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USE OF GEOTHERMAL PILES COMBINED WITH PILE FOUNDATIONS

© I. Kuzytskyi

The possibility of use of geothermal piles in conditions of cold climate is considered. Full-scale experiment
is conducted for using this technology in Kiev. Obtained results testify about a possibility for using the sys-
tem in conditions of Ukraine, but this technology requires more detailed study and simulation of multian-

nual cycle of use of geothermal piles
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B pobomi posenanymo moocaugicms GUKOPUCTNANHS eHEPLeMUYHUX NAb 8 YMOBAX X0N00H020 Kimamy. IIpose-
O0eHO HamypHUll eKcnepumenm no UKOpUcmaHnui oanoi mexronozii 6 m. Kuis. Ompumani pesyremamu noxaszanu
MONCIUGICMb YCRIWHOT eKCNLyamayii cucmemu 8 ymosax Yxpaiuu, npo me mexnonoeis nompeodye b6inour dema-
JIbHO20 BUBYEHHS MA MOOENI08ANHHS 6A2AMOPIUHO20 YUKTY BUKOPUCIAHHS eHep2emMUYHUX NAb

Knrouosi cnoea: mennosi nacocu, enepeemudta nais, 2e0mepmMaibHa eHepeis, enepeoeghekmusHicms

1. Introduction

Based on US energy statistics 40 % of the annu-
al energy consumption is spent on residential and
commercial buildings. More than half of these costs
fall on heating, ventilation and air conditioning [1]. A
similar situation is observed in central Europe.

Given the increase in energy prices and the fight
against harmful emissions of CO,, heat pumps equip-
ment is developed rapidly. Ukraine has implemented
many projects using ground heat exchanger and geo-
thermal probes, but these schemes are possible only in
the presence of a large free area near the house. Usual-
ly the most active part in the implementation of energy
efficient technologies performs commercial developers
in central areas of major cities. One of the main obsta-
cles to the realization of the project is to provide build-
ings with heating and cooling. Often heating providing
of object is impossible without reconstruction of city
heat network and has substantial capital costs.

Geothermal pile can help to solve this problem.
The idea of using geothermal piles is not new and was
first implemented in Austria at the end of 1980, which
allowed getting 25-50 W/m low-grade heat energy,
depending on the soil [2].

2. Analysis of published data and problem
statement

Calculations and construction schemes for ge-
oprobes and geocollectors are well described in the
literature [3-5] and are widely used in everyday life
among the assembly and design organizations.

Geothermal pile — is loaded bearing piles with
closed loop pipe attached to the frame of the pile and
used as a soil heat exchanger for heat pump systems or
as a passive cooling source. The technology driving of
using geothermal piles requires a complex calculation,
clear universal methods of calculation not exist to date.
Despite the fact that the some objects using geothermal
piles today and will be design to the future, many lead-
ing universities are working on research using thermal
piles [6-8], the guarantees structural strength and in-
crease its durability.
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3. The purpose and objectives of research

The aim of the study is to conduct a pilot exper-
iment on the use of geothermal piles to evaluate the
effectiveness of their work in central European climate.

To achieve these goals were set and solved the
following problems:

— Determination of the thermal capacity of the
soil by drilling test well and establishment of the geo-
logical section;

— Creation of experimental stand for realization
experiment and recording received data;

— Determine the average heat flux from geo-
thermal piles to assess the feasibility of its use;

— Determine the lower critical temperature con-
crete in piles under thermal load.

4. Materials and methods of research geo-
thermal piles

Based on the assumptions [9] and in accord-
ance with the recommendations of the normative
literature [10], group of experts LLC «UNIVEN-
THERM)» respectively project «BIP PM» «Construc-
tion of residential complex with offices, technical
premises and underground parking on the street.
Mechnikov 11-A in Pechersk district at Kyiv » was
conducted an experiment in which drilling-hammer
pile height of 20 meters was used. This pile was
passed the test of strength and will not be used as a
load-bearing structure of the building in the future.
Soil geological section is shown in Fig. 1.

4. 1. Technology unit of geothermal piles

1. Contours of pipes PE80 (SDR 11) DIA 32
mm were fixed to hard welded reinforcing cage.

2. Since the depth of 6 m. was installed ther-
moresistance pair temperature sensors every 5 m to
establish deflection temperature gradient in piles
throughout its length. 5 pairs of sensors are installed.

3. Frame of piles lowered into the well.

4. The contours of the pipeline brought out
piles and filled heat carrier (ethanol solution of 25 %
by volume).
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Fig. 1. Geological section of soil

5. An installation of control equipment with
gauge at the end of the pipeline.

6. Before concreting made test system integrity,
pushing of 6 bar pressure.

7. Tops pipelines stretched beyond the pile to
prevent damage when casting concrete piles. Pouring
concrete made to complete filling of the pile.

8. Connection — directly from the pile to
the heater.

4. 2. Description of establishing stand

Test stand was installed to perform the test,
which include next monitoring equipment:

—air-heating aggregate Volcano mini, which
utilizes the heat received from the contours of pipes
laid to the pile;

— circulation pump Grundfos UPS 20-40 130,
which provides a constant circulation of heat carrier;

— water meter VLF-R %",

—radial 2" bimetal thermometers are installed
on a return and supply pipelines;

— balancing valve Oventrop Cocon QTZ, for
control heat carrier and regulate the amount of heat
received from the contour of pipes, which are laid in
the pile;

—shield Automatics with the panel temperature
data, received from the temperature sensors in the pile;

Equipment stand directly connected to the con-
tours of pipes laid in the pile and operates as a single
system. Schematic diagram of the experimental stand is
shown in Fig. 2.

The research was started 28 days after montage
of the stand, the concrete gain strength was reached.
During this period our team keeps tabs on pressure in
pipes to avoid any damages.

Volcano mini\_>_

1 - Ball valve DIA 25 mm

2 - Ball valve DIA 15 mm

3 - Balancing valve Oventrop

Cocon QTZ DIA 25 mm

4 - Bimetallic thermometer 1/2"x5 cm

5 - Radial manometer 0..6 bar DIA 1/2"

6 - Water meter VLF-R 1/2"

7 - Circulator pump Grundfos UPS 20-40 130
8 - Strainer DIA 25mm

9 - Water heater - Volcano mini

DIA 32 mm

Fig. 2. Schematic diagram of experimental stand for efficiency research of geothermal piles

5. Results of the experiment and data pro-
cessing

Work on measurements was performed from
02.09.2015 to 02.17.2015 using automation systems
and temperature sensors. Investigated conditions

were close to reality using all necessary parameters.
Measurements are taken once a day. The length of
the pile, used as a heat exchanger, —20 m. Table 1
data are indicators of experimental measurements of
the stand.
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Table 1
Monitoring of thermal pile temperature
Heat carrier Average outdoor Temperature of Te'mpera'ture of Sensor Sensor
Date amount, temperature T. °C supply heat recirculation heat | data Ne 1, | data Ne2,
m*/hour p ’ carrier T1, °C carrier T2, °C °C °C
02.09.2015 0,36 -5,4 12,5 9,5 11,6 11,7
02.10.2015 0,36 -9,1 10,4 7,3 11,8 11,9
02.11.2015 0,36 -9,0 9,1 6,1 9,8 9,1
02.12.2015 0,36 -2,0 8,2 5,0 8,7 8,8
02.13.2015 0,36 -1,0 7,8 4,8 8,7 8,7
02.14.2015 0,36 -3,0 7,0 4,0 8,3 8,1
02.15.2015 0,36 -3,0 7,0 3,5 8,1 7,8
02.16.2015 0,36 —6,27 6,0 2,0 7,5 7,1
02.17.2015 0,36 -7,1 6,0 2,0 7,2 6,7
Table2
Monitoring of thermal pile temperature (continuation)
Sensor Sensor Sensor Sensor Sensor Sensor Sensor Sensor
data Ne 3, | dataNed, | dataNe5, | dataNe 6, | dataNe7, | dataNe8, | data Ne O, data Ne 10, k(\?/{/
°C °C °C °C °C °C °C °C
14,1 11,3 14,5 9,8 13,3 12,2 10,5 9,4 1,05
14,2 12,2 14,7 9,5 13,9 12,2 11,9 10,2 1,09
11 9,2 10,7 6,8 10,5 8,9 8,7 7,1 1,05
10,5 8,9 10,3 6,3 10,1 8,6 8,5 7,0 1,12
10,3 8,7 10,1 6,2 9,9 8,4 8,3 6,8 1,05
9,9 8,1 9,6 55 9,4 7,7 7,6 5,9 1,05
9,4 7,8 9,1 5,1 9,0 7,3 7,4 5,7 1,23
8,8 7,0 8,4 4,7 8,4 6,5 6,6 4,7 1,40
8,2 6,6 7,7 3,6 7,8 6,1 6,2 4,5 1,40

The amount of heat is obtained from a pile of
pipes paths was calculated by the formula (1).

dQ 3 C-m-(dTl—de) 3 C-p'V'(dT1—dT2) 1)

dv dt B dt ’
where Q — heat (J), ¢ — heat capacity of ethanol solution
(J/(kg-"C)), Ty, T, — heat carrier temperature supply and
return (°C), p — ethanol solution density (kg/m?), V —
ethanol solution volume (m®).

Qniagie =
= (3,750,36945(8,2—4,9)/3,6)/1000 =1,17 kW, (2)

The average heat flux from 1 meter of piles:

Opigate = Quicare / L =1,17/201000=58,5W /m, (3)
where L — length of pile (m).

Compliance with the standard [10], the minimum
temperature of the return heat carrier can be 2 °C to avoid
freezing of the soil, so the research was focused on this
mark. Thus, the minimum external temperature of the
piles, for the entire period of the experiment, was 3.6 °C.
Therefore, we can conclude that the minimum heat carri-
er temperature will not affect the strength characteristics
of the pile, as it is within acceptable norms.

It is note that when we will use the heat pump, the
temperature of supply and return heat carrier will remain
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stable during the heating season and will make an aver-
age of 11/8 °C. As the heat carrier will not cooling by the
outside air and specified by settings of the heat pump,
heat flow will be stable.

5. Discussion of research results effectiveness of
using thermal piles

After the study of thermal efficiency of the piles
in Ukraine it can be said that this technology is appropri-
ate for use and fits well with cold climate. The amount of
heat obtained from contour of pipes per hour ranged from
1.05 to 1.4 kW. According calculated specific amount of
thermal energy per meter was about 58,5 W/m, which is
a confirmation of the theoretical calculations. It should
also be noted that geothermal pile can be used as a pas-
sive or active cooling source not in the heating season,
which considerably increases the potential for their use.

6. Conclusions

It is apparently require a detailed study of the pro-
cesses of heat exchange between piles and surrounding
soil to determine the optimal parameters of soil heat ex-
changer. In addition, it is noted that the temperature in-
side the pile unchanged throughout the experiment, indi-
cating not stationary mode pile and may adversely affect
the load-bearing characteristics of pile.

The use of thermal facilities in piles in cold cli-
mate can be considered reasonable and considered as a
partial version of the needs of cold / heat building.

It is determined that the average amount of heat
that can be obtained from single pile — 1,17 kW-h.
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TOTEXHilll € TIPOEKTyBaHHS 1 00y 0Ba OE3MUIOTHUX aB-

E®EKTUBHA IMNOBYJOBA HJIAXY AJIA HOTUPUKOJICHUX POBOTIB HA OCHOBI
NOEAHAHHSA AJIT'OPUTMIB Theta* I TIBPUIHOTO A*

© B.T. Muxanasko, 1. B. Kpym

3anpononosano ancopumm epekmuenoi nody00sU WXy OAs YOMUPUKOIICHUX POOOMIS HA OCHOBI NOEOHAHHS
aneopummis Theta™® i czibpuonoco A*. Haeedeno i nosicneno ncedoxkoo oas areopummy . Peanizosano zanpono-
HOBAHULL AN2OpUMM i CUMYIAMOP YOMUPUKOIICHO20 poboma Ha M08l npocpamyseanns Java. IIpomecmogano po-
oomy ancopummy 0 U-nodibHux nepewkood, CKAIaOHUX Kapm i 05 6upiuieHHs 3a0aui napKy8aHHs

Kniouosi cnosa: pobomomexuika, “omupuxkouichi pobomu, WmyyHuil iHmeieKkm, ai2opumm nOULYKy uLlsxy,
Theta*, zi6puonui A*

Effective pathfinding algorithm based on Theta* and Hybrid A* algorithms was developed for four-wheeled ro-
bot. Pseudocode for algorithm was showed and explained. Algorithm and simulator for four-wheeled robot were
implemented using Java programming language. Algorithm was tested on U-obstacles, complex maps and for
parking problem

Keywords: robotics, four-wheeled robot, artificial intelligence, pathfinding algorithm, Theta*, Hybrid A*

1. Beryn
OnHMM 13 OCHOBHUX HaNpsMKIB Y Cy4acHii po6o-

TOMOO1TiB. 3Bakal0uM Ha 3HAYHY KUJIBKICTh aBTOMOOLITB-
HUX aBapiii, sKi € HACIIIKOM JIFOJICBKOI MIOMIIIKH, a Ta-
KOXXK Ha Te, IO CHUCTEMH, 3aCHOBaHI Ha BUKOPHCTAHHI
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