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Performance Evaluations of a Residential Small Multi-Refrigeration
System Considering the Adiabatic Characteristics
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Abstract

In this paper, performance characteristics of a domestic kim-chi refrigerator are predicted by using the
theoretical calculation and experimental method. The objective of this study is to find out the best design
points of the refrigeration system and to calculate an adiabatic characteristic with variation to outdoor
temperatures. The best design points such as refrigerant charge amount and capillary length were
experimentally investigated. And the theoretical calculation is conducted as a function of calculation
parameters and outdoor temperatures. According to this study results, the best design points of a refrigeration
system with 2 rooms are 95 g of a refrigerant charge amount and 3500 / 3500 mm of capillary lengths and the
best design points of a refrigeration system with 3 rooms are 100 g of a refrigerant charge amount and
3000/3000/6000mm of capillary lengths. And the power consumptions of both systems are 13.57 and 18.2
kWh/month. The worst part of heat loss is a front side of a domestic kim-chi refrigerator body.
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Fig. 4 Test chamber schematic diagram of the evaporator
system for directly cooled refrigeration system,

, which is an effective structure to improve the heat

transfer efficiency in contact planes between

Fig. 1 The cross-section of Kim-chi refrigerator each copper pipes and' In-cases. .Copper pipes were
side. [simplifying to the heat transfer model for crushed flat to the in-case perimeter

each side of kim-chi refrigerator]

Table 1 Heat transfer coefficients for the overall heat
transfer coefficient calculation in the kim-chi
refrigerator

Materials k(W/m-K)
g Steel plate 55
3
’ Rubber 0313
. ABS 0.191
o ) Grecycommecnd | | R 2 ety cornecs | (Acrolonitrile butadiene styrene) )
wih evaporaor with evaporaior |
Pol 0.025
/I Rocr 3 deecty conncted with evaperdky )S‘\__ Y
| st Plastic 0212
Diecty o g Vacuum Insulation 0.0025
Fig. 2 Refrigerator model [A type]
_ f‘;‘"dﬂe’:fe' _ Table 2 Refrigeration system specifications [A&B type]
VUVVUV /Ei Fan . .
Component Specification
; Solenoid VIV Data acquisition Compressor Reciprocating Comp.
Compressor Capiliary tube g
m ( ) Condenser Wire_Fin HX.
| : Cu, Tube_Plate HX
oom 1 Room 2 b » | .
(Evap.1)) | (Evap.2) Data logger | | Evap orat(-)r Roll-bond Evap.(3room)
—_— T 1d 0.74*L 3500, 2 EA [A type]
o3 : i Capillary tube 1d 0.74*L 3500, 2 EA [B type]
\ (Evap. 3) J g ——] Id 0.74*L 6000, 1 EA [B type]
Directly cooled refrigerator
Refrigerant R-134a

Fig. 3 The schematic of the test set-up
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Table 3 Compressor specifications for kim-chi refrigeration
system. Compressors are the reciprocating type
for low temperature range using R-134a.
Specifications are provided from the compressor

manufacturing company
Specifications
Compressor Atype Biype
compressor compressor
Oil POE POE
. 200 220
Oil charge [ec]  (pregla-10G)  (Freola-10G)
Power input [W] 124 142
COP [EER] 4.5(1.32) 4.7(1.45)
Displacement [cur] 5.25 571

Table 4 The specification of the measurement system

Specifications

Chamber temp. And 3041C, 75+ 5%

humidity
Power supply 220V/60Hz
Data logger DA100/'YOKOGAWA
Power meter WT-210/YOKOGAWA
T-type thermocouple -100 t0 400+ 0.2C

Table 5 Test conditions of a refrigeration system

Parameter Experimental Calculation
Compartment
temperature[ C] 25 25
Chamber 0 0
temperature{ C}

Table 6 Conditions of the inside water load

Compartmetn Water_salt [80%]
Volume
[Liter] 10.5 8.4
Specific 1.03
gravity (water 94% + salt 6%)
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Energy Consumption rate [kWh/month]
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Compartment temperture (°C)
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~~~~~~~~ R134a, Refrigerant charge = 95g
H —— R134a, Refrigerant charge = 100g
Y e R134a, Refgrigerant charge = 105g
- = = Compartment setting temperature = -1°C|

Capillary length (L /L /L ): 3000/3000/6000 mm
L i

Operating time {min)

Fig. 5 Variation of power consumption with refrigerant

Power Consumption rate(kWh/month)

Fig. 6 Variation of power consumption with capillary

Power Consumption rate(kWh/month)

Fig. 7 Variation of power consumption with capillary
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charge at a constant volume capacity. [A and B

Type]

—v— Refrigerant(959)
- o- Refrigerant(100g) el

Fig. 8 Variation of in-case temperature with time at
various refrigerant charges. [B type]

Table 7 The theoretical results of the heat transfer rate

3000/3000 3500/3500 4000/4000
Capllary length(L1/L2mm)

tube length for each evaporator. [A type]

—v— Refrigerant(100g)
° - o= Refrigerant(105g)

[A and B Type]
g::‘[gigsvfg]r 25[C]  32[T]  40[TC]
R1,2_Door 1.91 245 3.1
R12 Circum 721 927 118
R3_Front 1.22 156 198
R3_Side 2.47 317 4.04
R3_Mec 2.41 242 246
R3_Bot 0.31 048 077
R1,2_Mec 0.70 075  0.80
mgﬁ:& igs;[ec 2.27 2.91 3.63

Table 8 Comparisons of experimental and theoretical

1 1 1
3000/3000/6500 3000/3000/6000 3500/3500/6000
Capllary length(L1/L2/LL.3mm)

tube length for each evaporator. [B type]

results [A Type]

Results Experiment  Theoretical E[I;ZI
Heat loss

[Kcal/h] - 9.12 -
Power
consumption 9.588 8.845 84

kW]
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Fig. 9 Heat transfer rate and power consumption
variation with outdoor temperature
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