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Fig.l1 Anti-icing model with non-continuous surface characteristic
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Fig.2 Testing device of shear ice adhesion force
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Table 1 Factors and code levels of tests
[X| % Factors

R= x100% (D

e
gl R Ao o T
Code value . . i b .
Diameter Center distance Duty ratio X+/% Thickness
Xi/mm of circle Xo/mm uty 370 Xy/mm
2 4.00 9.00 11.00 0.300
1 3.75 7.75 9.75 0.275
0 3.50 6.50 8.50 0.250
-1 325 5.25 7.25 0.225
2 3.00 4.00 6.00 0.200

FEFE R AN B E L8 0.020~0.025 mm FIXLH]
Fi7 f# %€ A 4% 7 I ( Biaxially Oriented Polypropylene ,
BOPP) , BidH4Nk% = BOPP kil 2 AR i 1114 78 R
JE, EHBEOCHEZINIE BOPP 2RI TS E IR
I B .. iR N AR 24 h, (&% BOPP #
BRI 2 RERIR, BRI R AR 2 )= BOPP
VI, AR, TSR R R T AR .
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VERZAAFEDT BR UK R B P HE b
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Table 2 Test scheme and results

3 W EE
BfE  Center ML JEE

VKRB R I R

I;t:\itgﬁf Diameter distance Duty ratio Thickness Reduction rate of ice
. x; ofcircle  x3 x4 adhesion strength R/%
X2
! -1 -1 -1 -1 26.75
2 1 -1 -1 -1 35.09
3 -1 1 -1 -1 2423
4 1 1 -1 -1 2745
3 -1 -1 1 -1 38.19
6 1 -1 1 -1 46.96
7 -1 1 1 -1 23.98
8 1 1 1 -1 18.74
9 -1 -1 -1 1 30.28
10 1 -1 -1 1 29.58
1 -1 1 -1 1 3345
12 1 1 -1 1 3725
13 -1 -1 1 1 37.99
14 1 -1 1 1 28.19
15 -1 1 1 1 38.94
16 1 1 1 1 28.57
17 -2 0 0 0 46.96
18 2 0 0 0 39.09
19 0 -2 0 0 41.45
20 0 2 0 0 29.85
21 0 0 -2 0 27.57
22 0 0 2 0 40.83
23 0 0 0 -2 20.60
24 0 0 0 2 21.92
25 0 0 0 0 46.79
26 0 0 0 0 4536
27 0 0 0 0 48.64
28 0 0 0 0 50.11
29 0 0 0 0 42.19
30 0 0 0 0 46.30
31 0 0 0 0 4238
32 0 0 0 0 5238
33 0 0 0 0 45.36
34 0 0 0 0 45.13
35 0 0 0 0 46.64
36 0 0 0 0 50.72

A I A5 A, AR R 3R 5 UK R B 9 PRI R
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RiF . 76 H R MR b R iR E R R R
S HUS KRS B S B 2 (R R R (2)
R=(~15.095+2.8X, +0.0661X, +0.7274X; +57.72.X,

—0.064X, X3 —3.2X,X, —0.0166X, X5 +1.28X, X,

~0.208X2 —0.0205X% —0.0224X2 —108.8X2)x100%

2)
Arfr X BRI BRI EAS, mm: X, NIETERER

B RO BE, mm; Xy NEEAREIRE R S, % X,
RNREEE, mm.
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Table 3 Variance analysis of regression model R of ice adhesion
strength reduction rate

RIGFRAR F1l PE

Test index F value P value
17! Model 17.530 P<0.01
x| 1.288 P>0.25
x 16.611 P<0.01
x3 7.941 P<0.01

x4 2.669 0.05<P<0.1
x1%2 1.426 P>0.25
x1X3 6.039 P<0.01
X1X4q 6.372 P<0.01
X3 10.737 P<0.01
X% 25.799 P<0.01
X3X4 0.774 P>0.25

x? 5.564 0.01<P<0.05
x2 31.723 P<0.01
x2 39.401 P<0.01
x2 144.385 P<0.01
KAUTA Lake of fit 1.416 P>0.25

E: P<0.05 9E#E, P<0.01 NREZE.
Note: P<0.05 represents significance, P<0.01 means extremely significance.
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Design and experiment of the non-continuous anti-icing surface for
refrigeration equipment

Chen Yiying', Cong Qian*?, Ren Luquan'?, Jin Jingfu®, Chen Tingkun®**
(1. College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China;
2. Key Laboratory of Bionic Engineering, Ministry of Education, Changchun 130022, China)

Abstract: Cold storage facility is widely expected to promote the development of agricultural and sideline products for better
food quality in the evolving demand of a market. Meanwhile, a large amount of ice normally accumulates on the surface of
cold storage equipment, such as the evaporator and heat exchanger, further deteriorating the operational performance of
equipment and storage quality of products. Most anti/de-icing approaches have been developed to remove the accreted ice,
including mechanical, heating, or chemical ways. These conventional anti-icing methods have caused high cost and energy
consumption, even environmental pollution. Alternatively, a super hydrophobic surface presents the most potential anti-icing,
but the durability and mechanical properties have been limited in the engineering field. A discontinuous circular coating of
silicone rubber can be utilized to tailor the surface property of materials. However, there is a different phase transition time of
attached water at different material surfaces, where the active anti-icing power is from the swelling force further to determine
the ice adhesion strength. In this study, a feasible anti-icing model was proposed to change the continuity of substrate surface
in a refrigerator. Silicone rubber with low thermal conductivity was coated at different locations on the substrate surface to
modify the thermal conductivity of the substrate. The dimensional parameters of circular coated silicone rubber were
determined to obtain the reduction rate of ice adhesion strength, such as the diameter, the center distance between the adjacent
silicone rubbers, the duty cycle, and the thickness of coated silicone rubber. Meanwhile, an orthogonal rotation combination
was used to design the experimental scheme. In addition, a self-developed device was utilized to measure the ice adhesion
strength, further to calculate its reduction rate. The experimental results showed that the samples with different coating
parameters on the surface had different reduction effects on ice adhesion strength. Furthermore, the non-continuous coating of
silicone rubber on the sample surface significantly reduced the ice adhesion strength. Specifically, the reduction rate of ice
adhesion strength on the aluminum alloy reached 52.38%, when the size of coated silicone rubber was 3.50 mm in diameter,
6.50 mm in center spacing, 8.50% in duty cycle, and 0.250 mm in coating thickness. The average reduction rate of ice adhesion
strength on the aluminum alloy could reach 46.83%. And the maximum ice adhesion strength reduction rate was 52.38%. The
variance analysis and Response Surface Method (RSM) were used to analyze the experimental data, and thus the mathematical
regression models were established between the dimensional factors and the evaluation index. The significant influence on ice
adhesion strength was determined in a descending order: center distance, duty ratio, thickness, and diameter of the coated
silicone rubber. Phase change times depended mainly on the variation in continuous surface characteristics of the material at
the various positions of attached water. In the post-icing area, the swelling stress rapidly generated to break the interfacial
stability between the ice and coating, indicating an obvious reduction of ice adhesion strength. Therefore, a significant increase
was achieved in the active anti-icing characteristics of the material for the further development of new anti-icing technology.
This finding can provide new ideas for the subsequent research, particularly the effects of wettability and morphology of
material surface on the ice adhesion strength. The anti/de-icing can also be expected to serve some engineering fields,
including refrigeration, high-speed railway trains, and aircraft.

Keywords: refrigeration; freezing; phase change; anti-icing surface; non-continuous characteristic; ice adhesion strength;
models



