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Three-Dimensional Mixed Convection Heat Transfer Characteristics in
Horizontal Chemical Vapor Deposition Reactor
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Abstract

The three dimensional mixed convection heat transfer characteristics in an idealized horizontal
CVD reactor with a tilted susceptor is investigated numerically. The governing equations are
transformed into a general curvilinear systems. For computing fluid flow and heat transfer in a
irregular shaped domain, the SIMPLE algorithm is extended to the present curvilinear coordinate,
and a nonstaggered grid system is adopted. The Cartesian velocity components are used as the
dependent variables in the momentum equations. The effects on heat transfer rate uniformity of
the susecptor are investigated for various input flow rate and channel height. Furthermore the
formation of return flow induced by transversal rolls is studied as a function of dimensionless
parameters; the Grashof number G» and the Reynolds number Re. The existence of return flows
leads locally large heat transfer rates, but is not good for the uniformity of the susceptor. The
effects of tilted susceptor lead improvement of heat transfer and heat flux uniformity in the main
flow direction because thermal boundary layer is retarded.
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Table 1 Diffusion coefficient and source terms
appearing in governing equation.
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Table 2 Parameter ranges for the present work.

Re 10~100

Gr 5%10°~5%10°
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(b) Isotherms

Fig. 9 Velocity an d temperature fields in a longitu-
dinal plane at Gr=10°% Re=25.
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Fig. 11 Surface maps of the local Nusselt numbers
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Table 3 Average Nusselt number for the various
tilted angles(8).

Gr Nu
.7
Re* 1 g—pe | g=5° | 9=10"
Re=100] 1 | 3.313|3.816 | 4.482
Gr=10"| Re=50| 4 |2.817|3.153 | 3.556
Re=95| 16 | 2.565 | 2.736 | 2.969
Re=100] 10 | 4.296 | 4.769 | 5.318
Gr=10°| Re=50| 40 | 4.144 | 4.352 | 4.675
Re=25| 160 | 4.468 | 4.581 | 4.591
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Fig. 12 Local Nusselt numbers on the hot surface of Fig. 13 Local Nusselt numbers on the hot surface of
the channel for Gy =1x10° Re=100; (a) for the channel for Gr=1x10°% Re=25; (a) for
a transverse cross-sectional (yz) plane @ ¥ a transverse cross-sectional (yz) plane: %
=3.9, (b) £=5.1. =3.9, (b) ¥=5.1.
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