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MesoMR23-060H H R~ B b 4R A% 7 A, 751
I HTAE A R AF; AGHD-15ELC (1.5P) &
REEMER X — TR THL, TR EREREA
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width = 3 mm, %&/Z/Z% Slices =1, iK%l Average =
4, FEHUK/N Read size =256, 1 E M1 Phase size = 256.

RS 77 9% e R 2 A O M T R B 3 A
FEAR A HTACES M A5 S . AR EE AW 3 L
BAERZE . T MRE il AR 43 )3 EUAS [R] 6 Jof 25 114 7 A
AR E .

1.4 IBipHER

141 FRAHKGTHE
IKAYEE My iR

Me,— Mc.

" Meo— M,

RPN Mo MBIWIBE T3S KE, % My, N TR A ¢

VG TS KA, % Mo, YR P 2 55K

R, %o

142 AR

FE F B2 # Dincer-Dost. Bi-S. Bi-G. Bi-Di All
Bi-Re #&8 A] F F 11 5 F i 3o 72 1) /K o3 A% 38 S 50 0L I F
RS, SEETEBEAMEMN, B TaRRaE
(122 54k, Bi LR B TH SR V0 K ) T 4t B o 1 L R
WOESESH, E A SR TR s w24,

FaHE I FE 7 B BT A A (2) B

M, 10 (,0M,

or Deff[ﬁ& (r ar )} 2
b M, NEIKE, % ¢ ANTE, h: D, A RBOKSH
B2, m¥s: r AT OEIE SRR, m.

Bk Pk N 2 8k, WK 12— 4y 8k 1%
L TR T 52 A BN T CRPRBEE ) « SRR [H]
R CRRAER) RethfE e, DA S PR A S K o0 45 i3 1) A0
BRI S PR . R BIRIAG A 51 A 4% R

HWIUE A

Mg (D

t=0; 0<r<R; M(r,H)=M, (3
BRI
M
t>0;r=0; a—(r,t)=0 (4)
or
oM
t>0, r= R, —Deffﬁ(r,t) = I{m(l‘lv —Me) (5)

b RONVEHESE AR, my M NI & KE, %; K,
NXFAL AT, mis; M, NRETEKE, % M, T
5K, %,

N2 FH D46 2% AF AL 5 2SR RS (2) Ko B
My N

zm:me (6)

)
=



266 flk TR (http:/www.tcsae.org)

2024 4

o 2S00 CBi< 100
Hn + Sing, Cosp,, 7
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o Bi SRR E, w, A TR n KJTHR, Fo
RS T NE) Fo L, M, 7T LAfEIAL = (6)
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My =AB, (9)

R R B AR 1 BT

*1 BRAVEEHITER

Table 1 Formulation of biot number of each model
FE A Model 2% Biot number
Dincer-Dost Bi= g0
Bi-G Bi =0.057 6xG*7
Bi-S Bi=1.2388xS'/?
Bi-Di Bi=24.848x Di~*/8(Di = {%)
Bi-Re Bi =22.55X Re " (Re = £58)

e Rh GOAMEREE, TRENSH, FRMERHKSEREL: S+
BRREL 5T, FORMRLE AL R (K TREE ST Di VB RS, RARTHE
AR FE X R TR IS Re AEENHEWHEL: UAKE, ms™s p
AEREE, kgm™s wATRHE, Pass; R ZEMEECEE, m,

Note: In the table, G is the hysteresis factor, a dimensionless parameter, which
indicates the resistance to moisture transfer within the material; S is the drying
factor, s ', which indicates the drying capacity of the object in unit time; Di is a
dimensionless number, which indicates the effect of drying air velocity on the
drying characteristics of the material; Re is a dimensionless Reynolds number; U is
the wind speed, m-s’; p is the air density, kg~m’3; w is the air viscosity, Pa-s; and R
is the prunes equivalent radius, m.

Her g SiET R (10) #aE:

My = Gexp(~S1) (10
Xt F Dincer-Dost B 24, u, F1E Wiy, N
up=(1.123 3x1In(4.9Bi + 1))"/14 1D

T Bi-G. Bi-S. Bi-Di. Bi-Re ¥/, £
= —8.325 6G* +54.842G> + 134.01G? + 145.83G — 58.124
12
XTSRS HUR B D,y LA SO AL i
REK, AN

S R?
D, =2 (13)
1 ,U%
D.;Bi
K, =~/ 14
n R (14>

143 F-Fafia

T} 8] (half drying time, HDT) 23545 208} (1) 7K
IR B 4y 22— P 7 BN A AR A R e A 1S
HH 2 ) 2 S R GOR TR R E S B R (E S
I

HDT = 1126 (15)
XF DA A, S ik ) 0 2 8 o SR A5 H 1
2 0.759 9Bi
HDT = /,L%Deff [IHZXEXP(W)] (16)
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Fig.1 Drying curves of prunes under different drying conditions
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T-if (A Bl A L T KGR KRR, TR ARES
TETER 8] A B R

B 3 AR, AFESEEE R SHISF £ R,
YRR EY Bi IR IR) 22 K, HLBE IR G I Ak e 34
AN, XA T E R R R AN FE R . BT

SRR T AR AR B RO MAK D,
SRR K, BOASLE — A d B TRR
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*2 BTREREGITSH
Table 2 Estimated parameters of each drying models

A5 & Variable G s R SSE RMSE

50C2ms"  1.064 002288 09804  0.05770  0.04120
65°C2ms’'  1.052 009620 09775 002197  0.05602
80°C2m-s"  1.035 020580 09897 001012  0.04106
65Clms' 1059 007768 09749 002501  0.05978
65°C3ms’' 1055 011290 09800 0.02118  0.048 51

TE: R ONUGE BB, SSE WERZEF M, RMSE NIHIREX.
Note: R? is the coefficient of determination, SSE is the sum of squares errors, and
RMSE is the root mean square error.

THRIERE, KGR HR R B B R, 3K PO R

®3 FRETHREREHESH
Table 3 Calculated parameters for different drying models

LT A b Z ¥ Parameters
Model Variable Bi Hi Deff/(xlog m? ~s“) K,,,/(><107 m»s“) HDT/h
50°C2m's" 0.1867 0.798 0.26 0.30 33.01
65°C2m-s’ 0.150 2 0.710 1.32 1.24 7.95
Dincer-Dost 80 C 2m-s™ 0.129 6 0.562 4.64 2.89 3.54
65°C 1ms’ 0.1411 0.686 1.17 1.04 9.54
65°C 3m-s ! 0.1592 0.733 1.50 1.49 6.61
50 C2ms’' 0301 8 0.716 0.32 0.60 34.47
65 C2m-s" 0.223 0 0.633 1.66 2.32 8.18
Bi-G 80 °C2m's’ 0.144 3 0.506 5.72 5.16 3.61
65C1ms’ 0.3254 0.611 1.48 1.91 9.80
65°C3ms” 0.2662 0.654 1.88 2.82 6.83
50°C2ms’ 03517 0.716 0.32 0.70 35.06
65°C2m-s’ 0.562'5 0.633 1.66 5.85 9.11
Bi-S 80 C2m-s™ 0.731 4 0.506 5.72 26.2 432
65C1ms’ 0.528 6 0.611 1.48 4.89 10.89
65°C3ms’ 0.5987 0.654 1.88 7.02 7.63
Bi Di
50 C2m-s™ 0.986 5463.29 0.716 0.32 1.95 40.90
Bi-Di 65°C2ms" 1.672 1335.18 0.633 1.66 17.4 11.00
80°C2m's ! 2.246 607.39 0.506 5.72 80.4 5.28
65C1ms’! 1.541 804.58 0.611 1.48 18.7 14.35
65°C3ms’ 2.022 1 660.76 0.654 1.88 18.1 8.89
Bi Re
50°C2ms" 0.285 1647.918 0.716 0.32 0.57 34.27
Bi-Re 65°C2ms" 0.308 1443.115 0.633 1.66 3.21 8.40
80 C2m-s"' 0.327 1 304.009 0.506 5.72 1.17 3.83
65C1ms’ 0.464 721.558 0.611 1.48 430 11.27
65°C3ms’ 0.243 2 164.673 0.654 1.88 22.84° 9.02

e py M, BEI Cu, RRAETTREN n IRT7) s Dy WA BOKAY BUREG: K, XA RS, HTD JEFr) ;. Di 278 T8 s BE kLR v (¥ 7 1 5

Re NTEVEHL.

Note: u, is the first term of u, (u, is the NTH power of the characteristic equation); D, is the effective moisture diffusivity; K, is the convective mass transfer coefficient; HTD
is the half drying time; Di denotes the effect of drying gas velocity on the drying characteristics of the material; Re is the Reynolds number.
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Analysis of moisture transfer of prunes during drying using
low-field NMR

CHEN Yecong! , KANG Hongbin' , YANG Zhonggiang® , SUN Lina® , CUI Kuanbo? , DONG Bo?

(1. Agricultural Machinery Engineering Research and Design Institute, Hubei University of Technology, Wuhan 430068, China,
2. Agricultural Mechanization Institute, Xinjiang Academy of Agricultural Sciences, Urumqi 830091, China;
3. Kashgar Love Organic Food Co., Ltd, Kashgar 844000, China)

Abstract: Prunes is one of the favorite fruits in the genus Prunus of the family Rosaceae, mainly planted in the Xinjiang
Province of China. Fresh prunes are prone to water loss, softening, rotting, mold, and a series of quality degradations, due to the
high moisture content. Drying prunes can extend the storage period for a long shelf life, particularly for the added value of the
product. In this study, a series of experiments were carried out to investigate the moisture migration during drying. The drying
characteristics of prunes were obtained at different temperatures (50, 65, and 80 C) and wind speeds (1, 2, and 3 m/s). Five
kinetic models were then selected to fit the drying curve using the Biot number. Among them, the Bi-G model accurately
represented the drying, according to the processing parameters and the fitted curves. Overall, the drying rate decreased
gradually, while the moisture diffusion was first controlled externally, and then controlled by internal diffusion; The moisture
diffusion efficiency increased with the increase of drying temperature and wind speed. The more significant effect of drying
temperature was observed at the same time. The low-field nuclear magnetic resonance (LF-NMR) imaging technique was used
to collect the relaxation spectrum and proton density images of prunes. Magnetic resonance imaging (MRI) images showed an
uneven distribution of water in the fresh prune fruits. Particularly, the epidermal region shared a significantly higher water
density than the pulp one. There was a variation in the water transfer potential inside the prune, as the drying process
progressed. Water flowed to form a new equilibrium following the difference in transfer potential. The internal moisture
reached the equilibrium point at 60% dry mass. The internal water existed in three forms: free, semi-bound, and combined
water, which were dominated at different drying points: free water was the highest in fresh prunes, accounting for 93% of the
total moisture; semi-bound water was the highest in prunes at the middle stage of the drying, accounting for 86% of the total;
and combined water was the highest in prunes at the end of the drying, accounting for 93% of the total. There was an
interconversion relationship among the three forms of water during the whole drying. However, the overall trend of conversion
was attributed that the water with a weaker binding force was converted to the water with a stronger binding force. There were
two main directions of water migration: water diffused from the skin of the prunes to the outside air by evaporation; and water
diffused to the inside of the prunes following the difference of water gradient. The surface of the prunes was crusted to block
the moisture migration pathway during drying. As such, the drying rate was reduced to obtain the high drying quality of prune.
The step-down temperature drying was allowed for the prune skin moisture to maintain a moderate drying rate, in order to
prevent the surface from drying too fast and crust formation. The drying quality of prunes was enhanced significantly,
compared with the constant temperature drying. The finding can provide the theoretical basis to optimize the prunes drying.

Keywords: heat pump drying; moisture content; biot number; low-field nuclear magnetic resonance; prunes
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