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206 Bbluucinrelmubie TeXHOMO

YK 519.6

YUCJEHHOE MOAEJIMPOBAHVE KOHBEKTUBHbBIX TEYEHUN 114
VPABHEHUI HABBE-CTOKCA B JIBYXCBYA3HOII OBJIACTH

AL H. Temuptexon

B()(ZT()'1H()—K?L'*)}LX(?T'AH(?KHﬁ FOCYIAPCTBEHHbLIN TEeXHUYECKHIT VHHBEDCUTET HM. ,B; C(‘?DHI\'()RGB}).

Abstract. In the given work T examine numerical methods of solving Navier-Stokes equations in

multiply-connected domains. Two methods of problem solution are examined. The first method is

based on setting differential in variable velocity, stream function and use of pressure single value

condition. Numerical solution of elliptic equation for stream function is as a sum of two simple

problems of elliptic type. One problem is with uniform boundary conditions, and another one with

a uniform equation. Alternative approach to solving the set problem is fictive region method with

small coefficient extension. This method does not require satisfaction to the condition of pressure

uniformity and is simple in realization.

Keywords: Navier-Stokes equation, velocity, pressure, stream function, multiply-connected domain,

boundary condition, stability.

Ansorauns. B 1anHol paloTe HCCTICAVIOTCA HHCTCHHBIE METOIbl DEITeHHsA vpaBHeHud Habbe-

CTORCA B IBYXCBAZHBIX 001a¢TAX. PACCMATPUBAITCH B METOTA pemrenua sanaqn. Hepsoiii MeToxn

OCHOBAH HA [MOCTPOCHHA I)}U%H()(TTH()ﬁ 34T B IePeMeHHBIX CKOPOCTh, d)yHKL[Plﬂ TOKA | HCHOb-

30BAHHE VCTOBHA OJTHORHAYHOCTH TABJICHHA. Yucaesnoe PEIeHne 3LTHITTHICCKONO YPABHEHUA 114

(})_\'HK[{HI’I TOK&O HAXOOUTCA KAK CYVMMa [)(‘,LUHHHﬁ ABVX HIPOCTBIX 3410 3JLIHIITHYECKODO THIIA. (),IIH%).

3a1ada ABMACTCA ¢ OJHOPOIHBIMY MDAHHYHBIMH YCTOBHAMHK, & Apyras ¢ OIHOPOJHBIM VDABHEHUEM.

A.H’b'l’(—.‘pHHTHBHblﬁ TOAXOL K PEMIEeHH) [TOCTABNEHHOR 3aJTAYMH SBIIACTCH MeTOa ('I’)[/IKTHBHI:;IX obracreit

¢ IPOIO/DEKEHHEM N0 MJIAJIHIHM KO3 DHIHEHTOM, 3TOT MeTOH He Tpedyer VIOBIECTBODEHHA VCNOBHA
I VeT ) h

OJIHOBHAYHOCTH TABICHUA W ABIACTCH MPOCTBIM B PDEATHIAILHIT.

Kunouesneie cuiosa: ypasrenna Hasbe-('ToKca, CKOPOCTh, TaBaeHns, dhyHKIHA TOKL, MHOPOCBH3-

Had 001aCTh, IPAHUYHBIC VCIOBHA, VCTORYUBOCTD.

Beenenne

B nacrosueil pabore pacesarpuBaOTes METOAb THCICHHOCO POILeHIs vpasternn Hasse — Croke

B MHOPOCB#A3HOI o6nactn. Opaa 13 TpyasocTeil MpcienHoro penterna ypapHennn Happe — CToxca

HePpeMeHHDIX (’b_\,"HKI,],]II[ TOKa I BUXDA CKOPOCTIL B crnyyae MHOTOCBAZHON 0bitacri NOPOAJTACTCA HeOnp

JAQNeHHOCTHI) 3HATCHIIT (i’)yHKI,UlU TOKa Ha BHVTPEHHBIX I'DaHIIAX . Uncnenxoe PEILIeHIe YDaBHEeH:

Hasbe - Crokca B MHOPOCBASHON 0G1ACTI PACCMATPHBATICH ABTOPAMH paboT [1-2], B KOTOpBIX IpR:

JraraeTcd ABHBLT MeTo HICIeHHOro PeIeHsa VPaBHeHIH Hagpe - Crokea B ,’LBy.\'CB’i{BH()ﬁ obacTm

,T['rlHHﬂﬂ 3afata ¢ HCMOAb30OBaHIeM VCIOBHA OIHOZHAYHOCTH JABIeHIA peileHa B p'rl,()(')’]“e CUPO‘{EH&‘

B.L [3]. B pafiore [1] npusensiach gpaas exema koTopas npuseia K Heyeroituusomy cyery. B ope

aaraeMoii pﬂ-ﬁ(‘)'l‘(? PACCMATDUBAIOTCA SABHAA PDASHOCTHAH CXEMa 111 YHCIeHHODO permenud ypaBHe

Haebe-Crokca b MHOLOCBAZHON obracTi ¢ HCITOIB3OBAHHEM VCTOBHA OJHO3HAYHOCTH AABACHHSA H A
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pacemorpum ypasiennst Hasbe-Crokca i npubinkenm Bychiecka [3]-

du ou ou  Jdp 1 :
U e g 4 T g, {1)
ot t e ii);«/ dr Re !

s i + vfi) + L = —l—Av — G, (2)

ot * “ox dy  dy Re
du
o0 Ul 0f 1 .
9 R gt e AR (ug) € Dt €40, T] (4)

U

or T4 0y T Repr

¢ HAYaJIbHBLIMIL U I'DAHMYHbIMH VC/IOBAAMH

w=ug(x,y).v = volz.y), 0 = Bo(a,y), (x.y) € D=0

w= ag (e, y, t),v = ay(x,y,1),0 = (v, y, 1), (x,y) € 9D. t € [0, T)

B 57T0# CHCTEME U,V-KOMIIOHENThl BEKTOPA CKOPOCTH, p-JaB/ienele, ©-tenmneparvpa. Re-uncio Pefi-
pa, Pr-anesno Hpangira, 0D = 71 U ro-rpanmia obaacTi D. 3asaay (1-6)

pHBII(:‘llPll"l JABHZKENA H BBEAeHHeM HOBBLIX ITEPeMEIHDbIX-

Hostpca, Gr-unesao 'pacrod
ya0610 peiath NCKIIOUCHHEM JABIeHid 13 Y
hyHKIA TOKA N 3aBUXPEHHOCTH. [Ipy J0Ka3aTeNLCTEE IKBIBATCHTHOCTH TOCTAHOBOK 3ajlad B ecte-
CTBEHHbLIX HEPCM('\HHHX nB IIC]_)GM(,’HHle (}.))'I-IKLlHH roKa BHBILXI)(’I[HO("I‘b C_\'Lll,(-‘.(“l'BPHHyK) p()Jlb ll]‘p'dET
MHTCIPATLHLIC YCIOBHS OJIHOBHAYHOCTH JIAB/ICHILS . B pabore JlajibKeHCKOI O.A. 19 OHHO3HATHON

PA3PELIMMOCTH PASHOCTHON CXeMbl /1A YPABHEHNA Hapbe-Crrokca K CHCTeMe YpaBHEHMIT 100aBiserca

yaiosue OJIHOZHAMHOCTH AaB/ICHIA CIC/Y IOCT0 B/l

/. /__ pla,y)dady =0 .
J JD

HeobxoauMOoCTh TOCTAHOBKY YCJIOBUA BIIA (7) CBSI30HO € TeM, WTO DASHOCTHBIN aHAJIOT YPABHCHIA

(3) Be ABASCTCA TURCHHO-HOBABACHMBIM. B pabore Cupouctko B.IT. [3] npenaracres APyTOI BAPUAHT

YCIOBUHA OJHOBHATHOCTH JLaBJICHH KOTOpad 3AUMCHIBACTCA B BHAC

Coll oll

) ———dax + ——dy = 8
% Ox dz + '(71/1 y="0 ®)
Y3

e [T = p + (12 + 0?)/2-nosmui wanop.

BBQAGM (b)’[IKIUHO TOKa () 1 BUXPb CKOPOCTH W, KOTOPBIC ¢BABAHBI ¢ KOMITOHCHTAMIT CKOPOCTH W,V

CJIEJTY FOILIMIT COC )THOLUCHHW AMIT

Y du v
=% -2 )

sy

Sasaua (1)-(6) B HEPECMEHHBIX ¢/, W 3AIMCHIBACTCS CACAYIOTIIM obpazon [3]

dw  OOw  dwow IA a Y
o e wmy B o (10)

Ay = w, (11)
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ek aL . &g 3t = 1,2 -3agarnme dynkan. Veiosne (8) 3amuimenr B CACYIONICN BIIC
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Y L S
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¢ Pemenne 3aauu (10)-(17) Oyaesm nexath 8 smae
Wttt y) = ‘;'(',"H(.I'. y) + At IW’YH (v y).
e e y) = g )+ AT ).
A l-ag BCHOMOTATEABHAY 3a1a4a
' N L L
s Sl s = £ = —- ‘A""O t Gy i
T Ay Fe cr
¥ i St -,L'L'l'+l, (e y) €D
e deg
b ntl - e el
: o ey Ty =0 o 4 =0, o sy = ), e s




BoiudCane bHble TeXHoN0rH 09—

T1-as1 BCIOMOUATEIbHASL 3a/1a9a

el ) IR TRPET (5 o R AT
Wit puraet ounoT L e
dy o dr Oy Re L a1
Ayttt = —with (ay) €D
)U,-u+l )q,_n-H

n+1 1 P Dt B 1 \
) =05 = = 0. v L, =1, ———ly, =0 )

o on S gn  *

ap = (i—1)h1, yj = (j—1)hy. i =0.1.. =

[locTpoeM PaBHOMEPRYIO CCTKY B obnacti Dy, = {(vi vi)-
1O IBHITRON

0,1, .09, hy =1/ (ng—] 1). he = y/(na—1) Hpe,mo'm/xn\l yT0 00.1a0Th 1o ABIACTCEH NP
Do = {(z,y) ak1 = 0 S Th2: Yt SY S yma} i = (i— Dhiyy =0 - Dhe,i=0.1 1. =01.m
y3/1b1 PABHOMEDHOM CCTRH nocTpoeHbH B 06 1aCTH D. Pacemorpiiy 001a0Th Dl OXBaTbIBAIOLLL

Dy, r.¢.Do € Dy. Dy = {(x.4) o3 < 1 < rpds Y3 S
vesopust (17) n nojcTaBisa pasjozKeHie B11a (18) mosy M

N

15t o0 1acTb

y < yma) Paceyorpin PAsHOCTHBIT aHa10r

Mot =N (23)
rjie
mé
= Lt . =, ntl T ntl .0 -
M = Z (¥ Lsﬂ/T + 0.5w} kg1, 0ks.d T 0.5w) 13 k3 r1
j=m3
‘ —-—l—-u.)”*'l — P ha+
: Re Laoksg — 7Y M+1/’ 2
! S
+ L LK 1/1 md/ [T+ ‘)")‘*"1,1,m4_[l-'.t,L.nL»}+
i=k3
n+-1
H)Ou‘l.unlll'runl~).+ Re 1(/17114] "1
(24)
' nd
B s
& § , [ 1, k1,/' 4- 0. 5“‘1““J JMJ +0')-'J1u, JL4+1,J
K j=m3
;
: 1
gL 1
— 'f{‘;\.&)l“‘-:k4.j o= ""‘JHI{‘I-H/Z,]—]]“ ]

n+l
"—Z im3/ /7+0.5 ‘)‘*’led 1V, im3 T
j=k3

n+l 1L
+0. ““’111:13L17m«5 1+[ "“lutrn&]}




210 o B3I UHCTHTC I bHBIE TeXHOJAULII

A - Jikl . il il n = ntl T
N = Y [ Lo.aks, L .r,k:;.,; T+ 0.5 ')“'uAsLl ks T ”")“n./\-;x,,’ g k341,

il n+1
e B N 39012512

.n n 7 nekl e s ;
-t E o0 1:,‘1 [T — Vgimd/ T i 05"“0.1.!114-- 1 Uk iand T
=k3

Nl
+0.5 ‘“(\rmil and- ]?;“*(J.ﬁ.i.nrl}hl

1nd

T n%l / . n = n+l n -
§ , |-y, okd gl T T Ve, ik, // +0.5 “"—u A4+1 Pk 0")“"()_[.;.1,)"1'j:./\:d-(hl,j
Jj=m3

s |

~ Gl T g = B8R o et

kd+1/2,5
N r,.ntl Fo- "-‘*05'"“ - il
1 tog maan3di ' 7R TN C AU R i § R TR | C'giond

a4l
F,emd 1 + ﬁ;;"[).ﬂ.i.mi}!hl

= n+l
0.5 5 s
Pacesmorpay Mero, (pukTHBHLIX ofigacrelt [6] sp1s perennst sasaan (10)-(17)

AL SNV -
e e e e e T e ).
gt T Oy Or  Or Oy  Re oo — sl I )

Ao =

Ol O° 1)41" e

1
Rel

o
ot Ay o

/(l g/) = 1. (. _I/) < Ly

]\‘(.l‘. (/) =i (l !/) & D D()

Takia 0BPABON, PACCMOTPEHB BA METOIA DELIEHIT Ypaheiii Hapbe-Crokea Ba3koll HECH

OMOI KIAKOCTH B HCPCAMCHHBIX (DYHKIHA TOKA. BUXPb CKOPOCTIL Paspadoran gBHBIUT MCTOL PEIH

VPABICHIM ¢ VHOTOM VO 1OBUY OJHOSHAUYHOCTH daB 1CHMIS. 10 VEAOBHE HOBROIACT OHPEeIeTIHTD KOXTs

otent. Koropiii nenodapsyveres v hopanyie (18}, PACCMOTPEHUBIMIL METOUANMI IIPOBEACHB HHCA

PACCTB! KOHBCKTHBHBIX TEUCHIT BAIKOIT HECABMACMOIT AW JIKOCTH B ABY NCBAZHON 06 1acTu.
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'SCI)(DEKTI/IBHbIﬁ AJITOPUTM YUCJIEHHON PEAJIN3AIINN
«J'IOI‘API/I@MI/I‘{ECKOI'/'I» PA3HOCTHO! CXEMbI J1d BA3KOTO
CYKUMAEMOTO TA3A C KOHTAKTHBIM PA3PBIBOM

H.AL Temupderos

BO(‘,'I‘()"lH()—I(il{%'dx(i‘fﬂ(l(ih’lli’l I'(J(‘y}L'd})(.’TB(’Hthﬁ )"lﬂlB(,‘p('.l’l'L‘ﬁ'I' UMEHI C. AnanrkooBa

Abstract. This article contains one-dimensional problem of gas dynamics of malleable gas with
confact gap in Lagrang’s variables. For numerical solution of this problem was nsed Newton's
thod allow to turn the equations difference schem
I scalar screw. The eflect and economy ol

method in detail. This we ¢ of gas dynamics into
the “three punctual” linear systenis. they are solving wit
numerical algorithms are confirmed by the realization {hem during mininmum-machine time with
saving adequate accuracy. The received results are set in araphics form.
Keywords: viscous compressible gas, the contact gap. the equation of gas dynamics.

Anparna. Byd amymbicTa Tarpanz aifnbMabiChitia Bip evmen i Tydieneai yaiaieri TyTKsip ras-
AbUL PAs3 AHITAMHE] ccebHl KapacToipblirall. Bepiaren ceonrl CAILIBIK ICKE acuipy YL Hpioron vaic
K().il,'I,Hth.'H‘HH. B\T (),{i(‘ﬂ(‘” PAS JIHHAMITEA TenjeyiIep 7K\‘ﬁ(‘('i]1iii Hf"lhl])h].\l}lh\l\' ('\'.'H:)ﬂl‘hl'r{ ChI3HIKTHI

eH 1ne-

«yuHyKTe» Ryfere gozripiaren. CprapIKTbl eymupyKTeir ryfie CKaIsp Ky GEAERIT
urisiren. CaAbiK ajropHTMHIN rHiMdinir Kone yHeMaiiir SKOTKLAIKT] A9/UIKIeH a3 yakslTTa icke
ACBIPBLIYBIMEH DACTANABL. AbIHFAR HoTHAKEIep rpadik TypiHUe e KepeeTiiret.
KinTTik cesaep: ChIFhUIATHIH TYTKBIP T3, KeneTTeH eirepy BafikaiaThii afiMak, ras SUIHAM WKA-

ChIHBIH '1'(‘11,.'1(‘}"\.




