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Modeling on icing process of large direct cooling ice maker

WANG Xiaopeng', ZHANG Zhiqiang®, ZHAO Hongxia'“, BAI Chao', CHENG Yiguang”, GAO Chenchen’,

LI Guangpeng"®

(1. School of Nuclear Science, Energy and Power Engineering, Shandong University, Jinan 250061, Shandong, China;
2. Shandong Baocheng Refrigeration Equipment Co., Ltd., Liaocheng 252400, Shandong, China; 3. Shandong Shenzhou
Refrigeration Equipment Co., Ltd., Jinan 250220, Shandong, China; 4. Cold Chain Logistics and Supply Chain Industry College,
Shandong Institute of Commerce and Technology, Jinan 250103, Shandong, China)

Abstract: This study divided the ice making process into four stages based on the heat transfer form of the ice-making unit of the
large direct-cooled ice maker and the change of internal phase state; the convective heat transfer cooling process of water, the
conductive heat transfer cooling process of water, the freezing process of water, and the cooling process of ice. By using energy
conservation equations and heat transfer equations, mathematical models of each unit in the whole ice-making process were
established, and the time of each stage was solved by MATLAB software programming. In this study, the icing process in the ice
making unit of a large direct-cooled ice maker was experimentally determined. It had been verified that the calculation errors of each
stage of the heat transfer model were all within 8.00% , and the total error was less than 4.00% , which indicated the high accuracy of
the model. This study provided technical guidance and theoretical support for the design optimization of a large direct-cooled ice
maker.

Keywords : direct cooling ice maker; heat transfer process; mathematical model; ice making principle; solution program
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Fig.1 Structure diagram of ice mold evaporator
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Fig.2 Distribution of temperature measurement points
inside the ice making unit (top view)
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. . . . Fig.5 Schematic diagram of ice making unit
Fig.3 Temperature variation diagram at various temperature

measurement points inside the ice making unit R ?7](&@'77:)_1'_*']‘ ) .
EE] [7§] 3 ﬂ%[] ’ fﬁlJ {7](1‘}1‘}% ij}% ’ fﬁl] ﬁkiﬁ Ij\] Z: Iﬁ]{ﬂ“] Table 1 Ice making unit size I#if: ;;nm
ST IR JLT R I 45T R R, MK B E T RE i e R
B2 2 T A, Hl vk BT K A TR T B T 380.0 175.0 920.0 19.0

2%, KIRFNE 0 CJa,FEE 2R KA A 5 4b TSR B BARER
22 kS M2 s gy |5 BR s > (i) )3
T RSRE 0 CUITF JEERFIN SAb R oh AMRJERE PRERE RO N

] NS JR RRATG > v O o7 e A ) e 38 0 Tl 12:5 3:0 765 7.0

JEWS, HUKHLAS R TAE, TRl i 3 RARPLI < Tl DKEIT R AR, 77K 5998 A id i vh
BT AE R LB AT R v DR ZE AR 9 B R o S [ Ak 4 K ) 308 B A ), 5 B8O [l o7
7l B S B i KIS 18] T Zh 2522 1B o KA AE 22 5, T 5 1 7K A B SR 36 i 4 34

HT AR AR T K RoT AR RIAGE R, I KM AR RS R OB R A e, T
4 fn . lVKHLIF bRas A7 it vk oT e ® TR ZETH K Y B AR X U PR O, 22 2R
K B K TR L ARG, oh A pK A CRE T AR T 4G R AN ) vy B LB Il P 2 S5 IR B 25 K o B T
BEAE LUK T B S A K R RSSOk, e R UKE BEARERIEETT 1) BB A oA, HUH) pKALAR E A8 AT i



86 TR VNI S

it (T 2% W)

55 %

(14 5 PRI B LA R B IR 2T i v 751 114 4% 10
A RIS 1 C A V4 TR A B 45 R AR o v 70 U
AT DL T Al L 5 P AR U R BB IR B D-B 2
AU IISRAHERV S R R AL

EIER) D-B AR BOH R A5
o_3+3-8 x0‘76( 1-x) 0.04 )

0.38
Pr

Nu=0.023 Re**Pr"® ( (1-x)
(1)
/\1

h1=gNu, (2)
K. Nu B3R % Re B vl B Pr o8 W e 4505
x AR A, SRR RS AR AL
w/(m-C) ;d WEBENE, m;h, M55 R

TR, w/ (m* - TC)

UKABEZE A 1 1l v ) 48 B R BRI AE 2R R AR K
Sz, HERE > AN, ko)
PRA AN T4 5 S R T 0 44 ) ¥4 500 7 % =2 ) ) 48 Al
MR R kA S A B Ve R0 A8 I R A (BB
B, I H A P 40 A ke, o v A B R AT
SRS HW Aot R A S AR AT [ B A S
T B8 A7 K A TR K (EICOK) TR BEAR G . 1l 7 1 ik
MR EEAL T B A A& b, B LG o ) O FE oK
AR A 9T ¥ 3R 45 B G 8L R B, 38
R A8 U 1) PO A R AR AT B AR ) AN 3
A AR S BRG BR 0 ) S E AR AT SR A5 T Bl B

JWh B 2%
JEY T L B R TR A1
h(mH'’
nf:t E/;nH/ ) (3)
[2h,
m= )‘75, (4>
A 61
H —H+?, (5)

Xk, AR S BHA R, w/ (m?-C) 52, R
A SIREE, W/ (m-TC) 38, IR R, m; H
WA, m,

ABEFERG i VKB TTIN K IS5 VG AR 50 4 B
B AR R B BE 7K A 3 BA e A B B L 7K B R
L5 B S vk i L B B, G oK Y S A T i
REFNUK B Bk oA R v] LA VR W MR 4 2 25 P 7
PEFT T K B R E 3 R W] AR VR K A 45 vt i Ak
AT AT 2 T 28 VR 4 1Y) DI R BE T R T 31 7 v 571
I HLASUKHTHT AN BT ) AR AR, X 3 ANl R
EHR KRR S84

FH T 1 K B 0 25 [ 2 DA T L B BE T A ] B

BEAL I AAFAE—RE IR 22, P IR 5 28 A A i
AR AT AR AR TIAL , A0 48 A 3o e ) 4 B4 R
K BN AR 2 ORI . AR VKPS
VAR HIE , e BUA BR 25 18] 1 98 X B HiE
I RA I A LA K 8 B 2 1 85 28 AR B B
APTSRARE VIR T K M Ha R oK AR R
A BE T AR R BRI 22 19 G AR 5K Ol ad e i ST
TEITRE, SRATAK AV 20 7 v oK 55 2 e s BE T 119 48k

A FR=S T8] SR R AR B 1 I B 5 2 KLU
PEA IR IS G g AN il

ga, A5
Gr= v2 3, (6)
v
1
L(H )
Nu=0.073(Gr-Pr) > 5 ) (7)
3

K. g WE N, m/s>; o, MR IK R 5L,
1/°C 38, FA BR 25 (8] 58 BE (ABIF 58 I ZE S s UK A5 9
BEW)—2F) ,m;v AB) IR, Pa-s; H, N FRZS[A]
R m Ar A BR S [A)VA SAI TR 22 (AR FR BUK 5
R ARVKIEBE R 22 ) |, °C ; Gr AR H
22 HlkiIRER
221 FRART IR PR R A e A

il VKBTI B AR e 2 K140 10 22 2 350 43 14 i vk
R EEAE 6 iR,
ok I F

|
|
e [

¢ (47K 1A

L
!
L]
N
L
B
!
|
N

oA,
(@) ZK % I Bl

(b) 7K T AR T A

u ;.l = -
k. B

i
= %

PLAR

Aer

e |~

== snuorm

e

(o) AKINRG L (d) PRI FERLIL R
K6 dfilvkid izl

Fig.6 Schematic diagram of ice making process
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