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MACH LINES BEHIND TRATLING EDGES

By Julian H. Kainer and Mary Dowd King
SUMMARY

By means of linearized theory, generalized expressions in closed
form have been obtained for the characteristics due to control-surface
deflection (CLs, Ci1p, Cmg, and Chy) and due to wing angle of
attack (Cha) for wing plan forms having triangular-tip control surfaces
at supersonic speeds. The analysis considers wing trailing-edge sweep,
control-surface geometry, and Mach number for the deflection charac-
teristics. For Cp the effects of wing leading-edge sweep and aspect
ratio are also included. The analysis is limited to configurations
where the tralling edges are supersonic and where the innermost Mach
line from the leading edge of the control-surface root chord does not
intersect the wing root chord.

Charts are presented for the deflection characteristics for con-
figurations having the sweep of the wing and control-surface trailing
edges equal and for the location of the hinge line for balanced con-
trols. Tables of calculations are given for configurations in which
the wing and flap trailing edges are unequally swept.

The results of the analysis show that the effects of wing trailing-
edge sweep on CL&’ Clg’ and Cm6 are more significant than the effects
of control-surface trailing-edge sweep (th is not affected by the wing

trailing-~-edge sweep). Alleron reversal may occur for certain conditions
when the control-surface leading edges are subsonic., Maximum rolling
moments are obtained for control surfaces having supersonic leading edges.

INTRODUCTION

By means of linearized theory, generalized expressions have been
developed for the stability derivatives of a wide variety of wing




> | NACA TN 2715

configurations at supersonic speeds (references 1 to 10). With the
rapid development of supersonic aircraft and missile configurations,
much interest has been focused on the problem of control. Several
papers have been published (references 11 to 14) which present expres-
sions for the theoretical control-surface characteristics of specific
wing - control-surface configurations. By means of linearized theory,
the'present analysis extends these investigations by considering the
effects of Mach number and geometry on the theoretical supersonic char-
acteristics of a wide variety of configurations having triangular-tip
control surfaces.

The present paper considers both subsonic and supersonic wing and
control-surface leading edges but is restricted to cases in which the
trailing edges of the wing and control surface are supersonic, Atten-
tlon is given to configurations where the control-surface and wing
trailing edges are swept both equal amounts (hereinafter referred to
as the basic configuration) and unequal amounts. 1In addition to the
inherent limitations of the linearized theory, the assumption is made
that the innermost Mach line from the control-surface leading-edge apex
does not intersect the root chord of the wing. The results are appli-
cable to configurations having sweptforward or sweptback leading and
trailing edges.

The results are presented in the form of equations for the evalua-
tion of CLB’ Clg’ Cm@: and Cha’ charts for the rapid estimation of

these quantities for the basic configurations, and tabulated calcula-
tions for configurations having unequally swept trailing edges. In
addition, generalized equations are given for the evaluation of Cha'

A specific illustration is presented for a wing configuration having
equally swept subsonic wing and control-surface leading edges.

SYMBOLS
Free-stream conditions:
v velocity
M Mach number
-1 1
0 Mach angle sin i
B=\M° -2

P mass density of air




NACA TN 2715 3

q dynamic pressure <%pV%>

Wing geometry:
b/2 semispan including flap span (hy + bg)

hy distance from wing root chord to control-surface
root chord (considered as wing semispan)

Cr ' root chord

A leading-~edge sweep, degrees

A3 trailing-edge sweep, degrees

m = cot A

m3 = cot A3

a angle of attack in stream direction, radians

Control-surface geometry:

by _ span

cr. root chord

Ay leading—edg¢ sweep, degrees

Ao trailing-edge sweep, degrees

ATE tralling-edge sweep of basic configuration, degrees

(bg = Ap = A

1l

my cot A

mo = cot Ap

Lrg = COt AT

Sg area
Ag aspect ratio (bg"/Sy)
@ deflection angle in stream direction, radians

Xy hinge-~line location
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Xpn =
ch‘
(Xh')B xp' for balanced control surface
M arbitrary moment of area of control surface

Parameters used in analysis:

X, ¥ Cartesian coordinates of system of axes with origin
at leading edge of wing root chord

Xgs Ya Cartesian coordinates of system of axes with origin
at leading edge of control-surface root chord

X, ¥ coordinates of center of 1lift of infinitesimal 1ift
triangle

-1

b:d normal distance from center of 1lift of infinitesimal

1ift triangle to hinge line (X - xy,)

-

X

Xa,
St area of integration
@(x,y) velocity potential

Forces and moments:

L 1ift

L rolling moment

M! pitching moment

H hinge moment

Cy, lift coefficient (L/qSf)

Cy rolling-moment coefficient (L'/qbeSr)

Cm pitching-moment coefficient (M'/qcfrsf)
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Ch

(CLES)f
(CLCf.)f ]

AV

Formula parameters:
A1, Apy, - . ., A5
By, By, o v oy B9
k1, ko

71, 72

R

v
E \/1 - m2;3§>

~

Subscripts:
O and «
f

0

hinge-moment coefficient (?H/Eqbfcfr?>

lift-coefficient derivative excluding 1ift induced
on wing by control surface

pressure differential existing across surfaces of
flat plate

functions of wing and control-surface geometry,
defined where used

complete elliptic integral of second kind with modulus

n/2
K = /1 - np, (f 1 - kPsin®z dz>
0

refer to partial derivatives of each coefficient
with respect to © and a, respectively; for

)
example, Cp, = S (Cy)

refers to control surface

refers to an origin located at root-chord leading
edge of control surface '
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ANALYSIS

Scope

The present analysis, based on the solution of the linearized
equation for steady supersonic flow, employs the methods of refgrences 15
to 20 to derive expressions for the control-surface characteristics due
to deflection CL&’ Cza, Cmg: and Ch6 and due to wing angle of

attack Chaf This investigation includes both subsonic and supersonic

leading edges (fig. 1) but is restricted to wing - control-surface con-
figurations having supersonic trailing edges. 1In addition to the funda-
mental limitations of the linearized theory, the assumption is made that
the innermost Mach line emanating from the root-chord leading-edge apex
of the control surface does not intersect the root chord of the wing
(fig. 1). Furthermore, the gap between the deflected control surface
and the wing is assumed to be completely free of leakage (thus effects
beyond the scope of linear theory are not considered; see reference 19).

Basic Considerations

The deflection characteristics <CL6, Cie» Cny and chh> and
O

m
(o}
the characteristic due to wing angle of attack (?ha) can be derived
when the respective lifting-pressure distributions are known. The
linearized lifting-pressure-coefficient distribution is given by

T

where @(x,y) is the perturbation velocity potential on the upper sur-
face of the control surface. This potential due to control-surface
deflection may be determined by the use of references 15 to 17 or may
be obtained directly from references 19 and 20. As a consequence of

the use of linearized theory, the wing is treated as being at zero angle
of attack and, hence, the pressure distributions for the deflected con-
trol surface (table I) are independent of wing geometry.

The pressure distributions due to angle of attack in the vicinity
of the wing tip are derived for configurations in which the control-
surface and wing leading edges are unequally swept (fig., 1). These
pressure distributions (table II) have been derived by means of refer-
ences 15 to 18 for both subsonic and supersonic leading edges. The derive-
atlons of the pressure distributions for the configurations having super-
sonic wing and control-surface leading edges are straightforward; whereas
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for the configurations having subsonic wing and control-surface leading
edges, an approximation (in which the effects of the secondary Mach
reflections are essentially neglected, reference 18) to the exact line-
arized tip velocity potential is applied. This approximation reduces

the integration of the disturbances in the forecone (OBPE) of a point x,y

(fig. 2) to an integration over the parallelogram (APCD). Evvard
(reference 18) has shown that, for certain limiting cases, the paral-
lelogram representation reduces to known exact linear solutions; how-
ever, it is approximate for the cases where the Mach lines lie ahead
of the leading edges. As the angle between the Mach lines and the

leading edges decreases m—%>%>, the error in the approximation approaches

Zero. More detailed information regarding the approximation may be
found in reference 21,

Evvard (reference 18) compared the pressure distributions on a
thin pointed wing derived by the approximate and exact linear solutions
for the velocity potential and observed that they differed only in the

constant of proportionality. The error between the constant K = —r-—————
(1l + mB

of the approximate linearized solution and of the exact

1
E(VL - n2p2)
linearized solution increases from O to about 27 percent as the com-
ponent of Mach number normal to the leading edge (mB) decreases from 1
to 0. When the approximate solution for the velocity potential is

modified by replacing K Dby the result reduces to the

1
E(VTI - meﬁé),

exact linearized solution for the limiting case m =‘m1 <?ote also

l .
s(J1 - 2p2)
is no guarantee that such good agreement may be expected for all con-
ditions (m] # m), the modified solution will be used herein to obtain

Cha' For a more thorough discussion regarding the constant of propor-

that K and are identical at m = %). Although there

tionality, see reference 18.

Derivation of CLg’ Cy Chg’ and Cy
- a

6) Cma’

The general forms of the expressions for the characteristics due
to control-surface deflection and wing angle of attack are

1 Ap
C = o — ds!? 2
L Sffs,fqa @
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_ 1 ‘_A__p_ '
“1g = bfsf/;, fy ®* (3 v
1 — Ap
Cope = - — ast L
g CerfL: fx gd ()
_ 2 —' Ap
£, °f
el J g
= - — as 6
Cha 2bpcy S¢ x qa (6)
T

where the integration includes the region of induced 1lift in addition
to the control-surface area for equations (2) to (4) and includes only
the control-surface area in equations (5) and (6). The factor by which
the hinge-moment coefficients were made nondimensional includes the
root-mean-square chord of the control surface.

Since the pressure-coefficient distribution due to control-surface
deflection Ap/q 1is conical (see table I), the integrations indicated v
by equations (2) to (5) may be conveniently accomplished by means of
polar integration. The details and limits for polar integration are
presented in figure 3, and the resulting generalized equations and
specifiic cases are presented in appendix A for the subsonic and sonic
leading edges and in appendix B for the supersonic leading edges.

The form of the pressure coefficient due to wing angle of attack
Op/q  is conical for the supersonic leading edges (table II), and
hence, polar integration is also applicable in this case. (See appen-
dix C.) However, due to the nonconical form of Ap/q in the tip region
for the subsonic leading edges (table II), integration is performed in
Cartesian coordinates in appendix D.

Control-Surface Parameters

The rolling-moment- and pitching-moment-coefficient derivatives
have been obtained about the axes of a Cartesian coordinate system
located at the leading edge of the control-surface root chord (fig. 3)
and may be transferred to any convenient reference axes by means of
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¢, ¥ =2¢ 33 c (7)

N T R e ¥ f
2X

C,*=0C, + —C 8

where the asterisked quantities in equations (7) and (8) refer to the
transferred quantities and X and Y represent the horizontal and
vertical distances between the present axes and the desired ones.

The hinge-moment coefficients were made nondimensional by dividing
the hinge moment by the moment of area of the entire control surface
which incorporated the control-surface root-mean-square chord., If
these coefficients are to be referenced about another moment of area,

Ebefr
oM

then the coefficients given herein are multiplied by the ratio

where M 1s the new moment of area.

Since the hinge—momenﬁ coefficients are linearly dependent upon the
nondimensional hinge-line location xp', the results are presented in

terms of the hinge-moment parameter about the origin (independent of
1
' .
xp') (Choc,6>o anci the moment of llft‘ on the control surface (C-La,5>f’

where C means C or C and C ) means C or
ha,& hy hg ( La,6 T ( La)f

¢¢%>f' The assembled hinge-moment coefficient is

Chg 5= (Cngg)o * B (Cla,e)e | (9)

~ For a balanced control surface, Cp g must be zero and hence the loca-
2 .

tion of the hinge line for this condition is

(CLQ96>f

() (10)

1The 1ift referred to includes only the 1ift on the control sur-
face and excludes the 1lift induced on the wing by the control surface.
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It should not be assumed from equation (10) that the balanced
hinge-line location is identical for control-surface deflection and
wing angle of attack. On the contrary, this condition is difficult to
incorporate in the design by virtue of the many geometrical variables
affecting the quantities on the right-hand side of equation (10). How-
ever, the location of the balanced hinge line for a configuration in
which the wing is at an angle of attack o and the control surface at
an angle o + ® may be obtained by applying equation (9) for & and
for o and writing the results in the form

[(ch6>0 + (ch)thﬂa (11)

Ch

and

Cn

[(Cha>o + (cLa>thﬂa (12)

where xp* 1is the desired balance location. If equations (11).and (12)
are added, the resulting expression gives the hinge-moment coefficient
of a plan form in which the wing section is at an angle of attack «
and the control is deflected at an angle of a + ©. If this result is
set equal to zero (that is, the new configuration is balanced),

Xy % = (Cn5)o * Cugo 5
| (CLé)f * (CLa>f

When «/® 1is zero, equation (13) yields the hinge-line balance position
for deflection obtainable from equation (10), and, when o/d is infinite,
the corresponding position for angle of attack is obtained.

(13)

ofQ

RESULTS AND DISCUSSION

Appendixes A and B present the details and resulting expressions
for the control-surface deflection characteristics for configurations
having subsonic and supersonic leading edges, respectively. The formula
numbers from appendixes A and B for the expressions developed from
equations (2) to (6) corresponding to every possible combination of the
control-surface parameters (mjB and mpB) and the wing parameter (m3B)

within the scope of the present paper are presented in table III for
convenient reference,
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The details and formulas for Chq are presented in appendixes C

and' D for supersonic and subsonic leading edges, respectively. These
results include the effects of wing leading-edge sweep and aspect ratio
as well as Mach number and control-surface geometry. In addition, an
illustrative calculation is presented in appendix D for the case where
the control-surface and wing leading-edge sweeps are equal.

Design charts are presented for the deflection characteristics for
the basic configuration (a configuration having equally swept wing and
control-surface trailing edges) in figures 4 to 8., Figure 9 is a plot of
the location of the hinge lines for balanced deflected control surfaces.
Calculations for configurations in which the wing and control-surface
trailing edges are unequally swept are given in table IV.

Analysis of the calculations presented in table IV for deflected
controls when either the wing or control-surface trailing-edge sweep
is held fixed while'the other 1s varied indicates that more significant
changes in CLS’ CZS’ and Cm6 from the basic values occur for varia-

tions in wing trailing-edge sweep than for similar variations in the
control-surface trailing-edge sweep.

A study of figures 4 and 5 suggests the use of slightly swept
supersonic control-surface leading edges in order to obtain greater

" 1ift and rolling-moment coefficients. When structural requirements

demand the location of the hinge-line balance position (for deflection)
in the vicinity of the midchord, the control-surface trailing edges
should be either unswept or slightly swept forward and the leading ,
edges should be swept back (fig. 9(b)). Generally the center of pressure
of the hinge forces for angle of attack is to the rear of the position
for the deflection-alone case, The value of (xn')g (fig. 9) for
deflection may be moved rearward by decreasing the sweep of the control-
surface trailing edge or increasing that of the control-surface leading
edge, the latter being less critical than the former. Due to the many
variables (wing and control-surface geometry) affecting (xh')B for

. angle of attack, it is suggested that, for a specific configuration,

the effect of any change in the control-surface geometry on (xh')B be

investigated and the result compared with the value for deflection.
However, it is pointed out that for a configuration having supersonic
wing and control-surface leading edges where the Mach wave from the wing
root-chord apex does not intersect the wing tip, the value of (xh')B

for angle of attack is merely a function of the sweep of the wing and
control-surface leading edges and the control-surface trailing edge.
For this case, a short trial-and-error method of cbtaining a better
value of the wing leading-edge sweep than the given value may be used
to‘obtain a value of (xh')B for angle of attack which may be more

satisfactory.
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Another reason for choosing supersonic control-surface leading
edges 1s to prevent the possibility of aileron reversal (see fig. 5)
inherent under certain conditions for subsonic leading edges.

In the preceding discussion the role of the wing trailing-edge
sweep in the design of controls was not specifically mentioned. Since
the results in figures % to 8 are for basic configurations, the wing
trailing-edge sweep m3B had the same value as the control-surface

trailing-edge sweep mpB. In an actual design problem where the wing

trailing-edge sweep is known, a basic configuration is not necessarily
desired since this restriction could fix the control-surface leading-
edge sweep at some undesirable value. - However, if the wing trailing
edge 1s swept forward slightly, such a basic configuration probably
would be desired. If the basic configuration is not the desired one,
design would proceed as follows (consider B = 1):

(1) For low values of sweepforward of the control-surface trailing
edge mo, CZS does not vary much with supersonic leading-edge sweep.

However, a few investigatory calculations with different values of mo
and m; (constant m3) may be desirable, where

1 1
m =, = .
;L-+ Ei 1 2Cfr
e A m by

(2) Having obtained the control-surface geometry (wing geometry
known), the locations for balanced hinge lines (xh’)B for deflection

and for angle of attack are obtained from equation (10). If these
values are acceptable, no problem is anticipated in locating the hinge
line. However, if the travel of the hinge-line balance is greater
than desired, the method of reducing the travel should be dictated by
the positions of (xy')y for deflection and (xp')g for angle of attack.
If the value of (xp')y for deflection is more forward then desired, '
it may be moved rearward as previously described, and if the value

of (xh')B for angle of attack is unreasonably rearward, a systematic

trial-and-error method involving wing geometry is suggested.
CONCLUSIONS

By means of linear theory, generalized expressions in closed form
have been obtained for the characteristics due to control-surface
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® deflection (CLS’ Ciss Cmy, and Cha) and due to wing angle of attack
(Qha> for wing plan forms having triangular-tip control surfaces at
supersonic speeds.

Charts are presented for the deflection characteristics for basic
configurations having the sweep of the wing and control-surface trailing
edges equal and for the balanced control-surface hinge-line locations.
Tables of calculations are given for configurations in which the wing
and control-surface trailing edges are unequally swept. From these
results the following conclusions are made: ' ‘

1. The results of the analysis indicate that characteristics are
not greatly affected by varying either the wing or the control-surface
trailing-edge sweep; however, a change in sweep of the wing trailing
edge will affect CL&’ CZa’ and Cm6 more significantly than a corre-

sponding change in the control-surface trailing edge (Chg 1s not affec-
ted by the wing trailing-edge sweep).

2. The leading edges of the control surfaces should be supersonic
in order to obtain the largest possible rolling mohents and to prevent
the possibility of aileron reversal inherent under certain conditions
for configurations having subsonic leading edges. '

3. Unswept or slightly sweptforward control-surface trailing edges
combined with sweptback leading edges are suggested if the hinge-line
balance position for control deflection is to be in the midchord vicinity
of the control-surface root chord,

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., January 25, 1952
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APPENDIX A

GENERALIZED AND SPECIFIC FORMULAS FOR CLgs Clgs Cmg,

AND Ch6 FOR SUBSONIC AND SONIC IEADING EDGES

The generalized formulas for the derivation of the characteristics
CLgs Cigs Cmg, and Chy for subsonic and sonic leading edges are:

8T (np - mp)e | fta P /—17
CL = m2
° a1 + mp) mB - t (& B~ta>2
ta=0 [T+% dt
m32 f i B+- i : 2 (A1)
tg=-1 171 ? (m3B - ta) '

¢y - : 16(m2 - m1>282 3 Jﬁmlﬁ , 1+ ty ty dty .

5 " n2

3mp?/mB(L + my) o Ymp -t (mpp - ta>3

3 1+ ty tg dtg
"3 JF \/mlﬁ - tg <@ B - t;>3 (82)
o - lEleB(’nE - ml)B f P [T+t dtg, .
o 3113112(1 + mlB> 0 mPB - tg (mQB - ta)3

f /l + tg dt, (a3)

Ve - o (ugp - 1)
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GfPuo(np - mp)p
(@ mp)

‘Ch6=_

\l%@ﬁ f T+ t, dtg,

15

0 mB - tgy (m 8 - ta>3 \

3X'f l+ta
h
. mlB - t

(ak)
(mgﬁ - ta) . .

For the basic éonfigurétion (me = o3 = mTE)’ the formulas for the

characteristics resulting from equations (Al) to (AL) are:

e (45)
\[mTE - m )(mpg + 1)
Crg = .emTE<3mlmTEB + bamy - ‘mTE> (16)
3(mg + 1)\/(’3“1“E - m1)(mqgh + Dmy
oAy (bmygh - myp + 3)
Cmg = - - T 3/2 (A7)
3[(rem - m1)(orsp + 1))
Chy = (Cha> o * *n'(Crg)s ‘ (48)
| (Cng)o =- St mymggh + 2 - baggh - Sem
(@ + mp)(myB - bmpgp - 3)A1 ,
4 | (49)
2;[(mIE - my)(mpgh + Dmy
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where

Ap = 2+ tan-l mytrgf + 2my - o (A10)
2\/(‘“1E - m)(Bpgb + L)my ,

18my mpp 1 (l + mlB>Al
C =
( LS)f n(l + mlB> Dy ¥

(A11)

2\/(mm - mp)(mrgB + Ly

For configurations having 1 < |moB| <o and 1 < ‘m3[3l < oo,
1< 'mgBl < o and m3B =1, mpB =1 and 1 <|m3B| <w, Or mof =1
and m3B = 1, the formulas for the characteristics resulting from
equations (Al) to (A4) are:

~ 8ml<ml - m2> m22 1, (l + mlB)Ag

. S
° mp(l + mp)|m - m2|"R 2(mz - m1)(mab + Lmy

m32‘ 1 . (1 + mlB>A3 (a12)

- m
my m3 3 2/<m3 - ml>(m3B + l)ml

where

1 mlmEB + 21111 - m2

Ao - g— + tan” (A13)

2(mz - m1) @b + Lmy

and

As = tan~l e - -2’5 (ALlk)
2/(m3 - ml)(m3[3 + l)ml
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) Ca = by - mp)® | mp3 SmmpP + am + mp
L ' : 23 3m22(l + mlB> (ml _ m2>2 (mQB + l) my
(l + miB) (3mlm26 + Ltml - m2>A2 '
2/(m2 - ml>(m2[3 + l>ml

3

(m - m3) (mgp + 1) "3

-+

o _ hml(m]_' - mg), m23 2m) + mlmEB - lrm22B - 5m2‘
! "5 Smp(L + mip ) 2 3 ¥
| (m - mp) (mpB + 1) e
( . m1B)(m1p - hmof - 3)Aj )
2‘/(1112 - ml> (mgB + l)ml »
; m33 ‘ 2m; + mm3p - 4m32[3 - Sm3 N
(m - m5)"(msp + 1) =
(l + mlBXmlB - 4m3B - 3>Aj' (416)

s - 2/<m3 - ml><m3B + l)ml

17

- 4m - . | | .
G+ ,I,nlﬁ>(3 11030 + fmy m3)ﬂ . (A15)
_ 2\/(““3 - m)(msB + Dmy o |
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3mmp” 2my + mympP - bmgp - Smp
+

T((l + mlB>(m2{3 + l)(ml - me) m22

(re)o = -

(l + mlB)(m15 - hmyB - 3)Aﬂ (A1T)
2(m2 - m)(met + L)my
18m 1+ mB)A
(Ce0)s - 1M | (2 + mPB)ap (A18)

ﬂ(l + mlB) m—2 2Km2 - ml>(m2B + l)ml

For configurations having 1 < |m2[3| <o and m3f = o, the formulas

for the characteristics resulting from equations (Al) to (Ak4) are:

o - 8ml(ml - m2> m22 1 ) (1 + mlB)A2 ‘e
% mp(L + mp) |mp - mpfP2 e

(m2 - ml>(m2B + l)m

(X + mpay
+

2/5173

1 (A19)

where

Ay = -2 tan'l( - > (A20)

[ap
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Cy, = H(my - mp)? m’ Fhane? + 2oy + mo
5 3mp2(1 + mp) (2 - m2>2<m23 + 1) m,

™)

( + mp)Guymp + by - mz)Ai‘J i v

SmyB + 1 +
272 - )b + Doy

(L+ 1‘115)<31111B “ QAEI} 0 (A21)

A R mp3 Em ) + myngs - l*m2 P
Me =
3mn2(l + mlﬁ) (ml - m2> (meB + 1)

(l + mlBXmlB - kmop - 3>A2] o 2 . (1 + mlB)AEl} (A22)
2((zz - m)(mgh + L)y |

2
(Chg)o - / 3mlm2 Enl + IIllmgB - l4'1112 B - 51112 .
)

o+ m)(onh + o -

(A23)

(1 + mlﬁ) (mlﬁ - bmpp - 3)A2j,
2\/(m2 - ml)(mgﬁ + l)ml

18mm. 1+ m]_B>A2
<CL8>f (l +lmi5> mle ( ~v .
2|/<m2 - m))(mye + Lmy
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For confilgurations having mof = and 1< |m3[3, <w or mpp = o
and m3[3 = 1, the formulas for the characteristics resulting from.

equations (Al) to (AL) are:

B 8ml
) n(l + mlB)

m32 i . (l + mlB>A3 (A25)
my - m3 m3 > /<m3 _ ml) (m3[3 N l)ml .

C26 =-_______i__ i 3mlB 14 (l + mlB>(3mlB - l)<Al|. + Jt) i
3n<l + m15> B gy

CLy L+ (L+mp)(ay + n)+

+

m33 Emlm3[3 + 2ml + m3

(ml - m3>2(m3B + l) m3

(l + mlB><3mlm3B + bmg - m3)Ai] | (A26)
2@3 - ml>(m3B + l)ml

e L GG )
3n<l + mlB) \/@

3

nB mjm3p + 2my - hm32[3 - 5m3
(ml - m3>2<m3B + l) m32

(1 + myp )(myp - bmsp - 3)Aj : | (427)
2‘/<m3 - ml><m3f3 + l)ml '
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.6; +‘m ‘ 4+ @
(cha)o (1 " mm) N ¢! ;%3(“‘.4 ?’ (A28)

Cro)e = - 3Cng)g (a29)

For configurations having mpB = o and m3B = «, the vformulasb for
the characteristics resulting from equations (Al) to (Ak) are:

Crg = u\/llTBi | (A30)

0y = i D (a31)

N ) 43e)

. 6m:L [ (l + mlB> (A)\L + 1() (433)
(Cha)o (1 " mlB>f ' op 2
(CLa)f = - %(Chs)o (A3k)
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For configurations having mpB = 1 and m3B = o, the formulas for

the characteristics resulting from equations (Al) to (AL) are:

CL6 _ 8m1(l - m1[3> 1 1. (l + mlB>A5 1. m (A35)
n(l + m]_B) 1-mB 2\/211115(1 _ mlﬁ> 2\mq B

where

B 1 3mB -1
As = 5 + tan (A36)

2‘/211115@ - mp

2
i, = l#(m]_B - 1) 1 _ Smyp 4+ 1+ (l + mlB)('{mlg - 1>A5 ]
3L+ mpp) [2(m8 - 3) 2y2mp(1 - m8)

3mp - 1 - (2 mlﬁzfi;p - 3) A”} (A37)
my . .

o 4ml<l - mlB) 1 i, . (l + mlB>(7 - mlB>A5 )
IR IO E<3 ? 2yemy 51 - mle):,

oo s (1 + mlﬁ}é%] (A38)
vy B
3n me)(7 - m
s LR Ol L L
21{(1 - m12132> 2\/211115(1 - mlB>

(C1s)s = . (1 mis (A40)
Jf(l +4mlB> 2/311156- _ mlF3>
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For configurations having mpf = -1 and 1< |m3B| <® or &= A= .1
and m3f = 1, the formulas for the characteristics resulting from equa-

“tions (Al) to (Ak4) are:

. 8ml 2 m32' 1 <l + -mlB>A3 ‘
Ly = T (i)
1 1 3173 2l/<m3 - ml><m3B + l)ml

1#(1 + miB) l6iml m33 3mymaf + 2my + mg
C = -
g ' 3 3(1 R m1@>2 (ml _ m3>2(m38 N l) s +
(l + ml£3>(3mlm3[3 + Mml - m3>AE] ‘ ' ‘ (w2)
2\/<m3 - my) (3B + Dmy |
e =_4m1J;(mlﬁ +3) . g mmap + 2m) - bmap - my

3x ]E(l + mlﬁ)z @l - m3>2(m3[3 + l) m32 '

(& + mp)(mp - bugp - 3)A{| - | (a43)
2\/<m3 - mp)(ngp + Lmy |

8m (m B+ 3)
o S AN (A4Y)
( ha)o n(l + mlB>2
3m ()

| ‘(CL8>f=m |
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For configurations having moB = -1 and m,f = «, the formulas
2 3 )

for the characteristics resulting from equations (Al) to (AL) are:

8my| 2 (2 + mp)ay
CLS:T]—"‘m]_B-l'._\/—Tn—_F{_—] (AL6)
. ll-(l + mlB) l6ml i E3m Bl (l + mlB>(3mlB - l)Ah
ls 3n 3(1 + mlB>2 BI”L 2yfm; B

Cm6 =

ok M_22—+LW’*A | (AL8)
3n 3(1 + mlB)2 \/El_lﬁ

8m1(m1p + 3)
Ch = - (AL9)
( 5)0 T[(l N mlB>2

36my  (a50)

(CLa>f -

n(l + mlB>
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APPENDIX B
GENERALIZED AND SPECIFIC FORMULAS FOR CLg, CZS, Cma,

AND Ch6 FOR SUPERSONIC LEADING EDGES

The generalized formulas for the derivation of the characteris-
tics CL&’ CZS Cma, and Ch6 for supersonic leading edges are:

HB<m2 - ml) 5 fta:mlB . 1. mlBt)
ma
mna’ml B ta:O linB -t <m2B - ta)

0
1 - t tg dt
m33f cos'1<ll m138> i (B2)
-1 lB - ta a 3

8B (me - ml) 3 m P _1ft - miBt dtg,
Cm6 = - m, cos” ( / 3
31&112"11112[32 -1 0 mlB -~ 1t <m2B a)
; fo _l<1 - mlBtsx dty (83)
m cos
] -1 P - ta/(m3{3 -t )3
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my B
C = - 3m26(?2 _ ml) 2mn3 ' cos-1 - M Pty dta -
hg 2 o o

nfm 262 - 1 (mgf - %)

1P =ty

m) B - dt
3%y Jf cos'l<; mlBtﬁ) a (BY4)
B -t 2
0] 1 a (sz - ta)

For the basic configuration <m2 =m3 = mTE): the formulas for the
characteristics resulting from equations (Bl) to (Bk4) are:

i
Cr, = __TE (85)
Vmpg?6® - 1

L m 2p2 4 - 2m

cry - myg (m npg”B° + mpg - 2my) =6)
3
3m, (mp282 - 1) /2

L 2 82 _ 2.2 1

Cn = o <mlmTE cmpg A+ > (87)

5
3(my - myg) (opp e - 1>3/2

Chy = (Cha) o xh'(cLB) . (B8)
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é 3 2 ml<ml - 2mTE>cos’l<—£E>

i

+

v

(Pos)o = - 1 = 5
n(my - npg)|my B - 1 PIE

(m - mpg)|/my %6 - 1 )

mTEQ@TE2BE -_1)

my cos'l<ﬁ£§>
(CL6>f - -

7 1282 -1

For configurations having 1 <« lmgBl < o and 1< |m38|.< o, the

formulas for the characteristics resulting from equations (B1l) to (BL4)
are:

o Mmo-me) | omp? m _1< 1) m22 -1 1>
Ie = — + - COS (— 5-2—5 -

m m B -1
3 _* cos“1<_}_> - _E;——————-cos'l<—£—> (B11)
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o 11
C l+<m1 - m2>2 m23 m) “cos (mTB) ' m1262 1
1s = ]
° 3nmlm22 m12B2 -1 M- ™

mlm22[32 +mp - 2my mleﬁe o1

-1/ _}_) )
<ml - m2>(m2252 _ l) m2252 i cos ( e

2 -1/ 1 L
m33 FCOS <n_1_iE) mlgﬁe_l

m - m3) mg(m - m3) B m32ﬁ32 N

2
mn3”pe + m3 - 2w Imy®p® - 1

-1 _l__
(ml - m3>(m3252 _ 1) m32B2 T cos (m352‘l (B12)

4(ml - m2> 1,3 ml(ml - 2m2)cos'l<$> VQEBT_E

+ 1 +
np(mp?p2 - 1)

Cp = -

° - 2
3m2‘/m T mp (ml - m2>
2 55
(m - m2)<m2262 - 1) my2pe - 1 TP

m33 E(ml - 2m3)cos‘l<1%§) \/mlTBE_——I

my - m3 m32<ml _ m3> + m3<m3252 : l) -

2,2 55 cos (._) (B13)
(ml - m3><m3 e - l) m3 pe - 1 m3B

»
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3m22 - ml<ml - 2>cos'l<nT]l_—B>
C L= -
() n(my - mp) oy26% - 1 e’

(o - 2T e 1

cos'l<- —l—)
msf

mp(mp%® - 1) m B
(B14)
55 '
m my BT - 1
(CL5)f e |1 cog~+ __l__> + -—1—2—2_—. cos"l(— 1—1-1}—B-> (B15)
1232 _ 1" m my<pe - 1 2

For configurations having 1 < ImQBI < o and !m3B = o, the formulas

for the characteristics resulting from equations (Bl) to (BL) are:

2,2
c 4<ml - m2> m22 ml o 21/ 1 . ml B -1 -1 1 N
L. = — cos (——) —5—— cos™* [~ ——
mnevmleﬁg -1 |- memy m B my~pT - 1 myB

-1/ 1 x [ 25 ~ |
ml cos <m—l-é-> - -2-5 1 & - l} (Bl6)

2 - 1
Cy = by - mp)” mp3 ML 5P l<@) ) ymp” - 1
Y mym Yt - 1 1t (1t ) w2

-+

! cos"l<- —l—> -
(my - mo)(mp® - 1) m82 - 1 we?

m;°cos™ <n-§.§> - _1§\/ 1+ \/ml -1 (B17)
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o lL(ml - m2> m23 ml<ml - 2m2> -l< 1 . ml2B2 1
me = - cos +
B m - mojms~(my - m m)
3mmp\my 2p2 - 1 S e <l 2> mg(m2252 - l)
2 2.2
mmaP” + 1 - 2myp m1282’1c08“1< l) +
20 2,2 T mof
(my - )" - 1) V%" - ?
om; cos~l(—) - Zf2e? L 1 (B18)
-1/ 1
3m22 ml<m]_ - 2mg>cos <@>

+4-

Cy ) = -
ek x(my - mp)ym %% - 1 mp

<ml - m2>wml p2 mlmQB +1 - 2m 2{32 Im B2 os'l(- ..l_.>
mg(me - l) m2252 -1 mo 22 _ 1 moP

(B19)
2,2
9m2 my 1/ 1 ) m “p= - 1 _1( 1>
€1, —_— | = co —_ —_—— cos" - — (B20)
( 8>f rr\,g Y (‘nl[3 mp°p° meP

For configurations having 1 < ImgBI <o and m3f =1, the formulas
for the characteristics resulting from equations (Bl) to (B4) are:

252 _

C h(ml _ m2> m22 El cos"l< - ) + 1 ! cos"l< - ﬂ
L p— —— - ——— -
° mgfuZe2 - 1 |- me|™2 mb) " Vw22 - 1 2
1 -1/ 1 1 2,2
. lEl cos (ﬁﬁ) o le pe - :}} (B21)




NACA TN 2715 31

2, =171
2 m —_
oy - 4<ml - m2> mp3 [l o8 (mlB) Vm1282 -1

5 — -
Sy myPyny 27 - 1 M1 2| Te(m - mp) m2p - 1

+

2,2
mmp BTt mp - 2m o [ 2gE

cos'l<_ i_>

(ml _ m2><m22[32 _ 1) my282 - 1 mof

R G 1 - bm B ‘/m 02 _ 1

) Py 0 2

Cag = - ‘M(ml - m2> m23 ’;n-l<2m2 - ml> oe-1( 1
3oy 2% - 1 M1 - W2 ’lngg(ml - my) < ) )

Vm 262 - 1 mmpb® + 1 - 2my2p2 m2p2 - 1

- 1/ 1
np(we%? - 1) (- mo) (%% - 1)|ms2p2 - 1 - l(— 1@_) '

2

1 ' |’ 2,2
( ) ml(2 - mlﬁ)cos'J‘(n—l—iE) + LEmlB - 53>Bml P - l} (B23)

mlB—l

- 1
(Cns)o = - 3m2/2 fl e l<m1f3> .
0 +
n(ml - m2) m1262 -1 :

2
(ml - m2>\/ml g mlm2£3 + 1 - 2m2 B2 ml g2 1 - 1
mg(mggﬂg - > mo B -1 I 2ge . l <- IIQ—B>

(B2k)
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Ims my _1< 1 ) m1252 -1
= —_— + —_——

5> cos~1 (— fﬁ%ﬁ) (B25)
my=p= - 1

For configurations having mpB = « and 1 < |m3B| < =, the formulas

for the characteristics resulting from equations (Bl) to (BL4) are:

L -1/ 1 b1 2D
Cre = ———————<mj cos <———>+—\/m B - 1 +
8 m 2 1
262 - 1 1P B

2

m m
3 1M el L (B26)
m - mg|m3 m) B
L 5 1/ 1 1 mq 1t
C = my“cos”H|{—=) + m282-l+—}— 262-l+
1 1 < ) -l Ll 1
5 my B 2B
3mmy 4 1252 1 1 B
2 -1f 1
oy - o3 m3<ml - m3) m32[32 -1
2,2
mm. "B + mx - 2m
L3 S (B27)

(1 - mg)(ms® - 1)
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) .
Chpe = = 2m cos"l ——l— + E|/m]_2[32 -1 -
® [ 22 1 mB/ B
3mymy“ps - 1
ng’ ml(2m3 - ml) <1 ) m2pe - 1 .
my - m3 m3 (m - m3) .'1.B m (m B
© a2 2.2 [ 22
mmLBc + 1 - 2my“B -
13 3 mleﬁe (B28)
TR il =)
1 n|/ 2.2
(Cha)o F— m; cos” (EIE) + 5 m1 B —3 (B29)
(B30)

(Cre)e = - 3 hs)o

For configurations having msB = o and m3B =

1, the formulas for

the characteristics resulting from equations (BL) to (BL4) are:

1/x 1 55
- ™ ] (30)

-1/ 1
ml cOs (EIIB-

1

mip -

4
ﬂll{r-lleﬁg -1

L 2 4 4
3smq Ymy =P
- 2 2,2
1 Y (1 - 4mB)|m %p% - 1
mj“cos + (B32)
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Cm

” 2,2
> 3n\/m B2 {El o @ R _]-

(‘?ﬂ*_l_j)elgl@ - ) cos_l(mlﬁ) G - 5>/m—l—j} (B33)

6
(Cha)o = - WE cos"l(ﬁi—ﬁ> + -2%%;12[32 - :] (B34)

e - - K 5

For configurations having moB = » and m3B = o, the formulas for
the characteristics resulting from equations (Bl) to (B4) are:

CL6 = % (B36)
I
8
Cmg = - 35 (B38)

6 -1{ 1 T l(“ 252 _ 1
(Ch5>o = - TE]_ cos (@) + EE 1 B -1 (B39)
H‘/ml e - 1

(CL6>f - %(C%)o | (B40)
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For configurations having moB = -1 and 1< |m3BI < o, the formulas

for the characteristics resulting from equations (Bl) to (B4) are:

Cr
Lg

(1 + m,yp
_( m) ) 1 Ecos-l(l#)Jr%“leBz_]Jr

. ’leBE -1 1+ mlB

2
m m
3 ._l cos"l<_£_> 2[32 cos (B41)
m) - mg|mg m; B ms B2 - 1 m3B
2 2
LA+ mp) 1 o 1 (+ by B)/my 252
m; “cos
37@1\@1252 -1 (l + mlB> (mlﬁ) 352
2 -1/ 1
m33 Iy “cos (@) “ 12[32 -1
- +

"Ly my(my - m3) w22 1

2my -~ m3 - mlm3262 1282 -1

(ml - m3)<m3252 - l) m3282 -

2
LL(l i mlB) = ml<mlB + 2>cos’l(ﬁ-l—ﬁ> + .
2132 1 1L+ mB 1

3njmy

cos'l(r-hi;—ﬁ-) (Bh2)

PP or e | s (M) __1_> _
3B my - m3 m32(ml - m3> mlB

2.2
|/m B m B + 1 - 2m B - 1
173  m os"l(—-—l> (B43)

m3<m3252 _ l) (m - m3><m [3 - ]_) m3282 m3B
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(Ch?))O = - lB> + ;: 5le B2 -El

3 E;l(mlﬁ + 2>cos'l<m
n(l + ml;3>‘/ml282 -1 a

(Bhk)

9 11\, 122
- il v ) o

For configurations having mpB = -1 and m3f = 1, the formulas

for the characteristics resulting from equations (Bl) to (BL) are:

) 8(1 + mlB> Ee cos- 1 r——- :]
- <1252 )3/2 - ( > P =4

4+ mp)? 1\ .25 cos- (bmyp + 1)le B
) 3xfag2? - 1 <1 B) |+ ( 1B>

2
1 2 -1/ 1 1- “m134 22
m1<B cos + BT - 1 (BL7)
<m15 - 1> E <mlB> T
L(1 1
Cm‘c‘) = < i mlB) ( " l) [1<m16 + 2)cos'l<£§> +
3y 2p2 - 1 |\ 1

ampB + 5 1 e f 1
LRI - () e - modees ()
(w8 - 5) g 6% - ﬂ}

3B

Cy

+ml

(B48)
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1 emp+ 5 53
(Ch6>0 = - El mlB + 2>cos < B>+ 1 B —j.__l
<l + mlB>le B = 3

(C1e)s - _fﬁ> + -Mm———.j (850)

=k

For configurations having mpB = -1 and m3B = », the formulas for

the characteristics resulting from equations (Bl) to (B4) are:

(1 + mB 1
CL = ( ml > l ml Cos—l(iﬁ) + B]: 1252 - -
m:
5 n1252_1m15+ I 1 ‘

-1 L n“ 2.2
m; cos <@>+_2—B- 1B _1} (B51)

0, - G+ mp) < L >2E2 ( ) <4m18+1>\/‘5 ]
) Jom, g_lgﬁg_l- ‘mlB'."l 1 my 8

mlecos (mlﬁ) \/ﬂ—ll B -1+ m]_ﬂ‘ } (B52)

4 2
CmE> = - <l N mlB> ( L ) El<mlB + E‘)cos":L %) +
3 [mlg' {32 1 mB + 1 1
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Chg)o =~ 3/—“"E B -1 L leB ! 5
n<1 . mlB> m12;32 — l<m1 + 2>cos (m]_B) ]

(B54)

-——— + —Vm :l (B55)

(CL8> £ El cos”
an B -1 mlB
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APPENDIX C

DERIVATION AND FORMULAS FOR Choc FOR SUPERSONIC LEADING EDGES

lV
N
N\ === ~— — Mach lines
N\
J°
N
N\
N &
N
r Z
7
x Vg by

The generalized formula for Cha for supersonic leading edges is

ChCI- = <Chon 0 + Xh'(CLC:L)f (c1)

39
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where

+

(Ch) _ 3mm22<m2 - ml> < 1 >2 a1 6mm22<m2 ) ml>Bl
a,/0 L) 1 2 sy ,——-—mEBE ]

hy fmp ’
6m22<m2 - ml>B2 . 6ml<m2 - ml) oo + EE-‘( m - 1j B3

hy 3

6mf — - m;)B

m< > <m2 ml) L 18m<m2 i ml>B5
“11111112\/1‘“252 -1 mlmg\/mgﬁe -1

(c2)

CL) __ om ] 9mm2<m2 - ml>B 9m2<m - ml>B
< o/ /m282 -1 ml\/m252 -1 H‘/ml 62 _ 1

hy /m, 2 n \2
omfne + (2 - )| (oo - mi)sg m(mp - m1)<c—f~> By
r r

T Mo 2[32 -1 nmlmg\/mgﬁg -1
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and

0 (m 5 - ta>3
-1 1- mmlB2 /1
1 oo8 B(m - mD] cos l(mB) -
: <m2 - m1)2 mp? mo(m - mg)@eeﬁe ) 1)

l ~ mmq B2 cos" > _ 1
, m - m2 m - my ( ‘ (Ck)
cos'l<l - mlBt&) d.ta

mlB
B2 =f
0 mB - ty <m2[3 _ ta>3

.;_El@me ) v(lﬁ> B Z7

(e - =) mo(ey - m) (% - 1)

mlmEBg - 21112232'4' : m1282 _ lbéos—l( v l) | (c5)
o2f 2.2 \/ 22 _ 1 moB
(my - mp)? (%% - 1) V72" R '
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1 - th _1/1 + mpt at
B3 f cOS 3
mB—t mB + t <m2B—t)

7 (@202 - 2umyp? + Pmpp - 1)

<m2[3 - l) (m - m2)2
1 [ -1 1l - mBev -1 1+ mBzi’
5 [cos + cos -
(m2 - v) B(m - v) B(m + v)

2:112\/<l B Va)(meﬁe 2 1) ) cos-llér;?fv}] +
(m - mp) (m + m2>(m2 - v)(mgzﬁz - l) (m - m2>2

r\JIH

l + mB v
m+ V) VmB -1 mm2132+2m2282-1
(m+ mz) (m22B2 )L @)

mm2[32 _ 2m22[32 vl cos™1 ———-——-—l i} m2B2v (c6)
<m - m2>2 B(V - m2>

v = (c7)
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‘ - 1 - mpt 1
By = f os~i{ T~ ml + cos™L ’ th)
a. B—t mB+t t3
(m-v(m+v) _1l-va -ll+mBV
(m-v B(m + v)

n(l - mB )(1 + mB)
+ (c8)

)

[ <ﬂ2 _ :I l;eﬁ . (meAl— v)j s %)3(32 ] 315>‘C9)

- at
B = f -1 1 th gos"l(l + th)
mB -t mf o+t (mQB - t>2

, o262 - 1 -1
—_— tanh

) n(m?-l)r 3 2m, 252_1‘cos_ll-m282 i
e 36 e a2 G
-mBav
ll-mﬁv+cosll+mﬁ (m—V)
mo - vy B(m - v) B(m + v) m - m,
2, .
-1E+mB:| ‘ ‘ | (c10)
Iﬂ+V » .
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B f _11-th g-1(1 + mpt)fdt
7= P | )
B - t mB + t /|t
_x(l -mp) 1 _11—mB2 +Cos_ll+mf3v
m v (m - V) m+ V)
1 cos"ll+m52 _ll-va
= ———————— -~ CO
m smr v 5 Bmoy ' (c11)
m B dt
Bg =f cos-l(l - mﬁta) a
mB - tg

: —
. 1 - 2
m cos“l<i> (m - ml>cos'l —_mli];B;J
mf3 N B(m - my

mp (mp - m) ' (m - mp)(mp - mp)

2p2 _ 1 - 2
- il ! cos'l<— —l——> - cos™1 1o mmeh (c12)
m - mo m22[32 -1 map B<ml - m2>

-1/ 1 .
m, cos —— -1 1
) 1 <m1B> ) m12B2 -1 Ccos <- m28> (013)
- 2.2 m - mp
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When the Mach waves from the wing root-chord apex do not intersect

\ 1 5
the wing tip chord, m3B < — and equations (C2) and (C3) simplify
o . , v

l;.;__

Bhq
to

2 ’ .
. 6mm22(m2 - ml)Bl N

3mme2( - m) ‘1 ® /1
(Ch-;t)O T . ‘An—;% @12 - ml) ) (Eé) | ml\/ﬂ?B—E_,——I

| anlEBE - l‘

/

om ) 9mm2(m2 - m)Bg .\ Smy (1o - m)Bg (c15)
B2

CL ‘ = .
( G)f l,mg- 1 ml"mZBe - 1 ﬂ’mlEBE -1 B

If, in addition to this condition, A =A; (that is, m = my), equa-
" . tions (C1lh4) and (C1l5) are reduced to

Coedo = -

m2-m

3m22(m2 _m)< 1 ) ) (_:_L_) | (C16)

m262 -1

= (e17)
2

(Orde =
T k2R o
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-

When the Mach waves from the wing root-chord apex intersect the

tip chord, ms3B > _%r—’ and A = Ay, equations (C2) and (C3) become
- =0

1
Bhy
~
2 —
. ) J3m2(m2'm1) 1\ 12+
<h@>0 o7 m232 1 <m2 - m) - <;1;>
\ S

r Cr
r
m\R2e -1 m, /meﬁe R
~
18(m2 - m)B5 , (c18)
mz\[m2[32 -1
.
I(mp - m) by fm, §
ST R
VT 2e2 -1 P2 - 1 °ry
2 2
h h
9(my - m)(é—) By 9(mp - m)[m + Ei_:—(l - mB):I
LA z (c19)
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APPENDIX D

DERIVATION AND FORMULAS FOR Ch(1 FOR SUBSONIC LEADING EDGES AND

ILLUSTRATIVE CALCULATIONS FOR CONFIGURATION HAVING A = Ay .

Vv
\w o me —— Mach lines
\
\ \Xa _Ya
N ™
N va = mela - en)

Formulas for C for Subsonic Leading Edges
hy,

The formula for Cha for subsonic leading edges is

L= (Cha>o + Xh'(CLa_)f (D1)

where .
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Ja,
& -9fm - m) v mp fbf f@”fr [ % -,
ha)O -
| (ﬁ——l_mesg)l+m180 Yo mt/mx + ¥y + 2y

cfr3mlm2E /ml
. .
mx, + yg + 2hl
m dx; 4 D2
lV/mlxa . a Vg (D2)
+ce
(cL) _ 9(mp - my) /l ¥ mp f fmg t mlXa - Ya |
al T T 0 .
l1+m
| cr 2m.lng Jl m.QB2 1P Vo /m Wy + Ya + 2
mxg + Ya + 2hp
m ' dx, dy (D3)
1 m%g - Vo a a '

" Solutions to equations (D2) and (D3) are

9(my - my) [T+ mp N Iy
Gha>0 - 1+ myBlio ~<l B Ae™ - g -
nymoE(Y1 - w252 )

A 2h A k.2
f L +m+ (1 + VL + £ .
Cfr m2 2 2R2

(Equation continued on next page)

+
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2 .
ky 11 1 1 h k) - RA
e LA L), 1 , b -1 f1 - Bar
o e ) ]l - ) ().
81n"1k-%>+

3
h
(L)
T/ tanh™t -
3/2 2h
3(m + ml)(mml> / + C—fi
» r
(O -
k2711 1 T - ml(l + '—-)
<tanh" _ ' -
4 8mm R5/2(m +m ) RAg + < ' ml)( 2hl>
—= - —=|{m + —=
A
— _
D
tanh~1 -

k9
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where

D6)

|P§‘
B

}—J
g
+ .
o] N
H,lw
I 1
<
+
%g’mw

no
n
Im [
H

5

1

}-J
-
}_I
l@’l

&
~_ 2
!

w

'_J

=

‘—l
ﬁ?
o
~———

where

kl=ml(%+ l> +(Z—;- ><m+il;—i> (DT)
el e ) - e )
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hy [/m1 .
122 = )(mar m)° (D10)
Cfi‘ m2
hy fn hy (M3 2 : 2mml
r

Illustrative Example

It is desired to calculate Cha- and the travel of the hinge line
for the following configuration:

M=2 A=Ay = 70° Hinge line i 300
Ay = -30° . m = 0,36k
my = 1.732 Ag = 0° v «
| AV L A A v v & a7 s
h A b
= =o0.6986 £-L .00
Cfr Cfr




50. NACA TN 2715

From equations (D7) to (D1l),

R = 0.9039
k] = -1.832
ky, = 2.406
7, = 3.688
75 = =0.2687

From e@uations (D1), (D4), and (D6),
Chyq = =0.235 + 0.582(0.322) = -0.0473

where Cha is based on « 1in degrees. For the given configuration,
the travel (xh')B for angle of attack is obtained when Cha = 0; that
is,

0.235
= 0.73

(xh')B =

Similarly, the travel (xh')B for deflection alone is obtained when
Ch6 = 0; that 1s,

(%" 0,0508
Xh ) =
’ 0,0857

B = 0.593

Hence the travel of the hinge line is 13.7 percent of the control-surface
root chord.
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TABLE I.,- GENERALIZED FORMULAS FOR Ap/q DISTRIBUTIONS FOR A

CONTROL SURFACE AT CONSTANT STREAMWISE DEFLECTION ANGLE ©

[ 2
' T2
Xa,
Subsonic leading edges Supersonic leading edges
Reglon Formulas for Ap/q contributed by constant &
(see sketch) -
Subsonic leading edges
. 3/2
) OAB} . 8(mlﬁ> o Xy + Bya
"OBC ' -
B(L + myp) | mipx, - By,
Supersonic leading edges
le16 ‘
[ o] [ ——
m12B2 - 1
lm & %, - mpBoy
OAB} 1 COS-l a 1 a
0OBC
nvglzﬁg -1 mlBXa - Bya

“‘!ﬂ!’,"’
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TABLE II.- GENERALIZED FORMULAS FOR Ap/q DISTRIBUTIONS FOR A CONTROL SURFACE

MOUNTED ON A WING AT CONSTANT STREAMWISE ANGLE OF ATTACK a

~e— ——=—— Mach lines

Subsonic leading edges

Supersonic leading edges

Region
(see sketch)

Formulas for Ap/q contributed by constant a

Subsonic leading edges

1+ mB [mlxa'Ya +ml,mxa+ya+2hl
+yg+ 2 W B1Xq = Ya

OBC
1+ mB
B V B2> 1
Supersonic leading edges
hmo
®wing jgpe——
m2B2 -1
oy 1fx - mp®y -1[x + nply
1 —_——— |cos™ | ——] + co8” | ————
afm2p2 - 1 mpx - By mpex + By
lm, o
1
“flap
m 2p2 - 1
. bma - mB2ya 1[%a - mlﬁ%'a
cos”
am2p2 - 1 Bya - mfx nyml 1Bxg = BYg
3 (Dregion " B ropron 2 - (5)
region 1 4 region 2 4

®wing

n
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TABLE III.- LOCATION OF FORMULAS FOR THE>DEFLECTION CHARACTERISTICS FOR

ALL GEOMETRIC CONFIGURATIONS WITHIN THE SCOPE OF THIS PAPER

‘m2B _ m3p Formulas
(a) (a)
Subsonic and sonic leading edges
(see appendix A)
Pmp = my = mpg ' Pmp = mg = myy (A5) to (A11)
1< |mpB| < w 1 <|m3ﬁ| <w (A12) to (A18)
1< |mpB| <o .m3B = " (A19) to (A24)
1< |m2f3| <o mp = 1 (A12) to (Al8) :
P = w 1< |ngp| <o (425) to (A29)
mp = ngp = 1 (a25) o (a29)
moB = o m3p = w (A30) to (A3k)
mpp = 1 1< |m3p| <  (A12) to (A18)
mpB = 1 mp = 1 (A12) to (A18)
mof = 1 ) mp = w (A35) to (ako)
mof = -1 . 1< |m3B| < (k1) to (Ak5)
mpf = -1 mgB = 1 (ak1) to (ak5)
mop = -1  m=ow | (as6) to (as0)
Supersonic leading edges’
(see appendix B)
bm2 = my = bmé ='i3 = me (B5) to (B10O)
1<|mB| <w 1<|mgp| < (311) to (BL5)
1< |m25| <o . mp = w (B16) to (B20)
1 < |mp| <o msp = 1 (B21) to (B25)
mpB = 1< ]m3B| < w (B26) to (B30) o
m2B = mgp = 1 ~ (B31) to (835)
2P = o m3p = e (B36) to (BhO)
mpp = -1 : 1< |mgp| <o (BUL) to (BU5)
méﬁ = -1 mp = 1 (B¥6) to (B50)
mpB = -1 m3p = e (B51) to (B55)

amEB or m3B =1 refers to sweptback sonic trailing edges;
moB  or m3B = -1 refers to sweptforward sonic trailing edges; and
myB  or m3B = o refers to either unswept trailing edges or M = «,

bBasic configuration.
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TABLE IV.- CALCULATIONS OF DEFLECTION CHARACTERISTICS FOR UNEQUALLY
SWEPT WING AND CONTROL-SURFACE TRAILING EDGES
mlB m2[3 mSB BCL& BCZ‘B cha (BChB) 0 (BCLB) £
0.10 2.0 &2.0 1.0596 -0.058868 -0.67543 -0,75582 1.0949
.10 2.0 6.0 1.1630 -.097987 -. 76579 -. 75582 1.094%9
.10 2.0 16.0 1.2054 -.11687 -.80595 -. 75582 1.094k9
.10 2.0 -16.0 1.2657 -. 14679 -.86640 -. 75582 1.0949
.10 2.0 -6.0 1,3265 -.18070 -.93136 -. 75582 1.0949
.10 2.0 -2,0 1.6406 -.kakol -1.3399 -. 75582 1.0949
.10 a2.0 2.0 1.0596 -.058868 -.67543 -. 75582 1.0949
.10 6.0 2.0 1.0740 -.064936 -.67567 -.72955 1.0820
.10 16.0 2.0 1.0785 -.066870 -. 67594 - 72177 1.0781
10 -16.0 2.0 1.084%0 -.069214 -.67637 -. 71269 1.0735
10 -6.0 2.0 1.0886 -.071138 -.67632 -.70533 1.0698
10 -2.0 2.0 1.1036 -.077623 -.67878 -.68295 1.0581
.20 2.0 16.0 1.7023 -.062599 -1.1718 -1.5125 2.1096
.20 6.0 16,0 1.7355 -, 087745 -1.,1602 -1.4032 2.0568
.20, 816.0 16.0 1,746k -.095880 -1.,1582 -1.3726 2,041k
.20 -16.0 16,0 1.7597 -.10582 -1.1567 -1.3379 2.0237
.20 -6.0 16.0 1.7711 - 11425 -1.1%61 -1.3105 2.0094
.20 -2,0 16.0 1.8088 -.14217 -1.1578 -1.2312 1.9667
.20 16.0 2.0 1,5678 -.020518 -.99864 -1.3726 2,0414
.20 16.0 6.0 1.6943 -.071279 -1,1089 -1.3726 2,041k
.20 16.0 816.0 1.7464 -.095880 -1.1582 -1.3726 2.0k14
.20 16,0 -16.0 1.8208 -.13494 -1.2328 =1.3726 2,041k
.20 16,0 ~6.0 1.8961 ~.17932 -1.3133 -1.3726 2.0414
.20 16.0 -2.0 2.2880 -. 49969 -1.8249 -1.3726 2,0414
.30 2.0 -2,0 2.5946 -.27145 -2,1092 -2.,2942 3.0704
.30 6.0 -2.0 2.6851 -.39421 -2,1226 -2.0359 2.9484
.30 16,0 -2.0 2.7152 -. 43489 -2.1325 -1.9681 2.9144
.30 -16,0 -2.0 2.7523 -.48518 -2.1473 -1.8933 2.8757
.30 -6.0 -2.0 2,784 -.52835 -2.1618 -1.8357 2,8452
.30 a_2.0 -2.0 2.8893 -. 67416 -2,2193 -1.6766 2.7566
.30 -2.0 2.0 2.0040 .020025 -1.2015 -1.6766 2.7566
.30 -2.0 6.0 2.1580 -.052935 -1.3356 -1.6766 2.7566
.30 -2.0 16.0 2,2218 -.088390 -1.3959 -1.6766 2,7566
.30 -2.0 -16.0 2.3130 - 14478 -1.4872 -1.6766 2,7566
.30 -2.0 -6.0 2,4054 -.20896 -1.5861 -1.6766 2.7566
.30, -2,0 a_2,0 2.8893 -. 67416 -2.2193 -1.6766 2.7566
.40 -16.0 2.0 2.3036 .17378 -1.4616 -2.3916 3.6479
o] -16.0 6.0 2.4415 .12003 -1.5815 -2,3916 3.6479
o) -16.0 16.0 2.4987 .091428 -1.6356 -2.3916 3.6479
ko -16.0 8_.16.0 2.5807 .045879 -1.7177 -2.3916 3.6479
“ho -16.,0 -6.0 2.6639 -.0060274 | -1.8068 -2.3916 3.6479
RTo] -16.0 -2.0 3.1012 -.38350 -2.3800 -2.3916 3.6479
.40 2.0 -16.0 2.95257 L17564 -1.8999 -3.1249 3.9980
.40 6.0 -16.0 2.5511 .10014 -1.7691 -2,6391 3, T7hs
.40 16.0 -16.0 2.5635 .075753 -1.7%27 -2.5197 3.7146
i) 8.16.0 -16.0 2.5807 045879 -1.7177 -2.3916 3.6479
.o -6.0 -16.0 2.5967 .020436 ~1.7017 -2.2958 3.5962
ool -2.0 -16,0 | 2.6%67 -.064688 | -1.674l -2.0420 3.4503

8Bagic configuration.

€
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TABLE IV.- CALCULATIONS OF DEFLECTION CHARACTERISTICS FOR UNEQUALLY

SWEPT. WING AND CONTROL-SURFACE TRAILING EDGES - Continued

'y

m, B m,B m,B BCry s Pl (Bcha)o (BCLs)f

0.60 -16.0 2.0 2.8710 0.49597 -1.8227 -3.2539 5.0047
60 -16.0 6.0 3.005% 43733 -1.9393 ~3.2539 5.0047
60 -16.0 16.0 3.0613 .40871 -1.9921 -3.2539 5.0047
60 -16,0 2.16.0 3.1416 . 36303 ~2.0726 | -3.2539 5.0047
60 -16.0 -6.0 | 3.2233 .31089 z2.1601 | -3.2539 | 5.0047
60 -16.0 -2.0 3.6549 -.070052 -2.7273 ~3.2539 5.0047
.60 2.0 -16,0 3.2063 L6l1k2 -2.6644 -5.0439 5.8217
.60 6.0 -16.0 3.1419 Jhéakl -2,2274 ~-3.7891 5.2789
.60 '16,0 -16.0 3.1384 et -2.1469 -3.5230 5.1466
.60 a.16.,0 -16.0 3.1416 .36303 -2.0726 -3.2539 5.0047
.60 -6.0 -16.0 3.1496 .31751 -2.0254 ~3.0629 L. 8983
.60 -2.0 -16.0 3.2000 .16755 -1.9388 | -2.5963 4. 6138
70 -2,0 2.0 3.0795 . 53050 -1.7186 -2.8075 5.1072
70 -2.0 6.0 3.2494 .43365 -1.8659 -2,8075 5.1072
70 -2.0 16.0 3.3202 .38632 -1.9327 -2.8075 5.1072
70 -2.0 -16.0 3.4219 .31076 -2,0346 -2.8075 5.1072
70 -2.0 -6.0 3.5253 L2240k -2.1455 -2,8075 5.1072
70 -2,0 a.2.0 4. 0734 - 40734 -2.8665 -2,8075 5.1072
.70 2.0 -2,0 3.8678 . 72405 -3.5364 -6.2033 6. 7487
.70 6.0 -2.0 3.8358 37776 -2.9917 -4, 3482 5.9754
.70 16.0 -2.0 3.8537 .26582 -2,9183 ~3.9863 5. 7964
.70 -16.0 -2.0 3.8869 .12710 -2.8653 -3.6311 5.6081
.70 -6.0 -2.0 3.9226 .0071831 -2.8436 -3.3855 5.4693
.70 &_0,0 -2.0 h,o73k | -.LkoT3h -2.8665 | -2.8075 | 5.1072
.80 16.0 2.0 3.3970 . 96318 -2.2869 -4, k297 6.4109
.80 16.0 6.0 3.5128 . 91656 -2.3872 =k k297 6.4109
.80 16.0 816.0 3.5611 .89376 -2.4328 =4, 4297 6.4109
.80 16.0 -16.0 3.6305 .85733 -2.5024 -4, 4297 6.4109
.80 16.0 -6.0 3.7012 81570 -2.,5782 =~k 4297 6.4109
.80 16.0 -2.0 | 4.0762 .51053 -3.0719 -4, 4297 6.4109
.80 2.0 16.0 3.874k9 1.2294 -3.6539 -7.5618 7.7070 !

.80 6.0 16.0 3.6021 | .96371 -2.6026 -4.9032 6.6436
.80 816.0 16.0 3.5611 .89376 -2,4328 =4 koot 6.4109
.80 -16.0 16,0 3.5292 .81377 -2.2813 -3.9789 6.1708
.80 -6.0 16,0 3.5143 .Thozl -2.1870 -3.6751 5.9966
.80 -2.0 16.0 3.5170 .54718 -2.0108 ‘| -2.9855 5.5532
.90 2,0 82,0 4.1779 1.6247 | -%.2623 -9.1921 8.7145
.90 2.0 6.0 4, 2427 1.6096 -4,3184 -9.1921 8.7145
.90 2.0 16.0 4,2698 1.6021 =k, 34ko -9.1921 8.7145
.90 - 2.0 -16.0 4, 3087 1.5903 -4.3830 ~9,1921 8. 7145
.90 2.0 -6.0 4, 3484 1.5767 -4 k255 -9.1921 8.7145
.90 © 2.0 -2.0 4. 5591 L.h772 -4,7031 -9.1921 8.7145
.90 22,0 2.0 41,1779 1.6247 . -k, 2623 -9.1921 8.7145
.90 6.0 2.0 3.710% 1.2883 -2,6991 -5.14580 7.2888
.90 16,0 2.0 3.6318 1.2108 - -2,4619 =4,8565 6.9951
.90 ~16,0 2.0 3.5621 1.1270 -2.2513 -4.3011 6.6980
.90 - 6.0 2.0 3.5199 1.0626 -2,1193 -3.9363 6. 4860
.90 -2.0 2.0 3.4517 .87676 -1.8602 -3.1363 5.9586

8Rasic configuration. .
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TABLE IV.- CALCULATIONS OF DEFLECTION CHARACTERISTICS FOR UNEQUALLY

SWEPT WING AND CONTROL-SURFACE TRAILING EDGES - Continued

mp | mp | mg By | g Pomy | (*ng)o | (Pre)s
1.0 2.0 az o 4, 6188 2.0528 -5.1320 -11.199 9.7930
1.0 2,0 6.0 4.6758 2.0407 -5.1813 -11.199 9.7930
1.0 2.0 16.0 4. 6996 2.0347 -5.2038 -11.199 9.7930
1.0 2.0 -16.0 4, 7338 2.0252 -5.2381 -11.199 9.7930
1.0 2.0 -6.0 4, 7687 2.0143 -5.2756 -11.199 9.7930
1.0 2.0 -2.0 L, 9544 1.9344 -5.5203 -11.199 9.7930
1.0 6.0 2.0 3.9618 1.5791 -2.931k -6.0162 7.9151
1.0 6.0 a6.0 L. 0567 1.5454 -3.0136 -6.,0162 7.9151
1.0 6.0 16.0 4. 0964 1.5289 -3.0510 -6.0162 7.9151
1.0 6.0 -16.0 4,1535 1.5025 -3.1082 -6.0162 7.9151
1.0 6.0 -6.0 4, 2117 1.4723 -3.1706 -6.0162 7.9151
1.0 6.0 -2,0 4, 5211 1.2503 -3.5785 -6.0162 7.9151
1.0 16.0 2.0 3.8564 1.4781 -2.6316 -5.2693 7.5531
1.0 16.0 6.0 3.9632 1.4354 -2.7241 -5.2693 7.5531
1.0 16.0 816.0 4, 0078 1.4145 -2.7662 -5.2693 7.5531
1.0. 16.0 -16.0 4, 0721 1.3811 -2.8305 -5.2693 7.5531
1.0 16.0 -6.0 4,1375 1.3429 -2.,9008 -5.2693 7.5531
1.0 16.0 -2.0 4, 4857 1.0619 -3.3597 -5.2693 7.5531
1.0 -16.0 2.0 3. 7634 1.3715 -2.3731 -4, 6007 7.1941
1.0 -16.0 6.0 3.8845 1.3167 -2.4779 -4.6007 7.1941
1.0 -16.0 16.0 3.9350 1.2898 -2,5256 -4, 6007 7.1941
1.0 -16.0 8_.16.0 4, 0078 1.2469 -2.5985 -4, 6007 7.1941 ~
1.0 -16,0 -6.0 h.0820 |.-1.1978 -2.6781 -4,6007 T.1941
1.0 -16.0 -2.0 L, 4766 .83691 -3.1982 -4, 6007 7.1941
1.0 -6.0 2,0 3. 7069 1.2912 -2.2150 -k, 1726 6.9421 -
1.0 -6.0 6.0 3.8399 1.2252 -2.3301 k. 1726 6.9421
1.0 -6.0 16.0 3.8954 1.1928 -2.3825 ~h.1726 6.9421
1.0 -6.0 -16.0 3.9753 1.1410 ~-2.4626 -4,1726 6.9421
1.0 -6.0 8_.6.0 4.0567 1.0818 -2.5500 =Lk, 1726 6.9421
1.0 -6.0 -2.0 4.%900 - .6LeT2 -3.1210 -4, 1726 6.9421
"1.0 -2.0 2,0 3.6119 1.0654 , -1.9143 -3.2643 6.3289
1.0 -2.0 6.0 3.7829 .95619 -2.0623 -3.2643 6.3289
1.0 -2.0 16.0 3.8543 . 90267 -2.1297 -3.2643 6.3289
1.0 -2.0 -16.0 3.9570 .81711 -2.2326 -3.2643 6.3289
1.0 -2.0 -6.0 k.0617 .T1922 -2.3450 -3.2643 6.3289
1.0 -2.0 a_2,0 4.6188 0 -3.0792 -3.2643 6.3289
1.75 16.0 2.0 3.9063 1.4019 -2.7510 -5.7612 8.0485
1.75 16.0 6.0 3.9779 1.3863 -2.8129 -5. 7612 8.0485
1.75 16.0 816.0 4. 0078 1.3786 -2.8412 -5.7612 8.0485
1.75 16.0 -16.0 4.0510 1. 3663 -2.8844 -5.7612 8.0485
1.75 16.0 -6.0 L, 0951 1.3522 -2.9317 -5.7612 8.0u85
1.75 16.0 -2.0 4.3304 1.2484 -3.2424 -5.7612 8.0485
1.75 2.0 16.0 4. 6330 1.6125 14,382 -32,271 10.288
1.75 6.0 -16.0 4, 0806 1.4412 -3.3224 -6.9732 8.4105
1.75 216.0 16.0 4.0078 1.3786 -2.8412 -5.7612 8.0485
1.75 -16.0 16.0 3.9541 1.3019 -2.4915 -4,8193 7.6894 .
1.75 -6.0 16.0 3.9302 1.2366 -2.3065 -4, 2736 7.4375
1.75 -2.0 16.0 3.9398 1.0168 -2.0292 -3.2362 6.824k2

BBagic configuration.
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* TABLE IV.~ CALCULATIONS OF DEFLECTION CHARACTERISTICS FOR UNEQUALLY

SWEPT WING AND CONTROL-SURFACE TRAILING EDGES - Concluded

mB noB m3p Blrg s Pl (8%ng) 4 (PoLg) s
) -16.0 2.0 3.8996 1.3262 -2.3102 -4.8833 8.2293
k.0 -16.0 6.0 | '3.9530 | 1.3190 -2.3564 | -L4.8833 8.2293
k.o -16.0 16.0 3.9755 1.3154 -2.3775 -4,8833 8.2293
k.o -16.0 | 2-16.0 | k.0078 | 1.3097 -2.4099 | -4.8833 8.2293
4,0 -16.0 -6.0 4. 0ko9 1.3032 2. 4455 -4,8833 8.2293
k.o -16.0 -2.0 4, 2182 1.2548 -2.6800 -4.8833 8.2293
k.0 2.0 | «16.0 | —memmm | mmmmmmm | mmmmioe | cmmcmee ] oo
4.0 6.0 -16.0 4, 0713 1.3709 ~5.4619 =12.146 8.9503
4.0 16.0 -16.0 k. 0273 1.3496 -3.1419 ~6. 7458 8.5883
k.0 8.16.0 -16.0 4, 0078 1.3097 -2.4099 -4,8833 8.2293
) -6.0 -16.0 4,0126 1.2673 -2.1549 -4,1297 7.9773
4.0 -2.0 -16.0 4.1138 1.0861 -1.9178 -3.0212 7.3641
5.0 -2.0 2.0 3.8791 1.1930 -1.6339 -2.9489 7. 4681
5.0 -2.0 6.0 4,0031 1.1553 -1. 7409 -2.9489 7. 4681
5.0 -2.0 16.0 4, 0551 1.1369 -1. 7900 -2,9489 7. 4681
5.0 -2.0 -16.0 4,1302 1.1072 -1.8652 -2.9489 7. 4681
5.0 -2.0 -6.0 | Lk.2069 | 1.0732 -1.9477 -2.9489 7.4681
5.0 =2.0 a.2.0 4.6188 .82112 -2.hgo7 -2.9489 7.4681
5.0 2.0 “2,0 | mmmeie b e | e | e | el
; 5.0 6.0 -2.0 4 o861 | 1.3592 -9.5402 -21.339 9. 0544
5.0 16.0 -2.0 %.1186 1.3353 -3. koo =7.1780 8.6924
5.0 -16.0 -2.0 4. 1911 1.2737 -2.5943 -4.8399 8.3333
5.0 -6.0 -2.0 L.2725 | 1.1981 ~2.h140 -4,0383 8.081k
5.0 a.2,0 -2.0 4,6188 .82112 -2.4927 -2,9489 7.4681
7.0 16.0 2.0 3.9868 1.3435 =3.6975 -8.2328 8.8200
7.0 16.0 6.0 k. 0016 1.3k429 ~3.7103 -8.2328 8.8200
7.0 16.0 816.0 4, 0078 1.3427 -3.7162 -8.2328 8.8200
7.0 16.0 -16.0 4, 0168 1.3423 -3.7252 -8.2328 8.8200
T.0 16.0 -6.0 | k4.0260 1.3418 -3.7351 -8.2328 8.8200
7.0 16.0 -2.0 4. 0754 1.3383 -3.8004 -8.2328 8.8200
8.0 ~16.0 2.0 3.9368 1.3267 -2.166k4 -b, 6696 8.5030
8.0 -16.0 6,0 3.9718 1.3239 -2.1966 -4, 6696 8.5030
8.0 -16.0 16.0 3.9866 1.3225 -2.2105 -k, 6696 8.5030
8.0 -16.0 a.16.0 4, 0078 1.3202 -2.2318 =4, 6696 8.5030
8.0 -16.0 -6.0 4. 0296 1.3176 -2.2552 -4, 6696 8.5030
8.0 -16.0 " -2,0 41464 1.2985 -2.4%098 -4, 6696 8.5030
9.0 -2.0 2.0 3.9283 1.2163 ~1.5306 -2.7703 7.6712
".9.0 -2.0 6.0 L, ok38 1.1856 -1.6302 -2.7703 7.6712
9.0 -2.0 16.0 | L4.0923 1.1705 -1. 6760 -2.7703 T7.6712
9.0 -2.0 -16.0 4,1623 1.1463 -1. 7461 -2.7703 7.6712
9.0 -2.0 -6.0 4. 2339 1.1185 -1.8231 -2.7703 7.6712
9.0 -2.0 &.2.0 4. 6188 .91235 | -2.3327 ~2.7703 7.6712
9.0 16.0 -2.0 L okgT 1.3384 -4, 4L70 -9. 8086 8.8954
9.0 -16.0 -2.0 4,1375 1.3025 -2.3628 -4, 6123 8.5364
9.0 -6.0 ~2.0 4, 2317 1,2453 -2,1634 -3.7412 8.284Y4
9.0 a.2.0 -2.0 4, 6188 .91235 -2.3327 -2.7703 7.6712

%Basic configuration.
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Figure 2.- Sketch of wing regions . SW(O,...h) and external flow
regions SD(l,...S)
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Figure 3.- Illustrative data
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for polar integration.
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