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In the same figure, the value of §; obtained by Tachibana
et al. [1], using stainless steel strips is reported. Finally, the
experimental data obtained may be expressed by a simple
relation of the form:
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CONCLUSIONS

1

The experimental results obtained in the present research
point out the considerable effect of the thickness of the walls
on burnout heat flux. This effect, however, is present for
the values of the thickness § below a definite limiting value
&;, characteristic of the metal tested.

Restricted to the experimental conditions here examined,
the value of §;, defined to correspond to the ratio @u.. /@&,
equal to 0.9, depends on the parameter ./{kpc) of the
heating wall.
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NOMENCLATURE

d, heater width;

£ frequency;

Gra, Grashof number;

H, distance from the heated surface to the liquid
surface;

Pr, Prandtl number;

t, temperature;

v, kinematic viscosity;

T, period.

1. INTRODUCTION

AN OsCILLATION of natural convective flow in a horizontal
cylindrical annuli was examined by Bishop et al. [1,2],
while the swaying motion of plume rising from a horizontal
line heat source was investigated by Forstrom and Sparrow
[3], Fujii et al. [4]. Miyabe et al. [5] observed a plume rising
from a horizontal heated cylinder by using a spindle oil
However, the physical understanding on the continuation
of such swaying motion of plume or its effect on heat transfer
has not been fully made so far.

In this note the swaying motion of plumes rising from a
horizontal plate is discussed under an assumption that the

motion might be a self-excited oscillation related to a
periodical variation of local heat transfer on the surface.

A nondimensional relation between the oscillating fre-
quency of plume and Grashof number is also demonstrated.

2. RESULTS AND DISCUSSION

Measuring procedure

Several kinds of stainless steel foil (400mm in length,
0.03 and 0.05mm in thickness, 10, 20 and 30mm in width)
are fixed as heaters on an acryle plate (10 x 100 x 400 mm).
The horizontality of every heater placed in oil, which is put
into a glass vessel test chamber (300 mm wide, 600 mm long
and 360 mm high), is carefully checked. Frequencies of the
various swaying motions are evaluated from the results
measured with Cu—Co thermocouple of 0.065 mm dia, which
is located at a distance s of 30—-40mm vertically above the
middle of the width of the heater.

Experiments are carried out for Prandtl number ranging
from 80 to 160 under the following conditions, ! = 400 mm,
H =95-300mm, @ = 10.5-53.5W/m (ford = 10mm), 24.9-
47.7W/m (for d = 20mm), 34.9-80.2 W/m (for 4 = 30mm),
where /is a length of heater, H is a distance from the heated
surface to the liquid surface, d is a width of heater and Q
is a heat supplied per unit length. Grashof number (based
on d) ranges from 6.0 x 10% to 2.0 x 10°,
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F1G. 1. An example of measured periodical temperature

ment of the plume from the equilibrium. Therefore the
equation governing such a motion might be virtually
described in the following form:

m¥+plx =0 h

where m is a mass of plume. Assuming m as m = c; pdiH
with constant ¢; and stiffness constant per unit length p as
p = c2bdyy(Pr) with constant c,, whose relation is to be
introduced by a dimensional analysis for p in the neigh-
borhood of the heated surface, dimensionless frequency of
plume f@?/v could be correlated using equation (1} as follows,

Jd? v = cF(Pr){G, d/H}* (2)

where ¢ is a constant, F(Pr}is a function of Prandti number,
f is a frequency of plume, G,(=gBd>Q/ 22} is Grashof
number, and b, v, p and 2 are buoyancy force, kinematic
viscosity, density, thermal conductivity, respectively.

Experimental results in Fig. 2 demonstrate that the dimen-
sionless basic frequency correlates well with G,d/H as is
shown in the following relation,
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F16. 2. Correlation between fd%/v and Guyd/H.

Temperature variation

Temperature variation for transformer oil in the case of
d=10mm, H =130mm and Q= 154W/m is shown in
Fig. 1. In this figure, t; represents the temperature measured
at a position of the heated surface and t, at the position
apart from the surface as mentioned above. It is obvious
that the period-of 11 agrees exactly with that of t,. Referring
t01,, a large amplitude appears distinguishably as the plume
passes by the measuring position, while a small one as it
aparts from or approaches there.

Let us suppose that a plume, being balanced at its initial
equilibrium position, is forced to shift to another position
on the surface by some sudden disturbance. Then the heat-
transfer rate on both sides of the new shifted position of
the plume becomes unbalanced. As a result, the difference
between surface temperature and then the difference between
buoyancy force on both sides of the plume at its new

. position are induced. So the plume should be reversed

towards the initial position by the resulting pressure differ-
ence in a horizontal direction. However, the plume is moved
beyond the initial position by its horizontal inertia force.
In such a way the plume might begin to oscillate and sway.

Frequency of swaying plume

The experimental result that the swaying motion of the
plume looks like a harmonic one may permit an assumption
that the abovementioned pressure difference corresponding
to a restoring force is to be proportional to x, a displace-

For H > 225 mm, the frequency is easily affected by flow
mode, and its behavior is quite similar to the doubled
frequency of oscillation in Bénard type convection flow as
Krishnamurti [6] reported. Data by Miyabe et al. [5], are
for 27.1mm in diameter and 100mm in distance from the
center of cylinder to the liquid surface.
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