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MartemaTH4yecKasi MOJeJIb MOJIMMEPHOTO COJTHECIYHOI'0 KOJJIEKTOPA

Paspabomana mamemamuyeckas mooenv corneuno2o KOMNEKMopd, OCHOBAHHO20 HA UC-
NONb308AHUU MHO2OKAHATLHBIX MHO2OCIOUHBIX NONUMEPHLIX CMPYKMYP, Ol NPOSHO3UPOSa-
HUSL pe3yIbmamos HamypHvlX UCNbIMAHUL pa3pabamuléaemMvlx CONHeuHvlx cucmem. Mooenw
obecneuusaem ananus mMenio8blX NOMepb, 00YCI0NIEHHbIX MEXAHUZMAMU KOHEEKYUU U pa-
ouayuu, ONMUMU3IAYUIo, KaK NPUHYUNUATLHOU KOMNOHOBKU NONUMEPHLIX COTHEYHLIX KOJNIEK-
Mopos, Maxk U 2e0Mempu4ecKux pasmepos 6cex OCHOBHbIX dnemenmos. llokazano, umo pac-
yemHvle U IKCNEPUMEHMANIbHBLE Pe3YTbmambl HAX00AMCsl 8 XOPOueM cOOmeemcmasuu.

1 Benenue

Hcnonb3oBaHue COJIHEYHOM 3HEPIUM ISl peIIeHUs 3a/1a4 TeIUlo- U XJ1aJ0CHa0-
KEHUS MPEACTABISIET OCOOBIA MHTEPEC, T.K. AAET BO3MOXKHOCTb YMEHBUIUTH IOJIIO
TPaJAULIMOHHBIX UCTOYHUKOB PHEPIUM B 3TUX oOnacTsax. PazBurue coaHEUHOU 3HEp-
TeTUKHU CIEPKUBAETCSA BBICOKOW CTOMMOCTBIO COJTHEYHbIX cucteM. Co3naHue «Jere-
BOro» M 3((PEKTUBHOTO COJTHEYHOI'O KOJUIEKTOpa OyJeT COCOOCTBOBATH CHUKEHUIO
ce0ECTOMMOCTH aJbTEPHATUBHBIX CUCTEM.

ABtopamu [1, 2] ObUT BBITIOJHEH 0030p MOJUMEPHBIX MATEPHAIOB MPUTOIHBIX
JUTSL UCTIOJIb30BAHUSI B KOHCTPYKIIMK cojiHeyHoro koJuiektopa (CK), ckoHcTpyupoBa-
HBI ONIBITHBIE 00pa3iibl U IPOBEJIEHBI X CPAaBHUTEbHBIE HcTibITaHUsA. Ha cienyromem
sTane HeoOXOMMO BBIMOJHUTH ONTHUMHU3ALUI0 KOHCTPYKIMHA U PEIIUTH 3a7ady J0J-
rOCPOYHOI0 MPOrHo3upoBaHus padbounx xapakrepuctuk CK.

2 MoaenupoBaHue NPOLECCOB B MOJUMEPHOM KOJJIEKTOPe.

Koncrpyknusi u ¢pusudeckasi Mojiesib MOJUMEPHOT0 COJTHEYHOT0 KOJJIEKTO-
pa. Ha puc. 1. noka3zaHa KOHCTPYKITUS U IIETIOYKA TETUIOBBIX COMPOTHUBIICHUH JIJIS T10-
mumepHoro CK. OcHoBHbIMU 31emeHTamMu KoHCTpykimu CK siBisitotcs: aGcopOep
(TeTIoNPUEMHIK), TIPO3pAavYHOE TOKPHITHE (TPO3paydHast U30JIAIHS ), TeTIIOBasT U30JIs-
st 1 Kopiryc. [Ipo3paunoe mokpeitue (I111) m abcopOep BBHITTOTHEHBI U3 TUIUT COTO-
BOr0 MoJinkapOoHara.

Conneunoe uznydyenue npoxoaut yepes I, orpaxkasch Ha KaXaoW rpaHule
pasnena cpen (y OQHOW COTOBOM IIMTHI UX 4), JocTUTAeT abcopOepa M YaCTHYHO TI0-
rionaeTcs. YacTh COJIHEUHOM PHEPTruu OTpaxkaeTcs oT abcopOepa oOpaTHO B OKpY-
xKarouryro cpeny. [lox aeiicTBUEM COHEYHOTO M3IIYYEeHHS MOBEPXHOCTH abcopOepa
HarpeBaeTcsl U nepefaeT TEIIOBYI0 SHEPTUI0 TEIUIOHOCUTEN0, KOTOPBIM MPOXOIUT B
KaHayax abcopOepa. TemnsoBas sHEprus TepsSETCs U3 KOJUIEKTOpa TEeIIONPOBOIHO-
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TemnepaTypa ocHOBaHHSI KOPIyca KOJJIeK-

R3

JTeMnepaTypa okpy:karoueii cpeast (7,..)

Puc. 1 Xapaxmepuas mennosas yenv 01 NOJUMEPHO20 COIHEUHO20 KOLIEeKmMopa

R;, Ry, R;, Ry, Rs, Rs — k0a(hpuyuenmol mennoswvix conpomusieHuil, (MZ'K)/BI’I’I,' T, Ta,
Tuni, Tuno — memnepamypol 8 xapakmepHulx mMouyKax conaneyHo2o xonnekmopa, K; Tr —
memnepamypa menioHocumens Ha evixooe us koinekmopa, K; T,. — memnepamypa
okpydicarouyeti cpeovl, K.

CThIO, KOHBEKIIMEH M n3iydeHueM. Kaxkaoe TerioBoe COpOTUBICHHE HAXOIUTCS TI0
dbopmye 1:

1
R=—, (1
aKUH + a‘pad
2
rae R — TemnoBoe conpoTuBieHue, (M -K)/Bm; O,y Opap — KOIQOUIUEHTH KOHBEK-

. . 2
TUBHOW W PAMAIIMOHHON TETUIOOTIa4u COOTBETCTBeHHO, Bm/(m™-K).

MaremaTuueckasi MoJeb. [Ipu cocraBieHnn MaTeMaTH4YeCKON MOJENIH ObLIH
CIEJIaHbl CIECTYIOIIUE JOMYIICHHUS:
® pPEXKHUM PabOTHI COTHEYHOTO KOJUICKTOPA CTAI[MOHAPHBIH;
® TEIJIOHOCUTEIh PABHOMEPHO pachpeiesiaeTcs o KaHajiaMm adbcopoepa;
e Ttemiodusnueckue cBoiictra anemMeHToB CK He 3aBUCAT OT TeMIepaTyphbl;
e TEMIIepaTypa TEIJIOHOCUTESI MEHSETCS TOJIBKO 10 JIJTHHE KaHaJIoB abcopOepa.
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OmnpenenuM TepMHUECKOE COMPOTUBIEHHE OT CTEHKH abcopOepa K TEIIOHOCH-
tenmo (R;). Pexxum nBuXKeHUs XKHAKOCTH B KaHalax abcopOepa JaMUHApHBIA (Mpu
XapaKTEPHbIX 3HAUYEHHUSX Pacxoj/ia U F€OMETPUU HMCHOJb30BaHHBIX KaHayoB). Koad-
(UUUEHT TEII00TAauM OT CTEHKH abcopOepa K TEIIOHOCHTENI0 MOKHO HAWTH U3

KPUTEPHUAIBHON 3aBUCUMOCTH [3]:
0.25

. d 0.4 Pr
Nuae =14 Re, —| -Pr%.| —x¢ (2)
doie onc
[ Pr,
rie Nuae, Re wes PL,., Pr. —cpennee snauenne yucna Hyccenwra, yncino PeliHonb -

ca, yuciuo [lpanatis npu Temneparype *KUIKOCTH U CTEHKH, COOTBETCTBEHHO; d, [ —
HKBUBAJICHTHBIN JUAMETp U JIJTMHA KaHAJIOB, COOTBETCTBEHHO.

KoHBekTuBHas cOCTaBIsIONIAs TEPMUUECKOTO COMPOTUBIIEHUS OT abcopbepa K
pO3pavyHOMY MOKPHITHIO (R,) onpeaensercs no popmye [3]:

g, =0.18-(Gr,-Pr)"”, 3)

_ e
aKOH4 - 6 €

K2

83

rae A, — TEIIONPOBOAHOCTH Bo3ayxa, Br/(mK); §, — BenmumHa BO3qynIHOroO 3a30-
pa, M; G1, — uucno I'pasroda.
Panunarnmonnas cocrainsitonas onpezensiercs no gopmysne [4]:

T°+T> (T +T

Otpaa4=G'( : +1 nnl)(l 7 nnl), 4)
—+—-1
e e

a nn

— 2 14
rae ¢ = 5.67-10° — noctosnnas Credana-bonsivana, Br/(M*K*); €, &, — crenens

yepHOTHI abcopOepa u I111.

Cocrapinsitomiue tepmudeckoro conpotusieHus 11 (R;) Takke HaXoaaTcsl Mo
dbopmynam (3 u 4).

Koaddunmentsr termmoornauu ot [I1 k okpyxatoieit cpeae (17s onpeneneHust
Rs) Haxonst nmo popmynam 5, 6 u 7[4]:

o . =57+3.8v, (5)
aKOHS = gnnG(Triﬂ + 7’;2 )(T;'mZ + T;:) ’ (6)
T =0.0552-T'%, (7)

rJe v — CKOpOCTh BeTpa, M/c; T, — Temneparypa HebocBoja, K.

Tepmuyeckoe CONPOTUBIEHHE R, paBHO OTHOLIEHUIO TOJIIIMHBI TEIUIOBOM H30-
JSUMU K TEIJIONPOBOJIHOCTU MaTepuasa U30asuuu. TepMUYecKoe COnpoTUBIeHuE R;
onpenensercs no gopmysie S (paaualMOHHAs COCTABIIAIONIAS HE YUYUTHIBAETCA T.K. €€
BKJIAJl HE3HAYNTEIIbHBIMN.

JUis onpesieneHns KOJIMYecTBa COJTHEUHOM SHEPIUH, MOTJIONEHHONW abcopbepom
HEOOXOJAMMO HaWTH HOPMAJbHYIO MPUBEICHHYIO IOIVIONIATENIbHYI0 CIIOCOOHOCTD
(t0).,. MeTonuka JJisi pacdera 3TOW BEJIUYUHBI mpenactaBieHa B [4]. Jlua Hamero
ciyyvas (ta).,= 0.7 (ucnosib30BaHUE COTOBOM MaHENH TOJIIMHON 4 MM.).

Jlist HaxoKAeHHs 3HaueHu TemriiepaTyp B xapaktepHbix Toukax CK (4 3Haue-
HUSA) U TeMmIeparypbl TerioHocuTens Ha Bbixoge u3 CK HeoOxoaumo 3anucaTh cHcC-
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TEMY U3 5 JINHEMHO HE3aBUCHMBIX YpaBHEHUH. /[ 3TOro BOCnomb3yeMcs Claeayro-
IIUMH COOOPaKEHUSIMMU:

® JIOJDKEH BBINOJHATHCA TemioBoi Oanmanc CK, T.e. morjoieHHas abcopbepom
DHEPIusl paBHAa CyMME IOJIE3HOM SHEPTUH U TEIJIOBBIX NOTEPH YEpE3 MpOo3pay-
HYIO U TEIUIOBYIO U30JISLHIO;

® TEIUIOBOM MOTOK, TEPSIEMBIN Yepe3 MPO3pavyHyI0 U30JSALUIO0 IOCTOSHEH MUl I10-
CJIEI0BATEIbHBIX YYaCTKOB LIEMIOYKH TEIJIOBBIX COMPOTUBIICHUN;

e TEIJIOBOM MOTOK, OTBOAMMBIN OT abcopOepa B HANpaBICHUU JHA KOJUIEKTOpA,
paBeH CyMMe I0JIE3HOTO TEMJIOBOr0 MOTOKA U TEIJIOBBIX MOTEPh Yepe3 AHO ad-
copOepa.

3anuieM CUCTEMY JINHEMHBIX YPAaBHEHUM:
O, +D, +D,, +D, =I1-(ta) -F,,

D,.,-D,.,=0, D ,-D, =0,

np6

rne Q... D , D

np 2 men 2
HYIO, TEIUIOBYIO ¥ OOKOBYIO U30JsIMH, BT; | — HHTEHCHBHOCTE COIHEUHON pagraliy
2 2. m
B mnockoctu CK, Br/m™; £, — mnomans a6copOepa, Mm°; T, — CpeaHss TeMIeparypa
kunakoctH, K.

D

60k

— IIOJIE3HAsI PHEPIUsl, TEIUIOBbIE NOTEPHU depe3 Ipo3pad-

D :]ZJ_T;MI' :I;ml_T;m2_F:T:m2_T;).c_ — T;_T;)c .
v R R ‘ R “ R4AR+R T
— T +T ,)/2-T
o = T;l T;).c 'Fa’ - :( a nn2) o0.c 'F;-
R, + R, R, + R,

B pesysnbraTe penenuss OnuCcaHHOW CUCTEMbl YPABHEHUN Mbl HAXOAUM 3HAUYCHUS
CPEIHHX TEMIIEpATyp B XapaKTEPHBIX TOUKAX M TEMIIEPATypPy TEIJIOHOCHUTENS HA BbI-
xone u3 CK. [IporpamMma co3naHa Jjisi UMHUTALMU HATYPHBIX MCIBITAHUN B COOTBET-
CTBUM C HOPMATHUBHBIMU MeToAuKaMu. [Ipu npoBeaeHNN UCIIBITAHUIN €IMHCTBEHHBIM
pEryJIMpyeMbIM MapaMeTPOM SIBIISIETCSL TeMIlepaTypa TeraoHocuTens Ha Bxonae B CK,
MO3TOMY B MOJIEJIM PEATTM30BAH MEXAHM3M HAXO0KJICHUS 3HAYEHUW TEMIIepaTyp B Xa-
PAKTEPHBIX TOYKAX MPU PA3IMYHBIX 3HAYEHUSX TEMIEPATYpbl TEIJIOHOCHUTENS Ha
Bxoze. IIpuHiunuanbHas cxema padoThl IPOrpaMMbl TOKa3aHa Ha puc. 2.

T.k. 11 MOAEIMPOBaHUS KCIIONb30BaHA CHCTEMA JIMHEHHBIX alreoOpandyecKux
YPaBHEHUH, MOXKHO OLICHUTh YYBCTBUTEIBHOCTh CUCTEMbl YPABHEHUI K 3HAUYECHUAM
CcBOOOIHBIX 4JICHOB (HallTM OOYCJIOBIEHHOCTb CHUCTEMBbI ypaBHEeHHI). CBOOOIHBIC
YIEHBl CHUCTEMbI YPAaBHEHHUI BBIPAKAIOTCS YE€PE3 3HAYEHUS MHTEHCHUBHOCTH COJIHEY-
HOH pasralyy, TEMIEPATypbl TEINJIOHOCUTENS HA BXOJIE, TEMIIEPATYPbl OKPYKAIOIIEH
Cpellbl 1 TEPMUYECKUX CONMPOTUBIICHUI 3JIEMEHTOB COJIHEYHOTO KOJJIEKTOpa. 3Haye-
Hue kodduuuenta odycinoBieHHocTu coctaisier 70-80. DTo TOBOPUT O TOM, YTO
€CJIM Mbl XOTHM OIpPEAEIUTh 3HAYCHUS] TEeMIEpaTyp B XapaKTEpHbIX TOYKAX C IO-
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rpemHocThio 20%, TO cBOOOAHBIEC UJIEHBl YPAaBHEHUH JOJKHBI OMPENESThCSA C IO-
rpemHocThio 0.25%.

3 CpaBHeHHe pe3yJbTAaTOB pPad0Thbl MATEMATHYECKOW MOJEJH € IKCIEpPH-
MEHTAJbLHbIMU JAHHBIMU.

Jl71st Toro, 4TOOBI YOSIUTHCS B IOCTOBEPHOCTH PACUETHBIX JTAHHBIX, UX HEOOXO-
JMMO CPaBHUTH C CYIIECTBYIOLUIMMH 3KCIIEPUMEHTANIbHBIMU. B pe3ynbrare sKkcrepu-
MeHTa JJia ucnbiTbiBaeMbix CK cTtpoutcs 3aBucumocts KIIJI oT npuBeaeHHON TeM-
neparypsl. KIIJ] Haxonutcsa mo ¢opmyne (8), a mpuBefeHHas Temmneparypa no ¢op-
myie (9).

Q
— noi 8
=R (8)
T,=((,+1,)/2-T,)/1, (9)

rae 77 — reMnepaTtypa TEILIOHOCUTENS Ha BXoje, K.

Panee B OI'AX ObUIH BBITIOJHEHBI pa0OTHI IO SKCIEPUMEHTAILHOMY H3Y4YCHHIO
TEIUIOBBIX XapPaKTEPUCTUK MOJIMMEPHBIX COJHEYHBIX KOJUIEKTOpPOB [2]. Takxke mid
CpPaBHEHHMSI SKCIIEPUMEHTAIBHBIX M PACUETHBIX JAHHBIX ObUIM B3AThl SKCIIEPUMEH-
TaJlbHbIC JJaHHBIE 10 padoTe [5].
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Puc.3. Cpasnenue pacuemmnvix OGHHBIX C IKCNEPUMEHMATbHBIMU

Ha puc. 3 nokasaHbl pe3ynbTaThl SKCIIEpUMEHTA U MoAenupoBanus. [Ipu Takom
npencraBiaeHnu 3apucumoctd KIIJ[ or mpuBeneHHON TeMmepaTypbl IMOIYy4aeTCA
npsmas auHus. Kak BunHO, 3HaueHus: ontudyeckux KIIJ[ mpaktuuecku coBnanu (me-
pecedeHue mpsiMoil ¢ OCbI0 OPJIMHAT), a 3HAYEHUSI CYMMAapHBIX KO3(h(UIIMEHTOB Tem-
JIOBBIX MOTEPH (YToJ HAKJIOHA NMPAMBIX) oTiinuaercs Ha 5% [2] u 8% [5].

3akj0ueHmue.
Co3naHue ajiekBaTHOM MaTtemMaTudeckor moaenu i nonumepHoro CK mo3so-
JISIeT:

e jenaTh IPOTHO3 TeII0oBOM A dekTuBHOCTH, pazpadaTeiBaeMbix CK;

® ONpEeNeNIUTh BKJAJ OTIAEIbHBIX AJEMEHTOB B IOKa3aTeau cyMMmapHou 3¢ddek-
tuBHocTH CK;

® ONTUMHU3UPOBATH KOHCTPYKTUBHBIC 0COOCHHOCTH HOBBIX Monudukanuii CK.
B panpHelmeM IIaHUPYETCS YCOBEPIIEHCTBOBATH MAaTEMAaTUYECKYIO MOJEIb
CK nnst yyeta HepaBHOMEPHOCTH pacHpeieNICHUs] TEIIOHOCUTENS U MPOrHO3HU-
pOBaHUE A0JATOCPOUHOMN Y3PPHEKTUBHOCTH.
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MaremMaTH4YHA MOJ€/b noniMepnoro COHAYIHOI'0 KOJIEKTOpPa

AHOTAIA

Pospobnena mamemamuyna mooens nonimepno2o coOHAYHO20 KOIEKmMopa, CMeopeHo2o 3 ba-
2aMOKAHANLHUX 6A2amMOULaposux CmpyKmyp, 0l NPOCHO3Y8AHHS pe3yibmamie eKCnepumeH-
MANLHUX OOCTIOHNCEHb COHAYHUX CUCMeEM, wWo po3pobnsiomuca. Modenv 3abesneuye amaniz
Menosux empam, ujo 00YMOBIeHHI MeXaniZMamu KOHEeKYil ma eUNpOMIHIO8AHHS, ONMUMI3a-
Yiro, AK NPUHYUNOBOI KOMNOHOBKU NOJIIMEPHUX COHAYHUX KOJEKMOpie, mak I 2eoMempudHux
PO3Mipi6 6¢Cix 0CHOBHUX eflemenmis. [IpodemMoHcmpoBsaro, wo po3paxyHKoei ma excnepumeH-
manvHi 0ani 00bpe cnisnadaiome.

Kosteniuk V.V., Doroshenko A. V., Glauberman M.A.

Mathematical model of a polymeric solar collector

SUMMARY
Mathematical model of a polymeric solar collector, which based on polymeric multichannel
sandwiches, for test results prediction is presented. Model can be used for estimation of con-
vective and radiation heat losses, optimizing solar collector’s construction and construction
of solar collector elements. The results demonstrate that test data and calculation data corre-
late well.



