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1.Fresh-keeping chamber; 2.Goods; 3.The pipe of conveying mist; 4.Differential
pressure type of carriage; 5.Air duct; 6.Refrigeration fan; 7.Refrigeration unit;
8.Pressure chamber; 9.The fan of conveying mist; 10.Ultrasonic atomized float;
11.Ultrasonic atomization head; 12.Tank; 13. Plate with holes.
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Fig.1 Diagram of test platform equipment for fresh-keeping
transportation
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1.Fresh-keeping chamber; 2.Air duct; 3.The pipe of conveying mist; 4.Plate with

holes; 5.Goods.
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Fig.2  Grid model of compartment body
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Table 1 Variables, diffusion coefficients and source terms of each governing equation
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Note: p is fluid density , kg'm™; x, y, z are the coordinate position of spatial point in flow fluid; u, v, w is the velocity vector of X, ¥, Z direction respectively, m's™; k is
the turbulent kinetic energy , m*s?; ¢ is dissipation rate , m*s™; P, is Prandtl number; T is reserve temperature , ‘C;  is the dynamic viscosity , kg:(m-s)"; #, is the
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viscosity coefficient of turbulence; p is pressure , Pa . In the table, #5=n+;, n,—cp—pkz/s, G =2 —| +|=—| +|=— =t =+ +| =+
’ P Ox oy Oz oy Ox 0z Ox 0z Oy

¢y, 1, 2, oy are the empirical constant, oy is Prandtl number for turbulent kinetic energy, o, is Prandtl number for dissipation rate of turbulent kinetic energy, the same below.
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Table 2 Coefficients of model k-¢
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b. Symmetric cross section of compartment body
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Note: The planes are vertical with horizontal plane that in the position of
chamber width of 1/2 is defined as symmetric longitudinal section and in the
position of chamber length of 1/2 is defined as symmetric cross section.
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Fig.3 Cloud map of relative humidity in symmetric section of
compartment body
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Fig.4 Cloud map of relative humidity of goods surface
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Note: al-a9 is 9 relative humidity sensor, M is the control sensor.
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Fig.5 Schematic diagram of humidity sensor arrangement
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Fig.6 Comparison of experimental and simulation results
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a. Cloud map of relative humidity at goods surface of different speed of air duct
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b. Cloud map of relative humidity at goods surface of different pipeline diameter
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c. Cloud map of relative humidity at goods surface of different number of holes
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Note: Fig.a-Diameter of pipe is 25.4 mm, number of holes is 8; Fig.b-Speed of air duct is 4 m's”, number of holes is 8; Fig.c-Diameter of pipe is 25.4 mm, speed of air

duct is 4 ms™.
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Fig.7 Cloud map of relative humidity at goods surface of different parameter of model
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Numerical simulation and experimental verification on humidity field for
pipeline humidifying device

Guo Jiaming, Fang Sizhen, Zeng Zhixiong, Lu Huazhong, Lii Enli*
(1. Key Laboratory of Key Technology on Agricultural Machine and Equipment, Ministry of Education, South China Agricultural University,
Guangzhou 510642, China; 2. College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: Maintaining the humidity in the environment is very important for guaranteeing the qualities and prolonging the
shelf-life of fresh products. In order to obtain the distribution characteristics of humidity field when the pipeline humidifying
device was working, a transport container for fresh-keeping transportation with a pipeline humidifying device based on
differential pressure principle was investigated. In this study, navel orange was used as the test material. A three-dimensional
numerical turbulent model of 1/4 ratio of the container was established. The structure of this model was built in PRO/E, and
the mesh was generated in ICEMCFD by unstructured mesh method; the maximum size of the cell was 0.05 m and the
minimum size was 0.005 m. The humidity distribution in the container with pipeline humidifying device was simulated by
adopting Porous Medium Model, Species Transport Model, SIMPLE algorithm and Enhanced Wall Treatment Function
method to solve the model in FLUENT. After that, the humidifying rate and the cloud charts of humidity distributions on the
longitudinal and cross sections in the container and on the surface of products were obtained. With pipeline humidifying device,
the relative humidity in the container could be increased from 75% to 90% in 246 s. The distribution of humidity field in
container was uniform and the difference of relative humidity was less than 2%, and the difference of relative humidity on
goods surface was no more than 3%. A test in a real container with 75 kg navel oranges was done to verify the accuracy of the
model. Experimental validation showed that the test results were in good agreement with the simulation results. The difference
between the simulated value and experimental value was less than 1.2%, which proved that such model could be used to study
the effects of pipe diameter, number of holes, air velocity of air duct on humidity distribution on products surface. Some
comparison and analysis were done for the results, and some conclusions could be drawn. It showed that humidifying rate
increased as the velocity of air duct and the diameter of pipe increased; and when the relative humidity at the monitoring point
was 90%, the humidifying time was 258, 246, 242 and 236 s, respectively as the velocities of air duct were 2, 4, 6 and 8 m/s ,
while 255, 252, 246 and 242 s respectively as the diameters of pipe were 12.5, 19.0, 25.4 and 38.1 mm. The effect of the
number of holes on the humidifying rate was not significant. The maximum difference of humidity on products surface
decreased as the velocity of air duct increased, and the differences were 3.09%, 2.45%, 2.05% and 2.01%, respectively. But it
decreased first then increased as the number of holes increased (2, 4, 6 and 8), and the differences were 2.53%, 2.18%, 2.31%
and 2.45%, respectively. And it increased first then decreased as the diameter of pipe increased, with the differences being
2.38%, 2.57%, 2.45% and 2.02%, respectively. The results from this study have a certain reference value for the optimization
of humidifying device for fresh-keeping transportation containers.

Key words: fresh-keeping; humidity control ; numerical methods; transportation; pipeline
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