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The performance of a heat pump with 3-piping system at various charging
conditions
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ABSTRACT: The cooling load in winter is significant in many commercial buildings and
hotels because of the usage of office equipments and the high efficiency of wall insulation.
The development of a multi-heat pump that can cover heating and cooling simultaneously for
each indoor unit is required. In this study, the performance of a multi-heat pump with
3-piping system was investigated as a function of refrigerant charge and its performance was
analyzed in cooling mode, heating mode, and heat recovery mode. COP in the heating or
cooling mode showed little dependence on refrigerant charge at overcharge conditions, while
those were strongly dependent on refrigerant charge at undercharge conditions and outdoor
inlet temperature. In the heat recovery mode, the performance of the system was very
sensitive to charge amount at all conditions. Optimum charge amount in the heat recovery
mode was 14% lower than that in the cooling mode at the standard condition because the
refrigerant only passed the indoor units. It is required to store the excessive refrigerant
charge in a storage tank to optimize the system performance at operating modes.
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Fig. 2 COP according to charge amount at
cooling mode.
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Fig. 3 Mass flow rate according to charge
amount at cooling mode.
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Fig. 4 COP according to charge amount with
different OD conditions at cooling
mode.
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Fig. 7 Discharge and suction pressure
according to charge amount with
different OD conditions at heating

mode.
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Fig. 8 Superheat and subcooling according to
charge amount with different OD
conditions at heating mode.
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Fig. 9 Mass flow rate according to charge
amount with different OD conditions
at heating mode.

/-\
] ]
6 - -
D ~
- Cooling : 27°C DB/19°C WB -—m -
1 - Heating : 20°c DB/15°C WB
op
a 4 - -Cooling :35°C DB/24°C WB
o
(8}
[ J
2 - -
Operating mode
—mE—HR
—®@— Cooling only
0 T T T T T T T T T
-50 -40 -30 -20 -10 0 10 20 30 40 50

Deviation of full charge (%)

Fig. 10 COP according to charge amount at
heat recovery mode.

4000

D
3500 -] - Cooling :27°C DB/19°C WB
- Heating : 20°C DB/15°C WB
oD
3000 o - Cooling : 35°C DB/24°C WB
5
° % 2500
Z O
£ 5 2000
5 8 DP SP Mode
o
S & 1500 —=—-0- HR
& .5 —@—--O--- Cooling only
o B .
@ S 1000~ T e o P I mEEEE S
(a3} Gz
500
0 T T T T T T T T T
-50  -40  -30 -20 -10 0 10 20 30 40 50

Deviation of full charge (%)

Fig. 11 Discharge and suction pressure
according to charge amount at heat
recovery mode.
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Fig. 12 Capacity according to charge amount
at heat recovery mode.
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