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Hot Air Drying Characteristics and Shrinkage Dynamics Model of
Potato Chips

LIU He, JIAO Junhua, TIAN You, LIU Jiaao, WANG Yanling, WU Xuehong

(School of Energy and Power Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: In order to improve the drying efficiency and quality of potato chips, and to control the shrinkage deformation
during hot air drying, the effects of temperature (45, 55, 65, 75 °C) and slice thickness (3, 5, 7, 9 mm) on the drying
characteristic curve, effective moisture diffusivity and activation energy of potato chips were studied. The results showed
that the drying rate would increase with the increase of the hot air temperature or the decrease of the slice thickness of
potato chips. Within the scope of the study, the effective moisture diffusivity of potato chips was between the range of
5.02x107'°~11.53x107"° m%*s. And its value would increase with the increase of the hot air temperature and/or the decrease
of slice thickness. Besides, it was found that the Weibull distribution function could describe the reduction rate stage of
drying and shrinkage dynamics model of potato chips. According to Arrhenius equation, the activation energy of drying and
shrinkage of potato slices were 27.35 and 46.44 kJ/mol, respectively, indicating that the activation energy of drying was less
than that of shrinkage of potato slices. This work provided theoretical basis and technical support for the prediction of
moisture transfer and shrinkage deformation of potato chips during hot air drying.

Key words: potato; hot air drying; shrinkage dynamics; moisture diffusivity; activation energy
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Experimental factors and levels design
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Table 2 Volume shrinkage models
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Table 3 Error formulas to evaluate the fitting results of the
volume shrinkage models
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Fig.1 Drying characteristic curve (A) and drying rate curve (B)
of potato chips under different hot air temperatures
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Fig.2 Drying characteristic curve (A) and drying rate curve (B)
of potato chips with different sample thicknesses
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Fig.3 Shrinkage rate curves of potato chips under different hot
air temperatures
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Fig.4 Shrinkage rate curves of potato chips with different
sample thicknesses
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Table 4 The fitting results of volume shrinkage models of potato chips during hot air drying process

5 PR FR PRI IR RIS R SSE RMSE
Vro k
1 0.7724 0.0018 0.7797 0.3435 0.1465
2 0.7202 0.0019 0.7243 0.3522 0.1586
3 0.8233 0.0029 0.8269 0.2286 0.1442
4 (0] 51y VR = Vg —kt 0.8241 0.0037 0.8504 0.1678 0.1366
5 0.7696 0.0034 0.7612 0.2635 0.1711
6 0.8133 0.0023 0.8229 0.2364 0.1348
7 0.8213 0.0019 0.8154 0.2609 0.1319
VRO k
1 0.9665 0.0061 0.9674 0.0508 0.0563
2 0.9211 0.0075 0.9380 0.0792 0.0752
3 1.005 0.0091 0.9845 0.0204 0.0431
4 — VR = Vrpexp(=kt) 0.9934 0.0115 0.9888 0.0126 0.0374
5 0.9868 0.0137 0.9635 0.0403 0.0669
6 0.9783 0.0069 0.9757 0.0324 0.0499
7 0.9777 0.0054 0.9665 0.0474 0.0562
a B
1 154.4 0.8154 0.9788 0.0330 0.0454
2 111.7 0.7438 0.9830 0.0199 0.0407
3 (V8 110.7 0.9388 0.9857 0.0189 0.0415
4 Weibull 5155 BRI VR = exp [—(;) ] 86.52 0.9387 0.9899 0.0114 0.0355
5 70.51 0.8753 0.9766 0.0237 0.0545
6 139.4 0.8457 0.9842 0.0210 0.0402
7 171.0 0.8177 0.9716 0.0242 0.0469
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Table 5 Effective moisture diffusivity of potato chips dried by
hot air under different conditions

e FR Dy
(R (107 m¥s)

o PR YTAR

5 J(0) i (mm)

LRI 77

1 45 5 InMR=-1.9755x10"*t+0.5382 0.9108 5.02
2 55 5 InMR=-2.2533x10*t+0.3517 0.9578 5.70
3 65 5 InMR=-3.6360x10"*t+0.4953 0.9518 9.22
4 75 5 InMR=-4.5547x107*t+0.4999 0.9440  11.53
5 65 3 InMR=-1.1420x107*+0.2976 0.9724  10.41
6 65 7 InMR=-1.4532x107t+0.4027 0.9832 7.21
7 65 9  InMR=-7.2241x107t+0.4491 0.9464 5.93
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Fig.5 Coefficients of moisture diffusivity and drying shrinkage
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