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MATEMATHYHE MOJIEJTIOBAHHS BIIVIMBY HAIIPSIMKY TA
MBUJAKOCTI HOBITPAHOI'O IIOTOKY HA KOHBEKTHUBHI
TEIIJIOBTPATHU I'EJIIOITOKPIBJII

JlocJ1iakeHo BIJIMB MOBITPSIHOT0 MOTOKY HA KOHBEKTHBHI TeII0BTPa-
TH rejlionokpiBii. BukoHaHoO NopiBHAHHSA pe3yJbTATIB BILIUBY MOBIT-
PSIHOTO MOTOKY HA eHePreTH4Hy e(peKTUBHICTH re/1ioNnoKpiBJIi 3 MPo30-
PUM NOKPHUTTAM Ta 6e3 Hboro. Po3pod.ieHa MaTeMaTHYHA MoOJeIb MPO-
necy TeluioBigayi Bia re1ionokpisJi 3 mpo3opuM NOKPUTTAM Ta 6e3
HBOT0, i/ Ai€10 BiTPY, MpH Pi3Hiil MIBUAKOCTI Ta HANPAMY MOBITPSIHOTO
MOTOKY.

Kniouogi cnosa: renionokpibJisi, KOHBEKTUBHI TeMJIOBTPATH, Koedilri-
€HT TeIUIoBiAAa4i, MOBITPAHUIA MOTIK.

Beryn. Ha ceoroaHinHIl eHh OCHOBHUM CHEPTETHYHUM PECYPCOM TS
BUPOOHHIITBA TETJIOBOI CHEPTi] € OpraHiyHe MaJINBO, CBITOBI TOTPEOH SIKOTO
3 KOXXHUM pOKOM 3pocTaiotbecss Ha 2-4%. B 1meil wac mnamuBHO-
CHEPreTUYHNIH KOMIUICKC € OJHUM 3 HalWOIIbIIMX 3a0pyIHIOBAYiB HABKO-
JIMITHBOTO CepeloBHUIa, sike BUKUAAE 10 70% 3araJibHOTO 00’€My TapHHU-
KOBHX Ta3iB. OTHUM i3 IEPCIIEKTUBHUX IUISAXiB BUPIIICHHS ITi€T TPOOJIEMH €
BHKOPHUCTAHHS BiJHOBIIOBAJILHUX JKEPEIN SHEPTii, sIKi € MMOBHICTIO OE3KOIII-
TOBHUMH JIJIS JIFOJCTBA Ta HAJAAIOThCS B HEOOMEXKEHIN KiIbKOCTi. [0 Takux
JDKepel eHeprii BiIHOCATHLCS BiTEp, SHEPTis NMPWJIMBIB Ta BiAIUIUBIB, TETUIO
3eMHHX HaJp, eHepris okeaHiB Ta eHepris Conms. BukxopucraHHs came
OCTaHHBOI € HaWOUIBII EKOJIOTIYHNM Ta HaWIEepPCHEeKTHBHIINM. SIK Bimomo
MOTCHITIFHI MOXJIUBOCTI COHSYHOT CHEPTETHKH HA/I3BHYAITHO BEITUKI.

IMocranoBka mpo6aemu. CoHsIYHA eHepreTHKa — HaWOUIbI JOCTYIHE 1
HEIOpOTe JDKEPENIO TEIUIOTH. 3a MiJpaXyHKaMH BUCHUX COHSYHA CHEPTis,
sIKa TOCTYIIa€ Ha 3eMITI0 TICPEBUINYE MOTPeOM CHEpPrii HACEICHHS IUIAHCTH
3a pik B 30000 pa3. Piunuii notik coHss4HOI eHeprii Ha TepuTopito YKpaiHu
ckiamae 1080 — 1380 kBt - roxn/ M.

B 3B’s3Ky 3 IIMM BHHHKA€ HEOOXiTHICTh €()EKTHMBHOTO BHKOPUCTAHHS
coHsuHO1 eHeprii. Ha choroaHimHi# JeHb iCHY€e BelTMKa KiTbKICTh KOHCTPY-
KIif COHSYHMX KOJEKTOPiB, OCHOBHUMH HEIOJIKaMH SKHX €. CKIQIHICTh
KOHCTPYKIIii, BEJIMKA 3aJIC)KHICTh TETUIa, 1[0 BUPOOIIIETLCS Bia Tepiody Io-
0u, BUCOKa BapTicTh. OMHUM i3 MIISAXiB BHPIIICHHS ITi€l MPOOIEMH € TIOE-
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HaHHS COHSYHOTO KOJIEKTOpPa Ta Tro()pOBaHOTO IOKPIBEIHHOTO MaTepiaity
Oynimi. Lle no3Bomnsie mMiABHIINTH e(EKTHBHICTH COHSYHOTO KOJEKTOopa Ta
3HU3UTHU HOTO BapTiCTh.

Ha eneprernuny edexTHBHICTH I'eJIiONOKpIBII BIIMBaE Oarato Qakro-
piB: 3aTiHEHHs, XMapHICTh, BIUIMB MOBITPSIHOTO MOTOKY. Tomy i ii min-
BHUIIICHHS BOXKJIMBHUM € TOCHTIJKCHHS BCiX (haKTOPIB sSIKi BILTUBAIOTH HA HEl.

MeTow podOTH € BUBYCHHS BILTUBY IMOBITPSHOTO MOTOKY Ha poOOTY
TeJTIOTOKPIBIII TTOKPHUTOT MPO30PUM TIOKPUTTAM Ta 03 HHOTO, Ta MOPIBHSIH-
HS OTPUMaHHX Pe3yNbTATIB I BU3HAYCHHS ONTUMAIBHHUX XapaKTePUCTHK
TeJTiOTIOKPIBITL.

Buxnan ocHoBHOTro Matepiaiy. /st 1OCTiKEHHS BIUTUBY MOBITPSIHO-
T'O IIOTOKY Ha poOOTY reJionoKpiiBi 3 rohypoBaHNUM TEIIONOTIIHHAYEM 0YJI0
PO3p0o06IEHO MaTeMaTHYHy MOJIEINb MPOLECY TEIJIOBiAaaql BiJ reionoKpis-
J1i 3 IPO30PHUM HOKPUTTSM Ta 0€3 HbOTO, i €0 BITPY, IPH Pi3HIHA MIBHUI-
KOCTI Ta HalpsMY TOBITPSIHOTO TIOTOKY.

VY Tabnmuni monaHi aHi Mpo BU3HA4Yai bHI (paKTOpH Ta IHTEpBAIM Bapito-
BaHHS:

Tabmuus
BusnavanbHi pakTopu Ta iHTEpBaJIM BapitOBaHHSI

KonoBane PiBHi dakTopiB InrepBan

Hasga ¢axropa MO3HAYEH- N BapilOBaH-
Hsl Hsl

[IBUIKICTH MTOBITPSIHO-
X; 2 6 2
r'0 MOTOKY V, M/C
Hanpsm nositpstHOTO
p P X 0 90 30
IIOTOKY % \,

I'enionokpiBis mparroe HACTYITHAM YMHOM: COHSYHE NPOMIHHS HaIXo-
JIUTh Ha TO(POBAHUH IOTNIMHAY COHSNYHOI eHeprii. [Ipu npoMy BinOyBa€eTh-
cs1 iX HarpiBaHHS. 3a paXyHOK PI3HHMII TeMIlepaTyp, Ta BiANOBIIHO Pi3HMII
TYCTHH TETUIOHOCIS B 30HI BXiHOTO 1 BHUXIJHOTO MaTpyOKiB CTBOPIOETHCS
IUPKYJIALS TeTuIoHocis. HarpiTuil TerioHociit depe3 momarounii Tpyoomn-
POBII TomaeThes y Oak-akymymsTop rapsaoi Boau. Harpita Boga uepes mna-
TpyOOK TOAA€ThCS croXuBady. OXOJIODKEHUH TEIIOHOCIH 10 3BOPOTHHO-
My TPYOOIIPOBOJYy TIOBEPTAETHCS y KOMOIHOBAaHWH COHSYHHHA KOJIEKTOD, 1
HarpiBaeThcs. Ciyck Boau 3 0aka-akyMyJIsiTopa BilOyBaeThCs yepe3 maTpy-
Ook. Bumyck HoBiTpsi — 4yepe3 MOBITPOBUITYCKHMH KiamaH. [Ipo3zope mok-
pUTTS 3a0e31edye 3MEHIIIEHHS TeIUIOBTPaT.

Po3paxyHOK TeruioBinavi Ipy NONEPEeYHOMY OOTiIKaHHI HOBITPSIM TeJi-
OTIOKPIBIIi 3 TOPOBAHUM TEIJIONOTIMHAYEM O€3 TPO30POTr0 MOKPUTTS 3I1H-
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CHIOETKCS 32 (POPMYJIOIO:
a=Nt ()
d
e a — xoedimient TerwroBinadi, Br/(M* - K); A — koedilieHT Teronposiz-
HocTi oBiTpst, BT/(M - K); d — miameTp mupKynsAIidHuX TpyOOIpOBOIiB, M.
B mpomy BUmanmky s BU3HAYCHHs KoeillieHTa TEIUIOBigmadi mpu
Re > 2300, xputepiit Hyccenbra Bu3HauaBcs 3a popMyIioro:

Nu=0,21-Re"”, )
ne Re — uucno PeitHozbca, BU3HAYATIOCH 32 POPMYIIO0:
V-d
Re = (3)
19}

e V — mBUAKICTh TIOBITPSHOTO MOTOKY, M/C; d — miaMeTp MUPKYIAIIHHUX
TpYGOMPOBOIB, M; 0 — KOeiIiEHT KiHeMaTHYHOT B'SI3KOCTI MOBITpSL, M7/C.
BusnavyansHuUM po3MipoM y hopMmynax € 30BHIIIHIN niamMeTp TpyO, a BU-
3HAYAILHOIO TEMIIEPATYPOI0 — Cepe/lHE 3HAYCHHS MK TeMIepaTypaMu Io-
BITPSTHOTO TOTOKY JI0 ITydKa TPYO 1 MmicIst HOTO.
Po3paxyHOK TeruioBiavi Ipy NONEPEYHOMY OOTiIKaHHI HOBITPSIM TeJi-
OTIOKPIBJIi 3 TPO30PUM MOKPHUTTSAM 3/11HCHIOBABCS 33 (POPMYJIOIO:

o= Nt @

l
1e o — xoedimienT Teroignaui, Br/(M*K); 4 — koedilieHT Teronpoi-
HOoCTi oBiTpst, BT/(M- K); I — mmpuHa mpo30poro MOKPUTTS, M.
Jlnst Bu3Ha4YeHHs KoedimieHTa TerioBiagaydi mpu Re < 5 - 105, xpurepiit
Hyccenbra BU3Ha4YaBCs 32 KpUTEPiadTbHUM PIBHSIHHSIM:

Nu=0,67-Re’”’- Pr'%, 5

ne Pr — xpurepiit [Ipanarns; Re — umcno Pelinonmbaca, BU3HaYajaoch 3a
KpUTEPIaIbHUM PIBHIHHSIM:

re=V"1, ©)
19

ne V — mBUAKICTh TOBITPSIHOTO MOTOKY, M/C; » — KOe(ilieHT KiHeMaTHYHOT
B'SI3KOCTI TTOBiTps, M*/C.

BusHavaisHEM po3MipoM y popMyiax € MUPHHA IPO30POT0 MOKPUTT,
a BU3HAYAIBHOIO TEMIIEPATypOI0 — CepelHE 3HAYEHHS TEeMIIepaTypH IOBIT-
PSHOTO HOTOKY.

[TonpaBka Ha KiJTBKICTh PSAIB B MyYKy TPYO po3paxoByBaiach 3a ¢Gop-
MYJIOIO:
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npupOOOKopucmyeaHH}l
0,5
an:(l_ 2 j'Q’, (7)
n

I B — KUTBKICTB PAAIB B Iy4Ky TPYO.
BBoamiace nonpaska Ha HaIpsM HMOBITPSIHOTO IIOTOKY:
a;=a, k, (®)
Jie k — rmorpaBKka Ha HAIPsIM ITOBITPSHOTO MTOTOKY.
PesynbraTn po3paxyHkiB 300paxkeHo Ha puc. 1 i puc. 2.

I 50
[ 60
140
I 20
[

Puc. 1. anexuicTs KoedinieHTa TeMNoOBinNavi ¢y BiJ MBUAKOCTI V' Ta HaNpAMYy y
HOBITPSIHOTO MMOTOKY TeJIIONOKPiBIi 6€3 IPO30pOro HOKPUTTS

Ha ocHogi puc. 1 orpumana emnipuuHa ¢popmyna:

a,=—0,57787,6925V +0,554 y—0,35 V? +0,0808V -y—0,0045y°. (9)

[IpoanamizyBaBun pe3ynbTaTH pPO3PaxyHKIB, 300pakeHHX Ha puc. 1,
6aunMo, 0 KOoeQiIlieHT TeIUIOBiAgadi refionoKpisii 0€3 Mpo30poro Mmox-

PHUTTS IPH 3MiHI IIBUAKOCTI MOBITPSHOTO MOTOKY Bix 2 10 6 M/c Ta Hamps-
My HOBIiTpstHOTO NOTOKY Bif 0 0 90° 3HMKYyeThCs Ha 60%.
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Puc. 2. anexHicTh KoedilieHTa TeMNOBinNaYi @y BiJ MBUAKOCTI V' Ta HaNpAMYy y
MOBITPSIHOTO MOTOKY T'eNTiOMOKPIBII 3 HPO30PHM MOKPHUTTIM

3a pesynbpraTaMu Oyia oTpuMaHa eMIipuyHa popMya:
a, =2,0856+14492V +0,0183y—0,0733 V2 +0,0052V-w+8,2305y°. (10)

[IpoanamnizyBaBmu pe3ynbTaT 300pakeHi Ha pUC. 2, MOXKHA 3pOOUTH
BHCHOBOK, 110 BIUIUB BIiTPY Ha KOe(]ili€HT TEIUIOBiANAYi oy € MEHIIMM IIPU
HampsMy TOBITpsiHOTO MOTOKY 0°. Tak, Mpy MBHIKOCTI MOBITPSHOTO TOTO-
Ky 4 M/c Ta HampsMi TOBITpsiHOTO TOTOKY 0° KoedimieHT TeroBimmayi,
craHoBuTH 6,67 Br/(M*-K), Tzl K KoedillieHT TerIoBiamadi Ipy Hampamy
noBiTpsHOro motoky 90° cramoButh 10,26 Br/(M*-K).

st omiHKKM e()eKTUBHOCTI TeTiOMOKPIBIII JOIUIBHAM € BH3HAYCHHS Ki-
JIBKOCTI TETIIA, SIKE BTPAYAETHCS MUITXOM KOHBEKIIIT B HABKOJUIIHE CEPEJIO-
BUIIIE.

KinbKicTh TEIIOTH, SIKa BUTPAYAETHCSI KOHBEKIIEIO 3 TENIIONOKPIBII BH-
3HAYAETHCS 32 POPMYJIOFO:

Q" =y Fy (1) (n)
Je ay — Koe(iLieHT TEenIoBianaqi Bijl HOKPiBENIbHOTO MaTepiany OyaiBii 10
HaBKOJIMIIIHBOTO CEPEIOBHUILA, BT/(M2~K); F,,, — momia norjauHavya COHsY-
HOT EHEPTii, M’} £y, — TEMIIEpaTypa Terionornunaya, °C; £, . — TeMIepaTy-
pa HaBKOJIMIIHBOTO cepegoBuma, °C.

Pesynbratu po3paxyHKiB A1 KOHBEKTUBHUX BTPAT TEIUIa TeTiONOKPIBII
6e3 Ip030pOro NOKPHUTTS Ta 3 IIPO3OPUM HOKPHUTTSIM 300paKeHO Ha pHC. 3.
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Puc. 3. 3anexxHicTh KOHBEKTUBHUX BTpaT Temia Q,,,, BiJ MBHUAKOCTI V Ta Hanpsmy
W TIOBITPSTHOTO TIOTOKY JJISI TENTIONOKPIBII 3 IPO30PHUM IOPHUTTAM (pHC. 3, a) Ta re-
JONOKpiBIi 6€3 Mpo30poro MOKpUTTA (puc. 3, 6)

[TpoananizyBaBim pe3ynabTaTd (pUc. 3) MOXKHA 3pOOUTH BUCHOBOK, IIO
KOHBEKTHBHI BTPATH TEIUIA IS TEIIOMOKPIBIiIi 3 MPO30PUM TOKPUTTAM € Ha
60% MeHIMMH, HiX Y TeTiOTOKPiBIi 6€3 MPO30pOro MOKPHUTTSL.

BucHoBok. Baxximueum (akTopoMm SKuii BIUIMBAE Ha €HEPTETUIHY eeK-
THBHICTH TEJTIOMOKPIBIII € BILIUB MOBITPSHOTO MOTOKY. [Ipn 306inbIieHi Ha-
MIPSAMKY MOBITPSHOTO TOTOKY 10 90° KoediIlieHT TeTuToBiIadi reIionokpi-
BJIi 3 IPO30PUM MOKPHUTTSIM 301IBIIYETHCS, 110 TOBOPUTH PO 3MEHIICHHS il
eexTuBHOCTI. J{oCiiKEHHS TOKa3aJly, 110 JUIs iIBUIIEHHS e()eKTHBHOCTI
TeJTI0TIOKPIJIBl BXKITMBUM € 3MEHILICHHS BIUIMBY ITOBITPSIHOTO MOTOKY Ha Hel
1 KOHCTPYKTHBHO HOTO CJIiJl 0OMEXyBaTH €KpaHOM.

KoedimienT TeruoBiyiadi resionokpisili Ipy HassBHOCTI IPO30POTo TO-
KPHTTS, TP Iil Ha Hei NOBITPSHOTO MOTOKY, € Ha 25% MEHIIMM, HIX JUIs
TeNTIONOKPIBIII 0€3 MPO30poro MOKPUTTS. KOHBEKTHBHI BTpAaTH TeIUIa IS
TeITOMOKPIBIJIi 3 IPO30PUM TOKPHUTTAM € Ha 60% MEHIINMH, HiX y Telio-
TTOKPiBIi 6€3 MPO30POT0 MOKPHUTTSI.
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Peuensent: j.T.4., npodecop JaGaii B. 1. (HY «JIII»)

Shapoval S. P., Candidate of Engineering, Assistant (Lviv Polytechnic
National University)

MATHEMATICAL MODELING OF IMPACT OF DIRECTION AND
SPEED OF AIR FLOW TO CONVECTIVE HEAT LOSS OF
HELIOROOF

The influence of air flow on the convective heat loss of helioroof is
analyzed. Comparison of the results of the impact of air flow on energy
efficiency of helioroof with a transparent coating and without it was
showed. The mathematical model of heat transfer from helioroof with a
transparent coating and without it, the wind at different speeds and
direction of air flow were described.

Keywords: helioroof, convective heat loss, heat transfer coefficient, air
flow.

Mlamosaux C. IL., K.T.H., accuctedT (HannoHanbHBIA YHUBEPCUTET
«JIpbBOBCKas MOJUTEXHUKA)

MATEMATHYECKOE MOJEJINPOBAHUE BJIMSHUS
HAIIPABJIEHUA U CKOPOCTH BO31YIIHOI'O ITIOTOKA HA
KOHBEKTUBHBIE TEIIJIONOTEPU I'EJIMOKPOBJIN

HcciienoBaHo BAUsiHME BO3AYIIHOI0 MOTOKA HA KOHBEKTHBHbIE TEIJIO0-
NMOTEPHU reTHOKPOBJIM. BbINO/IHEHO cpaBHEeHMe pe3y/IbTaTOB Bo3eHcT-
BHS BO3AYIIHOIO MOTOKA HA JHEPreTH4ecKyIo 3ppeKTUBHOCTH IeTHOK-
POBJIM C MPO3PAaYHbIM MOKPHITHEM U Oe3 Hero. Pazpadorana marema-
THYecKash MOJIeJIb PoIecca TelI00TAAYH 0T IeJIHOKPOBIIH C IPO3payd-
HBIM MOKPbITHEM U 0€3 Hero, noJ JeiicTBueM BeTpa, NPH Pa3Hoii CKo-
POCTH ¥ HANIPABJICHHUS BO3AYLIHOI0 MOTOKA.

Knrwoueswie cnosa: re;INOKpOB.Is, KOHBEKTHBHbIE TEILIONOTEPH, KO3 (-
(uIHEHT Ten100TAAYH, BO3YIIHbIA IOTOK.
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