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Hot-air drying characteristics and mathematical model of cantaloupe slices

% E

ZHANG Xue-bo

x| % ¥
LIU Xian-xi

Z0U San-quan
(RS T REN A TR, o B

i = &

=E &

ZHAO Zhen-chao
650504)

(College of Mechanical and Electrical Engineering , Kunming University of Science and

Technology » Kunming , Yunnan 650504, China)

HEER:RINENE TGS BERR R HETIRA
M, HEAFRRIZZE0.5,1.0,1.5,2.0,2.5 min) ,i%
H(0.1%,0.2%,0.3%.0.4% ,0.5% 47 4 Bt 7 %) A4
oh BN A LI A AT R R R #ORGR B (35,45,55,65,
75 C)H  # Rk £ (0.5,1.0,1.5,2.0,2.5 m/s) e g K B &
(2,4,6,8,10 mm) £ 4 T 6970 % N0 i # R T B4t Ao
KOV HAB MARREETFTREFHEEY., £HR.04%
AP AR TR IR )G 43 3] S SR AR 09 T H 5 S, R R L A
MBABESNMAE TRV AEARE.AERIA LBR
TR B AZKST R AEKA 1134 8X 107
4.908 0X 10" m*/s, & A A 28.15 kJ/mol, i A%
AR RAERRTIRTE A ARGEE 55 C Rk E
2.0 m/s. K B & 6 mm,Page A LH Z FH8 RAAL A
RN T ARR £, B IE TR AE o TR oA F N RO TR

!

8K 5 FRALE .
KR FN ARF B TR KFRE 4%
R

Abstract: Objective: In order to improve the quality of cantaloupe
production and shorten the drying period. Methods: Use different
blanching time (0.5, 1.0, 1.5, 2.0, 2.5 min), impregnation
liquid (0.1%, 0.2%, 0.3%, 0.4%, 0.5% citric acid solution) to
pretreat cantaloupe slices, and study different hot air temperature
(35, 45, 55, 65, 75 C), air velocities (0.5, 1.0, 1.5, 2.0,
2.5 m/s), and slice thicknesses (2, 4, 6. 8, 10 mm) on the hot
air drying characteristics and moisture diffusivity coefficient of
cantaloupe slices, different thin-layer drying mathematical
models were fitted. Results; 0.4% citric acid pretreatment yields

the best quality dried product, and the temperature and thickness
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influenced slice drying significantly. There was no constant drying
stage in cantaloupe slices drying with the effective moisture diffu-
sivity coefficients of 1.134 8 X107 7~4.908 0 X107 m?/s and ac-
tivation energy of 28.15 kJ/mol. Conclusion: The optimal hot air
drying process of cantaloupe slices drying is as followed: hot air
temperature of 55 °C, air velocities of 2.0 m/s, slice thickness of
6 mm, under the conditions, Page model has the highest R? value
and the lowest root mean square error, which is more suitable for
evaluating the moisture removal law of hot-air drying of
cantaloupe slices.

Keywords: cantaloupe;

hot-air drying; drying characteristics;

mathematical model; heat and mass transfer

ey IR 7 TG s 5 s A AR o DR R S A Rl
ZitROLVEREECARAMEST YRR Z
EVH SRR . R WO BT AR I HL K
195+ 52 TR W R TR o 5 A B O T i 3 S IR R e 4
Rdkik 2090~3095 7 0 TR 2 T M BAR 72 7 B
UN(RESERE

TR SR R A T2 B R 2 — sl i R AR
Ky B IS A Dol 2 ) R L AT R 24938 d
TR AS + S 7 i B A1 o R i IR L T
M A AT LA TR (AR R TR
AREZE AL TR AR P B TR E T
R K KR TBR s AR R TR AR 0515 B
5 1A i AL T AR S R UK 1R T B2 X R
DRSNS PN F S TN LRV 8 B A
P 0T AR At A =t A i T 2 B A T R RE 8 DR
7 il SO TR M« 1E 5 A A B e s BAUXUT R LA T R
BB AR — U 7 AR R A HLAE R
A A AR 7= (1 B0 T 38 B FR 45 7 fh B0 5 IR B L R R
0L g5 A TR R

A 2 T K i AN B 2R R B A S LA AR A



&M | Vol.38, No.2

TR IEATIE 2 A AL B )0 IR R R VR ]
LA 25038 G i T o e e R R TR A, IR AT
GET MR WAL B T 0 M G e A5 Y BF O TR R LA R
FE It 3 B 34 3 77 =OxT 2 AR R 22 I 4k T 48 4
B S T o R BT 24 1Y) I 2 TUAL B A A 7 I A B R
PRI B TR s A AL 5 0 BIF T & BRI T AR A IR I A A
PR 1 37 € OB T IR AR 1 5 28 FR A0 B oY R BT R 2~
3 min MW 55 SRR R B0 68 5 07 o 2 A0 B 5 0 5 o Se i A
FeW] 60 s P2 THAL 3 B 05 B0 A (R 4 7 i (68 L 2.5 0 A A
TR 191 A 3R 65 A7 RCER T i 0 N A BE R G

SCEE L LA NG 85 RV R R F 58 %t 4 L #ROR T 4
AR X H 43 AT S [R] TUAL BT 0 IR T M 7 0 25 IR
TR RE PR R D) R J5E R ] ey 28 TR XU T 8 1 2 ), O At N7
Wy 2 T ER XL T 45 Bl g A AR, DL Sk s 2 A XL T 45 1
U E T 200k B R I R AR B
1 #5505
L1 R 5E
L1157

WA VG N B 25 5, B PR B NE B R IR
FeE KL (91.0040.15) % . THE

ToK A7 TR« B G BEVE 48 PG & AR AR R
NI
1.1.2 FEUHEE
WAL K T8 #1 . Sherwood Tornado M501 B, ¥ [{ 4
MAERHE A R A A 5

8,254 : SC-80C T, 4 it mt AR LA A g A IR ) 5

B, 7 K JY20001max2000 B, ki b KA %L 88
HRAF

AL PM6252B B, A3 AU A FRA ] 5

fE IR K4 HH-4 B, E g kAR A R A # 5

HL UK 48 : BCD-272WDG T4 . F & 1 /R A3 A R A 7
1.2 FHik
L.2.1 PIRHI4  MSIRUEE e 25 5 20 D10 ) S
PRI B A2 30 mm, JEBEAR 5K 2,4,6,8,10 mm 1Y [EJE
Yl #T 0. (REERE 5T 4 CHik& M .
1.2.2 Wi H T 2R 33T

(1) 25 FIA S o 08 2% D) B 4 mm JRE 3 BB D) Fr s
HEEAATHRIRNGERE 60 C KGH 1.5 m/s) il T

(2) FR 0GR B 4 mm JEHEIEY A, T
95 °C #okth4r 3% 0.5,1.0,1.5,2.0,2.5 min J5 i # 5
HFERPEHE S min, JBAUK T R MK 55 )5 # 17 #OR
il

(3) ¥ ¥ 4 mm J5E 0 05 % ) v 43 ) E T
0.1%,0.2%,0.3%,0.4%,0.5% By ¥ B2 V% Wk 8 i
0.5 hy B F 7K PE 2~3 WJE # & 5 min, AN T R EK 5

KERZE:RERVFARTREERYZEER

Ja AT
1.2.3 BOAT A H RIS WG Al S f g %
JREI R F 3 AR IR th BE AT $OX T 200 3 B K AT 152
G 3 A b I8 BIF otk B 7l DY 500 L PR L BT D
3 UCEAT IR

(1D PP B - [ ARG 1.5 m/s I 35 )y )i
BE 4 mm, % X B 4y B R 35,45,55.65,75 C R
55 U B8 KT M 1 7K 23 B B T M R Y AR A

(2) FIGH - [ ARG B 55 °C L g% U R B
4 mm, % EEHXGE 49k 0.5,1.0,1.5,2.0,2.5 m/s F
ey 5 I e A XU T M8 18 7K 53 B BT S g AR AL

(3) B) Jr J5E B [ e R XUIRL 55 °C, #RORU B B
2.0 m/s. FEME N T IR Z 530 2,4.6,8,10 mm T
W 285 )y AR 8 1 7K 20 B B T 48 1 e pg A8 4k
1.3 #EFRE

1.3.1 JKArFist b BT R R #3325
JRED R Ky H
M= M ¢
MoiMe
A

My—K Bkt
M M. Mo——1 I8 2 A5 I 20 F890 46 I 20 79 &

k% ke/kg.
1.3.2 THREE THRERZREMET RSB mE
KPR R S
DR:M’ (2)
dt
itLl—l:

Dy—TH# % kg/ (kg « h);
M, o M, ——t+de Fl ¢ 28T 35Kk E ke/ke.

1.3.3 ARV BMEHR ARV BRBWY A —2 T
WA BB K BE J1 . LA Fick 55 — 8 A O I8 3k itk g 3L
PO B3 T B AT BOELR A IR LAk A . X T AR 2L
B BB R (D A
M, — M. o 8 < 1
Me o = y—owm ?Z{ Gnt?
oxp| - Bt Dt ] o)
IQEF':
L—FEah iR m;
D HRY AR m* /s,
X2 () B # i
8 KZDC[[
InMy = ln[?}* [ WE ]t . €Y
1.3.4 JEfkae A G IHHREELRE.
Ee\ =
D = Djexp [— m] s (5)

131



132

35 5 R 8 STORAGE TRANSPORTATION &. PRESERVATION

K

E.— kg . kJ/mol;

R—MORZH %L j} 8.314 J/(mol « K);
T——$R AT 3
%%(Arrhenius)ﬁfiﬂ’ﬂf‘éiﬂlﬁﬁlﬁ?,

m’ /s,
H 2 (5) L Pk AL BOW H0E 5K

E. :| o (6)

InD e = InDo — [R(T+273.15)

1.3.5 @PEME 28 Wang 5007 90 (D 3t

AEEAE,
AE = /(Lo — L") +(ay—a )"+, —b" )",
(D

L4 FREFERR
JURBH BRI £ b SR ™ i 10 2 T MR 28 4
x 1w,

BE 2448 | 20228 2 B | RSV

2z AT AR R i L LA
2 HiRGH
2.1 WaEAXMIERE

Hi 2 2 AR, 50T U R AR LG e o IO T e Y

L™ {0 B 5 02 I6F 16 #9388 o i sl /s T AE 5l U/ I 3
O T AN A L KA 8 3 3™ i AL 7

ER U B P B R R R E . 5T
BITAARR, 2 BEREATG 0TS L HIS4
P HE T TR AR S I E S s A /N AE {26 1%
FH Y, R, SFFBERR M 0.4 %63 % 0.5 % i, AE
AN 17.717 6 4K ZE 19.015 6, 32 B 3o BE 1 i A 488 1 vk
BE S BT AS T 45 210 8047 0 1 8 7= &, 8k 0.4 %6 e R N
AR AL TR T2

F1 HBEHFER
Table 1  Typical mathematical model

Lewis Mg =exp(—Fkt)

Henderson and Pabis Mg =aexp(—kt)
ModifiedHenderson Mg=aexp(—kt) +bexp(— gt) +
and Pabis cexp(—ht)
Wang and Singh Mg=1+at+bt*
Mg =exp(—kt")

—kt)+c
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Logarithmic Mgr=aexp(

Two term Mr=aexp(—k1t) tbexp(—kyt)

Mg = aexp ( — kt) + (1 — a) exp
Two term exponential

(—kat)
Verma Mgr=aexp(—kt)+(1—a)exp(—gt)
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Table 2  Effects of different pretreatments on the color
of cantaloupe slices during hot air drying
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3% 0.5 min 65.84 11.80 46.19 21.298 4
3% 1.0 min 65.98 12.07 44.53 19.741 1
3% 1.5 min 65.09 13.60 47.85 23.402 3
Y% 2.0 min 62.61 14.69 47.21  23.563 4
Y% 2.5 min 62.51 14.84 47.18  23.565 1
0.1 % F7 52 1% 15 15t 72.63 9.62 43.68  19.201 1
0.2 Y% A 152 1R 15 73.61 10.73 42.56 18.639 4
0.3 % A 12 1R V5 74.16 9.42 42.74  18.800 2
0.4 Y% B2 IR V5 74.46 9.37 41.43  17.717 6
0.5 Y% A 152 1R V3 0k 74.53 9.43 42.82  19.015 6
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Figure 2 Water ratio curve and drying rate curve at different wind speeds
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Figure 4 Relationship between effective moisture

diffusivity and hot-air temperature
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Table 3 The parameters of effect moisture diffusivity
JEEJEE 4 388 R /) 5 {1 R L JBE ) G R TG K B AR
PR X VIR 2R
— i X\ A ) BB B R T/ . ) Excel 2016
KA/ D, K/ D. K-/ D, . o
X o ST 1% 5k o SR AT 22 50 4 VE (8109 43 45 8 T R K
) (X1077") (m=es™ (X107 mm (X1077)
kn (1181 E 5 A8 5K .
35 1.134 8 0.5 1.989 5 2 1.123 8
k = 0.000 167T 4+ 0.004 278U — 0.000 4D —
45 1.488 2 1.0 2.412 9 4 3.010 1
0.006 02 (r = 0.954 169) , (10)
55 2.231 3 1.5 2.497 2 6 3.717 6
0 0 n = 0.002 926T — 0.053 63U — 0.038 59D +
65 2.997 2 2.0 2.624 9 8 4.860 8
1.311 906 (r = 0.953 464) , (11)
75 3.871 9 2.5 2.787 1 10 4.908 0
A
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Table 4 Fit results for different models
TR 2 Bk Ve 2 R*? Srme/ %
Lewis k=0.019 27 0.990 61 0.123 1
Henderson and Pabis a=1.037 76,k=0.019 92 0.991 50 0.121 8
Modified Henderson a=0.608 8,%,=0.023 02,b=0.231 29,g=0.017 32,
0.988 43 0.596 7
and Pabis ¢=0.207 62,h=0.017 32
Wang and Singh a=0.012 75,6=3.940 69E—005 0.986 95 1.008 5
Page k=0.008 25,n=1.202 78 0.998 30 0.108 6
Logarithmic a=1.073 22,k=0.017 17,c¢=—0.054 33 0.997 25 0.117 3
Two term a=0.858 42,k1=0.019 92,6=0.179 32.k,=0.019 92 0.989 95 0.755 9
Two term exponential a=1.732 16,£=0.025 7 0.998 01 0.110 9
Verma a=1.121 82,k=0.021 4,g=10.259 27 0.994 47 0.121 7
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Table 5 The fitting parameters and test results of
Page model
;ZL/{J:EZ . 2 - R? Skrme/ %
35 0.003 79 1.201 31 0.998 45 0.120 5
45 0.007 05 1.150 58 0.998 50 0.105 5
55 0.008 25 1.202 78 0.998 30 0.108 6
65 0.007 79 1.289 35 0.998 77 0.081 3
75 0.011 75 1.278 22 0.998 36 0.074 9
X E U/ S8 R? S/ %
(me+s 1) k n
0.5 0.004 28 1.291 81 0.998 03 0.122 1
1.0 0.005 91 1.283 22 0.997 87 0.139 0
1.5 0.007 39 1.247 16 0.997 78 0.132 9
2.0 0.009 16 1.246 56 0.999 02 0.077 2
2.5 0.012 55 1.162 77 0.998 55 0.090 3
”]Ejff ) 2H - R Swe/%
2 0.011 89 1.321 83 0.998 36 0.058 9
4 0.010 95 1.217 25 0.998 29 0.099 2
6 0.009 51 1.095 88 0.998 32 0.057 9
8 0.008 38 1.061 16 0.998 21 0.099 8
10 0.008 12 1.000 70 0.997 19 0.050 7
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Figure 5  Comparison of moisture ratio changes over

time measured or predicted by Page model
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