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Analysis on Energy Efficiency of Water Chiller and Water Source Heat
Pump Systems with Thermodynamic Perfectibility
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Abstract To set up a platform for evaluating energy efficiency of water chiller and water source heat pump systems with EER or
COP, the method of the second thermodynamic perfectibility was introduced. The range of thermodynamic perfectibility of room
conditioners, water chillers and water-source heat pumps were calculated. The results show that the thermodynamic perfectibility
of most water chillers is in the range of 0.3 to 0.5, the efficient products can reach 0.6, but the thermodynamic perfectibility of air
to air products is about 0.2, and the thermodynamic perfectibility of air source heat pump water heaters is between water chillers
and air to air products. The thermodynamic perfectibility is a useful index for the performance comparison of same or similar
production in difference working conditions. The thermodynamic perfectibility analysis indicated that it characterizes the design and
manufacturing level of products at present, and can be important foundation for the decision of minimum allowable performance,
energy conservation performance and energy efficiency grade of energy efficiency standards for related products.
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Tab.1 The implementation of China's refrigeration and air conditioning product energy efficiency standards

brife = FRIUEAFR A H 31 B H
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Tab. 2 Four cycles of refrigeration and heat pump products
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Fig.1 The vapor compression refrigeration cycle analysis
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Tab.3 The room air conditioner energy rating EER /
thermodynamic perfectibility # (GB12021.3—2010)
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A 45<CC<<7.1  3.50/0.223 3.30/0.210 3.10/0.197
71<CC<14 3.40/0217 3.20/0.204 3.00/0.191
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Tab.4 Water chiller energy rating EER / thermodynamic perfectibility # (GB19577—2004)
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KA 528~1163 5.50/0.448 5.10/0.415 4.70/0.382 4.30/0.35 4.00/0.326
>1163 6.10/0.5 5.60/0.456 5.10/0.415 4.60/0.375 4.20/0.342

7 KA REER=12.28

IKHLALI RE bR UES, MR AN ) 10 7% = B AN S 4
RISy, FREP AT ARG . AREEX I
MR, AT LA IR SR S AR R R A R A R
EER,=12.28, XA EAG b ] #% 3025
HAHRL A #5835 B, WR4.

A KA WA K LA, Fr v o e 1
VA R BT H ) 52 5635 25 0.309~0.5, X%
e T FRE BT KL AR AT o w] DLBRAR b 5K
B A IR 10 FH RE R A 2 T BEARIE A 1R 1/3 811/2.

3.3 KIEARNAMANFETEE

KPR, RV A LA R T
A, AHR TEME s gk HL4laE
AAHR, P EL = WAZ HAT AR B K o K
TR AR E DL SCHRT6]

X H A BB 3 AU R A T S 7 b
7 gevt, B2 AR KT 24 58 38 B I o0 A
W, AEFRTATLE I, KU AT 58 35 1%
B A A AE0.3~0.5 2 [0), A7 #8701 i O A4

Sy e R AT A 10,6, X L5V A HLAL I 2
SERIE AN I«

12 F m

10 :‘

i /

L A
?

- rl ?
? Y
?

0.30 0.35 0.40 0.45
W ¥e 8%

B2 KEARERANFREESHER
Fig.2 Water source heat pump products distribution
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Tab.5 Water source heat pump energy efficiency rating with the same thermodynamic perfectibility of water chiller

RERLSE 2 (COP/#A ) 27 5635 )

IV H /AW
1 2 3 4 5
<528 4.07/0.407 3.82/0.382 3.58/0.358 3.34/0.334 3.10/0.309
528~1163 4.49/0.448 4.16/0.415 3.82/0.382 3.50/0.350 3.27/0.326
>1163 5.01/0.500 4.57/0.456 4.16/0.415 3.76/0.375 3.42/0.342
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Tab.6 A water source heat pump (maximum water temperature is 60°C) variable condition analysis

ORI H IR IR C
W C 10/5 13/5 15/7 17/9 19/11
40/45 9.01/4.08/0.45 9.42/4.08/0.43 10.02/4.24/0.42 10.69/4.38/0.41 11.47/4.52/0.40
45/50 8.01/3.70/0.46 8.32/3.70/0.44 8.78/3.84/0.44 9.29/3.98/0.43 9.86/4.11/0.42
50/55 7.23/3.34/0.46 7.48/3.35/0.45 7.84/3.48/0.44 8.24/3.61/0.44 8.68/3.73/0.43
55/60 6.61/3.02/0.46 6.81/3.02/0.44 7.11/3.15/0.44 7.43/3.26/0.44 7.78/3.38/0.43
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Fig.3 The relation of COP, and heat production about air
source heat pump water heater
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