- oy y
TR NS & Nt RAACEL SRPN _v"" .

CHEMETALURGIA e

U FY
l\\‘\

AP ""'w ‘r-:- AR
anhsh vcrsmn jl)ubl:shcd&bvs C SIDFI{OM g A

N

Quaterly

ISSN 0461-9579

CONTENTS

I Lancaw, V2 Soporan, . Lungu: The modeling of the heat transfer in the forging molds .......... 3
17 F Soporan, Vo lancau, F. Lungu: The influence of the alloy-mold interfuce on the temperature

...............................................

ficld in the metallic MOIUS cavviiiiiiiiiiiiiiiice i eeeeenees

TR

Sora Dimutrin, C. Popescu: Laboratory and industry researches regarding the suitability of the
upsctting operation implementation in technological processes of forging wooooooeeeenniinn. 15
I ALilosan: The mathematical modeling’s results of a Ni bainitic S.G. Cast Iron ..o 23

I Milosan- The influence of the heat treatment’s parameters over the microhardness’s vartation

of 2 bainitic S.G. CaSt Irom c.uueveeeeeceiiiiinrecariirenernneiereaciainiiierencsanes 27

tsssssssssssssccnncem

Teodora Sabaw, F. Hutanu, Elena Dragulanescu: The actual stage using ceramic filter voovnnennn. 32

D. Constantinescu-The thermal yield coefficient at cooling of same metallic materials in liquid

EIECUIA o onoessessssasssssnanssssssssssssssassssssssssssosssssassssnsasstesssietsitstateetaastanatasanssasssssssancens 43
1© Soporan, C. Vamos, C. Pavai:Numerical simulation for technological interpretastion of )

sOlidifICIoN Process CASHINES covvureriirorieroreriosiiissirirnarisinisiintnasses




Metalurgia, voLIL QIR0 ) Mo 53

NUMERICAL MODELING OF THE CAVITIES DURING THE ALLOYS SOLIDIFICATION

Eng. V.Soporan = Technica) Unlwniq ‘of Cluj:Napoca, eng. C. Vamos - “T.Popoviciu” Institute of
Numerical Analysis CluiNanosis eng. G Pavai=C Center.of Weather Forecasting Cluj-Napoca

ABSTRACT

The shrinkages cavity can be caused by the increase of the alloy mass density during its solidification e
assoctared decrease of the volume occupied by the solidifying alloy creates a pressure gradient which draws the
ligund prom the neighboring regions into the solidification fromt. In this paper we present a numerical algorithm for
the shrmkage caviry simulation assuming that the liquid alloy can flow through the mushy region without any
opposition. This algoritm is attached to a tree-dimensional numerical model for alloy solidification using Jinite
diterence method and neglecting the alloy flow. To experimentally verify the numerical algorithm, we have chosen
pure lumimum whose mushy region can be neglected and which has a great variation of density at solidification Be
have used a shrinkage test piese, with cylindrical symmetry affected by a lurge shrinkage cavity.

KEY WORDS: Solidification, shrinkage cavity, numerical simulation, finite difference method

technological etements takes place by conductvuy. w
accordance with the Fourier equation. The temperature
and solid fraction are determined from the total heat
balance, in which the boundary conditions are also
included (Dirichlet, cauchy and Neumann conditions)

The formation and the repartition of shrinkages arc
obtained by the decrease of the volume ol the
soliditiedd alloy that is compensated by a liguid tlux. It
is considered that the mushy zone does not represent an
obstacle for the flow of the liquid alloy. The decrease of

1. INTRODUCTION

The shrinkage cavity can be caused by the
increase of the alloy mass density during its
sohdificattion . Numerical model of the volume
contraction is part of the numerical model of casting,
claborated by the authors of this paper, presented in the
previous paper [1-4]. The model has a high degree of
generahity. The problem is approached three-
dimensionally taking into account the alloy flow, the

termal phenomena and the volume contraction with the
tormation of the shrinkages.

2. THE CARACTERIZATION OF THE MODEL

The technological complex is defined in three-
dimensional — system  (cilinrical — or  rectangular
coordiates). The model takes into account several
technological domains: casting-alloy (alloy in liquidd
phase, intermediate phase and solide phase), mould,
feeder, internal chill, surface chill, and chill in mould.
The model takes into account the release of the latent
heat according to the lever rule  and  the  transport
of  heat in

the volume of the solidified alloy creates a pressure
gradient which propels the alloy in the neighbourhood.
If the mushy zone allows the flow of the liquid alloy,
then the shrinkage is formed by the descent of the tree
surface of the liquid alloy in contact with the mushy
zone. Otherwise, in the mushy zone discontinuttics are
formed.

In the numerical algorithm for the simulation of
the formation of the shrinkages, it is tahen mto account
that the mushy zone allows the passage of the liquid
alloy. The algorithm is
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attached 1o a numerical model for three dimensional

soluhiticaton m fimite difference, in which the flow of

the alloy s neglected. For each time step the following
operations are made

- the idenufication the cells through which
the masse flux for the compensation of the
volume contraction during the sohdification
can take place,

- the calculation of the increase of the masse
m the cells with alloy in the course of the
solidification;

- according to  the mass conservation
principle, the mass increase calculated in
the previous step, is compensated lowering
the free surface level of the liquid alloy
volume in contact with the cells in the
course of solidification.

3. THE TECHNOLOGICAL STRUCTURE
The study 1s made for spherical test (fig.1).
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Fig. 1. The vertical section of spherical test (a) and
its discretization network (b)
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The analysis has been made in  three-
dimensional  ¢ylindrical  coordinates.  For  the
discretization we use 35 variable steps on Ox-axis, 60
steps on Oy-axis, and an angle step of Ap=n/9. The time
step is 0,02 seconds. For the experimental test we used
aluminium with a negligible mushy zone and with a
signifiant variation of the density at solidification. The
pouring temperature for aluminium is 760 oC and the
temperature for mould is 20 oC. The physical properties
are: roll=2380 kg/m3, roll=2702 kg/m3, clI=1050
Jkg.grad, clis=100J/kg.grad, kapall=100W/m grad,
kapals=170 W/m grad, ro2=1600 kg/m3, c2=1100
J/kg.grad, kapa2-0,51 W/m.grad, L=398000 J/kg,

4 THE ANALYSIS OF THE MODELING
RESULTS AND THE COMPARISON WITII
EXPERIMENTAL DATA

Figure 2 presents the evolution of the
solidification front and the forming of the shrinkage for
the numerical simulation and the experimental and
numerical results are presented in table 1.

1=90 sec,

1=120 we
Fig.2. The solidifcation front and the profile of the
shrinkage
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The experimental was made using aluminium for
the casting of a spherical testin a green sand mould with
a ring of steel at the top. The time of filling was 10 sec.
And 1t was neglected. After 30, 60, 90 sec. the mould
was destroyed, the unsolidified alloy was scparated
fiom the sohdified crust. By this procedure we obtaine
the information on the evolution of the solidification
front, and on profile of the shrinkage during its

lormation.

Ixcepting the initial phase of the solidification
process, the experimental and numerical results are in
good agreement. The differences in the first phase of the
process are explainable by the fact that the flow of the
liquid alloy during the mold filling is neglected.

The numerical results indicate that during the
cooling of the cast, the heat is transported mainly
through the solidified parts of the alloy and not through
the mold. This behaviour is explained by the great
dilference between the thermal conductivity of the alloy

and the mold.

. The comparation of experimental and numerical results
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Table 1

sec., mm

BN N
No f}Ildl‘vde parameter Experimental result Numerical result
1. | Solidification time, sec. 219 207 B
2. | The height of the superior solidified part after 30 | 34 50
sec., mm
3. | The height of the superior solidified part after 60 | 57 65
sec., mm .
4. | The height of the superior solidified part after 90 | 67 75

The height of the superior solidified part after 120
see.
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Ful casting Ful casting




