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Table 2- Geometry and specification

Unit Value Parameter
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e (M) 10 Domain width
aals 5,e
Domain height
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Soil emissivity
- 05 Sl Lis asls
Air specific thermal capacity
JkgK!  1006.4 lgm 035 sslo,S b o
Air density
kgm?  1.225 lga JIS>
Air refractive index
- 1 oo LSSl asls
Soil refractive index
- 2

S LSl asls

1- Boussinesq
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Table 3- Grid study results

Number of mesh Height (m) Measured temp (°C)
AL olows om0 3 g oo (5 uSo3luil slos
500 1000 5000 10000
Outlet temp (°C)
CFD @5)5 6Lo.b
1.5 1.6 2.2 2.2 0.2 2.2
21 24 35 35 4 3.5
3.1 35 4.7 4.7 8 4.7
3.6 5.2 5.2 5.2 12 5.2
1- Pressure Inlet 2- Periodic

3- User Defined Function (Udf)
5- Time Step

4- Grid Study
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Table 4- Time step study results

Step time
b pl Height (m) measured temp (°C)
450 900 1800 oo 51 g oud (5 S0 jluil (slod
Outlet temp (°C) (y50) (o gundow 42> 33)
CFD T L;Loa
22 22 35 0.2 2.2
35 35 4.6 4 35
46 47 6.5 8 4.7
52 52 6.6 12 5.2
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Table 5- Numerical and Experimental analysis for inversion layer temperature (24th night to 25th morning)

‘5,:.0-\1’ sl ,.5).‘2.-0/\ sl ‘5).:.?1’ &lod e &“ slos time
12m he;géht temp 8m helggt temp. 4m helggt temp. Ground level temp. °C ol
Exp Num Exp Num Exp Num Exp Num
@ Ee (2 G (o g =T &3
5.2 5.2 4.7 4.7 3.5 35 2.2 2.2 20
45 45 35 3.5 3 3.1 14 15 21
3.8 3.8 3.2 3.2 2.7 3 -0.5 -0.5 22
3.1 3.1 2.9 3.1 2.3 25 -2 -1.8 23
3 3 34 3.2 1.8 2 -2.8 -3 24
3.6 3.6 2.6 2.6 21 2 -1 -1 1
3.1 3.1 2.7 2.8 1.8 2 -1.9 -2 2
4.1 4.1 31 3 2 1.8 -2.1 -2.1 3
4.6 45 2.6 2.7 13 15 -3.1 -3 4
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Abstract

Frostbite is one of the most important reasons for crop loss in Iran. Radiation frost due to
inversion condition causes temperature drop below critical damage point which leads to
extracellular ice formation inside the plant tissues. The purpose of this study was to identify the
most important factors affecting radiation freezing. A region near the city of Shiraz with a
chance of happening frostbite, according to previous weather reports, was selected. The
temperature and wind speed were measured at the field level in the first and second half of the
year, in nights expecting frostbite could be occured. Then, the CFD simulation of heat transfer
and thermal distribution was carried out using the FLUENT software, based on the time and the
height of the ground surface under unstable conditions during frostbite. The numerical model
was studied based on the data which obtained from the field stand. The results showed a good
correlation between empirical and analytical data, so that the estimation by the root means
square error method, 0.99, was obtained for experimental and simulation temperature values.
Also, the results illustrated the wind blowing had a significant effect on preventing a sudden
drop in temperature and frosting of products take place.

Key words: Garden Crops Damage, Fluids Modeling, Radiation Frost, Temperature
Distribution
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