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Drying Characteristics and Shrinkage Model Analysis of Pitaya Heat
Pump Drying
HAN Lucong, JIN Tingxiang', ZHANG Zhenya, WANG Guanghong, LIU Jianxiu

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

Abstract: In order to optimize the pitaya heat pump drying process and improve the quality of dried products, the effects of
drying temperature, slice thickness and relative humidity on heat pump drying characteristics and the volume ratio of pitaya
were studied. The optimal shrinkage dynamic model was determined to predict the volume variation law under different
heat pump drying conditions. The results demonstrated that the drying rate increased with the increase of drying
temperature, the decrease of slice thickness and relative humidity. The drying temperature had the greatest effect on it while
the slice thickness had the least. The volume ratio decreased with the increase of drying temperature and the decrease of
slice thickness and relative humidity. Comparing and analyzing the five thin-layer drying models, the Quadratic model was
determined as the most accurate to describe the volume ratio law in the pitaya heat pump drying process. The average error
of the calculated value was 5.01% compared with the test value. Under the heat pump drying conditions described in this
paper, the contraction activation energy of the pitaya was calculated to be 27.185 kJ/mol by Arrhenius equation. Based on
the volume shrinkage model, the process parameters of heat pump drying could be optimized and the dry products with
more appropriate volume could be obtained. This study could provide technical support for the volume shrinkage law of
pitaya in the heat pump drying process.

Key words: pitaya; heat pump drying; drying characteristics; shrinkage dynamics; activation energy
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Fig.2 Volume ratio curve of pitaya under different drying
conditions
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Table 2 Fitting results of shrinkage models of pitaya chips during heat pump drying process

i REAIF IR (R R’ RSS Ve
Exponential #5751 a b
1 0.2538 0.3488 0.9099 0.1256 0.0047
2 0.2447 0.3416 0.9036 0.1148 0.005
3 0.1993 0.3443 0.9535 0.0323 0.0017
4 Vg = aexp(bMR) 0.223 0.349 0.9211 0.075 0.0036
5 0.2515 0.3306 0.9044 0.1148 0.0048
6 0.2217 0.3306 0.92 0.0624 0.003
7 0.2463 0.3533 0.9066 0.1121 0.0047
Quadraticf& a b c
1 0.2081 0.2188 -0.0077 0.9816 0.0256 9.86E-4
2 0.1961 0.2214 -0.0104 0.9871 0.0154 6.99E-4
3 0.1727 0.1549 -9.7E-4 0.9965 0.0024 1.34E-4
4 VR =a+bMR +cMR? 0.1832 0.197 —-0.0067 0.9912 0.0084 4.18E-4
5 0.2038 0.2217 -0.0116 0.9902 0.0118 5.14E-4
6 0.1832 0.195 —0.0108 0.996 0.0031 1.55E-4
7 0.202 0.2099 -0.0063 0.9769 0.0274 0.0011
Hatamipourf$i7J a b
1 0.2136 0.1925 0.9796 0.0285 0.0011
2 0.2038 0.1847 0.9827 0.0206 8.96E-4
3 0.1734 0.1513 0.9965 0.0025 2.29E-4
4 VR =a+bMR 0.1878 0.1734 0.9892 0.0102 4.87E-4
5 0.2124 0.1806 0.9843 0.0188 7.85E-4
6 0.191 0.1564 0.9896 0.0081 3.86E-4
7 0.2068 0.1886 0.9754 0.0292 0.0012
1AL Vo k
1 0.9399 0.0829 0.8383 0.2255 0.0084
2 0.9461 0.0999 0.8733 0.1509 0.0066
3 0.7968 0.1246 0.8341 0.1153 0.0061
4 VR = Vroexp (=kt) 0.8703 0.1086 0.835 0.1593 0.0072
5 0.9302 0.0923 0.8687 0.1576 0.0066
6 0.8074 0.1014 0.9009 0.0773 0.0037
7 0.9228 0.0908 0.8594 0.1666 0.0069
Weibull53 7 R %L o B
1 10.9188 0.7816 0.8826 0.1616 0.0062
2 9.2295 0.7884 0.902 0.1168 0.0051
3 . 5.6397 0.6511 0.907 0.0646 0.0034
4 Vg = exp[—(f) ] 7.462 0.7058 0.8894 0.1068 0.0049
5 @ 9.7687 0.7697 0.9024 0.1172 0.0049
6 7.1387 0.6707 0.9512 0.0381 0.0018
7 9.8225 0.7597 0.8961 0.1231 0.0051
b=a;+B8;T+y;L+ysRH = (12 a=0.2763-0.0016T+0.0022L—0.0007RH =, (14)
c=ac+B:T+y.L+xyc-RH X (13 b =0.2279-0.0034T + 0.0194L + 0.000515RH
el o, By il AL A s
FIH Quadratic B By U5 45 R XT 2% a. b, ¢ = 0.609 +0.00038T +0.0107L + 0.00029RH
c HATLRIERL G, 1S BIFFE BREL a. By A1 x 0UMH, H X (16
ZERANER 3 P, B LA TS BB S a, b, ¢ fRA Quadratic
L] A2 T T T Rl LA R ey
53 BMab. o M ZRE Y, 15 3] IR RS TR ARy
Table 3 Undetermined coefficients of parameters a, band ¢ VR :(02763 —0.0016T+0.0022L — 00007RH) + (02279_
e RS o B y ¥ 0.0034T + 0.0194L + 0.000515RH)MR + (0.609+
a 02763 —0.0016 0.0022 ~0.0007 0.00038T +0.0107L + 0.00029)MR?
b 0.2279 ~0.0034 0.0194 0.000515 = (17
c 0.0609 -0.00038 0.0107 0.00029

2.3.3 FIRIAGIGAE RIS AR pvERR T, 2T
BZE a. b c I DRBURAA(1D) . (12) PRIREE 60 °C. VI JEEE 9 mm. AHXTEREE 20% 09T
F(13) 15, WA R AT IES:, IG5 LA (BT Eb s SR an
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Fig.4 Shrinkage activation energy of pitaya at different drying
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