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Study on Temperature Distribution in Cold Storage of Korean Garlic in
Wire Mesh Pallet Container Using CFD Analysis
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Abstract Garlic (Allium sativum)is a major crop in most Asian countries, and its consumption in Asia-Pacific countries
exceeds 90% of the global consumption. It contains beneficial ingredients and numerous essential nutrients, such as man-
ganese, vitamin B6, and vitamin B1. Garlic demand is rising not only in Asian countries but also around the world. Par-
ticularly, garlic demand has been steadily increasing in European countries, such as Spain, France, Italy, and the American
continent. In South Korea, 331,671 tons and 387,671 tons of garlic was produced in 2018 and 2019, respectively, making
the country the fifth ranking garlic producer in the world, and the production has been increasing every year. In this study,
the study on temperature distribution in cold storage of Korean garlic in folding wire mesh pallet container using CFD
(Computational Fluid Dynamics) analysis was performed and Computations were based a commercial simulation soft-
ware (ANSYS Workbenh Ver. 18.0). Considering the respiration heat of garlic, the decreasing rate of temperature in the
area in contact with the cold air was fast due to the inflow of cold air inside, while the decreasing rate of temperature
in the center of the pallet was very low. In order to maintain a uniform temperature distribution inside the agricultural
product storage pallet in a low-temperature warehouse, it is considered desirable to install an air passageway to allow low-

temperature air to flow into the wire mesh pallet.
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Fig. 1. Mesh pallet container for cold storage of Korean garlic.
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Fig. 2. CFD analysis work flow of cold storage for garlic using mech pallet container.
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Fig. 3. Mesh modeling for CFD analysis.

b. 54744 (Momentum equation)

ov _ 2
p(5+v'Vv)——Vp+yV v+ip ?2)

c. o= 2] (Energy equation)

ijcp@L v VT)dV = [ KV TaV+ [ (gp+ 4)dS ()

ot
A7IM, w2 AL, ve SEEE, pe 2k, pe 9E, 4e
ARAF, ke QAEAT, Cpe HE_E, T= 25, ¢
Wi QEAL olUA], gi= B BAF olUA|o]H, & Al

A WFE 2 HS EEAL duRE 2 Ao AL A%
3R G AR ko] FAISISIT

ks A9 Zv g=lE Zelolue] A4l CFD €
< 98 271 B AAZRZL Table 13 2ot A
tdA) ] =, dHEAT 2 AR |FE =27]9)
F4, = E(porosity) B A ZHoIY wiE A
i A Wi 25 g Aol 371 fY
Srol 2o gigh 7] ¥ AAReIeH, B At
Al AFEE CFD Efrsald S 913 18 Az ESol= |
S50 F AMEEIL A= ANSYS Workbench (Ver. 18.0)°]
Art.

Nk

3.

N
=
b=

3.1 0 M2 MFIY 385 oY
A s Auelue] A9E nhse] AL el

kel

A 197

100,

e e—

100

Fig. 4. Pallet container location in cold storage.
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Fig. 5. Velocity stream distribution by air inlet velocity of 1.5 m/s.

Table 1. Initial and boundary conditions for CFD analysis of garlic in cold storage

Items

Specification

Cold Storage

Thickness : 100 mm, K = 0.18 kcal/m?h°C, Inner size : 2500 < 4100 X 2910 mm

Garlic Respiration Heat: 31.1 kcal/h, Porosity: 3, 7, 9%, Total weight: 2,400 kg

Outer/Inner Temp.

Outer Temp.: 35°C, Inner initial Temp.: 27°C

Air inlet velocity/temp.

Airinlet Velocity: 1.5, 2.0, 2.5 m/s, Air inlet temp.: 1°C
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Fig. 6. Velocity stream distribution by air inlet velocity of
2.0 m/s.
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Fig. 7. Velocity stream distribution by air inlet velocity of
2.5m/s.

Table 2. Stream volume ration of inner cold storage by air inlet
velocity

Air Inlet Velocity (m/s) Stream Volume Ration (%)
1.5 62.3
2.0 78.4
2.5 85.8
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Fig. 8. Temperature volume distribution by air inlet velocity of
2.5m/s.
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Fig. 9. Temp. distribution of upper pallet garlic by porosity of 3% and air inlet velocity of 2.5 m/s.
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Fig. 10. Temp. distribution of lower pallet garlic by porosity of 3% and air inlet velocity of 2.5 m/s.
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Fig. 11. Temp. distribution of upper pallet garlic by porosity of 7% and air inlet velocity of 2.5 m/s.
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Fig. 12. Temp. distribution of lower pallet garlic by porosity of 7% and air inlet velocity of 2.5 m/s.
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Fig. 13. Temp. distribution of upper pallet garlic by porosity of 9% and air inlet velocity of 2.5 m/s.
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Fig. 14. Temp. distribution of lower pallet garlic by porosity of 9% and air inlet velocity of 2.5 m/s.

Table 3. Temperature change by garlic in mesh pallet container position and garlic porosity

. Min. Temp. (°C) Max. Temp. (°C)
Porosity (%)
Upper Lower Upper Lower
7.0 8.2 12.0 14.0
5.0 8.0 9.0 12.0
4.5 6.0 8.0 10.0
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