TopaliFbIpOB YHUBEPCUTETIHiH Xa0apIbIChI
FBIJIBIMU KYPHAJIbI

HAYYHBIN )KYPHAJI
Becthuk TopaiirelpoB yHuBepcuTeTA

Topal¥bIpOB YHUBEPCUTETIHIH
XABAPHIBICHI

JHEPreTUKAJIBIK CePHUSICHI
1997 xpu1man OacTan IIbIFaIbl

BECTHHUK
TopalreipoB yHUBepcUTETA

3HepreaneCKaﬁ cepnﬂ
W3naercsa ¢ 1997 roma

ISSN 2710-3420

Ne 2 (2023)

ITaBaoxap



HAYUYHBIN )KYPHAJI

BectHuk TopalirelpoB yHUBepcuTeTa

JHepreTuyeckas cepusi
BBIXOJUT 4 pasa B rof

CBUIETEJBCTBO
0 MMOCTAHOBKE Ha MEPEyyeT MePHOIUICSCKOTO IIEYaTHOrO H3IaHMs,
“H(GOPMALIMOHHOTO areHTCTBA M CETEBOTO U3JaHHUS
Ne 14310-2K
BBIJIAHO
MuHHCTEPCTBO UHPOPMAIUH U OOIIECTBEHHOTO PA3BUTHUS
Pecnyonuku Kazaxcran

TemaTnyeckas HapaBJE€HHOCTDH
ny6n1/u<auml MaTepuajioB B obactu QJICKTPOSHEPI'CTUKHU,
QJICKTPOTEXHOJIOTUH, aBTOMATU3allu, aBTOMAaTU3UPOBAHHBIX 1
l/IH(l)OpMaLII/IOHHLIX CUCTEM, DJICKTPOMEXAaHUKHN U TCIIJIOOHCPI€TUKHU

IMoanucHoit magekc — 76136

https://doi.org/10.48081/ABAC7746

Bac penakTopsl — rj1aBHbIN peJaKTOP

Kucnos A. I1.

K.M.H., 00YyeHm
3aMecTHTeNb TJIABHOTO PElaKTOpa Tamunos O. M., doxkmop PhD, doyenm
OTBETCTBEHHBIH CEKpeTapb [puxoxnsko E. B., x.m.H., npogheccop

Penaknusi ankacel — PeqakuuonHas koJjierust

Kneuens M. 4., 0.m.H., npogeccop
HosoxwunoB A. H.,  0.m.n., npogpeccop
Huxurun K. 1., 0.m.H., npogeccop (Poccus)
Hukudopos A. C.,  0.m.H., npogpeccop
Horoxwunos T. A., K.m.H., ooyeum (Poccus)
Ocnanosa H. H., K.I.H.,, OOYeHm

Hedrucos A. B., odokmop PhD, doyenm
[oky6aesa 3. XK. MexHUYecKuil pedaKmop

3a I0CTOBEPHOCTh MATEPUAJIOB U PEKJIaMbl OTBETCTBEHHOCTh HECYT aBTOPBI M PEKIIAMOIATENIH
Penaxius ocrasisier 3a c000ii MPaBO Ha OTKIOHEHHE MaTEPHAIOB
IIpu ucnonb30BaHMK MaTEpHAIIOB KypHaa cchlika Ha «BectHuk TopaiireipoB yHUBepcHTETa» 00g3aTelIbHA

© TopalirblpoB yHUBEPCUTET



TopaiireipoB yHuBepcuTeTiHiH Xabapubickl. ISSN 2710-3420. Onepeemuranvik cepuscul. No 2. 2023
SRSTI 44.31.41

https://doi.org/10.48081/PCLP1059

S. A. Orynbayev', A. B. Tokmoldaev?,

*N. Sh. Abdlakhatova®, L. F. Ribeiro?, T. S. Zhusup®

Taraz Regional University named after M. Kh. Dulaty,

Republic of Kazakhstan, Taraz;

23Kazakh National Agrarian Research University,

Republic of Kazakhstan, Almaty;

“Instituto Politécnico de Braganga, Republic of Portugal, Braganga;
Associated Laboratory for Energy, Transports and Aerospace-LAETA/INEGI,
Campus da FEUP, 4200-465, Republic of Portugal, Porto

*e-mail: abdlakhatova@]list.ru

THE POTENTIAL OF GEOTHERMAL SOURCES
IN SOUTHERN KAZAKHSTAN FOR HEAT
SUPPLY TO RURAL CONSUMERS,

THE CASE OF THE ZHAMBYL REGION

The article presents the characteristics of geothermal deposits in
the south of Kazakhstan and the analysis of the potential of geothermal
waters of the Zhambyl region. Moreover, the study carries out the review
of various types and methods of using geothermal water for household
and its needs. Consequently, it outlines information on thermal boreholes.
During the elaboration, manufacture and testing of these combined power
units, several scientific and technical issues, such as the choice of the
optimal low-boiling working fluid for heat and hot water supply systems
were solved. An overview of the refrigerants and vapor compression fluids
currently available have been made. The classification and characteristics
of secondary heat carriers of various types and temperatures of their use
are given. Therefore, it is proposed to use non-azeotropic binary mixtures
as working bodies of a closed heat-power circuit. Moreover, an analysis
was carried out on the use of non-azeotropic mixtures for heat pumps. It is
proposed to use mixtures of refrigerants as working bodies for the second
circuit. The specific characteristics of refrigerants are outlined. As a result,
a description of the operation scheme of a steam compression heat pump
operating in the mode of heat and hot water supply is highlighted.
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Introduction

According to the results of studies of hydrogeothermal resources of
Kazakhstan, more than a hundred exploration wells have been drilled for more
than forty years, in which thermal waters with standard characteristics of flow
rate, temperature and salinity, gas chemical composition, as well as prospects for
use have been found. The use of geothermal energy potential is determined. 3,544
underground water deposits have been registered in the republic, their reserves
amount to more than 42 million cubic meters of water per day. Groundwater
reserves are replenished naturally due to precipitation or river runoff.

Based on the research, five characteristic geothermal zones have been
identified for the territory of Kazakhstan:

- up to 20 °C — cold water;

- 20...40 °C — thermal, suitable for balneology, greenhouse and greenhouse
farms;

- 40...75 °C — thermal waters suitable for district heating;

- 75...100 °C — thermal waters suitable for district heating, and at high
pressures and costs — for electricity generation;

- >100 °C — thermal waters suitable for complex use of steam and hot water
[1-2].

The object of the study is geothermal sources that have sufficient potential
for heat supply of adjacent residential buildings and small settlements.

The objective of the study is to assess the potential of wells in the Zhambyl
region, the possibilities of using secondary heat carriers in heat pumps for efficient
heat supply.

Materials and methods

2.1. Research area

In order to assess the potential of hydrogeological wells of the Zhambyl
region, which is geographically located at coordinates 44° N.L 72° E.L surveys
of hydrogeological wells were carried out with measurements of the flow rate,
temperature and pH of water, sampling of water for laboratory studies. The duration
of the stage is about 25 days.

204 hydrogeological wells were identified in the studied territories, of which
137 are self-draining (Table 1, Fig.1), in 23 wells the groundwater level is below
the earth’s surface, a submersible pump is installed in 19 wells, and in 25 wells the
trunk is abandoned with stones and foreign materials. For clogged wells, cleaning
the trunk with an airlift unit or drilling new wells is required. As the survey shows,
90% of self-draining wells are located within the Merke district [3].
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Table 1 — Results of hydrogeological wells survey (2021)

No. Admini§trative in:p)(;t:ge d With Well- With01_1t With pump Clogged by
region well spring well-spring stones
1 Merke 182 132 22 5 23
2 Shu 5 5 - - -
3 Korday 17 - 1 14 2
Total 204 137 23 19 25

Figure 1 — Administrative research areas

The flow rates of self-draining wells vary from 0.1 I/s to 40 1/s. The water
level is at a depth of 0.1-10 m, in some wells a submersible pump is used to take
water for domestic drinking water supply. The water temperature in the wells
varies from 10.0 °C to 32.0 °C. The reaction (pH) of water is 7.5-9.5 (Table 2) [4].

Table 2 — Example of description of hydrogeological wells in the studied areas

from 08/20/2021
Well | Geagraphic coordinates Brief descripfi Flow
—No | Northern East re Eesc]r]lp ton rate, Photo of wells
_latitude | longitude Lsec
Spouting well is
located opposite the
42° 52" 73° 5! .
— 42 k4" 50901" N -
t of water in the well
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Spouting well
is located at
42°52' 73°25' the entrance of
54 55" 1231" Makhanda village.
t of water in the well
is 11.9°C, pH=8.3

Spouting well is
located to the north
42°53" 73°28' of Kyzylkistak

310" 4030" village, 1.2 km.
t of water in the well
is 15.0°C, pH=8.6

Spouting well
is located in the
42°58' 73° 17 territory of Sypatay
S5 68" 1505" Batyr enterprise.
t of water in the well
is 17.8°C, pH=8.5

Wellbore clogged
by rocks and foreign | —=
materials

73°24'
4 2 2;(!"

2.2. The use of secondary heat transfer medium for the efficient use of

geothermal waters
As can be seen from the review, there are many explored deposits of
geothermal waters with temperatures above 40 °C in the south of Kazakhstan. But
there are a large number of sources with water temperatures below 40 °C, which
are poorly used or ignored. In this regard, we suggest using geothermal water
from 20—40 °C for heat and hot water supply according to the following scheme.
To do this, we willneed geothermal water at its normal temperature and a second
additional liquid with a lower boiling point than water, bothpassed through a heat
exchanger. The heat of geothermal water evaporates the second liquid, the vapors
of which drive the turbines. Since this is a closed system, there are practically no
emissions into the atmosphere. During the development, manufacture and testing
of these combined power units, it is necessary to solve a number of scientific and
technical issues, such as choosing of a working fluid with a low boiling point of
the second circuit, determining the lowest temperature, the condensate cooling
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temperature and choosing the optimal method for obtaining non-condensing gases
from the condenser-evaporator.

As is known from the principle of operation of a closed-cycle compression
heat pump, for the efficient operation of a closed circuit, a heat pump needs an
additional fluid that converts geothermal water into steam. These liquids are also
called: freon, freon, refrigerants. These working will ensure stable operation and
high efficiency of the heat pump with the specified parameters. Traditionally, the
most common working fluidsfor heat pumps are refrigerants: R11, R12, R13,
R113, freon (R-134a), isobutane, freon, propane, etc. We determine the working
fluid for the pump [5].

From the analyzed group of refrigerants, three refrigerants can be selected
that are acceptable in terms of environmental characteristics. It is proposed to use
non-azeotropic binary mixtures R32/R134a and R32/R152a as working bodies of
a closed heat-power circuit. The most environmentally safe refrigerant is R152a.
The working substance R152a is a medium-pressure refrigerant for the average
operating temperature range of heating systems. The thermophysical characteristics
are close to those of R12 and R134a refrigerants. Although hladon R152ais a good
substitute for hladon R12, however, in its pure form it is not used because of its
combustibility. R152a is used mainly in non-combustible mixtures of refrigerants.
Refrigerant R152a is toxicologically safe, thermally and chemically stable, which
contributes to the favorable operation of hot water supply [6].

Based on the analysis carried out on the use of non-azeotropic mixtures, we
propose for heat pumps to use mixtures of refrigerants R32/R134a and R32/R152a
as working bodies with a percentage of components of 30 to 70 %.

The higher values of the conversion coefficient of a heat pump operating on hot
water supply, compared with the results obtained in the combined mode of heating
+ hot water supply, are explained by the fact that the difference between the boiling
point and condensation in the hot water supply mode is smaller. Accordingly,
the compression work is less.And, as a result, a higher conversion coefficient is
obtained. In reality, the mode in which the heat pump works simultaneously for the
needs of heating and hot water supply is more profitable. Since in such a cycle, the
heat of the condensate is more fully used and the temperature of the water going
for heating is higher than in the hot water supply mode [7-8].

The conversion coefficient obtained on R152a refrigerant exceeds R12
at various condensation temperatures from 2 % to 3 %, and the higher the
condensation temperature, the more efficient the use of R152a refrigerant.
Therefore, the best option for a secondary coolant for this scheme of operation of
a steam compression heat pump is hladon R152a.
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Results and discussion

The heat pump has three main units (evaporator, condenser, and compressor)
and three circuits (cold, low-potential water source and water heating). Figure 4
shows the scheme of operation of the heat pump.

Figure 2 — Scheme of operation of a vapor compression heat pump

“The scheme works as follows: when low-potential heat is supplied to the
heat pump’s evaporator, the working fluid boils, transforming into a gaseous
state (point 1). Next, the dry saturated steam enters the regenerator (point 2).
Steam overheating occurs in the regenerator, and the superheated steam enters
the 2nd compressor. Due to the compressor’s work, the working fluid’s enthalpy
and temperature increase (point 3). In the condenser, the refrigerant condenses
and turns into a liquid state, transferring heat to the process coolant. The liquid
refrigerant enters the regenerator and shares part of the heat with the dry saturated
steam before entering the compressor (point 4). Liquid refrigerant (point 5). under
pressure enters the evaporator through a throttling device (temperature-regulating
expansion valve) (point 6), and the cycle repeats.

In this scheme, R134a and R152a were used as refrigerants. Water from a
well with a water temperature of 24 °C is used as a low-potential source. For
calculations, the boiling point of the refrigerant in the heat pump evaporator is
assumed to be 19 °C. The overheating of the refrigerant after the evaporator is
set to 3 °C.The vapors of the refrigerant formed during boiling are sucked in
by the compressor, so that the evaporator always maintains a low pressure and,
consequently, a low temperature. Further, in the compressor, the refrigerant vapors
are compressed and pumped into the condenser, where, condensing, it gives its
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heat to water. From the condenser, liquid refrigerant enters the super cooler, where
it gives part of its heat to water. After passing through the throttling device, the
refrigerant enters the evaporator and the working cycle repeats [9—10].

Table 2 — Comparison of the conversion coefficient ¢ for different refrigerants

Parameter Modes
Heating Hot water supply Heating+Hot water
supply
R134a R152a R134a R152a R134a R152a
t,"C 19
1,'C 75 55 75
il', kJ/kg 409,08 519,56 409,08 519,56 409,08 519,56
il, kJ/kg 412,00 523,19 412,00 523,19 412,00 523,19
ic, kJ/kg 442,08 572,00 432,75 556,34 442,08 572,00
i2', kJ/kg 446,00 578,36 434,17 558,61 446,00 578,36
i3, kJ/kg 313,14 341,23 279,32 300,13 313,14 341,23
i4, kJ/kg 310,22 337,60 276,4 296,50 276,80 304,89
il-il'kJ/kg 2,92 3,63 2,92 3,63 2,92 3,63
i3- 4,kJ/kg 2,92 3,63 2,92 3,63 36,34 44,32
Alo, kJ/kg 34,00 55,17 22,17 35,42 34,00 55,17
q, kJ/kg 135,78 240,76 157,77 262,11 169,20 281,45
® 3,99 4,36 7,12 7,40 4,98 5,10

From Table 4, you can see that

1 The conversion coefficient under the same initial conditions is higher for a
heat pump running on R152a from 2.4 to 8.4 % than on R134a freon.

2 The compression performance of a compressor running on R152a freon is
up to 38 % higher than on R134a.

Conclusion

Based on the conducted research, it can be stated that the geothermal waters of
our republic are not used effectively, their potential and capabilities for providing
heat and hot water supply are not sufficiently investigated. There are no promising
research projects in this area in Kazakhstan. The proposed heat pump scheme can
be used in almost all modern hot water and heating systems, which will provide
hot water and heat supply to nearby villages and farms. The effective use of
geothermal sources will save on combustible fuel and create conditions for ensuring
environmental safety. The experience of using geothermal waters in developed
countries shows their unlimited possibilities for generating heat and electricity.
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Kocnanapuii nanoanany yewvinvliaosl. CoHviMen Kamap xaadazenmmepoiy
Jrcannvl cunammamanapuvl oepineen. Homuoicecinoe aicoliy dicoHe biCHblK
CYMeH JHCabObIKMAy pedcuMinde Jcymble icmeimin Oy-KoMRpeccopablk,

HCBLLY COPSbICLIHBIH HCYMbIC CXEMACHLIHbIH cunammamacsl 6€piﬂ2€H.

Kinmmi ce30ep: sicep acmol cyrapwl, eeomepmanobiko30ep, XIA00H,

IHCBLT)JIbLK COp2bl, NPONAH, Cyljblmblﬂé’aH K@Ml'prlLl/lK,'bUZ 2asol.
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JI. @. Pubenpo?, T. C. XKycin’

Tapa3ckuii peroHaibHblid yHEBepcuTeT nMenn M. X. [lynary,
Pecmy6nuka Kazaxcran, . Tapas;

1"Kazaxckuii HAlMOHAIbHBIN arpapHbIil HCCIEIOBATENbCKUI YHUBEPCHUTET,
Pecmy6nuka Kazaxcran, . AnMarsr;

‘TlonuTeXHUIeCKM HHCTUTYT Bparaucsr,

Pecmy6nuka [lopryranms, . bparanca;

AcconmupoBaHHas 1a00paTOPUs IHEPTETUKH, TPAHCIIOPTA

U adpokocmuueckoit mpomeinuieHHOCTH — LAETA/INEGI,
Kamnyc ma ®EVII, 4200-465, Pecrry6muka [Topryramus, [opty.

HOTEHIHUAJ TEOTEPMAJIbHBIX HCTOYHUKOB
F0KHOT'O KABAXCTAHA, HA IPUMEPE ) KAMBBIJICKOM
OBJACTH, JUISI TENJIOCHABXEHUSI TIOTPEBUTEJIENA
CEJIbCKON MECTHOCTH

B cmamve npusooumcsa xapakmepucmuka 2eomepmanbHbLX
Mecmopooicoenutl oea Kazaxcmana u ananus nomeHyuand 2e0mepmaibHbix
600 JKambvinckoil oonacmu. Bvinonten 0630p pasiuiHuix 61008 1 chocobo8
UCNONL30BAHUST 2COMEPMATLHOU 800bl 0151 OLIMOBHIX U XO3AUCHBEHHBIX
Hyarco. CrredosamenbHO npueedeHsbl C8e0eHUs N0 MEPMAbHbIM CKEANCUHAM.
B x00e pazpabomku, uzeomoaienus u ucnbimarusi OQHHbIX KOMOUHUPOBAHHBIX
9HEP2OONIOK08 peutel yeblll psi0 HAYYHO-MEXHUYECKUX 80NPOCO8, MAKUX
KaK 8b100p ONMUMAILHO20 HUBKOKUNsAWe20 pabouezo mena Ot menia u
cucmembl 2opsaue20 8000cHabcenus. IIpousseder 0630p no cyuecmayiouum
Ha ce200HAUHUL 0eHb XAA0A2eHMO08 U NAPOKOMAPECCUOHHBIX HCUOKOCTIEL.
Hana knaccuuxayus u xapakmepucmurxa mMopudHbIX MenioHOCUmerel
Pa3IUYHBIX QU008 U MeMnepamypbl ux ucnonv3osanus. Credo8amenvHo 6
Kawecmee pabouux meji 3aKpblmo20 menioCuio8020 KOHMypa npeodiodiceHo
UCNONb306aMb HeA3eomponHvle OunapHvle cmecu.boree mozo nposeden
AHATU3 NO UCNOTL30BAHUIO HEA3EOTMPONHBIX CMeceli OTisi MEeNI08blX HACOCo8. B
Kauecmee paboyux mej 0Jist 6Mopo20 KOHMYPa npeoiazaemcst UChOIb306amb
cmecu xnadazenmos. Jlanee npugedenvl OHOGHblE XAPAKMEPUCMUKU
xnaoazenmos. B pezynomame npusooumcsi onucanue cxemvl pabomol
NAPOKOMIPECCUOHHO20 MENI08020 HACOCA, PADOMAIOWe20 8 PeXCUMe menid
U 20pAve20 B00OCHAOICEHUSL.

Knouesvie crosa: nodzemmuvie 00bl, ceomepmaibHble pecypchl,
XJIAOOH, MeNI080U HACOC, NPONAH, CHCUNCEHHDIL Y2IeKUCTbIU 243.
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