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Pedepat. BrimonHeHO Hay4YHO-TEOPETHYECKOE OOOCHOBAHUE IHEPTETHUYECKHUX XapPAKTEPHUCTHK
TEMIOBOTO HACOCA, HAMPSMYIO 3aBUCAIINX OT KaueCTBa MOJrOTOBICHHON BOJBI, IUIsI HAZEKHOU U
GecriepeOoitHOI paboTHI HCTApUTEN TEMIOBOTO Hacoca U Kommpeccopa. Ha ocHOBe 3kcnepuMeH-
TalbHBIX JAHHBIX PACCUUTAHbBI SHEPTeTHUECKHE MOKa3aTeNN TEIUIOBOro Hacoca. PaccMoTpeH crmo-
c00 KOMOMHHMPOBAaHHOM TEXHOJIOTHH Pa0OTHI TEIUIOBOTO HAcOCa THIA «BOJAA — BO3AYX», d(dek-
THUBHOCTh KOTOPOIl OCHOBaHa Ha IpPEABAPUTENHFHOM YIy4YIICHHH KadecTBa YMSAIYCHHOH BOJIBI
C IOMOIIBI0 MeMOpaHHOW YNbTpadUIBTPAMOHHOW YCTAaHOBKH. Takoe penieHHe I03BOJIMIO
YMEHBIIUTH Harpy3Ky Ha GUIIBTPEI ¥ HCKITIOUHUTH UCIIOJIb30BAHUE XMMUUECKUX PEareHTOB, IPHMEHS-
eMBIX B KJIACCHYECKUX CXeMaX BOJOINOIOTPEBaTeNbHBIX YCTAHOBOK. B IeNsix ycoBepuIeHCTBOBAaHUS
paboThl KOMIIpECCOpa TEMIOBOTO HAcOCa MPEIOKEH METO]], OCHOBAHHBIH Ha U3MEHEHHH CKOPOCTH
BpalIEHHs Bajla C MOMOIIBIO AJIEKTPOHHBIX MHUKPOIPOIECCOPHBIX YCTPOHCTB. [yIsi perynupoBaHust
IIPOM3BOIUTENIBHOCTH KOMIIPECCOPA UCHOJIb30BAH YaCTOTHBIN MpeoOpa3oBaTelib, 00a1atoNuii M-
POKHMM JMana3oHOM M3MEHEHHs YacTOTHI IIepeMeHHOro Toka. VcciieJoBaHbl HHTEpBAIbl H3MEHEHHS
YacTOTHl IIEPEMEHHOTO TOKA, COOTBETCTBYIOLINE 3HEProd((eKTUBHBIM 3HAUCHUSAM Koddduimenra
npeoOpa3oBaHys YIHEPTUH TETIOBOTO Hacoca. IlomyueHHbIe B X0/e SKCIIEPUMEHTOB U ONPE/CICHHbIE
pacyeTHBIM IMyTeM 3Ha4deHHs Kod(duimenTa npeodpa3oBaHMs SHEPTUH TEIUIOBOTO Hacoca COrja-
CYIOTCS MEXIy co00H B mpeenax MOTPEeNIHOCTeH JKCIePHMEHTa C PEeryIHpOBAaHUEM HMPOU3BOU-
TeTbHOCTH KoMmpeccopa. [IpensioskeHHast SKCIEepHUMEHTANbHAsT YCTAaHOBKA TTO3BOJIMIIA OIPEEIUTh
3aBHCHMOCTh OCHOBHBIX XapaKTEPUCTHK OJIOKa TEINIOHACOCHON YCTAHOBKH OT YHCIIA 00OPOTOB KOM-
npeccopa U HalTH 3(GheKTHBHBIN auana3oH ero peryiupoanus (50-180 %). Pa3paborka ycosep-
IICHCTBOBAHHBIX TEXHOJIOTHH ISl OYUCTKH IPUPOJHBIX BOJ B YCIOBHSX ITOBBIIICHHBIX aHTPOIOTECH-
HBIX Harpy30K Ha IMPUPOIHBIC HCTOYHUKU BOJBI SIBISIETCS] IPHOPUTETHOI cpeyl GpyHAaMEHTaIbHbIX
Y IPUKJIATHBIX UCCIIEI0BAaHNH B 00aCTH BOIOTIOATOTOBKH.
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The Means to Improve Water Treatment
and to Enhance Power Engineering Performance
of the Water Source Heat Pump

L. R. Junussova”, S. K. Abildinova”, M. B. Aliyarova®, S. V. Chicherin?,
T. Ja. Junussov”

Y Almaty University of Power Engineering and Telecommunications (Almaty, Republic
of Kazakhstan),

YOmsk State Transport University (Omsk, Russian Federation),

) Almaty Technological University (Almaty, Republic of Kazakhstan)

Abstract. The subject matter of the paper is related to scientific-and-theoretical basis of power
engineering characteristics of heat pump directly depending on the quality of treated water for
reliable and uninterrupted operation of heat pump evaporator and compressor. On the basis
of experimental data, energy parameters of the heat pump are calculated. The method of the com-
bined technology of the heat pump “water — air” operation is considered, the efficiency of which
is based on the preliminary improvement of the quality of water softened with the use of a mem-
brane ultrafiltration unit. This solution made it possible to reduce the load on the filters and to
exclude the use of chemical reagents used in the classical schemes of water heating facilities.
In order to improve the operation of the heat pump compressor, a method based on altering
the speed of rotation of the shaft by means of electronic microprocessor devices has been pro-
posed. To regulate the compressor performance, a frequency converter with a wide range of alter-
nating current frequency is used. The intervals of alteration of frequency of the alternating current
corresponding to energy-efficient values of coefficient of transformation of energy of the heat
pump are investigated. The values of the energy conversion coefficient of the heat pump obtained
in the course of experiments and determined by calculation are consistent within the experimental
errors with the regulation of the compressor performance. The suggested experimental device
made it possible to determine the dependence of the main characteristics of the unit of the heat
pump unit on the number of revolutions of the compressor and to find out an effective range of its
control (50—180 %). The development of advanced technologies for natural water treatment under
conditions of increased anthropogenic loads on natural water sources is a priority one among
the fundamental and applied research in the field of water treatment.

Keywords: district heating, reliability, efficiency, heat pump, desalination, ultrafiltration unit,
compressor, condenser, evaporator, frequency converter, freon, underground water, membrane
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BBenenue

Yamre Bcero mccieoBaHUS B O0JACTH TEIUIOHACOCHBIX ycTaHOBOK (THY)
HampaBlieHbl Ha KOH(QHUTypHUpPOBaHHE BHOBb BBOAMMBIX B CTpoil cucteM [1-5]
WIM Ha BBIIIOJHEHHE C TOYKH 3PEHHS CYMIECTBYIOIINX HPEHMYIIECTBEHHO
B ctpanax EBponsl (CxkaHIMHABHUM) MOIIHOCTEH [6, 7] B YCIOBHSIX HEpaBHOMEp-
HOT'O CyTOYHOTO [8] MM M3MEHSIIOIIET0oCs B TeUeHue roja [9] TermioBoro nmorpeo-
JIeHWsT W HeCTaOWIbHOW DPHIHOYHOW W TIONMUTHYECKOW KOHBIOHKTYpHI [10, 11].
[MpuHATEl Takke W MeHee MacTaOHbIe OOBEKTH HccienoBaHus. CrocoObl
YJIy4IIEHHs] KaueCTBa MCXOJHOM BOJBI, B YACTHOCTH OIIPECHEHUS, PACCMOTpE-
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HEI B [12—14]. OgHako memaeTcs 3TO C ICNbI0 M3MEHEHUS XUMUYIECKOTO COCTa-
Ba (0OeccoymBaHMUs) — KAK OCHOBHOT'O TEXHOJOTMUYECKOro MpoIiecca, MPOUcXo-
JISITIIETO 33 CYET SHEPTHH, TIOIYIaeMOl OT TEeIIOBOTO Hacoca 0€3 MCTIOIh30BaHHS
ero Uid HYX]l TEIUIOCHAOKeHHA. DHEPreTUYEeCKHX XapaKTEPHUCTHUK TEIUIOBOTO
Hacoca KacaeTcs Takke O0ojblioe 4ucio padbot [15-22], Ho, HanpuMep, a3uart-
ckre ydenble [23] CHMMalT TOKa3aTedd TOJbKO HAa HWCIBITATENHbHBIX CTEH-
Jax, TJle YCTaHOBJICHO 00OpyAOBaHHE, KOTOpPOE HE pacmpocTpaHeHo B Poccum
u ctpanax CHI', wim ucnonib3yloT oueHb cnernuduueckoe o0opynoBanue [24].
A poccuiickue ydeHbie [25] mpHUBS3BIBAIOTCS K OMpEAeIeHHOMY BUAY XJaJareH-
ta: u300yrany (R600a) u H-nentany (R601).

Crenu(ukoi pyCcCKOS3BIYHBIX IMyOJIMKAIMi 4YacTO SBJISCTCS BEIOMCTBEH-
Hasi OPUCHTAITUS HAYYHBIX UCCIEIOBAHUM, KakK B [26, 27]. B ¢Bs3u ¢ 3TUM aBTO-
pbl HACTOSAIICH pPabOThI CHAETIAM IOMNBITKY PacCIIUPUTh O0JIACTh MPUMEHE-
HUsI pa3pabOTOK, M3NIOKEHHBIX HIDKe. [IpomomkeHre ucciaeIoBaHusl BO3MOXKHO
IyTeM MOHUTOPHHTA HAJAEKHOCTA W KOHTPOJIS TEPMETHYHOCTH KOHTYPOB, aKTy-
AIBHOTO IS TEIUIOBOTO Hacoca [28, 29], Tak ke Kak W I J000ro JAPyroro
000pyIOBaHMS TIETIOYKH «MCTOYHHK TEIUIOCHAOKEHHS — TEIUIOoBasl CeTh — IOTpe-
outens» [30]. Hapsany c onenkoii coctostaus, H. 0. Canpeikuna u I1. B. Skos-
neB [31] 3aparoT Apyroe nepcrneKTUBHOE HAMpaBlICHUE AJIs1 NajJbHEUIINX UCCIIEe-
JIOBAaHUH, a IMEHHO — M3YUYCHUE BIIFSHUS TEIUIOBOTO HAacOCa HAa MCTOYHHUK TETI-
JIOTHI [T HETO.

TakuM 00pa3oM, HEMHOTHE U3 MEPEUUCICHHBIX Pa0OT PelIaloT Hay4yHbIEe 3a-
Jlagl HA PeabHO EUCTBYIONINX THUIIOBBIX TEIIJIOHACOCHBIX YCTAaHOBKAX, a 0OJb-
IITMHCTBO M3 HUX HE KAcaroTCsl BOMPOCOB IOJTOTOBKH UCXOTHOW BOABI. ABTOpa-
MU CTaThU IOCTABIICHA IIEJIb HAYYHO OOOCHOBATh DHEPTETUUYECKHE XapaKTepH-
CTHKH TEIJIOBOTO HAacOCa Ha peajbHO JCUCTBYOIIEH MOICITH.

MeTtoanbl u AJITOPUTMbI pCIICHUSA

Cucrema TEIUIOBBIX HACOCOB C BOJOW B KadeCTBE HIDKHETO MCTOYHHUKA pe-
KJIaMHApYyeTCsl Kak HanOoiree 2 (HEeKTUBHAS C TOYKH 3PCHHS dKCIUTyaTaIlMOHHBIX
pacxonoB Ha otoruieHue [2, 23]. B xauecTBe HU3KOMOTEHIIMAILHOT'O UCTOYHUKA
TETUTOTHI I TEIUIOHACOCa Yallle BCEr0 MCIONB3YIOT TPYHTOBYIO BONIY, B KOTO-
pOIi COEPIKUTCS MHOTO JKeine3a. DTO JeNlaeT BaKHBIM MpPEeABAPUTENbHYIO TOI-
TOTOBKY BOJIbI, KOTOpPAasi MOXET BBITIOTHATHCS C IPUMEHEHHEM yIbTpaduibTpa-
[IUOHHBIX METOAOB. YIbTpadUIBTPaAIUs — 3TO MPOLIECC MEMOPAHHOTO pa3zere-
HMA KUAKUX cMeced mon aevictBueM gaBieHusa 0,3-0,8 MIla, ocHoBaHHBIN Ha
pa3uyuu MOJIEKYJISIPHBIX MAacC WU MOJEKYJSIPHBIX pa3MepOB KOMIIOHEHTOB
pasgensemoit cmecu. s ympTpadmiabTpanyi MCHONB30BATN PYJIOHHBIA dIie-
MEHT C yIbTpaQUIbTPallMOHHEIMA MeMOpaHaMH Ha OCHOBE aleraTa IeJUITF0JIO-
3bI, 00JIAAAOMUMHU 00Jiee BBICOKOH yIEIbHON MPOM3BOIUTEIBLHOCTHIO, THIPO-
(hUITHPHBIMU CBOWICTBAMU, MEHEE TOJBEPKEHHBIMHU aJICOPOIIMOHHOMY 3arps3He-
HUIO OPraHWYECKUMH BEIECTBAMH W TO3BOJISIONIMMH B IIONHOW CTENCHH
OCYIIECTBUTH MPEABAPUTENBHYIO OYHCTKY BOJIBI (pHc. 1).

B yasrpadmnbrpanmionHoM Moayine YOV mpou3BOANTCS TpeIBAPUTEIHHOE
yMsT4YeHHe BOJbI. BIOK mpeaBapuTeNbHON 00paOOTKM BOABI C TAKMM MOZYJIEM
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MO3BOJISIET TEIUIOBOMY Hacocy paboTarth ¢ 6osiee BBICOKOW MPOWU3BOIUTEIB-
HOCcThIO. [Ipu paboTe Ha OCBETIEHHON BOJ/IE KalMTaJIbHBIE 3aTPAThl HA COOpYKe-
HUE TETIOHACOCHOU YCTaHOBKHU cokpaiatorcs [19]. OnHOBpeMEHHO MOXKHO MO-
JTy4uTh OOJIee BHICOKOE Ka4eCTBO OUHMIIEHHOH Boabl. Kak mokasasno mccnemoBa-
HUE, yIbTPa(UIbTPAIMOHHBIA OJOK 3(QQEKTHBHO 33/JepPKUBAET B3BEIICHHBIC
BEIIECTBA M CaMble MEJKHE YaCTHUIBI KOJUIOMIHOTO JKejie3a 3a CYET pa3Mepa
MeMmOpansbIX TIop d = 30-1000 A; npu pabouem napnennn 0,2—1,0 MITa yna-
TsfoTCs gacTutlpl pazmepom fo 0,005 mxwm [32].

P Ne
Y
7
S Puc. 1. Texnonoruueckas 6J10k-cxema
6 BOJIOTIOATOTOBUTEIBHON YCTAHOBKH:
3 5 1 — 3a00pHas CKBaXHHA; 2 — 0aK-aKKyMYJIATOP;
3, 5 — HeHTpoOEXKHBIN HACOC;
@ 2 4 — ynbTpadMIBTPALIMOHHBIN MOTYJIb;
6 — TerI0BOM HACOC; 7 — JINHUS ITOCTaBKHA
1 TEIUIOBOM SHEPTUM MOTPEOUTENIM

Fig. 1. The technological diagram of water treatment device: 1 — intake well; 2 — tank;
3, 5 — centrifugal pump; 4 — ultrafiltration unit; 6 — heat pump;
7 — line of delivery of thermal energy to consumers

C npyroii cTOPOHBI, KOMIIPECCOpP — BaXKHEHIIAas ¥ camasi JOporast 4acTh Tel-
noBoro Hacoca [15]. iMeHHO OH o0eclieunBaeT peann3anuio TepMOInHAMUYe-
CKOTO LIMKJIAa M MOTPEOIIIeT OCHOBHOE KOJIMYECTBO 3JIEKTpodHepruu. bes ero co-
BEPIICHCTBOBAHHUS HEBO3MOXKHO JOOUTKCS CYIIECTBEHHOTO MOBHITIICHHS YD deK-
TUBHOCTH M HAJEKHOCTH pabOTHl TEIJIOHACOCAa, HCIIONb30BaTh B KadyecTBE
pabourx Ted PKOJIOTHIECKH Oe3omacHbie ppeoHsl [15, 19, 25]. bombmoe 3Hage-
HUE JUIs TOTpeOUTeNsl UIMEET U CHUYKEHUE YPOBHS €r0 HIYMOBOTO BO3/ICHCTBHSI.

CaMbIM pacnpoCTpaHEHHBIM THUIIOM KOMIIPECCOpa B HACTOALIEE BPEMs SBIISIET-
CsI TIOPIIHEBOH, a MPOUCXO/IIINE B HEM TIPOLECCH] M3YUYEHBI JTOCTaTOYHO TTOJPO0-
HO [18]. DkcepreTrdeckuii aHaM3 MapokoMIpeccHoHHpIX THY ¢ mopurHeBBIMEI
KOMITPECCOPAMH TaKXKE TOKa3bIBACT, YTO HAMOOJBIINE MOTEPU IKCEPIUU UMEIOT
MecTo B koMmpeccope (okoro 20 % oT moJBeeHHOM K ycTaHOBKe 3kceprun) [19].

PerynupoBanne NpoM3BOANTENBHOCTH KOMIIPECCOPOB 4Yalle BCEro OCy-
IIECTBISIETCS CTYNEHYATO, ITyTeM MX NEPHOANYECKOro IycKa U OCTAaHOBA, OJTHA-
KO 3TO MPUBOJIUT K COKPAILIEHHIO CPOKOB UX CIYKOBbI ¥ HE MO3BOJISIET B MOJTHOM
Mepe UCTIONIL30BaTh YHEProcOeperaonii MOTeHIINAI TeIUIOBBIX HACOCOB BCIE -
CTBHE WX pabOTHI B HEPACUETHHIX MEepeXOoAHBIX pekumax [3]. Hamboree mpo-
T'PECCUBHBIM B HACTOSAIIEE BPEMsI CIIOCOOOM PEryJIMpOBaHMS IPOU3BOIUTEIHEHO-
CTH KOMIIpEccopa sIBISIETCS M3MEHEHHE CKOPOCTH BPAalLICHHUS Bajia ¢ TOMOIIBIO
3IIEKTPOHHBIX MUKPOIIPOLIECCOPHBIX YCTPOUCTB [1].

ABTOpaMH CTaThH MPOBEJCHO YKCIIEPUMEHTAIBHOE UCCIIEI0BAaHNE SHEPTETH-
YEeCKMX XapaKTEePUCTHUK TEIUIOHACOCHOW YCTAaHOBKM THIA «BOJAA — BO3IYX»
C MIPUMEHEHNEM YaCTOTHOTO NpeoOpazoBaTesst AJsl PEeryIupoBaHus MPOU3BOIHU-
TENBHOCTU KoMIpeccopa. JlJsi mpoBeieHHs SKCIIEPUMEHTa K MOPIIHEBOMY KOM-
npeccopy TEIUIOBOTO Hacoca OBUI TMOAKIIOYEH YacTOTHBIA IpeoOpa3oBa-
Tedb Siemensmicromaster 420 ¢ auama3oHOM H3MEPEHHs YaCTOTHI IEPEMEHHOTO
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toka 0—650 ['1, paccynTaHHBIN HAa HOMHHAIBHYIO MOIITHOCTG 2,2 KBT, B cueTInK
anekTposHeprun BFM 136.

I'pynToBas Boma mocie OJIOKa MpPEIBAPUTEIBHON OYMCTKH LEHTPOOCHKHBIM
HAaCcOCOM ITO/IaeTCA B MCHApUTENh TEIUIOBOTO Hacoca. VI3MepeHHbIe SHepreTHye-
CKHE XapaKTePUCTUKHU KpyroBoro mporecca B THY mo3Bonwiu onpenenuTsb
SHEPreTUYECKHE apaMeTphl ee paboThI, MPeACTaBICHHbBIE Ha Tpadukax puc. 2, 3.

o 35

=}

530

S

== 2,5

g &=

g2 2,0 -
5]

E =

& 15

=

8

g 10

0 10 20 30
[MponomxuTenbHOCT LUKIA GUIBTPA, MUH

Puc. 2. OnpeneneHue oNTMAITBHON NMPOJODKUTEIBHOCTH 0OPATHON IIPOMBIBKI
yIabTpaguIbTpaluoHHOro O0Kka YOV
—a— —40; —e— —-30; —A— - 20; —@— — 10

Fig. 2. Determination of back flushing time optimal duration of the ultrafiltration unit
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Fig. 3. Energy conversion dependency on the number of revolutions of the compressor

DHepretudeckas 3(pPEKTUBHOCTh TEIUIOBOTO HAcOCA XapaKTEpU3yeTcs KO-
s urmmenTom npeodpazosanus sHepruu (KI19):

_N_

KM

rae O, — Mpou3BeeHHas TEII0Ta; N, — MOITHOCTh B TCIUIOBOM DKBHBAJICHTE,
WJIM MEXaHW4YeCKas SHEPTHs, 3aTpadeHHas Ha IMPHUBOJ] KOMIIPECCopa.

Pe3yabTarsl ucciaeqoBaHui

P C3yJIbTaTbl JSKCICPHUMCHTAJILHOI'O HMCCICIOBAHUA IOKa3aTelie KadecTBa
YMHF‘{GHHOﬁ BOJBI IMPEACTABJIICHBI HA PUC. 2.
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[To wToram 3KCIEPUMEHTOB Ha PHC. 3 TMTOCTPOEHBI 3aBUCUMOCTH K03 uIu-
eHTa NpeoOpa3oBaHusI SHEPTHH OT YHCJIA 000POTOB KOMIIPECCOPA, YTO yKa3bIBa-
et Ha 3ddektuBHOe 3HayeHne KIID B auanazone p = 5,55-7,23 npu n = 1400—

2150 00/muH.
BbIBO/bI

1. IlpennoxkeHa ycoBepIIEHCTBOBaHHAsA CXe€Ma MOATOTOBKU HCXOAHOW BOJIBI
IUIsl TETUIOBOTO HAcOca HAa OCHOBE KOMOMHHMPOBAHHS MEMOpPaHHOH yibTpaguiib-
TpallMU M TEXHOJOTHMH yMATYEHHs BOABbI. Takoe pelleHue MO3BOJIUIO YMEHb-
LUIMTh HArpy3Ky Ha (QUIBTPHI U UCKIIOYHTH HMCIOJb30BaHUE XMMHUYECKUX pea-
TeHTOB, IPUMEHSAEMBIX B KJIACCHYECKHX CXEMaX BOJOIOATOTOBUTENHHBIX yCTa-
HOBOK. [lomyueHHBIE B XOA€ SKCIIEPHIMEHTOB W OIpEAENCHHBIE PACYECTHBIM
MyTeM 3HadeHns Kod(uimerTa mpeodpa3oBaHus SHEPTHUH TEIIOBOTO Hacoca
COTJIACYIOTCSI MEXIy co00i B IpefeNiaX MOTPEHIHOCTEH SKCIEPUMEHTa C pery-
JUPOBAaHUEM MTPOU3BOJUTENEHOCTH KOMIIpECCOpa.

2. PazpaboranHas SKClepUMEHTAIbHAs yYCTAaHOBKA I03BOJIMIIA ONPEACIHTh
3aBHCHMOCTh OCHOBHBIX XapaKTEPHCTHUK OJOKa TEIUIOHACOCHOW YCTaHOBKH OT
grcia 000poTOB KOMIIpeccopa i HaluTH () ()EeKTHBHEIN AUAIa30H €ro PeryIupo-
BaHUs (50180 %). [loxydeHHbBIE pe3yabTaThl MO3BOJISIOT CIPOEKTUPOBATH BO-
JIOTIOJITOTOBUTEJILHYIO YCTAHOBKY C HMCIOJb30BAaHUEM TEIUIOHACOCHBIX yCTaHO-
BOK C CHCTEMaMH Ka4eCTBEHHOT'O PETYJIMPOBaHUs, KOTOphIe oOecredar Ooiee
rITyOOKOe peryaupoBaHUEe MOITHOCTH M TEMIIEPATypHBIX PEKHMOB, JIydIlIee CO-
TJIaCOBaHWE C W3MEHSIONIMMHCS TapaMeTpaMH WCTOYHHKOB TEIUIOTHI CHCTEM
TEIUIOCHAOKEHUS M OKPYXKAIoUIeH Cpeibl, a TakKe BBICOKYI0 SKOHOMHUYHOCTh
B IIPOIIECCE IKCILTyaTaIlHH.
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