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1. Air-conditioning outlet 2. Anemometer probe 3. Data line

4. Anemometer 5. The centrifugal circulation fan 6. Airflow guideways
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Note: The temperature test point 3 is in the center of the right side of goods.
The temperature test point 8 is in the center of the left side of the goods. The
temperature test point 13 is in the center of the right side of goods. The unit
is m, the origin of coordinates is in the centre of the carriage. ® The
temperature test points. A The wind speed test points.

A1 REeAREHELERENER ER
Fig.1 Structure diagram of experimental enclosure and
equipment deployment
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Fig.2 Horizontal section and vertical section diagram of
goods area in carriage
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Table 1 Physical parameters and initial boundary conditions

A FK Name 24 Parameters { Value
# ¥ Density/(kg'm™) 1.225
WG
Thermal conductivity/(W-(m-K)™) 0.0225
Lb A
Gt Specific heat capacity /(J -kg’l-K") 1006
i Pk R EL -
Air RUZHK 3
Coefficient of thermal expansion/(K™) 3:336x10
S Btk R | 70x10°
Coefficient of dynamic viscosity/(kg-(m's)™")
e e
A 2x10
Thermal diffusivity/(m”s™)
e —
| SRR 57x38x30
Unit size of load/cmxcmxcm
% Density/(kgm) 540
L 014
Thermal conductivity/(W-m™K™) ’
1
RS b 2193
Goods Specific heat capacity /(Jkg" K™
IR $4 Respiratory heat /(W-m™) 9.5
fLBRZE Porosity 0.3
ST LA S
Average diameter of porous media /cm
) NI Inlet velocity/(mes™) 5
A R4AF S .
Boundary A Inlet temperature/'C 0. 3
conditions WAt Wi 20
Initial temperature of goods/'C
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Fig.3 Changing process of average temperature of goods at 0
of cooling temperature
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Fig.4 Cloud chart of temperature along Z axis direction at
different time when the cooling temperature is 0
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Fig.5 Changing process of the average temperature of goods
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Fig.7 Changing process of the average temperature of goods
and energy consumption with cooling time
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L I =& B s 7 L Y S o (N W B2 vl i

5, VARZERRE A s, B il IS, SEin
RET A2 AT AR REA RN DY, S RE 2 IR
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Table 2 Simulation and experimental values of temperature at

3°C of cooling temperature

T R S G BEUAE RIS
Number of temperature Simulation Experimental
test points values/'C values/'C

1 4.0 4.7

2 4.5 5.0

3 5.0 5.2

4 4.6 4.0

5 4.8 4.1

6 4.0 43

7 4.1 4.8

8 5.0 5.4

9 4.0 42

10 42 4.0

11 43 4.5
12 4.5 5.0

13 5.0 5.6
14 42 5.0
15 4.1 4.9

T B AR I8 24 7440 10 min A0 S0 L o
Note: Simulation and the experimental values are both obtained at the
temperature test points after 10min of cooling.
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FfE

B XA RV s S 6 i, AR B AN ) 63 1 4
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Comparison of combination mode of energy conservation for
refrigerated car based on CFD numerical simulation

Han Jiawei', Zhao Chunjiang>%*, Yang Xinting?, Qian Jianping?®, Xing Bin?, Fan Beilei?
(1. Department of Information, Shanghai Ocean University, Shanghai 201306, China; 2. National Engineering Research Center for
Information Technology in Agriculture, Beijing 100097, China)

Abstract: Accurate temperature control is the key to achieving high quality food in cold-chain transport, and the
suppliers pursue the goal of energy efficiency, emissions reduction, and transportation cost reduction. This paper
takes the short distance refrigerated truck as the research object and potatoes as the experimental goods, and then
establishes the calculation model for solving the temperature distribution in the refrigerated compartment. Two
kinds of fan cooling temperatures (0 and 3°C) and cargo areas under the “blanks on both two sides and middle”
stack method were used to simulate the cooling process. According to the refrigerating unit power and best
refrigerating temperature of goods, the optimal time interval was defined to open and close a cooling fan in the
process of transportation. Taking the wind speed at the air conditioning outlet, air-conditioner temperature,
refrigerated compartment, initial temperature of the cargo area, and the physical parameters of goods as the initial
boundary conditions, a 3D numerical calculated model of the car body was built by using a porous model, which
took the average values of the three directions (0, 90°, 135°) of wind speed as the actual wind velocity in a
physical simulation. The unsteady numerical simulation methods of Computational Fluid Dynamics (CFD) were
used to model the distribution of the temperature field in a refrigerated compartment with different stages of an
opening and closing fan. The results showed that, based on the contour map of temperature field in different
section of Z-axis direction, the increased rate of the cargo area temperature reduced gradually. It was suggested to
add a piece of iron plate on the upper surface of the cooling fan motors, to enhance the flow strength of the front
cold air and improve overall cooling rate in the goods. The change of average temperature and temperature
distribution of the goods area were compared with the cooling stage and the natural convection stage. The data
indicated that when the refrigeration temperature was 3°C and cooling plus closing time of cooling fan were both
10 minutes, the energy of 3.6x10°J was reduced compared with the refrigeration temperature was 0°C, cooling
time was 15 min and the closing fan lasted 20 minutes. The combination was more advantageous to reduce
nonessential energy consumption and improve overall transport economic benefit. The model was validated by
comparing the simulation values with measured values, and the results showed that the root mean square error was
0.540°C and the mean absolute error was 0.493°C, which showed the rationality of the design scheme and the
accuracy of the selected calculation model. The study revealed the temperature distribution of goods under various
cooling temperatures and cooling times in the whole process of transportation. It also provided a reliable
theoretical basis for reasonable selection of the optimal combination mode of cooling fan temperature and cooling
time, reducing transportation costs, and realizing energy conservation and emissions reduction.

Key words: refrigerator cars, temperature distribution, computational fluid dynamics (CFD), numerical analysis,
cooling, energy conservation

(iR HE: RIRT)



