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Abstract. The heterogeneity of crop transpiration is important to clearly understand the microclimate
mechanisms and to efficiently handle the water resource in greenhouses. A computational fluid dynamic
program (Fluent CFD version 6.2) was developed to study the internal climate and crop transpiration distri-
butions of greenhouses. Additionally, the global solar radiation model and a crop heat exchange model were
programmed together. Those models programmed using C™ software were connected to the CFD main
module using the user define function (UDF) technology. For the developed CFD validity, a field experi-
ment was conducted at a 17 x 6 m? plastic-covered mechanically ventilated single-span greenhouse located at
Pusan in Korea. The CFD internal distributions of air temperature, relative humidity, and air velocity at Im
height were validated against the experimental results. The CFD computed results were in close agreement
with the measured distributions of the air temperature, relative humidity, and air velocity along the green-
house. The averaged errors of their CFD computed results were 2.2%, 2.1%, and 7.7%, respectively.

Key wards : climate heterogeneity, computational fluid dynamics (CFD), crop transpiration, greenhouse,
tomato
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Fig. 1. Pictures of the experimental single-span greenhouse.
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Table 1. Structural characteristics of experimental green-
house and internal plants.

Contents Value Unit
Floor area of greenhouse 6W x 17L m
Exhausted fan 4 (dia. 0.9144m)
Sidewall height 1.7 m
Edge height 3.4 m
Inlet size 1.2Wx2.0H m
Greenhouse cover single-layer polyethelene
Tamato
plant length 179.5 cm
number of planted hills 30 plants/row x 3 row 90 plants
planting distance 40 cm
Width of plants 50~60 cm
Width of aisle 1.1 m
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Fig. 2. Location of the sensors at lm height in the experi-
mental greenhouse.
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Table 2. Constant input values for the case file of CFD
model.

Contents Value Unit
Viscous model RNG k-g model

Near-val wal fution

Thermal conductivity 0.062 W-m oK
Viscosity 1.85e-05 Kgm™'s™
Mass diffusivity 2.55¢-05 m%s™
Internal solar radiation W m™
Operating pressure 101,325 Pa
Buoyancy effect activated

Gravitational acceleration -9.81 m-s?
Heat flux of wall 100 Wem™
Heat flux of floor 74 W-m™
Fan-up-1 velocity 4.09 ms™!
Fan-up-2 velocity 477 m-s™!
Fan-down-1 velocity 4.32 ms”
Fan-down-2 velocity 4.19 m-s™!
Inlet air temperature 26.8

Inlet air humidity 44.0 %
SCtgslr:cteristic length for 7 562 m
Minimal stomatal 10 (temp.),

resistance 30 (hum.)

Volume&ic leaf array 15

density ’

Height of the crop 1.8

Lo b o st

Radiation absorption 0.75

coefficient
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Fig. 3. The averaged external and internal air temperatures
of the greenhouse with the external solar radiation during
data collection.
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Fig. 4. The averaged external and internal relative humidi-
ties during data collection.
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Fig. 5. The wind direction during data collection.
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cally ventilated greenhouse including 3-lines tomato crops.
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Fig. 7. The CFD computed horizontal distributions of air velocity (a), air temperature (b), and relative humidity (c) at Im

height in the greenhouse.

Table 3. CFD computed (parenthesis) and measured air velocities, air temperatures, and relative humidities at 1m height in

the greenhouse.
( ): CFD computed values
X{(m)
0.5 3.85 55
Y (m)
Air velocity (m's™)
3.5 0.39 (0.50) 1.05(1.16) 1.01 (1.15) 0.40 (0.50)
85 0.13 (0.06) 0.35(0.32) 0.32 (0.33) 0.10 (0.05)
13.5 0.20 (0.18) 0.30(0.30) 0.28 (0.26) 0.18 (0.16)
Air temperature (°C) 2171 26.8°C :
35 27.8(28.12) 274 (27.68) 272(27.72) 27.9 (28.47)
8.5 29.6 (29.59) 29.3 (28.54) 29.1 (28.56) 31.1(29.95)
13.5 31.6 (31.13) 30.4(29.71) 30.8 (30.05) 33.0(31.20)
Relative humidity (%) 2]7] 44%
3.5 44.1 (43.20) 443 (43.45) 44.1 (43.29) 43.8 (42.13)
8.5 45.3 (46.52) 46.1 (46.18) 45.9 (46.08) 44.5 (45.96)
13.5 47.5 (45.89) 47.9 (47.15) 47.6 (47.00) 46.1 (45.06)

ot =3 AEES VA o= sk &2 A
A ke Ao et
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