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Prediction of the Heat Exchange Rate for a Horizontal Ground Heat Pump System
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Abstract The ground source heat pump (GSHP) system has attracted attention, because of its stability of heat production,
and the high efficiency of the system. However, there are few studies on the prediction method of the heat exchange rate
for a horizontal GSHP system. In this research, in order to predict the performance of a horizontal GSHP system, coupled
simulation with a ground heat transfer model and a heat exchanger circulation model was developed, and calculation of
heat exchange rate was conducted by the developed tool. In order to optimally design the horizontal GSHP system, the
flow rate of circulation water, and the depth and buried spaces of heat exchangers were considered by the case study. As

a result, the temperature of circulation water and the heat exchange rate of the system were calculated in each case.
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Fig. 1 Surface heat transfer model.
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Fig. 2 Horizontal ground loop configurations.
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Fig. 3 Ground heat exchanger model.
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Fig. 4 Prediction simulation model of base case.
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Table 1 Simulation condition of base case

Ground heat Out Diameter 32 mm
exchanger Inner Diameter 27 mm
Domain 0.8 mx12 mx100 m
Ground Granite
condition (3.0 W/mK, 0.3%)
Oberation Cooling 6/1~8/31
p Heating 12/1~2/28
Initial temp 15C

Table 2 The condition of cases

Case Depth Width Flow rate
1 2 m 400 mm 9.5 L/min
2 2 m 400 mm 6.7 L/min
3 2 m 400 mm 11.4 L/min
4 2 m 300 mm 9.5 L/min
5 5 m 300 mm 9.5 L/min
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Fig. 5 The change of circulation water temperature
and daily heat exchange rate(Heating).
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Fig. 6 The change of circulation water temperature
and daily heat exchange rate(Cooling).
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Fig. 7 The change of ground temperature.
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Fig. 8 The change of heat exchange rate according
to the flow rate(Heating).

w
o

* HER
— — T

i
¥
\
l

[ ]
(=]
[\,

=
w

~

"y = -0408x2 + 8.958x - 23.06
>

=
[=]

un

Heat Exchage Rate(W/m)

[=]

4 6 8 10 12 14
Flow Rate(L/min)

Fig. 9 The change of heat exchange rate according
to the flow rate(Cooling).

(© SAREK



o} o] o] gl RAALE] Skt A
o] 7= ZUkekA e, 3 3
F7014 = oF 11 L/min 5+
A& sk

==

Rz o oy

4.3 i ZHHol| E A Het

Fig. 102> |54 u3t7|o] v 7H4-S 400 mm(Case
)2} 300 mm(Case 4% 3} S A2 QL& vl A}
24 713 H EJT 2 2 IS R A
A Ag, dudes F& vjd H49 Case 47}
A gr|7ke] dzbd o]l AAA Case 19 B8] <F 11%
He QLS 3 Aoz vEhyth

4.4 i Zolof wE AL M Z 2t
Fig. 112> v Zlojo whd A% Wste] Avt=

A, Zlo] 2 m(Case 1)9} 5 m(Case 5)2] 713+ Hit <=3+
T E=YT 2= AEFS YERdTE vl Zol 5 m

. 30 LHH} r 30
= HER ¢ Inlet m Qutlet e
“‘E“ 25 * 25 .
| | )
o — e e— [ ]
B 20 { o T 203
1]
v 15 +—— —T 158
4 :
S 10 —T 108
& u n A
5T ¢ ¢ —+ 5
T
D T T T T - 0
casel cased casel cased

Fig. 10 Analysis on heating and cooling according
to the width of heat exchanger.
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Fig. 11 Analysis on heating and cooling according
to the depth of heat exchanger.

© SAREK

geolds o83 £EY AL AEdT A5

Table 3 Calculation results in heating

Heating(C) HER
Case

HP — G G — HP (W/m)

1 5.6 8.2 17.5
2 6.1 9.2 14.6
3 5.4 7.8 18.9
4 5.4 7.8 15.5
5 5.8 9.0 21.8

Table 4 Calculation results in cooling

Cooling(C) HER
Case

HP — G G — HP (W/m)

1 24.9 21.1 25.0

2 235 19.5 18.6

3 27.2 24.0 26.0

4 259 22.4 233

5 23.0 19.0 26.6
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