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ABSTRACT:

The Earth’s large amount of thermal energy is virtually an inexhaustible resource often placed too deep in the ground. Making use of
this kind of energy is possible in limited areas. In this paper we analysed a GSHP system, in Galati city (Romania), for which we
monitored the available thermal energy. For the analysis we used operational reliability theory, the concept of degradation, which in
this case means a reduction of the ground’s thermal capacity as a result of continuous exploitation, meaning low temperature of the
thermal agent used for transporting the heat from the ground to the primary exchanger of the heat pump. The decrease of thermal
energy supply in the ground means that the heat pump wills no longer function properly in order to provide the energy for heating the
building. The term time to failure refers to the time when the ground can no longer provide the minimum required energy for the heat
pump operation, in terms of energy efficiency. What we want with this approach is to offer a solution in order to control and manage

the heat pump operation.

1. INTRODUCTION

Ground source heat pump systems are used in many
applications for heating or cooling residential buildings.
Ground source heat pump coupled with energy efficient
building all controlled by a building automation system
represents a solution to reduce the energy consumption in
buildings according with requirements (Hong W. et al.,
2018). The green intelligent building is the result of 4C
technology development: computer technology, control
technology, communication technology, cathode ray tube
graphics display technology (Song J. F., 2009).The building
automation system is a multi-protocol architecture for a
variety of applications and it is necessary to solve various
problems about integration between the equipment and its
subsystems (Jing P., 2016), (Wang L., 2015). In that sense
application of renewable energy is the basis for European
integration but also application of energy indicators
represents the basis for environment protection (Malenovic-
Nikolic J. et. al., 2018).

Design of GSHP systems is a multi-disciplinary process with
interactions between different components of the system.
The design inputs include local climate, building layout and
use to establish the duration and frequency of the thermal
loads applied to the ground. The design of the components
of the system must also consider the interaction between heat
pumps, fluid circulation pumps, absorber fluid, absorber

piping and other connections (ASHRAE, 2007), (Johnston I.
W. et. al., 2011). A ground source heat pump uses the ground
as a heat exchanger in heating or cooling systems in buildings.

For our system, a ground heat exchanger is used to exploit the
geothermal energy with the heat extraction from the deep
ground using vertical boreholes as U tubes. The vertical U
tubes are mainly used because it needs small land areas and
higher thermal efficiency than those for horizontal heat
exchangers. In vertical tubes the working fluid is water —
antifreeze which circulates through the tubes that are inserted
into a borehole which is drilled underground at 100 m, with a
diameter of 100 mm. The advantage of ground source heat
pumps systems, including the efficiency performance, may be
lost if the sizing of ground heat exchanger is not properly
designed (Hu P.F. et. al., 2013). A problem that occurs in
sizing the ground heat exchanger is the asymmetrical
boundary condition in the analysis of heat transfer between the
working fluid and the surrounding soil (Hu P.F. et. al., 2013).

In practical conditions, the fluid temperature differs along the
U tubes and the heat transfer from the two legs of the U tubes
is influenced by each of them (Hu P.F. et. al., 2013). The
temperature difference between the inlet and outlet of the U
tube near the ground surface represents the heat
exchangeability of the ground heat exchanger. The
temperature of the working fluid in the ground heat exchanger
should vary depending on the ground’s thermal diffusion state
with the running time of the heat pump (Hu P.F. et. al., 2013).
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As a building energy conservation technique, ground source
heat pumps have increased substantially due mainly to ever
increasing high prices of energy and to environmental concerns
owing to excessive energy consumption. Bhutta M.M.A. et.al.
(2012), analyse CFD techniques and came to the conclusion that
for the simulation of heat exchanger design they would be
precious means. The geothermal heat exchangers represent the
base for the normal operation of heat pump systems, and the
rock-soil type and the longitudinal temperature distribution are
vital for the thermal characteristics. Moreover, the surrounding
rock-soil is nothing but a hindrance in heat transfer which is a
complicated stable process. Significant research has been
carried out into the phenomenon of heat transfer, especially on
geothermal heat exchangers and the research was aimed at
experimentation, numerical simulation and theoretical analysis
models ( Hu P.F. et. al., 2013), (Bouhacina B. et.al., 2015),
(Katsura T. et.al., 2008), (Nam Y. et.al., 2008), (Shang Y. et.al.,
2011). Their contribution consists of a method meant to
calculate the temperature of rock-soil in conditions of pipe-
group heat extraction with the help of a temperature
superposition starting from the linear heat source theory®
anticipated the existence of the rock-soil temperature variation
between the functioning and recreation period of ground source
heat pumps by setting up a 3D model of a single-well, single-U
heat exchanger in combination with multi-aperture theory. The
outcome showed that the soil characteristics bear a bigger
impact on the soil temperature than the environmental factors
do. Choi etal. administered a CFD numerical simulation
method in order to evaluate the influential aspects that include
shank spacing, borehole depth, flow velocity and differential
temperature of the inlet/outlet on the heat transfer rate of the
ground source heat pump.

In the paper presented below we analysed a ground source heat
pump (GSHP) system, in Galati-Romania, for which we
monitored the available thermal energy. For the analysis
procedure we used operational reliability theory, the concept of
degradation, which in this case means a decrease of ground’s
thermal capacity as a result of continuous exploitation meaning
low temperature of thermal agent used to transport the heat from
the ground to the primary exchanger of the heat pump. The term
time to failure refers to the time when the ground can no longer
provide the minimum required energy for the heat pump
operation, in terms of energy efficiency. We want with this
approach to offer a solution to control and manage the heat
pump’s operation.

1. EXPERIMENTAL

For our study to measure the thermal energy extracted from the
ground we designed a heat pump system coupled to ground. The
measurements of temperature outlet/ inlet to thermal energy
extracted from the ground were made using sensors, one for the
outlet pipe from the ground, S1 and other inlet to the ground S2,
the registration of data were made with a data logger. The heat
pump functional scheme is presented below in Figure 1. The
external network is represented by the ground heat exchanger
and the primary exchanger of the heat pump. The thermal agent
is transported by the circulating pump P1. The interior network
is represented by the condenser of the heat pump to the storage
tank.

Consumers

s1
From ground heat
exchanger

Figure 1.The functional schema of Heat pump NIBE use for
research

The place where the drilling and the mounting of the soil heat
exchanger took place is presented in Figure 2 below. The
perimeter where the drilling took place and a detail relative to
the tube that was used are presented in Figure 2.

Figure 2.Location of heat exchangers with soil/ The tube
protection. The position of drillings (three) is marked with red.
The scale is 1:500

The soil heat exchanger is made up of three vertical U-tubes,
each having a depth of 100m. The diameters of the drilling and
pipework used are: D - drilling diameter -110mm, d - external
diameter of pipes-35mm, internal diameter of pipes 32mm, b -
distances between pipes 50mm.

2.1. Power law theory

Degradation (Mcpherson, 2010) is described as one of the
consequences of the Second Law of Thermodynamics - entropy.
The evidence for degradation is apparently everywhere in
nature. All devices /equipment are fabricated from materials
that will tend to degrade in time. The materials’ degradation
will continue until some critical device parameter can no longer
meet there required specification for proper device
functionality. Equipment failure, either electrical or mechanical,
can usually be attributed to the degradation of a given material
under stress. The term stress is very general and not restricted
just to the more common meaning: mechanical stress. Stress
refers to any external agent which is capable of causing a
degradation to occur in the material properties so that the
device/ equipment can no longer function properly in its
intended application.
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S represents a critically important parameter and let us assume
that S changes monotonically and relative lowly over the
lifetime of the material/device/ equipment. A Taylor expansion
about t=0, produces the Maclaurin Series (MCPHERSON,
2010):
as 1,9%s
S(t) =S + (§)t=o +§(ﬁ)t=ot2 +oe (1)

The expansion can be approximated by simply introducing a
power-law exponent m and writing the above expansion
(MCPHERSON, 2010):

§=S[1+A4,(t)™] 2
Where Aq is a material/device-dependent coefficient and m is
the power-law exponent. Apand m are adjustable parameters
that can be extracted from observed parameter-degradation data.
For +A,, the observed parameter S increases monotonically

with time, where for -4, it decreases.
When S parameter decreases with time

§=5p[1—A4,()™ (€)]
Taking the logarithm of both sides of Eq. (3):

In(S*) = min(t) +In (4,) (4)

The critical parameter in our case S is Qsoil = the energy
extracted from ground is:

Qui gy = Quonro + [%) %[%Jt S )
Qui = Qui ot A )] ©)

In(Q" 1) = min(t)+ In(4,) @
Q= oot g ®

s0il 0

Where thermal energy extracted from ground Qo [wri;
thermal energy extracted from ground the lowest value Qsoil,o

=483[W].

The thermal energy measure provided by the ground is
presented in Figure 3:
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Figure 3.Variation of Qs with time

2.2. Results and discussion

Using the data above and Eqs7,8, we get the results presented
below:

In[(Qsoil-Qsoilo)/ o

In(t)

Figure 4. Graphical representation of (Eq. 7)
From the graph above results the values for M 5,239 and Ao
=exp (-0.240).The equation given by (Eq 3) is:
Q501 =483[1-0.786(t)***"] )

Analyzing Figure 4 for m(1 the degradation rate of the ground
thermal energy is:

R= daniI* — m(t)mfl (10)
dt
R 0,230t " ay

2. CONCLUSION

With this theory we can evaluate any type of grounds with
different structures, the heat capacity in different intervals of
time. So, we can appreciate the moment when we must act to
regenerate the thermal capacity of the ground. A continuous
exploitation of the soil to supply energy can lead to the severe
degradation of it. The (Eq9) offers the possibility to evaluate the
thermal energy extracted from the ground in time, after a
number of hours of operation of the heat pump. It is well know
that the thermal energy from the ground depends on the climate
variation. So, a continuous operation mode of the heat pump is
not recommended. Equation 9 is a possible solution to evaluate
the value of heat energy from the ground and it could offer
theoretical information about the quantity of thermal heat at
different moments of time.

Originality of the paper:
1. The formulation of QSOiI variation power law (with time),

law which can be adapted for different geographical areas, with
different clime depending on the soil structure, according to
some measurements.

2. The heat pump operation using a program depending on the
heat capacity of the ground.

3. It could be a procedure to establish the time when we must
act to regenerate the soil using artificial methods.
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