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ABSTRACT

Today's dynamic simulations of mass transport processes are powerful and widely used, e.g. by the space industry
and in the advanced control systems on modern plants. Yet, we still make little use of dynamic modeling of
complex thermochemical processes. Apparently, there is a growing demand for the more advanced modeling of the
real, practical problems such as the three-dimensional flow fields and multi phase flows. Despite their close
relevancy to numerous technologies they are relatively little known. Such processes are common and are widely
used, e.g., in metall and ceramic industry, to form and/or finish various elements that may later undergo the thermal
and/or ageing treatments. Modelling of the flow in such processes represents several major challenges since the
flow is inherently transient, includes a free surface and different forms of transport, e.g., diffusion.

This work will show the simulation of such complex mass transport process namely, the deformation
(flow) of high viscosity compressible phase in forming unit or as a result of impact. The mathematical model of the
process allows to examine the effects of the nonuniform distribution of the diffusing element at the external
boundaries, the geometry and the influence of flow rate. An obvious simplification is an assumption that phase is
compressible and amorphous, i.e., the Newtonian compressible fluid.
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INTRODUCTION

Today's dynamic simulations of transport processes are powerful and widely used, e.g.,
by the space industry and in the advanced control systems on modern plants. Yet, we still
make little use of dynamic modeling of complex thermochemical processes. Apparently,
there is a growing demand for the more advanced modeling of the real, practical systems.
Contrary to an extensive research on modeling of injection molding [1], the modeling of
three-dimensional flow fields is relatively little known. Such processes are common, e.g.,
in metallurgy and ceramic, to form various elements that later undergo the thermal
and/or ageing treatments. The medium is usually multi component and multi phase non
homogeneous phase, that shows very complex properties. Modeling of the flow in such
process represents several major challenges since the flow is inherently transient, includes
a free surface and material is moving — changing its geometry.

MATHEMATICAL STATEMENT AND PHYSICAL DESCRIPTION

This work will show the simulation of complex mass transport process namely, the
diffusion affected flow of high viscosity phase in the transient press or as a result of its
deformation. The mathematical model of the process allows to examine the effects of the
nonuniform distribution of the diffusing element and/or temperature dependent viscosity.
Moreover the geometry of the deformed element and the influence of lubricant on the
surface friction can be studied. An obvious simplification is an assumption that the phase
is Newtonian compressible fluid.

We will study the behavior of fluid contained in time dependent domain Q@) c R’
during the period r€[0,,,]. Its boundary JX?) is a disjoint sum
U1 = 8r AN L 85, AN L 84, Q) of three regular surfaces: known rigid boundary,

known free boundary and unknown free boundary respectively.
We are looking for the following unknowns:

v U, {1} x Q(r) > R velocity of the medium and

D> T,8: U {t} x Qt) > R which represent pressure, density, temperature and -

density of the diffusing element respectively. They should satisfy three basic conservation
laws:

_0:’8 +div(pv) =0 ' Mass conservation law,
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v
“Y 4 pl) — Div<x .
,0( a +0 v | = Div3+ pb, Momentum conservation

law (the Navier-Stokes

3= {g((vi,j T, )— % (divv)§y' ] - [75]_., } system),

Conservation law of the
diffusing element

—%— +div(gv) - div(Dgradg)=0

where v=wv(T(t,x))and D = D(T(t,x)) are viscosity and diffusion coefficient of the of
the diffusing element in the phase, & = b(7,x) denotes external mass forces (e.g. gravity)

assumed to be well known functions of time f €[0,%,.,] and position x € Q(r) .

Moreover:

p=pp,T)=C(p—p ) +C,pT Will be utilized as the equation
. f state.
y>1 C.,C,,p >0 Of state

We assume the following initial conditions: v(0)=v,, p0)=p,, p0)=p,,

T0)=1,, g(0)=g, on (0); and for each ?€[0,#,,] the following boundary
conditions: v

) g)=8,(r) on &),
o
i) S -(0=0 on 5,00),
iii) (u(t)|nt) vanish on f;gQ(t ) in coordinate system which is stiffly attached to

the press wall,
iv) 3, =-p,, (O, on 75,1,

v)  3(Nn, =—~(3(O)n,|n,)n, is perpendicular to v(r) - (v, )n, on Fr QA1) .

where N, denotes the unit outward normal to the surface 7€X(?) . Detailed formulation
of the above problem can be found elsewhere [2].
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Figure 1 Schematic view of: a) the evolution of the medium shape,
b) the basic cell of triangulation in £(0).

DISCRETE FE/FD APPROACH

We consider an arbitrary domain ©Q < R* with regular boundary such that Re, Q) and

one-parameter family {A,}, . of planes which are orthogonal to the axis %e, such thét
M, .= {x e R:(x - heley) = 0} . Moreover we assume that
VheR VEQ TM,+T,00=R°

where 7;0Qis a plane tangent to & in the point & We assume that we know two

functions A, /1, (0,04 ] >R such that #,,(r)<h,, (), for each ¢ e€[0,4,,,] (see Fig.

1.a). Let us define

Q1= QA {x € R, x = (4, %,%,) gy (1) € Xy S by (O}, 1 €[04 ] (1)
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and distinguish the sequence of points 4., (0)=hy <h,. .., <hy, <hy,=h_(0).

Using the algorithm of two dimensional (flat) Delunay triangulation [3, 4] we attempt to
triangulate the first layer M, M €2 Next we copy this _triangulation to remaining layers
M, nQ,i=1,..,N- solving the Dirichlet problem fer two-dimensionnl Laplace

equation. Then, using nodal points from two consecutive layers we build basic cells of
triangulation (see Fig. 1.b). Each of these cell is spread to six simplexes of cubic

triangulation in a canonical way. The initial mesh is transformed to the mesh covering
CXt) for an arbitrary time instance #>0. Mesh nodes take new positions, but
triangulation topology keeps unchanged. Let us denote by £ the set of node labels,
associated with the initial mesh. Thanks to the constant topology, labelS‘re‘rnaind valid at

T

To solve the presented drﬂ‘erentral problem we use the Faedo—Galerkm ’method w1th
xc" + ! 3 ,r !

respect to the spatial vanables (see . g Thomee [5]) We wrll use the famﬂy
{X } t €N, of finite dimensional spaces spanned by Lagrange 1lh degree splmes
@p:U, {t} x () > R which are afine on every simplex and takes 1 at x, €X?),P € p

(the current position of P® node) and 0 at x, €r), Qep, P ¢Q for each

1 €[0, 2,4 1. We look for approxrmaté sofitioftir a form

e 2N ! ““’JUbJT (\} TS TARRI TN

Comrn ot wolly i oo ;
N ys !"f}':“.‘,l - N = 3 "
ZAP(I)q)P(t’x) eX,, 1 é[b ltimm]I " ,I (2)
Pep

. ! > B N .
D P T A
TSRSV EA N & EL PR

where Ap(f) €R’ represent approximate nodal values of {v,(1)},i= 1,2,3",' p(t) o0,
(), g(0).

After spatial integration we may pass to the initial problem for the system of ODE’s:

L(t)e A(t) = F(t,A(t)), A(0) = AO,A(t) {Ap(t)}

Pegp 3) .
Next we can solve the above system using one of the multi-step methods such as
Adams-Bashforth method of third degree:
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h T
Lt A —A) = E(Z3F(t,.,A,. )=16F (1, A L) +5F (15, A, ) ()
CAS=AQ), =012, 0% < fori<)

Finally we consecutively solve the linear algebraic system

LiAi+l' = Rx s f=1,2,...,‘ o ek Co s - )]
wheré
L:=L{t), R = '1_}’2-.(23F(t,.,/\',)'— 6F (1, ALY +5F (1,5, A, ) + L(OA, |

Various combinations of initial and boundary ¢conditions have been tested and for simple
geometry of the formation process. Complex simulation system will be applied in the
future for a process showing more complicated geometry, which cause significant
growth of the computation.and miemory complexity. The results show the great potencial
of the model in describing simultaneous flow and diffusion. Task migration can
dramatically improve’ cotitrol‘effect it ‘rapid ‘changes of computer performance during
one time it_e{g}ion step [6]. . | .. ; : :

AEC S LN EF TR WICHEN R IS S IS A O FPN LN

Vot gy SO VEIVG O IS FHY E

CONCLUSIONS R I T N B YT IO EIRroTe

1. The simulation of the forming process.:will .give, the. ultimate answer for the best
manufacturing parameter combinations to reduce the production cost.

2. The increased speed of computations will allow to implement process simulation as
the guideline for mixing, process parameters' adaptation and optimalization of the
process conditions in a production plant. =~

3. Task migration can dramatically improve control effect in rapid changes of computer
, performance during one time iteration step. .
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