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arrangement and position on the freezing characteristics of potato
mash and the energy consumption of refrigeration equipment.
Methods: Gambit was used to complete the establishment of the
three-dimensional numerical model for the air blast freezing of
mashed potato. At the same time, fluent 6.3 was used for un-
steady state simulation, and Pr.c-15 pronton high-efficiency
fresh-keeping refrigerator was used for the freezing test of
mashed potato. In the test, the mashed potato was arranged in a
row and fork row, and on this basis, the position of mashed pota-
to was changed (rotated 180° clockwise) to validate the numerical
model. Results: The numerical model is consistent with the actual
situation. The relative error of freezing time is only 2.7%. Com-
pared with the sequential arrangement, the cross arrangement
had obvious advantages, the freezing time was shortened by
8.5% at most, the energy consumption was reduced by 4.5%,
and the temperature variation coefficient and the non-uniformity
of freezing time were also obvious; When the potato mash was
arranged in a fork row, change the position at =60 min and t =
120 min, respectively. Compared with the same position, the
change of position can further shorten the freezing time and
reduce the energy consumption of the equipment on the premise
of ensuring the quality of {rozen products. Compared with no op-
timization measures (arranged in a row and the position remains
the same), the energy consumption of the equipment can be re-
duced by 11.8% by adopting the measures of fork row and sec-
ondary position change. Conclusion: Changing its arrangement
and position in the process of blowing freezing of potato puree
will affect the flow field distribution around the potato puree,

strengthen the heat transfer effect in the freezing process, and
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then affect the freezing characteristics of potato puree, such as
shortening the freezing time, reducing the temperature variation coef-
ficient and the non-uniformity of freezing time, The energy consump-
tion of refrigeration equipment can be effectively reduced without af-
fecting the quality of frozen products. Therefore, the above measures
can be considered for optimization in actual production.

Keywords: mashed potatoes; numerical simulation; staggered

row and in-line arrangement; freezing characteristics;

energy conservation
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3D model of mashed potatoes

A1
Figure 1

2 By
HTERERAEZ AT BN ZwmE R, T T
THREAEWL DU RS © R P 55 B ) 46 R — BCH
SIS @ HRE ST O VR R 1 AR 1 5 T 22 WA T
@ ZWURES B E TN W @ ¥ HRIUE R E MR
I, IR EETE M 48 AT s © 45 WS AT R 46 1 AR UK
& Boussinesq R % .
2.1 BEmEHRMIFTE
BETHT ORI R B, ¥ VR AL b % R A T B AR A
HOARES AT TR AL 1 S 4% 25 08 1 ¥2 VR 3 R P11 i 8 1 A5 40
IO VR 2 5 R v R A2 330 (R B0 R o

9
o (THC,(T) 7§:: Ve [k(T)VT], (D

s o

T MRE.Cs

t—— RG] s

C,—b#% . kI/ (kg - K);

k——3 A W/(m « K);

o —HHE kg/m’,

5% T 8 UG IS TR A1 5 HL A% 4% T 1 3 AR T =X 5 1 ok
T A AT DU A = B A T R
-

o (JT

n

) = h(T)X(T, — Tuo) 2

K

o AR5

n T g% 25 e K 1AM E T 1 5

h XA RBL W/ (m* « KD

T, — S FRRWEE.C;

TR IHEPILNR 2 IR E.C.

TR A B8 2 GR35 5 4 38 8 CT 14 9 4% fik T
oA — [EV RS T 8 4 T B9 2 2OE Fluent #OPF v al LA




r&M | Vol.38, No.3

Bl

BIR  23 50K v TR AL — B () A7 Bive  Tive
SE AR IS TR 5% s ROR G RS S T O R
PIBE L AR AR B 2 B R R TR R B R A R
WL (T o) TH 4% 3808 55 R P PG THT B 422 4% il A1 bt ] o 5 4%
SRS 1A IR (T ) 18 Ry R A IS 6T 9L 8L B T =T,
L ERYIIRIREE (THOH 20 °C,
2.2 BERAYMESH

B I 2R A3 L B A A A B A 0 AR B
FEAR R —AH 1, T B VR B R A AR B B R
A — BN IR BETE B NS, G aE 8 AN ST B RO T
SR I LI R IR BOE AT R e B A

k(T =
b, (T<T)

(ki —k ) (T—T)
T, —T.

ky (T >TpD

X

T, Dhh SR 58 & R 45 I FL LAl ot i IRLEE L °C

T\ — S BRI I URES IR °C

ko DR BRTE R FRER. W/ (m - K);

ky—— BB ERFERRETHEHER. W/ (m - K,

C,(T) =
C, (T<T

(Cox —CH (T—T

ko +

(T, <T<TD, 3

Cc.+ T—— (T, < T < Tou)
(« CH (T, —T) H
~max 1 1
C+ o (Towe < T< T
C, (T>T)
A

C.o— DR BHIRTEREHL G LA KT/ (kg « K5

Cowe — DR E R ARG IT R P 0 RHAE,
k]/(kg « K);

Cr— BRI IRRET WA K]/ (kg « K

T S Y VR A 3 i HR e R LU AR T X T 1Y
A, C,

IR 1 017 keg/m®, O T 7 fERE L5
fBE ¥ VR R P AR AR R 8 AL B ik 1
Ji R

B K velocity-inlet g ¥& VR HLI% KU H . XUE 3
8 m/s, & KRB Ay —30 C. BRI BE Ky H A,
VAL E B 1. R R v XA B Mk 3R T B AU —
W R T 5 T pR Fluent 7155 H RS 5 BE T A X0 0 e P R 2L
3 BHUGRR L 255 ik
3.1 #HBERME

T AR A A HER M R SST b — o ZAL
FAC AR A AR VT B R R R T G B LA B AR A

Z REHISHNEYENILERFERENIN

®1 DREFEEAXVHESH
Table 1 Thermal physical parameters of mashed potato
ZH CERA BfE ZH CERA L4l
T, K 268.15 C kJ/(kg + K) 1.85
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ks W/(m « K) 1.80 ki W/(m « K) 0.35
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Table 2 Freezing time of different number of grids
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(15,10) 173 050 172
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(10,5) 706 249 180
(5,2) 6 115 565 182
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Figure 3 Contours of static temperature of freezing process
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Figure 2 Velocity contour of flow field in container when

mashed potato is arranged in line
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Figure 10 Comparison of average freezing rate of potato mash at different time points

N7 B R A X VR 25 ) 0] AS 17 50 BE A 5 e dn (8] 12 TR
257
20 —— i EAAR
15k —— 80 min+120 min
L —— 80 min+140 min
g 10 —— 60 min+120 min
™~ % 5r —+— 60 min+140 min
=1 of
£ 5r
=
-10+
15+
_20 L L L L L I}
0 40 80 ‘ 120 160 200
st ]
Time/min
(a) JiiHE
0.14r1

s ©°
S

Coefficient of temperature variation/%
j=)
-
=
:

=}

—_

(=}
T

WA

{\7%4\1 80+140 60+120 80+120 60+140

e

o

)
:

0.131

0.09 -

B2 7 S R
Coefficient of temperature variation/%

0.08

{7 B A 604100 60+120 40+100 40+120

o7 B AR AL I ) oz B AR AL I )
Position change time/min Position change time/min
(a) JBHE (b) XHE
A1l fF RSB ETFRAEG A
Figure 11 Effects of position change on the coefficient of temperature variation
6.6 6.27
o 641 . 6.0r A
£ 6ol $ ol
wmE ] m £ O
3= 60 mE 56"
55 58f 55 54t
Eé 56¢ . @:% 521
-Q:E' ” 54r — = E ; 501 /-
4o < L HI <
SNV = 5.2 N = \
< € w E 487 .
> é 5.0F ; ié 460
481 441
46 \ \ \ \ 4.2 , \ \ \ \
LB RS 804140 60+120 80+120 60+140 TREEAE 604120 60+100 40+100 40+120
L AR AL I 22 o A A I 22
Position change time/min Position change time/min
(a) MiHE (b) XHE
B12 fERB RGN RYGEG A

Figure 12 Effects of position change on unevenness of freezing time
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