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ABSTRACT Ground heat exchangers are the most important equipment for energy saving in the heating and cooling of buildings
using geothermal heat. We report on a numerical study conducted to investigate the effect of various shapes for vertical ground heat
exchanger system on its flow and heat transfer characteristics. The simulation is validated by comparing numerically calculated results
with experimental results. The simulations are conducted for different tubing configurations of the ground loop which were U-tube,
Branch-tubes, Annulus and Spline tube systems. The temperature distribution, heat transfer rate and the pressure drop are compared.
The branch tube type ground heat exchanger showed the best heat transfer performance.

Key words Ground Heat Exchanger( 2] % & 1. 3}7]), Single U-tube(Tt Y Ug £ H), Branch tube(3 %] 343 £ B), Annular tube
(54133 % H), Spline tube(2Z&2+Q1E £ H), Heat transfer rate(F A &), Pressure drop(& 2 735}

Nomenclature R : Borehole Radius, mm
A : Cross Section Area, mm’ T : Temperature, K
¢, : Specific Heat Capacity, J/kg-K U : Time Averaged Velocity, m/s
d : Tube diameter, mm z : Cylindrical z-Coordinate
H : Borehole Depth, m i : Dynamic Viscosity, kg/m-s
k : Thermal Conductivity, W/m-K p : Density, kg/m3
m : Mass Flow Rate, kg/s
P : Pressure, kPa SUbSCfipt
Q : Heat Transfer Rate, kW i/0 : inner/outer

m : averaged
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Fig. 1. Schematics of Single U—tube type GHE
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Fig. 2. Arrangement of the tubes in the borehole cross—
section: (a) Single U—tube, (b) Branch tube, (c)
Annular tube, (d) Spline tube
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Table 1. Geometrical dimensions of computational domain

Borehole depth (H) 30 m
Borehole diameter (2R) 150 mm
Tube thickness (t) 2.4 mm
Tube inner U—tube 35.2 mm
diameter (d) Primary tube 35.2 mm
s . U-tube, Branch
ube cross section 2
area (A) tube, Annular tube, | 973,14 mm
Spline tube
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Table 2. Velocity and temperature boundary conditions

Location Boundary Conditions
Inlet velocity (Uy) 0.591 m/s
Inlet temperature (T}) 317.15 K
Ground temperature (Tg) 289.15 K

Table 3. Thermophysical properties of material

Substance Fluid Tube | Grout

Density (p), [kg/m’] 1017 | 960 | 1540

Thermal conductivity (k), [W/m. K] | 0,475 0.4 1.7

Specific heat (cp), [J/kg. K] 3947 | 2170 | 2030
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