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ABSTRACT: The performance of a capacity controlled system, which are tandem, pole
change, bypass and inverter driven compressor, has been compared with that of a con-
ventional constant speed system. It has been found that capacity modulated system can offer
more than 14 percent improvement in SEER over the conventional system. Comparative test
results show that two compressor system can attain an improvement in SEER up to 42%
over the conventional on/off system, and is feasible without additional investment.
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Fig. 1 Load matching of on/off system.
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Fig. 2 Load matching of modulated system.
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Table 1 Classification of capacity modulation

Constant Multiple cylinder
speed/variable
Capacity | displacement By-pass
modulation Variable Motor pole change
speed/constant
displacement Inverter circuit
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Table 2 Compressor type and specification

Compressor Type ?gpacfts;
Fixed speed(on/off) Scroll 23,740
By-pass | Twin rotary | 42,250

Modulated | Pole change |Reciprocating| 47,958
COmPpIessor| Two |44 : 56 Rotary 35,400
comp.|34 : 66 Rotary 30,200

A - 2B - 28y

Table 3 Standard test condition

Name Condition | Tolerance

Condensing pressure(MPa) 1.86 +0.05
Evaporating pressure(MPa)! 0.63 +0.01
Subcooled temperature(C) 5 £3
Superheated temperature(C) 10 +3

Table 4 Test condition

Name Condition Tolerance
Condensing 14, 16, 1.8, +0.05
pressure(MPa) 2.0, 2.2
Evaporating 0.53, 0.58, +0.02
- pressure(MPa) 0.64, 0.70
Superheateg 10 +3
temperature(C)
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Fig. 11 Variation of power consumption with
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Fig. 12 Variation of cooling capacity according
to compressor capacity.
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Table 5 Variation of matching ratio

Cooling |Power of| Power of |[Power of
capacity| comp. |fan motor| system | COP
(W) (W) (W) (W)

100| 6927 1761 250 2011 |3.44
90 | 6920 1610 250 1860 |3.72
80 | 6719 1435 250 1685 |3.99
70 | 6331 1243 250 1493 [4.24
60 | 5756 1035 250 1285 4.48
50 | 4994 808 250 1058 |(4.72
40 | 4364 564 250 814 |5.36
30 | 3394 458 250 708 |4.80
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Table 6 Power consumption relation between
by-pass ratio and pressure drop

Press
By-pass~\ P | L kPa|5 kPa|10 kPa|50 kPa| 100 kPa
ratio(%)
90 183 ] 186 | 187 | 191 195
80 183 1 187 | 188 | 196 206
70 183§ 187} 189 | 201 216
60 183 | 188 | 190 | 206 228
50 183 | 188 | 191 212 239
40 183 | 189 | 192 217 250
30 183 [ 189 | 193 | 222 261
20 183 | 190 | 194 | 228 272
10 183 1190 | 195 | 233 283
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Table 7 System performance of by-pass type according to compressor matching ratio

_ | Cooling capa. Power of By-pass loss Power of Power of
Capa. ratio W) on/off comp. W) fan motor system COP
(W) (W) (W)
100 6927 1761 0 250 2011 3.44
90 6920 1610 183 250 2043 3.39
80 6719 1435 183 250 1868 3.60
70 6331 1243 183 250 1676 3.78
60 5756 1035 -183 250 1468 3.92
50 4994 808 183 250 1241 4.02
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Table 8 Specification of motor
Specification On/off Pole change

(2pole) | 2pole 4 pole
Output [W] 2200 2200 1100
Voltage/Frequency |220V/60Hz | 220V/60Hz | 220V/60Hz
Revol. [rpm] 3497 3455 1700
Torque [kg - cm]| 61.3 62.9 63.1
Efficiency [%] 875 |85.3(97%)|83.2(95%)
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Table 9 System performance with poles
Capa. ratio | Cooling capa. |Comp. power| Pole change motor |Fan motor power|System power COP
(%) (W) (W) eff. (vs on/off) (W) (W)

2 pole (100) 6927 1806 1806 250 2056 3.37
4 pole (50) 4994 851 95.0 250 1101 454
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Table 10 System performance with capacity modulation

Drive frequency (%) 58 (100) 42 (70) 22 (40)
Cooling capacity (W) 6927 6442 3817
Efficiency ratio of inverter comp. motor (vs. on/off) 1014 99.5 96.6
Power consumption of inverter comp. (W) 1761 1297 531
Power consumption ratio of drive (vs. pole change comp.) 8.8 10.8 11.3
Power consumption of drive (W) 155 140 60
Power consumption of fan motor (W) 250 250 250
Power consumption of system (W) 2166 1687 84.1
COP 3.2 3.8 45




olojde] 2

E&3E A% $37PE 34 vad 4@ A7 107

Table 11 Comparison of system performance according to compressor type

Const. speed/variable Variable speed/const.
Const. speed ; .
displacement displacement
On/off By-pass 2 Comp. Pole change Inverter
Norm 6927 6927 6927 6927 6927
Capa. . _ _ 9
(W) Mid - - 644
Min - 5756 4364 5611 3817
Norm 2011 2011 2011 2056 2166
Power Mid _ _ _ _ _
(W) )
Min - 1468 814 1045 841
Norm 3.44 3.44 3.44 3.37 32
CoP Mid - - - - 3.82
Min - 392 536 5.37 454
SEER (%) 3.59 (100) 4.06 (114) 5.02 (142) 5.16 (145) 4,34 (126)
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