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Pedepar. [Ipusenens pe3ynbTaTsl SKCIIEPUMEHTATBHOTO HMCCIEIOBAHUS TEILIOOOMEHa MpH IIy-
3BIPHKOBOM KHUIIEHHH XJagareHToB R404a, R407c u R410a Ha TpyOKax ¢ KammUIIPHO-TIOPHCTHIM
nokpeITueM. VcenenoBaHus IPOBOIMINCH Ha HKCIIEPHIMEHTAIBHOW YCTAaHOBKE B YCIIOBHSIX OOJB-
moro o0beMa Hpu JaBieHUAX HachlmieHus py, =0,9-1,4 MIla u MmIOTHOCTH TEMJIOBOTO MOTO-
Ka g = 5-35 kB1/M%. BuepBele II01y4eHO KPUTEPHAILHOE yPABHEHHE I PACYETa MHTCHCHBHOCTH
TEMIOO0TaYl MPH KUMEHUH 030HOOE30MACHBIX XJIAJAT€HTOB HAa MOBEPXHOCTSAX C BBICOKOTEILIO-
MIPOBOHBIM CIICUYCHHBIM KaIMIUIIPHO-IOPUCTHIM HOKpPHEITHEM. OIBITHBIE JAaHHBIE YIOBICTBOPH-
TEJIPHO 0000IIAIOTCS B IIMPOKOM HHTEpBAJIE IapaMeTpOB IMOPUCTOTO CJOS: HAaBICHUH (p, =
= 0,9-1,4 MIIa) u TeIIOBbIX HArPy30K (¢ = 5-35 kB1/M?). COOTHOIIEHHE NO3BONISET BBIYUCIATH
ko3 duentsl Terootaaun ¢ norpemHocTbio £20 %. IIpensnoskeHHas 3aBUCHMOCTb MOXKET
OBITH HCIIONIb30BaHA B MHXKEHEPHBIX pacdeTax XapaKTePHCTHK TEINIOOOMEHHBIX allapaToB HCIIa-
putensHoro tuna. KoaGUIMEHTHl TEMI00TAauu NpY KUIEHUHM HCCIEAYEMbIX XJIaJarcHTOB Ha
MOBEPXHOCTH CO CIICUCHHBIM KaIlMUIIPHO-TIOPHCTHIM MOKPHITHEM B YETHIPE pa3a BHIIIE, YeM Ha
raakoil, u B 1,5 pasa Beille, 4eM Ha OpeOPEHHON MOBEPXHOCTH, YTO MO3BOJISET CAENATh BBHIBOL
0 IPEHMYIIECTBE MOPUCTHIX MOKPHITHH. KnneHne Ha KamUIIpHO-IIOPUCTHIX MOKPBITUSX IIPHUBO-
JIUT K CHIDKEHHIO MacCOrabapUTHBIX MOKAa3aTeNIed YCTAaHOBOK 3a CUET MHTCHCH(DUKAUH TETI000-
MEHa 1 MEHBUINX Pa3MepOB TPYOOK IO CPABHEHHIO C OPEOPEHHBIMHU.
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Determining of Parameters of Heat Exchange for Vaporization
of the Mixed Refrigerant on the High Thermal Conductivity
Sintered Powder Capillary-Porous Coatings

A. V. Ovsyannik", E. N. Makeeva"
YGomel State Technical University named after P. O. Sukhoi (Gomel, Republic of Belarus)

Abstract. The results of experimental research of heat exchange under the nucleate boiling
of refrigerants R404a, R407c and R410a on the tubes with capillary-porous coating are presented.
Experimental studies were carried out with the aid of an experimental installation in conditions
of a large volume at pressures of saturation p, = 0.9-1.4 MPa and densities of the heat flux
g =5-35 kW/m®. For the first time the criterion equation for the calculation of the intensity of heat
transfer during evaporation of ozone safe refrigerants on surfaces with high thermal conductivity
sintered capillary-porous coating was obtained. Experimental data are summarized satisfactorily
in a wide range of parameters of the porous layer, i.e. the pressure (p, = 0.9—1.4 MPa) and heat
loads (g = 5-35 kW/m?). The ratio makes us possible to calculate the heat transfer coefficients
within £20 %. The dependence can be used in engineering calculations of the characteristics of the
heat exchangers of the evaporative type. The coefficient of heat transfer during boiling of refrige-
rants on the investigated surfaces with the sintered capillary-porous coating, 4 times higher than on
a smooth one and 1.5 times higher than on the finned surface, that allows us to come to a conc-
lusion about the advantage of porous coatings. Boiling in capillary-porous coating leads to a de-
crease in weight and size of the installations due to the heat exchange intensification and the size
of the tubes smaller as compared to the size of the finned ones.

Keywords: boiling heat exchange, steam generation, ozone-friendly refrigerant, heat exchange
rate, heat transfer coefficient, capillary-porous coating, evaporator, heat exchanger, refrigeration
unit, empirical relationship
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BBenenue

OpauM u3 HaubOosee 3PPEKTUBHBIX CIIOCOO0B MHTCHCU(DUKALUK TEII000-
MEHA IPU KUIICHUU SIBISACTCS NPUMEHEHHE MOPUCTHIX METAJUIMYECKUX IOKPbI-
tuil. [lopucras cTpykrypa oOpasyercsi B pe3yibTaTe HOKPBITHS MOBEPXHOCTH
TpyObl TOHKUMHM METAJUIMYECKUMH CETKaMH JINOO HAHECEHMs Ha Hee MEeTalllu-
YEeCKOro MOpOIIKa OnpeneneHHol 3epHucTocTd. [Ipu 3TomM ob6pa3syercs mopu-
CTBIN CIIOH C Pa3BETBICHHOW CHCTEMOW COOOIIAIOIIUXCS MEXIY COOON Karui-
JSIPHBIX KaHAJIOB, Yepe3 KOTOPbIE MPOUCXOAST 3BaKyalus [apa U IMOANHUTKA IO-
PUCTON CTPYKTYpBl KUIKOCTBIO, MOATEKAIOWIEH CIOAa MOJ IOEHCTBUEM CHII
MMOBCPXHOCTHOI'O HATAKCHUA. Kunenne MMPOUCXOJUT KaK BHYTPH IMOPUCTOIO IIO-
KPBITHS, TaK U Ha €ro NOBEPXHOCTH. BbICOKas MHTEHCHMBHOCTH TEIIOOOMEHa
CBUJICTEJILCTBYET O TOM, YTO NOPHCTasi CTPYKTypa CO3JaeT BecbMa OJIaronpusir-
HBIE YCJIOBMS Ul 3apOKJEHUS UM POCTa NapoBbIX Iy3bIpeil. Hampumep, aBro-
pbI [1] yKa3sIBaroT, 4TO TpH KUNeHHH n-6ytana (p = 1,27 - 10° I1a) Ha riamkoit
TpyOe 00pa3oBaHKe MAPOBBIX ITy3BIPEH MO BCEH €€ MOBEPXHOCTH HAOIIOAAIOCH
TONBKO NpH ¢ = 35 KBT/M’, a Ha TPy6e ¢ HOPUCTHIM MOKPHITHEM BCS €€ TIOBEPX-
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HOCTb ObINIa 3aHATA MAPOBBIMH My3BIPAMH YXKe TIpH ¢ = 1,5 KBT/M>. DTH U MHO-
THe JPYyTUe ONBITHI TOKA3aId, YTO YCTOWYMBOE Pa3BUTOE KUTIEHUE Ha TOBEPXHO-
CTSIX C TIOPUCTHIMH TOKPBITHUSIMH YCTaHABIUBAETCS NMPU BeChbMa HE3HAYUTEIh-
HBIX TEMIIEpPATypHBIX Hamopax (meperpeBax >KUAKOCTH). OCHOBHON MPUYWHON
9TOTO SIBJISIETCS TO, YTO B IaHHOM CITy4yae MOBEPXHOCTH pa3zaena (a3 BOZHUKAIOT
BHYTpH TopucToro cios. [Ipu BeiOpoce mapoBoii ¢a3sl u3 MOPUCTON CTPYKTYPHI
B MOCJETHEH BCerga OCTAIOTCSl MapOBble BKIIOYEHHS, B KOTOPBIC HCIAPSETCS
TOHKasA IUICHKa JXHAKOCTH, 06BOH3KI/IBaIOHIa}1 CTCHKH KallWJUISIPHBIX KaHa-
noB [1]. UcmapeHre MUKPOIUIEHKH MPOMCXOTUT TIO BCEH TOBEPXHOCTH KAaIlHII-
JSIPHOTO KaHalla, BEICOTa KOTOPOTO paBHA TOJIIMHE MOPUCTOTO MOKphITUs. Ta-
KUM 00pa3oM, DIIEMEHTBI MOPUCTON CTPYKTYpPBI CaMU SIBJISIFOTCS LIEHTpaMH 3a-
poXxaeHus mapoBoit ¢aszel. Tak Kak auaMeTp KamWUISIPHBIX KaHAJIoB OOIbIIe
KPUTUYECKOTO JauamMeTpa OOBIYHOTO WEHTpa MapooOpa3oBaHUs, HCIapeHue
IIJICHKW B MApOBLIC BKIIIOUCHUA WM C IMMOBCPXHOCTU KallWJLIApa Tpe6yeT 3Ha4YHu-
TEIHHO MEHBIIETO MeperpeBa KuIKocTH. He MeHee 3HaYUMO U TO, YTO B MOPH-
CTOM CTPYKTYpE NEPErPEB MOCTYMNAOUIEN B KAMWIISAPHI )KUAKOCTH MPOUCXOIUT
B YCJIOBUIX BECbMa BBICOKONM MHTEHCHBHOCTHU TeHJ]OO6MeHa. B YCIOBUAX CUJIb-
HO Pa3BUTON MOBEPXHOCTHU IOPUCTOTO CJIOS TOJIBKO 33 CUET MOJOrPeBa KUAKO-
CTH MOXXHO OTBOJUTH OT CTCHKH BEChMa 60HBH_II/IC TeIUIOBbIe NOTOKN. CHIKEHNE
HEOOXOAMMOT0 TIEpPEeTpeBa, a TaK)KE MHTCHCHBHBIA IOOTPEB KUAKOCTH CYIIEe-
CTBEHHO YMEHBILAIOT BpeMsl «MOYaHUSD» HEHTPOB MapooOpa3oBaHus, YTO TakK-
ke CIOCcOOCTBYET MHTEHCH(UKAIMKM TeriooOMeHa Ha Tpy0ax ¢ TOPHCTHIMHU
CTpyKTypamu [2].

AHanu3upyemMasi KalWUIAPHO-TIOPUCTAs BEICOKOTETIIONPOBOJHAS TIOBEPXHOCTh
MOJKET pacCMaTpUBaThCs Kak OJIM3Kast K UIeaibHOM IpH yeioBusx (puc. 1), koraa:

1) crie4eHHYI0 BBICOKOTEIUIONPOBOIHYIO KaNMUISIPHO-TIOPUCTYIO CTPYKTYPY
HE00X0IMMO paccMaTpHUBaTh KakK MOBEPXHOCTh, 00Pa30BaHHYIO MIMIIAMH, COCTO-
AITAME U3 YaCTHII OJTMHAKOBOTO pa3Mepa;

2) TeMIT aKTHBAIIMY HOBBIX ITy3BIPHKOB Tapa JOJDKEH OBITH MPOMTOPIIHOHATH-
HBIM M3MEHEHHIO MJIOTHOCTH TEIIOBOTO MOTOKA, YTOOBI MCKIIOYHUTH JAONOIHU-
TEJBHBIN TePeTrPeB CTEHKH;

3) mogBomMMAas K TEIIOOTAIOIIEH MOBEPXHOCTH TEIUIOTA PAcXOIyeTcs Ha
O6pa3OBaHI/IC HOBBIX aKTUBHBIX LHCHTPOB, 4 HEC Ha I/IHTGHCI/Iq)I/IKaHI/HO TCIJI00TAA-
YH 32 CYET YK€ CYyIecTByommX. [I[puyeM WHTEHCHBHOCTh 00pa30BaHHUS HOBBIX
LEHTPOB Mapoo0pa30oBaHus JOKHA OBITH MPOIMOPIMOHATIbHA M3MEHEHHIO Tell-
JIOBOM HarpysKu;

4) He3aBUCUMOCTh M3MEHEHUSI TEMIIEPaTyphl OT TUIOTHOCTH TEILIOBOTO IIO-
TOKa JIOJDKHA UMETh MECTO MpU HEOONBIINX 3HAYEHUSIX ¢ (IJ11 BTOPOro ydacT-
Ka), TaK KaK B MPOTUBHOM Cllydyae WHTCHCUBHOE 00pa30BaHUE HOBBIX I[CHTPOB
mapooOpa3oBaHus MIPH YBEIHUEHUH ¢ TIPUBEIET K 3HAYUTEIHLHOMY BO3PACTAHUIO
KOJINYECTBA IMapoBoii (pas3bl M, B KOHEYHOM HMTOTE, K 3allapHUBAHUIO TOBEPXHOCTH
TETI000MEHa U Pe3KOMY MaJICHUI0 HHTEHCUBHOCTH TETLIOOT/IA4H.

[TokpeITHS U3 TOPUCTBIX CTPYKTYP LIMPOKO UCHOIB3YIOTCS B AIEMEHTAX CH-
CTEM OXJIAXKICHUS PaHOdJICKTPOHHON, KOCMUYECKOW anmapaTyphbl, SHepreTHue-
CKHUX YCTAaHOBOK, B Ka4Y€CTBEC (i)PITI/I.HGf/i B PAa3JIMYHBIX THUIIaX TCIIJIOBBIX pr6
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B cBf3M ¢ WX MIMPOKKUM MPUMEHEHUEM aKTyallbHO M3YYCHHE XapakTepa BIUSHUS
TeX WIM WHBIX TapaMeTpOB Ha TPOIECCHl KHIICHHS HA TOPUCTBHIX TOKPBITHSIX
C LENBI0 JAJTBHEHIIIErO TPOrHO3UPOBAHUS XapaKTEPUCTUK YCTPOWCTB, COCTABIISIO-
ITUMHA 9aCTSIMUA KOTOPBIX SIBJISTFOTCS TIOBEPXHOCTH C TIOPUCTHIM TTOKPBITHEM [3, 4].

Kugkocth ———

KanumuisspHo-nopucTsit
CIIOM

)

&

7%

OcHoBHast IIOBEPXHOCTH

Puc. 1. Cxema ueaniu3upoBaHHON KaMUIAPHO-IIOPUCTON TIOBEPXHOCTH

Fig. 1. Diagram of an idealized capillary-porous surface

W3BecTeH psin SKCHEPUMEHTANBHBIX paboT, B KOTOPBIX W3y4YalloCh BIUSHHE
MOBEPXHOCTHBIX 3 (EKTOB Ha KHUIIEHHE, OJHAKO PE3YJIbTaThl MX HEJOCTaTOY-
HBI 7151 TIOCTPOEHUS! 00OCHOBAaHHBIX OOOOIIEHHI, a MHOTHE BBIBOJABI HPOTHU-
BOPEYMBHI.

Ienp nanHOW pabOTHI — SKCIEPUMEHTAIILHOE MCCIIEIOBAaHUE Mpolecca Tell-
JI0OOOMEHa TIPH KHIICHUU CMECEBBIX 030HO0E30mMacHBIX xyamareHToB R404a,
R407c n R410a Ha BBICOKOTEMJIONPOBOAHBIX MOPOIIKOBBIX CIIEYEHHBIX KamuJi-
JISIPHO-TIOPUCTBIX HOKPBITHAX; YCTAHOBJIEHHUE OOOOIIEHHBIX 3aBHCHUMOCTEH st
ornpeneneHus KOdQQHUINEHTOB TEIUIOOTAAYM W BIMSHHUS Ha HHUX Pa3IHYHBIX
(hakTOpOB, OMPEACIIOMNX HHTEHCUBHOCTD TEIUIOOTAAYX NPU (Ha30BBIX MEPEXo-
Jlax B arnapaTax XOJOAWJIbHBIX U TEIJIOHACOCHBIX YCTaHOBOK.

Ananau3 IKCICPUMEHTAJIBHBIX HCCJ’[eI[OBaHHﬁ

B Hacrosimeit pabote mpencTaBieHbl pe3yibTaThl UCCIEIOBAaHUS TEILI000-
MeHa mpu kuneHun ¢peoHoB R407c, R404a, R410a na TpyOkax c Kamui-
JSIPHO-TIOPUCTBIM TOKpbITHEM. MccnenoBaHusi MpOBOOMINCH HAa SKCIEPUMEH-
TaNbHOW yCTAaHOBKE B YCJIOBHSIX OOJNBIIOTO OOBeMa MpH AAaBICHHSAX HACBHILIE-
uus p, = 0,9—1,4 MIIa ¥ IIOTHOCTH TEIUIOBOTO MOTOKA ¢ = 5—35 KBT/M” Ha 3Kc-
MIepUMEHTATHFHOM CTEHJIC, OITUCAHHOM B [5].

Jnst mpoBeneHHs SKCIIEPUMEHTOB OBUTM W3TOTOBJIEHBI 00paslbl C MOpH-
CTOIl NOBEPXHOCTHIO, NPEACTABIIIONUNE COOONH TOPU3OHTAIBHBIE MEIHbBIE TPY-
061 J26x2 MM, Ha HApYKHYIO IOBEPXHOCTh KOTOPBIX HaleKalach KaMMUIIPHO-
MOPHUCTAs CTPYKTYpa U3 pa3HbIX (pakiuii mopomka mean Mapku [IMC-H (puc. 2).
N3rotopieHne KanWUIAPHO-IOPUCTOH CTPYKTYpPbhl OCYLIECTBISJIOCH METOIOM
CIIEKaHHsI CBOOOIHOM 3aCBHIIIKK METHOTO MOPOIIKA B CPEie aproHa B TeueHue | 4
pu Temmeparype ot 1030 mo 1050 °C. JIns GpopmMoBaHUS TOPUCTON CTPYKTYPBI
UCIIOJIb30BAJIM OCHACTKY U3 JIByX BTYJIOK — Hapy>KHOH M3 KOPPO3UOHHOM CTaju
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¥ MEIHOW BTYJKH 00pasma. CriekaeMbIid TIOPOIIOK 3acChINail B CBOOOIHOE TPO-
CTPaHCTBO MEXAY BTyJIKaMU. BTynku ycTaHaBiIMBall Ha MOJUIOXKKY U3 KOppO-
3HOHHO-CTOWKOM cTanmu. J{ist mpeoTBparieHus TuQy3uu Meau U MPHUITCKAHHS
MEIHOI'0 MOPOIIKAa MOBEPXHOCTHh HAPY)KHOH BTYJIKH NPEABAPUTENBHO IMOJBEp-
rajach TepMooOpaboTKe Ha Bo3ayxe B TedeHue 3 4 mpu temnepatype 700 °C,
B pe3ysbTaTe 4ero Ha Hel 0Opa3oBBIBANIACH 3AIUTHAsI OKUCHAs IUIeHKA. C IIeNbro
MOJTydeHUs] 00pa3LoB € pa3HOW TONIIMHON KalMJLISIPHO-TIOPUCTON CTPYKTYPBI
IIPUMEHSIM Hapy>XKHbI€ BTYJIKHM C pa3HbIM BHYTPEHHUM JuaMmeTpoM. B mpouecce
CIIEKaHUSI MEHOrO MOPOIIKa MPOUCXOJWIN €ro LEHTpallbHas ycagka U IpuIle-
KaHWe K MeJHOH BTynke. [ obGecrieueHnst HaAEKHOTO NPUIEKAHHUs MOPOIIKa
MIPEBAPUTENBHO MPOU3BOAMIACH AKTHBALMA HAPYKHOI MOBEPXHOCTH MENHOM
BTYJIKM TOCPEICTBOM INECKOCTPYHHOH 00paboTku. bmaromapst ycamke mocie
CIIEKaHUS M OXJAXAEHUs 10 KOMHAaTHOM TeMIlepaTypbl MeJHas BTYJIKA C Halle-
YEHHBIM CJIOEM KalWUISIPHO-TIOPUCTON CTPYKTYpPBI CBOOOIHO H3BJEKalach W3
Hapy>KHOH BTYJKH [6].

[l Bcex MCCNENOBaHHBIX CIEYEHHBIX KAMWIIPHO-IOPUCTBIX CTPYKTYpP M3
pasHbix ¢pakiuii nopomka mead Mmapku [IMC-H, U3roTOBJIEHHBIX METOIOM
CBOOOJHOM 3aCBINIKM, OTKpBITash MOPHCTOCTh cocraBisia 50-55 %. Brynka
C HAaHECCHHBIM Ha Hee IMOKPHITUEM IUIOTHO HajeBajach Ha TIIJKH oOpaszel.
Jlns uckirovyeHus MonaJaHus XJaJareHTa He3HaUWTEeNbHBIN 3a30p MeXay Iiiaj-
KHMM 00pa3LioM U MEIHOM BTYJIKOH 3aIlOJIHSIICS TEPMOIACTOM.
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Puc. 2. Menublii o0paser ¢ IOPHCTHIM ITOKPHITHEM

Fig. 2. A copper sample with porous coating

XapaKkTepuCTHKH FCCIeI0OBAaHHBIX 00pa3IoB MPUBEACHHI B Ta0. 1.

BusyaneHple HaOmMogeHHs 3a MPOIECCOM KWIEHHS MOKa3add Halu4yHe
YCTOMYMBOTO MY3bIPHKOBOTO KUIICHUSI Ha MOBEPXHOCTSAX C MOPHCTBIMU TOKPHI-
THSMH B 00JIACTH MAJIBIX TEIIOBBIX HArpy30K, MPU KOTOPBIX VIS peOPUCTBIX U
0Cc0OEHHO TITaAKNX TPyO XapaKTepeH pekuM CBOOOJHOHN KoHBeKIHHU. [Ipu 3TOM
YHCIO CTAOMJIBHO JEHCTBYIOUIMX LIEHTPOB MNapooOpa3oBaHHs CYIIECTBEHHO
BBIIIE, a OTPHIBHBIC pa3Mephl Iy3bIpedl MEHbIIe, YeM Ha TJIaJKHX IOBEpPXHO-
ctsx (puc. 3).



A. V. Ovsyannik, E. N. Makeeva
Determining of Parameters of Heat Exchange for Vaporization of the Mixed Refrigerant... 75

Tabauya 1
I[MapaMeTpbI MOPUCTOTO MOKPHITHS

The parameters of the porous coating

Ne obpasna TomuptHa croa HAuamerp Iopucrocts, %
MOPUCTOTO MOKPBITHS 5, MM YacTHL dy, MKM
1 0,5 50
2 100 100
3 50
0,7 50-55
4 ’ 100
5 50
1,0
6 ’ 100

Puc. 3. IIponecc pa3BUTOrO IIy3bIPbKOBOIO KUIICHUS
Ha MOBEPXHOCTH 00pasIia ¢ KaMUIIPHO-TIOPUCTHIM ITOKPHITHEM

Fig. 3. The process of the developed nucleate boiling
on the surface of the sample with capillary-porous coating

DKCIIepUMEHTAIBHBIE 3aBUCUMOCTH O = f{q) Tipu kuneHuu ¢peoroB R407c,
R404a n R410a Ha MOBEPXHOCTH CO CIEUEHHBIM KaIMJUIAPHO-TIOPUCTHIM TIO-
KPBITHEM C PA3IMYHOHN TOJIIMHON M CPEIHUM AMAaMETPOM HacCTHIl IpeAcTaBiie-
HEI Ha puc. 4.

Bonee 3HaunTenpHass MHTEHCUBHOCTH TEIJIOOTAAYM HaOJtofanach MpH TOJI-
LIMHE CJI0S IOPUCTOTO MOKPbITUs 1 MM 1 nuamerpe yactun 100 MM (puc. 4a).

VYBenuueHne NaBIEHUS NMPUBOAWUT K 3HAYMTEIBHOMY BO3DACTAHMIO MHTEH-
CHUBHOCTH TEIJIOOTJAud, OIHAKO BHIOOP €ro ONTHUMAaJIbHOTO 3HAa4YeHUs OyneT
OTIPeNIeNATHCS MHOKECTBOM (PAKTOPOB, B YaCTHOCTH OOecIieueHrneM 0e30macHo-
CTH, Ha/IeXXHOCTH YCTaHOBKHU, €€ MAacCOrabapUTHBIMU IOKa3aTeJIIMU M 3HEPro-
eMKOCTBI0. IIpH TemmoBbIX moTokax Gomnee 30 kKBT/M® BIMSHUE NaBICHUS HA KO-
3 PUIMEHT TEIIO0TAaYN MEHEE 3aMETHO. DTO MOATBEPKIACT rpaduk, n300pa-
KEHHBIN Ha puc. 4b.
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Puc. 4. DxcniepuMeHTanbHbIE 3aBUCUMOCTH o = f{q) npu kunenun ¢ppeoHoB R407c, R404a
1 R410a Ha MOBEPXHOCTHU CO CIIEYEHHBIM KaIMIIIPHO-IOPUCTHIM HOKPHITHEM:
a — IIPU Pa3IIMYHON TOJIIMHE U CPEIHEM JHaMeTpe YacTHIl;
b — npu pa3IMYHBIX JaBICHUSX HACHIIICHUS

Fig. 4. The experimental dependence o = f{g) when R407c¢ refrigerants, R404a and R410a
are boiling on the surface of the sintered capillary-porous coating:
a— in case of various thickness and average particle diameter;
b —in case of different saturation pressures

CpaBHeHHE HMHTEHCHBHOCTH TeIUIOOOMeHa mpu KumeHuu ¢peoHoB R407c,
R404a m R410a Ha pa3auYHBIX THIAX MMOBEPXHOCTEH NPHUBEICHO Ha pHC. Sa.
Hcrnonb30BaHbl JaHHBIC MPH KUIICHUW Ha OpEeOPEHHOW MOBEPXHOCTH C Tparie-
IUEBUIHBIM TIpoduiieM pedpa U MOPUCTON OBEPXHOCTU TOIIIUHON 1 MM U cpe-
HUM auameTpoM vyactuil 100 MKMm.

a b
Ilopucras -
[ ] s
MOBEPXHOCTh -3, . Rl
R o 104 /
S £7
PERAEN . W 0.7
. - B !
4 IR YL Opebpennas RA07¢ /.
10 w3 PeP . Cap=1,2MIa (RN
Py LAt 87 I TIOBEPXHOCTh i o _ FE
“ . e s o Z p=1,1 MIla A
o -a By Al = R404a *® Ak
= - SRoTaa M| —%p=12Mla Sl
S| p=12MIha Lm LA S| —*-p=1,1Mla * x4
> LT AT e
M | s Ra07e Sy R410a l \’r
S 1 A Rd0da ~%" T'nmapkas —a_p=12MIla
m R410a IIOBEPXHOCTh —4—p=11Mlla
10° i 102 ; A ;
10° 104 ¢, B 107 10° A, °C

Puc. 5. CpaBHeHHE UHTCHCHUBHOCTH TeMIoo0MeHa rpu kunenun GppeonoB R407c, R404a u R410a:
a — DKCIIEPUMEHTAJIbHBIE 3aBUCUMOCTH O = f{q) UIs Pa3JIMYHBIX THIIOB IOBEPXHOCTH;
b — sKCcIIepHMeHTaNBHEIC 3aBUCUMOCTH ¢ = f{Af) Ha IOPUCTOH TOBEPXHOCTH

Fig. 5. Comparison of heat exchange intensity in boiling of freons R407¢c, R404a and R410a:
a — experimental dependencies a = f{q) for different surface types;
b — experimental dependencies ¢ = f{Af) on a porous surface

Kaxk BumHO U3 puc. 5a, KO3QPUIMEHTH TEIUIOOTA4X IPU KUIICHUU UCCIIEAY-
E€MbIX XJIAJJaTeHTOB Ha IMOBEPXHOCTU CO CIICUCHHBIM KaNWJIISIPHO-IOPUCTHIM
MTOKPBITUEM 3HAYUTENBHO BBINIE, YeM Ha TIaJKON (B YeThIpe pa3a) u opeOpeH-
Hoii (B 1,5 pa3a), 4TO MO3BOJSAET CAENATh BHIBOJI O MPEUMYIIECTBE MOPUCTHIX
nokpeITHi. [IprMeHeHne ncnapuTeNbHBIX TPYOOK ¢ HaHECEHHBIM KaIllMJUIIPHO-
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MOPUCTHIM TIOKPHITHEM TPUBEAET K CHIDKEHHIO MaccorabapUTHBIX MOKa3aTesen
YCTaHOBOK 3a cUeT MHTEHCH(UKAIUK TeTI000MEHa U MEHBIIINX Pa3MepoB TPY-
OOK I10 cpaBHEHHIO ¢ opebpeHHbIMHU. HTEeHCH(HUKAIHS TIpoliecca TEII00OMEeHA
MIpH KUTIEHUU (PPEOHOB HAOIOaIach BO BCEM HCCIEAOBAHHOM JHAara3oHe Tell-
JIOBBIX HAarpy30K.

Ha puc. 5b moka3ana 3aBHCHMOCTH ITOJBOJMMON TETUIOBOM HArpy3KH OT
TeMIIepaTypHOro Hamopa. M3 rpaduka BUIHO, YTO TPU MOBBIIMICHUY JaBICHUS
TEeMIIEpPaTypHBIE HAITOPHI CHUKAIOTCS, OAHAKO POCT Af C yBETMUEHUEM Harpy3Ku
MIPOUCXOANT O0Jiee NHTEHCHBHO, YTO MOKET IMPHUBECTH K BO3HHUKHOBEHHIO KpH-
3mca TEeIUI000MEeHa TIpH 0o0Jiee HU3KUX TEINIOBBIX MOTOKax [7, 8]. HauMeHbmme
TEMIIEpPaTypHBIC HATIOPHI HAOIIOAATUCH MPU KUTIeHnH Xanareara R410a.

AHanuTHYECKOE pEUICHUE 33Ja4d O TETII00OMEHE NP KUIEHWHU HpeAcTaB-
JsieTCsl BecbMa MPOOJIEMaTHUHBIM M3-32 OOJIBLIOrO Konu4ecTBa (pakTopoB, BIH-
AIOMINX Ha TPOIECC, a TAKXKE CIOKHOW B3aMMOCBS3H MEXIy HUMH. |pyTHBIM
OKa3bIBACTCA TAKXKE IMOJTYYCHUC HpH6HH)KeHHOI71 BMHHpH‘{eCKOI;‘I 3aBUCHUMOCTH,
uMerolel sicHbIi (u3ndeckuii cMbicil. [IpuBeicHHbIC B JIUTEPATYpE PacUeTHBIC
COOTHOIICHUA I ONPEACICHUA MHTCHCUBHOCTU TEINIOOOMEHA Ha CIIEYEHHBIX
MOKPBITUSAX OKA3aJIUCh HENPUTOJHBIMU JUIsi OOOOIICHHS OMBITHBIX JTAHHBIX
Hacrosimeil padoTsl. [loaToMy npu mpoBeneHHH aHalM3a M BBIBOJE 0000IIai0-
LIETO YPaBHEHMS YUUTHIBAIUCH OECCIIOPHO YCTAHOBICHHBIE JKCIICPUMEHTAIb-
HbIe (PaKTHI U paccCMaTPUBANINCh HaubOJIee CYIECTBEHHBIE IJIs1 JAHHOTO MPOILIec-
ca cBs3u [9, 10].

HpI/I 0606HIGHI/II/I OKCIICPUMCEHTAJIBHBIX JAaHHBIX IO MHTCHCHUBHOCTU TCILJIO-
oTAa4u TIIpU KUIICHUHK XJIaJar€cHTOB Ha MCIHBIX CIICHCHHBIX KallWJIAPHO-
MOPHUCTHIX CTPYKTYpax B yCIOBUSAX OOJBIIOro oObeMa Oblla MOJy4YeHa CIEayIo-
as KpuTepuagbHast 3aBUCUMOCTD:

Nu = 45K%"K*Pr®°, (1)
WA B Pa3BEPHYTOM BHJIC:
— 0,7 0,9 0.6
7 :
ady _ 45| O | _9 (X) ’ )
Ay d, rp,o® a

e o — koaddurment temooraaun, Br/(m>K); d, — cpeTHHAI TUIPABINYECKHH
pasMep 1op, M; A, — TEIJIONMPOBOAHOCTh XHIKOCTH, BT/(M-K); O, — TosimuHa

KAIMIUIPHOH  CTPYKTYPBI, M; ¢ — IUIOTHOCTH TEIJIOBOTO MOTOKa, BT/M% o —
CKOPOCTh POCTa MAapOBBIX IY3BIPEH, M/C; ¥ — CKpBITas TEIIOTa mapoodpa3oBa-
Hus, JHK/KT.

Du3nvecKkre CBONCTBA KHUIKUX U MapooOpa3HbIX XJIaIareHTOB B3STHI HA JIH-
HUY HACHIIIICHUS.

Oo6o0mmaromas KpuBasi dKCIEPUMEHTATBHBIX JTaHHBIX 0 TEIIOOOMEHY MpH
KUIIEHUH CMECEBBIX 030HOOe30macHbIX XiamareHtoB R404a, R407c u R410a
Ha TIOBEPXHOCTAX C TMOPHUCTHIM IOKPBHITUEM B COOTBETCTBHHM C COOTHOIIICHU-
eM (2) mpencraBieHa Ha puc. 6.

I'padmk moka3swpiBaeT, 4TO OMBITHBIC JAHHBIC YOBIETBOPUTEIILHO 00001IIa-
I0TCA B IIMPOKOM HHTEpBAJIE MapaMEeTPOB IMOPHUCTOTO CIIOS — AABICHUH (p, =
= 0,9-1,4 MIIa) u TemnoBsIX HArpy3ok (g = 5-35 xkBr/m?). CooTHomenue (2)
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MO3BOJISIET BRIYHCIIATH KO3 (PUIIMEHTHI TETIIO0TAAYH ¢ C TOTPeIHOCThIO 120 %.
[IpemiokeHHAass 3aBUCHMOCTh MOXKET HCIOJIB30BATHCS B MHKCHEPHBIX pacueTax
XapaKTepUCTHUK TEIUIOOOMEHHBIX allapaToB UCIAPUTEIBHOTO THIIA.

10°7 e-—1

Nu
—R410a 1,0 mm
10%4 o—-R404a 1,0 mm
] e— R407c 1,0 mm
—R134a 1,0 mm
o—R410a 0,5 mm
»— R404a 0,5 mm
—R407c 0,5 mm
e-R134a 0,5 mm

107

— T r T —
1000 K‘.’:;pKkPrﬂ

Puc. 6. O6001meHne SKCTIepIMEHTAIBHBIX JaHHBIX 10 TEIUIO0Taue IPH KUTICHHN
xnagareHToB R404a, R407¢ 1 R410a Ha MOBEpXHOCTH CO CIIEUEHHOM MOPUCTON CTPYKTYpPOIt
Ipy JaBieHuu py, = 1,2 MlIla ¢ pa3uaHO TONMINUHON HOKPHITHS C TIOMOIIBIO 3aBUCHUMOCTH (2);
1,2, 3,4 — npu nasnenuu p, = 1,3 MIla; 5, 6, 7, 8 — npu nasnenuu p, = 1,1 Mlla

Fig. 6. Generalization of experimental data on heat transfer during boiling
of refrigerants R404a, R407c and R410a on the surface of the sintered porous structure
at a pressure of p, = 1.2 MPa with different coating thickness with the use of the dependency (2);
1,2,3,4—atapressure of p, = 1.3 MPa; 5, 6, 7, 8 — at a pressure of p,, = 1.1 MPa

BbIBO/IbI

1. TIpoBesieHBI SKCIIEpUMEHTANILHBIC UCCIIEIOBAHMUS TEITIO0OOMEHA MTPH KHIIe-
HHMHM CMECEBBIX 030HOOe30macHbIX XyagareHntoB R404a, R407¢c u R410a nHa mo-
BEPXHOCTAX C BBICOKOTEIDIONPOBOAHBIM CIIEUYEHHBIM KalMJUIIPHO-TIOPUCTHIM
MOKPBITHEM TPH CIEAYIOIINX PEXUMHBIX ITapamMeTrpax: [aBJICHHU HaCHIIIe-
aus py = 0,9—1,4 MIla, Temneparype Hacemenws ¢, = (12,9-28,5) °C, miotHO-
CTH TEIIOBOTO TTOTOKA ¢ = 5—35 kBT/M’.

2. IlomydeHo KpuTepHuaabHOE ypaBHEHHE ISl pacyeTa MHTEHCUBHOCTHU TeET-
JIOOTJAYU MpPU KHUIEHHUH O30HOOE30MACHBIX XJIAJAareHTOB HAa IMOBEPXHOCTSX C
BBICOKOTEIUIONPOBOJHBIM ~ CIIEYCHHBIM ~ KalWUIAPHO-MIOPUCTBIM  ITOKPBITHEM.
OnbITHBIE AaHHBIE YIOBIETBOPUTENLHO 00OOLIAIOTCS B LIMPOKOM HHTEpBaje
apaMeTpoB HOPHUCTOro ciosi — faBineHudd (p, = 0,9-1,4 Mlla) u TemioBbIx
Harpy30k (¢ = 5-35 kBt/M”). COOTHOILIEHHE TI03BOJSET BRIYUCIATE KO HHIHM-
€HTBI TEIUIOOTHAuu o ¢ morpemHocThio 20 %. IlpeanokeHHas 3aBUCUMOCTD
MOJKET OBITh HCIIONIF30BAaHA B MHXKEHEPHBIX pacdeTax XapaKTEepPHCTHUK TEIUI000-
MEHHBIX allapaToB HCIIAPUTEIHHOTO THIIA.

3. KoadummeHTs! TermmooTaaun Mpyu KATICHUH HCCIICAYyEeMBIX XJIalare¢HTOB
Ha MOBEPXHOCTH CO CIIEYEHHBIM KalWUISIPHO-TIOPUCTHIM ITOKPBITHEM B YETHIPE
pasa BbIllIe, YeM Ha IIAJKOM, U B 1,5 pa3a BbIllIe, YeM Ha OpeOPEHHON TOBEPXHO-
CTH, 4TO MO3BOJISIET CACNATh BBIBOJ O MPEUMYILECTBE MOPUCTHIX NOKPHITHHA. Ku-
NEHUE Ha KalWUIIPHO-IIOPUCTHIX MOKPBITUSAX MPUBOAMUT K CHUXKEHHIO Maccora-
OapUTHBIX TMOKa3aTejell YCTAaHOBOK 3a CUET MHTEHCH()MKALUH TEeII000MEeHa M
MEHBIINX pa3MepOB TPYOOK MO CPaBHEHHIO C OPEOPEHHBIMH.
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