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Abstract.

Cooling air-conditioning of APC (Agricultural Products processing Center) workplace is impor-

tant to improve the working environment in the summer season. As existing cooling systems for air-condi-
tioning of whole workplace are inefficient because of their high equipment operating costs, relatively
inexpensive cooling system is required. The objectives of this study were to simulate the thermal flow fields
in APC workplace having the positive and negative pressure type fan and pad systems and spot cooling sys-
tem by using CFD software (FLUENT, 6.2) and estimate the cooling effectiveness of respective cooling sys-
tems. The results showed that the negative pressure type fan and pad system was inappropriate for the
present APC workplace because of excessive outside air influx from open gateway and the positive pressure
type fan and pad system created relatively low temperature field but non-uniform velocity field at worker
positions. The spot cooling system could supply cool air to worker positions with relatively constant air

velocity and temperature.
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(a) Positive pressure type fan and pad
system

(b) Negative pressure type fan and pad
system

(c) Spot cooling system

Fig. 1. Geometry of APC workplace and cooling systems
applied for air conditioning,
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(a) Negative pressure type fan and pad
system

(b) Spot cooling system

Fig. 2. Applied mesh for CFD simulation.
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Table 1. Properties of air used in simulation.

Property (Unit) Value
Atmospheric pressure (Pa) 101325
Acceleration of gravity (m/s?) 9.81

Density (kg/m?) 1.225
Specific heat (J/kg) 1006
Thermal conductivity (W/m) 0.0242
Viscosity (kg/ms) 1.7894 x 107°

29 - 0|57 - 13

Table 2. Boundary conditions.

Parameter (Unit) Value
Fan pressure jump (Pa) 50
Outside air temperature (°C) 34
Inertial resistance factor (m™) 5.630
Viscous resistance factor (m2) 312500
Pad Heat sink for positive pressure type ~100000
(W/m®)
Heat sink for negative pressure type
(Wim?) 22000
. Velocity (m/s) 3.5
Diffuser Temperature (°C) 20
Roof 40
Box shaping room wall 34
Unloading room wall 34
Southeast wall 34
Wall Southwest wall 40
temperature Northeast wall 35
O Northwest wall 37
Floor 33
Air conditioner wall adiabatic
Duct wall adiabatic
Fan and pad wall coupled
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Velocity magnitude (m/s)

(a) Positive pressure type fan and pad
system
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(b) Negative pressure type fan and pad
system

(c) Spot cooling system

Fig. 3. Simulated velocity vector field at a plane 1.5m
above floor (a, b, c) and 7, 36 and 60 m away from
northeast side wall (c).
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Fig. 4. Comparison of simulated velocity distributions at a
center line of working zones (1.5 m height) for different

cooling systems.

Fig. 5. Simulated temperature field at a plane 1.5 m above
floor under three cooling systems.
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Fig. 6. Simulated temperature field at a plane 12 m away
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