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Performance Test of a R134a Centrifugal Water Chiller
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ABSTRACT: A centrifugal water chiller using alternative refrigerant R134a have been de-
veloped. The prototype was designed to have refrigeration capacity of 300RT. Its compressor
employs a single high-speed impeller, airfoil diffuser and collector. Newly developed enhanced
tubes were installed in the evaporator and the condenser to reduce the required head for the
compressor, Off-design characteristics at various conditions, performance test of the com-
pressor and analysis of the refrigeration cycle were performed. So the probability of use in
part load condition was checked and the direction for revision was suggested.

Key words: R134a refrigerant(R134a 3 u]), Centrifugal water chiller(¥] 2. %7]), Head coeffi-
cient(% A A1), Flow coefficient(-f 24 +)
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Fig. 1

Developed centrifugal water chiller.
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Table 1 Details of the R134a turbochiller

.im eller unshrouded,
P 11 blades, 11 splitters
angle of attack 40°
. Low Solidity Airfoil
diffuser | he 9 Airfoils
Com-
pressor speed 14,400 RPM
e | 0.0335m fr | 0.0004m
rie | 0062m | #5/7y| 12281
rp | 0.1252m | 7g/72| 188698
3/ 7o 1.1 D; | 0.1552m
Heat
exchanger Shell and Tube type
E);par}smn Fixed orifice and butterfly valve
evice
Motor Semi-hermatic, 2 pole, 240 kW
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Fig. 3 Schematic of a centrifugal compressor.
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Table 2 Reduced experimental data for some load conditions

cased1(20%)] case2(80%) Jcased(100%)|case4{100%)case5(100%|caseb{100%}

Evaporaling pressura(kgf/iem ) 3.94 3.74 3.72 3.73 3.74 3.91
Evaporaling temperatura{ ) 7.87 6.33 68.17 6.28 6 37 7. 63
Pressure, compressor intel(kgl/cm 3 3.57 3.58 3.57 3.59 3.62 3.81
Temperature, compressor Inlet{ T} 6.82 5.81 575 588 600 7.34
Prassure, compressor outlst(kgt/cm *) g 30 10.08 10.14 10.22 10.36 10.79
Jamperature, compiessor oullai{ T} 49.28 49.49 49.22 49. 67 50.69 53.55
Mags How rate(kg/s} 5.251 7.153 7.712 7.596 7.202 5.386
Shaft work(kwW) 153.4 2061 2159.7 218.3 212.5 198.2
Flow caafficient 9.0740 0.1062 0.1151 0.1129 0.1067 0.0808
Head coefticient 0.515 9.589 0.595 0.598 0.605 0.606
Polytrepic efficiency(%) 62.9 72.9 74.4 74.1 73.0 69.6
Condensing pressurelkgfi/em *) 89.25 9.99 10.03 10 12 10.27 10.73
Congensing temparatura(T) 35.81 38.62 38.76 39.09 389.67 41.30
Entgring condenser water tamperaturs(‘T) 31.15 31.87 31.54 32.01 33.01 35.69
Leaving condenser water tamperature( T} 34.59 36.71 36.64 37.02 37.76 39.67
Molurmna flow rate, cogling watedm 3/ ny 215 96 221.7 223.83 223.27 221.5 219.06
Heai Hux, cooling waler iy 864.6 1220.8 1326.1 1301.4 1223.3 1i013.B
Entering chilled water temperature{ ) 11.46 11.486 11.78 11.79 11.50 11.68
Leaving chilled waier temperature{T) 8.49 6,83 5.91 7.02 7 06 8 09
Volume flow rate. chilled watar{m 3/h) 191.65 186.97 190.46 189.83 189.72 190.36
Heaat flux, chilled waterd kW] 663 .21 984 42 1077 1051.9 979 17 704.44
Cooling capacity(RT) 188.7 280.1 306.45 299.29 278.8 226.04
Consumption powear{kW) 164 220 231 232 225 210
kw/ BT 0.869 0.785 0.754 0.775 G.808 0.929
Owl Cwe-Qwa) 201.39 236.38 249 .1 249.5 244 13 219 16
Heal balance{watgr, %) 4,32 1.34 1.38 1.34 1.56 0.90
Heal balance{refrigerant %} 0.60 0.63 0.86 0.71 0.79 C.81
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