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Abstract

In order to improve the coefficient of refrigeration and exergy efficiency of the scraping ice-making
system, this paper conducts a thermodynamic analysis of the scraping ice-making system based on
the law of thermodynamics, and studies the influences of type of refrigerant, condensation tem-
perature, ambient temperature, and evaporating temperature on the ice scraping system. The ex-
ergy loss coefficient and exergy efficiency of the system are calculated through single-factor expe-
rimental design. The efficiency of the system can be improved by reducing the condensation tem-
perature, increasing the evaporation temperature and replacing the high-efficiency refrigerant
NCURO1 to achieve the purpose of optimizing the system. At the same time, a four-factor and
three-level orthogonal experiment was designed for range analysis, and the order of the four fac-
tors’ influence on the experimental results was as follows: refrigerant type, condensation temper-
ature, evaporating temperature, ambient temperature; and the type of refrigerant has the most
significant effect on the target value. When the refrigerant is NCURO1, the condensation tempera-
ture is 10°C, the ambient temperature is 12°C, and the evaporation temperature is -5C, the sys-
tem’s refrigeration coefficient £ = 4.97 and efficiency n = 47.1%, which reach the optimal value.
The type of refrigerant has the most significant effect on the target value. Through this research,
we can get the law of the influence of various factors on the system, choose a reasonable experi-
mental plan, and provide guidance for the optimal design of the system.
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Figure 1. Scraping ice system
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Figure 2. System temperature entropy diagram
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Figure 3. Pressure enthalpy diagram of

the system
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Figure 4. Simplified model of ice making system
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Table 1. System parameters at condensation temperature

F 1 RBRETHRESHY

AR (TC) 74 F (kd/kg) JEAEHLA ) (KIkg) #EM(kIkg) il R 5K
10 182.15 37.25 14.28 4.89
20 173.03 46.13 13.42 3.87
30 160.47 49.33 12.42 3.29
40 145.25 65.00 11.32 2.23
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Figure 5. Exhaust efficiency and exergy loss coefficient
of each part when the condensing temperature changes
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Figure 6. Exhaust efficiency and exergy loss coefficient
of each component when the ambient temperature changes
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Table 2. System parameters of different refrigerants

2. TRIBILFIN ARG SH

) ¥ 7 1] ¥4 5 (kJ/kg) FE4ENLIS I (kI/kg) AE(KIkg) il &5
R410A 145.25 65.00 11.32 2.23
R404A 92.31 49.84 7.24 1.85
R407C 136.05 68.09 10.66 2.21

R1234ze 111.75 53.95 8.76 2.07
R152A 118.08 85.96 17.09 2.54
R1234yf 91.91 46.92 7.20 1.96
NCURO1 172.29 71.34 13.50 2.42

AT TIRASACIT,  ARGERIMHRCR S 4% 7 BB an &l 7 B

55% [ —a— RGHNACE
B eno —o— UK iR K
E50% —a— RGN R
= —v— ABERH R
R45% —— IR R
ﬁ«)% -
X35%
B30% L
g o,
Ex@-
220% |
N&
15% -
10% -

SOA’ 1 L 1
R410A R404A R407C R1234ze R152A R1234yfNCUROI1

LURRSHIELES

Figure 7. Exhaust efficiency and exergy loss coefficient
of each part when the refrigerant changes
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Table 3. System parameters at evaporation temperature
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HEREE(C) #1174 (kJ/Kg) FEZENLAZh (kI/Kg) A (kIkg) A R
-25 145.25 65 11.32 2.23
-15 149.45 52.23 1171 2.86
-5 153.45 42.62 12.03 3.59
5 157.15 34.01 12.32 462
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Figure 8. Exergy efficiency and exergy loss coefficient of
each part when the evaporation temperature changes
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Table 4. Lottery data
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K A R A A HERE B (C) FIFIREE C (C) R D (C)
1 NCURO1 10 12 -25
2 R410A 20 22 -15
3 R407C 30 32 -5
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IEE), D (KR, CHBHRE), Wil EARRE MBI T =2 H¥A 59 NCUROL., A kR
FE 10°C A RIRE-5C BRI 12°C, TEXA LK T, REGMHIA RE e = 4.97, i E n = 47.1%.
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MIZEEVEATERTE T 0.7, ZER I RE X Seai &t S i s L T v 2 15 R IS ik 58 MR BRIR A 12°C T
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Table 5. Range analysis of orthogonal test
5. [EXRIGHIRE S

wW R RE SEE

Thdls  HRA K% B H% C Bz D HIWARE AR SR SR Sk

1 1 1 1 1 493 42.10% 1.000 1.000 1
2 1 2 2 2 4.89 36.28% 0.996 0.761 0.879
3 1 3 3 3 4.67 32.72% 0.888 0.614 0.751
4 2 1 2 3 451 32.76% 0.824 0.616 0.720
5 2 2 3 1 3.30 23.12% 0.340 0.220 0.280
6 2 3 1 2 3.48 26.30% 0.412 0.350 0.381
7 3 1 3 2 4.05 28.39% 0.640 0.436 0.538
8 3 2 1 3 4.24 32.04% 0.716 0.586 0.651
9 3 3 2 1 2.45 17.78 0 0 0
Ky 2.630 2.258 2.032 1.280
K 1.381 1.810 1.599 1.798
Ks 1.124 1.132 1.569 2122
ky 0.877 0.753 0.677 0.427
ks 0.460 0.603 0.533 0.599
ks 0.375 0.377 0.523 0.707

W2 R 0.502 0.376 0.154 0.280

Fx  F-o ABDC
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AEERE, AR LGB B R A1 R T NCUROL, mJ LA R BRI R, 42 m
HlVK RGEIRCE .

2) FAIEOR A 7 NCUROL 7] LAMFE i R A OR S5 J7 A 8 AR & H i 4% i R22 $ill4 71,
SRy i) BUK SR 356 38 6 3 R VA TSR T R0 A B

3) PRI AR L5 R MR R RIRT R WA FIFIE > WEHRE > ZRIBE > HREERE; &R
A BRI e = 4.97, IRE n = 47.1%i15 B B ARAE ; AEHRE 10°C, AR 12°C, #1472 NCURO1,
AR ILE -5 C IR T %R

&5k
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