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Abstract To investigate the effects of fin pitch, refrigerant charge, superheat control, and insulation thickness on the performance of
packaged R290 integrated heat pump water heaters and optimize their performance. An evaporator-side simulation model was developed,
and the experimental research on the packaged R290 integrated heat pump water heaters was conducted under nominal operating
conditions by systematically evaluating the specific effects of various variables on system performance. The results indicate that heat
transfer capacity of the evaporator initially increases and then decreases with increasing fin pitch, with an optimal fin pitch of 1.4 mm.
Through the optimized superheat control, system heating capacity was further improved. Both the heating capacity and coefficient of
performance (COP) exhibited an initial increase followed by a decrease as the refrigerant charge amount increased ; the optimal charge
amount was 600 g, yielding a heating capacity of 4052 W and a COP of 4. 4. Finding the optimal refrigerant charge is crucial to maximize
the performance of packaged R290 heat pump water heaters. System performance can also be enhanced by optimizing control logic and
evaporator fin pitch. Increasing insulation layer thickness and enhancing evaporator-side air flow rate also significantly improve system

performance.

Keywords The packaged heat pump water heater; hot water heating performance; fin pitch; refrigerant charge
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Tab.1 System component specifications
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Fig.1 Heat pump water heater system
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Fig.2 Experimentalplatform of heat pump water heater
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Tab.2 Status parameter setting
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Tab.3 Error Analysis
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Fig.3 Flowchart of calculation
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Fig.4 Effect of evaporator fin pitch on airflow rate and heat

transfer coefficient
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Tab.4 Effect of evaporator fin pitch on the system

performance

PR /mm ZER A A /m® KU/ (m¥/h)  HIEGE/W COP

1.2 17.01 912 3925 4.24
1.4 15.92 955 4052 4.40
1.6 15.05 974 3965 4.31
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Tab.5 The effect of fan motor speed on the system

performance
MG/ (r/min) W&/ (m¥/h) il W cop
800 798 3911 4.34
850 858 4052 4.40
900 930 4156 4.31

2.3 FSFFIEEN RS M RERI T

il v 3 FE T AR R R SR RE R RS M
— S R SER Y 1 AN FETE B RS RERY S
M, 12 300 PR d R 25 =5 g, SRR SN 5 TR
Wt 5 A V4 ) 7 T R ) PR R COP i 8 (AR 9
o R w7 B ) B R T 4 000 WE I
L EEEAE N 600 g, EILTEIE &, il H A
COPHJREIA BB

4100 145
4050} {43
== ilil#E/W
. 4000 F —— COP 141
1% L 139 &
= 3950 39 S
B
3900 | {37
3850 © {35
33
80— 570
FeiE R/

5 FRFFTETFENREFHER COP I
Fig.5 Effect of refrigerant charge amount on system heating

capacity and COP
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Fig.6 Effect of refrigerant charge amount on system

discharge pressure
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Fig.7 Effect of refrigerant charge amount on the heat

transfer temperature difference on the condenser side
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Fig.8 Effect of superheat setting on suction pressure
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Fig.9 Effect of superheat setting on discharge pressure
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Fig.10 Heating capacity and COP during the heating process
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Tab.6 Effect of insulation layer thickness on thermal

insulation performance
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BEE/mm  JKE/SC KESC (KW-h) [kW-h/24 h]
40 76.19 76.15 3.76 25.69 3.42
50 74.94 75.08 3.37 27.69 2.97
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Tab.7 Effect of insulation layer thickness on system

performance
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