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Influence of Refrigerant Charge Amount on the Performance
of a Water-to-Water Type Ground Source Heat Pump with
a Variation of Compressor Speed and Water Flow Rate

Chanyong Cho* and JongMin Choi**

The objective of this study is to investigate the effects of the refrigerant charge amount on the performance of
a water-to-water ground source heat pump with a variation of compressor speed and the secondary fluid flow rate. The
water-to-water ground source heat pump was tested by varying refrigerant charge amount from -40% to 20% of full charge.
Compressor speed was changed from 30 Hz to 75 Hz and the secondary fluid flow rate was adjusted from 6 LPM to 14 LPM.
For all test conditions, EWTs of an indoor heat exchanger and an outdoor heat exchanger were maintained at standard conditions
of I1SO 13256-2. The slope of the COP with the variation of charge amount is much steeper at undercharged conditions than
that at overcharged conditions. For all compressor speed, the variation of the system performance according to charge amounts
showed the similar trends. However, the optimum charge amount of the system increased a little with an increment of compressor
speed. When the secondary fluid flow rate decreased, the system was optimized at higher refrigerant charge amount conditions.
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Fig. 1 Schematic diagram of a geothermal water-to-water heat pump test rig.
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Fig. 2 COP according to charge amount at cooling mode.
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Fig. 3 Refrigerant msss flow rate according to
charge amount at cooling mode.
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Fig. 4 COP according to charge amount with
different compressor speed.
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Fig. 5 Capacity according to charge amount with
different compressor speed.

oA ekt Wb, ol 7 ezl A5 Agt

A2 BESATS 71822 S4%F] A4 W] wet

A 9949 cop 11’8%501 @

A=7] Foprh HE A AR

b
_Orlr‘

_IR

ol A wuijzF

2011. 12 Vol.7, No.4 | 33



Sgg: Heating mode Low High Comp. frequency| & Heating mode SC  SH Comp. frequency|
1600 EWT of I D HX:40°C . 0 184 EWT of | D HX: 40°C e o oo
1500 J EWT of OD HX: 5°C A A 75z 16 EWT of ODHX: 5°C A L 75Hz
1400 J EEV opening : adjust "] EEV opening : adjust A
1300 g 14 e
1200 H o
S 1100 § 127
% 1000 & P> i 104
g 400 E 8-
o E;- 6 -
300 - @ 44
2
200 T T T T T T T 0 % T % ] g T L T ¥ T X T x T x
-50 -40 -30 -20 -10 0 10 20 30 -50 -40 -30 -20 -10 0 10 20 30
Deviation of full charge [%] Deviation of full charge [%]
Fig. 6 Pressure according to charge amount with Fig. 7 Superheat and subcooling according to
different compressor speed. charge amount with different compressor speed.
o] @2 COP fraxzo] F7lsloitt, A g 9olA Hasielet, 457] Fa47F 80Hz0| 1L #EFHT tiH] +10%,
o Yol o] atol met FYE ga o) 234 +20%9) AW JolHe coPE BEFAF ] 47
gol fagith 457 Fuert W A9 457 Fuart 0.21%, 6.67% 728191l T5Hzo A= 22} +0,62%, —1.54%
=2 Yol Hlsto] S50l Faste] Adngr]ofA 2 W= Qi)
gufjel 22pg-A ko] 2rato] At F7IRITHFig, 6). & Fig, 72 A& t& 57| Fukg 270l|A 547 W3t
298 222 AvAYE ZaskAEh Wl 2B0F 24 o U2 BUE U s WekE ekt RE Fukh 2
Z3h AY7]o|Ae] ek 223 R|2ke] LEAfo] Fhaol Aol THAELE 5°C oA A o] Uehget
7kt g AaFo] andY gazkn 34 =HH =5A% v A FY9olMe i FEoE Be Y
A Q&7 Fubgr W 730l Wik Fhae] wE COP A Z7] Fup 2004 YTt 7H UERHA] oot 1%
g0l QF%7] Fukvt £ AR A Ukt A GolAE 427 Fa57 £ JolNe s}
54 oM = d57] A S7tel whet ] A Agupae ool vlste] 2A ekt o= B G
Soll IE A G F7IE AAEAWB Y| AwTL Frtst A 4E7] JHe S7HE IYS o] Aol A4 49
3, ol R S50 k7] Sl e Ao ] 7K weltt,

57| ot
A 2 7oA 1,}1:,}14;} o ¢
YHWEE HH o 2As A S2okE Z7lE Ak
o] Z7}sto] Y7} ZF715ko] wheh A A" aQrE0] W)
ol F7ksl7] wlolth, ¥%7] Fuk4> 30HzoA = A%
Hepo] mEF AT AR O, T5HzolA = B2
gju] oF +10% F3=A Gof| A HHZ2Ao] herygtt,

FgollAfef cop
, T5HzO) A= 23.09%

A%7] Tk 30Hz0|aL —40%2] AFH
FEZHEF diH] 30,83% AL

rlr

—34T ARHAOf| LA X

Fig. 8, 9% 2 RN A th2 23194 Gk
tfafo] 4% slo] B2 AHZ $u coP @ ekl
#sl2 Uehiin, RE gekzdol] diste] A% Aelol4
o] COP FHAZo] 154 Aol Amrt 2A thepdeh, 2%
S 5o wslol Wt A3 Qelolxle] S wslo] m
£ 00P WEP7] 7] SARISO At oR A g 9o
o 42] COP ZAZL 27 petydet, 354 delofAe] 2
A9 ST T2 CoP FAZE Z7hslont,
14LPMO] 2314 SFedlold E2EHF o] 20,
~40%9) AFA FooINY coPE HEEUF o] 2zt
4.58%, 26.26% A5l 1L, 6LPMOJA = 717 12,13%, 381.54%
Z45190tt, 14LPMOLA +10%, +20%2] T5 Aol 4 2]




5.0

Heating mode ID & OD water flow rate
J L A0° E = 6LPM
EWTof | DHX: 4000 - i
454EWT of OD HX: 5°C —A—  14LPM
| EEV opening : adjust
A—/A\‘
4.0 \‘
J / / ./.\l
a 354
o]
[SHE. / / I/
@
3.0 A / /
|
J O/
2.5 L]
2.0 T T T T T T T
-50 -40 -30 -20 -10 0 10 20 30

Deviation of full charge [%]

Fig. 8 COP according to charge amount with
different water flow rate.
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Fig. 10 Pressure according to charge amount with
different water flow rate.
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Fig. 9 Capacity according to charge amount with
different water flow rate.
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