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A Numerical Study of the 3-D Flow
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Abstract—A numerical simulation on a primary calcinator of porcelain was performed with using
Fluent to calculate the heat efficiency by studying velocity vector and temperature profile according to
variables such as the location of outlet and porcelain. Control-Volume based Finite Difference Method
and Up-wind scheme are used for discretization of differential equation. SIMPLEC Algorithm and stan-
dard k-¢ turbulent model are selected to resolve the pressure-velocity coupling and the turbulent. The
result of simulation showed that the whole velocity vector field in a calcinator was varied greatly ac-
cording to the location of outlet. But the whole temperature profile at each zone was still high regardless
of the location of outlet because of the radiation. But the temperature of a case with a outlet at sidepart of
preheating or cooling zone was little high compared to the case with a outlet on the top of preheating
zone. The velocity vector field and temperature profile in a calcinator were almost not affected by the lo-
cation of porcelain, but the temperature inside a procelain was much affected according to the place
where it was located. The heat efficiency in a calcinator was 44.6% and the gas temperature in the outlet
was about 1000 K.
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Fig. 1. Firing curve for the primary calcinator.
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Fig. 2. The schematic diagram of the first calcinator
of porcelain.
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Fig. 3. The grid structure of the computational
domain,
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Fig. 4. The velocity vector profile at each zones of the first calcinator.
(a) Preheating zone: U,,,=2.353 m/s, U,,=3.253X 10" mys. (b) Calcinating zone: U,,,=1.1605 m/s, U,,=6.5833% 107 m/s.
(¢) Cooling zone: U, =1.139X 107 m/s, Un=3.6914 X 10™ mys.

Fig. 5. The velocity vector profile of the first cal-
cinator according to the location of block.

(a) at the preheating zone: U,,=4.849 m/s, U,;,,=2.313X
10”° mys. (b) at the calcinating zone: Upy,=4.835 m/s, Upy=
3.818X 107 m/s. (c) at the cooling zone: U,,,=~4.8114 m/s,
Upin=6.557X 10° m/s.
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Fig. 6. The temperature contour plots of the first cal-
cinator according to the location of block.

(a) at the preheating zone, (b} at the calcinating zone, (c)
at the cooling zone.
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Fig. 7. The temperature contour plots on the block
at each zone in the case of Fig. 6.

(a) Prebeating zone, (b) Calcinating zone, (c) Cooling
zone.
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Fig. 8. The temperature contour plots of the first cal-
cinator according to the location of outlet.

(a) in the left side of a preheating zone. (b) in the top of
a preheating zone. (c) in the right side of a cooling zone.
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w : Velocity in i direction, m/sec
p : density, kg/m®
Ty : Stress tensor
P : Pressure
g : Gravity acceleration in i direction, m/sec’
F : External body force in i direction
K : Dynamic viscosity, kg/m-sec
He : Turbulent viscosity, kg/m-sec
h : Enthalpy
k. : Mixture thermal conductivity
T : Temperature, K
S. : Enthalpy source term
k : Turbulect kinetic energy, m’/sec’
€ : Turbulent kinetic energy dissipation rate,
m’/sec’
O, O; : Prandt] numbers

C,, C;, C, : Empirical constants

G : Production of turbulent kinetic energy
I : Radiant intensity
Olas : Absorption coefficient, m™
o : Scatterring coefficient, m’
o : Stefan Boltzman Constant

(5.672x 10-8 W/m’K?)
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