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Numerical method for solving the equation of navier-stokes

In given work we consider a new version of the fictitious domain method with the continuation
of the leading coefficient. The essential point is that at the boundary of the auxiliary field given by
the tangential component of velocity and pressure. This condition allows us to build for the numerical
calculation of the efficient iterative method. It is proved that the rate of convergence of the iterative
method does not depend from the range of variation of a small parameter.

Consider the boundary value problem of linear stationary Navier-Stokes equations in €2

HAV-Vp = f |
(M

divy = 0, VIS =,
(2)

In the work [1] given one method of fictitious domain method for the numerical solution of the
equation (1)-(2). In the domain 1) 5 €2 we solve the helping problem

afiv()u"'va)—Vp'C =f,
(3)

divw® =0,

with given boundary conditions

[VE]S =0, [(/_z”VV"' - p° )ﬁ]g =],
v -r{g =0, p*| =0,
3

(4)

S,

where S, - border of domain D). 7, 7i - tangent vector and vector of interior line 1o border of S
domain , and
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L, xefl,

£ = ﬁ,er\_Q.
£

For simplicity, we assume a two-dimensional domain €2. S - smoother. Existence thcorems of
generalized and strong solutions and their convergence with a solution of the £ — 0 to problems (1),
(2) that are proved in [1] - [3].

In this paper we propose an cfficient numerical method for solving equations (3), (4).
In our work is given effective numerical method to solving equations (3),(4).

Then let’s take Jlanee paccmorpum difference scheme approximating the equation (3)-(4).
Domain D assume that the rectangular D = (()J] )x (O,l7 )

Construct three dimensional grid

[ T . Lo _
0, -{x-(xl,xz)-oh,.m), =0, j=0.N;, hﬁy\,—} Y=n\oy,

Qz = {x: (xif—lfzaxzj):((i"1/2)hajh)a i=0,N;+1, j=0,N }

the border

th = éh \Qh = anl‘.' U aQi? Uan:‘: o aQ:-
00, = {(‘xlfl/ZJij): (~1/2h, jh), j=0,N, }
5Q;3 = {(xlr'—IIZ’xZO): ((l - 1/2)"":0), i=0,N, + 1},

00; = {(x]N|+]/2’x2j): (N, +1/2)n, jh), j= m}

OQ;: = {(xlr‘—l/2=x2N2 )=((i-]/2)h,N2h), i=0,N, +1},

E"" {(xlﬂx?.j—l/?_):(ih’(j_l/z)h)ﬂ i=0,N;, j=0,N, + 1},
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the border

00, =0, \ 0, =00} U B0} L EQ; L,

8G, =Gy \ G, =G} UG UG L AG;,

0Gh = {(x,1,x5.1,2 )= (ih=1/2h). i =0, N, }.

8G? = {3, 1,q) (1, (j = 1/2)h), j=0,N, +1}.
86} = %12, 12 )= (i (N, +1/2)h), i= 0., .
8G; ={(x10:%;112 )= (0,(i = 1/2)h), j=0.N, +1}.

Further notation is taken from [4]. Consider the difference scheme approximating the problem (3), (
4)

(/”CVI.\“-, )_‘.1 +(ﬂ£V1.f3 ) =Pz, =Jin B O

("‘Evzx, )xl + (/HEVZ.‘.‘Z )~‘f: = Pis, = Jon B8 Gy
(5)

div,v=v,, +v,, =0 8 0,

with boundary conditions

¥, =V = = 0 Vv = 4 = .

Visilagy T Vimlogy = Vilagy T Vilag} 0

v =Y =0, Vil =Va|,.a =0, p| =0
Plogt *M2laG} aGi 2oy =% Py,
(6)

-V U=y | : £ .n
B¢ _1_;__1 _p%* + ()Ll' V}l'.?, )\.] + (p Vi, )\_] *+ fis (7)



n+l n
VvV, —V, n+l g.n

lrgcf_—T._z—-p_.rz +(;z"’vg-l-.l )x] +(y Vas, )-r1 + 15, (8)

n+l n+l iz
lel +V2x2 —0, ’7—051929---
)]

0 0
Vi =Vos V2=V
(10)

1 n+l

and for v~ Vi 1 {aken boundary conditi - £ _ ) )
;s Va2 o P ry conditions of (6). Here B® = E + Ef,» E - identity

matrix, £ 5 diagonal matrix that consisting of the diagonal elements of the operator

To force (6)-(8) for pressure we take problem of Dirihle for equation of Puasson

div,,(K,thPM): F‘H(V",f),
(11)

T

pi| =0. Kj(x)=
i 1+ u

&

1. : ; )
Pressure p"+ is a unique way, with efficient iterative method proposed in [5]. F le, t
2] For example, the

alternating-triangular method. Problem (6) - (.8) is uniquely solvable

and find p"+1 from (11) and substituting in (7), (8) we obtain the operator

v, p" +div, (ﬂgvhv”): A",

(&4 ] ¢ I 9 l b l é

Wz] (Qn) and satisfy (6). In V), introduce a scalar product
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(u,v),,h = —(div,?y"v,,vg,ug): —(dz'vhﬂgv,,v] U )— (ah'vhu‘fvh*x/2 $1ly )=

—— L) () I
= (.U thlﬂul)])h +(ﬂ thzrhz)ph

and norm

2

2
M3, =[Ner |+ 9o

Let’s write (6)-(8) in operator form in space V),

n+l n
BE Vi =™V
T

=AV' + f.

B, 4° - self-adjoint operators in the space V),. Note
0<y, (B”v.v)s ~(A”v.v)s 71 (B"'v,v).

Where .7, - does not depend on & . Hence, the general theory of iterative methods [5], it follows
that the solution to (6) - (8) converge to the solutions of (5) - (6).

<y, -,
1+&

“V11+I —v

So. we have shown that the rate of convergence of the iterative method does not depend on
changes in the small parameter & > 0.
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Tyitin
Makanana kanraH aHbiKTany obnbicklH Taby HoTWxecine Herizgenred Hoebe-CTOKC wIewmiMi
KapacThIpbUIFaH. OJIICTIH epeKlleiri — KochbiMIua OOJIBICTBIH HIEKApackl S KbULIAMIBIK 1IeH

KBICHIMHBIH ~ TaHTCHUWANBALl  KYPAYBIITAPLl  apKblibl ©PHEKTENTeHAir. MuTepatusti amicTin
JKMHaKTaly sKbUIAaMIBIFEI Killli apaMeTpil o3repyiHeH Toyelicis Sonambl.

Pesztome
B crathe paccMaTpuBacTCs UMCIICHHBIH METOJl pemieHus ypaBHenue Hosbe-Crokca.
OCHOBaHHBIIF Ha MeTode GUKTUBHONH o0nacT onpeneaHus. CymiecTBennoii  0coBeHIOCTBIO
MPEJUTOKEHHOTO METO/Ia ABJIAETCS, TO YTO TPAHMILBI BCIIOMOrATENbHOM 00JIacTH OnpeiesiseTcs Ha
OCHOBE TaHTCHUMAJIBHBIX COCTaBISIOIIMX CKOPOCTH M TUIOTHOCTH.
HTCp’c’lTl’IBHOl‘O METOJa HE 3aBUCHT OT MaJioro napame‘rpa.

CxopocTh  cxoauMocTH

Ozet

Bu makalede kagit a. tanimlamak i¢in hayali etki ydntemine gore. denklem Nove-Stokes
denklemleri ¢ozmek igin sayisal yontem kabulYardimer sahasi hiz ve yodunluk teget bilesenleri
olarak tanimlanir ne Onerilen yontem yavlaetsya. nemli bir ozellik. Iteratif y

i Ontemin yakinsama
orani kiigiik bir parametreye bagli degildir. d



