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The article has been devoted to the problem of improvement real numerical modeling accuracy
for the viscous fluid flow between two coaxial half-cylinders on rectangular grids taking into account
the filling of cells are used to solve this problem. Approximation of the problem with respect to time
is performed on the basis of splitting schemes for physical processes. Difference schemes for solving
the hydrodynamic problem are proposed. Analytic solution describing the Taylor-Couette flow is
used as a standard to evaluate the numerical solution accuracy of hydrodynamics problems. The
simulation was performed on a sequence of condensing computed grids of sizes 11 x 21, 21 x 41, 41
x 81, and 81 x 161 nodes for the areas of smooth and piecewise rectangular boundaries. The grids
taking into account the filling of cells are used to improve the smoothness of the solution. In the case
of piecewise rectangular approximation the numerical solution error reaches 70%. The grids taking
into account the filling of cells reduce the numerical solution error to 6% for the test problem. The
test problem shows that using the grid condenced in each spatial direction by 8 times does not lead to
increasing the accuracy solutions whereas the solutions accuracy obtained on the basis proposed
approach has significant advantage in accuracy.

Keywords: Navier-Stokes equation, splitting schemes for physical processes, the Taylor-
Couette flow, the error of numerical solution.

Introduction. Difference schemes taking into account the degree the filling of cells for solving
two-dimensional problems of wave hydrodynamics with dynamically varied geometry of the
computational domain were proposed in [1]. The solutions obtained on the basis of these schemes are
devoid of defects associated with graded approximation of the boundary. Tree-dimensional
mathematical model of the movement of the water medium in the Azov Sea was developed on the
basis of these schemes [2], the total water depth was 14.2 meters, free surface elevation may be reach
4 meters or more. The dynamic recalculation of the filling of cells is used as a mechanism for
reconstructing the geometry of the reservoir. The model possesses high accuracy and a large margin
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of stability. During calculating the storm surge that occurred in September 2014, in Taganrog bay of
Azov sea (wind speed reached 40 m/s), the simulation error was 20 cm with a total over travel of more
than 4 meters, the model showed a time lag of about 15 minutes with a total storm interval of about
1000 minutes [3]. The o-coordinate system is traditionally used in modeling the hydrodynamics of
shallow water bodies [4-6]. The solutions obtained on these grids have a large error and poorly
describe the influence of the bottom relief on nowadays the structure of the currents. The optimal
curvilinear grids that approximate the boundary ear used as an alternative to rectangular grids, which
have low accuracy in the case of direct piecewise rectangular approximation of the boundary [7-8].

The constructing problem of optimal three-dimensional computational grids remains open
nowadays for the 3D regions of common configurations in computational fluid dynamics [9]. One
can say without reducing the significant value of optimal curvilinear grids for computational fluid
dynamics, that using rectangular grids with filling cell functions has attractive features, for example
in parallel computational fluid dynamics. Difference schemes accuracy comparison has been
discussed in this paper in cases of direct rectangular grids usage and additional involvement of the
cell filling function for the Taylor-Couette flow numerical modeling. The proposed method is likely
close to Volume Of Fluid (VOF) method [10, 11].

Statement of the problem. The viscous incompressible fluid motion in a two-dimensional
region between two infinitely long coaxial circular cylinders is considered. We introduce the
Cartesian coordinate system xOy perpendicular to the axis of the cylinders. The coordinate system
origin coincides with the cylinders’ axis. In the section of the cylinder by the plane x =0 defines the
field of velocity. It is required to determine the liquid motion. The initial equations for the
mathematical description of the fluid dynamics problem are [12, 13]:

— Navier-Stokes equation:

!

, P
Uy +UUy + VU = ——+ (uuy ), + (auy)) (1)
Yo
4 ' ' Py' r\/ r\/
Vi +UVX+Wy :_;+(:uvx)x+(zuvy)y; (2)
— the continuity equation for incompressible fluid:
u, +v, =0. 3)

Equations (1)-(3) are considered under the following boundary conditions:
— the flows are defined on the input and output boundaries:

U(X’ y1t) =U (Xv y) ) V(X’ y!t) :V(X’ y) ) Pn,(X1 y1t) = Ou (4)
— the frictionless and slip conditions are set on the lateral surfaces (in the case |1:| =0, that is,
without friction):

R(Xy,)=0, u,(x,y,t)=0, puuy(x,y,t) =-7,(t), puv, (X, y,t) =7, (t) (5)
or sticking condition:
P/(xy,1)=0, u(x,y,t) =0, v(x,y,t) =0, (6)

where u= {u,v} is the water medium velocity vector; (x, y) is Cartesian coordinates, t is time, P is

pressure; L is the turbulent exchange coefficient; o is the liquid density; N is the normal vector;
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r,, 7, are the tangential stress components at the bottom of the liquid.
The wind stress according to the Van Dorn law, is calculated by the formulas [6]:

0.0088, |u|< 6,6 m/c,
r=fene,) = A, () ula], cp<|u|>={ .

0.0026, |u|>6,6 m/c,
where p, is the external environment density.

(7)

Discrete model of hydrodynamics. The computational domain inscribed in a rectangle. For
numerical realization of the discrete mathematical model of the formulated wave hydrodynamics
problem, uniform grid is introduced:

Wh:{t”:nr,xi:ihx, y;=]jh;n=0,...,N, i=0,...,N,, j=0,..,N;

y’
NtT:T’ Nxhx =|x’ Nyhy ZIY} !
where 7 is the time step, h,, h, are steps in space, N, is the step number on the time coordinate,
N,, N, are spacing steps on the spatial coordinates x and y, respectively.

We use the splitting schemes for physical processes [14, 15]. In this case, the solution of the
problem (1)-(3) reduces to solving the following system of equations:

n+o n

— uuy +vuy = () +(auy)’ (8)
Vn+a _Vn ' ' \/ Y
W = (v )+ (uvy)y, 9)
" " o_ 1% n+o ! n+o !
PXX+PW—?((U )X+(v )y) (10)

n+l | nt+o ' n+l _ \n+o P’
u B , vioovet o h . (11)
T P T P
The calculated cells are rectangles, which may be filled, partially filled, or empty. The cell

centers and nodes are separated apart h, /2and h, /2 on the coordinates x and y , respectively. Fig.

1 shows that the velocity field and pressure are calculated at the tops of the cells. The cells’ vertices
(i, j) arenodes (i, j), (i-1j), (1,j-1, (i-1j-1).
Let us introduce grid value o, ; for the notation of the cell filling. The filling of cells means

the value of cell part volume (area) which has been filled with a liqguid medium. Fig. 2 shows that in
the neighborhood of the node are cells (i, j), (i+1, j), (i, j+1), (i+1, j+1).

We introduce the coefficients k,, k, k,, k;, k,, describing the filling of regions located in the
neighborhood of the cell. The value k, characterizes the filling of the region Q,: xe(x_,%.,),
ye(yj—l’yj+1)7 k, — € XE(Xi’Xm)' ye(yj—l’yjﬂ)' k, — Q,: XE(Xi—l’Xi)’ ye(yj—l'yj+1)’ Ky —
Qy xe(X1 %), Ye(YhYia) ke — Q0 xe(X1 %), Ye(YiaY;). The filled parts of the

regions Q. is called D,, where m=0,...,4. The coefficients k, can be calculated from the
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formulas:
k _ SDm k _ oi,j +oi+1,j +0i+1,j+l +Oi,j+l _ Oi+1,j +0i+1,j+1
( m)i,j_ ’( O)i,j_ ’(kl)i,j_ !
S, 4 2
0 t0jn 0i1,j1 10 0, + 0y,
(kZ)i,j :T+’ (kS)i,j :%, (k4)i,j :T+_
e
(i, j-1)
>
i-1,j-1 i, j-1
(i-1,j-1) (i, j-1) i vors
0 S L
Y (i-1,) (i,J) (i+1,))
O j+1 oOit j1
o ) »Y
(i-1,j) (i j)
(i,j+1)
v Y
Fig. 1. The cell location of the relative to the Fig. 2. The arrangement of nodes relative to cells

adjacent nodes

The boundary conditions for the first subproblem of wave hydrodynamics (8), (9) take form:

u(x,y,t)=a, u+p, ., vi(x,y,t)=a, V+5,,

uxyt)=a, U+4,,, v(xyt)=a, V+5,,. (12)

We integrate equation (8) over the region D, and use the property of linearity of the integral,
as a result of which we obtain:

([ =——"dxdy+ [ uu;cxdy + [[ vu;dxdy = [] (), dxdy + [ (7u; ), cecy (13)
Dy 4 Dy Do Dy Do

After calculating separately each of the integrals we obtain:

”u";udxdym (ko)ijﬁua;udxdy:(ko)ijuhxhy. (14)
Dy T ' Oy T ' T

The second integral in expression (13) may be written in the form'
ﬂuu dxdy = Huu dxdy+”uu dxdyD ﬂuu dxdy+ Huu dxdy .

Calculatlng the integrals over the regions €, and Q,, we obtain
(kl)i’j Ui+u2,jhy (ui+1,j _ui,j )"‘(kz )i,j ui—1/2,jhy (Ui,j _ui—l,j )
5 :

We calculate the integral on the right-hand side of expression (13):

(15)

”uu;dxdy =
Do
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] Cuauy; dxdy = [[ (eau); ey + [ (pau ), dxcy -
Dy D D,
In the last equality, let us assume that S, > S, , where we select from the region D, fragment

D, ,, adjacent to the region D, , and S, = SDl (Fig. 3).

_U(yu)dxdy— ﬁ (pu!). dxdy + jj (1’ dxdy [

D, ,UD,
0 ((kl)” )H(yu ), dxdy + (K jj(yu ), dxdy .

As aresult, we get:

Uisg, j — Ui j Ui — Ui
”(ﬂu;);dXdyD [(kl)lj Hivvz,j %_(kZ)i,j Hiaz, - h -
Do » X
_((kl)ivi‘(k ) )”u(“ux Li A )jhy- (16)
.
DZ .D1’2
P—
v Y

Fig. 3. The scheme of the domain filling

In case, if S, > S , the result will be similar. Substituting into equation (13), the expressions
(14) - (16), we readily obtain:

n+o n

ute —u’
(ko)i i %hxhy +((kl)i’j ui+1/2,jhy (uiﬂyj _ui,j)+(k )I i UI 42, y i | oy )/2+
k )| ]V, J+1/2hx (ul j+ ul ])+(k )I JVI J_1/2 ,' ,J_l )/2
|+ Ui’- ui,' _ui—,'
( i Hiryz,j : Jhx : _(kZ)i,j Hiy,j Jh—xll— (17)
U — U
( )lul j (au X, j U,x))hy +{(k3)i,j ﬂi’jﬂlz%_
y
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U —u
_(k4)i,j -2 Jh—Jl_((k3)i,j _(k4)i,j )ni,i (au,yui,j +ﬂu,y)} h, .
y
If we divide the obtained expression by the area of the cell h h we are coming to:
uin,+'Cr _uir,]' Ui, Jj _Ui,' ui,' _ui—,'
(ko)i’j J71"'“(1)” Uiz, j lé—hxj+(k2)” Uiy, JTX“
U ja — Ui U — U - Ui — Ui
+(k3)i,j Vi, sz J21hy : +(k4)i,j Vi,j—llijyjl :(kl)i,j Hisypa, %‘
ui,' —U_ N au,xui,' + Pux
—(kz )i,j lui—lIZ,j Jh—flj_((kl)i‘j _(kZ)i’j )#i,j hj—x+ (18)
Ui i — Ui Ui i — U o a, Ui+ B,
+(k3)i,j Thi jsu2 %_(kdi,j i j-12 jle_((k3)i,j _(k4)i,j )77i,j %
y y y

In a similar way, one can obtain discrete analogs for equations (9)-(12). In order to simplify the
recording of equations, a «mask» of the boundary condition m, ;is introduced. The parameter m, ;

takes the value 1 if the node (i, j) belongs to the boundary nodes set located in the border region
where slip occurs with friction, otherwise m, ; = 0. The discrete model of the hydrodynamic problem

may be represented by the following grid equations [16]:
— for the component of the velocity vector u; ; under slip condition:

12 n+o/2 n+o/2 n+o/2
uinJ_ra _u_n' u'n+a_ —u™ un —yte
v (] n I+l,j I,] n (] I—l,j
(kO)i’j r +(k1)i’j ui+1/2.j 2hx +(k2)i'j ui—1/2.j 2hx +
u_nJ_ro-IZ _ u.m_-o-lz u_nJ_rJIZ _ u_nJ_ro-lz
n i, j+l ] n i ij-1
+(k3)i1jvi,j+1/2 2h +(k4)i,jvi,j—l/2 2h -
y y
n+o/2 n+o/2 n+o/2 n+o/2
—(k ) Ui — Ui —(k ) Uiy —Uigj n
=) Hivvz, hZ 2 )i j Hi-vz,j hZ
X X
u_m_—o-lz _u.m'-a/Z u'm_-o-lz _u.m'-a/Z r
i,j+l i,j i,j i,j-1 X .
+(k3)i,j Hi jiar TR _(k4)i,j Hi -2 2 _‘(k3)i,j _(k4)i,j‘ h M
y y Phy
under sticking condition:
n+o n n+c/2 n+ol2 n+ol/2 n+ol2
ui,j (kO )i,j LIi,j k n ui+l,0j - i,ja k n ui,jg _ui—l,aj
u.n-{-O'IZ _ u_m_—o-/z u.n4.-0'/2 _u_m_-o-/z
n i, j+l ] n i ij-1
y y
n+o/2 n+o/2 n+o/2 n+o/2
_ ui+1,j - ui,j ui,j - ui—l,j
= k1,2 cHi) 2 - k1,2 CHis 2 +
i,] h i,] h
X X
n+o/2 n+o/2 n+o/2 n+o/2
+(k ) Ui ja —Ui j —(k U —Ui
34); Hi i hZ 34 ); Hij_12 hZ '
y y
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(ko) =min{(k), (ko) b (ke =min{(K), (ko) )

— for the velocity vector v, ; component under slip conditions:

Vn+a _Vn n+o/2 _ n+ol/2 n+ol/2 _Vn+cr/2
i ij n i+1, j ij n i i-1,j
(kO)i,j r +(kl)i’j ui+1/2,j 2h +(k2)i1j ui—1/2,j 2h +
X X
V_nJ_ro-/2 _V'm_-o-lz V_nJ_ro-lz _V_m_-o-/2
L j+1 i,j n i,] i,j-1
(k). Vg (k) VR,
ij i,j+1/2 4/i,j i,j-1/2
2h, 2h,
n+o/2 n+o/2 n+o/2 n+o/2
—(k ) Vii,j —Vij —(k ) Vi —Viaj n
=K )i Hisvz, hZ 2 )i j Hi-uz,j hZ
X X
V_nJ_ro-/Z _V_nJ_ro-lz V.m.-O'IZ _V_nJ_ro-lz r
i, j+l i,j i,j i,j-1 y .
+(k3)i,j K, jiar2 Tz _(k4)i,j Hi v Tz _‘(ki)i,j _(kZ)i,j h M ;s
y y ,0 X
under sticking condition:
V_n“_'o' _(k ) V—n . n+ol2 _\,n+ol2 vn+0'/2 __\htol2
i 0Ji,j "ii n i+1, ij n ij i1, j
T +(k1,2 )ij ui+1/2,j 2hx +(k1,2 )ij ui—1/2,j 2hx +
V_m_—o-/2 _V_m_-o-/z V'm_-o-/2 _V'n+_-o-/2
Lj+1 i,] n i,j i,j-1
H(Ke), Vs (R A .
y ||J ,j+l/2 3,4 I,J I,J—1/2
2h, 2h,
n+o/2 n+o/2 n+o/2 n+o/2
—(k Vi j —Vij _(k Vi —Viaj "
=\Fu2),  Hivwz hZ 12 ), Hi-wz, | hZ
' X ' X
n+o/2 n+o/2 n+o/2 n+o/2
+(k ) Vijn —Vij —(k Vi Vi .
34); 5 Hi i hZ 34); Hi i1z hZ )
y y
— for calculation the pressure field:

Rus-Ry oy Pu-Pu. oy Rua-R, R
(kl)i,j%_(kZ)i,jjT“+(k3)i,j%_(k4)i,jjTJl:
X X y

B[(kl)lj uieron _(kZ)i,j uin—+1162.j + (kz)i,j _(kl)

h h R

X X

. (k3)i’j Virj]-rfl,z —(k4)i,j Virj]:fUZ N (k4)i,j _(kS)i,j Vi,jJ ;

h h

y y
— equations to refine the velocity field by pressure:

ury - u PIA R RYR
(kO)i,j % = _((kl)i,j W"'(kz)i,j W '

V_nﬁ_-l _V_nJ_ra P_n.+1 _ P_n_+1 P_n_+l _ P_n_+1
(k) =t == (k) = (), o .
H T b 2hp 1 2hp
It is shown that the order of approximation of the system of equations is O(r+ h? + hj) . The

sufficient condition for the stability of the scheme for the method of «corrections to pressure» is
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determined on the basis of the grid maximum principle [17] with spacing values restrictions:
2u 2u

u

h <

X

,hy<

or Re<2N, where Re=u-Il/ u is the Reynolds number, u is the velocity of

the aquatic environment, | is the characteristic size of the region, x is the turbulent exchange
coefficient.

To solve the grid equations obtained, an adaptive modified alternating-triangular method of
variational type was applied, which is advanced variant of SSOR method.

Taylor-Couette flow. Let us consider the steady flow of fluid between two infinitely long
coaxial circular cylinders

U, + VU, =—p P+ AU, WV, + W, =—p P+ AV, [T <n, r=x"+y°.

Suppose, on the internal side, the rotation speed is |u||r:rl =u,, on the external side, the rotation
speed is |u||r=r2 =u,. The polar coordinate system was introduced to solve the problem
(x=rcosé, y=rsing)

ou, U, ou, Uy 10P [a (1a(rur)j+ 1%, 2 augj
o

u, L0 — ==L
or rof r p or or\r or r’ 06> r* o6

"or rof r rp oo

2
y Qo Up Oy U, 1 OP B 2 (10(ruy) +%au§+% u |
or\r or r-o0° r° o0
Taking into account that v, =0, v, =v,(r) and P =P(r), we obtain:
1P o(1a(m,))_
por v orlr or

The analytical solution of this system of equations is:
U, (r)=cr+c,/r, P(r)= P(rl)+pj(u§/r)dr.

To compare the results of numerical calculations with the analytical solution, we take

L=5m,r,=10 m, u, =1 m/s, u, =0.5 m/s.

In this case, the analytical solution takes the form

u,(r)=5/r, P(r)=P(r)-125p/r*+p/2.

The analytical solution in the Cartesian coordinate system takes the form

Sy 5X 125p
u(x,y)=————, v(x,y)= , P(x,y)=P(r)-———=+p/2.
(1) =g V) =z PO =P(E)

Results of numerical experiments. The problem of finding the numerical flow of a viscous

fluid between two coaxial cylinders (x>0) is considered. The inside cylinder radiusis r, =5 m. The

outside cylinder radius is r, =10 x. The calculated domain is inscribed in a rectangle with dimensions
10x20m (0<x <10, —10 < y <£10). In the section of the cylinder by the plane x =0 sets the velocity
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field u(0,y)=-5/y mis, v(0,y)=0 mi/s. Inall other grid nodes, the velocity field is calculated. On

the inside and outside walls of the cylinder, the conditions for slip and non-flow are specified.

Defects of numerical solutions are most clearly visible on coarse grids. We describe the
parameters of a coarse grid. The steps in the spatial directions are 1 m, the time step is 0.1 s, the mesh
size is 21 x 11 knots, the length of the counting interval is 10 s, the density is p =1000 kg/m?, the
turbulent exchange coefficient is z=1 m?/s. Fig. 4 shows the contents of an array describing the
degree of filling of cells in the case of using the grid of 21 x 11 nodes.

0 1 2 3 4 5 6 7 8 9
0 0.983| 0.883| 0.678| 0.362 0.03 0 0 0 0 0
1 1 1 1 1| 0.894] 0.344 0 ] 0 ]
2 1 1 1 1 1 1 0.59 0.01 0 ]
3 1 1 1 1 1 1 1 0.59 0 0
5 1 1 1 1 1 1 1 1| 0.344 0
5 0.034 0.24| 0.683 1 1 1 1 1| 0.894 0.03
6 0 0 0] 0.453 1 1 1 1 1] 0.362
7 0 0 0 0] 0.683 1 1 1 1| 0.678
8 0 0 0 0 0.24 1 1 1 1| 0.883
9 0 0 0 0] 0.034 1 1 1 1| 0.983
10 0 0 0 0] 0.034 1 1 1 1| 0.983
11 0 0 0 0 0.24 1 1 1 1| 0.883
12 0 0 0 0] 0.683 1 1 1 1| 0.678
13 0 0 0] 0.453 1 1 1 1 1] 0.362
14| 0.034 0.24| 0.683 1 1 1 1 1| 0.804 0.03
15 1 1 1 1 1 1 1 1| 0.344 ]
16 1 1 1 1 1 1 1 0.59 0 0
17 1 1 1 1 1 1 0.59 0.01 0 0
18 1 1 1 1| 0.894] 0.344 0 ] 0 ]
19| 0.983| 0.883| 0.678| 0.302 0.03 0 0 ] 0 ]

Fig. 4. The values of the filling of cells for the grid of 21 x 11 nodes

Fig. 5 shows the numerical solution of the problem of fluid flow between two coaxial cylinders.
The color shows the flow of fluid |k,ul|.

Fig. 5. Numerical solution of the problem: a) in case of partial filling of cells,
b) in case of piecewise rectangular interface between two media

Fig. 6. a) shows that the solution of the problem of fluid flow between two coaxial cylinders,
obtained on grids that take into account the filling of the cells, is sufficiently smooth. Fig. 6. b) shows
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the solution with defects associated with piecewise rectangular approximation of the interface
between two media.

Fig. 6. The error distribution obtained as the difference between the numerical and analytical solutions of the
problem: a) in case of a smooth boundary, b) in case of a step boundary

Fig. 7 and 8 show the errors in the numerical solution of the problem of fluid flow between two
coaxial cylinders on grids taking into account the filling of the cells (in case of a smooth boundary)
and on grids with piecewise rectangular approximation of the boundary. For numerical investigation
of the accuracy of the proposed schemes, a solution is found on a sequence of condensing grids. Fig.
8 presents the numerical solution of the initial problem of fluid flow between two coaxial cylinders
on more detailed grids of sizes 21 x 41 and 41 x 81 knots.

,4
[~

02t s
Au,p/c L0 . o-b

0.15F° . . :
° )

eg

. °
0 L] I \. :. I L) ° L L] .' . .I=' L. L
5 55 6 6.5 7 75 8 85 9 95 rm10

Fig. 7. The dependence of the error from the radius: a) in case of smooth boundary, b) in case of step boundary

Fig. 8. The numerical solution of the problem: a), c) in case of using partial filling of cells; b), d) in case of
stepped interface between two media; a), b) dimensions of the computational grid 21 x 41 knots; c), d) dimensions of

the computational grid 41 x 81 knots
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Fig. 9 shows the error values of the numerical solution of the fluid flow problem, depending on
the radius (circles indicate the error in case of a smooth boundary, circles indicate the error in the
case of a step boundary).

02f a ° 1 o2f
Au,m/c . A,y
o3 X
0.15F ° o %015
Ll o 8
o Q
o 8 ]
01 , & ° =o o1t
o %@ 0;5 8 ]
. R AT I
a o g B et P
0.05F oo 20 w0 30§ 4 005
o o g @ 5 b
]
o 8
]

5 6 7 8
Fig. 9. The dependence of the error in the solution of the problem of fluid flow between two cylinders from the
radius on a grid of dimensions: a) 21 x 41 knots, b) 41 x 81 knots

9 M 10

Fig. 7, 9 show that the increase in the size of the calculated grids for the problem of flow of the
aqueous medium does not lead to an increase in the accuracy in case of piecewise rectangular
approximation of the boundary, but to a decrease in the linear dimensions of the border region where
the solutions of the solution associated with rough approximation of the boundary are manifested. It
should also be noted that when using grids taking into account the filling of cells, the error in the
numerical solution of model hydrodynamic problems caused by the approximation of the boundary
does not exceed 6% of the solution of the problem.

Table 1 presents the error values of the numerical solution of the fluid flow problem between
two coaxial cylinders obtained from a sequence of condensing computed grids 11 x 21, 21 x 41, 41
x 81, and 81 x 161 nodes in case of a smooth and stepped boundary.

Table 1. The error in the solution of the problem of fluid flow between two cylinders

Grid dimensions 11x21 | 21x41 | 41x81 | 81x161
The maximum error value in the case of a smooth boundary, m /s 0.053 | 0.052 | 0.058 | 0.056
The average error value in the case of a smooth boundary, m/ s 0.023 | 0.012 | 0.006 | 0.003
The maximum error value in the case of a stepped boundary, m/s 0.272 |0.731 | 0.717 | 0.75
The average error value in the case of a stepped boundary, m /s 0.165 | 0.132 | 0.069 | 0.056

The analysis of the error calculating results of the numerical solution of the problem of fluid
flow between two cylinders on the sequence of condensing grids presented in Table 1 allows us to
conclude that the use of difference schemes taking into account the filling of cells is effective. The
grid splitting by 8 times in each of the spatial directions does not lead to an increase in the accuracy
that solutions obtained on grids taking into account the filling of the cells possess.

Conclusion. The paper considers the problem of searching the numerical flow of a viscous fluid
between two coaxial half-cylinders. Analytic solution describing the Taylor-Couette flow is used as
a standard to evaluate the accuracy of the numerical solution of hydrodynamic problems. The
simulation was performed on a sequence of condensing computed grids of sizes 11 x 21, 21 x 41, 41
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x 81, and 81 x 161 nodes in cases of smooth and piecewise rectangular boundaries. To improve the
solution smoothness we used grids taking into account the filling of the cells.

In the case of piecewise rectangular approximation the error of numerical solution reaches 70%.
The grids taking into account the filling of cells reduce the numerical solution error to 6%. It is shown
that crushing the grid by 8 times in each spatial direction does not lead to increasing the accuracy
solutions whereas the solutions accuracy obtained on grids taking into account the filling of cells
significantly increases.
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B pabGote paccmaTpuBaercs pa3BUTHE M NPUMEHEHHE METOJa ydeTa 3al0JIHEHHOCTU
MPSIMOYTOJIbHBIX SY€EK MaTepUalbHOM Cpenoi, B YACTHOCTH, >KMJKOCTHIO JJSi TOBBIIICHUS
[JIaJJIKOCTH ¥ TOYHOCTU KOHEYHOPA3HOCTHOTO PELeHUS 3a4a4 THAPOJUHAMUKH CO CJIOKHOM popmoit
IPaHUYHON MMOBEPXHOCTH. J[J1s nccieioBaHUsT BO3MOXKHOCTEH MpeIaraéMoro MeTo ia pacCMOTPEHBI
JIB€ 33714l BBIYUCIUTEIBHON THIPOAMHAMUKH — MPOCTPAHCTBEHHO-ABYMEPHOTO TEUYEHMS BS3KOU
KUJKOCTH MEXIY IBYMsI COOCHBIMH MOJYLUIMHAPAMHU U MPOCTPAHCTBEHHO-TPEXMEpHasl 3ajada
BOJIHOBOM TMJIPOJIMHAMUKYU — PACIPOCTPAHEHHsI BOJIHBI B TPUOPEKHOM 30HE U €€ BbIXOJa Ha CYIY.
Jlig pemieHUs TMOCTaBJIEHHBIX 3a/lad HMCMOJB3YIOTCS MPSMOYTOJbHBIE CETKH, YYHUTHIBAIOLIHE
3al0JJHEHHOCTh slueeK. AMNMpOoKCMMalusl 3a7ad 10 BPEMEHH BBINIOJHEHA Ha OCHOBE CXEM
paciueryieHus: mo (U3UYECKUM IpoleccaM, a Mo MPOCTPAHCTBEHHBIM MEPEMEHHBIM — Ha OCHOBE
MHTErPO-UHTEPIOSAIMOHHOTO METOAA C YYETOM 3all0JIHEHHOCTH siueek U 0e3 ee yuera. J[Jis olleHKu
TOYHOCTH YHCJICHHOTO pPEIICHUs MEePBOH 3a7jauu B KaUeCTBE 3TAJIOHA UCIOJIb3YeTCsl aHATUTUYECKOE
pewenue, onuckBaromee TedeHue Kyasrra-Telnopa. MoaenupoBanue MNPOU3BOJAWIOCH Ha
IIOCJIE0BATEIBHOCTH CTYILAIOIIMXCSA PACUETHBIX CETOK pazmepamu: 11x21,21x41, 41x81 n 81x161
y3JI0B B Cllydae MPUMEHEHHs] MeToJa U 0e3 ero MCHoJib30BaHusA. B ciydae HemocpeacTBEHHOIO
WCIIOJIb30BAHUS TPSIMOYTOJIbHBIX CETOK (CTYMEHYaTOM anmpoKCHUMAallMd T'PaHUI]) OTHOCHTENbHAs
MOIPEIIHOCTh pacueToB pocturaer 70%; mpu Tex ke yCIOBUAX HCIOJIb30BAHHUE MPEIaraeMoro
METO0/1a MO3BOJISIET YMEHBIIUTh MOTPEHIHOCTh 10 6%. [lokazaHo, uyTO IpobiieHue MPsIMOYroJIbHON
CeTKU B 2-8 pa3 MO KaXJOMY M3 IPOCTPAHCTBEHHBIX HANPABICHHI HE MPUBOJAUT K TAKOMY XKe
MOBBIIIEHUIO TOYHOCTH, KOTOpPOW OOJIaJalOT YHUCJICHHBIE pEIIEHHUs, IOJyYeHHBIE C Y4EeTOM
3a0JIHEHHOCTH STYEEK..
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