FOOD & MACHINERY FAEETH BE297H | 202657 A | ARSHIM

DOI:10.13652/j.spjx.1003.5788.2025.80551

B KR B e A 1T 5 S B L3R 3

WEX F R Rwxr Eaf
ChEfOE R &R 5 E R TR, JL 100083)

WE[BNIATRE-F THEAIBRSARARK R MO T 0, RGIA AR KRRkt £ [FEIRNE M A
5X ARG A0 ik, 5T T B AR An AT A P 5 FRIRE R AL B AT RAR B M 09 % ve , A Al COMSOL 44+ 4
BT ARKRRGZEREABER AR O ARIRGERE R, F ol mAE E R RILA B ah3#E A7 A R RR &Kk
it ERIERE B HKRIRZ 20 CA 2790 minJ& , R B B K ) FT 451 iﬁéi%,,\“}"#’éﬂt RCREL R A B B R
BAF, R E KRR MR A R AR, S e A TR A A B A R R A ST R P e R R R
ltbf'b,ﬁ%#ﬂﬁwwﬁw]EJab!afl':m,%%éw%éﬁR#ﬁv%ﬁéﬁ»ﬁx%ﬁéﬂé\(i’:ﬁb133.49mm,';%:55120mmﬂa‘,izuﬂﬂa‘1‘eﬂéﬂg
387 s) A A B G K MR (TR A2 % 273 mm, J& 3R A 42 25 200 mm B, e 3 B 0] 45 42 194 5) , vA BOR R 7 2L 48 56 R
FAA (e hond 8] 4542251 s) , MR T T RACEAZFRAGARBRMmBAAR[HIR]RA é@ﬁa‘vxﬁﬁeﬁi&%‘%é\
W 7 kT A A LEE R B R AR AR SRR AL B R AR L T A R o A ek &

KRB AR R R MR Ay

Heat transfer analysis and packaging optimization design of self-heating rice

Sun Haowen Li Huan Wu Xiaomeng Mao Like
(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: [ Objective] To further understand the influence of the heat transfer process on the quality of self-heating foods and improve the
heating rate of existing self-heating rice products. [ Methods] A combination of virtual simulation and experimental methods was used to
analyze the actual temperature variations during the heating process of self-heating rice and the effects of heat transfer on rice texture. A
three-dimensional heat transfer model of self-heating rice was established using COMSOL software to investigate the heat transfer process,
and the packaging design of self-heating rice was optimized with the objective of maximizing the heating rate. [ Results] After reheating
and cooling at 20 °C for 90 min, differences in textural properties were observed among different layers of self-heating rice. The rice in the
middle layer showed higher chewiness and better overall texture, whereas the springiness, cohesiveness, and chewiness of the bottom layer
rice were significantly reduced. The established three-dimensional heat transfer model accurately described the temperature changes during
the heating process of self-heating rice. In addition, for self-heating rice with the same volume, optimization of packaging dimensions and
length-to-width parameter combinations (with a length of 133.49 mm and a width of 120 mm) shortened the heating time by 387 s; The use
of a bowl-shaped package (with a top diameter of 273 mm and a bottom diameter of 200 mm) shortened the heating time by 194 s; And the
application of a novel aluminum foil-bottom packaging material shortened the heating time by 251 s. Compared with the original
commercial packaging, all these optimization strategies significantly improved the heating performance of self-heating rice. [ Conclusion]
The combination of virtual simulation and experimental methods used in this study can intuitively describe the heat transfer performance of
self-heating rice, and optimization of self-heating rice packaging can effectively improve the heat transfer rate.
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Figure 1 Three-dimensional model of self-heating rice
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Table 1  Physical property parameters of self-heating rice
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Figure 2 Experimental layout
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Figure 3 Temperature rise and temperature decrease curves at simulation and experimental measurement points
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Figure 4 Texture analysis of different layers after reheating
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Figure 5 Variation curves of central point temperature with different package sizes at =900 s
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Figure 6 Central point temperature rise curve of different size parameter combinations at /=900 s
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Figure 7 Temperature distribution cloud diagrams and temperature rise curves with different shapes after heating for 900 s
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Figure 9 Temperature change curves at the food center
point during the heating of self-heating rice with

different packaging materials
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