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Gas Flow and Heat Transfer in a Horizontal
Cold-Wall CVD Reactor

—Two— and Three-dimensional Models and Flow Visualization—

Ken-ichirou TANOUE*, Tsuneyuki SATO
and Nobuyuki IMAISHI

Heat transfer and gas flow characteristics in a horizontal cold-wall CVD reactor

were investigated through flow visualization experiments and numerical analyses on the

basis of two- and three-dimensional models.

Experimental results revealed that two

-dimensional flow prevails under a wide range of temperature and inlet flow rate for the

Helium system, while the nitrogen system has a tendency to form a three-dimensional

flow structure mainly with the longitudinal cells induced by the Benard convection. Flow

patterns in the He system could be reproduced quantitatively by the numerical results of

two-dimensional model. Three-dimensional model for the N, system represented the

process of formation of longitudinal cells under high Re condition.
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Fig. 1 Schematic diagram of the experimental apparatus and
measured temperature profiles along upper and lower walls.
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Fig. 2 Visualized He flow patterns. (7Ts=600K,
To=293K, Re=5, 10, 15, Gr =942,Re=1.
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Fig. 3 Visualized He flow patterns on transver-
sal cross—sectiorﬂ planeﬂ Ts=600K,
To=293K,Re=5, Gr=942, Re=1.79)
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Fig. 4 Visualized N, flow patterns.(7s=600K,
To=293K, Re=20, 40, 60, 80, 100, Gr=
56300, Re=10, 20, 30, 40, 50): (a) vertical
central plane; (b)transversal cross-sec-
tional plane at xr=0.245m
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Fig. 5 Visualized N, flow patterns on transver-
sal cross-sectional planes. (7s=600K,
To=293K, Gr=56300): (a) Re=20,
Re=10; (b) Re=100, Re=50
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Fig. 6 Criteria for the incipience of the tran-
sversal roll and the longitudinal roll.
(O : no secondary flow; @ : transversal
rolls;[ ], A :longitudinal roll; M : tran-
sversal and longitudinal rolls)
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Fig. 7 Schematic of the model of a holizontal
cold-wall CVD reactor
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Table 2 The temperature dependencies of physical properties
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Fig. 10 Calculated He flow patterns.(7s=600K,
To =293K, Re=15, Gr=942, Re=5.
37) : (a)velocity vectors;(b) stream
lines; (c)isotherms
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Fig. 11 Calculated N, flow patterns. (Ts=
600K, Tv =293K, Re=20, Gr=>56300,
Re=10) : (a)velocity vectors;(b)
stream lines; (c) isotherms
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Fig. 13 Calculated flow patterns on transversal
cross-sectional plane in He system.
(Ts=600K, Tv = Tc=293K, Re=5,Gr=
942, Re=1.79, u%,=0.03m/s) : (a)veloc-
ity vectors;(b)isotherms
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Fig. 14 Calculated He flow patterns on horizon-
tal plane. (Ts=600K, To =Tc=293K,
Re=5, Gr=942, Re=1.79, us=0.03m/
s) : (a)velocity vectors;(b)isotherms
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Fig. 15 Local Nusselt number on the lower wall.
(He, Ts= Tc=600K, To=293K,Re =5,
Gr=942, Re=1.79, uo=0.03m/s)
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Fig. 16 Calculated N, flow patterns along the
flow direction.(75=600K, 7o =293K,
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Fig. 17 Calculated N, flow patterns on vertical
transversal plane.(7Ts=600K, T,=293K,
Re=150, Gr=56700, Re=744, uo=0.
119m/s): (a)velocity vectors; (b)iso-
therms
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Fig. 18 Calculated N, flow pattern on horizon-
tal planes. (7T5=600K, To = Tc=293K,
Re=150, Gr=56700, Re=74.4, uo=0.
119m/s) : (a)velocity vectors; (b)iso
-therms
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Nomenclature
Cr =specific heat [J/(kg-K)]
g =gravitational acceleration [m/s?]
gr =gravitational acceleration on earth [m/s?]
g =gravity vector(=g/gr) (-]
‘Gr =Grashof number evaluated at the average temperature(=0?h*g(Ts— To)/ 7 T) (-]
h  =reactor height [m]
M: =moleculer weight of species i [kg/mol]
Nu =local Nusselt number on susceptor surface [-]
P =pressure [Pa]
Pr =Prandtl number evaluated at the average temperature (= Cpu/A) [-]
g =heat flux [W/m?]
R =gas constant [J/ (mol-K) ]
- Ra =Rayleigh number evaluated at the average temperature(=Gr * Pr) [-]
Re =Reynolds number (= Zoowuo/ 1) [-]
Re =Reynolds number evaluated at the average temperature (= houo/ 12) : [-]
T =temperature (K]
u =x component of velocity [m/s]
v =y component of velocity [m/s]
w =2z component of velocity [m/s]
x =rectangular coordinate [m]
y  =rectangular coordinate [m]
z =rectangular coordinate [m]
e:; =maximum attractive energy of species i (W]
A =thermal conductivity [W/(m-K)]
4 =viscosity [kg/(m-s) ]
o =density [kg/m?]
0: =collision diameter of species i (m]
r  =shear stress [Pa]
2. =collision integral for u -]

- =physical properties or dimensionless numbers evaluated at average temperature
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=dimensionless or normalized

{Subscripts>

¢ =cold wall

i =N, or He
N =susceptor
0 =inlet
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