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Abstract - The GHE are used to exchange heat energy between the ground and the working fluid. At a certain point of level 
in ground the temperature remains constant and so with the help of constant temperature we can able to maintain a steady 
temperature above the ground level also by circulating the working fluid all around the pipe. This GSHE system can be used 
to boil or cool water. The aim of the project is about to analyze the working conditions i.e., heating and cooling operations 
separately and to quantify the performance of two types of ground heat pumps. In this case I considered U-tube and multi-
tube type ground heat exchanger. The behaviors of these ground source heat pumps are been measured using Ansys Fluent 
software. The designing of the system is done using ProE software. 
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I. INTRODUCTION 
 
The point of the undertaking this project is to analyze 
the working conditions of two ground heat 
exchangers with typical ground characteristics and 
working fluid characteristics. The research also helps 
us to understand the properties of variation in heat 
exchange rate, water temperature changes and 
temperature profile of both heat exchangers in 
different operation i.e., heating and cooling. This 
research might prompt a best possible decision from 
claiming heat pump for particular operation. The46% 
from claiming sun’s heat energy will be consumed 
toward the earth [1] as indicated on figure, in turn 
choice may be to utilize this abundant vitality on high 
temperature also cool a building. Various models of 
ground heat exchangers are developed based on the 
line source theory and including the following 
simplifying specifications [2]: (a) uniform soil 
parameters, (b) constant rate flow inside pipe over a 
period of time. Typically, the soil resistance is taken 
equal with the results of long term continuous 
operation of heat exchanger. This suspicion might 
prompt oversized ground heat exchanger system. The 
result is achieved by concentrating the area near the 
wall of pipe, where the most important heat transfer 
in the soil is calculated [3]. 

 
Figure 1: Solar Energy Distribution 

System Modelling  
The schematic diagrams from claiming U-tube and 
multi-tube ground high temperature exchangers are 
indicated in figure 2. Steel pipes, which are utilized 
concerning illustration foundation pile to houses are 
been acknowledged for 20m is more utilized as 
boreholes for those ground exchanger systems. The u-
tube and multi-tube are constantly embedded inside 
the steel pile and the tubes are being loaded with 
silica-sand.[14] The U-tube is considered as poly-
ethylene channel and the multi-tube comprises of a 
polyvinyl chloride pipes set around the focal channel. 
The vital channel are the bay tubes. Those outlet tube 
is insulated will ensure high temperature return 
transform starting with the inlet tubes. 
 

 
Figure 2: Schematic design of U-tube and Multi-tube ground 

heat exchangers 
 
TheU-tube ground heat exchangers has a u- shaped 
pipe installed inbetween the steel pile foundation at 
ground. The u-pipe is made up of polyethylene 
material, which has outer diameter of 0.033m and 
inner diameter of 0.026m. The thermal conductivity 
of the pipe material is  0.35 W/(mK). The two ends of 
the u-tube is considered as the inlet and the outlet 
pipes. The distance between the inlet and the outlet 
pipes is 0.02m. The tube is surrounded by a pile 
foundation. This foundation is made up of steel, 
which has an outer diameter of 0.14m and inner 
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diameter of 0.13m. The thermal conductivity is 52 
W/(mK).  
TheMulti-tube ground heat exchangers has three 
pipes connected and installed inbetween the steel pile 
foundation at ground. The multi -pipes are made up 
of polyvinyl chloride material, which has varying size 
of inlet and outlet tubes. The Inlet pipe has outer 
diameter of 0.0.25m and inner diameter of 0.02m. 
The Outlet pipe has outer diameter of 0.02m and 
ineer  diameter of 0.017m.  The thermal conductivity 
of the pipe material is  0.35 W/(mK). The leftmost 
pipe shown in the figure represents the inlet pipe and 
the middle and the rightmost pipe represents the 
outlet pipes. The tube is surrounded by a pile 
foundation. This foundation is made up of stainless 
steel, which has an outer diameter of 0.14m and inner 
diameter of 0.13m. The thermal conductivity is 52 
W/(mK).[15] The thermaly conducting material must 
be used for effective way of temperature 
transportation inbetween the pipes and the inside the 
pile foundation. In this case I used is Silica sand, 
which act as  one of the more effective material used 
for energy transfer. The Density of the material is 
998.2 kg/m3. The Specific heat is 750 J/ (kgK). The 
thermal conductivity of the material is 1.4 W/ (mK). 
[16] 

 
Figure 3: Desined model of u-tube and multi-tube GHE using 

Pro E 
 
The working fluid used in the system is Water in 
liquid state. The density considered is 998.2 kg/m3. 
The Specific heat is 4182 J/ (kgK). The thermal 
conductivity is 0.6 W/(mK). The viscosity of the fluid 
is 0.001003 kg/ (ms).  When considering the  ground 
at which the heat exchanger is been placed, the 
temperature at the ground surface i.e., 0m to 5m is 
20°C, then it gets gradually decreased to 19°C at 5m 
to 10m. Then the temperature of ground gets 
gradually increased to 22°C from 10m to 25m of 
ground level.[17] The Ground type considered for the 
system is sandy mud, which has a density of 1700 
kg/m3. Specific heat of 1.8 kJ/kgK. Conductivity of 
about 1.2 W/mK and thermal diffusivity is equal to 
0.39 mm2/s.  
 
The ground temperature can be evaluated with ,  

T (t) = T + A Re(e ) 

Equation 1: Initail temperature 
where Tm is the mean twelve-month ground surface 
temperature, As is the amplitude of the temperature 
wave at the ground surface and w represents the 
frequency of the temperature wave. So as on 
considering eq. (1), those emulating energy 
equalization mathematical statement during ground 
surface is been utilized as a limit condition 
comparison during the ground surface. 

− k.
∂T
∂y = CE − LE + SR − LE 

Equation 1: Boundary condition equation at ground surface 
 
Where K represents the thermal conductivity of the 
soil, CE is the convective energy exchanged between 
air and ground surface, LR represents the longwave 
radiation emitted from the ground, SR is the solar 
energy absorbed from the ground and LE is the latent 
heat flux due to evaporation. 
 
Meshing 
Meshing is the process of creating mesh along the 
product or material designed by means of some grid 
points called nodes. Meshing is an important part of 
the simulations, because it can show any drastic 
changes in results we get. It can be done with various 
and variety of tools and options available in the 
software. The results are calculated by determining 
the relevant governing equations statistically at every 
nodes of the mesh. The governing equalities are 
partial differential equations, and the Finite element 
method analysis is used to find solutions to such 
calculations. The pattern and relative positioning of 
the nodes also affect the result, the computational 
effectiveness & time. Henceforth, good meshing is 
very essential for a sound computer simulation to 
give good results. The meshing competencies are 
accessible inside the following ANSYS Workbench 
requisitions. The setup has computational fluid 
dynamics as its default physical preferance, fluent as 
solver preference with null relevance. The advanced 
size function is used on curvature with fine relevance 
centre. The active assembly option is choose at the 
initial size seed. The smoothing is medium with slow 
transition and fine span angle centre. The inflation is 
not been used since the size of the inner and outer 
diameter are been considered and meshed. 
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Figure 4: Cross section view of Meshing in U-tube and multi-

tube heat pumps 
 
The triangle surface mesher is been used in program 
controlled option. The statistics of the setup has 
160679 nodes and 928864 elements for u-tube GHE 
and 209230 nodes and 1077601 elements for multi-
tube GHE. 

 
Figure 5: Whole body meshed view of U-tube and Multi-tube 

ground heat exchanger 
 
Boundary Condition 
In general condition the pressure based type and 
absolute velocity formulation with steady state time 
response. Standard k-epsilon function is used in 
viscous option with standard wall function. The 
energy equation is turned on. There are two states of 
physical properties used in designing the system i.e., 
fluid states are used for water-liquid and air, Solid 
properties are used for clay, Silica sand, poly-
ethylene, ss400 (stainless steel). 
 
The cell zone conditions are as follows. 
General: Type- Pressure based; Velocity 
Formulation- Absolute; Time- Steady. 
Models: Energy equation- On; Viscous- Standard k-e, 
Standard Wall Function. 
Materials: Fluid- Water-liquid, air; Solid- clay, 
Silica sand, poly-ethylene, ss400. Cell Zone 
Conditions: 4 zones- solid; 1 zone- fluid 
Boundary conditions: Inlet: Velocity inlet 
Momentum> Velocity magnitude: 1- Turbulent 
Intensity (%): 5- Turbulent Viscosity Ratio- 10  
Thermal> Temperature(K): 283.17, 333.17 
Outlet: pressure outlet 
Solution Methods: Pressure- Standard; Momentum- 
Second Order Upwind; Turbulent Kinetic Energy- 

First Order Upwind; Turbulent Dissipation Rate- First 
Order Upwind  
Monitors: Residual monitor with convergence 105 
Solution Initialization: Compute from Inlet, 
Turbulent kinetic energy (m2/s2)- 0.00375; Turbulent 
Dissipation Rate (m2/s3)- 0.1260, Initialize 
 
II. RESULTS AND DISCUSSION 
 
The simulations of the heat exchange process taking 
place in the system are demonstrated and discussed 
below. The inlet temperature of the working fluid is 
considered as 283 K and 333 K for heating and 
cooling operation respectively. The typical ground 
parameters are shown in table 3. Thus the simulations 
of heat exchange process in u-tube and multi tube are 
shown below. The flow rate at the system is 2 
liter/second. 
 
U-tube GHE 
In the process of heating, the ground heat exchanger 
has an inlet temperature of about 283 K. The heat 
from the ground is been transferred to the working 
fluid to make it raise in temperature. According to 
second law of thermodynamics, heat gets transferred 
from higher temperature to lower temperature. The 
ground has a constant temperature at its levels, and so 
the heat at different levels get connected to the 
working fluid and increases the temperature of water. 
As shown in the temperature contour diagram of 
heating the working fluid using U-tube ground heat 
exchanger in figure 17, the temperature of ground 
intrudes into the working fluid and raises the 
temperature of it. Henceforth the temperature near the 
steel pile is nearly 290 K. Likewise the temperature 
of the bound gets increased and sets to the normal 
temperature at the maximum distance at which the 
heat of ground heat exchanger affects the ground. The 
outlet temperature of the custom designed model is 
286 K. 

 
Figure 6: Temperature contour of heating operation (u-tube) 

 
Considering the below temperature contour of 
cooling operation of U-tube ground heat exchanger in 
figure 20 the inlet temperature is 333 K. Ground 
temperature is transferred between 295 K at the 
nearest part of the heat exchanger to 288 K at the 
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outermost distance at which the ground source heat 
exchanger’s temperature can affect the ground, in 
order to get output temperature as 328 K. In this case 
the working fluid release heat to the silica sand which 
acts as a heat exchange medium inside the steel pile 
and the u-tubes. The heat energy from the working 
fluid gets transferred to the medium inside steel pile 
i.e., silica sand. The silica sand acts as the medium 
and transfers heat energy from the high temperature 
medium to low temperature medium i.e., to the 
ground. In velocity contour is shown in figure 8, the 
velocity inside the u-tube is persistent in average with 
the value of 1.28 ms-1. The changes shown in velocity 
contour is due to the changes in shape of the u-tube. 
 

 
Figure 7: Temperature contour of cooling operation (u-tube) 

 

 
Figure 8: Velocity  contour of u-tube ground heat exchanger 

 
In pressure contour of u-tube ground source heat 
exchanger in cooling operation is shown in figure 9 
the pressure of inlet tube is 145000 Pa (1.45Atm) and 
the pressure at the outlet tube is 128000 Pa (1.28Atm), 
decrease in pressure. There is a various pressure 
which acts at various point of the tube, which is 
clearly demonstrated in the figure 9. At the points 
when the height decreases the pressure gets increased. 
The initial pressure gets increased to 221000 Pa 
(2.21Atm) at the middle of the bay tube and at the u-
bend the pressure gets increased to 310000 Pa 
(3.10Atm) and later at the middle of the outlet tube 
we have a pressure of about 285000 Pa (2.85Atm), 
which later reduces to the outlet pressure given above. 

The pressure remains constant at any type of 
operation taking place in the system. 

 
Figure 9: Pressure  contour of u-tube ground heat exchanger 

 
Multi-tube GHE 
The temperature contour of multi-tube ground heat 
exchanger in heating operation demonstrated in figure 
10 below has 283 K inlet of working fluid of the 
Multi-tube ground heat exchanger. The heat energy is 
more compact at the inner parts of steel pile. 
Somehow the heat energy is dissipated from the 
working fluid to the ground which shown by the color 
variations in the figure 10. 

 
Figure 10: Temperature contour of heating operation 

 
In the figure 11 below demonstrated the temperature 
contour of the operation at 333 K inlet of working 
fluid of the Multi-tube ground heat exchanger. The 
inlet temperature is approximately equal to 303.4 K 
whereas the outer temperature is most likely to be 
302.3 K, which clearly denotes efficiency of heat 
dissipation rate of the multi tube is comparatively 
lesser than the U tube ground heat exchanger. 
 
The velocity increases due to the pressure decreases. 
The inlet velocity of the working fluid is 2.56 ms-1 
gets decreased to 1.28 ms-1. The figure 12 
demonstrates the velocity contour of the working 
fluid operating in the system.  The gravitational force 
does not act on the system. 
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Figure 11: Temperature contour of cooling operation 

 

 
Figure 12: Velocity  contour of multi-tube ground heat 

exchanger 
The pressure at the inlet of the multi tube is 254000 
Pa (2.54Atm) the pressure gets reduced due to the 
area increases at the curve of the adjoining two outlet 
pipes. The pressure at the outlet goes down to 
10800Pa (1.08Atm). The pressure contour of the 
multi tube ground heat exchanger for heating and 
cooling operation is shown in figure 13. 

 
Figure 13: Pressure  contour of multi-tube ground heat 

exchanger 

Temperature distribution at boreholes 
Temperature circulations for ground in front of 
beginning the investigations around those GHEs 
shown comparative trademark of the two 
areas.Ground temperatures dependent upon 5 m in 
profundity were determinedly impacted by ambient 
climate. The temperature conveyance of the tube wall 
along those depth, inlet and outlet water temperature 
after 2-hour operation is indicated in figure below. 

 
Figure 14: Initial ground temperature around both GHE 

 
The graph of the temperature profile of the ground 
present shown in figure 14 around the ground heat 
exchangers is drawn with respect to the values 
assumed. The figure 15 displays the ground 
temperature curve with respect to the time that taken 
during the cooling process. Initial ground temperature 
is 293 K. Since the cooling operation takes place at 
the tube, the heat energy is transferred from the 
working fluid to the ground. With the help of heat 
conductors in between the tubes. 

 
Figure 15: Ground temperature with respect to time during 

cooling of working fluid 
The figure 16 shows the ground temperature curve 
with respect to the time during heating operation. 
Initial ground temperature is 293 K. The heating 
operation takes place at the tube, the heat energy is 
transferred from the ground to the working fluid. 
With the heat conductors in between the tubes. After 
the cutting edge the ground temperature remains 
constant and there is no change in the temperature to 
the time. 
 
The Figure 17 and figure 18 demonstrates the 
temperature profiles of u-tube ground heat exchanger 
during heating and cooling operation mode. In the 
figure the green colored dot represents the water inlet, 
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whereas the yellow dot represents the water outlet, 
the red dots represents the water travelling in the inlet 
pipe, as well as the blue dot represents the water 
travelling through the outlet pipe. Considering Figure 
17, in heating operation the inlet water is at the 
temperature of about 10°C. It reaches 12°C at the 
outlet tube and at the end of the outlet tube, the 
temperature increases to 13°C.  

 
Figure 16: Ground temperature curve with respect to time 

during heating operation of working fluid 

 
Figure 17: Temperature profile of u tube GHE in heating 

operation mode 
 
Likewise considering Figure 18, the temperature of 
inlet working fluid is 333 K. The ground temperature 
is comparatively less. Henceforth the temperature 
gets reduced with respect to the depth of ground. The 
Graphs were drawn with respect to the simulated 
results shown in figure 6 and figure 7. The 
temperature from the outlet pipe is 328K. 

 
Figure 17: Temperature profile of u tube GHE in cooling 

operation mode 

Figure 18, the temperature of inlet working fluid is 
333 K. The ground temperature is comparatively less. 
Henceforth the temperature gets reduced with respect 
to the depth of ground.  

 
Figure 18: Temperature profile of multi tube GHE in cooling 

operation mode 
The Figure 19 shows about the working fluid 
temperature changes and charecteristics of  u-tube 
ground heat exchanger in heating operation. The 
velocity given to the water inlet is 1.28 ms-1 

 
Figure 19: Working fluid temperature characteristics of u-tube 

GHE for heating operation of water liquid 
The Figure 20 demonstrates about the working fluid 
temperature changes and charecteristics of  u-tube 
ground heat exchanger in heating operation. Initially, 
the curve gradually decreases with respect to time 
upto 12 hours. Then the water temperature remains 
constant since it had reached the minimum value i.e., 
55°C of cooling the working fluid. 

 
Figure 20: Working fluid temperature characteristics of u-tube 

GHE for cooling operation of water liquid 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,      Volume- 5, Issue-10, Oct.-2017 
http://iraj.in 

Ground Heat Exchanger Charecteristics for Different Geometry and Working Parameters 
 

17 

The Figure 20 clarifies about the working fluid 
temperature changes and charecteristics of  multi-tube 
ground heat exchanger in heating operation. The 
velocity given to the water inlet is 2.56 ms-1.Then the 
water temperature remains constant since it had 
reached the maximum value i.e., 14°C.  

 
Figure 20: Working fluid temperature characteristics of multi-

tube GHE for heating operation of water liquid 
 
Figure 21 mainly clarifies about the working fluid 
temperature changes and charecteristics of  multi-tube 
ground heat exchanger in heating operation. The 
velocity given for the cooling operation to the water 
inlet is 2.56 ms-1. Then the water temperature remains 
constant since it had reached the minimum value i.e., 
53°C of cooling the working fluid. 

 
Figure 20: Working fluid temperature characteristics of multi-

tube GHE for cooling operation of water liquid 
 
Heat Exchange Rate 
The thermal performances of the GHEs were 
investigated by calculating their heat exchange rates 
through the water flow. The heat exchange rate is 
calculated with equation 3,  

Q = mc ∆T 
Equation 3: Heat Exchange rate 

Where, m is flow rate, cp is specific heat, and ∆T is 
the change in temperature between the inlet and outlet 
tubes of the heat exchanger.  vThe heat exchange rate 
per unit borehole depth is defined in the equation 4 
and it is used to express the performance of each 
GHEs. 

Q = Q /L 
Equation 3: Heat Exchange rate per unit length 

Where L is the depth of each GHE. Heat exchange 
rate through the pipes of the GHE are also 
determined. This heat exchange rate is defined as heat 
through the surface of pipe per unit length of 
borehole depth and given by the following equation. 

Q =
1
L {−k(

∂T
∂r) }dA 

Equation 4: Heat exchange rate through the pipe surface of the 
GHE 

Where L is length of the tube, k is thermal 
conductivity, R is borehole radius, A is pipe surface 
area. The water flow carrying the thermal energy is 
small. As a result, the heat exchange rate will become 
small. Otherwise, the temperature change is small in 
high flow rate and the heat exchange rate does not 
increase.  

 
Figure 21: Continuous operation of U-tube ground heat 

exchanger 
The heat exchange rate gradually decreases 

with respect to time. The heat exchange operation can 
be stopped anywhere of the operation time and 
restarted from the initial operation, which gives better 
efficiency in heat exchange rate for eg., In 6 hours 
operation, there is a sudden raise in heat exchange 
rate which tends to fall with the linear intrevel. The 
12 hour operation  also posses the same characters of 
the continuous operation. The heat conversion rate in 
the short time of operation in operation with 
discontinuous mode increases of 33.3 % for U-tube 
compare with in continuous operation. 

 
Figure 22: Continuous operation of Multi-tube ground heat 

exchanger 
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In 6 hours operation, there is a sudden raise in heat 
exchange rate which tends to fall with the linear 
intrevel. The 12hour operation  also posses the same 
characters of the continuous operation. The heat 
conversion rate in the short time of operation with 
discontinuous mode increases of 29.1 % for multi-
tube compare with in continuous operation. 
 
CONCLUSION 
 
Based on the assigned and simulated data of the 
ground heat exchangers, the heat exchange rate, 
change in ground temperatures and change in water 
temperatures values are been calculated. With the 
help of calculated values Ground temperature 
characteristics graph, Temperature profile 
characteristics graph, working fluid temperature 
characteristics graph and the continuous operation 
graph are drawn for each of the working operation 
model of both the u-tube and multi tube ground heat 
exchangers. As a conclusion the main results are, 
 The analysis of the two types of ground heat 

exchangers shows that the efficiency of multi 
tube is greater than the u-tube in the heat 
exchange rate and also heat transfer temperature 
in water as well as ground parameters.   

 The Ground temperature increases and remains 
constant in continuous cooling operation, and it 
decreases and remains constant in continuous 
heating operation. If the operation takes place in 
intervals, then the temperature of ground can be 
maintained to extract maximum efficiency. 

 The temperature profile of u-tube and multi-tube 
ground heat exchanger is plotted with the help of 
simulation result values. It shows the heat gain 
and heat loss characteristics of the working fluid. 
In heating operation, the heat energy from the 
ground gets transferred to the working fluid and 
vice versa in cooling operation. 

 The continuous operation curve relates the heat 
exchange rate of the ground heat exchangers with 
respect to time. In continuous operation the heat 
exchange rate gets gradually reduced with 
respect to time. Whereas if the system is made 
discontinuous it has more effectiveness than the 
continuous type ground heat exchanger. 

 The heat exchange rate in the short time of 
operation with discontinuous mode increases for 
U-tube, and multi-tube ground heat exchangers 
when compared with the continuous operation. 
Operating the GHEs in the short time in 
discontinuous operation enhances their thermal 
performances. 

 
Future Scope 
This study has focused on two types of geothermal 
heat exchanger systems: U-tube ground heat 
exchanger system and multi-tube ground heat 

exchanger system. Other types of systems could also 
be modelled in a similar manner to model their 
performance including open loop underground heat 
exchangers and aquifer systems. The ground was 
assumed to be homogeneous with uniform general 
characteristics. The effect of variation in these 
properties can be done. The movement of ground 
water was ignored in this study. It would be valuable 
to quantify the effects of this on the performance of 
the systems. Further study of underground heat 
storage should also be initiated. This could include 
the effects of spacing of pipes, different layouts of the 
pipes, and imbalances between the heating and 
cooling loads. 
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