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Abstract

Earth / water heat pumps using vertical heat exchangers do not require large areas and do not depend on the intensity of
the sun s radiation that strikes the surface of the earth. Vertical heat exchangers work efficiently in virtually all geological
environments, except for low thermal conductivity soils such as dry sand or dry gravel. As the forced circulation media is
selected anti-freeze mixtures with water in proportion to the requirements of the operating conditions. Circulation of the
working medium in the deep hole requires circulation pump. The paper presents a design of equipment for the usage of low-
potential heat collected from rock in a deep borehole by means of heat pipes (HP). Part of the paper deals with the processing
of measurement results gathered from the comparative experimental equipment requiring forced and unforced circulation
(heat pipe) of the working substance on the primary side of the heat pump.
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Streszczenie

Gruntowe pompy ciepta wspolpracujgce z wymiennikami pionowymi nie wymagajq znacznej powierzchni terenu i nie sq
uzaleznione od natezenia promieniowania stonecznego padajgcego na powierzchnie Ziemi. Gruntowe pionowe wymienniki
ciepla dzialajg wydajnie praktycznie w wigkszosci gruntow, oprocz tych o niskiej przewodnosci cieplnej takich jak suchy
piasek czy suchy zZwir. Czynnikiem roboczym jest niezamarzajgcy roztwor wodny o sktadzie wynikajgcym z wymagan eksp-
loatacyjnych. Przepbyw czynnika w obiegu zapewnia pompa cyrkulacyjna. Artykut prezentuje projekt uktadu do odzysku ni-
skotemperaturowej energii geotermalnej przy uzyciu pompy ciepta wspotpracujqcej z pionowym wymiennikiem gruntowym.
Czesé¢ artykutu dotyczy obrobki danych pomiarowych zebranych porownawczo dla obiegu wymuszonego i cyrkulacji natu-
ralnej (jako rura cieplna) czynnika roboczego.

Slowa kluczowe: rura cieplna, energia geotermalna

1. Introduction

The heat falling on the Earth surface due to solar
radiation is timely highly unstable and influences the
heat flow in the Earth rocks up to the depth ranging
from 10 to 20 meters. Yearly and daily changes in
solar radiation intensity and outer air temperature
cause temperature variations in the thin layer of the
Earth’s surface. Heat regime in the depth greater than
the depth of the neutral zone (in Slovakia approx. 14
m), is formed due to the effects of heat characteristics
of the Earth’s core. The flow of radiogenic heat
produced inside the Earth is practically stable and
is not influenced by any seasonal or other changes
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of weather and temperature. The temperature of
the Earth increases with the depth from the surface
in compliance with the geothermic gradient of a
particular geological structure (approximately 3°C
for every 100 m). The amount of radiogenic heat from
inside the Earth differs for different areas of the Earth
crust. The heat flow for Central Europe ranges from
0.05t0 0.12 W-m2.

When using low-potential geothermal energy there
are two basic systems — the system with a forced
circulation of a heat carrying medium or the system
with thermosiphon effect without a forced convection
in a ground heat exchanger. In both systems the heat
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pump compressor circulation is predominantly used
for the heat potential transformation.

Heat carrying substances used for forced circulations
in the heat pump primary circuit are usually mixtures
of water and antifreeze, such as, e.g. ethylene glycol,
tyfocor, salt brine, etc. Owing to the fact that relatively
efficient circulation pumps need electricity for their
operation, new ways of heat transfer without a forced
circulation of heat carrying medium in the ground heat
exchanger are looked for. Heat pipes with suitable
charge seem to be a perspective way of collecting heat
from rocks without a forced circulation of a working
substance. In such a system the heat carrier flows in
the pipe without additional energy supply with small
temperature difference making use of the properties of
heat transfer at phase changes. The device working on the
mentioned principle of heat transfer is called a heat pipe.
Heat pipes have been recently commonly used for the
cooling of electronic components and electronic devices

(processors, transformers, etc.) and are examples of real
usage of heat transport without a forced circulation of
a heat carrier. In heat technology heat pipes are used
also for solar energy transfer in high-efficiency solar
collectors and in systems for heat recovery.

A design of device for low-potential heat collection
The device for low-potential heat collection from
the rock in a deep borehole was realized by means
of a conventional and unconventional way using heat
pumps. Due to the fact that there are two independent
soil probes making use of two different ways of heat
collection, we used two heat pumps to extract the
heat (abbr. HP) of the type Ground/Water working
independently from each other (Fig. 1). The whole
device together with all the measuring systems (with the
exception of deep boreholes) was placed in laboratory
premises. The pipes of primary circuit were led to the
boreholes located in front of the laboratory building.

Fig. 1. Scheme of experimental device for low-potential heat collection from deep borehole
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The whole device thus consists of two heat pumps
connected through the primary circuit to borehole
150 meters deep drilled in the vicinity of Zilina
University laboratories. The borehole was performed
by means of a drilling set equipped with a collapsible
drilling tower with a grief stem, rotary table, and its
own power unit (diesel engine). This drilling set is
designed for engineering and geological boreholes
and boreholes to extract heat from soil.

2. A design of the heat pipe
2.1. Numerical model of heat transfer from the rock
into the heat pipe

As the structure of the rock changes with the depths,
its thermokinetic characteristics also change. The
process of the rock cooling will, therefore, be modeled
according to various layers with different thermokinetic
characteristics of the given layer of a 150 meter borehole.

Heat transfer from the rock into the heat pipe is
described by Fourier’s equation for heat conduction
in cylindrical coordinates

(1

Supposing that physical characteristics of a body
are constant, we can write relation (1) in the form
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Temperature t in the cylinder axis can be written as
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where the indefinite integral can be expressed in the
form of infinite series by means of a substitution
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where y is Euler-Mascheroni constant (0.5772).

The numerical model was set up on the basis of
experimentally determined input thermokinetic
parameters of the rock and boundary conditions
with an objective to create the situation similar
to real conditions. The objective of heat transfer
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simulation in the observed borehole was to determine
the temperature field and heat flows in the rock in
dependence on the borehole depth. The numerical
model was set up in the program ANSYS Workbench
— Fluent. This CFD software serves the simulation
of thermophysical and physical phenomena in a
wide range of software simulations. Mathematical
modeling of concrete physical phenomena is enabled
through fundamental physical models and equations.

Fig. 2. Temperature field in the vicinity of the borehole
after 21% day of heat collection

The course of temperature in the calculated temperature
field near the borehole surface, mainly in the area of
the probe output shows the drop of the temperature of
medium at the output from the initial 4.8°C to 1.8°C
after 22 days of heat collection simulation. The obtained
heat output decreased with the increasing number of
days. Its decrease depends on more parameters, but
mostly on thermal conductivity and specific thermal
capacity of the rock that are given as initial conditions.
Numerical simulations showed that relevant data about
thermokinetic parameters of the rock are needed for the
exact simulation of heat collection from the rock in the
vicinity of the deep borehole.

Numerical simulation illustrates very well changes
ofthermal fields in the rock massif, mainly temperature
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Fig. 3. Course of output change on the heat pump primary circuit (HP — heat pipe) and secondary circuit

Table 1. Measurement of heat output from a deep bore hole

Forced circulation of the heat
transfer medium — bore hole

Heat pipe — measurment

Heat pipe — measurment | Heat pipe — measurment

Max. measured power* 7922W 400 W 3120W 3200W
Min. measured power* 4950 W 290W 1190 W 1550 W
Average power* 4980 W 338.6W 1695 W 1900 W

* measured power on the heat pump primary circuit

changes in dependence on the borehole depth and
time at heat collection. Temperature changes in the
borehole were decisive for an analysis of a possible
change in the behavior of heat pipe working substance
at heat collection and subsequent decrease of heat
potential of the lower part of the borehole.

3. Measurement of ground/water heat pump with

heat pipes

The measurement was made after seven days when
the temperatures in the borehole had been leveled off.
The reason was to eliminate the influence of supplied
ammonia on temperature changes in the deep borehole
when the heat pipe was applied. During these seven
days the heat pump was off and, consequently, the
heat transfer from the borehole was stopped.

Due to the fact that the measurement was made
in spring months which were extraordinarily warm,
the secondary circuit of the heat pump had to be
connected to the cooling tower to provide efficient
heat removal on the secondary side of the heat pump.

The continuous operation of the heat pump started
when a stable appliance was connected to the heating
(secondary) circuit.

Before the measurement 700 g of gaseous ammonia
was removed from the heat pipe to avoid residual
ballast gas and impurities in the upper condensation
part of the heat pipe. During ammonia inlet, the heat
pump operated at full output. When the heat pump
was launched and ammonia removed, the process of
phase change in the heat pipes immediately began.
Immediate drop of temperatures in the heat pipe
along the all depth of the borehole was recorded. The
temperature decrease was recorded also in the next
hours and also in the following day. During the heat
pump operation the temperatures were decreasing
nonlinearly mainly in the upper part of the heat pipe
in the vicinity of the condensation heat exchanger. In
these parts the temperature drop was the most intensive.
The temperature in the depth of 5 meter dropped to the
lowest minimum during the measurements, namely to
3°C. Considerable temperature drop was recorded up
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to the depth of 100 m. The efficiency of heat pipe was
manifested on the temperature gradient of the heat
pump primary circuit. At the start of measurement
its difference was as many as 3.5°C. Gradually, the
temperature difference was mildly decreasing and at
the end of measurement achieved 2.3°C, which was
seen also in gradual decrease of heat output obtained
from the borehole by means of the heat pipe.

The difference between the output obtained by a
classical method of a forced circulation of the working
substance and the one obtained by the heat pipe was
considerable (Table 1). Itis obvious that the heat pipe did
not continuously work with the designed heat transfer.
This fact can be attributed to more factors having
influence on the correct operation of the heat pipe. One
problem was removed at the introductory measurement
of the heat pipe and the output considerably increased
and the heat pipe began working.

4. Conclusion

During the measurements taken one the heat pipe,
more changes occurred and were manifested in the
records of temperatures and output. One of them
was a mild decrease of obtained output during all the
measurements on the heat pipe. After a few days of
measurements gradual leveling off the temperatures
to the original value in greater depths was also
recorded. There can be several causes of these facts:
1. the heat pump was connected to the hot-air unit in

the corridors of the building where was a surplus heat
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