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A B S T R A C T

This work emphasizes the exploitation of renewable energy sources for heating a green-

house, which requires the use of a horizontal heat exchanger, a heat pump associated with

a solar collector in numerical and experimental investigations. This study demonstrates the

performance of a heat pump system assisted by solar and geothermal energy under the

climatic conditions of Tunisia. This system was designed and installed in Thermal Process

Laboratory; Research and Technology Centre of Energy CRTEn Borj Cedria. The surface area

and of the glass greenhouse used in the experimental model are 14.8 m2 as surface area.

We precede several experimental data for realizing a numerical model based on TRNSYS

software. For this point of view a numerical model was improved using 100 m2 and 229.5 m3

as surface and volume areas. The water-air heat pump is coupled with a ground heat ex-

changer (GHE) with 1m of depth. The distance between two consecutive tubes is 0.3 m. The

surface area of the solar collector is 8 m2.
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Étude numérique et expérimentale d’une boucle fermée pour
un échangeur de chaleur géothermique couplé à un système
de pompe à chaleur et un capteur solaire pour chauffer une
serre en verre au nord de la Tunisie
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1. Introduction

Based on the studies of the renewable energetic aspects of the
agricultural and residential building heating systems which have
appeared in the open literature,we can conclude that solar energy
and the geothermal surface of water are great interests in this
field.

In literature, there are many reported theoretical and ex-
perimental studies, which explain the thermal energy and the
solar energy accumulated in the soil and coupled with a hori-
zontal heat exchanger may be used for heating the greenhouse
system. A real success of solar integrated energy system re-
quires a good solar cooling and heating system, Badran et al.
(2004) have illustrated an experimental study for an inverted trickle
solar still. The two identical flat plate collectors of the conven-

tional fin tube configuration was developed by Badran and Jubran
(2001). Numerical simulation, technical and economic evalua-
tion,and aspects of air-to-earth heat exchangers was investigated
by Bojić et al. (1999) and Kuang et al. (2003). Many experimental
studies have reported various types of research classified in three
groups as follows: (i) solar collectors coupled with a heat pump
system associated with a single zone, (ii) heat exchanger coupled
with a heat pump, (iii) solar collectors coupled with a heat ex-
changer and a heat pump for heating the greenhouse. In reference
Bakirci(2010),Esena et al. (2007),and Ozgener and Ozgener (2010a,
2010b) an experimental study in the area “heating a green-
house for the Mediterranean climate using the underground air
tunnel system coupled with a flat plate solar collector” or “a
vertical-horizontal heat exchanger coupled with a heat pump
and a greenhouse system”. Ozgener (2010) and Ozgener and
Ozgener (2010a) concluded that her system can provide 60, 8%
on the need of thermal energy. The experimental results pro-
vided in Bakirci(2010) and Esena et al. (2007) show that the average
values of the COP of the heat pump and the COPsyst of the global
system varied between 3 and 2.6.The cooling of the glass green-
house using the coupling of the heat pump and the storage tank
was assured in Yang and Rhee (2013). The comparison of the
experimental results between the coupling of the heat pump
system associated with a vertical heat exchanger and a heat pump
system associated with a horizontal heat exchanger was evalu-
ated in Benli(2013) and Petit and Meyer (1997) and improved by
the integration of the solar energy in Kuang et al. (2003). The
heat pump and the storage tank related with a thermostatic valve
that has a capacitance equal 150 L was presented and was ana-
lyzed in Li et al. (2007).The performance of the heat exchanger
was also evaluated and was discussed in the research of Esena
et al. (2007), when they found that increasing the depth ame-
liorates the performance of this component.The solar collector
coupled with a heat exchanger and a heat pump system pre-
sented by Chaturvedi et al. (2009), Esen and Yuksel (2013), and
Gorozabel Chata et al. (2005), is an example very close to our
work, the performance of geothermal heat pump in the night
was evaluated. The research made by Çakır et al. (2013), Kwon
et al. (2013), Moreno-Rodriguez et al. (2013), and Wood et al. (2010)
is based in a experimental study which examines at each time
the performance of the heat pump in the installation. A com-
pression heat pump and a geothermal heat pump have been
used for heating a residential building (Kwon et al., 2013; Wood
et al., 2010). With the same climatic conditions, the heat pump
working with more sources in the level of the evaporator was
compared in Çakır et al. (2013).The air–air heat pump, the water–
air heat pump, the water–water heat pump and the air water
heat pump have been tested in Çakır et al. (2013). A heat pump
with a nominal capacitance assisted with a solar collector and
a geothermal heat pump coupled with a vertical heat ex-
changer have been studied and analyzed with the experimental
data in Moreno-Rodriguez et al. (2013).

In addition, numerical studies have been developed to ame-
liorate the research in the scope “modeling and simulation a
heat pump coupled heat exchanger associated with building
systems”. Recently Chargui et al. (2012, 2014) have ameliorated
a numerical study on TRNSYS software which is based on ame-
liorating the performance of the heat pump for heating the
agricultural greenhouse or residential building. In the same field,
Awani et al. (2015) studied the heating of two types of green-

Nomenclature

A collector area [m2]
A1,A2 surface area of various components in

greenhouse [m2]
COP coefficient of performance (−)
COS(φ) the power factor (−)
Cp specific heat of water at constant pressure

[KJ Kg−1K−1]
Cpf specific heat of collector fluid [KJ Kg−1 K−1]
fc construction type of quality factor for

greenhouse (−)
fs system factor for greenhouse (−)
fw wind or exposure factor for greenhouse (−)
H1,2,3,4 enthalpy in evaporator, condenser,

compressor, holder [J Kg−1]
Icom the current of the compressor [A]
IT global radiation incident of the solar

collector [KJ h−1 m−2]
L length [m]
�m mass flow rate [Kg hr−1]
�mrg mass flow rate of refrigerant R134a [Kg hr−1]

Qc the useful heat of the condenser [KJ hr−1]
�Q com the useful heat of the compressor [KJ hr−1]

Qev the useful heat of the evaporator [KJ hr−1]
Qexp the experimental heat exchange rate [W]

Qeexp the heat exchange rate per unit length [W]
Qu the useful heat that is received from the

collector [KJ hr−1]
Q(MAX) the theoretically possible of maximum

heat exchange rate [W]
�Q GHL the heat loss [KJ hr−1]

R1,R2 thermal resistance of each component in
greenhouse [m2 °C W−1]

T temperature [°C]
Vcom the voltage of the compressor [V]
Wcom the power of the compressor [W]

Greek letters
ε exchanger energy efficiency (−)
η collector efficiency (−)
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