/13BeCTs TOMCKOrO NOAWTEXHWMYECKOro YH1BEPCUTETa. MIHXMHMPUHT reopecypcos. 2019. T. 330. Ne 2. 115-123
Makcumos B.W., Canym A. OcobeHHOCTU 1CMonb30BaHUs reoTepMarbHOM SHEPrvn C MPUMEHEHEM TEeMOHACOCHBIX YCTAHOBOK ...

YK 621.577.001.5

OCOBEHHOCTW UCMOJIb30BAHWA FTEOTEPMANBHO SHEPTW C MPUMEHEHUEM
TENJIOHACOCHbIX YCTAHOBOK B YCJIOBUAX HU3KWUX TEMIMEPATYP BO3AYXA

Makcumos Bauecnas iBaHoBuY',
elf@tpu.ru

Canym Amep',
amer@tpu.ru

" HauMOoHaNbHbIN MCCnefoBaTenbckmid TOMCKUN MOMIMTEXHYECKMI YHBEPCUTET,
Poccns, 634034, 1. Tomck, np. JleHunHa, 30.

AKTyanbHOCTb. VICr10/1b30BaHye HA3KONOTEHLManbHOW 3Heprviv BOJOEMOB C MOMOLLbIO TeMIOHACOCHBIX YCTaHOBOK B YCITOBUAX HU3KMX
TeMrnepaTyp OKPYXXaloLLeli cpesbl — BO3AyXa (nepuos BPDeMeH «OCeHb ~3UMa~BECHA»), XapakTepHbIX A/1S OONbLLEN YacTy TeppUTopum
Poccum, CBS3aHO € BO3MOXHbIM 0OMEP3aH1eEM TPYOOK NCNapUTENS TEMNIOHACOCHBIX YCTaHOBOK, YTO MPMUBOAMT K U3MEHEHMIO PEXVIMA €ro
paboTbI. AHaM3 OCHOBHbIX 3aKOHOMEPHOCTEV MPOLIECCOB PaboThb! TENI006MEHHOro 0060pya0oBaHUs, a TakXe OLEeHKa IHEProshexTB-
HOCTV TenoHacoCHbIX YCTAHOBOK B yCII0BMSX 00Pa30BaHus C10f fibAAa Ha paboqux MOBEPXHOCTAX UCapUTeNs [0 HaCTOALLEro BpeMeHu
He MpoBOANIMCE.

Llenb: skcriepymeHTanbHoe m3ydeHye 0CHOBHbIX 3aKOHOMEPHOCTEN MPOLIECCOB 06pa3oBaHus fibaa Ha Paboymx NOBEPXHOCTAX TPYOOK
VCrapUTENs TEMIOHACOCHBIX YCTAHOBOK, MOrPYXEeHHbIX B BOAY C TeMIepaTypoy, COOTBETCTBYIOLLEN YCIIOBUAM OCEHHEro, 3UMHero v e-
CeHHero neproAoB rofa And 6onbLNHCTBA MPUPOAHBIX BOLOEMOB, PAaCcoNOXeHHbIX B PO, a Takxe aHanm3 OCHOBHbIX XapakTepucTykK
pabotel THY B Takux ycioBusx.

O6DBeKT: 1apOKOMIPECCHOHHBIV TEMIOBOV HACOC, PabOTaIOLLMN B yCII0BUSX 06Pa30BaHus C/105 NbAa Ha paboymx MOBEPXHOCTAX TPyOOoK
ncnapuTens, MoMeLLEHHbIX B pe3epsyap ¢ BOAOM, TeMrepatypa kotopou Hike 280 K.

MeTopabl. 3HaqeHus TeMnepaTyp B XapakTepHbIX TOYKax MOBEPXHOCTU TPYOKM Ternno0OMEHHMKA-NCIapUTeNs M BOAbl, HAXOAALLENCS B
370V 0671aCTY, UIMEPSNCE 15 XPOMETTL -anloMeneBbIMM TepMonpeobpasosatensmm (XA Tepmonaps), noakmodeHHsiMy Yyepes AL k
KOMMbIOTEPY, W PErVCTPUPOBANNCh B pPeanbHOM BpeMeHW. Ha 0CHOBaHM MOMy4eHHbIX AaHHbIX MPOBOAMICA pacyeT Ko3pouLmeHTa
npeobpa3oBaHys TEMIOHaCOCHOW YCTAHOBKM 10 13BECTHOM METOAMKE.

Pe3ynbTartbl. BbineneH ¢hekT 0bpazoBaHus bAa, TOMLUMHON 40 10 MM, Ha MOBEPXHOCTU TPYOOK 1crapuTens npy Temnepatypax Bo-
bl Huxe 280 K v Bpemern pabotsl ycraHoBku 4o 8000 C. YCTaHOBEHO, YTO 3TOT C/I0M CyLLECTBEHHO CHUXAET MHTEHCUBHOCTb repesaa-
YY1 TeNNOTbI B 30HY UCMapPEHWS XNaAareHTa. SGPeKTYBHOCT PaboTbl TEMNIOHACOCHOM YCTaHOBKM Py 3TOM CHUXAETCA 0 MUHUMYMa. [10
pe3yibTaTaM BbIMOTHEHHbIX IKCIEPUMEHTOB CAeiaH BbIBOZ 0 BO3MOXHOCTY PaboTbl TEMIOHACOCHbIX YCTAHOBOK MPY YaCTUYHOM MOKPbI-
T TPYOKM ncnaputens oM. ChopmynmpoBaHa runotesa o MexaHu3me fpoLEeccoB TeIonepeHoca 1 (hasoBbiX MPeBPaLLeHH, Mpo-
TekatoLLmx BOM3N TpybOK TEMOHOCUTENS TENIOHACOCHOM YCTaHOBKM, NPy TeMepatypax BoAbl MeHee 286 K. Pe3ynibTaTel BbIMOIHEH-
HbIX MCCREenoBaHmi ABNAIOTCA 6a3ou A4ns 060CHOBaHWS yCI0BUM 3(HEKTUBHOIO NMPUMEHEHMS TEMMOHACOCHBIX YCTAHOBOK B PErvioHax C
HU3KUMY TeMepaTypamu BO3Ayxa B epuo OCEHH, 3UMbl 1 BECHSI.

KnroueBble coBa:
TernnoBovi Hacoc, TernnocHabXeHne, anbTepHaTUBHAS CUCTEMA OTOM/IEHUS,
WCTOYHIMK HU3KOMOTEHLMATbHOM SHEPIW, IGPPEKTUBHOCTD.

BeepeHune (mepuof BpeMeHH «OCeHb—3MMAa—BeCHa»), XapaKTep-
TeoTepmanpHaa dHepPrusa ABJIAETCA Heuwccarae- — HPIX LA Gonp1meit gacTu Teppuropuu Pocemm.
MBIM PECypCOM TeILIoTH! Ha MEorue roasi [1, 2]. Ho eé Cienyer OTMETHUTD, UTO, B COOTBETCTBUU CO CBOMM

u3BJeUeHNE IPeCTaBIgeT co00M CI0KHY0 TexHuue-  L1€/I€BbIM HASHAUCHUEM, (BBIPaGOTKA TEMIOBOI dHED-
CKYI0 IIPOGIEMY, U1 PelIeH s KOTOPOH He0GXOIMbI run) THY posxHBI paboTaTh B XOJIOHBIN MEPHUOJ I'0-
oueHb OoJbInve (puHAHCOBHIE pecypehl. Hambomee jo-  Ad, KOTAa HE0OXOAUMO OTOIIEHNE JKUJIBIX U IIPOU3-
CTYIHOI B HACTOSIIee BPEMS AB/IAETCSA DHEPrus Bogo-  BOACTBEHHBIX IOMEIIeHIL. Ouenka e a(dexrTuBHO-
eMOB (TemIoTa, aKkKyMyJIMpPOBaHHAS BOAOH), ucmoap-  CTH paborer THY B puamasoHe W3MeHEHUS TeMIIepa-
30BaHIE KOTOPOil BO3MOMKHO ¢ IIPUMEHEeHWeM Terio-  TYP HUSKOIOTEHIUATbHOTO HCTOYHHMKA TEILIA, COOT-
HACOCHBIX ycTaHOBOK [3—12]. Mcnonb3oBanne Husko- ~ BETCTBYIOIIUX SUMHEMY IEPUOAY Ha TEPpUTOPUA OC-
IOTEHIMAIBHO SHEPrHH BOZOEMOB C IOMOLIBI0 Te-  HOBHOW 4acTH P®, no macrosero BpeMeHn He TPOBO-
mwioHacocHeIX yeranoBok (THY) muorme roger mpms- — AUJIACh.

JIeKaeT BHUMAaHUE MCCJIeJOBaTeNell W WHIKEHEPOB IIo pesysbraTaM 9KCIEPUMEHTOB [IPOLECCA TEI0-
[1-14]. PaspaGoTanbl 1 SKCILIyaTHpYIOTCS AecATKH  UEPEHOCA B CIIOE XOJIOAHOM BOABI, OKPY2KAIOLiell Tpy6-
THY B pasubIX peruoHax mnaHersl. B P® uszpectnpr Ky UCHApUTEINA, yCTAHOBJIEHA BOSMOKHOCTD o0paso-
eIMHIYHBIE IPIMePH! UCIONb30BAHUA TAKUX «TeHe-  BAHWA, B ONPENGJIEHHBIX YCJIOBUAX, CIOA JIbAA HA 110-
paTopoB» TertoBoit oHeprun [7-11]. OxHoit 3 mpu-  BEPXHOCTH DTOM Tpy6ru [9-20]. Hpe,uc'rauBJmeT HHTe-
UYJH MaJIOro YMcja pa60TaIOH.II/IX THY ABJIAETCSA, BO3- pec aHajan3 OCHOBHBIX 3aKOHOMEPHOCTEHN IIPOIECCOB
MOJKHO, HeJOCTATOUHAS M3YUEHHOCTh psifa mpomec-  PAOOTHI TPYGOK HCHAPUTENS U SHEProdhPeKTUBHOCTH
COB, IIPOTEKAOMKX B BogoeMax 1 B THY, B ycaoBusx THY B ycnoBusx o0pasoBaHusA CJIOS JIbJa HA Pa00UnX
HUBKHX TeMIEpaTyp OKpPy:Karolieil cpefbl — Bo3gyxa  IOBEPXHOCTAX NCTIAPUTE]A.
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[lenb paboOTHI — 9KCIEPUMEHTAIbHOE U3yUeHUe 0C-
HOBHBIX 3aKOHOMEPHOCTeH IIPOIleccoB 00pasoBaHMS
JIbJia Ha pabouynX IOBEPXHOCTSAX TPYOOK HCIIApUTENI
THY, morpy:eHHBIX B BOAY C TeMIepaTypoi, COOT-
BETCTBYIOIIEH YCAOBUAM OCEHHET0, 3MMHET0 1 BeCEeH-
HEero mepurojoB rofga i OOJNBIIMHCTBA TPUPOJHBIX
BOJOEMOB, PACIOJIOKeHHBIX B PP, u aHamu3 OCHOB-
HBIX XapaKTEePUCTUK pPaboThl TEIIOHACOCHOH ycTa-
HOBKM C IOKPBITBIMY JIBAOM TPYOKaMU UCIAPUTEIA.

Metoguka KCnepuMeHTanbHbIX uccnenoBaHui

JKCcIepuMeHTa bHbIe HCCAETOBAHUA MPOBOLU-
JINCh C HCIOJb30BAHMEM ITAPOKOMIIPECCHOHHOM Te-
IJIOHACOCHOU ycraHOBKH (puc. 1, a). B Kauecrse Te-
ILJIOHOCUTEJIA UCIOIh30BaICa XJIanoH R134a.

JKCIePUMeHTANIbHEIH 0JI0K, MCIOJb30BAHHBIH
IIS M3YUEHUS MPOILeCCOB 00pPasoBaHUsA JbAa HA IIO-
BEPXHOCTHU WCIIAPUTEJA, IMPEACTaBILT co00i 3amoJ-
HEeHHBIA BOJOM mapajjejenuie] pasMepamu
0,22x0,18x0,25 M. B Hero momeraaachk MegHas TPyO-
Ka (puc. 1, 6) ¢ BuyTpennauM auamerpom 0,008 M, To-
muHo# 0,0015 M u gauwo# 3,11 M. MaTtepuay cTeHOK
0JI0Ka — ILIACTHK TOJIMAHON 2 MM, M30JUPOBAHHBIN
cJI0eM IeHomnoucTupoa Touamuaoi 70 mm. Havans-
Has TeMIepaTypa BOAbI BapbHUPOBANACH B [MAIA30HE
or 280 no 286 K. 9xcmepuMeHTAIbHBIA CTEH] HaXo-
IUJICS B IIOMeITieHny ¢ Temmeparypoi 294 K.

Wsmepenns tonmuubl abaa (O) B XapaKTEPHBIX
TOUKAx TPYyOKM mcmapurens (tabsi. 1) IpoBOAUINCH
IIA(GPOBBEIM MUKDPOMETPOM C IOTPENTHOCTRIO He Gojiee

ala

0,001 mm. dror mpomece mpogosKaica 2 MuH. [Toka-
3aTeNd TEMIEPATYPhl B SKCIEPUMEHTAIBHOM OJI0Ke
(hUKCHPOBAIUCH C MCIIOAb30BaHNEM 15 XpoMeb-aio-
MeJIeBEIX TepMompeoOpasoBaTeneir (XA Tepmomap) ¢
pasmepom pabouero cmag 0,1 MM, TOZKIOUEHHBIX K
aHaIoro-nu()poBOMY IPeo0pPa30BATENI0 ¢ PA3PeIIaln-
11eil c1moco0HOCTHI0 16 OMT 1 BCTPOEHHBIM JATUYNKOM
TeMIepaTypsl xosoauoro ciasda. Tepmonapst (TII) 3ak-
PeILIAINCH HA MeJHON TPyOKe 10 BCed JJIMHE TeILIo-
o0MeHHUKAa-UCIapUTeId U KoHgeHcaropa (Tada. 2), a
TaKXKe B MEXTPYOHOM IIPOCTPAHCTBE (TePMOMAPHI
No 1-15) mo Bceii BrICOTE K CIEPUMEHTAIBHOTO0 0JI0KA
¢ marom mo koopguuare 2=0,0015 M, B ceuenun
x=0,11 ™, y=0,9 ™.

Tabruya 1. Koopdunamvl xapakmephbvix mouex uaMeperus mouu-
Hbl b0 HA N0BEPXHOCMU MPYOHOZO dJeMeHma Ucnapu-

meas
Table 1. Coordinates of the characteristic points in which the
thickness of formed ice on the evaporator pipe surface
are measured
O™ |l Lo | Lo | L | Lo | Lo | Lo | Lo
Ilnuna oTpeska
TpyOKH, M 0,115| 0,26 |0,445| 0,59 {0,775| 0,92 |1, 105

Tube part length, m

=28 x 0 |0,115|0,115(-0,07|-0,07(0,115|0,115{-0,07

y 0 {0,145(0,145| 0 0 {0,145|0,145

Koopaunarst
Coordinates

2 0,045 0,09

Puc. 1. a) npuHyunuaivhas cxema IKCnepuMeRmanbHol yemanosku: 1 — komnpeccop; 2 — KoHdencamopa, 3 — Guabvmp; 4 — cMomposoe 0KHo;
5 - ocywumenyv; 6 — dpoccenv; 7 — ucnapumens; 8 — manomemp; 9 — pacxodomep; 10 - 3adeusxra; 11 — ananozo-yu@posoi npeobpasosa-
meav; 12 — adanmep cemu; 13 — komnviomep; 14 — mepmonapst; 6) mpyora snemeHma menioodMeHHUKA-UCTAPUMeNA: MOYKAMU 0003-
HA4eHbl Mecma pacnosoxerus mepyMonap Ha nogepxrocmu mpyoxu ucnapumens, 1’-15" ux nomepa (maoa. 2)

Fig. 1.

a) schematic diagram of the experimental unit: 1 is the compressor; 2 is the condenser container; 3 is the filter; 4 is the viewing eye; 5 is

the drier; 6 is the capillary tube; 7 is the evaporator chamber; 8 is the manometer; 9 is the flow meter; 10 is the valve; 11 is the analog-
digital converter; 12 is the network adapter; 13 is the computer; 14 are the thermocouples; b) tube of the heat exchanger element-evapo-
rator: dots indicate the thermocouples locations on the evaporator tube surface, 1I’-15° are their numbers (Table 2)
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Tabruya 2. Koopdurnamvl pacnonoxenus mepyuonap Ha nogepxHocmu mpyoHozo sienewma ucnapumens

Table 2. Coordinates for thermocouples on the evaporator pipe surface
Hoveprepwonaper |4+ | 0 | g | g |y | g [ [ g [ o [ 100 | 110 | 12 | 13 | 14 | 15
Thermocouple number
x, M (m) 0 0,11 {-0,075| 0,03 | 0,11 |-0,075| 0 0,11 |-0,075( 0,055 | 0,085 [-0,075| 0,08 | 0,055 | 0
Y, M (m) 0 [0,095(0125| 0 |[0,145| 0,1 0 0,145 0,1 0 |0,145(0,075| 0 |0,145 0,075
2, M (m) 0,02 | 0,045 | 0,045 | 0,09 | 0,09 | 0,09 |0,135 0,135 | 0,135 | 0,18 | 0,18 | 0,18 | 0,225 | 0,225 | 0,02

s cBA3u aHAIOro-IU(GPoOBOro mpeobpasoBaTess
C IePCOHANBHBIM KOMIIBIOTEPOM UCII0JIH30BAICA afall-
Tep ceTH, 00ECIeUMBAIOIINN TOJHYI TaJbBaHWUe-
CKYI0 PasBA3KY MEXIy ycTpoicTBamu. B KauecTBe
cpefcTBa 00pabOTKY Pe3yIbTaTOB U3MEPEHUN IPIMe-
HAJICS IPOrPaMMHBIN KOMILTEeKC Ha 6ase National In-
struments LabVIEW, cuemuaipHO pPaspabOTaHHBIN
JJI TAKOTO TUIA M3MePeHu. SGHAUeHUA TeMIIEPATYD
DETHUCTPUPOBAJINCH B PEAJHHOM BPEMEHU C COXpaHe-
HUEM IIOJYUeHHbIX TaHHbIX. CyMMapHas OTHOCUTENh-
Has CUCTEMATUYECKAsd IIOIPENTHOCTD BCEX HJIEMEHTOB
CHCTEMBI PErUCTpAINK OIpe/eeHns sHAaUeHUH TeM-
meparyp He npeBbimiana 4,6 % Bo BceM quamasoHe u3-
MeHeHUS mapaMeTpoB. CiyuaiiHas MOTPENTHOCTD CO-
craBisia Meree b %.

PesynbTaTbl 3KCepUMeHTaNbHbIX UCCTef0BaHUIA
1 06cyXxaeHue

OcHOBHBIE 9KCIIEPUMEHTHI TPOBE/IEHBI IPY TeMIIe-
parypax Bogabl ot 280 no 286 K [11], KoTopsie cooT-
BETCTBYIOT JMAMAa30HY TeMIepaTyp BOALI B BOJOEMAX
MHOTHX pernoHoB P® B oceHHMIT, BSMMHNE 1 BeCEHHUI
TIePUOJIBI BPEMEHH.

[IpexcTaBiieHbl 3HAUEHNS TEMIIEPATYP, TOJIIIUHEI
JIb/Ia B XapaKTePHBIX TOUKAX II0BEPXHOCTH TPYOKM Te-
IJI000MEHHUKA-MCIaPUTeNd ¥ BOJBI, HaXOAAIIec B
aToit obsacTu (puc. 2—6), U3BMEPEHHBIX B PE3yJIbTaTe
IPOBeIeHNS SKCIePUMEHTAILHBIX UCCICOBAHUN TPU
HavaspHOU TemmepaType Bogasl T=280 K (BapuanT 1)
u T,=286 K (Bapuant 2).

B nauasnbubIl mepuop speMenu (1o 1000 cex) mpo-
HCXOIUT Pe3Koe IMOHIKeHNe TeMIepaTypsl 10 264 K
(TeMmepatypa KuTeHUA (HpeoHa IPHU JABIEHUN UCIIA-
PUTEJIA) HA YYACTKe MOBEPXHOCTU TPYOKM TeIma000-
MeHHUKa (TepMornaps! 1-3 puc. 2, 3), mpuieramnIemM
K 00JIaCTH BXO/Ia XJIaflareHTa B UCIIAPUTENb. JTO CBS-
3aHO C TeM, YTO OCHOBHO IIPOIECC MCTIAPEHII NHTEH-
CUBHO TIPOXOJUT MMEHHO Ha dTOM JOCTATOYHO KOPOT-
KOM oTpesKe TpyObl. Ha 5TOM :Ke yuacTKe HHTEHCHBHO
o0pasyeTcsd /€I Ha BHENIHeH ITOBEPXHOCTH TPYOKH
(L—L, puc 3).

Co BpeMeHeM MHTEHCHBHOCTH IIpoIiecca (pasoBoro
mepexojia Ha 9TOM YYacTKe YMEeHbIIaeTcs, W moKasa-
TeJW TEeMIIEPaTyphl TOBEPXHOCTY MOBBIIAIOTCA (X0
271 K opu T=280 K u no 272 K npu T;=286 K). Ha
OCTAJIbHOH MOBEPXHOCTY MCIAPUTEJSA OHU IIOCTEIEH-
HO HOHM:KaoTca (Tepmomapsl 4 —15" pue. 2, 3), Tak
KaK 30HA MHTEHCHUBHOIO MCIIAPEHUS XJIajareHTa pac-
IITUPSAETCS 10 JIHE TPYOKY, YTO IPUBOJUT K 06paso-
BaHMIO JbJa Ha O0OJbINeH dYacTH e€é CTeHKH
(L,~L,; puc. 4, 5). 3HaueHUA TeMIEPaTyPhl BOII
BOJIN3Y TPYOKY MCIIAPUTE/IA MOHMKAIOTCA, U (POPMIE-
pyeTcd PesKUM TeMIIEPATYPHOH CTpaTU(OUKALIAH KIL]T-
koctu (puc. 6, 7). IIpu aToM mepenaj TeMIeparyp o
BBICOTE PesepByapa MOXKET JTOCTHUTaTh 2—3 TPaaycoB
(pume. 6, 7, t=2000 c). Co BpemMeHeM TONIIMHA JbJA
IpOJoJKaeT yBeaumuuBathesa (puc. 4, 5), cooTBeT-
CTBEHHO, 5()Q)eKTUBHOCTD TEILTO00MEeHA MeKIY BOJOI
U XJAJAreHTOM CYIIEeCTBEHHO CHUIKaeTcda (TpyOKa
«TeILIOUB0JUPYETCI»), U NHTEHCUBHOCTD MCIAPEHUS

3
0 1000 2000 3000 4000 5000 6000 7000 3000
T, cex
Puc. 2. 3asucumocmu memnepamyp 6 XapaxmepHvLX MOYKAX NOBEPXHOCIU MPYOKU ucnapumess om epemeru: 1'~15" Homepa mepmonap, pac-

NOJONEHHBLY KA NOBEPXHOCMU MPYOKU ucnapumens 6 coomgememeuu ¢ maoar. I (T=280 K)

Fig. 2.

Time dependences of temperature of evaporator pipe surface in characteristic points: 1’-15" are the numbers of thermocouples located

on the surface of the evaporator tube in accordance with the Table 1 (Ty=280 K )
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3
0 1000 2000 3000 4000 5000 6000 7000 2000
T, cex

Puc. 3. 3asucumocmu memnepamyp 6 xapaxKmepHLX MOLKAX N08epXHOCM mPy0bl ucnapumens om epemeru: 1'~15" nomepa mepmonap, pacno-
JIOJCeHHbLY HA N08ePXHOCMU MPYOKU ucnapumens 6 coomeememeuu ¢ maoa. 1 (To=286 K)

Fig.3. Time dependence of temperature for the evaporator pipe surface in characteristic points: 1'~15’ are the numbers of thermocouples loca-
ted on the surface of the evaporator tube in accordance with Table 1 (T,=286 K )
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Puc. 4. H3menenue co epemeren moaujunbsl 1v0a Ha mpydke ucnapumens 6 xapaxmephvlx movkax (maoa. 2) npu To=280 K

Fig. 4. Icethickness changes on the evaporator pipe in characteristic points (Table 2) at Ty=280 K

S.:- 107

8

0
0 1000 2000 3000 % Gggx 5000 6000 7000 8000

Puc.5. H3ameneHue co 8pemerem moaujurbl 160a Ha mpybke ucnapumens 6 xapaxmepHolx mouxax (maon. 2) npu Ty=286 K

Fig.5. Icethickness changes on the evaporator pipe in characteristic points (Table 2) at T=286 K
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XJIaJlareHTa majaer. B pesyabraTe CKOpPOCTh 00paso-
BaHUA JIbJa YMeHbInaeTcd. BoisgcHumocs (puc. 4, 5),
YTO OHA CYI[ECTBEHHO 3aBUCHUT OT HAUAJHHON TeMIIe-
DATYpPHI BOABI B UCTIAPUTEIIE.

ITpu T=280 K rommuHua cios b8 yBEINUNBALT-
CS IOCTATOYHO OBICTPO MPAKTUUECKM II0 BCEH IJIMHE
TpyOKHM mcmapurtens u yxxe uepes 5000 cex Ha Ha-
yabHOM yuacTke gocturaer 10 mm (puc. 4). MoxHO
OTMETUTh, YTO IPU KO3(QQUIKEHTe TeIIONPOBOLHO-
ct 0kojio 2 Br/M'K Boza B 3aMOpPO:KEHHOM COCTOS-
HUM CTAHOBUTCS XOPOIIUM Temaon3onaTopom. Tax,
HaIpuMep, Ipu 3HaveHuu 6=10 MM TepMuYIeCKoe Cco-
IPOTUBJIEHNE CTEHKU TPYOKM WMCIApUTeNs YBeIUdu-
Baercsa npumepHo B 600 pas, 10 CpaBHEHMUIO C HAUalb-
HBIM 3HaueHueM (T. K. TpyOKa MOKPHITA JIbIOM).

Tonmuaa o6pasosasierocs abaa B mepssie 2000 ¢
HAa BCell TOBEPXHOCTH TPYOKM MEHbIIIe, B CpeJHeM Ha
60 % mpu Ty=286 K, 1o cpaBHEHUIO C €€ OKa3aTess-
mu npu T,;=280 K. Ona gocturia cBoero MakcuMaJb-
Horo 3HaueHud (6,9 mm) uepes 7000 cer mocJe Hava-
J1a paboTHI YCTAHOBKH.

YcTaHOBIEHO, UTO IPY MOHIKEHUN TeMIepaTyphbl
Bogel 10 277 K BOMM3HU TpyOKU HCIapuTeis opMUPY-
eTcs PeKUM 00paTHOM TeMIIepaTypHOI cTpaTudura-
nuu Boxbl (puc 6). Uepes ompemeleHHOe BpeMs
(7000 c) 3HAUEHMS TOJIUHEI JIbJa Ha TPYOKE UCTIapH-
TeJs MPaKTUUeCKY He H3MEeHII0TCA.

C menpio o0ocHOBAHUSA 9()P(HEKTUBHOCTH PAOOTEI
THY B ycnoBusix 06pasoBanus Jbja Ha TPYOKe UcIa-
PUTEJIA pACCUNTAHBI 3HAUCHNS K0a(hDUIlHeHTa TPe06-
pasoBarud (1) (&g mepuona paboThl YCTAHOBKHU JO
8000 c).

Bupn saBucumoctu 1(t) AaA pasHBIX HAYAJIBHBIX
TeMIIepaTyp BOABI BOAM3KM TPYOKM MCIIAPUTES
(puc. 8) ananormueH. 3aMeTHO yBesnueHue (17) uepes
2500 ¢, ot 0 1o 2,1-2,3. 3aTeM mMPOUCXOIUT €TI0 CHU-
seHue g0 1,2-1,3 B cBa3u ¢ oOpasoBaHUEM Ha II0-
BEPXHOCTH TPYOKM HCIAPUTENA CJIOA JbJla, CYIIe-
CTBEHHO YMEHBIIAIIero NHTeHCHBHOCTD TEILI000Me-
Ha MKy XJ1aJareHTOM U BOJOIA.

IIpuBeneHHbIe paCIpe/eIeHIsa BO BpeMeHH XapaK-
TEPUCTUK PAGOTH SKCIEPUMEHTAJIBHON TEMI0HACO-

0 1000 2000 3000

4000

5000 6000 7000 8000

T, cex

Puc. 6. H3smenenue co apemernem memnepamypol 600bt 66au3u mpyoku ucnapumens (1'=15" — nomepa mepmuonap, pacnonoierHvlx 8 Mexmpyo-

Hox npocmpancmee, Ty=280 K )

Fig. 6.
evaporator pipes, Ty=280 K )

Change of water temperature near the evaporator pipe with time (1’~15 are the numbers of thermocouples located in the water between

0 1000 2000 3000

4000
T, Cex

Puc. 7. H3menenue co epenerem memnepamypul 600vi (1'=15" — Homepa mepmonap, pacnonioxcennvix 6 mexmpy6ron npocmpancmee, Ty=286 K )

5000 6000 7000 8000

Fig.7. Change of water temperature in the evaporator water container with time (1'~15" are the numbers of thermocouples located in the water

between evaporator pipes, Ty=286 K )
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Puc.8. 3asucumocmb koappuyuenma npeodpaszosans menioHacoCHol YCMAH0BKY OM pPeMery NPU PA3IULHOL HAYAIbHOU meMnepamype 6o-

0Ovt 60nu3u mpyoxu ucnapumens (1 - 280K, 2 - 286 K)

Fig.8.
280K,2-286K)

CHOI ycTaHOBKH (puc. 2—7) HOJyUeHBI IJsd OTpaHu-
YEHHOTO 110 00hEMY MaccHBa BOJIbI, TEMIIEpPATypa KO-
TOPOY M3MEHANACHh TOJBKO BCJIEJCTBYE PAOOTHI UCIIa-
puresnsa THY.

PesymbTaThl BRIIOMTHEHHBIX OKCIEPUMEHTAIBHBIX
MCCJIEJOBAHUH MTOKASBIBAIOT, UTO IIPM TEMIIEPATYPAX
HUSKOIIOTEHINAJBHOT0 MCTOYHMKA TEIIOTH! (BOJBI)
Hmke 280 K moBeimaercsa cKOpocTh 00pa3oBaHuA Jib-
Ia 1 3()(PeKTUBHOCTE PA0OTHI TEILJIOHACOCHBIX YCTAHO-
BOK BHUUTEJIBHO CHIKaeTcA. TemMmepaTypa BoAbI B BO-
noeMax 0oJibItell yacTu TeppuTopuu P® B suMuMii me-
puoj BpeMenu He npeBsiinaet 280 K, mostromy MoxKHO
CcliesIaTh BBIBOJ O HUBKOH 3((heKTUBHOCTH PAOOTHI Te-
IIJIOHACOCHBIX YCTAHOBOK Ha 00JIBIIEH YaCT TEPPUTO-
puu Poccun B suMHMI (110 KpaitHel Mepe) epro. Bpe-
MEHU TIPU WCIIOJb30BAHUY HU3KOIOTEHIIMAIBHON Te-
IIJIOTHI BOJIOEMOB C HEIPOTOUHOH Bomou (03€pa, mpy-
IBI, BOJOXPaAHUIUINA). B aT0i CBA3U HpeACTABIAIOT
MHTepec JaJbHeiIue uccaeoBanud 9(heK THBHOCTH
pPaboThI TEIJIOHACOCHBIX YCTAHOBOK B 3UMHMUIA TIEPHO],
C WCIIOJB30BAHMEM TEIJIOTHI BOABI PEK, TIOTOMY UTO
XapakTepucTuky paborsl ucnapureseir THY B pexu-
Me BBIHYKJEHHOM KOHBEKIIWNM BOAbI — MCTOYHUKA
HUSKOIIOTEHI[NAIBHOTO TeIlJIa, MOTYT OTINYATHCA OT
yCIOBUN (DYHKIMOHMPOBAHUSA TEILIOBBIX HACOCOB B
BOJIOEMAax C HEITPOTOYHOM BOJOM.

3akntoyeHune

IKCIepUMEHTATbHO YCTAHOBIEHBI 3HAUCHUS TEM-
[epaTyp Ha MOBEPXHOCTH TPYOKH TEILIO0OMEHHUKA-

120

Time dependence of the heat pump unit conversion ratio at different initial values of water temperatures near the evaporator pipe (1 -

ucnapuTeisa (OCHOBHOTO y3Jia TEILIOHACOCHOH ycTa-
HOBKH), BOJHOW CpeJbl IO BBICOTE pe3epByapa MCIa-
PUTeJIA, a TaKIKe TONIIIMHBI 00pPa30BaBIIETOCS JIb/A Ha
eé CTeHKe.

BriaBII€HBI 0CHOBHBIE 3aKOHOMEPHOCTH IIPOIECCOB
KPUCTAJIN3ANMY BOJBI HA IOBEPXHOCTH MCIAPUTENS
B 3aBUCUMOCTH OT HauaJbHBIX YCJIOBUIl BPEMeHU pa-
oorsr THY.

Awnanma pesyJsbTaTOB BBHITIOJHEHHBIX 3KCIEPUMEH-
TAILHBIX WCCJIEI0BAHUN TA€T OCHOBAHUSA JJIS BEIBOJIA O
TOM, UTO PabOTAa TETLIOHACOCHBIX YCTAHOBOK B YCIOBUAX
KJIMMATa, COOTBETCTBYIOIEro 0oJbiell uacT Poccuii-
croit Penepanuy (yMEpeHHO HUSKKE TEMIEPATypHl B
OCEHHUI, SUMHUY 1 BeCEHHUN TIEPUOBI BPEMEHN), B BO-
JI0eMax ¢ HeIPOTOUHO BOZOH (03epa, BOJOXPAHIIINIIA,
mpynel u ap.) Oymer HeaddexTuBHA. OO0pasoBaBIIMiiCT
JIE Ha TIOBEPXHOCTY TPYOKHW MCIAPUTENS CO CTOPOHBI
HUBKOMOTEHIIMAIbHOTO MCTOYHUKA DHEPruu (BOIBI)
CHI)KAeT MHTEHCHBHOCTD IIPOIECCa TEILIO00MEHA MeXK-
1y (hpeoHOM 1 Bogiou. IIpu aTOM UeM MeHbIIle TeMIepa-
Typa BOJBI HUSKOIOTEHI[NATLHOTO NCTOYHIKA DHEPTHUH,
TeM HIKe K03(Q(UIMeHT TpeodpasoBaHUsA TEIIOHACO-
cHoit yeranoBKu. [loaromy ucnosnb3oBarue THY B Bomo-
eMax ¢ Bogoit mpu Hu3Kux (276-280 K) remmeparypax
IIPAKTHYECKY HEIleJIec000pasHo.

Hcenedosanue nposedeno 6 pamkax npozpammvl nogwluie-
HUA }comcypeHmocnocodHocmu HdlI,UOHdJZbHOZO uccaredosa-
meavck0z0 Tomckozo noaumexHuLeckozo YyHusepcumema cpe-

Ou 6edyuux MUpoBvlX HAYYHO-00pA306AMELbHbLY YEHMPOE
(npoexm BUY-HII[3-300/2018).
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The relevance. The use of low-potential energy of water reservoirs with the help of heat pump stations in conditions of low ambient
temperatures = air (time period «autumn=winter=spring»), characteristic for the most part of Russian territory, is related to possible fre-
ezing of evaporator pipes of heat pump stations, which leads to a change in its operation mode. The analysis of the basic laws of ope-
ration of heat exchange equipment, as well as the assessment of energy efficiency of heat pump stations under conditions of ice for-
mation on the evaporator surfaces, have not been carried out before.

The main aim of the research is the experimental study of the main laws of ice formation on the working surfaces of heat pump eva-
porator pipes, surrounded by water with the temperature corresponding to the conditions of autumn, winter and spring periods for most
natural water reservoirs in the Russian Federation, as well as an analysis for the main operating characteristics of the heat pump stations
under such conditions.

Object of the research is a vapor compressor heat pump, operating under conditions of ice formation on the working surfaces of the
evaporator pipes, surrounded by water with thetemperature under 280 K.

Methods. Temperature values in characteristic points on the surface of the heat exchanger-evaporator pipe and water were measured
by 15 chromel-alumel thermocouples (CA thermocouples) connected via ADC to a computer; these values were registered in experiment
real time. Based on the data obtained, the heat pump coefficient of performance was calculated by a defined method.

Results. The authors have highlighted the effect of formation of ice with a thickness up to 10 mm on the surface of the evaporator
pipes located in water with a temperature below 280 K and the device operation time up to 8000 s. It is established that this layer redu-
ces significantly the intensity of heat transfer to the refrigerant in evaporation zone. The efficiency of the heat pump is reduced to a mi-
nimum. According to the experiments, it is concluded that the heat pump operation is possible with partial covering of evaporator pipe
with ice. The authors stated the hypothesis on the mechanism of heat transfer processes and phase transformations occurring near the
coolant pipes in water with temperatures lower than 286 K. The study results are the base to define the conditions of efficient use of
heat pump in the territories with negative air temperatures during the autumn, winter and spring periods.

Key words:
Heat pump, heat supply, alternative heating system, low-potential energy source, efficiency.

The research was carried out within the Program of National Research Tomsk Polytechnic University Competitiveness
Enhancement among the leading world Research and Educational centers (project VIU-IShE-300/2018).
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