Korean Journal of Air-Conditioning and Refrigeration Engineering
Vol. 29, No. 8(2017), pp.437-445

ISSN 1229-6422(Print), 2465-7611(Online)
https://doi.org/10.6110/KJACR.2017.29.8.437

78S HES M|l 27 &, R-404A STFH =[HzE}
2 M JiA| =

Optimization of Spray Nozzle, R-404A Charge Amount and Visualization of Ice
Formation in a Residential Built-in Ice Maker
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Abstract Because of improvement of living standards and increased use of ice at home, built-in ice makers are of
interest. In this study, refrigeration cycle of a unitary ice maker for residential usage was optimized using R-404A.
Optimization was achieved through a search for proper refrigerant charge amount. For the present ice maker producing
ice for 24 cups, the optimum charge amount was 200 g. In this configuration, the ice making cycle time was 17
minutes 53 seconds, ice production was 1.27 kg/h and COP was 0.310. After initial start-up, condensation and evaporation
temperatures gradually decreased with time. As ice builds in the cup, heat transfer performance of the evaporator
decreases, that results in decrease of evaporation and condensation temperatures. Replacement of existing slit nozzles
with individual circular hole nozzles improved ice production capacity by 10 percent. Through visualization of ice
formation in the ice cup, growth rate of the ice in the cup was relatively uniform.
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Fig. 1 Photo of a built-in ice maker. Fig. 2 Refrigeration and hot gas cycle of a ice maker.
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Fig. 3 Schematic drawing of the evaporator with ice cups(unit : mm).
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Table 1 Properties of R-404A and R-502(1

Properties Tow = -20°C Taew = 40T
R-404A R-502 R-404A R-502
Psat(MPa) 0.307 0.288 1.829 1.663
pp(m’/kg) 15.83 16.90 103.1 98.67
pi(m’/kg) 1222 1394 964.6 1138
hi,(kJ/kg) 181.0 156.5 119.0 113.3
¢,y (kJ/kgK) 0.892 0.688 1.491 1.041
cu(kd/kgK) 1315 1.039 1.723 1.302
Ho(pPas) 10.22 10.94 13.34 13.97
w(puPas) 233.3 262.7 102.6 125.4
k,(mW/mK) 11.02 8.868 18.84 14.54
k) (mW/mK) 80.99 81.90 58.01 58.52
o (mN/m) 9.936 11.53 2.837 3.857
3131t Feuillebois et al = 24 314 5 o5& ujwd 8 P4 A4S 73 e 540 wet 2% A7k
2 AE QA Gael depxivka nasgich @ 945 Aol BN AR AL FALUEE Sait” =
Bt 9 Z0 A HAHS dSehs Bl AASA Jung and Park® S 7 v alabo] Aol 1] X ek
AE3H T} Jannesari and Abdollahi”= ¥ )=o) 28 ¥ 98 B S8 RAslo] AW A5 FAAT=
A5 AT Kulyakhtin et al. V& 5= B ¥ 9ol A9 AW mAL AAsg
a3E 2% AYIIE R-5027F AHgE O] kot ©EF whalel piiste] R404AR wAH I 9ok R-

NI

502 R-229F R-1159] 34| EEZ &5 93 2|97} 03282 v-$- 35T} R-404AT R-125, R-143a, R-134a9]
o3 EIERZ 0 F= 919 47} 0o]t)h AU RAMAE AT 28t (57} 39222 FE A 233}
AZ=7b wrp 2o s A= Za st 9tk Table 19] R-5029F R-404A2] BA X2 Z9-2% Top = 20T 9}
SE LT Tuew = 40ColA ¥ 3FATE"” Table 1S R-404A°] 38} okl Zuk g, oA u]do] R-5029] Zhxth
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Table 2 Specifications of the ice maker

Parts Specification
Compressor HK6A3Q2U (Samsung) 3/4 HP
Ice cup size : 25 mmx25 mmx30 mm, 24 ea.

Evaporator Eva. tube : 9.0 mm O.D,
Capil. tube 1.2 mm ILD. L=16m
Condenser 250 mmx252 mm, 3row, 12 step plain fin, 3.0 mm fin pitch, 7.0 mm tube O.D.
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Fig. 4 Sketches showing water spray from nozzles.

(a) Slit (b) Circular hole(1.35 mm) (c) Circular hole(1.5 mm)
Fig. 5 Photos of nozzle assemblies.
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Table 3 Capacity of the ice maker having different nozzle configuration

Nozzle Power consumption Cycle time Yield Ice production
(W) (sec) (kg/cycle) (kg/hr)
Slit(1.2 mm) 479+2 1150£2 0.37+0.02 1.15+0.06
Circular hole(1.35 mm) 480+2 1110£2 0.38+0.02 1.23+0.06
Circular hole(1.5 mm) 47942 1073+2 0.39+0.02 1.27+0.06
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Fig. 8 Power consumption during ice formation cycles(200 g charge).
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Table 4 Capacity of the ice maker at different R-404A charge amount
Charge Ice making time Hot gas time Cycle time Yield Ice production Power consumption CoP
(sec) (sec) (sec) (kg/cycle) (kg/hr) (W)
190 g 950+2 1502 1100+2  0.37+0.02 1.21+£0.06 475+2 0.297 £0.015
200 g 920+2 153+£2 1073+2  0.38+0.02 1.27 +£0.06 479 +2 0.310+0.015
210 g 997 +2 155+2 1152+2  0.38+0.02 1.19+0.06 485 +2 0.284 +£0.015
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Table 5 Capacity of the ice maker at different room temperature

Room temp. Power consumption Cycle time Yield Ice production
W) (sec) (kg/cycle) (kg/hr)
27C/50% RH 479 +£2 1073 +£2 0.38+0.02 1.27 £0.06
15C/50% RH 445 +2 1005 +2 0.39+0.02 1.40 +0.06
5C/50% RH 421+2 930+2 0.40£0.02 1.55+0.06
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Fig. 9 Evaporator modified for visualization.
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Fig. 11 Photos showing the progress of ice growth
Fig. 10 Visualization apparatus. inside the cup.
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Fig. 12 Sketch of ice interface inside the cup. Numbers in the figure are elapsed time for ice formation.
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