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which has been studied extensively.®~7 The results for the other
cases agree with the approximate solutions of Matsuzaki.”

The results for clamped panels are shown in Fig. 3. The
CC4 case has been studied previously*™® by approximate
methods. The remaining three solutions are believed to be new,
and they permit a comparison to be made with the simply
supported cases.

As can be seen from Figs. 2 and 3, the effect of tangential
boundary conditions is similar for simply supported and clamped
edges. Furthermore, the trends indicated are similar to those
foundin the compressive buckling cases by Rehfield and Hallauer.
We conclude, therefore, that the fundamental vibration frequency
is sensitive to rotational restraint (w,,, = 0 or w,, = 0), circum-
ferential restraint (¢,” = 0 or v = (), and longitudinal restraint
(t,,” = 0 or u = 0) of the straight edges, in decreasing order of
influence.
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Pressure Sources for a Wave Model
of Jet Noise

Y. Y. CHAN*
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HE structure of the turbulent jet has in recent years been
studied extensively in connection with noise generation. It
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was found that the structure of the turbulent mixing region is
organized fairly orderly and behaves like a wave train similar
to the hydrodynamic stability waves propagating in a shear
flow. Among many other experimental observations, Mollig-
Christensen' and Crow and Champagne? gave the most interest-
ing accounts of this wavelike phenomenon. A detailed measure-
ment of the spatial growth and decay of the pressure wave in
the turbulent mixing layer of a low-speed jet has recently been
reported by Chan.®* This regular structure in the turbulent
mixing region has also led to some revision of the turbuience
models used in the jet noise computations. In Michalke’s
model*-® the wave character of the flow is incorporated explicitly.
The source function is first resolved into Fourier components
in the azimuth angle and for each frequency the source com-
ponent is assumed to be wavelike. The far field solutions thus
obtained generate all essential features of the sound pressure
distributions observed experimentally. In Michalke’s work, the
exact form of the source components are not yet known and in
order to illustrate his solutions, several forms of source distri-
butions are assumed. The source term in Michalke’s wave
model, however, can be readily written in terms of the fluctuation
pressure according to the dilation theory of Ribner.® The
experimental results obtained by Chan? for the pressure wave
development in the mixing region can then be used to evaluate
the proper form for the source function.

From the dilation theory, the source term, g, can be written
as

= (1/ao*) 9*p*/or* ()

where a, is the speed of sound of the ambient air and p* the
pressure fluctuation in the jet. The single frequency comporent
of the source term can be obtained by Fourier transform of
Eq. (1). Thus the mth azimuth Fourier component for a single
frequency can be written as

0, (x. )= —k*P, (x,1) 2
where k = w/a, is the wave number of the sound wave at the

frequency . Assuming the pressure source P, “(x,r) is
separable in the independent variable x and r

P, .2(x,r) = F(xX)G(r) (3)
where F(x) and G(r) are, respectively, the longitudinal and
lateral amplitude distributions of the pressure waves inside the

jet. Then it can be shown that the far field sound pressure,

P,,.. is proportional to the source integrals*
R2L [t [t
P"‘“’OCAJ J FRX)GFrdrdx-1,-1, 4)
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and
F=F/F,., G=G/G,,6 =x/L, F=r/R

L and R are the extents of the source region in the x and r
directions, respectively. 6 is the angle in polar coordinates for
the measuring point and Jm the Bessel function of order m. The
convection Mach number is the ratio of the phase velocity
¢, of the pressure wave and the ambient sound speed a,. The
phase velocity of the pressure wave is given in Ref. 3.

The experimental data of Ref. 3 show that the longitudinal
distributions of the amplitude of the pressure waves for different
Strouhal numbers are very similar to each other when the data
are plotted against a normalized scale of distance St x/D, where
St is the Strouhal number of the jet based on the jet velocity U
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Fig. 1 Longitudinal and lateral distributions of pressure source in a
turbulent jet.

and the nozzle diameter D. Thus the longitudinal source distri-
bution can be adequately represented by the expression

(IOg p/pi)max 4
where the nondimensional distance x is now equal to (St x/D)/I,
lis the extent of the source distribution in terms of the normalized
distance and is approximately equal to 3.0 (Ref. 3). Thus the
source function F(x) can be written as

F()'C) — C2[(27/4)7<(1 —X)2-1] (6)
with C, = 10.0 and % ranges from zero to unity.

The lateral source distributions can be represented by the
expression

log p/p,
(10g P/D1) max

Since the jet spreads out laterally downstream from the nozzle,
the lateral dimension of the source, R, is not a constant. How-
ever, in evaluating the integral a mean value of R can be taken
and the source function can thus be written as

6H=C," (®)

The functions F(x) and G(7) are shown graphically in Fig. 1.
The source integrals, I, and I, for the symmetric case
(m = 0) are evaluated numerically for the source functions given
in Egs. (6) and (8) and the results are shown in Fig. 2. Figure 3
shows the squares of the amplitude of the source integrals, the
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Fig. 2 Real and imaginary parts of the longitudinal source integral,
1., I, vs aL[1—M_cosf] and the lateral source integral I, vs
kR sin 6.
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Fig. 3 Squares of the amplitude of the longitudinal source integral
[I]* vs aL[1—M_cos0] and the lateral source integral |I> vs
kR sin 6.

product of which is proportional to the far field sound intensity.
It is interesting to point out that model (IV) for the longitudinal
source and model (b) for the lateral distribution assumed by
Michalke (see Figs. 1 and 3 of Ref. 4) are closely similar to the
present results derived from experimental data.

The present forms of the source integrals can now be used for
the calculation of the axisymmetric component of the far field
sound intensity based on the wave-model formulation. Because
the axisymmetric component of the source term radiates much
more sound than the asymmetric components, the calculated
results based on the present source integrals will be a good
approximation to the total sound intensity radiated by the
turbulent jet.
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Attachment-Line Flow on an
Infinite Swept Wing

TUNCER CEBECT*
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Introduction

, ECENTLY the present author developed a general method

for calculating three-dimensional incompressible laminar,
transitional, and turbulent boundary layers and investigated its
accuracy for infinite swept wings.! The method uses the eddy-
viscosity concept to model the Reynolds shear-stress term. The
calculated results agreed well with experiment and with those
results obtained by Bradshaw’s method. In this Note, we shall
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