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[1naH ot

* ocTaHOBKA 3a4aum cCONPAXKEHHOro TennoobmeHa —
(Conjugate Heat Transfer, CHT problem). Hypersonic Fluid region Outlet
inlet
. - Interface 1%

 Mogudukauua MCFL (MultiComponent Flows) anropurma
Adiabatic Solid region Adiabatic

ANA CKBO3HOro MHOroo6,1acTHOro pacyeta ypaBHeHUA SHepruu B rase wall  — 9 ~— wall

u tBepaom tene. Koa MCFL — pyHKUMOHanbHoe pa3sutue koga NOISEtte. (ethermial wall

* OcHoBa MCFL — cxema LINS (Local Iterations for NS eqns)
WHTErpupoBaHMUA No BpemeHu ypasHeHuii HaBbe-CToKca /cucremoil
YPaBHEHUH MHOFOKOMMNOHEHTHbIX Te4eHU/ Ha OCHOBe pacLuensieHue no
$u3. npouyeccam.

* TeXHUKa CKBO3HOro MHOroob6,aacTHoro pacuera cCMCTemMbl «ra3-TBepaoe TeNo» : 3/1efaHTHOe peLlueHune,
6narogapAa BO3MOXHOCTAM ABHO-UTEPaLMOHHOM cxembl LINS.

* YucneHHbIn npumep

e 3aKno4YeHue
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[locTaHOBKa 3afdaun conpaxeHHoro TensoobmeHa (Conjugate Heat Transfer)
Mprmep - ABe obnactn: obTekaHne MNAACTUHbI KOHEYHOW TONLLMHBI.

Far field
1. Fluid region: ypaBHeHusa HaBbe —CTOKCa
W

/vinn cuctema ypaBHeHW . |

o ypersonic 1 reg) Outlet
MHOTFOKOMMOHEHTHbIX TeYEeHuUiA /. inlet WiE THHR

— Interface T
Adiabatic : : Adiabatic
: . » Solid

2. Solid region: ypaBHeHue TeNnNONPOBOAHOCTH wall ongregion - " ail

Isothermal wall

c(T)p%—-[=div(zcgradT)+ f, T=T(t,r), r=(x,V,2)

Interface: ychosua tennoobmeHa (HenpepbiBHOCTb TEMMNEPATYpPbl M TEMNJIOBOro NOTOKA)

~ Y~ [T]:O, [KaT/an]=O, rEFO

Ty
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Bo3MOXHble Noaxodbl K pelweHUo 3a4a4m COnpaXKeHHOro TennoobmeHa

1. LUuknuyeckn-nocneposaresibHbiv pacyetr obnacrein 1 u 2 c uTepupoBaHMEM KpaeBbiX YCI0BUIA.

Oran 1. Ilpu 3agaHHOM Ha rpaHuIle TeEIJIOBOM NMOTOKe B o0siacTu 1 pemraercss cucreMa ypaBHEeHMU

HaBbe-Crokca 10 ycTtaHoBjJIeHMs. Tenm1oBoM MOTOK - ¢ MpeabILAyled UHTepaluu.

Jran 2. Ha wunTepdelice ompeaessiercsi TeMieparypa - 3T0 KpaeBoe YCJOBHE /ISl YPaBHEHMS

TENJIONMPOBOAHOCTH B TBEPAOM TeJle.

Jran 3. B o0mactu 2 pemaercs ypaBHeHHE TeIJIONPOBOJAHOCTH MpPHM  33JaHHOM HAa TpaHuUIe

TeMIeparype.

Jtan 4. Pacyer TenjoBOro noroxka Ha uHTepdeiice Mo CeTOYHOMY pelieHUI0 B 00J1. 2 (TBEpPAOM TeJie) .

Ecian ycioBusi Temi000MeHa He BHINOJHEHBI € 3aJJaHHON TOYHOCTHIO, TO JIeJIaeTCH Mmepexoa K dramy 1.
Bonpoc 00 ycroiiumBocTH 3TOro ajropurma orkpseiT. [Jas 1D nByxoOsacTHoO# 3amaum Ha ceTke,

PABHOMEPHOM B KAXK/IA0i 00,1aCTH, HE00X0AMMOE YCJI0BHE YCTOMYMBOCTH MMeEeT BH/I

a >a,, a/h;>a,/h,, r©mea, a,, hy , h,

COOTBETCTBEHHO K0P PUUMEHTHI TEMIIEPATYPONPOBOIHOCTH M IATH CETKH B o0acTu 1 u 2.
[1] B.JIL. 3aryckmn, B.E. Kympsmor. O cdere ypaBHEHHH TEILUIONPOBOAHOCTH W Ta30BOM JTHHAMHUKH
IIPOrOHKOM 10 oTAeabHbIM obaactsam. //JIAH. 1965. T. 163(5). C. 1107-110. BHUND ®.
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CKBO3HOMU pacyeT

1. B ra3oBoi1 06nacTu 3anucbiBaeTca cuctema ypaBHeHun HaBbe-CToKca, BKAOYatowWw,an
YpaBHEHUEe AnA NoNHOU 3Heprun. B TBepaom Tene — ypaBHeHMe Ten/10npoBOAHOCTMU.
Avnckpetunsauma no npocrtpaHcTtey — NOISEtte.

2.B cnuny cxembl pacuienneHuvAa, Ha ware no spemeHn guckpetHoe ypasHeHue tennanosoro
3Tana ABNAAETCA annPoKCMMauuen ypasHeHuUs

ope .

% =div(cgrad T)+ f

C NPaBOM YacTblo f, yuMTbiBalOLWEN ANCCUNALLUIO SHEPrUM 3a CYET TPEHUA U np.

3. 9T0 ypaBHEHMEe MOXHO paccMmaTpuBaTb KaK eauHOe ANA rasoBou u teepaou cpea. Toraa

NpU NPUHATON KOHCEPBAaTUBHOMU NPOCTPAHCTBEHHOW anNnNPOKCMMALUU YC10BUSA

Tenn1006meHa BbINOJIHAIOTCA aBTOMAaTUUYECKM. .
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MeToa MHTerpuposaHuA NoO BpemMeHW ypaBHeHMW Hasbe-CToKca (M ypaBHEHUS
TennonposoaHocTU) — ABHO-uTepaunoHHana LINS (Local Iterations for NS).
9TO OCHOBA CKBO3HOro MHOroob6n1acTHOro pacyera .

ouU oF, oF, oF,

— + + + =0,

ot OxX;, OX, OX,
U =(p, pu,, pu,, pu,, E)', E =p(e+0.5u2)
FU)=F>°VU)+F*U)+F*U)
Koneexkmuenwnoiit, 6sA3KUIL U MENI0B0I NOMOKU .

FVU) =u, U +(0, pdy,, PO, PSys)
F/U)=—(0, 7,,.7;. Tya» 0)

s
F(U)=-(0,0,0,0, Uz, +U,7,, +U,T,; + 0 ) -
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Cxema LINS ana ypasHeHMU HaBbe-CToKca

C:j—LtJ+ FevU) +F4“U)+F*U)=0
Pacmieniienue (B razosou oojgacru): t ->t_ . =t +v__

I'mnepoouka: cxemal oayHoBa
U-u-
T

+ I:COHV(U n)= O

Pesynomam U = (p, pu,, pu,, pu,, E)'

= = p(e+0.50%)
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[Mapabonnyeckumn atan |, BA3KOCTb

Pacmiensienume: t. — t =1 4+ 7

n n+1 n conv
H*™ =(pT,, pU,, puU,)
INpeaukTop (HenmoJaHbLIN LI-M):
U"=(p, pa,, pa,, pua,, E)', E=p(e+0.507)
KoppexkTop:

H Nn+1 _ H conv
T

conv

+F#UJ")=0

Pesyantar: H"™' =(p0, p0,, pu,)" , E = ,5(§+ 0.5 ﬁz)
IIpeauxkrTop + KoppexkrTop = LI-M
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Mapabonunyeckmn atan |, TennonpoBoAHOCTb

Pacmuenjgenmne: t{ —>t .=t +7

conv

YpaBHeHne JHEPIrumn: CKOpPOCTh M3BECTHA

p(e +0.50 )
IpeauxkTop (HemoaHbIi LI-M):

, E)T, E =,5(‘e'+0.552)

un = (P, pﬁl’ ﬁﬁ P
KoppexkTop:

En+1 _ E
T

Sl

+ F’l(L]”)=O

PesyasbTar: E

E™ =p5(8+0.50°)

IHpeankrTop + Koppexrop = LI-M
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Cxema pacwenieHna B MHOFTOKOMIMOHEHTHOM C/1y4ae

m )

UEp(l,ulyuzsL’IS’E!k,ws{Y m=1""’NSp )

PazHocTHasaA cxeMa:

%u +C,(U)=D, (V)

C, (U ) — HEJIMHCUHBIN KOHBCKTUBHBLIN OllepaTop

D, (U ) — HEJIUHECUNDBIU OUPPY3UOHHBLU Oonepamop
SiBHasi cxema:
U Nn+1 . U N

T

+C U"=DU"
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PacwenneHue:
n+1 n
MNMnepbonunyeckniu atan — cxema floayHoBa € TOUHbIM U —U +C. U" =0
peweHnem 3agaum PumaHa gna MHOrTOKOMMNOHEHTHOM T h -
cmecu
o n+1 1 n+1
Mapa6onuyeckuii stan: U — U _D UJn
BA3KOCTb, TENJIONPOBOAHOCTD, - h
AndPy3na KOMNOHEHTOB CMecH
_ Cymma 3Tanos:
U" —pesyasTar
U n+1 U n N
N n
NPEeINKTOPHBIX = +C U =D, U

urtepaumm LINS
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flBHaA cxema : cyeT no obnactam, pasaeneHHbIM UHTepdeicom

UHTerpupya ypaBHeHMe TensonpoBOA4HOCTU NO AyasbHOMY 06bemMy, acCCOLUMPOBAHHOMY C Y3/I0M CETKM,
nosiyyaem B AABHYIO CXemy

n+1 n
& — & n
Q) =D({T ")+ f-Q
T
MUcnonb3syem ypaBHeHMe COCTOAHUA B pa3pelleHHOM OTHOCUTeNbHO TemnepaTtypbl BUAe.
Ha uHtepdeice B yane KpatHoct | >1 unmeem Far field
o= o, f " f, D 'D
_Zi=1 i? _ Zi:l P! - i=1 | H?fp:{ersonic Fluid region Outlet
inie
._, o e -
3anuwem B Kaxkgoin obnactn ana uHtepPemncHoro ysna KpaTHOCTU aiaraes Te
| >1 pe3synbraTt napumanbHOIl AUCKPETU3ALUN S Solid region | __Adiabatic
n+l _ ol Isothermal wall
& &

Q -

. =D,(T") +f,-Q, i=1..l

VI n+l __ =l n+1 o -
Koppexuust na unrepdeiice: & = ) 7, &, y,=Q/Q, i=1..,]|
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CKBO3HOM MHOro6/104HbIN pacyeT

[na pewieHUA conpsa)XeHHOM 3a4a4M ucnosb3yem noaxopa 6es ntepauuii no yciioBuam
TennoobmeHa.

Mopxopn ABAAETCA CKBO3HbIM PacyeTOM TEN0NPOBOAHOCTU C MOMOLLbIO ABHO-
utepaumMoHHou cxembl LINS ansa cnyyas MHOro6a04HoOM ceTKM.

Mpeanonaraem, YTo 3Tan TONOJIOrMYECKOU AEKOMMNO3ULUU CNOXKHOU 06n1acTn Ha 610KHK
npousBeaeH U, KaKk MMHUMYM, TaKnx 6,10KkoB ABa: ras U TBepaoe Teno.

B Ka)xXaom 610Ke CTPOUTCA HECTPYKTYPUPOBAHHAA UIKU CTPYKTYPUPOBAHHAA CETKa.
MonHan ceTKa No rpaHULam 610K0B COCTbIKOBAaHA, HO rpaHUL,a ogHOro 610Ka moXxeT
NPUMbIKaTb K HECKOJIbKMM coceaHMM 610Kam.

Mpu peweHnn ypasHeHUA TENAONPOBOAHOCTU B MHOrob6104HOM 061acTH KaXKaan ABHaA
utepaumna cxembl LINS B Kaxkgom 6,10Ke BbINOIHAETCA HE3AaBUCMMO BNOTb A0
UHTepdencHbIX y3noB. B 3aTux y3nax obecneunBaeTtca BbiNONHEHME YCA0OBUMA
TennoobmeHa B npouecce 06paboTKm napumnanbHbIX UHTEPPENCHDBIX 3HAUYEHUMN.
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Cxema LINS, cBoncTBa, CNEKTp onepaTopa nepexona

A e [O; /’Lmaxj =sp ( Lh) , MHorowieH Yeobmuesa G (A1)

p= [0.572' \/2' Arax +1_'

HeT HaCTpOEeYHBIX MApaMeTPOB, KOHEYHOE YMCJI0 uTepanun v =2p—1

1-G2(A4)
1+ 74

PLI-m(A) = . lG,|=<1

SABHas cxeMma: Pexp(A) = 1-74

1
1+ 74

HesiBHas cxeMa: pimp(/’t) =
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CBepx3ByKoBOe 06TeKaHWe NNaCTUHblI KOHEYHOM TONLWMHBI

QOO6TeKaHUe NNOCKOW NNacTUHbI KOHEYHOW TOMNMWUHBLI, M=3
I | | I
600_fill ————— Al |
'—'---—-l— '''''' | ——————— T ----- —I
I I | I
I
I
500 =~ 1 — 1 — = = COonps)XXeHHbIH TensI000MeH '
=« == = = HyrieBON TeNsIOBON NOTOK :
!l |
400 | gt e '
! o | | |
‘ ] i - | | I
. | o o | |
I | | T =
300 F-b----Lt-—--do b s s !
ol | | I I
I | | | |
dl | | | |
= II | I I I
200 | | ] ] |
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3aKnyeHue

 [pepcraBneH CKBO3HOM aJIfTOPUTM peLUeHUA 3a4a4n CONPAKEHHOro
TennoobmeHa B MHOroob6s1acTHOM cUCTeMe «ras-TBepaoe Teso» Ha
OCHOBE MHOro- KomnoHeHtHoro Koga MCEFL.

* BHyTpM TBEpAoOro tena ypaBHeHMe TENNONPOBOAHOCTU peLlaeTca C
TeM }Ke LWarom MHTErpupoBaHUA NO BPEMEHMU, UTO U CUCTEMA
YPaBHEHU ANHAMUKN MHOFOKOMMNOHEHTHOMU CMeCH.

* Pe3ynbraTbl NEepPBbIX pacyeToB MOKa3biBalOT NEePCNeKTUBHOCTb
npeanoXeHHOro noaxoAaa.

* [lnaHupyeTtca AanbHeuwana pabota no BepuduKaumm, oueHKam
TOYHOCTU U BbIYUCIUTENbHbIX 3aTPaT Ha NOC/1eA0BaTEe/IbHOCTAX CETOK.
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