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Mixed Convection Heat Transfer in an Open Shallow Cavity Heated from
Below and Packed with One-Step Arrangement of Spherical Particles
(2nd Report, Effect of Cavity Length)
Koichi OZAKI and Hideo INABA

Forced ‘natural-mixed convection heat transfer characteristics of a one stage spherical particle layer in an air flow
are investigated experimentally. The one-stage spherical particle layer is provided in a rectangular cavity having a
heating bottom surface and is installed at the lower part of a rectangular air channel. Three types of spherical particles,
which have almost the same diameter (about 10 mm) but different thermal conductivities, are tested. The cavity length
is varied from 19.6 mm to 90 mm, and the cavity depth is varied between ) mm and 10 mm. The variation of the heat
transfer coefficient with the length of the heating surface can be explained by the flow behavior around the particle
layer ; that is, the case of the zero cavity depth, the flow is suppressed by the particles within about three rows from
the leading edge. Therefore, the heat transfer coefficient increases with a derease in the length of the heating surface.
In the case with a shorter heating surface (about twice the diameter of the particle), a considerable increase in the heat
transfer coefficient is achieved because the flow from the upstream runs through the particle layer. In the case of the
cavity depth having almost the same value as the diameter of the particles, air lows over the particle layer and air near
the cavity bottom is almost still. In this case, a decrease of the length of the heat transfer surface decreases the extent
of the flow in the depth direction, and the heat transfer coefhicient is also decreased. The heat transfer coefficient can be
expressed as a nondimensional heat transfer correlation, where the effects of the cavity length, the cavity depth, the air
velocity and the temperature difference between the air and the hottom surface of the cavity are taken into consideration.

Key Words : Spherical Particle Layer, Forced Convection Heat Transfer, Nonhomogeneous Porous Layer, Effective
Thermal Conductivity
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Fig.1 Schematic diagram of experimental apparatus

Table 1 Specifications of test particles

) Thermal
. Diameter
Material conductivity A,
d mm
W/(mK) (at 300 K)
Alumina 10.2 22.0
Glass 10.2 1.03
Polypropylene 9.90 0.210
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Fig.2 Detail of test section
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Fig.5 Flow around particle layer (D/d = 0, u = 0.27 m/s)
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Fig.7 Distribution of heat transfer coefficient
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