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Oepinren pazpsarap canbl 100-men 200-re meiiH >KorapiaraHia CyJIarbl KOPIHETIH >KapPBIKTHIH
xyThlTy Kepcetkimi 0,0693-ten 0,0136-ra neitin TemeniereHin Oaiikayra 601abl.

Kazipri kydre peitinri Oenrii OoiFaH Ccyapl Tazajay >KOHE OHBIH (PU3MKA-XUMHSIIBIK
cUMaTTaMallapblH JKaKcapTy o/licCHaMallapblHa Tanaay >Kypri3iini. CyablH 3JIEeMEHTTIK KypamblHAA
KaTTBUIBIKTBIH ~ a3alFaHABIFBIH  JKOHE CYIBIH OKYMCAapFaHIBIFBbIH Oalikayra Oomamel.  byn
rpaduKkTepeH 013 MEKTP Pa3pAATTHIH Cy KATThUIBIFBIH TOMEHETYTE OH 9CEp €TKEHITH KopeMis.

Cy xoiManapblHaH aJbIHFAaH CYy VJITUIEpIHE, apbIK COYJIEPIHIH JKYTBUTY JTOPEXKECIHIH
©3repiCiHe 3JIEKTPOUMITYJIBCTIK Pa3psAATAp CaHBIHBIH OCEpiH 3epTTey HOTHXKEJIEepiH aybul
MIapyalIbUIBIFBIH KOHE OHEPKACINTEepHAi Ta3a CyMeH KaMTaMachl3 €Ty MOceleNiepiH MHIenryse
KOJIJaHyFa Ooajbl.
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Copper melt’s flow numerical modeling into account design of liquid metals

Computer simulation of melts’ motion, which are widely used in metallurgy in the production
of ferrous and non-ferrous metals, is. impossible without considering mathematical aspects of
solving the hydrodynamics’ equations [1-6]. In order to describe a melts’ motion in given book the
continuity equation and the Navier-Stokes equations are considered, which are a consequence of
applying conservation of mass and momentum to the elementary volume of liquid. Only way to
check what Navier-Stokes equations actually provide for describing melt motions is, first of all, to
conduct a rigorous mathematical analysis of the boundary value problems’ solvability posed for
them in hydrodynamics. Now consider melt’s flow in an inclined chute. Equations general view is
given in work [1].For a particular design, you can interpret and write them as follows. Direct axis
Oz by chute axis, assuming that chute’s design is infinitely, and the melt’s flow is directed along
chute’s axis So that three velocity components u, D, W, is left only one W, therefore u =0,

v=0. Let melt’s flow be isothermal, then density p and viscosity coefficient = const.
Hence, the Navier — Stokes equations are written in the form:
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Thus, as can be seen from the system of equations (1), velocityw, represents a function of
only coordinates x,y, besides that, pressure function p is a function of z. In other words, if we

conduct normal to the axis of the chute section, then the velocity in all such distributions sections
are same. The pressure changes only from section to section, keeping the same value in this section.
Such movements are called established.

Based on (1) we obtain equation:

2 2
d_p:ﬂ ow 0w )
dz ox> oy’

The right side of (2) represents a function of x, y, then the left side is a function z. When

coordinates are independent of each other, this can be observed only in the case when the left and
right sides of the equation are constant separately. From the hydrodynamics main provisions
follows:

ap _ _Ap
dz /

2

where Ap — pressure dropping in an arbitrarily selected area, ¢ — chute’s length. Besides that

due to the melt’s free surface presence in the chute, pressure is equal to atmospheric. Since chute is
inclined to the horizon at a certain angle ., thena volume force arises, a projection of which onto

the axis Oz isequal to F =ggsina= % Then the motion equation (2) in the direction Oz
: &

takes the form:

2 2
u(g):+§;;;}+pgsina=0. 3)

To solve obtained equation, boundary conditions are necessary. These conditions will be
determined by melt’s sticking to the chute’s bottom and the friction’s absence on the melt’s free

surfaces~Let us denote the flow’s depth through /4, and the width through  /,. Then the
problem’s boundary conditions are written as follows:

w=0 at y=0,

a—W:O at y:hl’ (4)
dy
ox
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Thus, the equation 3) with boundary conditions (4) will describe a melt’s flow process in
concrete designs of chute’s type. This model is built for melting equipment of the SCR — 2000 line,
sketch of which is presented in correspondence with Picture 1.

L
7

Melting Upper Upper Mixer Bottom
oven chute slag collector chute

Picture 1 - Sketch of the melting equipment SCR — 2000 line’s location

Calculations are made for the lower chute with an inclination angle of 3°. Cross section of the
lower chute is presented in correspondence with Picture 2 and shows the melt’s level in it.
Numerical parameters are determined by following calculations: the segment’s area is

S = W, where [— arc length, a— chord, h—  segment

arrow: a = 834, h = 18un,1 =~ \Ja® + (1647 /3)= /832 + (16 - 187 /3) = 92 8unt.

[92,8 . 1125 — 83(1125— 18)}
Hence g — =1029 ym?.

2
Then second melt’s flow velocity is 0 =361 With this taken into account it is possible to
C

determine average melt’s flow -velocity, which is equal to v, — 0,452, Constant step sizes
C

Ax=Ay=0,02. were used in the calculations. Time step in the calculations was chosen to be equal to
At =0,001.
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Picture 2 - Section of lower chute
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Established results for the velocities profiles © and u melt’s flow profiles in the flat
channel are presented in correspondence with Picture 3.

F 9

v

Picture 3 - Profiles a) - transverse p and b) longitudinal / 7. velocities

Established flow attainment required 3000 steps. Analysis of obtained results shows following
facts regarding accuracy of applied numerical calculations. Firstly, when calculating the flow in
input cell of lattice, calculation error leads to a mass loss of 8-9%. As soon as we reduce cell size by
10 times, the mass loss is reduced to 4-6%. When calculating with great accuracy taking into
account boundary conditions peculiarities, it was necessary to use a special numerical scheme.

Secondly, the maximum velocity on the current’s centerline is equal to (g3 Which is

C
approximately on 15% higher than experimental value. Obtained results show that proposed
computational scheme is quite economical and without special problems it can be used for
calculating the flow at sufficiently small Reynolds numbers.
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