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ON THE USE OF HEAT PUMPS

Abstract: The problems of energy saving and environmental friendliness in the issues of heat supply,
hot water supply and energy-intensive industrial production are constantly in the center of attention and
research. The relevance of such research is caused by the need to reduce fuel consumption, reduce harmful
emissions from fuel combustion, and reduce thermal pollution of the atmosphere. Heat pumps are devices that
operate on a reverse cycle, i.e. heat is transferred from less heated bodies to more heated ones, and the heat
pump requires an external energy source. In recent years, heat pumps have been increasingly used. In many
technological processes there is incomplete utilization of primary energy, such unused energy refers to
secondary energy resources. In the production of silicate bricks the main technological process is autoclaving,
which uses saturated steam of high parameters. The steam condensate can be used to operate a heat pump.
Thus, the use of waste heat carrier as a low-potential heat source contributes to the rational use of secondary
energy resources and the development of energy-saving technologies. Heat supply by means of heat pumps
represents modern, priority environmentally friendly technologies.

Key words: heat pump, low-potential source, heat carrier, energy efficiency, energy-saving
technologies.

Introduction

In the development of modern world energy, it is worth noting among the topical directions —
the use of alternative energy sources. In general, alternative energy can be considered as one of
the stages of development of technologies that ensure uninterrupted supply of electrical energy. The
works of a number of scientists [1-3] are devoted to the use of alternative and secondary energy
sources.

The use of heat pumps is promising in the development of alternative energy; they provide
an opportunity to improve energy efficiency and environmental friendliness in the production of heat
and electricity [4].

The heat pump is considered to be an environmentally friendly system. With its help it is
possible to obtain heat for heating and hot water supply of residential and industrial premises, and
sources with low potential are used, transferring heat to the heat carrier having a higher temperature.
In general, the economic efficiency of using heat pumps for heat supply systems strongly depends
on the climatic conditions of the region, and the factors that affect their efficiency have different
directions [5, 6].

Secondary energy resources (SER) are energy that results from almost all technological
processes when primary energy is not fully utilized. SERs are by-products of the main production,
which are not used in this process. It is fair to consider that secondary energy resources represent
a rather large energy potential.

All secondary energy resources are divided into three groups:

— combustible;

— thermal;

— overpressure [7-10].

Problem statement

The research was carried out on the experimental installation «Heat pump», the circuit
diagram of the installation is shown in Figure 1.

The purpose of the study was to determine the change in the temperature of the heated water
depending on the temperature of the low-potential heat source (heat of the spent condensate after
autoclaving of sand-lime bricks) at different time intervals.
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1 — compressor; 2 — condenser; 3 — evaporator; 4 — throttle; 5 — filter-drier; 6 — moisture indicator;
7 — water tanks; 8 — heating element; 9 — thermoregulator

Figure 1 — Circuit diagram of a heat pump

Research results

During the experimental research, the necessary measurements were carried out. The
results are shown in Figures 2, 3, 4.
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Figure 2 — Variation of the heated water temperature depending on the temperature of the
heated water temperature of the heating medium 30 minutes after the start of heating

As a result of mathematical processing, equations describing the dependence of heated
water temperature tw, °C, on the temperature of low-potential source tys, °C, after 30 minutes of
heating for initial water temperature of 8 °C and 20 °C, respectively, were obtained:

tW=0,0842 tlps+13,644, (1)
t4=0,2532 tps+22,646 2)
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Figure 3 — Variation of the heated water temperature depending on the temperature of the
heated water temperature of the heating medium 45 minutes after the start of heating
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As a result of mathematical processing, equations describing the dependence of heated
water temperature tw, °C, on the temperature of low-potential source tys, °C, after 45 minutes of
heating for initial water temperature of 8 °C and 20 °C, respectively, were obtained:

tw=0,1519 tj,s+17,068, 3)
tW:O,2753 tlps+25,67 (4)
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Figure 4 — Variation of the heated water temperature depending on the temperature of the
heated water temperature of the heating medium 60 minutes after the start of heating

As a result of mathematical processing, equations describing the dependence of heated
water temperature tw, °C, on the temperature of low-potential source tps, °C, after 60 minutes of
heating for initial water temperature of 8 °C and 20 °C, respectively, were obtained:

t,=0,2082 tjps+20,885, (5)
£,=0,3715 tjps+28,259 (6)

Analysis of the obtained data, presented in Figures 2, 3, 4, showed a linear dependence of
the temperature of heated water at initial temperatures of 8 oC and 20 oC on the temperature of the
spent condensate. At that, the highest heating intensity is observed after 60 minutes of heating.

Conclusions

The results of the conducted research were processed using Excel package. The analysis
showed that the studied characteristics are described by linear regression equations. At that, the
linear determination coefficient R? is higher than 0,9, which, from the point of view of statistics,
indicates a sufficiently high reliability of the obtained comparative equations.

The use of secondary energy resources in the form of exhaust steam condensate after brick
autoclaving increases the energy efficiency of production. On the basis of this study it is reasonable
to continue studying the increase of production efficiency through the use of heat pump.
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XbITY COPFbINAPbIH MAUOAINAHYFA KATbICTbI CYPAKTAP

XKbinymeH xab0bikmay, biICMbIK CyMEeH KaMmamachl3 emy XoHe 3HepausiHbl Kerl Kaxem ememiH
eHepKacinmik eHdipic mMacenenepiHoe 3Hepausi YHeMOeY XXOHe 3KOS02UsfIbIK masarblK Macenenepi yHemi
Hasapla xoHe 3epmmeyde. MyHdali 3epmmeynepliH e3eKkminiei OmbIH WbIFbIHbIH a3almy, OMbIHHbIH
JKaHybIHaH 3USHObI WbIFapbiHObIIapObl asalmy XoHe ammocgepaHbIH XbUTyrbIK facmaHybiH asaumy
KaxxemminigiHeH mybiHOadbi. Kbinly coprbinapsl - 6y Kepi Yyukide XyMbIC icmelmiH KypbiriFblnap, sSFHU, Xbliy
a3 Kbi30blpbinFaH OeHeriepdeH Kerl Kbi30bipbiriraHOapra 6epinedi, an Xbirly COPFbICHIHLIH XYMbICbl CbIPMKbI
aHepausi Ke3iH Kaxem emedi. COHfbl Xbl10apbl Xbiy COpfbliapbl Xui KondaHbina 6bacmadbl. KenmezeH
mexHorocusnbIK npoyecmepde 6ipiHwi pemmik aHepausiHbl MonbiK natdanaHbay opbiH anadbl, mMyHOal
natidanaHblimaraH 3SHepeausi eKiHWi pemmik 3Hepausi pecypcmapbiHa xamaodbl. KymObi-okmi Kipniw
eHOipiciH0e Heai3ai mexHoo2usnbIK npouyecc asmoknasmay 60nbin mabbinadbl, On yWiH Xorapbl
napamempriepdi KaHbikkaH 6y KondaHbinadbl. XKbiny copfbiCbiH natianaHy ywiH 6y kKoHOeHcambiH
natiGanaHyra 6onadel. Ocbkinaliwa, natdanaHbliiraH cankbiHOamKbiLUMmMbl MeMeH NomeHyuanodbl Xbliy Ke3i
pemiHde natidanaHy eKiHWi sHepaus pecypcmapbiH ymbiMObl rnatdanaHyra XoHe 3HepausiHbl yHemOelmiH
mexHornoausinapdbl dambimyra bikrnan emedi. Kbiry copfbinapbl apKbiibl XbiTyMeH KaMmamachi3 emy Kasipai
3amaHfbl, bacbIM 3K0/102UAIbIK ma3sa mexHosoaust 60sbin mabbinadsi.

TyliH ce30ep: Xbify COPFbIChbl, MeMeH MOMeHyUanobl K63, cankbiHdamkbiw, 3Hepausi muimdiniei.
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K BOMPOCY UCMNOJIb3OBAHUA TEMNMOBLIX HACOCOB

[Mpobnembl 3HepaocbepexeHusi U 3KOI02UYHOCMU 8 80rpocax mernaocHabXeHus, 20ps4ez0
8000CcHabXXeHUSs U 3Hepao3ampamH{0o20 NPoMbIWIIEHHOZ20 Npou3eodcmea noCcMmMosiHHO Haxodsimcs 8 UeHmpe
8HUMaHUsi U uccredoeaHul. AKkmyanbHOCMb makux uccredogaHull 8bi3gaHa Kak Heobxo0UMOCMbIO
CHUXeHUsT pacxoda moruea, CHUWXEeHUK 8pedHbIX 8bI6pOCO8 Mpu CxXueaHuu moruea, yMeHbUEeHUe
mensioeo20 3azpsi3HeHUs ammocagbepsl. Ternosbie Hacockl — 3mo ycmpolicmea, Komopbie pabomarm Mo
obpamHoMy yukiy, m.e. mensaoma rnepedaemcsi om mesl MeHee Hazpembix K 6onee HazpembiM, a 05s
pabombl mernogo2o Hacoca mpebyemcsi 6HeWHUU UCMOYHUK 3Hepeuu. B rnocnedHue 200bI mernosble
Hacockl Haxo0sm ece boriee WupoKoe rnpuMeHeHuUe. Bo MHoz2ux mexHonoaudyeckux npouyeccax rnpoucxooum
HEerosHoe UCMofib308aHUe [ep8UYHOU 3Hepauu, makasli Heucriofb308aHHasi 3SHepeusi OmHocumcsi K
8MOPUYHLIM  3HEpaemuyeckuMm pecypcam. B npouszsodcmee cunukamHo2o Kupriuda OCHOBHbIM
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MEeXHOI02U4YeCKUM rPOoUECCOM sI8ISIeMCS a8MOKIasupo8aHUe 8 KOMOPOM UCMOb3Yemcsl HacbIWeHHbIU rnap
8bICOKUX napamempos. KoHOeHcam rnapa MOXHO ucronb3ogams Orisi pabomsl mennogo2o Hacoca. Takum
obpasom, ucronb3oe8aHue ompabomaswie20 mMenjioHOCUMEessi 6 Kayecmee HU3KONomMeHUuanbHOo20
UcmoyYyHuka mensa crnocobecmeyem pauuoHalbHOMY UCMOb308aHUK BMOPUYHBLIX 3HEeP2emuYecKux
pecypcoe u paseumuro 3Hepaocbepezarouiux mexHonoaull. TennocHabxeHue C rNoMOWbIO MEernIo8biX
Hacocoe rpedcmasrisiem coboli co8peMeEHHbIe, MPUOPUMEMHbIE 3KOSI02UYECKU YUCMbIe MEXHOI02UU.

Knrodyesblie cnoea: mennoeoli Hacoc, HU3KOMOMEHUUarbHbIlU UCMOYHUK, MEernioHoCUMmersb,
3Hepa203hhekmusHOCMb, 3HEp2ocbepeaarouue MmexHonoauu.
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