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Experimental Study on the Variation of the optimal charge with cycle option
in the CO; Refrigeration

Honghyun Cho‘, Changgi Ryu“, Hoseong Lee”, Yongchan Kim'
‘DA R&D Center, Samsung Electronics Co. LTD., Suwon 442-742, Korea
“Graduate School of Mechanical Engineering, Korea University, Seoul 136-701, Korea
- Department of Mechanical Engineering, Korea University, Seoul 136-701, Korea

ABSTRACT: The cooling performance of a transcritical COz cycle varies significantly with a
variation of refrigerant charge amount. In this study, the performance of the CO: system was
measured and analyzed by varying refrigerant charge amount with a change of cycle option.
The applied cycle options are the single-stage compression system, two-stage compression
with 1-EEV system, and two-stage compression with 2-EEV system. The optimum
normalized charge were 0.363, 0.297, and 0.282 for the two-stage compression with 2-EEV
system, two-stage compression with 1-EEV system, and single-stage compression system,
respectively.
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Table 1 Experimental uncertainties

Parameters Errors

Temperature(T-type) #0.1%C

Pressure transducer £0.2% of full scale

Mass flow rate +0.2% of reading

Power input +0.01% of full scale

Cooling capacity +3.71%

COP +3.73%
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Table 2 Operating conditions

Single-stage

Two-stage compression

Two-stage compression

Berameters compression system with 1-EEV system with 2-EEV system
‘EEV opening (%) 35, 42, 49, 56 49 56-42
Compressor 50 35-30, 49-30, 50-30 40-40
frequency (Hz) 50-35, 50-40

Operation conditions
(db/wh)

Indoor = 27/19.5°C
Outdoor = 35/24°C

* Normalized by the full opening
“ Normalized between 0 and 1 by the mass of saturation vapor and liquid at room temperature of

BT

Table 3 Refrigerant charge amount vs. normalized charge

Charge amount (g)

Single-stage
compression system

Two-stage compression
with 1-EEV system

Two-stage compression
with 2-EEV system

1100 0.114 0.081 =
1200 0.170 0.135 =
1300 0.226 0.189 =
1400 0.282 0.243 =
1500 0.338 0.297 =
1600 = 0.351 =
2500 - = 0.218
2600 = = 0.247
2700 = = 0.276
2800 = = 0.305
2900 - = 0.335
3000 = — 0.364
3100 = = 0.393
Table 4 Comparisons of the performance with cycle option
Parameters Single-stage Two-stage compression | Two-stage compression
(compressor frequency, | compression system with 1-EEV system with 2-EEV system
EEV opening) (50 Hz, 49%) (50-30 Hz, 49%) (40-40 Hz, 56-42%)
Optimum normalized
0.282 0.297 0.364
charge
Cooling COP 2.18 1.88 2.89
Compressor discharge 875 389 8.10
pressure (MPa) ol ‘ '
Normalized mass flow
1.08 1.02 1.21

rate (kg/min)
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