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ABSTRACT 

The aim of this study is first to evaluate the Tunisian geothermal energy and second to test the performance of horizon-
tal ground heat exchanger. An experimental set-up has been constructed for climatic condition of Borj Cedria located in 
the north of Tunisia for space cooling. Results obtained during experiment were presented and discussed. The ground 
temperature at several depths was measured, the overall heat transfer coefficient (U) was determined. To evaluate the 
system efficiency, the energy analysis was applied; the energy efficiency was found to range from 14% to 28%. The 
heat exchange rate was quantified, the pressure losses were calculated. The total heat rejected by using the ground heat 
exchanger (GHE) system was compared to the total cool requirements of a tested room with 12 m2 surface. The results 
showed that the GHE, with 25 m of length buried at 1 m depth, covers 38% of the total cool requirement of the tested 
room. This study showed that the ground heat exchanger provide a new way of cooling buildings, it also showed that 
Tunisia have an important thermal potential. This favorable circumstance allows Tunisia to be a pioneer in the exploita-
tion of geothermal energy for the installation of ground source heat pump systems. 
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1. Introduction 

Tunisia, like other countries in the world, benefits from 
numerous natural geothermal sources. We can notice that 
this potential is not largely used and that, with the evolu-
tion of energy prices, geothermal energy as other renew-
able sources of energy must now considered with a new 
interest especially in the building heating and cooling.  

Geothermal energy as environmentally friendly energy 
source with wide range of applications such as for space 
heating and cooling, hot water supply and applications in 
the agricultural field has been used in practical engineering. 
The well-known application is for space heating and cool-
ing in residential and commercial buildings with using 
ground source heat pump system [1]. 

Ground-source heat exchangers provide a new and 
clean way of heating buildings in the world. They make 
use of renewable energy stored in the ground, providing 
one of the most energy-efficient ways of heating build- 
ings. They are suitable for a wide variety of building 
types and are particularly appropriate for low environ- 
mental impact projects. They do not require hot rocks 
(geothermal energy) and can be installed in most of the 
world, using a borehole or shallow trenches or, less 

commonly, by extracting heat from a pond or lake. Heat 
collecting pipes in a closed loop, containing water (with 
a little antifreeze) are used to extract this stored energy, 
which can then be used to provide space heating and 
domestic hot water [2]. 

In the last decade the development of GHE technology 
has registered a great interest worldwide. The first work- 
ing GSHP prototype was installed in the USA in 1945 as 
a demonstration device and it succeeded in showing 
clearly the big advantages of such an innovative solution. 
The ground heat exchanger (GHE) is an important part of 
the ground source heat pump (GSHP), it consists of a 
length of pipe buried at reasonable depth below the 
ground surface. There are many basic types of ground 
loop systems [3-6]. The GHE is best depends on the cli- 
mate, soil conditions, available land, and local installa- 
tion costs at the site. 

In the open literature, many researches works have 
been conducted, modeling and testing of ground coupled 
heat pump systems [7-18].  

Esen et al. [7] have tested the performance of an 
air-conditioning system formed by a ground coupled heat 
pump with two different depths for ground exchanger: 1 
m and 2 m. Their experience showed that the ground 
exchanger performance increases with the depth (2.5 for *Corresponding author. 
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1 m and 2.8 for 2 m). They have also carried out a com- 
parative economic evaluation [9]. Zhao et al. [10] indi- 
cate that heat transfer mainly happens near the outer wall 
of coaxial GHE and inclines to stabilization at far-field, 
they also have concluded that the inlet temperature, ini- 
tial temperature of porous medium and the flow rate are 
major factors affecting heat transfer. Cui et al. [12] have 
developed a finite element numerical model to simulate 
hybrid ground-coupled heat pump with domestic hot wa- 
ter heating (DHW). Authors have concluded that The 
HGCHP can offer almost 95% of total DHW demand in 
this case study along with about 70% energy saving 
compared to the electric heater. Bi et al. [17] have em- 
ployed a two-dimensional cylindrical coordinate system 
to model a ground heat exchanger. A CFD simulations 
have been carried out by Congedo et al. [18] to analyses 
three main geometries of horizontal ground heat ex- 
changers: linear, helical and slinky. In their study, the 
authors have concluded that the most important parame- 
ter for the heat transfer performance of the system is the 
thermal conductivity of the ground around the heat ex- 
changer, they have also showed that the choice of the 
velocity of the heat transfer fluid inside the tubes is a key 
factor for heat transfer performance for all the arrange- 
ments. 

In this paper, an experimental set-up was constructed 
for climatic condition of Borj Cedria localized in the 
north of Tunisia. The aims of this study are first to 
evaluate the Tunisian geothermal energy and second to 
test the performance of horizontal ground heat exchanger 
with 25 m of length buried at 1 m depth. 

2. Experimental Set-Up 

2.1. Description of the System 

The schematic arrangement of the experimental system is 
given in Figure 1. The experimental set-up consists 
mainly of two units: the ground heat exchanger (GHE), 
which its photograph is chow in Figure 2 and the heat 
pump. The GHE consists of a polyethylene tube, 16 mm 
in internal diameter, buried at 1 m depth. The distance 
between tubes is 0.3 m to minimize the interference be- 
tween them. An air-liquid Clivet type heat pump was 
used to design tests. The specifications and characteristics 
of the components of the experimental system are given 
in Table 1. 

2.2. Measurements Procedure 

The experimental approach consists to fix the water 
temperature and mass flow rates at the inlet of the ex- 
changer, when the temperature in the outlet side of the 
exchanger is stabilized (steady-state), we note the outlet 
temperature, which used to accurate the experimental 
analysis. Various tests were carried out in a range of 

 1  GHE 
2  Valve 
3  Circulating pump 
4  Heat pump 
5  Flow meter 
6  Data acquisition chart

 

Figure 1. Schematic of the experimental system. 
 

 

Figure 2. View of the GHE buried at 1 m depth. 
 

Table 1. Experimental parameters. 

Heat pump information  

Capacity (kW) 
Compressor type 
Refrigerant type 

21.9 
Copeland Scroll,

R-22 
Ground heat exchanger information  

Configuration type 
Pipe materiel 
Length of pipe (m) 
Internal diameter (m) 
External diameter (m) 
Piping depth (m) 
Pipe distance (m) 

Horizontal 
Polyethylene 

25 
0.016 
0.02 

1 
0.3 

Circulating pump information  

Type 
Power (W) 

Salamson 
30 

  
mass flow rate between 0.06 and 0.2 kg·s−1. 

In the present study, the temperature and masse flow 
rates, were measured by appropriate instruments explained 
below: 
 The inlet, outlet temperatures of GHE and the ground 

temperature were measured by using thermocouples. 
 The water mass flow rate was measured by a rotameter. 
 The pressures losses were determined with empirical 

formula in the literature [19]. 
All measured temperatures were recorded by using a 

multi-channel data-logger type HP, which were stocked 
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in a PC. The experimental results were obtained from the 
ground-source heat pump-system in the cooling season of 
2010-2011. 

2.3. Uncertainty Analysis 

Uncertainty analysis is needed to prove the accuracy of 
the experiments. In this study, errors came from the sensi- 
tiveness of equipment and measurements explained previ- 
ously. First; errors due to measurement of temperature are: 
1) sensitiveness of data acquisition system, about ± 0.1%˚C; 
2) measurement error is ±0.2% and 3) sensitiveness of 
the thermocouple is ±0.1%˚C. The sensitiveness was 
obtained from a catalog of the instruments. Second, er- 
rors came from the measurement of the flow rate: 1) the 
sensitiveness of the flow meter is about ±0.1% and 2) 
errors due to measurement are about ±0.1%. In total, 
errors of measurement of the flow rate are about ±0.2%. 

3. Soil and Climate Properties 

3.1. Soil Characteristics 

In geothermal systems applications, deposition or extrac- 
tion of thermal energy from the ground is accomplished 
by using a ground heat exchanger (GHE). The operation 
of this heat exchanger induces a simultaneous heat and 
moisture flow in the surrounding soil. The transfer of 
heat between the GHE and adjoining soil is primarily by 
heat conduction and to a certain degree by moisture mi- 
gration. Therefore, it depends strongly on the soil type, 
temperature and moisture gradients [20].  

The soil thermal diffusivity () is a defined property 
and is the ratio of the thermal conductivity () and the 
heat capacity (C) (Table 2). Therefore, the three soil 
properties, ,  and C must be known or estimated to 
predict the thermal behavior of GHEs [21]. Obtaining 
accurate values for the thermal properties of the soil re- 
quires a detailed site survey. In order to estimate the 
thermal properties of granular soils (sand, clay, silt), it is 
necessary to determine the sand and clay content, dry 
density and moisture content [22]. 

3.2. Weather Data 

The experimental set-up was established at the Research 

Table 2. Thermal properties and physics of the principal 
components of the ground [23]. 

 
Density 
 kg·m−3 

Heat capacity 

C, kJ·K−1·kg−1

Heat capacity 

C, MJ·K−1·m−3 

Thermal 
conductivity 
, W·K−1·m−1

Minerals 
(average) 

2.65·103 0.80 2.10 2.90 

Organic 
substance 

1.30·103 1.90 2.47 0.25 

Water 1.00·103 4.20 4.20 0.585 

Air 1.25·103 1.00 1.25 0.023 

and Technology Center of Energy, Borj Cedria, northern 
Tunisia, latitude 36.83 and longitude 10.23. The climatic 
conditions of Borj Cedria for average values (monthly 
average minimum, maximum and mean outdoor tempera- 
ture, the monthly averages of relative humidity, wind 
velocity, solar radiation and Average soil temperature at 
1 m depth for the cooling season) are given in Table 3. 

4. Analysis 

In this study we will consider only the heat exchange 
which is making in stationary regime. The heat transfer 
inside a pipe is makes by forced convection. When we 
consider an infinitesimal element dx of a tube in the 
coolant flow direction, the heat exchange rate Qe is given 
by the following expression: 

     d deQ mCpdTf x U x Tf x Tg    S     (1) 

By admitting that the overall heat transfer coefficient 
remains constant all along the exchanger, (U(x) = U), 
after integration, the preceding equation gives 

    Ln o g i gmCp T T T T US         (2) 

where Ti and To are the exchanger inlet and outlet tem-
perature respectively.  

The heat exchange rate Qe was calculated from the 
following equation:  

eQ mCp T   

(1) and (2) give 

     / Lne o gQ US T T T T T   i g      (3) 

where 

 
 

Ln
o g

i g

T

T T

T T







 

 
Table 3. The climatic conditions of Borj Cedria over cooling 
season of 2010-2011. 

Month 
 

May June July August

Average outdoor temperature (˚C) 20.3 23.8 27.3 27.2

Minimum outdoor temperature (˚C) 9.5 11.6 16.5 17.2

Maximum outdoor temperature (˚C) 31.3 36.9 39.8 38.9

Average relative humidity (%) 65.9 62.2 61.2 64.5

Average wind velocity (m/s) 3.6 3.7 3.3 3.1 

Average solar radiation (KWH) 413.5 448.0 475.5 454.1

Average soil temperature at 
1 m depth (˚C) 

19.8 23.2 24.5 25.2
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represents a log mean temperature difference DTLM, so 
the heat exchange rate can be puts as follows 

eQ USDTLM               (4) 

To evaluate the performance of the GHE, we often use 
the energy efficiency concept. It is defined by the ratio of 
the really heat exchange rate (Qe) and the theoretically 
possible of maximum heat exchange rate (QMax), it is 
expressed by: 

(max)eQ Q                (5) 

with  

maxQ mCp  T'             (6) 

The exchanger energy efficiency is written then: 

T T'                  (7) 

The pressure losses must be calculated in order to be 
able to balance the various criteria the ones compared to 
the others. For the calculation of the pressure losses, we 
must calculate the linear and singular pressure losses 

total lin sinp p    p           (8) 

The linear pressure loss for a flow in a rectilinear con-
trol is determined in the following way [24]: 

2 = u 2p L D            (9) 

The calculation of the loss ratio of load () depends on 
the nature of the flow, laminar or turbulent. This last 
gives place to more significant pressure losses. The sin- 
gular pressure loss is defined by [24]: 

2 = up   2             (10) 

5. Results and Discussions 

The ground temperature constitutes an essential data in 
the installation of GHEs. To determine the ground tem- 
perature, we installed in different ground levels, thermo- 
couples which are connected to an acquisition system 
data. The ground temperature results at various depths (d) 
measured in summer (21-23 June 2010) is shown in Fig- 
ure 3, we can note that the ground sees its temperature 
changes decreased exponentially with depth. This de- 
crease diminished as the ground depth increases because 
the high thermal inertia of the ground. 

Measurements show that the ground temperature be- 
low a certain depth remains relatively constant. The 
temperature at 1m depth is about 23˚C while the outdoor 
temperature is about 37˚C. When the temperature at 1m 
depth was compared with the outdoor temperature, we 
established that Tunisia benefits from an important natu- 
ral geothermal source. Figure 4 shows the curves of the 
heat exchange rate versus the log mean temperature dif- 
ference (DTLM) for the following flows rate: 0.06, 0.08, 
0.1, 0.12 and 0.16 kg·s–1 and for a variety of inlet tem-

perature ranging between 30˚C and 50˚C. 
The experimental variation of the heat exchange rate 

(Qe) versus the log mean temperature difference (DTLM), 
is linear. The respective slopes of these lines brought 
back to the unit of surface are, in steady state, the overall 
heat transfer coefficient, U, of the exchanger. 
 

 

Figure 3. Soil temperature at several depths 21-23 June 2010. 
 

 
      (a) 

 
      (b) 

 
      (c) 
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       (d) 

 
       (e) 

Figure 4. Heat exchange rate versus the log mean tempera- 
ture difference for the following flow rates (a) 0.06 kg·s–1; (b) 
0.08 kg·s–1; (c) 0.1 kg·s–1; (d) 0.12 kg·s–1; (e) 0.16 kg·s–1. 
 

The overall heat transfer coefficient values are re- 
grouped in Table 4. We can conclude from Table 4 that 
the overall heat transfer coefficient, U, increases versus 
the mass flow rate. This increase is not linear. It is 
slowed down by the pressure losses. The overall heat 
exchange coefficient reached, during experiments, a maxi- 
mum value of 59.02 W·m−2·˚C−1 for a 25 m of exchanger 
length and mass flow rate about 0.12 kg·s−1. The use of 
the exchanger with lower flows decreases notably the 
overall heat transfer coefficient. 

The use of the ground coupled heat pump aims essen- 
tially to have the maximum of the heat exchange rate, 
this quantity depends from many parameters. In our 
study we try to test the effect of the water coolant flow 
rate on this quantity, so we represent in Figure 5 the heat 
exchange rate Qe variation versus mass flow rate. 

It is noted that the heat exchange rate tends towards a 
limiting value about 650 W obtained for a water mass 
flow rate about 0.12 kg·s–1. Thus 0.12 kg·s–1 is the opti- 
mal mass flow rate. Indeed, any increase in the flow of 
water coolant beyond this value, does not affect the heat 
exchange rate. We can also concluded from this figure 
that the heat exchange rate, when the temperature in the 
outlet side of the exchanger is stabilized (steady-state) 
and for the masse flow rate about 0.12 kg·s–1, is about 26 
W/m witch reflects the importance of geothermal energy 
in Tunisia. 

The energy efficiency of the ground heat exchanger is 
determined by the NTU, the results are shown in Figure 6. 

It is noticed from this figure that the energy efficiency 
increases with NTU, which ranging from 14.3% to 
28.4%. Indeed, the NTU determines the residence time of 
the water on the heat exchanger surface and thus also the 
amount of heat that it can absorbs by the ground. Conse- 
quently when the NTU increases the residence time of 
the water in the heat exchanger increases, thus the outlet 
temperature increases witch increase the energy effi- 
ciency. 

To calculate the pressure loss we must first calculate 
the Reynolds number Re (Table 5) to estimate the type of 
flow for the various flows used. 

It is seen, in the Table 5, that for the range of the 
flows which we considered in our experimental study, it 
is difficult to obtain a laminar flow. We will thus con- 
sider for the continuation the pressure loss for a turbulent 
flow. In this case, the loss ratio of load can be determined 
by the Blasius relation: 

0.25

0.3164

eR
   

 
Table 4. The overall heat transfer coefficient. 

Mass flow rate (kg·s–1) 0.06 0.08 0.1 0.12 0.16

U(W·m–2 ˚C) 
29.1

5 
45.0

4 
58.4

1 
59.0

2 
58.9

8 

 

 

Figure 5. Heat exchange rate versus the flow rate for Ti = 
30˚C. 

 

Figure 6. Energy efficiency versus NTU. 
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Ta r. 

Mass flow rate (kg·s–1) u (m·s–1) Re 

ble 5. Calculation of the Reynolds numbe

0.06 0.299 5941 

0.08 0.39 7922 

0.1 0.49 9902 

0.12 0.59 11,883 

0.15 0.74 14,854 

 
 Figure 7 we represent the variation of the press

lo

th the experimental and 
nu

total heat rejected by using the HGSHE system 
w

 horizontal ground heat excha

In ure 
ss versus mass flow rate. It is noticed that more the 

mass flow rate increases more the pressure loss increases 
too (Equations (9) and (10)). This is due to the several 
accidents met by the liquid coolant inside the exchanger. 
For the experimental masse flow rate (0.12 kg·s–1) the 
pressure loss is about 8.43 kPa. 

This result is compatible wi
merical study published in the literature (Missirlis et al. 

[19]). 
The 

as compared to the total cool requirements of a tested 
room (4 m × 3 m × 3 m), which the temperature of ther- 
mal comfort under cover is 26˚C in summer, in climatic 
condition of cooling season of Tunisia. We established 
that for the optimal flow rate procurement found (0.12 
kg·s–1), the maximum thermal power extracted from the 
ground is about 650 W. this value represents 38.5% of 
the cooling loads of the room test. The results showed 
that Tunisia have an important thermal potential. This 
favourable circumstance allows Tunisia to be a pioneer in 
the exploitation of geothermal energy for the installation 
of ground source heat pump systems. 

6. Conclusions 

In the present study nger 
was buried at 1 m and tested in the Research and Tech- 
nology Center of Energy, Tunisia. The following conclu- 
sions can be drawn from this study:  
 

 

Figure 7. Pressure loss versus mass flow rate. 

 The tation 

y efficiency for the GSHE system considered 

ture in the 

mass flow rate, for 

1m depth, 

thank the Laboratoire des 

[1] Jalaluddin and erformance Inves- 

rmal potential in Tunisia offers a good exploi
of horizontal ground source heat exchanger (HGSHE), 
indeed the experimental ground temperature shows 
that, at sufficient depth, it is always lower than that of 
the outside air in summer. It can be seen also that the 
ground temperature is nearly constant below a depth 
of 1 m;  

 The energ
are found to range from 14.3% to 28.4%;  

 The heat exchange rate, when the tempera
outlet side of the exchanger is stabilized (steady-state), 
is about 26 W/m witch reflects the importance of sur- 
face geothermal energy in Tunisia; 

 The pressure loss increase with the 
the optimal mass flow rate obtained (0.12 kg·s–1) the 
pressure loss is about 8.43 kPa; 

 The GHE, with 25 m of length buried at 
covers 38.5% of the total cool requirement of a tested 
room with 12 m2 surface. 
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Nomenclature 

m    Mass flow rate kg·s  −1

−1 −1

Cp  Specific heat of water at constant pressure, 
kJ·kg−1·˚C−1 

T  Temperature difference between the inlet and 
outlet GHE of circulated water, ˚C 

T’     Temperature difference between the inlet GHE 
of circulated water and the ground at 1 m depth, 
˚C  

L  Exchanger lengths, m 
D  Exchanger diameter, m 
p  Pressure loss, kPa 
Qe  Heat exchange rate, W 
T  Temperature, ˚C 

−1u  Velocity, m·s  
d  Depths, m 
C  Heat capacity, kJ·K ·kg   

NTU  Heat transfer units number, 
p

US

mC
  

DTLM The log mean temperature difference 
 
Greek letters 
  Water density, kg·m−3 
   Linear loss ratio of load 
   Singular loss ratio of load 
      Thermal conductivity, W·K−3·m−3 

 
Subscripts 
in  Inlet 
o  Outlet 
f  Fluid 
g  Ground 
lin  Linear 
sin  Singular 
 
Abbreviations 
GHE  Ground heat exchanger  
GSHP Ground source heat pump 
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