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Abstract

A multi-type heat pump controls the mass flow rate of the working fluid to cope with vari-
able heat loads when it is under dynamic load condition. This paper describes the exergy

analysis associated with the dynamic response of heat pump. First, a basic heat pump cycle

is examined at steady state to show the general trends of exergy changes in each process of

the cycle. Entropy generation issue in the exchangers is discussed to optimize the heat pump
cycle. Second, the performance of the inverter-driven heat pump is compared to that of the
conventional one when the heat load is variable. Third, the exergy destruction rate associat-
ed with the ON/OFF operations of the heat pump is calculated by simulating the thermody-
namic states of the condenser and the evaporator. The inefficiency of the ON/OFF operation
during the transient period is quantitatively revealed by the exergy analysis.
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Input :

QH(heating load), PH/PL(compression ratio),
7 coyladiabatic efficiency of compressor),

Tc.in/Tcout(inlet/outlet temperature of air
exchaging heat with condenser)

Fr‘ncox(mass flow rate of air passing condenser)j

[TH(condensing temperature)

r TL{evaporating tempexature)]

(state at outlet of condenser—J

[ state at outlet of evaporator

I

Etate at outlet of compressorJ

[ state at inlet of evapora@

[ myper (mass flow rate of refrigerant) J

[ QL(heat from source) —]

le
&

trial value for Te.out:
outlet temperature of air exchaging
heat with evaporator

A
[ calculation of QL1 ]

NO
< s

YES

(rhsm(mass flow rate of air passing evaporamr)J

Output :

state of each point,
compressor work,
heat from source,

mass flow rate of refrigerant and air

Fig.1 Simulation flow chart for basic cycle
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Fig.2 Temperature-entropy diagram of the
basic heat pump cycle
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Fig.3 Exergy-temperature diagram
(reference temperature : 25°C)

120000} EXERGY DIAGRAM OF R22
REFERENCE : P=101.3 kPa, T=273.15K
100000

80000
]
i 60000 +
E:
40000 -
3
3 zom}
o}
200 250 300 %0 400 450
Temperature(K)

Fig.4 Exergy-temperature diagram
(reference temperature : 0°C)
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Table 1 Change of exergy in heat pump(reference state . 25C, latm)
exergy of refrigerant change of exergy change of exergy
(kJ/kg) for refrigerant for air
component
: (kJ/ke) (kJ/ke)
inlet outlet s .
(outlet-inlet) (outlet-inlet)
Compressor 29.5 81.8 52.3
Condenser 81.8 64.5 -17.3 0.3
Expansion device 64.5 52.3 -12.2
Evaporator 52.3 29.5 —22.8 14
Table 2 Change of exergy in heat pump(reference state : 0C, latm)
exergy of refrigerant change of exergy change of exergy
(kJ/kg) for refrigerant for air
component
) (kJ/kg) (kJ/kg)
inlet outlet . .
(outlet-inlet) (outlet-inlet)
Compressor 25.1 78.3 53.2
Condenser 78.3 45.7 —32.6 1.98
Expansion device 45.7 345 —11.2
Evaporator 34.5 25.2 —9.3 0.28
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Table 3 Exergy for ON/OFF states
ON state OFF state
Condenser Evaporator Condenser Evaporator
Mass of refrigerant 0.76kg 0.09kg 0.09kg 0.76kg
Exergy 43.3kJ 3.0kJ 3.7kJ 30.1kJ
Total exergy 46.3kJ 33.8kJ
.. Exergy loss between ON/OFF state=46.3—33.8—12.5kJ
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