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Pa3pa60TKa H IKCIICPUMCECHTAIBHOEC UCCJICT0OBAHUC paﬁoqnx XapaKTCPUCTUK
MOJIUMEPHDBIX COTHCYHBIX KO/UVIEKTOPOB IJIS JHEPreTHYCCKUX CHCTEM

Ilompebnenue snekmpuyecmea Ha Hazpes 800bl COCMAGNAEN 3HAYUMENbHYIO YACMb Om
obwezo snepeonompebnenus. Haubonee uacmo 014 nazpesa 600bi UCHONL3YIOM I1EKMPOHA-
epesamenu, 1ubo 2azoevle boiinepwvl. [Llupokoe pacnpocmpanenue 60 MHO2UX CIMPAHAX NOLY-
YUIU CONHEYHble 8000HACPEBAMENbHbIE CUCMEMbl, KOMOpble MO2YM UCNOAb308AMbCA Ol
CHUDICEHUS] NUKOBLIX HASPY30K, A 68 OMOENbHLIX CYYAAX 051 NOAHOU 3aMeHbl MPAOUYUOHHBIX
cucmem npu UCHOIb308aAHUU OAKOE-AKKYMYIAMOPOE C cucmemou nakonienus suepeuu. Oo-
HUM U3 CAMBIX OOpO2UX DJIEMEHMO8 MAKOU CUCMeMbl AGNAEMC COJIHEeUHbLU KOJIEeKmop,
CMOUMOCMb KOMOPO20 3a6UCUM OM UCNONb3YEMbIX MAMepuanlos 6 e2o Koncmpykyuu. 1lno-
CKUe JHCUOKOCmHbIE KOJIeKMOPbl U3 NOTUMEPHBIX MAMEPUANO8 8 NOCIe0HUe 200bl UHMEHCUE-
HO pazpabamuléaromcs u3-3a uUx CPAGHUMENbHO HU3KOU CIOUMOCMU, MAN020 6ecd, U KOPpPO-
3UOHHOU YCMOUNUBOCIU C Yebl0 3aMeHUMb MeEMAaNIudecKue KOJNeKmopbl 8 WUPOKOM Ouand-
30He npumerenul. B nacmosweu pabome paccmompensl 6apuanmsl 5KCNEPUMEHMATLHO UC-
C1e008AHHBIX NONUMEPHBLIX KONIEKMOPO8 6 nociednee oecamuiemue. IKCnepUMeHmaibHble
pe3yiomamsl UCCIe008AHHBIX NOIUMEPHBIX COJIHEYHbIX KONIEKMOopos Obliu 06pabomarnvl u
CPABHEHbL C CYUEeCMEYIOUWUMU UCCIe008aHUAMU 6 dmotl obnacmu. [lokazano, umo pasHvie
6UObL NOUMEPHBIX MAMEPUATIO8 MO2Ym OblMb UCNONb306AHbL 8 KOHCMPYKYUU MenIonpuem-
Huxa (abcopbepa) u npo3pauHo2o NOKPLIMUAL HA OOCMAMOYHO BbICOKOM MeMNepamypHoM
YpOGHe, npu UCNOb308AHUU NOIUMEPHBIX MAMEPUANIO8 ¢ 000A8KAMU, NOBLIUAIOWUMU CPOK
Cyducobl U memMnepamypHyio ycmouyusocms. Hccnedosano nusanue 030YuHO20 3a30pa HA
s exmusHoCmsb CONHEUHO20 KONNEKMOpA, U NOKA3AHO 4MO NpU MANbIX CKOPOCMAX 6empa
OHO He3HayumenvHo. Mcnonv3oeanue NOIUMEPHLIX MAMEPUANOE 8 COTHEUHLIX NONUMEPHBIX
KOJNIEKMOpax 5mo 6adCHblll waz Ha nymu K 0ojee 5KON02UYHOU cucmeme npeobpazo8aHus
SHepeuu 015l peuleHusi npooiemM CEA3AHHBIX C POCHOM 2100aNIbHO20 CHPOCA HA 2NIeKMPOIHEP-
auro.

Knwuegvie cnoea:. conneunviii Koaniekmop, noauMepHvle mMamepuansl, 3¢)gdhekmusHocma,
9KCHepuMeHm

Beenenue. Cornacao oruéry IRENA 2019 [1] 3aTparhl 35eKTpo3HEpPTHH Ha
OTOIUICHWE W KOHIUITMOHUPOBAHKE B JKUJIBIX TIOMEMIEHUAX COCTABISIIOT 0KoJio 51%,
B TO BpeMsl KaK POCT BO30OHOBISIEMOI HPHEPTETUKH B ATOM CEKTOpPE OYCHb MEIJICH-
ueid (Ha 2019 rox on coctaBwi b 10% ot 3THX 3aTpaT). B momamHux cuctemax
rOpsSTYeTO BOJIOCHAOKEHUS W OTOTUICHUS JOJS MCTOJIB30BAHUS AJIEKTPOIHEPTUU IS
HarpeBa BOJbI coctaBisieT okosio 30% [2] or cymMMapHOTro 3JIEeKTPOIOTPEOIICHHUS.
CucteMbl KOHAWIIMOHUPOBAHUS BO3yXa MPUOABISIOT K 3TOMY YUCITY JOMOTHUTEIb-
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HO 17%. Jlyist pemieHus 3TUX 3a7a4 MOTYT ObITh MCIOJIb30BaHbl CUCTEMbI KOHIUIUO-
HUPOBAHMS Ha OCHOBE COJIHEYHBIX a0COPOIIMOHHBIX IIUKJIOB [2].

[TocKkONMbKY KOTMYECTBO HOBBIX 3/IJaHUN HEYKJIOHHO PACTET, & C HUMHU U POCT I0-
TpeOJeHHS IJIEKTPOIHEPTUH, UCIIOIb30BaHNE BO30OHOBIIIEMbIX UCTOYHHUKOB JIJIs Ha-
rpeBa BOJbI U CUCTEM OTOIUICHHS MO3BOJISET 3HAYUTEILHO YMEHBIIUTh HArpy3Ky Ha
3JIEKTPOCEeTh. B MUpe HAET aKTUBHOE Pa3BUTHUE ITON OTpaCid, CPEeIH JHACPOB IO
CyMMapHO#! YCTaHOBJIEHHOW MOIIHOCTH COJIHEUHBIX BOJIOHArPEBATEIbHBIX KOJIJIEK-
topoB B 2018 roxy cranu Kurait, CILIA, Typuus, ['epmanus, bpaswmus [1].

1. MepcneKTUBBI UCTIOIB30BAHNS TOJHMEPHBIX MATEPHAJIOB B COJTHEYHBIX
JKHAKOCTHBIX KOJIJIEKTOpax. TpalulMoHHBIE IUIOCKHE >KHIKOCTHBIC COJHCUHBIC
KOJUIEKTOPHI U3TOTaBIMBAIOTCS M3 IIBETHBIX METAJUIOB, B KOTOPBIX JIJIS IIPEIOTBpAIIle-
HUSI KOPPO3UHU B KaueCTBE TCIUIOHOCHTES UCIONB3YIOT CIEIHAIbHBIC aHTUKOPPO3H-
OHHBIC JKUJKOCTH, YTO OTPAYKACTCS HA UX CTOUMOCTH. J[J1s1 Harpera BOBI U3 CHUCTEMBI
BOJIOCHA0KCHHUS aJIFTEPHATUBOW MOTYT OBITh COJHEYHBIC KOJUICKTOPHI M3 MOJUMEP-
HeIx MarepuaioB (CKok/IT) [1]. TunuuHas KOHCTPYKIHS TaKOro KOJLIeKTopa u3o0pa-
keHa Ha Puc 1. m cocrout u3 kopmnyca (1), Temomsomnsiiuu aHa (2), TOTMMEpPHOU
IUTMTHI TeIuIonpueMHnKa (3), TUApaBIMYecKUX KoJuiekTopoB (4,5) m mpo3padHoro
nokpeiTust (I111) w3 crekia wim JaucToBOrO Mpo3padnoro momumepa (6). [Mpenmynie-
CTBAMH TIOJTUMEPHBIX MATEPHUAJIOB SABJISCTCS MaJIblid BEC, HU3Kasi CTOUMOCTH IO CPaB-
HEHUIO C IIBETHBIMU METaJIJIaMH, YCTOHYMBOCTh K KOppo3uH. [Ipu HCIIONBb30BaHNN B
KaueCcTBE JJICMCHTOB COJHEYHOTO KOJUICKTOpAa MOJIMMEPHBIX MaTepHajoB K HUM
NPEIBSIBISIOTCS CIICAYIOIINE TPEOOBAHMS. YCTOMUMBOCTh K pa0OYHM TeMIIepaTypam
BOJIBI U JIABJICHUIO, a TAK)KE K BO3JICHCTBHIO YIBTPA()HOIETOBOIO N3TyUCHUS.

[Mpunumn paboOThI COJIHEYHOTO KHMJIKOCTHOTO KOJUIEKTOpa OCHOBaH Ha IOIJIOIIE-
HUM TIAJIAFOIIEr0 Ha €ro TEIUIONPUEMHHUK COJHEYHOTO HM3JIYYCHUS, BCICACTBUE YETO
BoJa (TEIUIOHOCHTENb), IUPKYIUpPYyIONas 4yepe3 Hero, HarpeBaetrcs. Lupkymupyro-
M TEIJIOHOCUTENIb W3 TEIUIONPUEMHUKA ITOCTYIaeT B BEPXHIO 4YacTh Oaka-
TEIUIOAKKYMYJISITOpa, W 3aTeM OoJiee XOJIOJHBIA TEIUIOHOCHTENh W3 HIDKHEH YacTH
BO3BpAIllaeTCs B KOJUICKTOP, IJIe HarpeBaeTcs. XOJOMHAs BOJAa W3 CHCTEMBI BOJO-
CHa0XeHMs MOoCTymnaeT B HIKHIOW yacTh BTA, B To BpeMs Kak Harperasi Boja U3 ero
BEPXHEH YacTH MOCTYIAeT MOTPEOUTEITIO.

Puc. 1 Cxematnueckoe n300pa>keHHEe MOJIUMEPHOTO COJTHEUHOTO KOJIJIEKTOpa
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CymecTByeT OOJBIIIOE KOTMYECTBO TMOTMMEPHBIX MaTEpHUAIOB, KOTOPHIE MOTCH-
IIUAJTBHO MOTYT MPUMEHSTHLCS B MMPOU3BOACTBE MOJUMEPHBIX KOJUIEKTOpoB [3-5], x0-
TSl IOCTOSIHHOE Pa3BUTHE TEXHOJIOTHH MPHUBOIAUT K TOSBICHUIO HOBBIX MOJUMEPOB H
VAYUIIEHUIO CBOMCTB CYMIECTBYIONUX. B 3aBUCHMOCTH OT NMPUMEHSEMBIX HAIOJTHU-
TeJel U crmocoda MPOU3BOACTBA, CBOMCTBA IJIACTUKOB MOTYT M3MEHSTHCS B CTOPOHY
OoJbIIeH YCTOMYMBOCTU K YIbTpaduONETy, MOBBIIICHUIO TEPMUUECKOU CTAOUIIBHO-
ctH (YCTOMYUBOCTH K BBICOKOHM TeMIlepaType) W MPOYHOCTH. YIIYUIIICHHE XapaKTepH-
CTHK XOPOIIIO BUIHO HA MPUMEpPE MOMHKapOOHaTa, KOTOPBIA pa3pyIIacTcs U KeITeeT
IIPY BO3ICUCTBHUM YIAbTpaduoieTa MPUMEPHO 3a T0Jl, HO €ro U3rOTOBJICHUE C 3aIUT-
HBIM CJIOEM OT YIbTpaduosieTa MOBBIIIACT CPOK CIYyKObI puMepHo jgo 10 met [6].
HIupoxuit 0030p MPUMEHSEMBIX TOTMMEPOB JIJISl TEIIONPHUEMHUKA U TIPO3PAYHOTO
MOKPBITHSI pACCMOTPEH B padoTte [7].

[TonmuMepHbIe MaTepraIbl MOTYT UCIIOIB30BATHCS M B METAJUNIMYECKHUX JKUKOCT-
HBIX KOJUIeKTOpax (mpuMepoM MoryT ObITh pabothl Ghoneim [8] u Kessentini [9]). B
padote Ghoneim [8] ucronb30Bacss SYCUCTHINA MOTUMEPHBIA MaTepHal, pa3MelleH-
HbId B MPOCTPAHCTBE BO3AYIIHOrO 3a3opa CKik sl yMEHBIIEHUS €CTECTBEHHOU
MUPKYJISIUN BO3yXa. ABTOp MCCIIEA0BaJ BIWSHUE COTOBOW MOJUKApOOHATHOM ILia-
CTUHBI, TIOMEIIEHHON B TIPOCTPAHCTBO MEXKIY MPO3PAYHBIM MOKPHITUEM U3 CTEKJIA U
TETJIONPUEMHUKOM Ha CHIKEHNE KOHBEKTHBHOTO TETUIOOOMEHA MEXKTY TETUIOTPUEM-
HUKOM U TIPO3PAYHBIM MOKPHITHEM. J[JIT OIIEHKW BIUSHUS TMOJUMEPHONW BCTAaBKU HA
3¢ (PEeKTUBHOCTH OBUTH HCCIICIOBaHBI BapuaHThl ¢ Hero («with honeycomb», w/hc) u
0e3 nee («without honeycomb», wo/hc). CoroBas BctaBka cHusmia ontrueckuii KITJ]
HE3HAYUTEHHO M0 CPABHEHHIO CO CHIDKEHNEM KOA((OUIIMEHTA TETTIOBBIX TTOTEPb.

Kessentini u ap. [9] npemnoxuin duciaeHHYO MOJAEb A ONTHMH3AIUNA KOHCT-
PYKITMH aTIOMHHHUEBOTO COJTHEYHOTO KOJUIEKTOPA C TIPO3PAYHBIM MOKPBITHEM U3 CTEK-
na. JIns ymeHbIIeHUs] KOHBEKTUBHBIX moTeph U Beca CKok Takxke Obla Croab30BaHa
MOJTMMEpHAsi COTOBasi BCTABKA PACIIOJIOXKEHHAS MEXIY MPO3PAYHBIM MOKPHITHEM U
TEIUIONPUEMHUKOM. B HIDKHEHN 4acTH KOJIeKTopa ObUT paclojioKEH BO3MYIIHBIN Ka-
HaJl C aBTOMATHYECKOW MPUHYIUTEIHHOW BEHTHJISIIMEH NJISl 3alUTHI OT CTarHAIIHH.
[To pe3ynpratam mcciaenOBaHUS OBLIN MPEIJIOKESHB ONTUMAIBHBIC TEOMETPUICCKUE
XapaKTePUCTUKH KOJUIEKTOpA: TONIWHA U3OJISIIUH JTHA W OOKOBBIX CTOPOH KOJIJIEKTO-
pa — 60 mM, BricoTa cOTOBOM BCcTaBKM — 80 MM, BBICOTA 3a30pa MEXKY TETUIOMPUEM-
HUKOM W COTOBOI BCTaBKOW — 15 MM, BBICOTa BEHTWISIIIMOHHOTO KaHana — 20 M.

2. OcHoBHbIE 3a71a4uM HcciieaoBanus. [TOCKHe KOJUIEKTOPHI U3 TOTUMEPHBIX
MaTepuaJioB HM3y4JaJliCh MHOTHMH UCCliefoBaTelisiMu, Harmpumep Ehrenwirth [10],
Martinopoulos [11], Cristofari [12], Ho BHUMaHUS K BIMSIHUIO BBICOTHI BO3IYITHOTO
3a30pa Ha xapakrepuctuku CKx B HUX HE yAEIsAI0Ch.

ABTOpamu pa3paboTaHbl U UCIBITAHBI JBA BAPUAHTA COJIHEUHBIX KOJJIEKTOpA U3
MOJINMEPHBIX MATEPUAJIOB, C 3(DPEKTUBHOCTHIO, CPABHUMOM C CYIIECTBYIOIIMMU aHA-
JoramMH, ¥ MaJlol CTOMMOCTBIO. B KauecTBe moaMMepHOro marepuana Obul BhIOpaH
noJinkapOOHaT, CBOMCTBA KOTOPOTo NpuBeneHbl B Tada. 1. CpaBHHBaeMble BapUaHThI
nonuMepHbIX CK OTIIMYaIiCh BRICOTOM BO3IYIITHOIO 3a30pa

AHayu3, IPOBEACHHBIN 1T0 METOAMKE MOJHOTO kxu3HeHHOTO nnkia (ITKL]) BeI-
noyHeHHBIH Chen [13] mns CKox/IT; u Carlsson [14] mns MeTauTMYecKuX TUIOCKUX,
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Tabauna 1. Hekoropsie cBoiicTBa noaukaboHara

Touka pazMsardeHus 150-160 °C
PactBOpUMOCTB B BOJIE HEPACTBOPUM
TemonpoBOHOCTh MaTepHana 3 Brm’ /K

BaKYYMHBIX U ITOJUMCPHBIX INNIOCKHX KOJUICKTOPOB JACMOHCTPUPYCT IMOJIOKUTCIIBHOC
BJIMAHHUC IMOJJUMCPHBIX MATCPHUATIOB Ha IKOJOIMYCCKHEC XAPAKTCPHUCTHKH IIPHU UX HC-
IMOJIb30BaHNM B KOHCTPYKIUMU CKx nmo CPaBHCHHUIO C TPAaJUIIMOHHBIMHU MCTAJLIINYC-
CKMMH U BaAKYYMHBIMH COJIHCUHBIMH KOJUICKTOPAMH.

3. MeTtononorusi ucciaeaoBanuii. CpaBHUTEIBHBIC UCCIICIOBAHUS pa3pabOTaH-
HbIx nomuMmepHbix CKok mpoBOAMIMCH B OTKPBITOM Cpefe. DKCIEPUMEHTAIbHBIN
CTEHJ COCTOSI M3 JBYX IOJMMEpPHBIX KOJLUICKTOPOB (IIomanpio 1.26 M? Kaxiblii) ¢
pa3HON BENMYMHON BO3MYIIHOTO 3a30pa MEXIY MOBEPXHOCTHIO TEIUIOMPUEMHHUKA H
npo3paunbiM TOokpbITHEM (CK10 —  10mm, CK25 -  25mMwMm), nByx OakoB-
TEIUIOAKyMYISITOpOB eMKocThio 1o 80 11, meHTtpoOexxHoro Hacoca. Cxema cTeHAa
n300pakeHa Ha puc 2. J[ns onpeneneHus TermioBoi 3PHEKTUBHOCTH U3MEPSIOCH KO-
JUYEeCTBO majmaromiero Ha 1iockocth CK comueynoro m3mydenust G;, temreparypa
TUTACTHHBI TEIUIONPUEMHUKA T, TEMIEparypa OKPYXKAIOMIETo BO3MyXa 1, Pacxon
XKUIKOCTH, CKOPOCTh BeTpa. [[ns oOnerdyeHus cpaBHEHHS Pe3y/IBTaTOB MCTIBITAHUN C
3apyO0eXKHBIMH aHAJIOTaMU PEKOMEHYeTCS yCTaHaBIIMBATh KOJJIEKTOP TaKUM oO0pa-
30M, 94TOOBI YTOJl HAKJIIOHA arlepTyphl OTHOCUTEIHLHO TOPU3OHTAIN COCTaBsuT 45° + 5
[18], mostomy yron HakioHa ObLT BEIOpaH paBHBIM 45°.

MaccoBblii pacxoj pEeUUPKYJIUPYIOMIEH KUJIKOCTA BO BPEMS HCHBITAHUN MOJ-
nepkuBaiics MocTossHHBIM Ha ypoBHe 0.023 kr/c, cpeansisi CKOpOCTh BETpa B MEPUOT
ucnpiTannid Obuta 1 m/c. HaGop u3 meBsitu matumkoB Temmepatypsl DS18B20 wuc-

K nompedument

caul Bodsi

noda4a xoAodHou

6
Puc. 2. Cxemarnueckoe nzobpaxenue ucneirarenbaoro cregaa: 1 — bTA; 2 1 -CKc
BO3AyIIHBIM 3a30poM 10 MMm; 2_2 — CK ¢ Bo3aymIHbIM 3a30poM 25 MM; 3 — 3aIIOpHBIiA
BEHTWJI, 4 — Hacoc; 5 — pacxogomep; 6 — repmomnapa; 7 — TepMoMeTp; 8 — aHeMOMETD;
9 — mupanomerp; 10 — punbTp; 11 — BO3AYIIHBIN KiIanaH
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Taoauma 2
Texauueckue xapakrepucTuky noauMepHbix CK (¢ Bo3aynHbM
3a3opoM 10 MM u 25 mm)

[Tnomane aneptypsl 1.26 m*

[Inomaae TenaonpueMHUKa 1.14 m°

[Ipo3payHoe MOKPBITHE, TEIUIONPUEMHUKA 10 MM [BYCTEHHBIH
nosimkapoonat Polygal

TennoHOCUTENb BOJA

BMmectumocTh TenionpueMHuKa 11.84 n

BokoBas n3ossmus 20 MM (OIHUCTHPOI)

Wzomsamms qaa CKox/I1 50 mMm (MuHBaTa)

MOJIB30BAJICS JJII U3MEPEHUS CPEIHEN TeMIepaTyphl TeIionpueMHanka. [[ins n3mepe-
HUS TEMIEPATYPhI )KUJIKOCTH Ha BXOJE U BBIXOJE M3 KOJUIEKTOPOB YCTaHABINBAINCH
TEepPMOTIaphl, CUTHAJI OT HUX oOpadaTeBasics 19-OMTHRIM aHATIOTO-TIMGPOBBHIM TTPEOO-
pasoBatesieM. B Temion3onupoBaHHOM Oake-TEII0aKKyMYIaTope ObUTA pa3MelIeHbI
0 €T0 BBICOTE 6 TepMomnap Ha paccTosHuH 13 MM Kaxmas JUisi U3MEpPEHUs pacipee-
JeHus Temnepatyp (ctparudukanuu). /laHHBIC 3alMCHIBAINCH ¢ 15 MHUHYTHBIM HH-
TEPBAJIOM B YCIIOBHUSIX YCTAHOBUBIIETOCS PEKUMA.

TexHuueckne XapaKTEPUCTUKH WCCIENYEMBIX KOJUIEKTOPOB TMIPUBEIACHBI B
tab. 2. Komaexkrop pa3paboTaH 11 UCTIOIB30BaHUS B cpeie 0e3 30BITOYHOTO /1aB-
JICHUS, MaTEepHal TCIIONPUEMHHUKA YCTOWYUB K BO3CHCTBUIO TEMIEpaTyp MpUOIH-
sutensHO 10 130 °C.

4. AHAJIM3 JIKCIEPUMEHTAJBHBIX pPe3yJbraToB. KOHBEKTHBHYIO COCTaBIIsIO-
1y1o ko3¢GdUIMeHTa TeII00Tauu 1 HAPY>KHOU MOBEPXHOCTU KOJJIEKTOPA MOXKHO
paccuutarh 1o ¢popmyie 1 [15], T.k. ckopocTh BeTpa HE3HAYHTEIHLHO BaphbHPOBAIACH
U cocTaBiisiia okosio 1 m/c, a ypaBHEeHUE CIpaBensIMBO MPU CKOPOCTH BeTpa oT 1 1o
1.5 m/c u Temmeparype HapyxxkHoro Bo3zayxa ot 0 °C mo 35°C:

k _
O =7+2.1-w, (1)

PaninanimonHyo cocTaBisiony0 Ko3puieHTa TemiooTAa4 MOXKHO pacCuu-
Tath 1o hopmyie:

2 2
Tp - T,
1 1 '
—+—-1
Ep €

O(’zclb—p :G'(Tab _Tp)' (2)

r

ab_p — KOHBEKTHBHAs W pajMallMOHHAs COCTABISIOMINE KOI(PPHUIHCHTA

k
rae o, u o

217\
temtootaaun, Bt/(M*K); W — ckopocTh BeTpa Haj MPO3PaYHBIM ITOKPHITHEM KOJUICK-

TOpa, M/C; &,,€, — U3JyYaTeibHas CIOCOOHOCTH TEIUIONPHEMHHKA U MPO3PAYHOTO

: 2104
HMOKpBITHS; 6 — octosinHas Ctedana-bonabsimana, Bt/(Mm*K™). Benmnuuna cymmapHo-
ro ko3¢ puimenTa noTepb MOKET OBITh pacCUMTaHa KaK CyMMa JIOKaJIbHBIX TEpMUYE-
CKHMX CONPOTUBJIEHUN R:
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U =Y>" R, 3

rae U; — xoaddumment motepp Ha paccmarpuBaeMoM ydactke CKox/Il, B1/(M*K);
R, — JT0KaIbHOE TepMuueckoe comporusnenue, (M>K)/BT; n = 4 s paccMmarpusae-
moro CKok/IT (TepMuyeckue CONMPOTHUBIICHUS Yepe3: MepBOe MPO3pavyHOE MOKPHITHE,
BTOPOE MPO3PaYHOE MOKPHITHE, OOKOBBIC CTCHKH M THO KOJUIEKTOPA).

B temoBsix pacyeTax npeHeOperaeM BIusHUEM PEOEP KECTKOCTU MOTUMEPHBIX
MHOTOKAHAJIBHBIX TUTUT. B TakoM ciydae TETUIOBO#M pacyET MOTMMEPHOTO KOJUIEKTO-
pa B IEJIOM aHAJIOTHYCH PAacuéTy OOBIYHBIX KOJIJIEKTOPOB C JBOWHBIM MPO3PAYHBIM
nokpeiTieM. [Ipu pacu€re COMHEYHOro KOJUIEKTOpa OBUIM HMCIIOJIB30BaHbBI JOIYIIIE-
HUS. — TTOTOK COJTHEYHOTO W3ITYyYEHHUS PACIpeesiCcH paBHOMEPHO IO BCEH TUIaCTUHE
TEIJIONPUEMHUKA KOJIJIEKTOPA, — BIHMSHUE pedep KECTKOCTH MPEHEOPEKMMO MaJo.
Temneparypa HeOOCBOAA oOmpeaeisiach IO YIPOIICHHOMY ypaBHeHHIO [16] kak
T, =T, — 20, ypaBHeHHUE CIpaBeINBO IIpH Oe300a4noi noroje. Kosddunuent no-

TEphb Yepe3 MPO3payHbIe MOKPHITUS OMPEIEISICS UTEPATUBHBIM CIIOCOOOM, T.K. pa3-
JMYUS TIPU pacueTe 1o ynpoineHHomy ypaBHenuro Klein [17] (mns onpenenenus xo-
3¢ GUIUEHTA TEIUIOBBIX MOTEPh Yepe3 MPO3paYHOE MOKPHITHE) COCTABISIOT 25%.

B pacuerax usnyuaTenabHas CIOCOOHOCTH MIIACTHHBI TeruionpuemHuka CKok
Obuta mpuHsita g, =0.94, npospadnoro nokpertus — ¢, =0.88, mormomarenpHas

CIIOCOOHOCTH YepHOBOTO MOKPHITHS — 0.94.

Ha npaxrtuke, npu ananuze xapaktepuctuk CKix BBoguTcs moHsitue 3QphexTuB-
HOCTH KoJUiekTopa F ', mpeacraBmisitoniee coO0il OTHOIIEHHE TEPMUUYECKOTO COIpPO-
TUBJICHUS TIEPEHOCY TEIUIOTHI OT MOTJIOMIAIONIEH MIacTuHbl TeronpueManka CKx k
OKPY’KaIOIIEMY BO3AYyXy K TEPMUUYECKOMY CONPOTHUBJICHUIO MEPEHOCY TEIIOTHI OT
HarpeBaeMoM KHJIKOCTH K OKpyxkaromiemy Bo3ayxy [18]. Ilpu pacuere F' mist pac-
cmarpuBaemoil koHcTpykiuu CKox ucnonb3oBanach popmya:

F= = (@)
1 1
+
U,-(D+(b-D)-F) =n-D-a,
rae b — paccTossHEe MEXIy IIEHTpaMHU COCEIHUX KaHAJIOB MOJUKApOOHATHOW TUIUTHI,
M; D — >KBUBalCHTHBIM JUaMeTp KaHalla TEIUIONIPUEMHUKA, M; o, — K0d(duuueHt

2.1\
TEIUIOOTaud OT CTCHKM KaHala TeIUIONpHEeMHHKa K >kuakoctd, Br/(M™K); o, Obin

IIPUHSAT JUTS YCIIOBHIl eCTeCTBEHHOM KoHBekuH paBHbM 300 B/(M*K); F — sdbdek-
TUBHOCTH pedpa MpsMOYTOJIbLHOr0 MPoduiis (MMOCKOJIBKY B IMOJIMKApOOHATHONH MHOTO-
KaHAJIbHOWM TJIUTE OTCYTCTBYET TPAJUIIMOHHOE OpeOpEeHUE KAaHAJIOB TEIIONPUEMHHU-
Ka, B pacuetax npuauMaiu st CKok/I1 Benmuunny F = 1).

[lone3nast sHeprUsi, MONTyYEHHas TUIOMIAALI0 TEIJIONMPUEMHUKA IPU YCTAHOBUB-
eMcs peKUME, PACCUUTHIBANIACH 1O (popMysIe:

Q=AF (G (1) -U. (T -T,)), (5)
rae A —mromans CKx, F =F " F" — xoa¢dunuenT orBona Temna u3 KOmIEKTopa,
(F" — ko3 dunmenT yunthiBaroumii pacxos sxunkoctu [18]), (ta) — obmas npuse-
NEHHAS TOTJIONIATeIbHAs CIIOCOOHOCTh (BKIIFOUAIONIAs MAAIONIee CONHEYHOE H3ITY-
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Puc. 3 V3mepennas BXxoaHasi TeMIIeparypa XUIKOCTH U 3PPEKTUBHOCTh COJTHEU-
2
HOTO KOJUIEKTOPA 1),,, = T, (ipu comHeuHoM u3inyuenun ot 800 1o 930 B1/m”)

4eHHe, PAaCCesIHHOE, OTPAKEHHOE OT 3eMin), T, — TEMIEpaTypa KUAKOCTU Ha BXOJE B
KOJUIEKTOD, T, — TeMIepaTypa Hapy>KHOT'O BO3yXa.
Koadpunment nonesnoro aeiicteust CKx MOKHO paccuutaTh o Gpopmyre:

__Q
nnp At . Gt ' (6)
JIj1g mocTpoeHus 3aBUCUMOCTEN KO3 PHUIIMEHTa MOJIE3HOr0 AEHCTBUS OT pa3HU-
bl TEMIEPATyp MCMOJIb3YETCS KOMIUIEKC, HAa3bIBA€MbIl MPUBEAECHHON TeMIlepaTy-
poii:
ik ™

Pe3ynbTarhl pacueToB IPEICTABICHBI HA PUC. 3, U TIOKa3bIBAIOT HE3HAUNTEIIBHOE
BJIMSIHHE BO3YIIHOTO 3a30pa MEKIY MOBEPXHOCTHIO TerutonpueMuuka u [111 Ha 3¢-
(EKTUBHOCTH TOJUMEPHOTO KOJUICKTOpA B MpEJeiax BEIOPAaHHOIO WHTEPBAIA BEIIH-
YHHBI BO3JYIIHOTO 3a30pa. TpeOyroTcs najabHEeHIIne UCCIeA0BaHUs C BAPbHUPOBAHH-
eMm BenmuuHbl B3 B Oonee mupokom auamasone (0-25), mpu pasHBIX peXHUMax dKC-
TUTyaTallvH.

VYpasrenus 3asucumoctu 1 = f(7),,) Ha puc. 3, HOIyYeHHBIC METOIOM PETPECCHU-
onnoro ananu3a, A CK10 u CK25:

Moty =0.699 - 4.177-T,  (CK10);

Neros = 0.704-5.627 T, (CK25).

HaubGonee O1m3kuM MO XapaKTEPUCTHUKAM K HCCICTYEMBIM KOJUIEKTOpaM SIBJISI-
ercs pabota Cristofari [12], B koTopoii ObLIM IPOBEICHBI MCIBITAHUS COJTHEYHOIO
MOJINMEPHOTO KOJIJIEKTOPA C TEIUIONPUEMHUKOM W3 TOJUKapOOHATAa M MPO3PAYHBIM
MOKPBITUEM U3 CTEKJIA; K COXAICHUIO, TAHHBIE OTHOCUTEIIPHO BEJIMUMUHBI BO3IYIITHO-
ro 3a30pa B Heil He yka3aHbl. B pabote [12] ObUI0 SKCIIEPUMEHTAIBLHO HCCIICIOBAHO
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Tab6auua 3

I'eomerpuueckue xapakrepuctuku CKok o pabore Cristofari [12]
[Tnomaap anepTypbl 2 M
Temmonocurenb BOJA
W3omsums 20 MM (monmmyperan)
IIpo3payHoe MOKpHITHE 4 MM CTEKJIO
TennonprueMHuk 10 MM AByCTEHHBIN OTHKapOOHAT
Pacxon Terutonocurens 0.00265 xr/ ¢ (Ha 1m°)

BIIMSIHUE CKOPOCTH BeTpa Ha 3ddekTuBHOCT CK3K B pa3HOe Bpems roja, a Takxke
CMOJICIMPOBAHBI ONTHUMAJIbHBIE T€OMETPUUYECKUE MapaMeTphl Jisi COJHEYHOTO KOJ-
JIEKTOpa. XapaKTePUCTUKH UCIIBITAHHOTO KOJUIEKTOpa MPUBEACHBI B Ta0II. 3.

Ha puc. 4 uzobpaxensl rpadpuku 3GpPEeKTUBHOCTH UCCIETOBAHHOTO UCIBITYEMO-
ro MOJUMEPHOTO KOJJIEKTOpPa B CPABHEHHUH C MOJUMEPHBIM KOJUIEKTOPOM MO padboTe
Cristofari (CKxx ¢ TermionpueMHHKOM M3 MOJIMKapOOHATa U IPO3PAYHBIM MOKPHITHEM
u3 crekia) [12]. B aToi paboTe NCIBITHIBAJICS MOJTMMEPHBINA COJTHEYHBIN KOJIEKTOP C
MpO3pavyHbIM TMOKPHITUEM U3 CTEKJa B O€3BETPEHHYIO MOroAy B aBrycre «August
wind speed 0 m/s» (AugVO0) u despane «February wind speed 0 m/s» (FebVO0), a
TaK)Ke B TEX K€ Mecslax Mpu CKOpocTu BeTpa 5 m/c «August wind speed 5 m/s and
February wind speed 5 m/s» (AugV5 u FebV5).

Ha puc. 5 nokazansl rpapuku 3pPeKTUBHOCTH pa3paOOTaHHOTO MOJIUMEPHOIO
KOJUIEKTOpA B CPaBHEHHM C METAUNIMYECKUMH KOJUIEKTOpaMU C MOJMMEPHON BCTaB-
Ko o paboram Ghoneim [8] u Kessentini [9].

[IpoBeneHHBIN aHAIN3 JIUTEPATYPhl MOKAa3aJl BBICOKMUA MHTEPEC K HCHOJIb30Ba-
HUIO MOJIUMEPHBIX MaTepuanoB B kKOHCTpyKuuu CKok. Pe3ynbTaThl Hamux ucnbITa-
Huii (CKk ¢ TeruionpreMHUKOM M MPO3PAuyHBIM IMOKPBHITHEM W3 IOJTHKapOOHATA)
Onmu3kM K pesynbraraM nojydeHHbIM B pabote Cristofari [12] (CKx ¢ Terutonpuem-
HUKOM M3 MOJMKapOOHATa W TMPO3pavyHbIM IMOKPBITHEM U3 CTekia). JlampHeimue uc-
CJieIOBaHUsl HEOOXOAUMBI I SKCHEPUMEHTAIBHOTO OMNPEAENICHUs] ONTUMAaIbHOIO
pa3Mepa KaHaJIOB TEIUIONPEMHUKA, YTO MO3BOJIUT 00Jiee PaBHOMEPHO PAaCHpEACIIUTh

0.8
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= = Cristofari (FebV0)
== Cristofari (AugV5)
= Cristofari (FebV5)
—— (LTS
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0
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Puc. 4 DphekTUBHOCTD MOTUMEPHBIX KUAKOCTHBIX KOJUIEKTOPOB
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=== Kessentini (exp.)
== Ghoneim (w/hc)
""" Ghoneim (wo/hc)
—CK25

0.2

0.1

0 0.02 0.04 0.06 0.08
T, -T,

in ~a
G

Puc. 5. DpdexruBrocts CK25 1 MeTaITM4eCKUX KOJUIEKTOPOB C TIOJTMMEPHON
BCTaBKOU

TEIUIOHOCUTENh MO €ro kaHajgaM U noBbicuTh 3¢ dextuBHocTh CKox/II. Ha ocHoBe
nosiuMmepHbix Monupukauuii CKox/Il mnanupyercs co3gaHue MHOTO(QYHKIMOHAIIb-
HBIX COJHEYHBIX CUCTEM JUIsl 00€CIeueHUs TeII0-XIaq0CHA0KEHUS MPOMBIIITIEHHBIX
U KWIBIX OOBEKTOB, OCYIIEHHUS U KOHIUIMOHUPOBAHMS BO3/AyXa B COJHEYHBIX a0-
COpOIIMOHHBIX CUCTEMAX.

BbIBOALI:

1. B pabote ObLIM UCTIBITAHBI IB€ MOAUMDUKAIIMYN TOJTUMEPHBIX COJHEUHBIX KOJ-
JIEKTOPOB C PA3IUYHON BEJIMUMHON BO3IYILIHOTO 3a30pa MEXAY TEIUIONPUEMHUKOM U
MIPO3pavyHbIM IMOKPBITHEM, IpH MTocTossHHOM pacxoje 0.023 kr/c u ckopoctH BeTpa 1
M/C; B KauecTBE MOJMMEPHOTO MaTepualia TEIJIONPUEeMHUKa ObLT BHIOpaH MOJIUKAp-
OOHAT, KOTOPBI HanboJiee yAOBIETBOPSIET TPEOOBAHUSIM TEMIIEPATypPHOU U XUMUYE-
CKOM YCTOMYMBOCTH U MPOYHOCTH; 3PPeKTUBHOCTH pazpaboTanHbix CKx HaxoauTcs
Ha YPOBHE MUPOBBIX aHAJIOTOB.

2. Pa3paboTaHHBII MOMMMEpHBIN KUAKOCTHON KosutekTop CKok mmeeT BrmBOe
MEHBIIIHNI BEC U CTOUMOCTD, YEM TPAJUIIMOHHBIC METAITTUYECKUE KOJIIEKTOPHI.

3. CpaBHUTENBHBI aHAIN3, MPOBEICHHBIA aBTOPAMH TIO0 METOIHMKE ITOJTHOTO
KU3HEHHOTO IHKIa [13] 11 moJuMEepHBIX MIOCKUX KUAKOCTHBIX KojutekTopoB CKok
JEMOHCTPUPYET MOJOKUTEIBHOE BIUSAHUE MOJMMEPHBIX MAaTEPUAIOB HA SKOJIOTHYE-
CKHME XapaKTEPUCTUKHU MO CPABHEHUIO C TPAAUIMOHHBIMU METAJUIMYECKUMU U BaKY-
YMHBIMU COJTHEYHBIMH KOJJIEKTOpaMu

Ilpusnamenvnocms. ABTOpPHI BhIpaXxatoT OonarogapHocTh aupektopy AT «bPO-
TEII-EKO» 3a momoib ¢ U3MEPUTENIbHBIM O0OpYIOBAaHUEM [IJIsi BBIMIOJIHEHHS Ha-
CTOSILIETO UCCIIEIOBAHMUS.
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development of clean and more efficient energy-conversion systems

SUMMARY

In the heating of water demand for electricity comprises a substantial part of more general
household electrical consumption, where electrical and gas boilers are among the most wide-
ly used. Solar water heating systems have been around for some time in many countries, be-
coming more common nowadays to mitigate peak loads, and they can in some cases fully re-
place gas boilers and electrical heaters if a heat-accumulation tank is to be used. The solar
collector is apparently the most complex and expensive element of such a system, which cu-
mulative cost largely depends on the choice of materials and system size. The solar polymer
flat plate collectors are of particular interest mainly because of their low weight and cost, re-
silience to corrosion, with an ultimate goal to replace metal-made parts altogether. Recent
decades witnessed a steady rise of interest in solar energy conversion collector designs. In
this paper we re-evaluated several proposed solutions in this field to compare our experi-
mental results with that of gathered by other researchers, paying particular efforts to stand-
ardized methodology compliance. It could be demonstrated that polymeric materials with ad-
ditives used in the construction of a heat sink (absorber), and in the transparent coating of a
particular solar collector, are able to sustain high temperature levels yet retain its thermal
stability, and possibly improving also its service life. The efficiency of the solar collector was
further assessed with and without the effect of an air gap which manifested itself as being not
significant at low wind speeds.

Use of polymeric materials in solar polymer collectors makes an important step towards
development of a more clean energy-conversion system to cope with global energy demand
spikes.

Keywords: solar collector, polymer materials, efficiency, experiment
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Hopowenko O.B., Xanak B.®., I'nayoepman M. A.

Po3podka i1 ekcriepuMeHTAJIbHE TOCTIIKEeHHSI PO00YHMX XapaKTEePUCTHK
MOJIIMEPHHX COHAYHMX KOJIEKTOPiB /Il eHEPreTUHYHUX CHCTEM

AHOTALIA

Cnootcueanms enlekmpuki Ha Ha2pieaHHs 600U CMAHOBUMb 3HAYHY YACMUHY 610 3A2AlbHO-
20 enepzocnoxcusanus. Hattuacmiwe 0ns nazpieants 600u 8UKOPUCIOBYIOMb el1eKMPOHA2pI-
8HUKU, abo 2a3086i bounepu. [lIupoke nowupenus 6 6a2amvox Kpainax o0epicani COHAUHI 60-
O00HAZPIBANIbHI cUCmeMU, SAKi MOXCYMb GUKOPUCTNOBYBAMUCS O 3HUNMCEHHS NIKOBUX HABAH-
Maxicenb, d 8 OKpemMux UNAOKax 01 NOBHOI 3aMiHU NPU BUKOPUCMAHHI OAKIE-AKYMYIAMOPIE
i3 cucmemoro HakonuuenHs enepeii. OOHUM 3 HATIOOPONHCUUX eNeMEeHMI8 MAaKoi cucmemu € co-
HAYHUL KOJIEKMOP, 8APMICMb SIKO20 3A/1eAHCUMb 810 GUKOPUCTOBYBAHUX MAMEPIAE i pO3MIDY.
1Inocki piounni Korekmopu 3 NOJIMEPHUX MAMeEPIanié IHMEeHCUBHO OOCTIONCYIOMbCA yepes ix-
HIO 8apmicmb, MA1y 8azy, I KOpO3iuHy CMIUKICMb i3 MEmo0 3aMIHUMU Memanesi KOJeKmopu 6
WUPOKOMY 0Ianazoni 3acmocy8ans. Y 0auil pobomi po32isaHymo KilbKa 8apianmis ekxcnepu-
MEHMANbHO OOCHIONCEHUX NONIMEPHUX KOIeKmopie 6 ocmanwi decamunimms. Excnepumen-
MANbHI pe3yibmamu Uccie008aHblX NOJIMEPHUX COHAUHUX KOJIEKMOpIe, OMpUMAaHi 6 yil po-
bomi, 6ynu 06pobNeHi Ul 3pieHAHT 3 ICHYIOUUMU 00CHiONCeHHAMU 8 Yiti 2any3i. Ilokazane, wjo
PI3HI 6UOU NOTIMEPHUX MaMepianie MOXCyms OYMu 8UKOPUCINAHT 8 KOHCIMPYKYIi menionputi-
maua (abcopbepa) i npo3opoco nOKpumms Ha 0OCUMb BUCOKOMY MEeMNepamypHOMY DI6HI,
npu BUKOPUCTNAHHI NOIMEPHUX Mamepianié 3 000a8Kamu NiOBULYBATbHUMU MEPMIH CLYHCOU
U memnepamypHy cmitikicmo. J[ocniodcenull 8nIU8 NOGIMpPsAHO20 3A30py HA eheKmuHicCmb
COMAUHO20 KOJIeKMopd, i NOKA3ane wo npu MAaux weuoKoCmax eimpy 6in He 3HauHui. Buko-
PUCAHHA NOAIMEPHUX MAMePIanie Y COHAYHUX NOAIMEPHUX KOAEKMOPAX ye GadCIUBUl KPOK
Ha WAXY 00 OiNbUL eKOO2IUHOI0 CUCTEMOI0 Nepemeopen s enepeii 0 upiulenHs npoonem
N08'a3aHUX 3 3pOCMAHHAM 2100AILHO20 NONUMY HA eNeKMPOeHepeiio.

Knrwouosi cnosa: consiunuii Konekmop, nonimepHi mamepianu, eoekmugHicmo, excnepu-
MeHm
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