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Optimum Pumping Rates of Ground-Water Heat Pump System Using
Groundwater or Bank Infilterated Water

Jeongsang Hahn'*, Hyuk Sang Han', Chan Hahn?, Jae Soo Jeon® and Hyong Soo Kim*
1CNE Inc., *Yoo Sin Corporation Ltd., *Hans Engineering Co.Ltd., *KOWACO

The groundwater heat pump system(GWHP) is one of the most efficient ground source heat pump sys-
tem(GSHP) which uses low grade and shallow geothermal energy for cooling and heating purpose. The GWHP sys-
tem shall be designed properly based on peak block load performance and optimum pumping rate of groundwater
comparable to ground coupled heat pump system(GCHP). The optimum pumping rate depends on groundwater tem-
perature at a specific site, size of plate heat exchanger, and total head loss occurred by whole system comprising
pumps and pipings. The required optimum flow rates of the system per RT are ranged from 3.8 to 9.8lpm being
less than the typical building loop flow of 9.5 to 11.4/pm.

Key words : RT, GWHP, GSHP, GCHP, Total system
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Fig. 1. Schematic diagram of groundwater heat pump
system connected to plate heat exchanger between
groundwater loop and building loop.
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Table 1. Total head losses of all piping system(Q=1.1 m*/min).
Type Size(mm) Qty Head loss(m) Remarks
Elbows 150 3ea 0.07
Well head Butterfly valve 150 lea 0.015
Check valve 150 lea 0.09
Piping to B/D PVC pipe, Class 160 150 91lm 0.73
Elbow 150 12ea 0.3
Mechanical room Heat exchanger 0.5 kg/em® lea 35 ﬁz doiots(;tal
Butterfly valve 150 2ea 0.03
PVC pipe, Class 160 150 120m 1.0
Piping to Injection well Elbows 150 dea 0.09
Pressue valve 0.21 kgfcm? lea 21
Total surface loss 793 m
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Fig. 2. Hydraulic heads at pumping and injection well.
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Fig. 3. Relation between required electric power(watt/RT)
and groundwater flow rate ({pm/RT) via several pumping
heads(efficiency: pump; 75%, motor; 80%)

Ref. 1)
At flow rate of 7.56/pm/RT, 150 RT can cover flow rate of
1134ipm
At total head of 60m, required motor pump's power(kW);
0.746x2.2x10™*x(1134x60)/(0.75%0.8)=19kW
So electric watt per RT; 19,000/150=126 watt/RT

Ref. 2)
At flow rate of 9.45[pm/RT, 120 RT can cover flow rate of
1134ipm
At total head of 90m, required motor pump's power(kW);
0.746x2.2x 10x(1134x90)/(0.75x0.8)=28k W
So electric watt per RT; 28,000/120=234 watt/RT

Ref. 3)
At flow rate of 11.34/pm/RT, 100 RT is needed for flow
rate of 1134lpm
At total head of 120m, required motor pump's power(kW);
0.746x2.2x10*x(1134x 120)/0.75%0.8)=37.2kW
So electric watt per RT; 37,200/100=372 watt/RT
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Fig. 4. The relation between groundwater flow rate(ipm/
RT) and COPc via several pumping heads at 10°C of
groundwater.
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Fig. 5. The relation between groundwater flow rate(lpm/
0.83RT) and COP, via several pumping heads(10°C
groundwater temperature) .
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Fig. 6. The relation between groundwater flow rates(ipm/
RT) and COP, via several pumping heads(15.6°C of
groundwater temperature).
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Fig. 7. The relation between groundwater flow rates(lpm/
0.83RT) and COP,, via several pumping heads(15.6°C of
groundwater temperature).
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Fig. 8. The relation between groundwater flow rates(lpm/
RT) to COP, via several pumping heads(21°C of
groundwater temperature).
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Fig. 9. The relation between groundwater flow rates(ipm/
0.83RT) and COP, via several pumping heads(21°C of
groundwater temperature.
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Table 2. Undisturbed earth, entering water temperature,and
COP, (based on AR 330, COP_=3.55, EER=14.1).
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Table 48} o] LEHZS] 48 FHo] £3d A
3l gyare] Ao $EHT HPFPAE 60me]

©CC)  EWT(C) Heat pump Remarks 3lo]3 Xagreol 2tz 10, 156 B 21°CeH A3k
cop.  EER AMzA2E o WIAAAZ(COPE AZA2 AL

s s e PrAxee] WRAS Br) Qo gEsit.
21 35 3.33 132 B3] A slrLoe] 21°Co|al $-EHTY Zdgol 90m

Note: tg: Undistured earth temperature, EWT: Entering water
temperature
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4.23~3.33°|tH(Table 2).
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Table 3. COPc of total system under consideration of power(watt) of heat pump and circulation pump of closed loop(based

on A grade).
tg EWT Heat pump  Heat pump Circulator ~ System System Remarks
¢y ¢y cop, EER  (watp) (watt) (watt) COP, EER
HR=TC+0.86xKw+DCP
HE=TH-0.86Kw
10 24 423 16.8 714 75 789 383 15.2 COP_=EER=TC/Kw
COP_ =TH/0.86KW
15.6 29.5 3.75 14.9 805 75 880 3.43 13.6
21 35 333 132 909 75 984 3.07 122 EER/3.968=COP,

Z31 12,000/714=16.8
12,000/805=14.9
12,000/909=13.2

3,024/714=4.23
3,024/805=3.75
3,024/909=3.33

12,000/789=15.2
12,000/880=13.6
12,000/984=12.2

Table 4. The relation of groundwater temperatures, COP,, of groundwater heat pump, total system(heat pump-+circulation
pump+well pump), and optimum pumping rates(pm/RT) when total lift of the system is less than 60 m.

Groundwater Total system Flow rate Difference Remarks
temperature(°C) COP, EER (lpm/RT) (%)
10 391 15.3 6.8 2 3.83(GCHP as shown in Table 3)
15.6 3.70 13.7 5.7~6.8 8 343
21 3.28 13.0 6.8~9.5 7 3.07
3.07 12.2 6.8
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