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On the improvement of COP of heat pump hot water supplier using CO, as refrigerant

OFZA JuiE* OGRLK), A& Zp* GRILK), #EEEs GRIKR)
OMotoaki UTAMURA*, Hiroshige KIKURA* and Nobuyoshi TSUZUKI*
*Research Laboratory for Nuclear Reactors, Tokyo Institute of Technology, Meguro-ku, Tokyo, 152-8550, Japan

General analytical expression of COP (Coefficient of Performance) for an ideal heat pump hot water supplier is
obtained. The formula shows in the case of CO, as refrigerant hot water supplier may have larger COP than that of
inverse Carnot cycle. Assuming hot water temperature of 45degC performance of instant hot water supplier is evaluated
with refrigerant temperature and pressure at the end of heat discharger to produce hot water as parameters. Appropriate
choice of combinations of pressure and temperature to respective seasons gives an average annual COP of 12.4 while
existing one has 4.4. In these cycles the importance of power recovery must be placed upon in practice. At the same
time high performance heat exchanger is also indispensable to realize the cycle because highest pressure within the
cycle is chosen to be much lowered compared with the existing ones, which may arise pinch problem in the heat

exchanger.
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Fig.1 T-S diagram of heat pump cycle
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Fig.2 T-S diagram of instant hot water supplier
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Fig.3 Effect of pressure and temperature
at working point 3 on COP
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Fig.4 Fluid temperature profile in heat exchanger
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Table 1 Annual COP of instant hot water supplier
at the hot water temp. of 45degC

S M?cx.' cop Average
eason refrigerant COP
press.

Winter 15 9.4
Instant Interim 8.6 11.9 12.4
supply Summer 9.5 15.9

Winter 11.5 3.49
Stored Interim 12.3 4.81 4.4
supply Summer 13 4.84
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NOMENCLATURE

COP: Coefficient of Performance(= Q,, /W)
h : specific enthalpy, kJ-kg™

P : pressure, kPa
Q :Heat, W

s : specific entropy, W-kg™- K™
T temperature, K

W : external work, W °C

V :volume, m®
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