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Fig.1 Fluid-particle heat and mass transfer and shrinkage process
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Table 1 Physical parameters applied in simulation
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Fig.4 Simulating experimental device of Chinese stir-frying
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Fig.6 Particle internal changes during Chinese stir-frying simulation
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Table 2 Results of effect of cutting techniques on termination
time of cooking maturity and average moisture content
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. Surface area to T .

Height . Termination time of Average moisture

/ecm volur;le rat}l N cooking maturity /s content /%

/(cm®-cm™)

0.8 5.6 46° 66.27

1.6 43 96" 66.29

2.4 3.9 120* 66.46

H: B R AR RS F R R REEEZER (P<0.01) , FHE.
Note: Different capital letters significant distinct differences (P<0.01), the same
as below.
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Note: In Fig.7a, 0.8, 1.6 and 2.4 cm are heights of cylinder particle; In Fig.7b, 100, 120 and 140 C are temperatures of preheat oil; In Fig.7c, 200, 600 and 1 000 W-(m’2~K]) are

fluid-particle convection heat transfer coefficient.
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Fig.7 Effect of “Huohou” controlling on particle cooked maturity and quality
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Table 3 Results of effect of preheat oil temperatures on
termination time of cooking maturity and average moisture content

TR TR R A TR FEIE KR
Preheat oil Termination time of cooking Average moisture
temperature /°C maturity /s content /%
140 55¢ 65.89
120 63" 66.08
100 84" 66.00

R4 BEIRMEXN ZIEE SRR 5 YRR ERMZIMER
Table 4 Results of effect of stirring operations on termination
time of cooking maturity and average moisture content
PR TBURIT T4 4 2R B RREL AR A KR
Fluid-particle convection heat Termination time of Average moisture

transfer coefficient/W-(m>K™") cooking maturity /s content /%

200 74¢ 66.50
600 64" 65.90
1000 574 65.89
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Simulation and experimental validation of heat and mass transfer during
Chinese stir-frying considering shrinkage

Xie Le!, Deng Li**, Li Jingpeng'?, Zeng Xuefeng!, Yan Yong?, Shi Yu!, Su Jieyu'

(1. School of Liquor and Food Engineering, Guizhou University, Guiyang 550025, China; 2. School of Food Science and Technology,
Jiangnan University, Wuxi 214122, China; 3. Guizhou Han Shi Jing Gong Technology Co., Ltd., Guiyang 550025, China)

Abstract: Food stir-frying is one of the most popular and widely used cooking method to prepare vegetables, particularly in
southeast Asian countries. This quick food preparation method is used the heat transfer from a hot pan surface to foods, using a
small amount of cooking oil. To promote the development, automation, and standardization of Chinese cuisine, it is necessary
to carry out a systematic investigation for the heat transfer and the quality changes of food during the cooking process.
Numerical simulation can offer one way to explore the heat and mass transfer process of food particles during the food
stir-frying. In this study, a heat and mass transfer model was developed, including multiphase coupling phase transition and
shrinkage, in order to simulate the stir-frying process of food hygroscopic porous medium, using the porous media theory,
Fourier's law, Newton's cooling law, and Darcy's law. An emphasis was also placed on the mechanism of heat transfer, and the
variation in maturity and quality of food particles during the Chinese cuisine process. The model considered the
non-equilibrium evaporation and shrinkage formulation, energy, momentum and mass conservations of water, and gas
governing equations, thereby finally solved by finite element method. The accuracy of model was verified by the temperature
history, moisture content, and volumetric shrinkage rate of stir-fried pork loin. The results indicated that the accuracy and
robust properties of this model greatly increased after considering the shrinking process. Some parameters, including the water
evaporation rate of particle surface, volumetric shrinkage rate, pressure variations, moisture content and temperature
distributions, were simulated to reveal the mechanisms of heat and mass transfer inside the food particle for the stir-frying
process. The simulation results showed that the main reason for shrinkage was the water loss that induced by strong convection
heat transfer. The surface evaporation rate can increase the rate of moisture loss and volumetric shrinkage. The particle internal
pressure also determined the volumetric shrinkage. Since the function of volumetric shrinkage rate was analogous to that of
water loss rate, the moisture content and shrinkage were associated with an important indicator to evaluate the cooking quality
of food particles. Additionally, the heat transfer efficiency of particles was greatly enhanced by shrinkage, because of the
increasing surface area to volume ratio. The shrinkage can be used to improve the overall moisture content of food particles, if
evaluated from the perspective of cooking quality. Combined with the maturity value theory, further investigation also made on
the effect of controlling methods of “Huohou” on the maturity and quality of food particles. The finer cutting technique of food
particles can mainly determine to increase in efficiency of heat and mass transfer and internal heating rate, whereas, to
decrease in average moisture content. The stirring operations can be vigorous, as the preheating oil temperature increased. The
food particles can reach its maturity values, before the average moisture content rapidly decreased under the appropriate
“Huohou” controlling. Thus, it infers that the control of “Huohou” can be used to dramatically reduce the average time of food
particles for reaching cooking maturity termination, indicating a significant (P <0.01) effect on the cooking quality. The
finding can bring important advantages to obtain food particles with better cooking quality during the food stir-frying process.
Keywords: numerical simulation; models; moisture; Chinese stir-frying; shrinkage; heat and mass transfer
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