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TEMN/IOMNEPEAAUA MNP CBOBEOAHOW KOHBEKLM
B CUCTEMAX BO3AYLLHOIO OXJTAXKAEHNA

B cTarTi Ha OCHOBI MOHATTA NPO Bi/lbHY KOHBEKL|itO NPYBEfEHa CXeMa TeMMOBUX iHXEHEPHNX po3paxy-
HKIB TemnI006MiHHNX eNeMeHTIB MOBITPAHO-OX0NOMKYHOUMX CUCTEM. LI cxema po3paxyHKY KOHCTPYK-
TUBHUX, TiapOAYHAaMIUHMX Ta (i3NKO-XiIMIYHUX NapaMeTpiB NpoLecy MoXe 6yTW 3acTOcOBaHa Ans po3-
pO6KM cMCTEM TenO06MIHHMX MPUCTPOIB B YMOBaX BiflbHOT KOHBEKLji.

On the basis of free convection concept a diagram is cited for thermal engineering calculation of
transformer oil air-cooling system. This diagram duly considers design, hydrodynamic and physic-
chemical process parameters and may be used to develop heat exchangers under free convection
conditions.

PaccMoTpum Tennonepeaady npv cBo6oHO KOHBEKLMM B OAHOW M3 Hambo-
Nee pacrpocTpaHeHHbIX CUCTEM, a, UMEHHO, NPU OXNaXAeHUM TpaHCHOPMaTOPHO-
ro macna B pagmartopax. /3BecTHO, UTO 3HauMTe/bHbIe TENJIOBbILENEHNS 3NEKTPY-
YECKMX TPaHC(HOpMaTOpPOB TPEBYHOT NMPUMEHEHWSI CUCTEMbI MAC/ISHOIO OXNaXae-
HMS X 06MOTOK. [1n151 3TOro TpaHcopmMaTopbl NOMeLatoT B 6ak ¢ MacsioM. Harpe-
TOe Macno YaCTUYHO OTAAeT MOJYYEHHYHO TensoTy Yepe3 CTEHKU 6aka BO3AYXY,
0HaKO MNOLLaAM NOBEPXHOCTY CTEHOK baka, AaXKe OpebpeHHbIX N rohprpoBaH-
HbIX, KaK MpaBw/0, OKa3blBAETCS HEJOCTATOYHO A/ 0TBOAA BCEM BblAeMBLLENCS
TennoTbl. M03TOMY Ha CTeHKax 6aKOB YCTaHaBMMBAKOTCA paanaTopbl, COeAMHEH-
Hble LUTYLEepaMu C UX BHYTPEHHE nonocTbio. MocTynatollee ¢ BEPXHER yacTu
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6aka B paguaTopbl Mac/0 OX/KAAETCA Yepe3 MX CTEHKM BO3AYXOM MpW ecTecT-
BEHHO ero KOHBEKLMMW UK Npu 061yBe pagnaTopoB BEHTUIATOPaMM.

Han6onee npocTbiM 1 pacnpocTpaHeHHbIM Croco6OM ABMXKEHMS BO3JyXa B
pafmatopax SBMSETCSH ecTeCTBeHHas KOHBeKuus. OfHaKo, HECMOTPSA Ha NPOCTOTY
3TOro cnocoba, TENNOTEXHWUYECKME PACHETLI CUCTEMbI OXIKAEHWUS Macna B pagu-
aTopax BbIMOHATCSH HA OCHOBaHUW 3KCMEPUMEHTANbHbLIX LaHHbIX, KOTOPbIE, Kak
NpaBuio, He YYUTBLIBAIOT MX KOHCTPYKTMBHBIX NapameTpoB. B faHHOW cTaTbe Ha
OCHOBE MpefCTaB/eHWiA 0 CBOBOAHOW KOHBeKLMK [1-2] NprBeaeHa cxema TennoTe-
XHUYECKNX PacyeTOB CUCTEMbI OXMXKAEHMS TpaHC(HOPMAaTOPHOrO Macia BO3Ay-
XOM.

[BmKeHWe cpefbl B MPOLECCe eCTECTBEHHOM KOHBEKLMM MPOUCXOANT 3a CHET
N3MeHeHMs (YBE/IMYEHWNE WNW YMEHBLUEHWE) MNOTHOCTWM MaTepUa/ibHbIX MOTOKOB
MpY UX HarpeBaHUy Uamn oxnaxaeHuun. Tak, B 6ake TpaHcqopmaTtopa npy Harpesa-
HWW Macna ero MJ0THOCTb CHMXKAETCA WM BO3HUKAET MoAbeMHas cuna (ABMKeHue
BEPTUKa/IbHO BBEPX). TakxKe ABVKETCS M HarpeBaemblii BO3AyX BAO/b TENa006-
MEHHbIX 3/IEMEHTOB PajuaToOpOB, a OXNXAAEMOe B paamaTope macso, noctynas B
HEro cBepxy, ABWXETCS BHM3. BeneacTBue 3Toro Tens006MeHHbIe 3N1eMeHTbI pagu-
aTopoB LieN1ecoobpasHO OPUEHTUPOBATL BEPTUKAbHO. KOHCTPYKTUMBHO NOBEPXHO-
CTN TeNN006MEHHbIX 3/1EMEHTOB PaAYaTOpPOB BbIMOMHAIOT Kak Tpy6uaTbiMK, Tak W1
naHenbHbIMKU. ocnegHve npeacTaBAsOT CO60M MocKonapaiieNibHble KaHasbl,
3aKpbITble N0 nepudepun Ans Macna v OTKpbITble ANs Bo3gyxa. MaHe/bHble paguna-
TOpbl, 06MafatoLMe AOCTaTOUHOM KOMNAKTHOCTbO U 60/ee HU3KOI METaN/I0EMKO-
CTblO, YeM TpybuaTble, B MOCNEAHEE BPEMS HAaX0AAT BCe GOMblLUee NMPUMEHEHUE B
3/IEKTPOTEXHUYECKOI NMPOMBILLIEHHOCTH.

[na cocTaBfeHMs CXeMbl pacyeTa, Mpexje BCero, yCTaHOBUM OCHOBHbIE 3a-
[iaBaeMble napameTpbl:

- KONIMYECTBO OTBOAMMON B pagmatopax TennoTsl, Q, BT;

- TeMnepaTypa Mac/a Ha BXO/ie B paauatop t, °C;

- TEMMepaTypa OKPYXKaIoLLEro Bo3ayxa, ts, °C;

- paccTosiHVe MeXay NOABOAALMM W OTBOAALMM naTpybKamu pagmartopa,
h, M;

- MOBEPXHOCTb TEM/IONEPEaUn OAHOro paguaropa, Fy, M

- NapameTpbl Macna:

- yAenbHas TennoeMkocTb macna, Cy, kOX/(kr-K);

- MNOTHOCTb Macna, P, Kr/m®;

- U3MEHeHMe NIOTHOCTM Macna oT TeMnepaTypbl, NPUBEAEHHOE Ha puc. 1, no-

CTPOEHHOM MO fAaHHbIM paboThbl [3], (jj—rt , Kr/(M*K);

- KO3((ULMEHT rAPaBNNYECKOrO COMPOTUBIEHUS MO BCEMY TPAKTY LMP-
Kynauum macna, .
Mpn NpoBeAeHNM TENNOTEXHNYECKNX PACHETOB CUCTEMbI OXIXKAEHNS HEoo6-
XO[IIMO 3HaTb 3HaYeHNs KOS ULIMEHTOB TENI00TAauM OT Macna 1 Bo3ayxa K cTe-
HKaM paauaTopa.
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Puc.2. 3aBUCMMOCTb KO3((MLMEHTA TENNO0TAAUM K BO3AYXY OT TEMMNEpaTypHOro Haropa

Torga ¢ [OCTaTOMHOW AN TEXHUYECKUX PacyeTOB TOUHOCTBbIO MOXHO Mpu-
HAATb, UTO KOS(MLIMEHT TEMM00TAAUM OT Mac/a K CTeHKe a,, 6yAeT paBeH

ale—M.aBzSISaB 1

I B
rae A, v A, — TeNONPOBOAHOCTM Macna 1 BO3AyXa, COOTBETCTBEHHO, KI/(M-c-K).

3BECTHO, 1 3TO TaKXKe NOATBEPXKAAETCA BblpakeHMeM (1), UTO AMMUTUPYIO-
LLei CcTaauell onMCbIBAEMOrO MPOLIECCa OXNaXAeHWs SBMSIETCA TenaooTaada ot
BO3Ayxa K CTeHKam paguatopa. [M103ToMy HanpaluvMBaeTcs BbIBOZ O He06X0aMMocC-
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TV MHTEHCMDMKALMM YKa3aHHOIN cTagmm Tennonepeadn. OfHAKO, Kak MoKasanm
3KCNepUMeHTaNIbHble UCCNEA0BaHMS, NPU eCTECTBEHHON LMPKYALMM BO3AYXa TY-
p6ynn3aums ero NOToKa B BO3AYLUHbIX KaHaiax 3a CYET Pas/MyHbIX Typbynmsaro-
poB Mano3thheKTMBHa.

3Has yacTHble KO3(h(uUMeHTbl TennooTdaum (0 1 d,) 1 NpeHebperas TepMu-

d o
UECKMUM COMPOTVBNEHNEM CTEHKM paauaTopa (—) B CUy €ro Maoi Be/IMUUHbI,
CcT
MOXXHO, MCMOMb3ys BblpaxeHue (1), onpeaennTb BE/MUUHY CPEAHEro MO BbICOTE
pagmaTopa 3Ha4eHns KoshuumeHTa Tenionepeiaym

K, =0846a,, (2)
a 0TCtofa U HeobXoAMMOe A5 0TBOZA Ten0Thbl Q KOMIMYECTBO pagmaTopos

Q

n=———~ €)
K,Atg,F,

3HaueHWe cpefHero TemnepaTypHoro Hamopa Atg, onpegensieTcs n3 ypasHe-
HUS

Atcp = (tM cp tB) (4)

B ypaBHeHnn (4) tycp OMPefenseTcs Kak CpefHee 3HaYeHWe Mexay Temne-
paTypamMi BbIXOASLLETO 1 BXOASLLErO B paguaTop Macsa, T.e. Mexay t, u (ty—
At,).

MpesBapuUTeNbHO, MOCKOMBKY BEMMYMHA TPAAMEHTA TEMMepPaTypbl Macia no
BbiCOTe paguaTopa At, onpesenseTcs HUXe, NPUHUMAEM, UTO ty cp = ty.

[Janee onpefensem BeIMYMHBI TPagueHTa TeMNepPaTypbl Macaa no BbICOTe pa-
[maTopa 1 CKOpPOCTU LUPKYNSLMW Macna peLleHneM CUCTEMbI YPaBHEHNIA

Q=C,n-G,-At,
dr . (z +1)-wir,, (®)

d 2g-h

roe: Gp — KONMYECTBO Macna, MPOXOASILLIEro 4epes paayarop, Kr/c;
g — YCKOPEHWE CUIbI TXKECTU, M/C7;

Wy — CKOPOCTb Mac/a B noAsoAdALemM 1 0TBOAALLIEM nany6Kax, m/c.

BBesem obosHaveHve G, = f,-w, -1,

rpe: f, — NNoLWaab NPOXOAHOTO CeYeHNs MOABOAALLEro (OTBOAALLEr0) naTpy-
6KOB, M>.
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Torga, pelasi cucTemMy ypaBHeHuid (5), HaxoauM,

dr 0,33
Q-g hd—
w, =126 L1 mlc (6)
C,-n-filz +1)-r2
0,33
2
at, 0,794 @ +1)-Q —| °c )
C2.n2. f2.g.-h-—
" 0 9h

[eiACcTBUTENbHOE KONMMYECTBO NapanfeflbHo YCTaHaBNMBAEMbIX pajuaTopoB
MOXXET 6bITb MOMYYEHO METOAOM MTepaLWii ¢ NOACTaHOBKOI B ypaBHEHMWE (4) Bbl-
YMCNEeHHbIX 3HaveHuii At,. O6bIYHO 415 OKOHYaTe/IbHOrO OnpejeneHns TennoTex-
HUYECKMX XapaKTePUCTUK OMMCaHHOTO NpoLiecca TPebyeTcs oaHa-ABe UTepaLyu.

MonyyeHHas CxeMa pacyeTa yYMTbIBAET KOHCTPYKTMBHbIE, TMAPOANHAMMYEC-
Kvie U (PU3NKO-XMMMYECKME MapaMeTpbl MPOLecca OXNaXAEHUS Macia BO3LYXOM B
pagmaTopax U MOXeT ObITb MCMOMb30BaHa MPU pa3paboTke CUCTEM OXIAXKAEHUS
TpaHchopMaTopoB, a Takxke APYrux TeMI000MEHHbIX YCTPONCTB B YC/IOBMSAX CBO-
60/[1HO KOHBEKLMW.
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MocTynuna B peakonnernio 27.04.06
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