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SUMMARY

On the basis of linearized supersonic-flow theory, generalized .
equations were derived and calculations made for the 1ift and .damping in
roll of a limited series of thin sweptback wings of arbitrary taper and
sweep. Results are applicable to wings with streamwise tips and for a
range of supersonic speeds for which the wing is wholly contained between
the Mach cones springing from the wing apex and from the trailing edge of
the root section. A further limitation is that the tip Mach lines may
not intersect on the wing.

For the portion of the wing external to the Mach cones springing
from the leading edge of the wing tips, the pressure distributions for
1ift and roll previously obtained for the triangular wing are valiad.
For the portion of the wing contained within the wing-tip Mach cones a
satisfactory approximation to the exact pressure distributions was
obtained by application of a point-source- -distribution method developed
in NACA TN No. 1382.

A series of design curves are presented which permit rapid esti-
mation of the lift-curve slope ‘CLa and damping-in-roll derivative CZP

for glven values of aspect ratio, taper ratio, Mach number, and leading-
edge sweep.

INTRODUCTION

On.the basis of linearized supersonic-flow theory the lift-curve
slope CL, and demping-in-roll derivative Czp of thin triangular wings
with large vertex angles were treated in references 1 and 2. In
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reference 3 stability_derivatives including CLa and C3_  were presented
for a series of sweptback win%s tapered to a point. The present analysis
is an extension of the Investigation reported in reference 3 in that for
a similar range of Mach numbers the derivatives CLa and Czp are evalu-

ated for a series of sweptback wings with finlte streamwise wing tips.
The wings were derived by cutting off the pointed tips of the sweptback
wings reported in reference 3 along lines parallel to the free-stream
direction. The introduction of the finite wing tip causes an alteration
of the pressure distribution over the portion of the wing contained
within the Mach cone springing from the leading edge of each wing tip.
The wing-tip disturbances are confined to these tip Mach cones and do
not affect the remalning portion of the wing.

For the angle-of-attack case the exact solution for the pressure
distribution in the tip region has been reported in reference 4 using
the method of superposition of linearized conical flows. This solution
(although integrated therein for the tip loss in 1ift for same cases)
does not lend itself readily to the evaluation of the lift-curve slope
for families of wings. In the present paper the pressure distributions
in the tip region for 1ift, and for rolling as well, are determined to
a close approximation by the application of the method used by Evvard
in. reference 5. The complete wing pressure distributions are integrated
analytically to obtain the lift-curve slope and damping in roll for
general families of wings.

The results of the analysis are given 1n the form of generalized
equations for Cr, and Czp together with a series of design curves

from which rapld estimations of CL and. Czp can be made for glven

values of aspect ratio, taper ratio, Mach number, and leading-edge sweep.
Some illustrative variations of the derivatives with these parameters

are also presented. The derivatives are valid only for a range of super-
sonlc speeds for which the wing 1s entirely contained between the Mach
cones springing from the wing apex and from the trailing edge of the root

chord. An added restriction (which, for practical configurations,
materially limits the range of Mach’ numbers for very small aspect ratios

only) is that the Mach lines emsnating from the wing tips may not
intersect on the wing.

SYMBOLS
X, ¥, 2 Cartesian coordinates of an arbitrary point
£, n X-coordinate and y-coordiﬁate of a point source in xy-plane

ui, vi, wi induced flow velocities along x, y, and z body axes
(see fig. 2(a))
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incremental flight velocities along x, y, and z stability
axes (see fig. 2(b))

oblique coordinates in plane of wing the axes of which are

parallel to Mach lines <P = g%(g -Bn); v = g%(g + Bn)>

oblique‘coordinates of a particular point on surface of
ving (see fig. 6)

flight speed

angle of atfack (w'/V)

angular v;locities about'x-,'y-, and z-axes, respectively
sfream Mach number (V/Speed of spuhd)

pitching ﬁcment |

yawing moment

Mach angle

cotangent of Mach angle <?JMQ - )

angle between leading edge and axis of wing symmetry
(see fig. 1)

leading-edge sweep (90° - ¢)

angle between tralling edge and axis of symmetry (see fig. 1)

’

wing span
wilng root chord

wing tip chord
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wing area

taper ratio (ct/cr)

aspect ratio E = 2b |
] S 1+ x5cr

crfo _ Lo, _ hm
b A(L +2) AB(1 + x))

/2
geometric parameter of wing <

"reglon of external flow field (see fig. 3)

region of wing (see fig. 3) .

slope of stream sheet In external flow field measured in
planes for which 1 = Constant. (equivalent to symbol A
used by Evvard)

perturbation velocity potential on upper surface of wing
or of stream sheet 1n external flow field

local pressure difference between lower and upper surface
of airfoil, positive in sense of 1lift

density of air
pressure coefficient %)

‘é‘p

complete elliptic integral of second kind with modulus k:

<fﬂ/2 Vl - kQBingz dz)
0 ,

E'(m)

complete elliptic Integral of first kind with modulus k:

n/2 2
</O r- izsin22>

2(1 - m°)

"2 - ©2)E'(m) - m2F' (o)
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L 11t
L' T rolling moment

c 1lift coefficient L

L %pVQS -

' '
rolling-moment coefficient T L _
2" S

' ( CL,
o~ \da Ja—>0

CL

c. (&2
1 =

P mpb__o
' a2V ov
Subscripts:

0, 1,2, « .. Particular regions of the wing or externmal flow
fields when assoclated with Sy or Sp

ex, in - reglon of the wing external to the wing-tip Mach
cone and within the wing-tip Mach cone, respectively

(Vg ( )P when associated with ¢, P, and Cp indicates
‘ the velocity potential, pressure, and pressure
coefficient for angle of attack and rolling,
- respectively

ANALYSIS

Scope

The sweptback wings considered in this paper are sketched in figure 1.
In the following analysis and in the figures the wing plan form with swept-
back trailing edge (fig. 1(a)) will generally be considered and sketched
as the typlcal wing, but the results of the analysis are equally valid
for the wing plan form with the sweptforward trailing edge (fig. 1(b)).
The orientation of the wing with respect to a body system of coordinate
axes used in the analysis is indicated in figure 2(a). The surface velocity
potentials, the basic pressure distributions, ¢ad the stability derivatives
are derived with respect to this system. Figure 2(b) shows the wing
orlented with respect to the stability axes system. To the first order
in o (the angle of attack), the derivatives Cr, and Cy, have the
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same value in the stability system as they do in the principal body
axes system (shown dashed in fig. 2(b)). .

The analysis is limited to wings of vanishingly small thickness
that have zero camber and are not yawed with respect to the stream
direction. The derivatives are valid only for a range of supersonic
speeds for which the wings are always contained between the Mach cones
springing from the w apex and from the tralling edge of the root
section of the wing. (A wing traveling at speeds for which this condi-
tion 1s satisfied 1s now commonly referred to as a wing with subsonic
leading edge and supersonic trailing edge. The terms "subsonic leading
edge and "supersonic trailing edge" refer to the conditions that the
stream component normal to the leading edge 1s subsonic and the component
normal to the trailing edge is supersonic.) An added restriction is that
the Mach lines emanating from the wing tips may not intersect on the
wing. These conditions expressed mathematically as restrictions
on B cot A are as follows: For BA(L +A) =22 ‘

BA(1L + A)
BA(T + A)7B(L - %)

§IB cof A 5:1
and for BA(L + A) <2

BA(1 + )

BA(1L + )
BA(L + A)+4(1 - x)‘

< <
=B cot A TT - BA(L £ N)

Basic_Considerations

The evaluation of the derivatives C; and Czp essentially
a

~ 1nvolves a knowledge of the lifting-pressure distribution over the ving
- associated with angle of attack for CLa and with rolling for CZP'

The lifting-pressure coefficients can be determined from the well-known
relationships

P__20Mwy L
v

Co =
P y
2ov2 %QVQ.

20

or

Cp = % §l #x,3) N 1)
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vwhere @(x,y) is the velocity potential on the upper surface of the wing
under consideration. The potential @(x,y) can be determined by a
particular distribution of surface singularities (sources or doublets)
which will allow the velocity potential to satisfy the linearized partial-
differential equation of the flow and the boundary conditions that are
assoclated with the wing in its prescribed motion. : :

For the purpose of evaluating the pressure distributions, the wings
under consideration can be imagined as consisting of two portions -
the segment of the wing external to the Mach cones springing from the :
leading edge of the wing tips and the segment of the wing within the wing-
tip Mach cones (the wing-tip region). The pressure distribution for the
wing region external to the wing-tip Mach cones 1is precisely the same as
the pressure distribution for the corresponding section of the triangular
wing for the same value of Mach number and leading-edge sweep. For angle
-of attack and roll the associated Pressure distributions for the portion
of the wing external to the wing-tip cones have been evaluated in refer-
ences 1 and 2. . :

The pressure distribution within the wing-tip Mach cone remains to
be determined. For this region the point-source-distribution method of
Evvard reported in references 5 and 6 may be applied to the evaluation
of an approximate surface velocity potential from which the pressure
distribution may be determined. If the considerations of reference 6
are followed, the exact linearized surface velocity potential for a

lifting wing is given by (see fig. 3)

¢ =

Ald

b[]’ " a d& dny
Sw(o+1+2+3+h)V(x - )2 - B(y - 1)

_Yff o d€ dn , (2)
™ J sp(rroezus)\(x - £)2 - B2(y - n)2

The first integral of equation (2) expresses the contribution of the
sources distributed over the region of the wing located within the
forecone of the point (x,y). The second integral expresses the contri-
butlon of the sources over the external flow fields that influences the
point (x,y). For the influencing externmal flow fields the strength of -
the source distributions are directly proportional to o, the component
slope of the stream lines parallel to the free-stream direction. It is
shown in reference 6 that under certain conditions the contribution to
the potential of the source distribution on the wing surface may in part .
be effectively canceled by the contribution to the potential of the
source distribution of the influencing external flow fields. Application
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of thisvknowledge to the wing considered herein (fig. 3) glves the
following relationships, which are analogous to those obtained for tre
yawed wing in reference 6:

f . ocdtang f\f ad§d3_]_
J;D(2+3+u+5) (x - £)2 - By - n)2 SW(2+3+h) (x - £)2 - B2(y - 1)

(3)

and

ff | cdgdn‘ fj’ _ adtan
Sp(1+3+4) \(x - r;)2 - By - n)? S (1+3) \/(x - 82 - BP(y - 1)
(&)

The substitution of equations (3) and (4) into equation (2) gives the
surface velocity potentlal for the wing-tip region:

_Yy ' a d&dny adﬁd'l
" ‘”Sw,o V(-X_- 9% - 32(y - '1)2 ffsw 3V - 92 - By - n)2

LY f o dt an )
. f Sp(3s) Vix - 2 - Py - 1)2 - |

It is pointed out in reference 6 that inasmuch as o and o have the
same sign, the second and third integrals of equation (5),will tend - to
nullify each other. These integrals will also contribute relatively less
than the region Sy ,0 to the potential in the tip region because of the
relatively large distance of the fields Sy ,3 and Sp(3+4) fram the tip

region. As the areas Sy ,3 and SD(3+h) become smaller (Mach lines

approaching the leading edge of the wing), their contribution to the
potential will tend to become negligible. On the basis of these consider-
ations the second and third integrals of equation (5) were neglected and
the surface velocity potential for the wing-tip region may now be expressed
approximately by
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a d& dn

- N S - (8)
? ffsw,o V(x - 62 - B?(y - )2

ald

Derivative Cr.

The derivative CLOL for the entire wing may be expressed as

Ly = ?%@Lex * ClI':Lm) = <CLa>ex * (CLa)in ‘ (7)

where the subscripts ex and in refer to the part of the wing external to
and within the wing-tip Mach cones, respectively.

Reglon of wing external to wing-tip Mach cones.- For the region of
the wing external to the tip Mach cone, the pressure distribution is the
same as the pressure distribution for the corresponding portion of the
triangular wing. This pressure is given in a nondimensional form by the
following relationship:

P 46 o

where V 1s proportional to the slope of a ray from the apex of the wing
through the point (x,y); that is, v = 51;[. The quantity E'(m) is the
complete elliptic integral of the secong kind that gives the variation
of the pressure with the ratio tan e¢/tan p. (See fig. 4.) Integration
of the lifting pressure expressed by equation (8) over the wing area
external to the tip Mach cones will produce the resultant 1ift for this
portion of the wing. The general conical form x*f(v) noted for the
pressure relationship suggests the Integration procedure employed in
reference 3. Thus the external region of the wing is imagined as com-
posed of an infinite number of elemental trilangles (see fig. 5) and the

1ift is then determined for an elemental triangular area(j%xl dy%>. The

1ift coefficlent for the external region may then be expressed as follows
(for limits of integration, see fig. 5):
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L

CLex - -:éL-pVQS

U O o
= P dv + Cp dv
S[ Region ohg ex/a Region oge gx/a

(1+m)v-26,Cr

+m) b+2mb

herPoRa n(1+m)b ofr av
m) 0 (1 - nv)‘?\} 1- v
1
, (1 +n)%% _av 9)
SE'(m
) (1+m)b-26,c, (1 + mv)? \fl - WP
n(1+m)b+2mb jcp.

Region of wing within wing-tip Mach cones.- The lift coefficient CLin

for the reglon of the wing within the wing-tip Mach cone is evaluated by
initially determining the surface velocity potential ¢. For 1ift the
appropriate potential is given by equation (6); that is,

@, - Lo f . ag dn
" SW,0 \/(x - 82 - B(y - n)°

The evaluation of this equation carried out in appendix A yields

(9),, = exa\/E(By };(x;xi(g)- 2y) | . (10)
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The lifting-pressure coefficient is then obtained by the subst i
it
of equation flO) into equation (1): J ution

(CPin>a = %% (Da

:%- eo §-y (ll)
w \T+ B0\ + L

8o

In equations (10) and (11) it should be noted that the variables x
and y are restricted to the portion of the wing within the wing-tip
Mach cones. - :

Integration of the 1lifting-pressure coefficlent defined by equa-
tion (11) will give the resultant 1ift coefficient for this portion
of the wing. The 1ift coefficient for the wing-tip region may then
be expressed as follows (for limits of integration, see fig. 5):

L

CLin B ;p5 S ‘ . | ’
2

[ e o o=
Region egf inja
. y
GO b/ tan 5 T [6 (b - 2y)
16a ) 0 I) % ay (12)
1S \1 + B, [b(l+m)-2¢8, 2(6ox + ) _
J

b\, b
Bl =- [
2 (wtn) (2 y) 264

0
nir

<

The result of carrying out the operations indicated in equations (9), (12),
and (7) yields the following simplified expression for CLo. of the entire

wing in terms of m, n, A, and ®:
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A { o [sin'ln - gin-! L+ m)(? - 1) +w(1 + mn)}

Ly = E'(m) 6 - n2>3/2 o(m + n)
. Vi+m -1ltm+ro@m-1) w®
(1 —m)3;2 oo8 m+n l-n2

' Ebé(?m-+li)zn§(?2i; (1]1-1)]- 1:)L — \/(w *n-1) Bl +m)n+ 1) + o - 1

J

+"1+A %+n+w)zcos—l(n+w)(m-n)+2(l-w)+m+n

a\1 + m L(1 + n)3/2 (1+n+o0)(m+n)
1 11 +m +om- 1)
-(1-m)3;2COSI Frre

. (l+ m)('l+n) - o(l - m) \[( + 7 - 7
2(m+n)(l-‘m)(l+n) e n l)lzl+m)(n+l)+w(m-‘lﬂj

(13a)

When m = 1, equation (13a) reduces to the following expression:

: 2 o | 3/2
_2A | . @ A 1 o -12(n-1) tw (0 +n -1)°
Ta " [(1 —R)F R ] R TV
| 2 |

4 W +(l+n+a))2 cosl3-n-ol = (13b)
. 1-n° 2\/2_(l+n)3/2 l+n+o '
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Derivative C 2p4

The derivative Czp is evaluated 1n a manner similar to that used
for CLOL

Reglon of wing external to wing-tip Mach cones.- For the region of
the wing external to the wing-tip Mach cones, the pressure coefficient
is obtained from reference (2) as

c A 2pI(m)6o° / xv (14)

T\

The corresponding rolling-mament coefficient is expressed by

Ll
Czex - leESb
2

Region ohg

-Sz_b ff (CPGX Py & + fLegion oge (CPex>py & d_x (15)

The evaluation of equation (15) is simplified by employing the integration
procedure used for CLa' The contribution to the rolling-moment coeffi-

cient of each of the elemental triangular area (see fig. 5) is given by

Yo A
ey =~ Loy (16)

where y, 1is the lateral distance of the center of pressure of an e]:emental
triangle from the x-axis of the wing and dCLex is the 1ift coefficient

of an elemental triangular area. The analysis of reference 3 shows that
for a pressure distribution of the form xf(v) (which is the form of the
pressure of equation (14)) the 1ift of an incremental triangle can be
expressed as '
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ex ~ obT =ex dCLex

1 X=Xy
=f xf(v)x6, av dx

' 3
X
6,5 (v) i av

=107, ___)g(CPex %Edv (17)

where x; 18 the height and AS,y the area of an elemental triangle.
The quantlitles x3 and yo given in terms of Vv and other paramsters
may be expressed as follows (see fig. 5):

Region ohg
. 7
x—‘ El
1=7= nv
=3 Cr g
Yo R T-nv o
Region oge o % (18)

X = bl +m '
1= 260211+ my)

31 +m) v
Yo =78 1+ my

-/

Use of equations (16), (17), and (18) leads to the following integral
expression for Czex. '

(1+m)b-26 5

c o0, I(m)p [ B(1+m)b+emdgey v2av
lex =~ 7 sov \
ex o (1 - ¥ \1 - 42
1 4y
30+ mt )y A (19)
~16Vs [ (1+m)b-26,c, (1 +avt|1- ¥

n(1+m)b+2mb jep
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Reglon of wing within wing-tip Mach cones.- For the reglon of the
wing within the wing-tip Mach cones, the rolling-moment coefficlent is
evaluated by employlng the approximate surface velocity potential given
in equation (6); that is,

/2/] o dt dn
SW,0 V(x - £)2 - B2(y - n)?

The velocity potential given by equation (6) can be expressed so as

to apply to the rolling wing by considering the local slope of ‘the air-
foll surface with respect to the flow direction. For the thin wings of
zero camber considered herein, the slope at any lateral station y is

the local angle of attack of the wing and is equal to -%?. Substi-

tuting 2— for a in equatlon (6) gives the approximate llnearized
surface velocity potential for the rolling wing; that 1is,

__ff T]d§ dn (20)
sw,o0 \(x - )2 - By - 1)

The evaluvation of eqﬁation (20) carried out in appendix B yields

[eyB(2m + 1) + bB(m +'1) - 2mx]\2(By + mx) (b - 23)

[(]_ . m)ﬂ 3/2

Differentiation of the potential given in equation (21) yields the
pressure distribution for the rolling case:

L 8
<§Piq> =v xf

]

(¢)

3i (21)

(:390:: + (1 - em) - B + m)]r

“ 301 + )\ (oox + 7)1+ 2 =)
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RESULTS AND DISCUSSION

The foregoing analysis has enabled the evaluation of the deriva-
tives Cr, and Clp based upon considerations of the linearized

supersonic-flow theory. For the wing regions external to the tip Mach
cones, the exact linearized pressure distributions for the derivatives were
obtained from references 1 and 2. For the portion of- the wing within the
tip cones, the derivatives were approximately evaluated by applying the
method used by Evvard in reference 5. . .

Although the exact pressure distribution in the tip region is not
conical, the approximate pressure distribution given by the present method
(equations (11) and (22)) turn out to be conical (in the generalized
sense) with respect to the image of the wing tip reflected on the YZ-plane.
(See fig. 7.) That 1s, if x' 'and y' represent coordinates with
respect to the image point, the pressure distribution in the tip region
for 1ift is of the form

!
)

and, for rolling,

| CrefB)els)

In figure 8 the pressure distribution for 1ift is shown along a chordwise
section a-a and a spanwise section b-b, which cut through the wing-
tip region. For this region of the wing, a comparison 1s shown of the
approximate pressure determined herein with the exact pressure distri-
bution computed from reference 4. The comparison indicates the satis-
factory accuracy of the approximate pressure-distribution relationship.
The almost negligible 1ift in the tip reglon and the abrupt drop in 1lift
across the inboard Mach line from the wing tip has already been pointed
out in reference L. :

The -existence of an abrupt drop in 1lift in crossing the wing-tip
Mach line mhy be readily inferred from Evvard's equation (7a) of refer-
ence 7. (Equation (7a) is strictly applicable to a wing with one super-
- sonic leading edge. The leading edges of the wing under discussion, how-
ever, are subsonic. The general argument leading to equation (6) herein
may be used to justify an approximate application of equation (7a) of
reference 7 to the present wing.) Equation (7a) may be written

2a iv - & oy dup (i) | [ vy - vy o ()l
(CP)a = E{f;b — +B_;L’:l ' dew:N wuw . Q'(Vw‘; (25)

V(= w) (v - v)
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This equation gives the pressure coefficient at any point (uw,vw),
expressed in oblique coordinates. (See fig. 6.) The second term in
dup ' (vy)
vy
dwp! (vy) ,
of the side edge Toeanl Thus any abrupt break in the slope of the

side edge gives riée to a discontinuity in the pressure distribution on
crossing the Mach line emenating from the break. In particular, when a

portion of the edge 1s parallel to the stregm ? egtion (as is the case
: ' up f (v

for the streamwise wing tip) the value of iv ¥
_ W

dus 1{ .
the term containing 1 - uivw ¥/ is zero and the 1ift is found to drop
to a small magnitude on crossing the tip Mach line in the wing-tip region.

equation (25) contains the factor 1 - that involves the slope

is unity. Hence,

Flgure 9 shows the chordwise and spanwise pressure distributions for
rolling. A similar situation of large finite drop in pressure across the
‘wing-tip Mach line exists for rolling analogous to the 1ifting case.

(See reference 8.) The interesting result obtained is that the rolling
predsure is negative in the wing-tip region. This behavior is due to

the fact that the sign of the pressure in the wing-tip region is afrfected
only by the angle of attack of the leading edge of the plan form on the
opposite side of the roll axis which for positive roll is negative. (See
reference 8.) '

The exact solution for the rolling-pressure distribution in the
wing-tip region has not at present been determined. In view of the good
agreement between the approximate and exact pressure distribution of the
lifting case, it 18 believed that a comparably good agreement should
exist for the rolling case. The Present approximate method should be
adequate for determining the integrated 11ft and rolling moment,
especially since the pressures in the tip region are small. For a prac-
tical evaluation of the derivatives, the wing-tip regions may be com-

' pletely neglected and the resulting error in Cr, and Czp would be

well under 5 percent compared with the values of these derivatives
obtained fram the method used herein.

A series of generalized design curves are presented in figures 10
and 11. For specified values of aspect ratio, taper ratio, Mach number,
and leading-edge sweep, the,derivative' CLa mey be readlly estimated

from figure 10 and the derivative C3.. from figure 11. The dashed

portions of the curves require_speciaf mention. These portions corre-
spond to wing configurations for which the trailing edge is subsonic,
%n vio%ation of one of the basic assumptions (see section entitled
Scope ), and have the significance of an upper limit below which the
true values of the derivatives would lie for the condition of subsonic
trailing edge. This circumstance is explained and -the 1imitations on
the dashed portions of the curves amplified as follows: In the present
calculations the basic conical pressure distribution (except in the tip
reglon) was assumed to persist up to the trailing edge. This procedure
is correct for a supersonic trailing edge; but, for a subsonic trailing
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edge, it neglects the contribution of a region of disturbance due to the
edge. This region of disturbance lies between the trailing edge and the
Mach lines from the apex of the trailing edge. The neglected subsonic-
edge disturbance is in the direction to reduce the 1lift and the rolling
moment. Therefore, the dashed portions of the curves in figures 10 and 11,
which correspond to regions of the graph for which the trailing edge is
subsonic, overestimate the values of lift or rolling moment. The error

is small when the disturbance region is small (sections of dashed curves
adjacent to solid sections) and is larger when the disturbance region is
large (seqtions of dashed curves remote from solid sections). Equations
for the quantitative evaluations of the trailing-edge disturbance for the
lifting case (provided that the Mach lines from the trailing edge of the
center section do not intersect the leading edge) are given in reference U,
together with two examples. The major part of the subsonic edge correc-
tion is given by equation (55) of that reference. The application of

this correction to the design charts for Cy, presented herein affects
only a small portion of the dashed sections of the curves immediately
adjacent to the solid sections and results in unimportant changes to

the velues of Cr,- '

Specific variations of the derivatives CLa and Clp with each of

the parameters - aspect ratio, taper ratio, Mach number, and leading-
edge sweep - are presented in figures 12 and 13, respectively. o

) CONCLUDING REMARKS

Based upon the concepts of linearized supersonic-flow theory, the
lift-curve slope CLa and damping-in-roll derivative Cz have been

evaluated for a limited series of sweptback wings (with streamwise tips)
of arbitrary taper and sweep.

The investigation was limited to a range of Mach numbers for which
the wing is completely enclosed between the Mach cones springing from the
wing apex and from the trailing edge of the root chord of the wing. An
added restriction is that the Mach lines from the wing tips may not
intersect on.the wing. '

The results of the analysis are presented in the form of generalilzed
design curves for rapid estimatlon of the derivatives. Some illustrative
variations of the derivatives with aspect ratio, taper ratio, Mach number,
and leading-edge sweep are also presented.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va., February 15, 1949
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APPENDIX A
EVALUATION OF POTENTTAYL, FUNCTION FOR LIFT
The integral expression for the potential

wu=%jy S (a1)
sw,0\(x-6)2 - B(y - )2

is easily evaluated by use of an oblique u,v coordinate system, the axes
of which lie parallel to the Mach waves. (See reference 5.) The trans-
-formation equations are

w -2 -3 |
v_=é-l%(§+BT]) . .
? ‘ ' (A2)
3 =§(V+u)
1 =1\—14(v - u)
: »

When the appropriate substitutions and simplification are performed,
equation (Al) beccmes

(¢)d. = _V_CI, L[\f du dv . (A3)
AIIM SW,O \/(uw

- u) (v - V)

where w; &and vy are the coordinates of the field point and are
related to the x,y system as follows:

Uy = %(x - By) |
> (Ak)
Yy = %(x + By)

,/
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The limits of integration are readily obtained from figure 6 and
the potential function may then be expressed as

' v du v dv
=_ —lY (A
(¢)a bM T ufi-m V °)
‘ 1+m

The integration yields

w“\/( = ><U=w - vt m) . (a6)

When equation (A6) is expresséd in terms of x,y coordinates, the formula
obtained is ’

(@ - o2 b 23) (a7)

and is given as equation (10) in the text.
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APPENDIX B
EVALUATION OF POTENTIAL FUNCTION FOR ROLL
The integrel expression for the potential
f f n_d€ dn (B1)
sw,o\(x - €)% - By - m)2 |

may be evaluated by the same method used in appendix A.

=\l*d

Upon substitution of the new variables and simplificatlon equa-
tion (Bl) becomes

J‘f (v - u) du av
p, ME swo\l(uw'u)(vw' V)

Yy Uy
_ 2 (v - u)du dv
M [1-m. , -bM \Iuw - u \va - v

1w YW 2

(82)

where the limite of integration are obtained from figure 6.

When the integrations indicated in equation (B2) are performed, the
following expression is obtained:

4 -

Equation (B3) transformed into x,y coordinates becames

p [2yB(em + 1) + bB(m + 1) - 2mx]\ 2(By + mx)(b - 2y)
[0+ m3]

and is given as equation (21) in the text.

RUNES (34)



2h'

NACA TN No. 1860

-

"~ REFERENCES

. Brown, Clinton E.: Theoretical Lift and Drag of Thin Triangular Wings

at Supersonic Speeds. NACA Rep. No. 839, 1946.

. Brown, Clinton E., and Adams, Mac C.: Damping in Pitch and Roll of

Triangular Wings at-Supersonic Speeds. NACA TN No. 1566, 1948,

. Malvestuto, Frank S., Jr., and Margolis, Kenneth: Theoretical Stability

Derivatives of Thin Sweptback Wings Tapered to a Point with Swept-
back or Sweptforward Trailing Edges for a Limited Range of Supersonic
Speeds. NACA TN No. 1761, 1949.

. Cohen, Doris: The Theoretical Lift of Flat Swept-Back Wings at

Supersonic Speeds. NACA TN No. 1555, 1948,

. Evvard, John C.: Distribution of Wave Drag and Lift in the Vicinity

of Wing Tips at Supersonic Speeds. NACA TN No. 1382, 1947.

. Evvard, John C.: The Effects of Yawing Thin Pointed Wings at Supersonic

Speeds. NACA TN No. 1429, 194T.

. Evvard, John C.:r Theoretical Distribution of Lift on Thin Wings at

Supersonic Speeds (An Extension). NACA TN No. 1585, 1948.

. Moeckel, W. E., and Evvard, J. C.: Load Distributions Due to Steady

Roll and Pitch for Thin Wings at Supersonic Speeds. NACA
TN No. 1689, 1948.



25

NACA TN No. 1860

*8T8ur Yoy oY} uByal hopwmpm eTZUB UB 3B DPOUTTOUT SLBMI® ST o3pe SUITTB.IL 1B8Y]
mpoz *80dpe JurTTIBI] PIBMIOJIdOMS JO xodppmmkm pus 8d]q ©8TMUBOJILE YITM Julm Joevqademng —*'T eandtg

*e8pe. BuiTTeIy} pIBMIOIjdemMg (a)

*93pe JurTrBIy xodppmmzm (®)




26

NACA TN No. 1860

(a) Notation and body axes used in analysis.

/Dr/ncvpal axes

Zy axes
VoV Eddd

(b) Stability axes. Velocity, force, and moment arrangement
in principal body axes system is identical to that of
stability axes system. (Principal body axes dashed in
for comparison.)

Figure 2.- System of axes and associated data.
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Figure 3;- Sketch 6f wing regions SW(O %) and external flow .
, regions SD(l, ...5)"
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Figure 4.— Variation of the elliptic integral factors E''(m) and I(m)
with m,
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£ltemental Zriangle

Center of presswure

2z for (P = F(V)
3 )
% X, Center of pressure
br far (P)Pf x (V)
y 4

Eguation ofeg: Z= (-g-y) +2-%°
. y= s * Crtand
Equationof AF: x Lzl

Intersecz/on of eg and hf:
o= (8b6s-20,8, +b)tan s
28,(8tans +1)

Figure 5.— Sketch of right panel of sweptback wing showing an elemental
- triangle and associated data for the region of the wing external to
the wing—tip Mach cones.
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VA I
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Approximate solwuteor
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(@) - P ) .6 ) 1.0
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Figure 8.— Chordwise -and: spanwise pressure distribﬁtions for 1ift in
sectional planes through the wing-tip region.
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. Exact solution
________ Approx/mate soluteon

G Section a-a
) Y =Ccornstanmt

- C ‘
\ - 1 | | | | | | 1
o 2 ) & &
X—2
(o4
/. R
S2F
ISsE
7 ok Seetron b-b \
x = comnstart X

gy S ORI R

.2t
o — .
v , e INACGA
_ ol ! \ 1 L L L 1 .

(o) L2 <+ 6 .8 1.0

Figure 9.— Chordwise and spanwise pressure distributions for rolling in
sectional planes through the wing-tip region.
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(a) BA =2, 4k and 6.

Figure 10.,— Variation of BCLa with B cot A for various values of BA

and for taper ratios of O, 0.25, and 0.5. Dashed portions of curves
refer to wings with subsonic tralling edges and have limited
significance (see text).
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(c) BA = 8 and 10.

Figure 10.— Concluded.
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Figure 11.-— Variation of —BCZp with B cot A for various values of BA

and for taper ratios of O, 0.25, and 0.5, Dashed portions of curves
refer to wings with subsonic trailing edges and have limited
significance (see text).
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