KEY Spring Natienal Gonference 2070 / Harch 25~26, 2010 / Gyeenggi / Korea

SX32} AlHh =AHS Dejst oA i BB [o] FXloiA

Numerical Simulation of Ground Heat Exchanger Embedded Pile
Considering Unsaturated Soil Condition

#74z" Jung Chan CHOI, ©]%#?, Seung Rae LEE

U KAIST 712 3k7 38} t’#/\}ﬂrxé, Graduate Student, Dept. of Civil & Environmental Engineering, KAIST
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SYNOPSIS : This study presents a numerical simulation model of vertical ground heat exchangers, considering
unsaturated hydro static ground conditions induced by the ground water table fluctuation. Heat transfer in
ground and grout is modeled by a 3-D FEM transient conductive heat transfer model, where heat transfer
between circulating fluid and heat exchanging pipe is treated as 1-D quasi steady state forced convective
elements. To take into account the unsaturated ground condition, soil thermal conductivity and heat capacity
which are dependent on the matric suction are applied to ground elements. Parametric studies considering
various ground water table conditions are conducted to investigate the influence of unsaturated hydro static
ground condition on the mean heat exchange rate of ground heat exchanger. Simulation results considering water
table fluctuation show 60~100% of mean heat exchange rate for a saturated soil condition and 125~208% of
that for a dry soil condition. Thus consideration of unsaturated soil condition is substantially recommended for
more accurate design and performance evaluation for ground heat exchangers.

Keywords : Ground heat exchanger, Unsaturated soil condition, Numerical simulation, Heat transfer
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Parameter Value
Pipe inner diameter, D,, (mm) 25.0
Pipe outer diameter, D,,, (mm) 28.0
Borehole diameter, D, (mm) 300.0
Shank space, Z, (mm) 180.0
Borehole length, L (m) 20.0

3 2. A AFEE HolEFe d EAA

Parameter Value
Pipe thermal conductivity, A, (W/mC) 0.385
Convective heat transfer coefficient, A (W/m'C) 1975.947
Equivalent convective heat transfer coefficient, 5., (W/m'C) 213.317
Grout thermal conductivity, A,,,,,(W/mC) 2.8
Grout density, p,,,.; (kg/m’) 2300.0
Grout heat capacity, c,,,,, (J/kgC) 1050.0
Fluid heat capacity, c;,;; (I/kg®C) 4200.0
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Symbol Parameter Value
n Porosity 0.40
As Thermal conductivity of Soil Particle (W/mK) 4.00
Aw Thermal conductivity of Water ( W/ mK) 0.560
A, Thermal conductivity of Air (IW/mK) 0.026
c, Heat capacity of Soil Particle (J/kgK) 800
Cor Heat capacity of water (.J/kgK) 4200
¢, Heat capacity of air (J/kgK) 1000
s Density of Soil Particle (Ag/m?*) 2600
Pu Density of Water (Kg/m?) 1000
Pa Density of Air (Kg/m?) 1.25
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