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Theory of Discrete Vortex Noise
SANFORD S. DAVIS*

NASA Ames Research Center, Moffett Field, Calif,

A solution is obtained for the noise induced by vortex shedding from the trailing edge of a semi-infinite flat
plate. The solution for the potential flow is based on a procedure whereby an inner incompressible flow is
matched to an outer acoustic field. Acoustic wave fronts are calculated and compared qualitatively with
Schlieren photographs of similar flows. The acoustic directivity pattern is obtained, and the extreme sensitivity of
this parameter to the incompressible flow near the trailing edge of the plate is investigated.

D/Dt
F(Z)

Nomenclature
= freestream speed of sound
— const used in conformal mapping
= directivity factor
= convective derivative, (d/dt) + V^d/dx)
= complex potential, Q(X, Y) + W(X, Y)

= acoustic wave number, co/a^
= convective wave number, co/V^
= typical length scale in region A
= freestream Mach number
— pressure perturbation
= polar coordinate, (X2 + Y2} 1/2

= polar coordinate, (x2 + /?2y2 ) 1/2

= polar coordinate in physical plane, (x2 + y2)l/2

= perturbation velocity in X-direction
= perturbation velocity in /^-direction
= perturbation velocity in F-direction
= freestream velocity
= physical coordinate
= transformed coordinate, x//?2

= location of point vortex in Z-plane
= scaled coordinate
= physical coordinate
= transformed coordinate, y/fi
= scaled coordinate
= complex number, X + iY

a = polar coordinate in physical plane, tan ~ 1 y/x
p = Mach number parameter, (1 — M2)1/2

F = circulation of point vortex
£ = complex number, £ + it]
C0 = location of point vortex in £-plane
rj = coordinate used in conformal mapping
Y]O = location of point vortex in C-plane
9 — polar coordinate tan~ 1 Y/X
K = strength of point vortex (V/2n)
KO = strength per unit length of vortex sheet
/. = wavelength of acoustic disturbance
£ = coordinate used in conformal mapping
pw = freestream density
</>(x, y, t) = perturbation velocity potential
0i (x> y} — complex amplitude of perturbation velocity potential

, Y) = transformed velocity potential, 0!//?4

, Y} = stream function
\l/ = phase variable
co = radian frequency

Introduction

THE effect of extended solid surfaces on the propagation of
aerodynamic sound has not yet been fully resolved. Complex

diffraction effects at edges and corners are known to have
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important effects on the acoustic field. Only when the surface
involved is considered acoustically compact, i.e., its primary
dimensions are at most comparable to the acoustic wavelength,
does Curie's dipole analysis1 reflect the true state of affairs.
Recently, several papers were written on the effect of non-
compact surfaces on aerodynamic noise. The simplest geometry
that encompasses the essence of the problem seems to be the
semi-infinite half-plane. Thus, in Refs. 2-8, various aspects of
the problem of moving and stationary acoustic sources near a
half-plane are discussed.

Recently, Crighton9 and Jones10 introduced a new element
into the half-plane problem. Crighton showed that the intensity
of the aerodynamic noise emitted by an unstable vortex sheet
behind a semi-infinite flat plate is extremely sensitive to the
imposition of a Kutta condition at the trailing edge. In fact,
Crighton9 reports a change in radiated intensity from V^4 with-
out a Kutta condition to V^2 with the Kutta condition, as well
as a significant change in the directivity factor. Jones10 shows
that imposing a Kutta condition on the field induced by a
source near a half-plane results in an intense beaming effect
along the wake. Unfortunately, these elegant results are not
very amenable to direct experimental confirmation because the
idealizations introduced to make the mathematics tractable
yield flow models that are difficult to realize physically.

A solution is obtained here for the discrete vortex noise emitted
by a semi-infinite plate in a uniform flow. The flow is simple
enough to yield to mathematical analysis, yet realistic enough
to model quite easily in a wind tunnel. The actual flow to
be modeled is that induced by an airfoil section with a
blunted trailing edge. The blunted trailing edge is a fixed point
of separation for the boundary layer, and a regular vortex
street is observed in the wake. Figures la and Ib (reproduced
with permission from Ref. 11) are two schlieren photographs of
the extremely regular vortex wake. Also, cylindrical wave fronts
centered at the trailing edge are clearly defined. These wave
fronts, distorted by the mean flow, are the aeroacoustic effects
of the vortex shedding. The length of the acoustic wave is but a
small fraction of the airfoil chord, precluding any dipole-type
interpretation of the noise. Since the finite chord seems to have
little or no effect on the observed acoustic wave motion, a
reasonable mathematical model to this flowfield would be a semi-
infinite plate in a uniform flow with a trailing vortex sheet.

The flow model studied is shown in Fig. 2. At the trailing
edge of the plate, a vortex sheet is shed with frequency co.
The strength of the sheet KO is very small with respect to the
freestream velocity V^. Both co and KO are determined from
considerations that are beyond the scope of this paper. The
frequency can most likely be related to a Strouhal number based
on V^ and the wake thickness,12 and the strength of the
vortex sheet can be related to the form drag of the plate.
The irrotational flow induced by this vortex sheet is analyzed
in three regions. In region A, the flow is unsteady and incom-
pressible. This region extends to a distance of the order of the
scale of the unsteadiness ~ VJco. Region C is the acoustic field,
where the predominant effect is a propagating acoustic wave.
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p=-Poo(D<t>/Dt) (1)

Fig. 1 Schlieren photographs showing discrete vortex noise emitted by
a truncated airfoil, a) / = 6800 Hz. b) / = 9520 Hz.

Solutions obtained in regions A and C are joined in an overlap
region—region B in Fig. 2. This method of obtaining a solution
is related to singular perturbation techniques, but is most similar
to the matching method used by Landau and Lifshitz.13 The
method also gives some insight into the mechanisms of noise
generation. It is shown that the extremely complicated incom-
pressible flow is not very important to the acoustic field. Only
certain gross properties of the incompressible flow, as reflected
by its far-field asymptotic form, are important to the noise
field.

Results presented here include acoustic pressure distributions
and directivity patterns with and without the imposition of a
Kutta condition at the trailing edge. Without the Kutta condi-
tion, the familiar cardioid directivity pattern appears and the
intensity increases as V^. However, with the Kutta condition
a beaming effect along the wake is predicted, and the intensity
increases only as V^. Either the directivity or the exponent of
V^ can be used to determine the correct flow experimentally.

Method of Solution
The unsteady vortex sheet induces an irrotational flow in the

surrounding medium. Let the velocity be Vtot = V^ 4- V(/>, where
(/> is the irrotational perturbation velocity potential. The velocity
potential and the perturbation pressure induced by the vortex
wake on y = 0, x > 0 satisfies:

SEMI-INFINITE
\ VORTEX SHEET

VORTEX STRENGTH = KO ms~
VORTEX FREQUENCY = co s~1

where

ii:a?'
d2 D d d

'fy2' 'Dt = 'dt + V«)fa
and p^ and a^ are the freestream density and freestream
speed of sound, respectively. On the plate itself, the normal
velocity must vanish:

d(j)/dy = 0 on j; = 0, x < 0
and far away from the plate the perturbation velocity must
also vanish. In addition, any wave motion must represent out-
going waves at large distances. Equations (1) can be simplified
somewhat by substituting

0(x, y, f) = real part of [cb1(x, y) ejkMx/p2 eja)t~] (2)
where c/>1 is a complex amplitude factor, j = (—1)1 / 2 , CD is the
(assumed known) frequency of the vortex shedding, M is the
Mach number V^/a^, k is the wave number co/a^, and /?2 =
1 — M2. The term ̂  can be shown to satisfy

along with the boundary condition dcfrjdy = 0 on y = Q, x<0
and appropriate conditions at infinity. It is convenient to rescale
the dependent and independent variables as follows. Let

X = x//?2 )
Y=y/fl V (4)

This is similar to, but not exactly like, the classical Prandtl-
Glauert transformation. Substituting Eqs. (4) into the equation
for cf)l and into the boundary conditions yields

• = 0)
on Y = 0, A <

where O vanishes as R = (X2 + 72)1/2 approaches infinity, and <I>
must represent an outgoing wave at infinity. The Helmholtz
Equation and boundary conditions in Eqs. (5) are exactly the
problem posed in the diffraction of an incoming wave (acoustic
or electrodynamic) by a semi-infinite plane.14 Certain well-
known solutions of this problem are used in the following
analysis. The transformed potential may then be related to the
original perturbation potential by
0(x, y, f) — real part of

[£4O(x/£2, y/P) ejkMxlli2 e^ (6)
The basis for a relatively simple analysis of Eqs. (5) is now

described. The potential flow near the edge of the plate changes
significantly over a length scale /, that must be associated with
the incompressible hydrodynamic flow near the edge. The only
length scale that can be formed from the kinematic and geometric
configuration (Fig. 2) is the wavelength of the vortex sheet
/ = 27iV00/co. If this length is used to scale the independent
variables X and Y in Eqs. (5), the Helmholtz Equation becomes

d2<&/dX'2 + d23>/dY'2 + k2l23> = 0 (7)
where X' = X/l, Yf = Y/l, and kl = (co/a^) x (2nVJco) = 2nM. If
M is not too close to unity, the term involving kl is smaller than
the two remaining terms. As a first approximation, one could
just as well neglect the term in Eq. (7) involving kl.
(Actually, this is equivalent to retaining only the first term in a
Taylor series expansion of the full potential (/> about kl = 0.)
Thus

V"*] (8)t
where •

= 0
(9)

in the original X, Y coordinate system. Thus, near the edge
of the plate, the unsteady, incompressible flow satisfies a Laplace

Fig. 2 Idealized flow model used in the analysis. Region A—incom-
pressible flow, region B—transition, region C—acoustic field. f R€J is the real part of the complex variable A +jB.
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ZPLANE

Fig. 3 Conformal mapping for half-plane [transformation : £ = i(Z)1/2].

Equation. A similar argument that leads essentially to the same
result, but for a simpler flowfield, is given by Landau and
Lifshitz,13 and a somewhat more rigorous argument using the
singular perturbation approach is given by Crow.15

At large distances from the plate edge, a propagating acoustic
wave is expected to be the predominant contribution to the
perturbation field. In this case, the relevant length scale must be
the acoustic wavelength A = 2n/k. If this length is used to scale
the independent variables X, Y in Eqs. (5), . the Helmholtz
Equation becomes

2<j> = o (io)
where X' = X/A and Y' = Y/L In this case, all terms are of
equal importance and the disturbance is governed by the full
Helmholtz Equation. Again, for the original coordinate system,
O must satisfy

= 01

and appropriate conditions at infinity.
The problem, in a sense, is separated into two parts. The

burden of satisfying the complicated boundary conditions
associated with the vortex motion has been relegated to the
inner incompressible flow, and the outer wave region must
transmit the acoustic energy associated with the vortex motion.
However, this simplification allows Eqs. (11) to be solved only
up to a constant multiplicative factor. This factor can be
calculated by a matching procedure whereby the limit of the
solution to Eqs. (11) as R-+Q is matched to the limit of the
solution to Eqs. (9) as R -> oo. This procedure is equivalent
to that used in singular perturbation theory, but without
explicit reference to the vocabulary of matched asymptotic
expansions. Note that Eqs. (11) include a boundary condition
that must be satisfied even in the acoustic farfield. This
precludes any interpretation of the solution to Eqs. (11) in terms
of sources, dipoles, quadrupoles, etc. These multi pole concepts
are meaningful only at distances far from finite bounded
surfaces.

Incompressible Flow Region
In this region (A in Fig. 2), the perturbation potential must

satisfy :

(12)
on

The solution to Eqs. (12) is obtained by a superposition
method similar to that of Burgers.16 The incompressible flow
induced by a single vortex near a half-plane is found most
easily by conformal mapping. Let the complex potential F(Z) —
O + z'^Pf in the Z = X + iY plane be mapped into the £ = £ + !>/
plane by the transformation :

C = i(Z)1/2 (13)
As shown in Fig. 3, the half-plane Y = 0, X < 0 is mapped
into the line q = 0. A vortex of strength /c(F = 2nK) at the
point X = X0, Y = 0 maps into the point C0 = i(X0)1/2 in the

J The use of i to represent (—1) 1 / 2 in this incompressible flow
calculation should not be confused with the use of j to represent
complex quantities in the preceding section.

C-plane. A combination of the vortex, its image with respect
to the real axis, and a uniform flow along the real axis
satisfies the Laplace equation and the boundary condition.
The complex potential is

F(0 = AC + i»clog[C-i(A'0)1/2]-iiclog[C + i(A'0)1/2] (14)
where A is a real constant. Substitute for £ from Eq. (13) to
obtain the complex potential for a vortex near a half-plane:
F(Z) = iA(Z)1/2 + IK log [i(Z)1/2 - i(X0)1/2] -

i»clog[i(Z)1/2 + i(X0)1/2] (15)
The perturbation velocities, u and v, in the X and Y directions,
respectively, can be expressed by means of the complex potential
as

dF(Z)/dZ = u-i

Differentiating Eq. (15) yields the complex velocity:
u-iv =

(16)

[(7 Y \~\ (M\v — o) ] v /

If Z —> 0, the complex velocity is singular at the edge, and the
solution is indeterminate. This singular behavior can be
eliminated if a Kutta condition is imposed at the trailing edge.
If A is set equal to 2K/(X0)1/2, the two terms in Eq. (17) can
be combined to yield:

u-iv = iK(ZYl2/[_(X0)1/2(Z-X0)] (18)
Now as |Z| -> 0, the complex velocity vanishes and the trailing
edge becomes a stagnation point.

A question remains as to whether the complex velocity is
correctly given by either Eq. (17) with A = 0 (e.g., no Kutta
condition) or Eq. (18). The flow is oscillatory, and the frequency
of vortex shedding must have an important effect on the imposi-
tion of a Kutta condition. If a Kutta condition is imposed, a
complicated unsteady viscous flow near the trailing edge is
reduced to the imposition of a simple criterion for the location
of the stagnation point. Actually, the viscous flow has an
associated "relaxation time" over which the flow must respond.
If this relaxation time is of the same order as, or greater than,
the period associated with the vortex shedding, there would not
be enough time for the viscous effects to respond to the full
Kutta condition. At very high shedding frequencies, Eq. (17)
with A = 0 would probably be most correct. On the other
hand, at lower shedding frequencies, the Kutta condition [as
imposed in Eq. (18)] would most likely be more valid. For the
special case when the frequency vanishes (e.g., steady flow), the
Kutta condition has been shown to be a good approximation
to the actual flow. Further experimentation with these flows is
necessary before the true state of affairs can be determined
for sure. Both forms of the complex velocity are used here
and the acoustic response of the medium is computed for
each.

The complex velocity for a continuous vortex sheet can be
obtained by superposition. Let the vortex strength per unit
length along the wake be KO. This vorticity is oscillating at
radian frequency CD, and is convected at the freestream velocity
Vx. The vortex strength in a length dX0 of the wake is

The complex velocity when the Kutta condition is applied can
be written as an integral over the entire wake as

u-iv = - iK0(Z} li2 'H (X.y2(Xe- Z)] (20)

where kx = co/V^. Note that the time dependence has been
suppressed according to the definition of <E> from Eq. (8), and
all terms involving j are to be understood as meaning the real
part only. (Note that taking the real part with respect to j
involves Z as a real constant. Since the velocities u and v are
considered explicitly below, the use of two complex variables
at this point should not be confusing.) Fortunately, the integral
in Eq. (20) is the Stieltjes transform of e~J^x-/(X0)1/2 and is
tabulated in the literature. From Erdelyi et al.,17 the complex
velocity is given by

( k x Z ) i / 2 ] (21)
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where erfc is the Complementary Error Function, and the upper
and lower signs are used for Im Z ^ 0, respectively. This solution
satisfies all conditions in Eqs. (12). In the actual flow, the
strength of the vortex sheet at the trailing edge does not
instantly reach the constant value KO as assumed in the calcula-
tions. But the potential flow at all points, except right at the
trailing edge, depends only on the ultimate vortex strength KO,
not on the details of the growth of the vorticity.

Consider next the case when no Kutta condition is applied.
Let A = 0 in Eq. (17), and apply the same procedure used
above to obtain the complex velocity :
u-iv = ±7i/c0[)r^zerfc [ + iV7r/4(/cxZ)1/2] +

ie-j«/4/(7ikxZ)1/2] (22)
This solution also satisfies Eqs. (12). These formulas are much
too complicated to be used as they stand, but fortunately our
interest is only in the effect of these perturbations on the
acoustic field. The asymptotic expansion of the Complementary
Error Function for large values of its argument is18

erfc[ + /^/4(/cxZ)1/2] ~ ±ie-s*'*ejk*z/(nkxZ)112 x
[l-;/(2/cxZ)] (23)

If this formula is used in Eqs. (21) and (22), the complex
velocities become much simpler. The final result for the radial
perturbation velocities at large values of Z = Rel6(—n ^ 9 <? n)

140° 120° 100° 80° 60° 40°

UR=- ( n ) K 0 e
with the Kutta condition and

sin

sin

(24)

without the Kutta condition. Although both formulas have a
sin (%)9 directivity pattern, application of the Kutta condition
imposes a much slower R1/2 decay rate rather than the R3/2 decay
rate when no Kutta condition is applied. These asymptotic
forms are still based on incompressible flow theory and can be
expected to hold only at distances well within an acoustic
wavelength or so from the edge. Region B in Fig. 2 is about
the farthest from the plate where Eqs. (24) and (25) can be
expected to hold. In the following section, solutions are obtained
in the acoustic field which are the compressible flow counterparts
of Eqs. (24) and (25).

Acoustic Field
As indicated in Eqs. (11), the perturbation potential must

satisfy both the Helmholtz Equation and the semi-infinite plate's
boundary condition of no normal flow. Rewriting Eqs. (11) in
polar coordinates yields

d2® 1 <3<D 1 d2® , -

on '= ±n
(26)

It can easily be shown by direct substitution that the particular
solution

<W) = ̂ |̂  + ̂ ^ (27)

satisfies both the boundary conditions and the partial differential
equation. Since only outward bound waves are considered, P
must vanish. The acoustic field is determined by Eq. (27) up to
an arbitrary constant g. Now, as kR decreases, the major
contribution to the radial velocity is obtained from the derivative

as kR -> 0 (28)

This formula must hold as close in as region B in Fig. 2.
But Eq. (25) for the incompressible value of UR without the
Kutta condition must hold as far out as region B. The two
equations have exactly the same form except for a multiplicative
constant; they are identical if Q = (n)1/2K0ejn/4/kx

3'2. Hence the
potential in the acoustic field, from Eq. (27) is

160°

180°

200° 340°

220° 240° 260° 280° 300° 320°

140° 120° 100° 80° 60° 40°

160°

180°

200°

220° 240° 260° 280° 300° 320°

340°

Fig. 4 Wave front pattern in the acoustic field, a) M = 0.10, b) M
0.60.

0-- (29)

Use of this value of <D in Eq. (6) gives the acoustic field
for a vortex sheet near a semi-infinite flat plate without the
Kutta condition. Note that the complicated flow pattern given
by Eq. (22) does not affect the acoustic field. Only the gross
features of the incompressible flow, as indicated by the asymp-
totic form in Eq. (25), determine the energy to be emitted as
an acoustic disturbance.

The appropriate solution to Eqs. (26) when a Kutta condition
is imposed is not as simple as in the preceding case. The
only particular solution of Eqs. (26) that can be obtained in the
separated form, O = f(R)sin^9 is that given by Eq. (27). This
equation gives a velocity field that decays as l/R3/2 in the
incompressible region, but a velocity field that decays as l/Rl/2

in the incompressible region must be obtained. Now consider
the complex conjugate of the function given by Crighton9:

€> = Q exp ( -jkR cos 0) i; exp ( - 2;r2) dt (30)

This function satisfies Eq. (28) and the boundary condition, and
has the required outgoing wave behavior as R-+CQ. At this
point, Eq. (30) bears little resemblance to Eq. (24) with which
we wish to match it. However, if the near-field limit is taken
as kR -> 0, Eq. (30) can be expanded to

as kR-*Q (31)
and the major contribution to the radial velocity is given by

UR=- Q/2(k) 1/2 sin 1/2 as kR -+ 0 (32)
This formula must be valid in region B of Fig. 2. Equations
(24) and (32) have the same functional dependence except for
constant Q. They would be identical if Q = 2(n) 1/2K0e~J7t/4 /
(/cx/c)1/2. Substituting this value of Q into Eq. (30) yields the
acoustic field :
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2(*Y'2K.
1/2.. f f - j

- exp ( -jkR cos 9) exp ( - 2jt2) dt

(33)

Results
The first quantity examined is the pressure in the acoustic

field. From Eqs. (1) and (6), the perturbation pressure can be
expressed as
p = - Poo p2[jco<b(X, Y) + VJd<b(X, y}/dX]\ eJkMX/p2 + jo>t (34)

Consider the case when the Kutta condition was not applied.
In this instance Eq. (29) must be used in the formula for the
pressure. The farfield pressure (kR $> 1) becomes

P=-(n)

where

i/2jn
JPao "oo

V 3/2 *,(l-Mcos0)sini0
-1/2(l-M2)-3/Vi 1/2

.

(35)

= tan
and i/f is the phase (r1 —

Values of i/^ — const correspond to lines of equal phase for
the pressure. These lines are distorted from a circular shape
because of the convective effect of the mean flow. Figures 4a
and 4b show lines of constant values of \ji for two freestream
Mach numbers, 0.1 and 0.6. At the higher speed, the distorting
effect is more apparent. A comparison of Figs. 4b and Ib, which
correspond to roughly analogous conditions, shows the apparent
similarity between the real and calculated wave patterns.

If r and a are polar coordinates in the x,y plane, the
directivity factor D(a) is defined by

p(r,*,t) = p0D(*)/(r)1'2e>a'-l+ (36)
where p0 is some reference pressure. From a comparison of
Eqs. (36) and (35),
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200° 340°

220° 240° 260° 280° 300° 320°
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220° 240° 260° 280° 300°

b)

320°

Fig. 5 Directivity pattern in the acoustic field with no Kutta condition
applied at the trailing edge, a) M = 0.10, b) M = 0.60.

(37)

where 9 = tan [ (ft tan a). The directivity factor is basically a
cardioid, but is distorted by the mean flow. Figures 5a and
5b are graphs of D(a) for freestream Mach numbers of 0.1 and
0.6. As shown in the figures, the maximum pressures are directed
upstream, and the over-all distribution bears no resemblance
to the usual dipole-type directivity attributed to solid surfaces.

The formulas derived above when no Kutta condition is
applied are straightforward and easily interpreted. The formulas
applicable when the Kutta condition is applied are more complex,
and an interpretation of the pressure field by means of a
directivity factor is less meaningful. To illustrate the difficulty
involved, the pressure perturbation obtained by substituting Eq.
(33) into Eq. (34) is

(1-M2)-1

e~2jt2dt +I'J ( k

v-Jkx/02

Equation (38) is not in the form of Eq. (36) and no directivity
pattern independent of kr1 exists, no matter how large kr1
may be. This means that the directivity changes with /cr1? and
D(OL, krj is proportional to the bracketed term in Eq. (38).
Because of its complexity, Eq. (38) is simplified in two angular
regions for large values for kr^ First, if 9 is not close to zero,
the lower limit of the integral in Eq. (38) is very large. With the
asymptotic expansion of the integral in Eq. (38), the formula for
pressure becomes

— M cos f)} p~ J7t/4r ej{(at ~ k^
V̂co

n K
°° °

(39)
Note that this formula becomes invalid as 0->0, Both Eqs.
(39) and (35) show a similar decay rate of r^12, which is typical
of all two-dimensional cylindrical waves. At the other extreme,
when 9 -> 0, Eq. (38) becomes

1
P= ~ 1/2 l

(2) 1/2 (1-M2)-
(40)

The interesting result obtained here is that the acoustic
pressure travels out along the wake as a plane wave. As such,
it does not decay at large distances from the wing. This
curious result is most likely attributable to the singularity
associated with the semi-infinite vortex street whose strength
is assumed constant at all distances from the plate. At any
rate, the pressure perturbation in the acoustic field shows a
distinct maximum along the wake when the Kutta condition is
imposed. Figure 6 shows probable directivity plots of the pressure
distribution for various values of kr. The point on the wake is

140° 120° 100° 80°

160°

180°

200° 340°

220° 240° 260° 280° 300° 320°

Fig. 6 Directivity pattern in the acoustic field with a Kutta condition
at the trailing edge; M = 0.60.
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known from Eq. (40) and the relative directivity in the upstream
direction is calculated from Eq. (39). It seems likely, without
going into the computational details of Eq. (38), that the pattern
follows the dashed curve used to complete the directivity pattern
in Fig. 6. This directivity is unlike those obtained in classical
acoustics since there is no "farfield" in the sense that a directivity
factor independent of kr can be defined.

The most striking difference in the acoustic field with and
without the Kutta condition is shown graphically in Figs. 5 and 6.
Another important difference is in the exponent of the freestream
velocity dependence. Equations (35) and (38) show that pressure
varies as V^12 (intensity as F^3) without the Kutta condition
and as V^l/2 (intensity as V^} with the Kutta condition. In an
experimental determination of the true condition to be imposed
(this seems to be the only way to decide), either the directivity
pattern or the velocity index criterion could be used.

Conclusions
The preceding calculations have shown how a reasonably

simple mathematical model can be used to model a realistic
aeroacoustic flowfield. During the analysis, the role of the in-
compressible flow vis a vis the acoustic field was investigated,
and it was shown that only certain gross properties of the
incompressible flow could affect the acoustic field. The effect
of applying a Kutta condition at the trailing edge of the plate
was examined, and significant changes were shown in the acoustic
field. This result seems to indicate that the entire potential
flowfield is very sensitive to conditions at the trailing edge.
This behavior is well worth further investigation, for it may be
the best region in the entire flowfield for inserting active noise-
control devices (e.g., suction and blowing devices as used in high
lift applications). It was also shown that the dipole-type direc-
tivity pattern, usually associated with the presence of rigid
bodies, is not necessarily applicable in the case of large, non-
compact surfaces.
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