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excitation. These results appear generally to agree with the
data previously presented.

Appendix

Ordinary Coherence Function for Perfectly Correlated
Excitation Field

From Ref. 5,

{8es(N} = 18=:1{Heu}

Let point z = (0,0) be the excitation point for the first ele-
ment of the column matrices in this expression. Then, in
view of Eq. (9b), the first element of the left-hand matrix is

N N
SOy(f) = Z:l SOiHiy = Z:l kZiHiH’SOO(f)

Combining this result along with Eqgs. (11) and (12), it is
found that

Yot = BN/ 180 (DB = 1

The validity of this expression is a joint indication of the
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linearity of the system as well as an indication of the validity
of Eq. (9b) for representing the experimental excitation field.
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A Theory of the High-Aspect-Ratio Jet Flap

KEeitH P. KerNEY*
Cornell University, Ithaca, N. Y.

The method of matched asymptotic expansions, which Van Dyke used to formulate a lift-
ing-line theory for high-aspect-ratio wings, is applied to a wing with jet flap. The develop-
ment differs from Van Dyke’s in that velocity components instead of the velocity potential
are the dependent variables, thin-airfoil approximations are used throughout, and the jet flap
is present. The theory is given for the case of a flat elliptic wing with spanwise~uniform jet-
momentum coefficient and jet angle and the result is a simple equation for the lift coefficient.
Comparison with the results of two earlier finite-aspect-ratio jet-flap theories shows close
agreement. Certain approximations needed in the earlier theories to solve the integral equa~
tion for the upwash induced by a semi-infinite lifting surface are avoided by consistent use of
the principle that, in the limit as the aspect ratio becomes infinite, the change in lift due to
induced incidence is much smaller than the lift, so that the integral equation does not have

to be solved.

I. Introduction

JET flap is formed by a high-speed jet which emerges
from a wing through a thin slit along its trailing edge.
It affects the lift both by direct momentum reaction on the
internal ducting and by changing the pressure distribution
on the outer surface of the wing. Since this can increase the
lift while most of the jet thrust is recovered as propulsion, the
jet flap represents a way of combining the lifting and pro-
pulsive systems of jet aircraft.
An analytical model for a two-dimensional wing with jet
flap has been developed by Spence!:? and others using the
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principles of thin-airfoil theory. The flows inside and out-
side the jet are assumed to be irrotational and at constant
densities. The wing and jet are represented by vorticity
bound to a semi-infinite line downstream of the leading edge
on which mixed boundary conditions apply. The lift and
pitching-moment coeflicients for steady flow past an un-
cambered wing were calculated numerically in Ref. 1 and
the lift coefficient was calculated analytically in Ref. 2.
Erickson calculated the pitching-moment coefficient ana-
Iytically in Ref. 3.

The three-dimensional analog of this jet-flap representation
is a horseshoe-vortex system which lies in a semi-infinite
strip of width equal to the wing span and with the bound
segments of some of the vortices located downstream of the
trailing edge. Theories developed by Maskell and Spence?
and Hartunian® use the integral equation for the upwash
induced by this vortex system and require certain approxi-
mations in order to make the equation tractable. The up-
wash far downstream—which must be known in order to
calculate the lift coefficient—was found to be indeterminate
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in Ref. 4 and double-valued in Ref. 5. Further approxima-
tions, an arbitrarily assumed jet shape and the postulate of
additional bound vorticity on the jet, were needed in the
respective theories.

Tt is shown in this paper and in the thesis® on which it is
based that the method of matched asymptotic expansions,
with the inverse of the aspect ratio as the small parameter,
facilitates the analysis of the high-aspect-ratio wing with
jet flap. Van Dyke’ has used this method to formulate a
lifting-line theory which, after a Shanks transformation,®
reproduces and extends the classical Prandtl result yet
avoids the integral equation. In the outer limit Van Dyke
found that the wing shrank to a lifting line and in the inner
limit the flow near the wing is described by wing-section
theory. An advantage of using this method for the wing
with jet flap is that the integral equation for the induced
upwash does not appear.

1II. Analysis

The theory of the jet flap in two dimensions is derived by
assuming that the flows inside and outside the jet are irrota-
tional and at constant densities, the wing and jet are thin,
and the jet is at high speed. On this basis Spencel? was
able to formulate and solve the boundary-value problem for
the two-dimensional jet flap as one with mixed boundary
conditions on a semi-infinite line parallel to the undisturbed
flow. «, the wing angle of incidence, and 7, the angle with
which the jet emerges from the wing at the trailing edge, are
specified and a boundary condition on the jet is obtained by
combining the derivative of the kinematic condition of flow
tangency to the jet with the dynamic condition of balance
between the pressure difference across the jet and the rate
of momentum flow per unit span through the jet divided by
its radius of curvature. Spence found the two-dimensional
lift coefficient Cz® in the form

C1? = a(0CL®/d0) + 7(0CL?/07) 1)

where the two-dimensional lift derivatives 0C1®/da and
0C /0t are functions of the jet coefficient C;, which is de-
fined as the ratio of the jet momentum-flow rate per unit
span divided by the product of the wing chord and the
dynamic pressure of the undisturbed flow. Asymptotic
series for the lift derivatives in powers and logarithms of Cs
are given in Ref. 2. Although these series are only valid for
C; less than 4, they cover the range of engineering interest
since C; is seldom greater than 2 in practice.

The three-dimensional theory retains the assumptions of
the two-dimensional theory described previously and re-
quires that the aspect ratio 4, defined as the ratio of the span
to the mean chord, be high and that there be no appreciable
sweepback. The wing span is of unit length and the undis-
turbed flow has unit speed. An orthogonal coordinate
system z, y, 2 is defined with origin at the center of the wing,
z in the direction of the undisturbed flow, ¥ positive to star-
board, and z positive up. Respective velocity components
parallel to these axes are u, v, and w.

The theory must be valid in the limit as A becomes infinite
so a dimensionless chord variable c¢(y) is used which remains
finite in this limit. Thus, ¢(y) will be defined as the ratio of
the local chord to the mean chord. The wing is a flat ellipti-
cal plate with major axis in the y direction so ¢(y) is given by

cy) = 4/m(1 — 4y5)12 @)

for —% < y < 1. The 7 is independent of y and the jet
momentum-flow rate/unit span is proportional to (1 —
4y*)'? so C; is independent of y. The jet as well as the wing
can support a pressure difference so y(z,y), the circulation/
unit length of the bound vorticity and defined by v(z,y) =
u(z,y,0 +) — ulz,y,0 —), can be nonzero for all x downstream
of the leading edge and —% <y < 1.
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The wing, trailing-edge, and jet boundary conditions are
w = —afor ~¢(y)/24 < 2 < c¢(y)/24, w= —a — 7 for
z = ¢(y)/24, and v = [c()Cs/240w/0z for ¢(y)/24 <
£ < «. Theseapply for ~3 <y < 3andz = 0. The con-
stant density and irrotationality result in zero divergence
and curl of the velocity vector as the flow equations. Far
from the wing the velocity vector approaches its undisturbed
value so (up,w) — (1,0,0) as 22 + y2 + 22 —> . An im-
portant exeception to this is on the jet sheet, where its finite
span allows it to have a nonzero ultimate deflection angle
while the lift on the wing is finite.

If the limit process A — <« is applied to this three-dimen-
sional jet-flap boundary-value problem the wing shrinks to a
line segment and v is zero downstream of it. Since the
outer expansion can be invalid on this line segment the one-
term outer expansion is found immediately as

(ul:vbwl) = (1,0,0) (3)

The inner expansion is valid where the outer expansion is
not and is an asymptotic solution, for A — o, to the full
boundary-value problem rewritten in inner variables, which
are denoted by capital letters when they differ from the outer
variables. The inner independent variables are the outer
independent variables , y, and z stretched by functions of A
chosen to make them of order one, as A — =, in the region
where the outer expansion is invalid. The wing boundary
condition given previously shows that the appropriate function
for z is A itself and the theory of singular perturbations’ re-
quires that when the singular region is a line or line segment,
the two coordinates normal to it should be stretched by the
same factor whereas the one parallel to it should be left un-
stretched. Therefore the inner independent variables are
X, y, and Z with X and Z given by (X,Z) = A(z,?).

The inner dependent variables U, ¥V, W, and T are func-
tions of the inner independent variables but none are them-
selves stretched; thus, they are given by (U,V,W,I) =
(u,v,w,'y).

When the flow equations are rewritten in inner variables
they are

(U/oX) + (1/A)@V/ay) + (W/0Z) =0 (4

(1/A)(@W/oy) — (0V/0Z) = 0 &)
(QU/OZ) — (W /3X) =0 (6)

and
@V/oX) — (1/4)(dU/dy) = 0 )

and are satisfied for all X, y, and Z except —c(3)/2 < X < o,
—1<y<%,Z=0. Thewing, trailingedge, and jet boundary
conditions become W = —a for —c(y)/2 < X <¢(y)/2, W =
—a — 7for X = ¢(y)/2, and T' = [¢(y)C;/2]0W/0X for
c()/2 < X < «. The boundary conditions far from the
wing are satisfied by the outer expansion and are not applied
to the inner expansion. Instead the method of matched
asymptotic expansions requires that the outer and inner ex-
pansions be related through their respective inner and outer
expansions. [The inner (outer) expansion of the outer
(inner) expansion is formed by rewriting it in inner (outer)
variables and holding them fixed while expanding for 4 —
».] The form of this asymptotic matching principle that
will be used here is7

the m-term inner expansion of the (n-term outer
expansion) = the n-term outer expansion of the

(m-term inner expansion) (8)
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The one-term inner expansion is denoted by Ui, Vi, Wy,
and ;. Use of Eq. (8) withn = m = 1 to match it to the
one-term outer expansion results in

lim [Ul(Ax,y,Az),Vl(Ax,y,Az),Wl(Ax,y,Az)] = (1;0’0)
Ao

or
IimU:(X,9,2) = 1 9)
X1+ Z0>w
ImV(X,y,Z) = 0 10)
X24-Z2—>
and
limWi(X,y,Z) = 0 an
X+ 2w

when rewritten in inner variables.

Substitution of Uy, V1, and W, into Eqs. (5) and (7) and
application of the limit process A — « show that V; is inde-
pendent of X and Z. Then Eq. (10) shows that ¥, must be
zero and Eqs. (4) and (6) show that U; and W, satisfy the
two-dimensional flow equations in X and Z.

In two-dimensional jet-flap theory the ultimate jet-
deflection angle is zero, since otherwise an infinite amount
of fluid/units span and time would be transferred from be-
neath the jet to above it to result in infinite lift per unit span
on the wing. Thus, Eq. (11) permits two-dimensional jet-
flap theory to be used to find the one-term inner expansion.
Equation (9) and the wing, trailing-edge, and jet boundary
conditions show that the coefficient of 1ift per unit span is
C1® as specified in Eq. (1).

It is shown in Ref. 2 that €@ is related to Wy in the same
way as in conventional two-dimensional wing theory:

CL(Z) = - [4:1!'/6 (y) ]}}l—l;n [XWI (X,y,O) ]

and this can be expressed in outer variables as

Ahm[Axwl(Ax7yy0)] = _C(y)CL(2)/47I'

Therefore the one-term outer expansion (which is of order one
in 1/4) of W(X,y,0) is zero, as is required by Eq. (11), and
its two-term outer expansion is —e(y)C1®/4rAx or

—[e@)/4m]CL®/X (12)

when rewritten in inner variables.

The asymptotic matching principle, Eq. (8), with n = 2
and m = 1 requires that the two-term outer expansion have
a one-term inner expansion that matches Expression (12). The
order,in 1/A, of Expression (12) written in outer variables sug-
gests that the next term in the outer expansion is of order 1/4
so its velocity vector will be denoted by (1 4+ u/A, n/A,
wy/A). Smce as A — o, the outer expansion is invalid on
z=0—-3<y<iz= O it can be represented by solutions
to the ﬂow equations which are singular on this line segment.
The weakest singularities which have the antisymmetry in z of
the one-term inner expansion are vortices bound to the line
segment. Free trailing vortices are associated w1th them
and these will be assumed to lieon 0 < 7 < «©, —3 < y < %,

= (0. If K,/A is the circulation of the bound vorticity
the upwash is given by an equation of classical lifting-line
theory:

w2(x,y,0) ¥ dKz(y')
A 47rA f X

!1 Rk y)ﬂ‘”} ,dy’ (13)
Yy —y

x
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The inner expansion for the upwash is found by rewriting
Eq. (13) in inner variables and expanding for large A. Thus,

w(X/Ay0) 1 i1 dK(@")
A T arAJ -y dy
1 Aly — y![ X: ]“2}
— 1 d ’ —
{y' -y Xy - + Ay — y)? v
1 v dKs(y") ., HaKs() ]
X [ f gy W), Ty Wt

1 ARy dy (L )_
41rAf—% a7 —9 7 %\&)

K:(y)  auy) 1
“ox 4 T° (;r)

where

i) = 1f% dK,>(y") dy’

14
T 4r i dy oy —y (14
Therefore the one-term and two-term inner expansions of
we(x,y,0)/A are

—Ky(y)/2rX (15)
and

— [Ka(y)/27X] — [ai(y)/A] (16)

If the equation for the z component of velocity induced by
K.(y)/A were written out and its inner expansion calculated
it would be found that the two-term inner expansion of u; +
uy/A is 1.

Application of Eq. (8) with » = 2 and m = 1 to Expres-
sions (12) and (15) shows that

Ks(y) = c(yCi®/2 a7
and then Eqgs. (14), (17), and (2) give
oz,-(y) = CL(z)/ﬂ' (18)

The next application of Eq. (8) will require that the two-
term outer expansion of the two-term inner expansion of
W(X,y,0) match Expression (16) so the two-term inner expan-
sion will be written as Uy + Us/A, Vo/A,and soon. Substitu-
tion of the velocity components into Eqs. (4) and (6) shows
that U, + U,/A and W, + Wy/A satisfy the same two-
dimensional flow equations that U; and W, did. Substitu-
tion of W, + W,/A and Ty 4 TI'z/A into the wing, trailing
edge, and jet boundary conditions shows that they satisfy
the same ones that W, and Ty did. Matching conditions on
U, + Uy/A and W, + W,/A are provided by Eq. (8) with
n = m = 2, Since the two-term inner expansion of u; 4
us/A is 1 the matching condition on U, + Us/A is

lim{U(dz,y,A2) + U:(Az,y,Az)/A] =

A—> o
or, in inner variables,

lim [Un(X,y,2) + U(Xy,2)/A] = 1
X+ 7>

Expression (16) and Eq. (17) show that the matching condi-
tion on W, + W,/A is

Alim[Wl(Axyy;O) + Wz(Ax,y,O)/A] =
~le)CL®/4nAz] — /A
or
JmTX(0) + WaXa0/d] = — (957 — G )

Equation (19) shows that W; + (W2 + os)/A rather than
Wi + W3i/A has the zero ultimate jet-deflection angle needed
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to apply two-dimensional jet-flap theory. Use of W; -+
(W + a:)/A in place of W; + Wy/A does not affect the two-
dimensional flow equations or the jet boundary condition but
does require that « be replaced by o — a;/4 in the wing and
trailing-edge boundary conditions in order for W; + W»y/A to
satisfy the correct ones. Thus, —a;/A is the induced inci-
dence of classical lifting-line theory.

The two-dimensional jet-flap theory gives Cr® — (ai/
A)AC @ /da, with C1@ as specified by Eq. (1), as the lift
coefficient which satisfies

47

- & lim { X [W1(X,y,0) + Wi(X,y,0)/A + o/A}} =
CL® — (a:;/A)0CL? Joa
Therefore :

—D (0o _
4w (CL A4 O«
and the three-term outer expansion of W(X,y,0) + W.(X,

¥,0)/4 is
1 9@ ()] 1oy) o0
A[ e O | D 2 oa

o OCL<2))
- = ) — ra;

or

oy bC (25
~ 1 om > (20)

when rewritten in inner variables.

The order of the lift-derivative term in Expression (20)
written in outer variables suggests that the next term in the
outer expansion is of order 1/42.  Thus, the circulation of the
bound vorticity will be written as Ko(y)/A + K3(y)/A2 The
relation between it and the upwash is

7.l)3($,y,0)
A 41rA f say' *

(K + B0 [+ L+ - g}

we (m,y,O)
y:}

+

y -y
(21)
Application to Eq. (21) of the procedure which gave Expres-

sions (15) and (16) and use of Eqs. (14) and (17) show that
the two-term inner expansion of w.(z,y,0)/A + ws(z,y,0)/A% is

— c@W)CL®/4rX — [a: + Ks(y)/2rX]/A.

Use of Eq. (8) withn = 3 and m = 2 to mateh this to Ex-
pression (20) results in

Ki(y) = —[c(¥)/2]a:0C1® /0 (22)

It is shown in Refs. 4 and 5 that the lift coefficient C, de-
fined as the ratio of the lift to the product of the wing plan-
form area and the dynamic pressure of the undisturbed flow,
is given by

—[Cr + A/ . (23)

for this case where «, 7, and C are independent of y and ¢(y)
is given by Eq. (2). In general w. depends on y and is de-~
fined by

Wo(y) = lim w(z,y,0)

>

and so is proportional to the ultimate jet-deflection angle.
Equation (21) gives

w) = gop [ | B + B oayan
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and Eqgs. (17), (22), and (18) give

_C® 1 0C® 3 de(y’) dy’
wa) = 7 (1 T4 da )f—; dy' y —y

so, with Eq. (2),

+ o(1/4%)

20, 1 oC.®@ 1

A (1 74 o ) to (A2> @5

Equation (24) is, except for the dependence of Cr® and

oC1?/da on C, the expression for the ultimate upwash of a

flat wing without jet flap and with planform given by Eq. (2).
Equations (23) and (24) show that the lift coefficient is

given by

9 @ 1
Cy = O (1 + i’) (1 - L > +o (Z) @5)

The final expression for €'y is obtained by applying the form
of the Shanks Transformation® used successfully in Ref. 7.
This transforms an expansion of the form 1 4 ae 4 o(e), for
e—0,t01/(1 — ae). The result of applying it to Eq. (25) is

Cr/CL® = wA/[xd + QCLP/da) — 2C;]  (26)

for the ratio of the three- and two-dimensional lift coefficients.

W = —

ITI. Comparison with other Theories

The equation for the ratio of lift coefficients given by
Maskell and Spence in Ref. 4 is

C1/CL® = [rA + 2C,)/[rA + 200.®/da) —
2r(1 + o)] (27)

where o is defined as 1 + 2 (induced downwash at wing)/
(ultimate upwash). Therefore ¢ = 1 + 2a:;/Aw. + o(1/A)
and Egs. (18) and (24) enable ¢ to be shown to be o(1) in
1/A so its contribution to Eq. (27) is o(1/4) and, since Eq.
(26) neglects o(1/A4), ¢ will be neglected here. In Ref. 4
it is found that ¢ is a small positive quantity which depends
on « and 7 as well as C; and A so an advantage of neglecting
it in Eq. (27) is that the ratio of lift coefficients is then inde-
pendent of wing incidence and jet angle.

With ¢ neglected Eq. (27) differs from Eq. (26) in the
presence of + 2C; in the numerator instead of —2C; in the
denominator, and in the presence of 20C.®/da — 27 instead
of 0C.®/da in the denominator. Although Eq. (25) con-
tains the term 1 + 2C;/wA4 application of the Shanks trans-
formation requires that 2C;/wA be reversed in sign and
moved to the denominator of Eq. (26). In Ref. 2 Spence
found that, as Cy — 0, (1/2m)0C.®/da = 1 + (C;/4x) log
(16e7/Cy) + O(C;) where v is Euler’s constant. (This expres-
sion is valid for C'y < 4 so the second term on the right-hand
side is positive.) Therefore,2dC®/da — 21 = dCLP da +
(C/2) log(16e7/Cy) + O(Cy) so, in the limit as 4 — « and
C; — 0, Ref. 4 gives a ratio of lift coefficients smaller by
(Cs/27A) log(16e7/C ;) in the denominator than the ratio of
the present theory.

In Ref. 5 Hartunian found that the ratio of lift coefficients
is given by

Co 7A + 2Cs
CL(2) B ‘lI'A + (bCﬂ”/ba) - 87I'Do

(28)

D, is given as a funetion of C; in Table 1 and Fig. 11 of Ref.
5, where it is apparent that —8xD, is almost exactly equal to
2C;. Therefore in the limit as A — « and Cy — 0 the effects
of —8xDy in the denominator and 2C; in the numerator will
cancel. In this limit the present theory will give a result
higher because of —2C; in the denominator than Eq. (28).
This is a smaller discrepancy than that between the lift-
coefficient ratios of the present theory and that of Ref. 4.
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The three ratios were calculated for A = 6 and A = 3 over
a range of €'y and the results are given in Table 1. Values for
dCL®/da were taken from Table 1 of Ref. 2 and values for
Dy are from Table 1 of Ref. 5. The ratios of lift coefficients
are quite close but, except at the highest values of C,, rank
in the order expected: present theory, Ref. 5, and Ref. 4 at
both aspect ratios.

If particular values of & and 7 had been chosen and ¢ had
been evaluated and its effect included in the calculations
for Table 1, it would have raised the results for the theory
of Ref. 4 slightly since it would have been a small positive
quantity in each calculation of the ratio. It was neglected
because its contribution to the lift coefficient ratio is of
higher order in 1/A than is considered in the present theory.
In this sense, the theory of Ref. 4 is of higher order in 1/4
than the present one. Extension of the present theory to
order 1/A2 to permit a higher-order comparison would re-
quire, when computing the three-term inner expansion, the
solution of a two-dimensional jet-flap problem with induced
camber present as complicated as that found by Van Dyke,’
and such a solution is not available.

Comparison with the results of appropriate experiments
would assist in drawing conclusions about the relative ac-
curacy of the three theories. In Figs. 7 and 8 of Ref. 4, its
theory (with nonzero ¢) for a wing with planform given by
Eq. (2) is compared with results from experiments conducted
with a rectangular wing at aspect ratios of 6.8 and 2.75 and
the agreement is quite good. Comparison with these ex-
perimental results has not been made here because the results
of the three theories are close enough that the discrepancies
between them are less than inaccuracies that could be at-
tributed to using experimental results from a wing with the
wrong planform. Nevertheless the closeness of the results
given in Table 1 suggests that the agreement between the
theory of Ref. 4 and the experimental results confirms the
accuracy of all three theories for aspect ratios as low as three.
The present theory has the advantage of using the method
of matched asymptotic expansions to obtain a result valid
for A — =« and throughout the jet-coefficient range of interest.
This means that its systematic extension to higher order in
1/A will be possible when certain advances in two-dimen-
sional jet-flap theory are made.

IV. Conclusions

The method of matched asymptotic expansions has been
used to derive a theory for the lift on a high-aspect-ratio
wing with jet flap. The derivation has been given for a flat
elliptical wing with spanwise-uniform jet coefficient and jet
angle. The result is Eq. (26), a simple expression for the
lift coefficient.

Since the theory uses velocity components instead of the
velocity potential as the dependent variables and thin-airfoil
approximations are made throughout it can be regarded as a
paralle] to the Van Dyke theory derived by using thin-airfoil
theory and with the jet flap present. The expansion has
not been carried as far; Van Dyke found Cy to order 1/42 by
calculating the three-term inner expansion. As occurred
in the Van Dyke theory it is not necessary to solve the in-
tegral equation for the upwash induced by the lifting surface
because the change in lift because of the induced incidence
is much smaller than the lift. This simplification makes it
possible to avoid the approximations needed in Refs. 4 and
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Table 1 Ratios of three- to two-dimensional lift
coefficients from the present theory and the theories
of Refs. 5 and 4

CL/CL®, A = 6 CrL/CLo, A = 3

oCL®
da Do Present Ref. 4, Present Ref. 4,
Cs Ref.2 Ref. 5 theory Ref.5 ¢ = 0 theory Ref.5 o =0
6.283 0.0 0.750 0.750 0.750 0.600 0.600 0.600

«n

6.468 —0.0040 0.747 0.746 0.743 0.597 0.596 0.592
6.619 —0.0080 0.746 0.742 0.738 0.595 0.592 0.588
6.889 —0.0158 0.744 0.737 0.731 0.592 0.588 0.581
7.370 —0.0318 0.742 0.727 0.720 0.589 0.581 0.572
7.594 —0.0398 0.741 0.723 0.715 0.588 0.579 0.569
8.631 —0.0798 0.740 0.707 0.699 0.587 0.570 0.560
9.595 —0.1198 0.741 0.695 0.688 0.588 0.564 0.556
10.522 —0.1600 0.743 0.684 0.680 0.591 0.560 0.555
12.324 —0.2402 0.749 0.668 0.668 0.598 0.555 0.556
14.097 ~—0.3204 0.756 0.655 0.659 0.607 0.552 0.556
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5 in order to calculate Cr. The theory makes use of an
equation, Eq. (23), for calculating € in terms of w. which
was given in these earlier three-dimensional jet-flap theories.
The method used here to find w., requires that the expansion
be carried to the three-term outer, two-term inner stage in
order to calculate Cr to order 1/A. If the same method
were used to calculate Cz to the order, 1/42 to which Van
Dyke found it, it would have been necessary to carry the
expansion to the four-term outer, three-term inner stage.

The present theory is easily generalized to treat con-
figurations where ¢(y) is not given by Eq. (2) and «, 7, and
C'; are functions of y, as long as the aspect ratio is high and
there is no appreciable sweepback. This more general case
was treated in Ref. 6 and the result was an expression for €z
which reduces to Eq. (26) for the configuration treated here.
Although «; became a. function of y it was possible to use
the method of Sec. II to find the two-term inner expansion
by adding a:/A to Wy + Wy/A since only derivatives with
respect to X and Z appear in the two-dimensional flow equa-
tions and the jet boundary condition.
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