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Investigation of heat exchange processes in vertically arranged heat exchangers

Today, in many countries, electricity is produced in a variety of ways, depending on current trends. The use
of heat pump technology in heat energy development is one of the most efficient energetic methods. In order
to save energy, it makes possible to use heat of subsurface water, reservoirs, natural water flows, etc. The en-
vironmental effectiveness of this technology is that it helps to prevent greenhouse gas emissions caused by
combustion. Therefore, it is the use of gas and liquid fuel in the system that is one of the main and actual
problems of operating heat pumps, but not replacement of old boilers. It will not only reduce fuel consump-
tion, but also reduce carbon dioxide emissions to the atmosphere. In the laboratory of «Unconventional Ener-
gy Sourcesy, experiments were conducted on an assembled test bench to study heat exchange processes tak-
ing place in a ground heat exchanger. The temperature distribution data in the vicinity of a U-shaped ground
heat exchanger was experimentally specified. They showed temperature changes around the pipe in the
ground. Using the obtained data, dependency graphs were constructed. The temperature change depending on
different moisture content of the sand was determined. The temperature variation dependency graph with
temperature difference of different moisture content was plotted.
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Introduction

At present, the search and active use of new alternative energy sources in many developed countries of
the world are considered as vital, strategically necessary resources ensuring the prospective development of
the economies of these countries. Therefore, the modern development of the energy sector of the Republic of
Kazakhstan is characterized by a radical rearrangement of the fuel and energy sector structure. This is due to
the increase in prices of fossil fuel in the world market, the aggravation of environmental problems. One of
the effective ways to solve this problem is the introduction of less energy-consuming new technology, which
will be a source of non-traditional renewable energy.

The advantage of applying heat supply technology using non-conventional energy sources over tech-
nologies with traditional energy sources is the reduction of energy consumption during heat supply, new op-
portunities for an environmentally friendly and autonomous heat supply system.

To use low-grade ground heat it is necessary to prepare well holes to install heat exchangers of a heat
pump. Various drilling methods can be used to obtain horizontal and vertical wells. A horizontal ground heat
exchanger is installed near the building, at a shallow depth. The use of such ground heat exchangers is lim-
ited by the size of the available area. The vertical ground heat exchanger works effectively in almost all types
of geological media, with the exception of low thermal conductivity grounds, for example, dry sand or dry
gravel. Systems with vertical ground heat exchangers got widespread use.

The most effective and widely used among such devices are heat pumps [1]. Heat pumps are our source
of energy for heating and hot water supply. Heat carrier is a very convenient, cost-effective and environmen-
tally friendly heating system. The main difference from other generators is that they generate thermal energy
using, for example, electricity, gas, and so on. In the production of heat using heat pumps, 75 % of the ener-
gy comes from the environment, and the remaining 25 % is electrical energy for the operation of the heat
pump compressor. In other words, the owner of the heat pump saves 70 % of the costs.

Today, heat pumping units are an effective tool for energy saving, as prices for various types of fuel and
electricity have increased. The use of heat pumping units for the needs of heat supply makes it possible to
use significant economic and environmentally friendly technologies that do not cause carbon dioxide and
other harmful substances emission to the atmosphere. Since the first use of heat pumps in a heating system,
gas boilers have proved that they are economically unable to compete. As a result, heat-absorbing units have
tended to replace other types of heat supply.
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As a low-cost heat source in heat pumping units, industrial and clarified domestic wastewater, geother-
mal and artesian heat, subsurface heat and solar energy heat and so on are used.

The heat carrier is installed horizontally and vertically under the ground. Vertical heat exchangers in the
depths make it possible to use low grade thermal energy of the ground (10-20 m from the ground level). The
heat carrier circulates through pipelines laid in the ground at a depth of 25-200 m. The heat of the environ-
ment is supplied with water and antifreeze. The solidification point is approximately 13 °C. This keeps the
solution from freezing during the process of operation [2].

The solution is pumped by a circulating pump and is used to heat the building using a heat pump and
heat insulation, therefore the surface of the heat exchanger must be adapted to the influence of sunlight. It is
made of heat-exchanging polyethylene or metal-reinforced plastic pipes below the surface. Their diameter
ranges from 25 to 40 mm.

In this regard, the purpose of the work is to study the temperature pattern of sandy soil around the heat
exchange tubes. To achieve the goal, the time-temperature change was studied at different mass
concentrations of water. The time history graphs of experimental works on dry sandy ground of different
moisture contentare presented.

Research technique

The research methods were the analysis of domestic and foreign methods of using heat pumps, obtain-
ing parameters of drilling well holes by mechanical and electric pulse method intended for the installation of
heat exchangers by an experimental method and the method for research of the heat exchange process of un-
derground heat exchangers. Heat exchanger well holes, made by means of electric hydropulse technology,
can improve heat exchange processes in heat exchangers and increase heat removal [3].

Installed in ready-made well holes using electric hydropulse technologies, exchanger in the laboratory
of «Unconventional energy sources» experiments were conducted on the assembled test bench to study heat
exchange processes in the ground heat exchanger. The initial parameters were as follows:

Initial ground temperature: ¢ = 10 °C;

Environment temperature: ¢ = 23 °C;

The diameter of the U-shaped vertical ground heat exchanger: D/d = 32/25 mm.

The experiments were carried out at different ground conditions for a closer approximation to the natu-
ral conditions of the ground heat exchanger.

The main requirements for the quality of the experimental setup were uninterrupted power supply
sources of constant thermal energy at the well and the possibility of taking high temperature accuracy and
heat consumption metering. In order to monitor the temperature, heat sensors were installed vertically along
the pipe and in the middle of the U-shaped heat exchanger. They show temperatures in the ground and in the
vicinity of the pipe. During the experiment, heat sensors measured the temperature in several locations, in
particular at different distances from the U-shaped pipe, at the outlet and at the U-bend pipe turn.

The readings of temperature sensors inside the well hole were found using the Temp Keeper program.
The Temp Keeper program is designed to monitor and control the temperature and moisture content of vari-
ous objects or environments in which sensors will be placed. This program makes it possible to visually ob-
serve the changes taking place, as well as to monitor whether the specified parameters are normal, warning
you with an audible signal if necessary.

Figure 1 shows a test bench for studying the process of heat transfer in vertical heat exchangers.

Figure 1. The experimental test bench
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Figure 2 shows a diagram of the test bench for studying the heat exchange processes in ground heat ex-
changers.
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1 — water storage tank; 2 — tank for measurements; 3 — ground; 4 — U-shaped vertical heat transfer section with
ground; 5 — circulation pump; 6 — valve (B1, B2); 7 — electronic sensors for temperature control; § — wooden case

Figure 2. The diagram of the test bench for studying heat exchange processes in ground heat exchangers

Investigation results

Initially, the temperature change at different radial distances in dry soil was determined. During the
flow of cold water through the U-shaped pipe at a speed of 0.098 m/s, readings of thermal sensors located at
different distances were taken every 10 minutes. They showed temperature changes around the pipe in the
ground. Using the data obtained during the tests, dependency graphs were constructed. Figure 3 shows the
change in temperature history distribution [4].
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Figure 3. Change in temperature history distribution (dry soil)

The ground temperature around the pipe over the course of time falls relatively faster than the ground
temperature at a distance from the pipe. The temperature at the pipe outlet is higher than the temperature at
its inlet; this is due to heat transfer from the ground to the pipe.

The ground of the surface layers of the Earth is actually a heat accumulator of unlimited capacity, the
thermal conditions of which is formed under the influence of two main factors: solar radiation and the flow
of radiogenic heat coming from the earth's interior. When heat is removed, the temperature of the ground
around the ground heat exchanger decreases. Particular attention should be paid to the influence of the mois-
ture content of the soil mass and the migration of moisture in its pore space on the thermal processes that
determine the characteristics of the ground as a source of low-grade heat energy [5].
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Since the heat in the ground is transmitted mainly through solid particles, water and air, as well as upon
contact of the particles, the heat conduction largely depends on the mineralogical and granulometric compo-
sition, moisture and air content and density. It is known that the heat conduction increases sharply with in-
creasing soil moisture content, since the heat conduction of air, displaced by water from the pores of the
rock, is approximately 30 times less than the heat conduction of water. When all the pores are completely
filled with water, the thermal conductivity of the soil reaches its maximum value. The larger the mechanical
elements, the greater the thermal conductivity. Thus, the thermal conductivity of coarse-grained sand with
the same porosity and moisture content twice as much as the coarse dust fraction. In terms of thermal con-
ductivity, the solid phase of the soil is about 100 times greater than air; therefore, loose ground has a lower
thermal conductivity coefficient.

The thermal conductivity of soil to a lesser extent depends on the temperature change; in the
temperature range from —50 to +50 °C it affects the interporous convection; in addition, the thermal
conductivity coefficient can change by 25 %, while increase in the grain size from dust to coarse sand results
in the rise of thermal conductivity by 2 times. For this reason, the experiment was repeated in the ground
with a mass concentration of water of 1 %, 3 % and 7 %.

Figures 4-6 show temperature history distributions in a U-shaped pipe located in the ground with a
mass concentration of moisture of 1 %, 3 % and 7 %.
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Figure 4. Temperature history distribution (moisture content of 1 %)
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Figure 5. Temperature history distribution (moisture content of 3 %)
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Figure 6. Temperature history distribution (moisture content of 7 %)

As one can see in the figure, the sand temperature gradually decreases, and this means that the sand
transfers its heat to the pipe with ice water.

Based on the results of the performed work, the following conclusions can be drawn. In dry sand, the
temperature changes within an hour and a half from 19 °C to 15 °C, and in wet sand from 19 °C to 13.5 °C. It
follows that wet sand increases heat removal. After half an hour, the temperature change stabilizes. The tem-
perature difference of the sand decreases with increasing moisture content (Fig. 7).
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Figure 7. Dependency graph of temperature changes with temperature differences of different moisture content

The figure shows that with increasing moisture content, the temperature difference of the sand gradually
increases. The reason for this is that when the sand is wet, water fills the air spaces inside the sand and facili-
tates the heat exchange. Therefore, when the sand moisture increases, heat is transferred to the pipe. That is,
the higher the moisture content, the higher the temperature.

Since at present there are no standard heat exchangers for extracting heat from the ground, such systems
should be designed for each specific object separately. It should be noted that from the point of view of
thermal physics, ground is a rather complex system. By experimental studies at the test benches, the authors
obtained the dependences of temperature histories of dry and wet sand and the temperature distribution in the
sand in the vicinity of the polyethylene pipe. The carried out experiments confirmed that the temperature
change in dry ground is greater than in wet one.

Thus, in capillary-porous systems, such as the soil mass of the heat removing system, moisture in the
pore space has a noticeable effect on the process of heat distribution. The value of the equivalent thermal
conductivity of moistened sand is higher than that of moistened clay, and it increases with increasing mois-
ture content from 1 to 7 %. The thermal conductivity of clays varies from 2 to 4 W/(m-°C), and for sand it is
from 5 W/(m-°C) and greater. The wetter the sand, the higher the thermal conductivity.
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K.M. Illaitmepnenosa, D.P. llIparep, A.C. Tyceimbaera, XK.K. Haymap6an

Tik OpHAJACKAH KbLIYAJIMACTHIPFBIIITAPAAFI KbLIY aJIMACY YPAICTEPIH 3epTTEy

Kasipri Tanga 3amMaH arbIMbIHA Cail KONTEreH eJepe dJICKTP SHEPrHsAChIH dPTYPIIi JKOIAApMEH OHAIpYHe.
XKbUly SHEPTHACHIH OHIIPYIE KbUIy COPFBUIAPHI TEXHOJOTHSCHIH KOJJAHY CH THIMAI 3HEPreTHKAaJbIK
suicrepain Gipi Gosbln TaObUIABI, SIFHU SHEPTUsl YHEMJEY MaKCAThIHJA JKep KOWHAybl JKbLIYBIH, Cy acTbhl
CynapblH, Cy KoiiMamapblH, TaOWFM Cy arbIHIApblH >koHe T.0. maijamanyra MyMKiHAIK Oepemi. byn
TEXHOJIOTMSTHBIH YKOJIOTHSJIBIK THIMIIUIITT, OTBHIH JKaHy Ke3iHJe Iaiiia 00JaThlH MapHUKTI ra3aapIblH ChIPTKA
TOJIBIFBIMEH TapaJIbINl KeTYiH OONIbIpMayFa jkaFiail TyFbl3aThIHIbIFbIHAH KepiHeni. COHIBIKTAH Xyiiene ras
JKOHE CYHBIK OTBHIHAApABl MaiifanaHy Ke3iHIe ecKi Ka3aHABIKTapAbl ajiMacThIpylaH TIepi, IKbUIy
COPFBUIAPBIHBIH JKYMBIC ICTE€y MPUHIUITEPI OACTHI )KOHE ©3€KTi MacenenepaiH Oipi Gonbin Tadbutaasl. On
Ka3y HeTi3iHJe aJbIHFaH OTBIHIBI TYTHIHYABIH JEHIeHiH KBICKApTHII KaHa KoWMal, aTMocdepara OeiHim
LIBIFATBIH KOMIPKBIIIKBUT Ta3bIHBIH MOJILEPIH aHAFypIbIM a3aiTaabl. «JIocTypii emec SHeprusi Kesuepi»
3epTXaHaChIH/a TOIBIPAK JKbULY aJMacTBIPFBIIIBIHAA KE3JECETiH XKbUIy Oepy NpOLECTepiH 3epTTey YIIiH
JKCIIEPUMEHTANIABI  CBIHAK ~ CTEHIIHAE OKCcrepuMeHTTep  oTki3inmi. U-Topi3mi  TONbBIpaK  KbUIY
QJIMAaCTBIPFBILITHIH MaHBIHIA TEMIIEpaTypaHbl 0eily SKCIEpHMEHTTIK Typiae aHblkranabl. Omap xepzaeri
KYOBIpAaFbl TEMIeEpaTypa e3repicTepiH KepceTeadi. AJIbIHFaH JepekTep OOoMbIHINA, TOYeNAUTK rpadukrepi
KypbUiabl. TemmeparypaHblH e3repyi KYMHBIH bUIFIABUIBIFbIHA OalIaHBICTBl aHBIKTAIIbL. OpPTYpIi
BUFANIBUIBIKTAFbI TEMIIEPATYpa albIpMAIIbUIBIFBIHA TEMIIEpaTypa 03repiciHiy rpaduri TYpFbI3bUIIbL

Kinm ce30ep: bITyaaIMacTBIPFBILI, )KBITyCOPFHILL, XKep, TEMIIepaTypa AaTUHTr1, )KbITyaIMacy, SHEpTHUsL.

K.M. Illaiimepaenosa, D.P. Hlparep, A.C. Tycsin6aesa, XK.K. Haymap0an

HccanenoBanue mpoueccon TenJo00MeHa Ha BEPTUKAJBbHBLIX TEeNnJ1000MeHHHKAX

CeroziHs BO MHOTHX CTpaHax 3JICKTPOIHEPTHUs BhIpaOaThIBACTCS PA3IMYHBIMU COCOOAMH, B 3aBHCUMOCTH OT
COBPEMEHHBIX TeHJeHIHMiT. Mcnosb30BaHUEe TEXHOJIOTHH TEIUIOBOTO HACOCA B TEIUIOBOH SHEPrUM SBISETCA
onHuM u3 Hambonee 3PPEKTHBHBIX dHEpreTudeckux MerozoB. C IeNbl0 dHEProcOSpeKeHUs! MO3BOJLIET
UCHOJIb30BaTh IIOJIIOBEPXHOCTHOE TEIUIO MOJBOJHBIX BOJ, BOJIOXPAHWIHII, IPUPOJHBIX BOJHBIX IIOTOKOB
UT.J. Oxosornyeckas 3(QEKTHBHOCTb 3TOH TEXHOJOTHM 3aKIOYaeTcss B TOM, YTO OHA IOMOIaer
NIPEAOTBPATUTh BBIOPOCHI IAPHUKOBBIX T'a30B B pe3yibrare cropanus. I1o3ToMy HCIoib30BaHHE Tasza U
JKUJKOTO TOIUIMBA B CHCTEME SBISIETCS OIHOW M3 OCHOBHBIX M aKTyalbHBIX INPOOJIEM OAKCILTyaTaIly
TEIIOBBIX HACOCOB, a HE 3aMEHBI CTaphIX KOTJIOB, YTO HE TOJBKO COKPATHUT HOTPEOJICHHE TOILIMBA, HO U
YMEHBIINT KOJHMYECTBO BBIOPOCOB YIJICKHCIIOrO rasa B atMmochepy. B mabGoparopum «HerpamunmoHHsie
UCTOYHUKH SHEPTHM» ObUIM IIPOBEICHBI SKCIEPUMEHTHl Ha COOPAaHHOM 3KCHEPUMEHTAIbHOM CTEHIE IS
UCCIIEZIOBAHHUS MIPOLIECCOB TEINIOOOMEHA, MPOTEKAIOINX B IPYHTOBOM TEILIOOOMEHHUKE. DKCIIEPUMEHTAIBHO
OIIPEICNICHO pacIpeielieHHe TeMIepaTypbl B okpecTHocTH U-00pa3HOro rpyHTOBOTO TeINI00OMeHHUKA. OHM
HOKa3bIBAlOT H3MEHEHHUS TeMIepaTypbl BOKpYT TPpyObl B TpyHTe. I10 IOIy4eHHBIM JaHHBIM ObLIM HOCTPOCHBI
rpaduKy 3aBHCUMOCTH. BBUIO ompezeneHo M3MeHEeHHe TEMIIEPaTyphl B 3aBUCHMOCTH OT Pa3JIMYHOM BIaXKHO-
ctu necka. [ToctpoeH rpadyk 3aBHCHMOCTH W3MEHEHUS TEMIIEPATypHl C Pa3HULECH TeMIlepaTyphl pa3IndHOI
BIIQXKHOCTH.

Kniouesvie crosa: TEIU1ooTAa4a, Tel'UIOO6MeH, TPYHT, JaTUUK TEMIIEPATYPHIL, TCHHOO6MCHHI/IK, OHEPIus.
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