the’span is (}QOO -

13
ratio BA, where A 1s the desired aspect ratio. The
figures refer specifically to center~span flaps but the
data may be apnlied to tip-span flaps of O to 75 percent of
the wing span by the_following relationship:

C W+ft_;K C . ) 2 f g . o
np © =K (\Lw + chc+£) ~Kp (CLw + Cleg,y) MLe, + Kp0re®  (13)
In the equation fy refers to the tip fiaps, f. refers to
. bft\
', 1if
b/ -

is the ratio of the span of the tip flap to the wing

bft

span, and rt;c indicates fulle-span flaps. The flap deflec-
tion corresponding to C and C 1s the same as

B & Lfc+t‘ Lee ’
that for the tip flaps. Equation (13), of course, can be
used in conjunction with figures 1 to 3 only for the
particular case of the comb;ned ¢y~distribution that results

from a uniform deflection of flaps of constant chord ratio

and from a uniform and symmetrical angle-of-attack distribu-

‘tion.,

'Comparison of Theoretical with Wind-Tunnel Results

The calculated results presented in figures 1 to 3 are
compared in figure 4 with wind-tunnel results obtained from

reference 5 for a rectangular wing with partial-span flaps of

constant chard ratio. The wing hua the {ollowing characteristics:

bTipS I-.CQIQ;.GQ-%.QUQQQOIOOCOUDQ...'occooolooioo?“ Square

Aspect ratio’ A seseietnersescsssesrssetessosssscosssvcss 6
Taper ratio’ )‘.....‘.........'....'.........'v...... LO
£/ Geseseesssesrsrsscsorrorisnecsdboccesensscosnasne OQ 0
ACLf R T N N N N N N R R N N ) 0956

Cdbw, per unit Wing span gt 0,024
Acdpps Per unit £lap SPAN eseseessoassesessvosnccsaes ~ 0e08




CL = CL ‘—, A(/Lf | )
where Cp is the over-all 1ift coefficlient. From figures 1
to 3, based on rounded tips, KXj = -0.0225, K, = -0.0219,
end Kz = -0.0125; therefore, the yawing derivative due to

induced drag
= =0 -‘ p 2 had . 2 - . 2
Cn, = =0.0225Cg, © = 0.0219CL, ACp.- 0.0125 ACpS (1L)

The vawing derivative due to profile'drag from equation

(12) of reference 2 1is

ACn, = -0.33(0.02) - 0.072(0.08) O (15)

By combining equations (1) and (15), the yawing deri-
vative for the wing in terms of the over-all 1ift coefficient

becomes
Cp, = -0.0225C12 + 0.0129LCy, = 0.01779

The comparison of the theoretical values with the wind-
tunnel results is shown for a range of 1ift coefficient from
0 to 1.6, (See fig. l1.) It will be seen that the agfee-
ment'generall& is good except at'high 1ift coefficients.

The greater‘experimental daﬁping momgnt at the high 1lift
coefficients is probably aue to the localized tip vortex

caused by the square tips, which adds an increment of drag

-
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increasing approximately as the square‘of;the 1ift coeffi-

clent.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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