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AnHoTanus. B craTbe npon3BOIUTCS pacdeT TEMIIEPATypPHOIO MOl HWIMHAPA C BHYTPEHHUM HCTOY-
HUKOM TEIUIOTHI U OKpY’KalolIeld ero 0O0JI0OYKH 3JUTMITUYECKUX CEUYEHUH MPU T'PaAaHWYHBIX YCIOBHUIX
gyeTBepToro pona. Ha moBepxHOCTH 000JI0YKM NMPOUCXOIUT KOHBEKTUBHBINA TETNIOOOMEH C OKpY»Karo-
mei cpenoid. Kpome toro, obomouka moaBepraeTcsi OAHOCTOPOHHEMY HArpeBy JYyYHCTHIM TEIUIOBBIM
notokoM. [Ipu 3TOM cama 3amava sBisIeTCd CTaMOHApPHOM. PelleHne HaXOAWThCS aHAIUTUYECKH TpU
NEPEXO0JIE K CUCTEME IUIMNTHYECKUX KOOPAHMHAT. Y CTAHOBJIEHO, YTO TEMIIEPATYPHOE I0JIE IO CEYEHHIO
WIMHAPA U OKpY’Kalolel ero 000JI0YKM MEHAETCS 10 3aKOHY KocuHyca. M3 pemieHus moiy4yeHo co-
OTHOILICHUE JJIsl pacyeTa pacrupeiesieHUs] TeMIIepaTypbl MO MOBEPXHOCTH 000ouku. [IpeanoskenHas
MaTeMaTH4YecKasi MOJIEIb U aJiTOPUTM €€ PelleHUs peHa3HaueH i MPOBEICHUS B MH)KEHEPHBIX pac-
YyeTax TEII00OMEHHBIX amnmapaToB, COJHEYHBIX KOJIJIEKTOPOB U TOIIMBHBIX CTEP)KHEH SACPHBIX peak-
TOPOB, UCIIOJIb3YIOIIUX KaHAJbI AILTUITUYECKON (HOPMBI.
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Abstract. Heat exchangers are widely used in many areas of economic activity, aerospace, energy,
chemical, oil refining, food industry, refrigeration and cryogenic equipment, heating systems, hot water
supply, air conditioning, various heat engines. Due to the increase in the energy armament of space-
craft, the energy intensity of devices, and the increased requirements for possible modes of regulating
systems, the issue of studying possible processes of heat exchange intensification is quite relevant. It is
especially important to reduce the weight and size characteristics of heat exchangers due to the intensi-
fication processes.

As you know, for the best cooling of the elements, a large surface for heat transfer is required. The sur-
face can be increased either by finning, or by replacing rods of circular cross-section, which have
a minimum area, with other rods with an increased cross-section, for example, with an oval or elliptical
cross-section.

Elliptical tube heat exchangers occupy a special place. Elliptical tube heat exchangers are increasingly
being used in various industrial products. Their peculiarity is that by manipulating the length of the
semi-axes of the ellipse, it is possible to obtain accurate analyses of stationary thermal conductivity
problems for a very wide range of shape changes: from a cylinder (the semi-axes of the ellipse are
equal) to a thin plate (one of the semi-axes is significantly larger than the other).

However, the temperature distribution in a body of elliptical cross-section under given boundary condi-
tions has not been sufficiently studied. The article calculates the temperature field of a cylinder with an
internal heat source and an elliptical shell surrounding it under boundary conditions of the fourth kind.
Convective heat exchange with the environment takes place on the shell surface. In addition, the shell is
subjected to unilateral heating by a radiant heat flow. At the same time, the task itself is stationary. The
solution is found analytically when moving to the elliptical coordinate system. It is established that the
temperature field along the section of the cylinder and its surrounding shell varies according to the law
of cosine. From the solution, a ratio is obtained for calculating the temperature distribution over the
shell surface. The proposed mathematical model and its solution algorithm are intended for engineering
calculations of heat exchangers, solar collectors and fuel rods of nuclear reactors using elliptical channels.

Keywords: heat transfer, temperature field, elliptical cross section, boundary conditions of the fourth
kind, heat flow, heat flow balance equation, elliptic integral
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1. BBenenue TUIIEBOM MTPOMBIIUIEHHOCTH, XOJOIMIBHOW U KPHO-

TermI0oOMeHHbIE ammapaThl HAILTH MIAPOKOoe TCHHOM TEXHMKE, B CHCTEMAax OTOILICHHS, OpsYero
MPUMEHEHHE BO MHOTHX OOJIACTSX XO3SHCTBEHHOM BOJIOCHAO)KEHNS], KOHJMIIMOHMPOBAHKSA, PA3ITHYHBIX
JIeATENHHOCTH, aBUAIIMOHHO-KOCMHMYECKOM, dHepre-  TCIUIOBBIX ABHraTessix. B cBsi3u ¢ poctom sHepro-
THUYECKOH, XUMUYIECKOH, He(TerepepabarbiBatoliell, ~BOOPY>KEHHOCTH KOCMHUYECKHX aIlllapaTroB, YHEPro-
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HANpPsHKCHHOCTH YCTPOICTB, MOBBIIIEHHEM TpeOo-
BaHWI K BO3MOXKHBIM PEKUMaM PETyIUPOBAHHS
CHCTEM JIOCTaTOYHO aKTyaJbHO CTOUT BOIIPOC U3Y-
YEeHUs] BO3MOXHBIX MPOLIECCOB HMHTEHCU(PHKALUU
teruooOMeHa. OcoOeHHO UMeeT OOJBIIIOE 3HAUCHUE
YMEHBIUICHHUE MacCOrabapUTHBIX XapaKTEPUCTHK
TEIJIOOOMEHHHUKOB 32 CYET MPOLIECCOB MHTEHCU(H-
KaIuu.

Jlis ONTHMANbHOTO OXJIAXKIACHUS DIIEMEHTOB
HeoOXouMa OoMbIas TTOBEPXHOCTh ISl TEIUIOO0T-
naun. [loBepXHOCTh MOKET OBITH yBEIMYEHA JIUOO
opebpenneM, THOO0 MOCPECTBOM 3aMEHBI CTePIKHEH
KPYIJIOTO C€UYEHHs, KOTOPbIE UMEIOT MUHUMAJIbHYIO
IUIONIA/b, HA JPYTHe CTEPKHU C YBEIMUYEHHBIM Ce-
YEeHHEM, HalpHMep, C OBAJBHBIM WA JJUTHIITHYC-
CKUM cedeHueM [ 1-8].

Oco0oe MecTo 3aHUMAIOT TEIIOOOMEHHHUKH C 3J1-
JUNTUYECKUMU TPYOaMH. DIUTUITHYECKHE TpyOUaTble
TEIJIOOOMEHHUKH HaXOAAT Bce Ooliblliee MpUMEHe-
HHE B Pa3IMYHBIX MMPOMBIILICHHBIX M3eausax [9—11].
Hx 0c0OGEHHOCTH COCTOUT B TOM, YTO, MAHUITYJIUPYSI
M3MEHEHHEM JUIMHBI TOTyOCeH SIUIMICA, YIAeTcs
MOJyYUTh TOYHbIE AHAJTMUTUYECKHE PEIICHUs CTa-
IIMOHAPHBIX 337124 TEIUIONPOBOJIHOCTH Ul BEChMa
MIMPOKOTO JMAra3oHa M3MEHEHHs! (JOPMBIL: OT KpyT-
JIOr0 MWIMHIpPA (TTOTYOCH PaBHBI) JI0 BBITSHYTOTO
srumrca (0JHA U3 MOJTYyOCeH CYIIECTBEHHO NPEBBI-
mraet apyryio) [12-17].

OCHOBHOI 3amaueil JTaHHON paboTHI SBISETCS
HAXOXJICHHE PacTpeeNieHUs] TEMITEPATYPHOTO OIS
IJTMH]IPA C JUITMITHYECKUM IONIEPEYHBIM CEUCHHU-
€M C BHYTPEHHUM HCTOYHHKOM TEIUIOTHI, a TaKKe
OKpyXaroleit ero odonouku. [Ipu 3ToM npeanosna-
raeTcs, YTO TEIUIOBOM KOHTAKT MEXAY IMIMHAPOM
1 000JI0YKOH B CUCTEME TBEPJIOE TEJIO — MOKPBITHE
siBsiercst uaeanbHeM [18]. Taxoke mMexy 00004-
KOM M OKpYXarolei cpenoil MpoUCXOIUT KOHBEK-
TUBHBIA TeruiooOMeH o 3akoHy Heiotona. IIpu
ATOM MPOUCXOIUT HArpeB OOOJIOUKHU IIOCKOIapall-
JIETIbHBIM JTYYHCTBIM TEIJIOBBIM MOTOM OT OECKO-
HEYHO y/IaJICHHOTO UCTOYHHMKA M3ITyYEHHUSL.

Hayunast HOBu3HA HCClieI0OBaHMS 3aKJII0YAETCS
B TOM, 4TO B pab0Te y4TEH JIyYHCTHIN TETUIOBOM TTO-
TOK, M3JIy4aeMblii OECKOHEUHO yJajJeHHbIM HCTOY-
HHUKOM.

2. MartepuaJbl 4 METObI

B kadecTBe Marepuana MCCIEAOBAHUS HMCHOJb-
30BaHbI MyOIMKALNK B HAYYHBIX JKypHAJIax 1o TeMe
cTaThi. PelieHne mNOCTAaBICHHOM 3a1auyd MpPOBO-
JTHCSI aHAJIMTUYECKHU TPU NEepexoie OT JAeKapTo-

BOW CHCTEMBI K CHCTEME AJUTUITHYECKUX KOOPIUHAT.
OCHOBHBIMU METOJIAMH PEIICHUS SBISIFOTCS METO/T
mddepeHIMpoBanys, UHTETPUPOBAHNS, TIOJICTAHOB-
KU 1 PA3TIOKEHHS B P,

3. Pe3yabTaThl

B peienun, B kauecTBe 3JIeMEHTa KOHCTPYKIMU
paccMaTpuBaeTCsl WIMHIAP OECKOHEYHOM JJIMHBI,
CeYeHHe KOTOPOro MpeacTaBligeT COOOM 3IUIHIC
C TOJYOCSIMH @1 ¥ b1, BHyTpH KOTOPOTO JICHCTBYET
HCTOYHUK TETUIOTHI C YAECITBHOW MOIIHOCTH ¢y. [Ipn
ATOM SJUTUNTHYSCKUN IWTHHIP HAXOJUTCS BHYTPH
00O0JIOUKH C TIONyOCSIMHU @2 W b2, BHYTPH KOTOPOTO
OTCYTCTBYET MCTOYHMK TEIUIOTHl. Ha moBepxHOCTH
000JI0UKM MPOUCXOAUT KOHBEKTUBHBIN TEINIOOOMEH
c Okpyxaromeit cpenoil. Kpome Toro, obosmouka
TIOJIBEPraeTcsi OTHOCTOPOHHEMY HarpeBy JyUHCTHIM
TEIJIOBBIM MIOTOKOM IIOTHOCTBIO Gy ys (pHC. 1).
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/_ b, -

Puc. 1. DmumnTrueckuid TUIMHIP B 000104Ke

PaCHpeI[eJ'IeHI/IC IJIOTHOCTH JIYYHUCTOI'O TCILIO-
BOI'0 IOTOKA (v 110 MOBEPXHOCTHU SJUTUIITUYECKOM
CTCHKHU IPEACTABIIACTCA 3aKOHOM:

qV,/ly'-! = q,v,yl, cosv . (1)

TII€: ¢uyy — MAKCUMAJIBHBIN JTyYUCTBIM TEIUIOBOMU I10-
TOK IIpY yTJIe MajeHus noroka v = 0.

UroObl HAWTH pacrpesesicHne TeMIIepaTyphbl 1o
CCUCHUIO ITWIUH/PA, HEOOXOIMMO pemmTh Tudde-
peHImanbHoe ypaBHeHHe [lyaccoHa B 4aCTHBIX Ipo-
W3BOJHBIX:

AT+&=O, 2
A 2

rre: A1 —Ko3(pGHUIHMEHT TEeTIONPOBOTHOCTA MaTepH-
aJa IIMHIPA.

JI71st IOTy4deHUs] COOTHOIIICHHS, OITUCHIBAIOIIETO
TEMIIEPATYPHOE TIOJIE, IEPEUAEM K BIUTANTHIECCKON
crcteMe KoopamHat. Y paBHenue [lyaccona (2) B 1as-
HOU crcTeMe UMEET BH/
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9 3
¢l (ch® pu—cos’ v) ®)

rIe ¢, =+/a; — b/ .

TemmneparypHoe 1osie 000JIOYKH OMpeeseTCs
ypaBHeHHeM Jlarutaca

1 oO°T o°T
+
o> ov?

o’U o°U

+—:0.
ou> ov’

“4)

ypaBHeHI/IC OaylaHca TEIUIOBBIX IMOTOKOB Ha IIO-
BEPXHOCTH 000JIOUKH UMEET BuUA

Agradl =g, ., —a(T -T1,), )

rae: o — Ko UIMEHT TeII00TIaun MEeXITY CPEIOi
Y TIOBEPXHOCTBIO IMJIMH/IPA A2 — KOI(PUIIMEHT Tern-
JIOTIPOBOJTHOCTH 000JI0UKH, Tp — TeMIIeparypa oKpy-
JKAFOIIEeH CPE/IbI.
[MoacranoBka Buia
T=U(,u,v)—qv L (sh 1L+ cos V) (6)
42,
npeoOpa3yeT ypaBHenue [Tyaccona (3) B ypaBHeHHE

Jlarmmaca (4). Pemenue ypaBHenus (4) Oymem uc-
KaTb B BUJIE psa

U(u,v)=

3 A,chnpcosnv + B, shnusinnv ). (7
=0

N3 coobOpaxkeHnii cMMMETPUHU CIEAyeT TOJI0-
*XuTth B, =0, Torma

U(u,v)= ZAnchn,ucosnv.

n=0

@)

Tor/:[a BBIPAXKCHUEC IJIA OIPCACIICHUA TCMIICpaA-
TYPHOTI'O IIOJIAA HUJIUHAPA IIPUMET BU

0 2
T, =) A,chnucos nv—%(shz;ﬁ cos’ v). )
n=0 1

TemneparypHoe mosie OOOJOUKH OIpeAesseTcs
ypaBHeHueM Jlartaca (4), perieHre KOToporo uMe-
eT B

I (u,v)= ZDnchn,ucosnv + Eu.

n=0

(10)

Bocnone3yemest yciioBueM paBeHCTBa TeMIIEpa-
TYPHBIX TIOJIeH Ha TPAHUIIE UX COMPHUKOCHOBEHUS

7-1'|/FM - |/F/11 (11)
TOr 1A
) 2
> A,chny, cosnv —%(shz,u1 +cos’ v) =
n=0 1 (12)

= Z:Dnchn,u1 cosnv+E .

n=0

OTKyza BbIpaskeHUE JJIs OTpe/IeieHHsI TeMIepa-
TYPHBIX MOJIEH IIMJIMHAPA U 000JI0UYKH IPUMYT BUJL

T, (u,v)= Ach2pcos2v —

1
vall (shz,u+cos V)+C (13)
T,(u,v)=Dch2ucos2v+Eu+F, (14)

I7ie C y4eTOM NPUMEHEHHS TPUTOHOMETPUYECKHX
bopmyn korpduimeHTs 4 1 F paBHbI

2
q,C 2 1

F=C-Eu ———| sh u +—|, 15

H 4/11( H 2j (15)

2
— qvcl
8A,ch2u,
B CHUJIy TOT'O, UYTO Ha I'paHULIC COIIPHUKOCHOBCHUA

JIOJDKHBI OBITh OJTMHAKOBBI TEIUIOBbIE MOTOKH, MO-
3TOMY MOJIyYHMM €L OJHO IPAaHUYHOE YCIOBUE

(16)

\/chz,u2 —cos’ v aﬂ
or,|

\/ch 1, —cos’ v Of
rie ¢, =+/a; —b; . Umeem

—24,¢,Ash2 i, cos2v —

H=H

(17)

=t

g.c’c,sh2p,
(18)
= ¢4, [-2Dsh2p, cos2v + E|.

Otkyna
4=5%p,
oA
q,668h2 1
a1,

(19)

E=- (20)
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Torma
F — qvcl %
) (21)
Cmsh2p ¢ (Sh2 1 +_j +C,
A, A,
g.clc

D: vl -2 , 22
8ch2p, (cl/iz _cz/ll) 22

Y= qvclz(clﬁ? _czil"'clll) (23)

- 8A,ch2 (01/12 —cz/il) '
Tenepb BOCHOIB3yeMCsl TPAHIYHBIM YCIIOBUEM (5)
4
c, \/chzu2 —cos’ v
x[-2Dsh2 1, cos2v + E] =
=, COSV —
—a(Dch2u, cos2v+Ew, + F-T).

Pazmoxum HUPpalOHAJIbHOC BBIPAKCHUEC B PS

X

(24)

\/chz,u2 —cos’v :%+ D a,,co82nv, (25)

n=1

KoadhdurmenTts! az, onpenessrores mo hopmyiie

2 Va
a,, =;£\/ch2,u2 —cos’ v cos2nvdv =

:20h,u2x B 2n+1 1 y
7 2 72

LA I B
2 2 ch™u,

+l——[+... |,
ch”

rne: B(y,z) — Oora-dyukmws, Fi(y,z,m;k) — ramep-
reomeTprdeckas GyHknust. OTKyaa

(26)

2chy,

ay, = X

T
NIRRT
2°2 22 chp,

1
a, =— o)
2 Achy,’ 28)

Torna opmyna (23) npumer BUL

ﬁ [—2Dsh2y2 cos2v + E] =
&)
a o0
_ Ogﬂyw cosv+q,, Za2" COS 2nv cosV —

n=1

aoza [DchZ,u2 cos2v + E i, +F—T]— (29)

—aDch2 u, Z a,, cos2v cos2nv —

n=0

—a(Eu, +F—T0)iazn cos2nv,

n=0

Y UHTETPUPYS 0 YTy V OT -7/2 10 71/2, NOTy4nuM

A, 2

- E = aO q/‘lyu + E aZ qﬂyu -
- (30)

maa,

(Ew, +F—75)—%Dch2y2.

Otkyna

C:T0+q”y” 2— 12 4 44y
o 6ch” 1, 4

G 2 1 Co(py — ) sh2
X| —| sh™p, +— |+ +
{/11 (S H 2) 2, (31

4th2 1, Cc,
+ - .
a 4eh2p (2, —cyly)

Tor/:[a BBIPAXKCHUC IJIA OIPCACIICHUA TCMIICpaA-
TYPHOTI'O IIOJIA HUJIUHAPA IIPUMET BUI

2
qvcl
T(uv)==—"x
: 42,

ch2,u(2cos2 v—l) ~ (32

y ol —c A+ A,
2A,ch2 44 (clﬂL2 —czﬁ,l)

—cos’ v—sh’ ,u} +C,

a Ju1 000JI0YKHU

THERMAL PROCESSES IN ENGINEERING

29



TENNOBbIE NPOLECCHI B TEXHMKE. 2026. T. 18. N2 1

VC
Tz(ﬂ,v)=%x

G6
X
2ch2 (clﬂ2 —02/11)
_Gsh2p

G ) 1
—pu)——| shopy +—||+C.
2, zl(s : 2)}

ch2y(2 COS2 14 —1) ~(33)

(4= 1)

4. OocyxneHue

Kak cnenyer u3 noiydeHHBIX BbIpakeHHH (32)
u (33) TemneparypHoe moJie IIHHAPa 1 000I0UKH
M0 yIJIy MEHSIETCsl 10 3aKOHY KocuHyca. B ciyuae
OTCYTCTBUSl JIyYUCTOTO TEIUIOBOTO MOTOKA U BHYT-
PEHHETO MCTOYHMKA TEIUIOTHI TEMIepaTypa LINH-
npa 1 000JI09KH OyTyT OMMHAKOBBIMH TI0 CEYEHHIO
W paBHBI TEMIIEpAType OKpYKarolel cpeasl 7o.

Temmiepatypa 000I09KH CHAPYKH 1 MEHSIETCS
T0 3aKOHY

T () =H

15}

X
2ch2 1 (cl/i2 -4,

c,sh2 af .2 lj
-y — ) — | sk +— | |+ C.
A, (1, — 1) 2, (S H 5

)chZ,u2 (2cos2 v—l)— (34)

5. 3akiouenue

B Hacrosmielt pabote MmoyiydeHO pelieHue 3a-
Jladyd O pacIpeeieHUH TEMIIEPaTypHOro Mo 1U-
JUHJIpA C AJUTUITAYECKAM TONEPEYHbIM CEUEHHEM
MIpU TPAaHUYHBIX YCIOBUSIX TPETHETO Poja U Jydu-
CTOTO TEIJIOBOTO TMOTOKA, MOCTYMAOIMIEr0 C BHEII-
HEeM CTOpOHBI. PerieHre moiydeHo Jiisl CTalMoHap-
HOTO CJIy4asi B CHCTEME DIUIUINTUYECKAX KOOPIUHAT.
YcTaHOBIIEHO, YTO TEMIEPATypHOE TOJie MO Cceve-
HUIO [TWIMHIIPA W OKPYXKAFOIIEH ero 000JIOUKH Me-
HSIETCA TI0 3aKOHY KOocwHyca. B pesysbrate peire-
HUS 3aJla4¥l BBIBEJIEHO COOTHOIIICHUE I pacueTa
pacrpeieneHus: TeMIepaTypbl 10 TOBEPXHOCTH 3J1-
JUNTAYECKON 000710uKy. Maremarndeckast MOJICb,
Tpe/ICTaBlIiCHHas! B pa0doTe, M MOJTy4YEeHHBIE COOTHO-
IIEHUsT TIpeHA3HAYEHbI JJI1 pacuera TemrepaTyp-
HOTO TIOJISI TETUIOOOMEHHBIX aIapaToB, COTHEYHBIX
KOJUIEKTOPOB U TOIUTMBHBIX CTEPIKHEHN SIEPHBIX pe-
aKTOPOB, HCMOJB3YIOUUX KaHaIbl SJUTANTHIECKON

(hopMEIL.
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