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for large matrices. It has been demonstrated that the use of
boundary conditions appropriate at a large distance from the
duct exit may cause reflections and steady-state error when ap-
plied on an artificial truncated boundary at a moderate
distance from the exit. Work is presently continuing on an
iterative procedure for the far-field boundary condition.
Primarily, it consists of treating the pressure at each point on
the far-field boundary as locally one-dimensional. The bound-
ary condition is applied so as to pass the one-dimensional
pressure wave without reflection. A related approach has been
used by Baumeister and Horowitz.6 In their work, the acoustic
impedance along the far-field boundary is iteratively adjusted
to minimize reflection.
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Introduction

T HE free jet flows from sharp-edged rectangular orifices
exhibit saddle-backed velocity distributions in the plane

of the orifice major axis. M0 The maximum magnitude of these
velocity excesses is typically 20% greater than the local mean
centerline velocity (U^). Moreover, they occur in the region
between the merging of the shear layers from the long sides of
the orifice and the merging of the shear layers from the short
sides of the orifice (i.e., 3<*/^<30, for slot aspect ratio
£/fj = 10).

Although there has been, and continues to be, much discus-
sion in the literature about the cause(s) for the occurrence of
the saddle-backed velocity profile,1'16 it is the author's opinion
that no clear consensus has emerged. A reader interested in a
comprehensive review of the literature is referred to Ref. 17.

In studies to date, the rectangular orifice plates have
possessed sharp, 90-deg corner regions. These corner regions
are, of course, the start of the interaction between the two sets
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of shear layers that originate along the short and long sides of
the orifice. Although various gometrical alterations have been
made to the orifices, such as upstream shaping6 or the attach-
ment of channels downstream of the orifice,6'9 the effect of
corner rounding on the appearance, magnitude, and location
of these saddle-backed velocity distributions has not been
addressed.

The purpose of this Note is to determine the effect of round-
ing the corners of a rectangular sharp-edged orifice on the
location and magnitude of the saddle-backed velocity profiles.
This is accomplished by reference to some previously publish-
ed work10'16 that used the same orifice but with sharp 90-deg
corners (see Fig. 1).

Experiments
Laboratory air was supplied to a settling chamber by a fan.

The rectangular orifice was attached to the downstream face
of the settling chamber. This downstream face was flush with
a large plywood wall to ensure that entrainment at the nozzle
exit plane was normal to the jet centerline. The top and sides
of the rig were covered with 1.59-mm mesh wire screen to pre-
vent large-scale movement of air (room drafts) into the jet.

The experiments were performed in a 9.02x7.39x3.76 m
room into which traffic was strictly controlled. Check of am-
bient flow conditions verified the hypothesis that external
disturbances and those produced by the jet itself were indeed
very small.

The bilateral symmetry of the flow was utilized in acquiring
data and checks were made to ascertain that symmetry did, in
fact, exist in the two planes containing the major and minor
axes of the orifice.

The orifices used are shown schematically in Fig. 1. These
orifices were manufactured in accordance with British Stan-
dards for orifice plates (BS 1042). The sharp-corner orifice
was made from four intersecting plates. The rectangular,
sharp-edged, round-corner orifice is shown superimposed in
the figure. Note that the area of the round-corner orifice is

*•———»Y R = 11.43-Z^J

:34

Fig. 1 Orifice geometries: —— rectangular, round corner; — rec-
tangular, sharp corner.10'16'17 (all dimensions in mm).
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Fig. 2 Centerline axial velocity decay: o sharp corner, v round
corner.
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about 98% of the sharp-corner orifice, both with an aspect
ratio of 10.

The Reynolds number of the flow from the sharp-corner
orifice, based on the orifice height (tp) and mean axial velocity
at the jet centerline (U0 = 55 m/s), was about 47,000. For the
round-corner orifice, the Reynolds number, based on the same
variables, was about 40,000. This change in Re is not expected
to alter the flow situation to any detectable degree; see, for ex-
ample, Ref. 2.

Further details of the experimental methodology, calibra-
tion, equipment, etc., can be found in Refs. 10, 16, and 17.

Presentation and Discussion of Results
Data for the mean axial velocity centerline decay are shown

in Fig. 2. This figure shows the results from using the round-
corner orifice and the previously published results from a
sharp-corner orifice. Four distinct regions can be identified:
the potential core region 1 <x/tp<3; the characteristic decay
region 3<x//p<30; the transition region 30<*/fp<60; and
the final decay region x/tp>6Q. The slopes of the velocity
decay in the final decay region are -1.11 for the sharp-corner
orifice16 and - 1.15 for the round-corner orifice. It may be of
interest to note than when replotted in the form U0/U^
=A(x/De-B), where B is the kinematic virtual origin for
data at x/De > 17 (x/tp > 60) and De is the equivalent diameter
for an axisymmetric orifice of the same area, it is found that
A = 0.256 and B = 3.42 for the round-corner orifice (A = 0.253
and B = 5.06 for the sharp-corner orifice17). The slope of this
curve is much larger than the 0.16 obtained for the self-
preserving round jet flow,18 implying a much greater rate of
entrainment than for a round jet.

The mean axial velocity profiles in the x-y plane are shown
in Fig. 3. Although not shown, data for (essentially) the same
stations downstream of the sharp-corner orifice compare well
with these. The saddle-backed velocity profiles are clearly
observed; moreover, the locations and the magnitudes of these
velocity excesses are found to be in accord for both sharp- and
round-corner orifices (i.e., within 2%). It is also clear that the
velocity excesses lie within the characteristic decay region (i.e.,
3 <*/*,< 30).

The mean axial velocities in the transverse centerplane direc-
tion (i.e., z direction) were also taken, but are not given here
for reasons of brevity. The profiles, however, were found to
be within the aforementioned error bound, the same as those
obtained using a sharp-corner orifice.

Attention is now turned to axial turbulence intensities. The
centerline intensities in the x, y, z directions for the sharp-

corner orifice16 and those in the x direction for the round-
corner orifice are plotted in Fig. 4. It can be said that there is
little difference in tfie axial (u) turbulence-intensity results.
The variation of (u'2)'/2 with downstream distance can be
linked with the orifice exit conditions. The reader is referred to
Refs. 9, 19, and 20 for details regarding the general behavior
of these profiles. Figure 5 provides the profiles of the axial tur-
bulence intensities in the lateral (y-x) direction for the round-
corner orifice. These data, when compared to those from the
sharp-corner orifice,16 indicate that the longitudinal
turbulence-intensity distribution is essentially the same for
both orifices. At x/tp = 10 there is a depression in the inten-
sities (this behavior is also vividly observed at x/tp = 5,
however, not shown here). This depression is not seen at
downstream distances greater than 10. In Ref. 16, it was noted
that these depressions were located in a region where zero
values of u'v' and the zero gradient of the mean axial
velocities were not coincident; nor were the mean velocity pro-
files symmetric about the saddle-back peaks. These new data
display similar behavior, and thus open the possibility that, in
this jet, as in the former case,16 there may exist regions of tur-
bulence suppression or negative production.21

The transverse direction (z-x plane) turbulence intensities
have also been taken, but are also not shown for reasons of
brevity. As in the sharp-corner orifice case, the axial develop-
ment of these profiles shows no evidence of negative produc-
tion; and, within the characteristic decay region (3<
x/tp<3Q)9 those profiles appear self-similar.
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Fig. 4 Centerline turbulence intensity: o, n, o sharp-corner
orifice16; v round-corner orifice.
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Conclusions
New data have been obtained for the flow issuing from a

round-corner sharp-edged rectangular orifice. When com-
pared to the previously published data from a similar orifice,
but with sharp corners, these new data show that the round
corners have no discernible effect upon either the magnitude
or location of the saddle-back velocity profile.
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Introduction

T HE interest in the effect of temperature on solid bodies
has increased as a result of recent developments in space

technology, high-speed atmospheric flights, and nuclear en-
ergy applications. Notable contributons are available on the
vibrations of orthotropic rectangular plates.1"4 It is well
known5 that, in the presence of a constant thermal gradient,
the elastic coefficients of homogeneous materials become
functions of the space variable. Fanconneau and Marangoni6

have investigated the effect of the nonhomogeneity caused by
a thermal gradient on the natural frequencies of a simply sup-
ported plate of uniform thickness. Recently, Tomar and Gup-
ta7'8 have considered the effect of a thermal gradient on the
frequencies of an orthotropic plate of variable thickness. The
object of this study is to determine the effect of the harmonic
temperature distribution on the frequencies of an orthotropic
rectangular plate of linearly varying thickness. Here, the quin-
tic spline technique has been used to compute the frequencies
for the first two modes of vibration for different combinations
of boundary conditions and for various values of aspect ratio,
taper constant, and temperature constant.

Analysis and Equation of Motion
It is assumed that the rectangular orthotropic material is

subjected to an harmonic temperature distribution along its
length, i.e., in the x direction

T= T0cos(ir/2)x (1)

where T denotes the temperature excess above the reference
temperature at any point at a distance X=x/a and T0 the
temperature excess above the reference temperature at the end
x = aorX=l.

The temperature dependence of the modulus of elasticity
for most orthotropic materials is given by

Ex(T) = E1(l-yT), Ey(T) = E2(l-yT), Gxy(T) = G0(l -jT)

(2)

where El and E2 are the values of Young's moduli in the x and
y directions, respectively, and G0 the value of the shear
modulus between directions x and y at the reference
temperature, i.e., at 7=0.

Taking as a reference the temperature at the end of the
plate, i.e., at X= 1, the modulus variations in view of Eqs. (1)
and (2) become

EX(X) = Ej[l- acos(ir/2)X] , Ey(X) = E2 [ 1 - acos(ir/2)X]

Gxy(X)=G0[l-acos(*/2)X] (3)

where oi = yT0(Q<a< 1), a parameter representing the
temperature constants.
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