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The Performance Analysis of Sea Water Heat Pump
applied Low GWP Refrigerants
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Abstract: In this study, the seawater Heat Pump System using seawater with temperature of annual
domestic conditions (0C to 25C) is designed in order to compare its performance against the Heat
Pump using unused heat of seawater. As a potential replacement for current refrigerants that exacerbate
global warming and ozone delpetion, a Low GWP refrigerant’s performance is analyzed. The basic water
to water Heat Pump system is chosen and three commercial refrigerants - R134a, R410a, R32 - are
used to compare against new Low GWP refrigerant R1234ze. When seawater with temperature of 25T
is used, the performance change showed maximal increase in COP, 38.3%. low GWP refrigerant
R1234ze, showed great performance characteristics reach to 5.242 and Existing commercial refrigerant,
R134a showed only less than 0.03 performance difference against R1234ze. The study confirms notable
performance of R1234ze refrigerant through simulation as environmentally friendly refrigerant for

domestic seawater Heat Pump.

Key Words : Heat Pump, Coefficient of Performance, Global Warming Potential, Ozone Depletion Potential,
Working Fluid
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'Table 1 Heat source and utilization

Source Form Way to use
River Water Heat pump heat source.
water Cooling water etc.
Heat pump heat source.
Sea water Water Cooling water etc.
Ground Water Heat pump heat source.
Water Cooling water etc.
Sewage Water Heat pump heat source.
Treatment
Plant Gas Generate, Heat source
) ) Hot Steam Heat recovery,
Incineration ot gas Generate, Heat source
of waste
heat Warm Heat pump heat source.
Water Direct use
Subway Air Heat pump heat source.
Electric Cooling Heat pump heat source.
Substations| water & oil Direct use
Steam Heat recovery,
Hot gas Generate, Heat source
Factory Warm Heat pump heat source.
waste heat Water Direct use
LNG Cold | Generate, Liquefied air
heat etc.
Power Warm Heat pump heat source.
plant Water Direct use

I 71Ee] NEES AUE E83t] ¢
of e mEgoIIAE
At ol
71 e dEe Y
ssirta &

A% A=,

_'_

PN
T A

E
=

]

F]F SE

N
My o

282 + 3

RS AES} o}

el Fase Aol F

Table 2 Properties of Refrigerants
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R410a R134a R32 R1234ze
Normal Boiling Point (K) 227.7 247.1 221.5 254.0
Mass Density (kg/m3) 39.83 16.85 24.99 13.68
Critical Point Temperature (K) 344.5 374.2 351.26 382
Specific heat (kJ/kgmole-k) 66.85 86.65 48.38 98.37
Conductivity (W/m-K) 0.01162 0.01165 0.01053 0.0197
Safety Group Al Al A2 A2
GWP 1980 1430 670 7
ODP 0 0 0 0
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Fig. 1 Monthly change of Domestic Sea Temperature
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Fig. 2 Schematic of Basic heat pump cycle
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Table 3 Simulated condition

Parameter Value

Heating capacity (kW) 9

Heating water supply (C) 60

AT, Condenser water 5

temperature difference (C)

(S%a) water inlet temperature 10 ~ 25

ATk, Evaporator water 3

temperature difference (C)

Pinch point temperature (C) 1.5

Heating water mass flow rate

ke /h)g 1,500

Refrigerants R-134a, R-410a,
R-1234ze, R-32

APyx, Heat exchanger 0

pressure difference (kPa)

Isentropic compressor 30

efficiency (%)
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Temperature at 10C Temperature at 25C

Comp' Refrigerant Comp' .

Powgr COP mass ﬂgow rate Powgr COP %ef‘;lgg? nt(km 7}?)5

(kW) (kg/h) (kW) ow e ke
R410a 2.808 3.236 208.6 2.016 4.508 226.9
R134a 2.473 3.675 2153 1.738 5.228 220.7
R32 2.580 3.522 123.5 1.844 4928 135.4
R1234z¢ 2.481 3.663 236.2 1.733 5.242 238.4
Average 2.585 3.524 195.9 1.832 4976 205.35
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