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a. Drying moisture ratio curves
TE: AN 1.0 ms™, YIT KX 10 mm.
Note: Hot air velocity is 1.0 m's™, diced length is 10 mm.
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Fig.1 Drying characteristic, drying rate and temperature curves of diced potato at different hot temperatures
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Fig.2 Drying characteristic, drying rate and temperature curves of diced potato at different hot air velocities
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Fig.3 Drying characteristic, drying rate and temperature curves of diced potato at different diced length
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Table 1 Weibull model simulation result at different drying
conditions
TRAAT RIEZH TEIRS K YUE R
Drying Scale parameter Shape Coefficient of
conditions o/min Parameter 8 determination R
40 C 69.65 0.875 0.992
50 C 47.20 0.914 0.997
60 C 36.53 0.913 0.998
70 C 29.73 0.941 0.998
80 C 24.60 0.829 0.991
90 C 22.87 0.831 0.994
0.5ms’ 42.15 1.128 0.998
1.0ms" 29.73 0.941 0.998
1.5ms" 26.50 0.823 0.991
25ms’ 19.20 0.664 0.991
3.5ms’ 16.54 0.592 0.994
2.5 mm 18.65 1.310 0.999
5 mm 2391 1.067 0.999
10 mm 29.73 0.941 0.998
15 mm 33.90 0.768 0.992

TEe AU [ R ZKCE W 1.0 mes™, P)T KR 10 mm; 35241
RG] 5 PR 3 KP AL EE 70 °C, U1 TCBES 10 mm; B8 =2 180 5 TR 3%
KPS 70 °C, K% 1.0ms™, TR

Note: Air velocity of first set test is 1.0 m's™, diced length is 10 mm. The hot air
temperature of second set test is 70 ‘C, diced length of 10 mm. The temperature
of third set test is 70 “C, air velocity is 1.0 m's™. The same below.
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Fig.4 Verification of Weibull model
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TR, W H R K AT A BRI Doy R RAE Mt
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BEY) S F TR TR R T S R R T, TR
RIS G B HREL Dy v AR Fick 25 @it
Ho a5 wHn, SRFETATELRTS InMR
TR ¢ 2R R, AR AL 2.
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Table 2 Moisture effective diffusion coefficients under different
drying conditions

o o IR R B
ﬂgﬁ%%f 8 SE R ()%ﬂ:i?i Moisture effective
™Y€ | inear simulation equation Coefﬂc1ept of P dlff_usmn
conditions determination R°  coefficients Dy
(10°-m*s™")

40 C LnMR=-0.0001837-0.251 0.974 1.859

50 C LnMR=-0.000300z-0.149 0.990 3.043

60 C LnMR=-0.0003837-0.133 0.993 3.888

70 C LnMR=-0.000467¢-0.105 0.994 4.733

80 C LnMR=-0.0004837-0.271 0.976 4.902

90 C LnMR=-0.0005337-0.229 0.979 5.409
0.5ms"  LnMR=-0.0003837-0.104 0.989 4.564
1.0 ms" LnMR=-0.000467¢-0.10 0.994 4.733
1.5ms'  LnMR=-0.000433¢-0.288 0.975 4.395
25ms’  LnMR=-0.000417-0.493 0.948 4.226
35ms"’  LnMR=-0.000383-0.566 0.931 3.888
25mm  LnMR=-0.001233#-0.251 0.990 12.509

5 mm LnMR=-0.000750z-0.031 0.999 7.607

10 mm LnMR=-0.000467¢-0.105 0.994 4.733

15 mm LnMR=-0.0003007-0.342 0.962 3.043

2 2 g, XRS5 7K A SR Ho 2%
K (P<0.01) , XL EEBS, A7 ROK T HUR E08
Ko Hag BRI S R—5, AR 0.5~

3.5 m/s, HHOK T HLR BN 3.888x10°~4.733x10” m/s
Z ), RIS KA HRERE R (P<0.05) , K
HOBR, KA RN, B S HAED, gl
2T EVERE S 25 AR — 3, IR AR 2 3
o AEPPEHI) T K BE KN K AT R R BUE AN 8
FHFE (P>0.05) .

MRPER 1 AR 2 kRABME R, FIHARK (6 F (D,
SKAFAH K R Do LIS HL R, SR WK 3,

x3 BEKITHABMILASHER
Table 3 Calculated moisture diffusion coefficient and geometric
factor result

TN féi%kﬁj\iﬁ%ﬁl%%z _ Mu@éﬁ_ﬁz

Drying conditions Calculat_ed mmsturerghffzushon Geometric
coefficient D,.,/(10°-m™s™) factor R,
40 C 0.921 4.954
50 °C 1.359 4.468
60 C 1.756 4518
70 C 2.049 4328
80 °C 2.608 5.320
90 C 2.805 5.186
0.5ms” 1.522 3.335
1.0 ms™ 2.049 4328
1.5ms" 2421 5.509
25ms’ 3.342 7.907
35ms’ 3.879 9.977
2.5 mm 1.365 1.091
5 mm 1.690 2222
10 mm 2.049 4328
15 mm 2.480 8.151

HiZ 3 AT, FEAFERXELE TR, LT3
R, fHAE 4.328~5.320 20, AALAK; MH#E T K
JEM 2.5 mm &K 15 mm, R {EM 1.091 805 8.151,
XYL R, (HS5PIEME U ST ARG, Y Bantle %55
SR8 i KGR RT R AR, B KU R,
R (IR
2.4 FTHELRERSH

THIRALRE E, FomPRHEZE R 1 mol JKIN i 2
Ffeh, HDBKFRRHOBAETE:, JF HAsdd T
PCREMG S TR BERE. A5 (8) WA InDy 5 1T,
BEMRAR, WILFAT, AR S T HUT
BT 2 HEAREEN 19.107 kJ/mol (R*=0.896) , /NT—
AR TS REVS T, X S PRI SR A R
G MR ZUIRAS UL R 1R LT AR S5 A K

3 4 it

(DR R E S e ST Y U e LW TN
s U TSRS, T I DR s XU T B TR 52
WA EE (P=0.538) o ZREHIETIREERERI T4 & b
Ji, PR IE A 70 C RGN 1.0 m/s FIYI T KA
5 mm TN .

2) f# ] Weibull 4347 B8 B0 AN [ 46 N 84 115
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RGBSR A5 v R % R AE 0.991~0.999 2 [1],
HPRESH o MARGEET S KB CRY) T K
PN TEARSEL B Bt X ) B AN D TR 193k
NGO, T A A R (P>0.05) . iaf1£
TR 7 R ARG S B e B R, KE
RSP 220 14.36%, Ut Z R BT AR I 1 Fiik o
)T AT R

3) R4 Fick § HOE R SEIIK A RO 9 iR 2

Bl TR USSR U T BN TS oK, Herh A
SR B RG0S 3 (P<<0.05) , T b T K BEX L
WA (P>005) , JURRGE R ABBET MBI T K
3 PN PN

4) MR Arrhenius 22 UTHAHAUT R E T

WEALEER 19.107 kI/mol, f&T— M IRAN TR T
IR FEIGILRE, 2T T4

AT e 2 (R AR TR AR S I B S 4, [

RCTIRY PR R e S DU e I B R s R 1

(1]

(& % xx #]
N, B, BIVRLL, A JRIE SN L A R o
5 BN Ll TREREA, 2010(11): 4—11.
Liu Gang, Zhao Xin, Zhou Tianhong, et al. Analysis of
China’s potato processing industrystructure and the hinking
of the development[J]. Agriculture Engineering Technology,
2010(11): 4—11.(in Chinese with English abstract)
RN THRS SN TR 2 o0 SR ILT]. Pl B
A, 2013, 35(2): 44—48, 27.
Han Liming. Analysis and suggestions on potato
processing[J]. Tibet Journal of Agricultural Sciences, 2013,
35(2): 44—48, 27. (in Chinese with English abstract)
WILF, BfieE, Mk, S8E I TIUR S D). &
M TRRHEA, 2012(11): 18—21.
Lin Yaling, Yang Bingnan, Yang Caichen.Potato
processing’s status and prospect[J]. Agriculture Engineering
Technology, 2012(11): 18 —21. (in Chinese with English
abstract)
Corzo O, Bracho N, Alvarez C. Weibull model for thin-layer
drying of mango slices at different maturity stages[J]. Journal
of Food Processing and Preservation, 2010, 34(6): 993 —
1008.
K&, THZ, PG 55 BECRAR TR 2T,
RNV HUE AR, 2012, 43(2): 151—158.
Guan Zhigiang, Wang Xiuzhi, Li Min, et al. Mathematical
modeling of hot air drying of hin layer Litchi flese[J].
Transactions of the hinese Society for Agricultural
Machinery, 2012, 43(2): 151—158,191. (in Chinese with
English abstract)
UIEESS, SOMEE, 2IE, 4. SLUREIE AR
BRI, Ak TREEH, 2013, 29(11): 232—240.
Shi Jianfang, Wu Huihuang, Lou Zheng, et al. Drying

characteristics and model of cowpea in tunnel hot air dryer[J].

Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2013, 29(11): 232
—240. (in Chinese with English abstract)

¥y, WREE, #plar, 5. iR ORI &
HBCEFHRRI]. A MBS, 2014, 30(8): 144—150.
Yang Ling, Chen Jian, Yang Yili, et al. Characteristics and
Mathematical Models for Hot-air-dried Rapeseed[J]. Modern
Food Science and Technology, 2014, 30(8): 144—150. (in
Chinese with English abstract)

(8]

[14]

[15]

[16]

[17]

[18]

dERL THE, T S BT S
BTG R PE[T]. Aok TRE2EH, 2011, 27(7): 387—392.
Meng Yuecheng, Wang Jun, Fang Sheng, et al. Drying
characteristics and mathematical modeling of hot air drying
of cooked sweet potatoes[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2011, 27(7): 387—392. (in Chinese with English
abstract)

HRSC, Tifse, M, 55 LT Weibull 70 s )
T T RN (0], ARk TR AR, 2013,
29(16): 278—285.

Bai Junwen, Wang lJiliang, Xiao Hongwei, et al. Weibull
distribution for modeling drying of grapes and its
application[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2013,
29(16): 278 —285. (in Chinese with English abstract)

Uribe E, Vega-Galvez A, Di Scala K, et al. Characteristics of
convective drying of pepino fruit (Solanum muricatum Ait.):
application of weibull distribution[J]. Food and Bioprocess
Technology, 2011, 4(8): 1349—1356.

Miranda M, Vega-Galvez A, Garcia P, et al. Effect of
temperature on structural properties of Aloe vera (Aloe
barbadensis Miller) gel and Weibull distribution for
modelling drying process[J]. Food and Bioproducts
Processing, 2010, 88(2): 138—144.

Bantle M, Kolsaker K, Eikevik T M. Modification of the
Weibull distribution for modeling atmospheric freeze-drying
of food[J]. Drying Technology, 2011, 29(10): 1161 —1169.
TR, EdRIL, MAff, % BT Weibull RECRNFET
HEO7 R AR AR ], RML TR, 2015, 31(5):
317—324.

Zhang Weipeng, Gao Zhenjiang, Xiao Hongwei, et al. Drying
characteristics of poria cocos with different drying methods
based on Weibull istribution[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2015, 31(5): 317—324. (in Chinese with English
abstract)

WH R SR, BRI, A JET Weibull J3 A1 RO
BRWERE R o R e 20 A0 o R S T (0], B
sBHY, 2014, 30(6): 146—151.

Zeng Mucheng, Bi Jinfeng, Chen Qinqin , et al. Weibull
Distribution for Modeling Med- and Short- Wave Infrared
Radiation Drying of Kiwifruit Slices[J]. Modern Food
Science and Technology, 2014, 30(6): 146—151. (in Chinese
with English abstract)

Ers¥, M, A&, & FBRA PUHHREX S b
F AR 2], Rk TRE%4R, 2015, 31(16):
296—304.

Ju Haoyu, xiaohongwi, zhengxia, et al. Effect of hot air
relative humidity on drying characteristics of carrot slabs[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2015, 31(16): 296—
304. (in Chinese with English abstract)

W5, KA, BrRi, 5. T Weibull 2347 R 5
EVER I SURE e Wik 1 1) B A SR
2015, 40(11): 2117—2122.

Sha Xiuxiu, Zhu Shaoqing, Duan Jinao, et al. Weibull
distribution for modeling drying of Angelicae Sinensis Radix
and its application in moisture dynamics[J]. China Journal of
Chinese Materia Medica, 2015, 40(11): 2117 —2122. (in
Chinese with English abstract)

Marabi A, Livings S, Jacobson M, et al. Normalized Weibull
distribution for modeling rehydration of food particulates[J].
European Food Research & Technology, 2003, 217(4): 311—
318.

GB 5009.3—2010.Fr it %24 [ 5o i th /K 43 (30 % [S).



258 Ak TREZAR Chttp://www.tcsae.org) 2016 4E

[19] Wang Rui, Zhang Min, Mujumdar Arun S. Microwave IREEIERE, 2004, 14(6): 606—614.
freeze-drying characteristics and sensory quality of instant Lei Dongfeng, Feng Yi, Jiang Dazong. Characteristics of
vegetable soup[J]. Drying Teehnology, 2009, 27(9): 1161 — polyphenol oxidase in plant[J]. Progress in Natural Science,
1169 2004, 14(6): 606—614. (in Chinese with English abstract)
[20] Chandra Mohan V P, Prabal Talukdar. Experimental studies [25] FEEHHAR. S u k) D 44 45 AR AH e i A2 JEE ) BT 52 [D].
for convective dtying of potato[J]. Heat Transfer Engineering, . WKWK, 2015.
2014, 35(14): 1288 —1297. Cheng Lilin. Study on the Browning Enzymes and Substrates
[21] Tbrahim Doymaz. Air-dying characteristics of tomatoes[J]. J of Fresh-Cut Potato[D]. Taian: Shandong Agricultural
Food Eng, 2007, 78(4): 1291—1297. University, 2015. (in Chinese with English abstract)
(22] wtsy, ShaRny, W, & AP RELLAMIET [26] T, BUE, s, % DR BBy BERE 2R v
PRRFPEFN ST IE[T]. BN E B, 2015(2): 190—195. PFE AR B ]. R TRHE, 2012, 33(19):
Gao He, Yi Jianfeng, Bi Jinfeng, et al. Drying characteristics 92—96.

and quality of papaya under med- and short-wave infrared

. : . ) Wang Lei, Ruan Zheng, Luo Chegnyao, et al. Enzymatic
radiation and hot air drying[J]. Modern Food Science and

characteristics and thermal stability model of polyphnol

Technology, 2015(2): 190—195. (in Chinese with English oxidase from potato[J]. Science and Technology of Food

abstract) Industry, 2012, 33(19): 92—96. (in Chinese with English
[23] @R AR T AR 5 46 i Re[)]. sk abstract)

TR, 2012, 26(3): 541—546. [27] REF, Tk, &, & SRR N LR D).

Zhu Aishi. The model and mass transfer performance of WA SRS, 2010, 26(5): 441—444, 440.

convective hot air drying of water-oat slices[J]. Journal of Wu Huiling, Wang Zhigiang, Han Chun, et al. Factors

Chemical Engineering of Chinese Universities, 2012, 26(3): affecting the maillard reaction[J]. Modern food science and

541—546. (in Chinese with English abstract) technology, 2010, 26(5): 441—444, 440. (in Chinese with
[24] TR, R, WRE. HYh 2 BEAERRED]. B English abstract)

Drying characteristics of diced potato with thin-layer by hot-wind based
on Weibull distribution function

Yin Huimin'?, Nie Yuyan®, Shen Jin®, Wu Wenfu*, Dou Jianpeng!, Cheng Rongmin®, Chen Junyi?
(1. College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China; 2. College of Engineering and
Technology, Jilin Agricultural University, Changchun 130118, China; 3. Institute of Agricultural Produce and Byproduce Processing, Chinese
Academy of Agricultural Engineering, Beijing 100125, China; 4. College of Chemistry, Jilin University, Changchun 130012, China)

Abstract: Potato, which is widely regarded as a total nutrient food, is the fourth major food crop after wheat, corn and rice in
the world. In the same time, potato is one of the most highly productive food crops in China with potentiality of further
development in the future and has been widely used in the food, feedstuffs and pharmaceutical industry. So it has also been
endowed with the properties of both food crops and commercial crops. The preservation techniques in China, the largest potato
producer, are so lagging that the loss amount is estimated to be over 15% each year, which is far above that of developed
countries in Europe and America. The potato drying process is an important step as it plays a crucial role in reducing the
moisture of agricultural products, extending the storage period and improving the additional values. As the most extensive
method among all artificial drying processes, hot air drying has the properties of easy manipulation, low cost, and fewer
demands for the environment, space and equipment. Research on the property of hot air drying, development of drying models
and determination of water transfer parameters has great importance to the effectiveness in predicting, regulating and
optimizing of the drying process. In this paper, the drying curves, the material temperature, the moisture effective diffusivity
velocity and the activation energy are discussed at the different hot-air temperature, air velocity and dice length based on the
thin layer drying experiments. The hot air temperatures are taken as 40, 50, 60, 70, 80 and 90 °C. The air velocities are 0.5, 1.0,
1.5, 2.5 and 3.5 m/s. The potato dices have the cross section of 10 mm x 10 mm, and the lengths are classed as 2.5, 5, 10 and
15 mm. The main results are as follows. The hot air drying of fresh diced potatoes has typical characteristics of the Weibull
distribution with the falling rate. The process can be divided into 2 phases, i.e. the stage at first increase phase and then the
deceleration phase. The drying time is shortened with the rising of the hot air temperature and the decreasing of the dice length,
and the air velocity has a little effect on the time except the early stages when the increasing air velocity can give the
promotion of drying rate. The hot-air drying process of fresh diced potatoes obeys the Weibull function, and the value of R?
ranges from 0.991 to 0.999, which means the hot-air drying process is in good agreement with the Weibull distribution
function. The scale parameter in the model grows with the increase of hot-air temperature and air velocity, and decreases with
the rise of dice length. The shape parameter in the model has positive correlation with the dice length and air velocity, while air
temperature causes little impact on the shape parameter. The moisture effective diffusivity velocity, which is between
1.859x10” and 12.509x10” m%s, is significantly (P<0.05)correlated to the hot-air temperature and air velocity, but the dice
length is not significantly (P>0.05). The geometric dimension parameter is relevant to the dice length and air velocity, which
increases with the rise of air velocity and dice length). The activation energy of hot-air potato drying is found to be 19.107
kJ/mol, which is lower than the average activation energy of diced or chipped fruit and vegetable, and thus hot-air potato
drying is easier to accomplish. This research will help to provide theoretical and technical foundation to the hot-air drying of
the fresh diced potato.

Keywords: drying; models; temperature; thin layer hot air drying; potato; Weibull function
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