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IIpoBonuTCs pacueT TeMIepaTypHOro Mo B TeJ€ JUIMITHYECKOTO CEUYEHUsI ¢ BHYTPEHHU-
MU UCTOYHUKAMHU TETJIOTHI. | paHuYHBIE YCIIOBUS 33aHbl TEMIICPATYpOH OKpYXKAIOILIEH Cpebl U
3aKOHOM TEIUIOOOMEHa MEXIy MOBEPXHOCTBIO Tella U OKpYXamwllel cpenoil. Pemenue Haxo-
JIUTHCS TIPU IEpEX0/ie K CUCTEME JJUIMNTHUECKUX KoopauHat. IlomydeHo peunieHue pacipene-
JICHUSI TEMIEPATypHOTO IONS B Telle C JUTUNTUYECKUM MONEPEYHbIM CCUeHHEM OECKOHEUHOM
JUINHBL. JI0CTOBEPHOCTH MOIYYEHHOIO PE3yIbTaTa MOATBEPKAACTCSA TEM, UTO YACTHOE PEIICHHUE
COBIIA/IaeT C PEIICHHWEM, MMOJIYYCHHBIM B OTHON M3 padOT aBTopa ISl CIydas pacrpeneeHUsI
TEMIIEPAaTypPHOTO OIS B TEJE C DJUIMNTHYECKIM HOMEPEYHBIM CeYeHNEM OECKOHEUHON ITMHBI

IIpU TPpaHUYHBIX YCJIOBHUAX IIEPBOTO poda.

KnioueBble cioBa: TemmooOMeH, TeMIepaTypHOe TOJe, SJUTUITHIECKOE CCUCHUE, TPaHud-
HBI€ YCJIOBUA TPETHETO POJIA, IIUIUITUYECKUIN HHTErpaJl.

BeepeHue

Ha pganHBIi MOMEHT H3BECTHO, YTO JIA
HAWTYYIIEro OXJIaXKICHUS AIEMEHTOB He00X0oauMa
OoubIIast HOBEPXHOCTH /ISl TersiooTaauu. IloBepx-
HOCTh MOXET OBITh yBeIHUYEHA JIMOO OpeOpeHHEM,
1100 TOCPEJCTBOM 3aMEHBbI CTEP)KHEH KpyTioro
CCUCHMsI, KOTOPbIE HMEIT MUHHMAJbHYIO ILIO-
IaJ(b, HA JAPYTHE CTEPKHHU C YBEIUYCHHBIM CeYe-
HUEM, HAIIPUMED C OBAIBHBIM WU AJLTHUIITUICCKUM
CCUCHHEM.

OCHOBHBIE TTOJIOKEHHS TEOPUU MEPEHOCA TeIlIa
U Macchl pa3palbaThIBAINCh B TEUYEHHUE JJIMTENb-
HOoro BpeMeHH. OCHOBBI TEILIONPOBOJHOCTH U
WCTIOJIB30BaHUs JIAaHHOTO Ka4yecTBa JJISl OMHCAHUS
COCTOSIHUI Pa3JIUYHBIX TEJl, B TOM YUCJIC JJUTUNTHU-
4eckoi (HOpMBI, a Takke OCOOCHHOCTH HCTIOJIB30-
BaHUs ISl TEXHOJIOTMYECKHMX 3a/ay, HaIpaBJICH-
HBIX Ha MEPEHOC MACChl U TerwIa, ObutH chopmyIm-
poBausbl B [1-4].

Bomnpocam pacuera TemnepaTypHBIX MOJEN B Te-
JlaX 3JUIMNTHYECKOTO CEYEHMs NMPU HAIWYMK BHYT-
PEHHUX HMCTOYHHMKOB TEIUIA NPU PA3IUYHBIX YCIO-
BUSIX TOCBSIILIEHO HECKOJIbKO pabor [5, 6]. JanHas
CTaThs SBJISETCS MPOJOJKEHUEM paboThlI [7].

OcHOBHOH 3anauell JaHHOM pabOTHI SBISETCA
HaXO0XJICHUE PACIIPENEICHNs TEMIIEPATYPHOro MO-
Js1 B T€JE € DJUIMITUYECKUM ITONEPEYHBIM CEUEHU-
eM OECKOHEYHOM JUIMHBI PU TPAHUYHBIX yCIOBUSIX
TpeThero poga. Ilpu sTom 3amaua siBnseTca cTauu-
OHapHOM.

MaTtemaTu4yeckass nocTaHOBKa 3agadu

Byaem nckath pacnpeneneHue TeMneparypsl B
0ECKOHEYHO [JIMHHOM Telle, CeYeHHE KOTOPOTro
MIPEJICTaBIISIET COOOM DIIHMIIC C TOJIYOCSIMHU a | b.
PaccmarpuBaemoe Teno HaxXoauTcs B Cpelie ¢ TEM-
nepatypoil 7p. BHyTpu Tena ngedcTByeT oauMHaKoO-
BBbII HICTOYHUK TEIUIA yIEIbHON MOLIHOCTb §y.
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Uro Obl HailTu pacmpejieieHue TeMIlepaTyphbl,
Heo0xonuMo pemnTs ypaBHeHue Ilyaccona, korto-
poe sBisiercs nuddepeHIraIbHbIM YpaBHEHUEM B
YaCTHBIX POU3BOIHBIX:

q
AT +-2 =0, 1
: (1)

I'paHnyHOE yCIIOBUSL TPETHETO poOJa 3aJaHO
TEMITEpaTypor OKpyX aromieh cpeasl 7o U 3aKOHOM
TEII00OMEHA MEX/Ty MOBEPXHOCTHIO TeNla U OKpY-
JKaronien cpenoi:

—AgradT = (T —Tj,). 2)

MocTpoeHune pelueHus 3agadun

Jdns  momydeHust (QOPMYIIbI, ONHUCHIBAIOLICH
TEeMIepaTypHOe ToJIe, epeiiieM K dJUIMNTHYECKON
cucrteMe KoopauHart. YpaBHeHue Ilyaccona B 3i-
JIUIITUYCCKUX KOOpAWHATaAX UMECT BHU/]
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npeoOpasyeT ypaBHenue (3) B ypaBHeHwue Jlamaca
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Pemenne ypaBaenus (6) maetcst 3aBUCUMOCTBIO

U(a,p)= Z(Anchnacos nP+ B,shnasinnp). (7)
n=0
N3 coobpaxkeHHii CUMMETPUHU CIEAYET IOJIO-
kuTh B, = 0, Torna

U(a,B) =Y 4,chnacosnf, (8)
n=0
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rae Bi — uucno buo; 4 — koadduiueHT Temioor-
JaYl MEX]1y CPEIOi U MOBEPXHOCTHIO TEA.

[TocTostnabie A, HaWAEM W3 TPAHUYHOTO YCIIO-
Bust (9):
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Jns BeIYMclieHUs UWHTETpaja B TMOCHEIHEH
(dbopmysie UCTIONB3YIOTCS DJITUNTUYECKUE WHTET-
pabl
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[ \Jch?a, —cos® Bdp = 2cha, E ! ,E , (14)
0 cho, 2

rae £ — MOTHBIN 3JUTHNITHYECKUN HHTErPAl BTOPO-
ro poja.
Ortkyna
1 =

= {% czsh2a0n +47T,Bicho £ |t
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1 = 2—ch’q, I =

cha, "2 3 cha, "2

: Binch2naya,,, n=0,1,2...

Koaddumments! az, onpenenstorcs mo Gopmyiie

i 2ch
a,, = %(f)\/chzao —cos® B cos 2nBdp = %x

2041 1), (2041 1 1
< B( nT ,—jFl et —
2 2 2 27 VehZ,

2n—1 3 (16)
—CZZHB( n- ,—jx
2 2
xF 2n_1,—l,n+l, l +...,
2 2 ch?a,

rae B(y,z) — O0ora-byakuus, Fi(y,z,m;k) — rumnep-
reoMeTpuyeckas GyHKIIHS.

OKOHYATETTbHO HMCKOMOE paclpeieiieHHe TeM-
NepaTypbl OMUCHIBACTCS YPABHEHUEM

T(a,B) =) 4,ch2nacos2np—
n=0 (17)
2
—%(Shza +cos? B)

[IpoBemeM TPOBEPKY MMOJYYCHHOTO PEIICHHS.
Jig aToro yerpemum yucio bruo k 0ecCKOHEUHOCTH,
T.€. CBEJIEM 3aJ]auy K 3aJiaue ¢ TPaHUYHbIM yCJIOBH-
em niepBoro poaa. [lo ¢popmyne (15) naitnem Hyne-
BoH K03 urmeHT Ao:

A, =T,. (18)

Ocranbueie wieHsl psga (17) ObicTpo yOBIBAIOT,

MOATOMY pacIpesie/ieHHe TEeMIIEPaTypHOTO MO
HPUMET BH

2
T(a,p)=T, —%(Sh2a+0052 B). (19)

[Ipu »>TOM Ha MOBEPXHOCTHU TENa TeMIeparypa
paBHa 7o

(20)

|a=a0 = TO ?

OTKy/1a

e2y)

Taxum 0Opa3oM, 4acTHOE pellIeHHe COBIAJIACT ¢
peleHueM, ToJydeHHbIM B paboTte aBTopa [6] mms
cilyyasi pacupefiefieHus TeMIepaTypHOro IoJisi B
TeNE C DIUTUNTUYECKUM IMOTEPEYHBIM CEYEHHUEM
0ECKOHEYHOH UIMHBI TPU TPAHUYHBIX YCIOBHUSX
IIEPBOTO POa.

2
_ q,¢ 2. k2
T=T,+ Ty (sh a, —sh a).

3aknouyeHue

B pabote paccMoTpeHO pelieHHe cralpoHap-
HOM 3a7aud O pachpeaeseHHuH TEeMIepaTypHOToO
0JIsL B TeJIE C JUIMNTHYECKUM IOMEPEYHBIM ceve-
HUEM TIpU TPaHUUYHBIX YCIOBHUSX TPETHErO pPOja.
Pemenne nmomydyeHo A cTaMOHAPHOIO Ciaydasl B
CUCTEME€ JJUIMIITUYECKHX KoopauHat. [locToBep-
HOCThb TOJYYEHHOTO pe3yjbTaTa MOATBEPKIAeTCs
T€M, YTO YaCTHOE PELIEHHE COBMAJAECT C PELICHU-
€M, MOJy4YeHHBIM B OJHOM U3 paboT aBTOpa AJs
cllydasl paclpelesieHHus TEMIIEpaTypHOIo IoJid B
TeJE C DIUTUNTHUYECKUM IMONEPEYHBIM CEYCHHEM
0ECKOHEYHON JUIMHBI TPU TPAaHUYHBIX YCIOBHUSX
MEepPBOro poja.
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Temperature distribution
in a body of elliptical cross-section without internal heat sources
under boundary conditions of the third kind

A.l. Kanareykin

Sergo Ordzhonikidze Russian State University for Geological Prospecting, Moscow, 117997, Russia
e-mail: kanareykins@mail.ru

The processes of heat transfer and the mass exchange resulting from it play today an im-
portant role in both technical sphere and nature. A formidable layer of works is devoted today to
the heat exchange processes studying. Of particular scientific interest are the works describing
modern heat exchange elements of heat exchange equipment with detailed description of their
manufacturing methods, as well as the control of a heat exchanger with variable area of heat ex-
change surface. A new trend is being formed to date, which implies inclusion of material fea-
tures and properties in the mathematical models being developed. Thus, functional dependen-
cies are being increasingly included in the of heat and mass transfer processes modeling. It is
known currently that a large surface for heat transfer is necessary for the best cooling of the el-
ements. The surface can be enlarged by either finning or replacing the round bars, which have a
minimum area, with other bars with an increased cross-section, such as oval or elliptical cross-
section.

However, the temperature distribution in an elliptical body is not studied enough. This arti-
cle deals with the problem of finding the temperature field in a body of elliptical cross-section
without internal heat sources. The boundary conditions herewith are boundary conditions of the
third kind. The article presents a solution for the temperature field distribution in a body with an
elliptical cross-section at a given ambient temperature. The solution was obtained for the case in
the system of elliptic coordinates. The obtained result is interesting since the temperature distri-
bution does not depend on the boundary conditions, but is completely determined by the ambi-
ent temperature and the geometric size of the body.

Keywords: heat transfer, temperature field, elliptic cross section, boundary conditions of the
third kind, elliptic integral.
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