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Modeling is an essential and inseparable part of -
scientific work, and many scientific disciplines have [
their own ideas about specific types of modeling. A '~
scientific model can provide a way to understahd e
ements easily which have been broken down tona si
pler form. 1

The COMSOL Multiphysics simulation envine
ment facilitates all the steps in the modeling proeess
defining geometry, meshing, specifying physicsysol o« -
ing, and then visualizing results. It also serves as ¢ l5
platform for the application specific modules.

In this work the continuous casting processfis-si - =
ulated using two stationary modes of COMSOLIMu LH :
tiphysics: General Heat Transfer and Weaklymzo s ,
pressible Navier-Stokes.

This work simulates the process of continuous
casting of a metal rod from a melted state.To optimize As the melt cools down in the mold it solidifies.
the casting process in terms of casting rate antt cooThe phase transition releases latent heat. Furthermore,
ing, it is helpful to model the thermal and fluig-d for metal alloys, the transition is often spread out over
namic aspects of the process. To get accurate results,temperature range. As the material solidifies, the
you must model the melt flow field in combination material properties change considerably. Finally, the
with the heat transfer and phase change. The modglodel also includes the “mushy” zone—a mixture of
includes the phase transition from melt to solid, bothsolid and melted material that occurs due to the rather
in terms of latent heat and the varying physicappro broad transition temperature of the alloyand thedsoli
erties. ification kinetics.

The model is a two-dimensional axisymmetric  The process operates at steady state, because it is a

model in the rz-plane. Figure 1 shows the dimensiongontinuous process. The heat transport is described by
of the 2D geometry. The underlying reference modethe equation:

was originally developed by J. Fjellstedt. V. (—kVT) = Q_(Pcpu ’ VT) '
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Fig. 1. 2D axisymmetric model of the casting process
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where k Cp, andQ denote thermal conductivity, ep

cific heat, and heating power per unit volume, respe L (T>Ty+AT),
tively. - w’ (T, —AT)<T < (T, +AT),

As the melt cools down in the mold, it solidifies. 2AT
During the phase transition, a significant amount of 0, (T <T,—AT),
latent heat is released. The total amount of heat r . . L .
leased per unit mass of alloy during the transition is ;’alble 1 reviews the material properties in this
given by the change in enthalpv. In addition, the . :
specific heat capacityCp, also changes considerably Table 1. Material properties
during the transition. As opposed to pure metals, an PROPERTY MELT SOLID
alloy generally undergoes a broad temperature itrans p (kg/nm) 8500 8500
tion zone, over several kelvin, in which a mixture of Cp (J/(molK)) 530 380
both solid and molten material caist in a “mushy” K (W/(mK)) 200 200
zone. To account for the latent heat related to the | 1 (Ns/nf) 0.0434 |-

phase transition, replace Cp in the heat equation with
(Cp +38AH), whereAH is the latent heat of the trans
tion, andd is a Gaussian curve given by

Furthermore, the melting temperaturg, &nd &-
thalpy, AH, are set to 1356 K and 205 kJ/(kg'K), re-

2 spectively.
p( (T -T ) ) The model uses the parametric solver in combin
tion with adaptive meshing to solve the probleni-eff
(AT)?

o= ciently.
ATC\/; The plots in Figure 2 and Figure 3 display the
Here T, is the melting point andT denotes the temperature and phase distributions, showing that the
half-width of the curve, in this case set to 5 K, eepr melt cools down and solidifies in the mold region.
senting half the transition temperature span. Interestingly, the transition zone stretches out towards
The change in specific heat can be approximatethe center of the rod because of poorer cooling in that
by: area.

dT(3)=5 Surface: Temperature [K] Arrow: Velocity field Max: 1473

AH-H

T

m
Here H is the smooth Heaviside step function.
Here the laminar flowis simulated using the
Weakly Compressible Navier-Stokes application
mode. The application mode describes the fluidarelo
ity, u, and the pressure, p, according to the Navier-
Stokes equations:
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Fig. 2. Temperature distribution in the lower part of
the cast at a casting rate of 1.6 mm/s
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dT(3)=5 Surface: B Max: 1.

wherep is the density (in this case constamt)s the
viscosity, andk is the dilatational viscosity (heres-a
sumed to be zero). The source teFnis in this mal-
el used to dampen the velocity at the phase-chang
interface so that it becomes that of the solidified phase °4
after the transition.

The source term follows from the equation

1 B)Z Anush( cast) !

where B is the volume fraction of the liquid phase;
Amushande represent arbitrary constants,,(4 should
be large and small to produce a proper damping);
anduc,gis the velocity of the cast rod.

The fraction of liquid phase, B, is given by

o
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Fig. 3. Fraction of liquid phase in the lower part of
the cast at a casting rate of 1.6 mm/s
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With the modeled casting rate, the rod is fully s change occursrequires a fine discretization. The
lidified before leaving the mold. This means that theadaptive meshing technique allows for fast anduacc
process engineers can increase the casting rate witrate calculations even if the transition width is
out running into problems, thus increasing the poedu brought down to a low value, such as for pure metals.

tion rate.

The phase transition occurs in a very narrow zone References

although the model utilizes a transition half width,

1. COMSOL Multiphysics User’s Guide, Ver-

AT, of 5 K. In reality it would be even more distinct if sion 3.3.

a pure metal were being cast but somewhat broader if 2.

the cast material were an alloy with a widédr.

The model is solved using a built-in adaptive
meshing technique. This is necessary because thi®xexTpornsit

V.R.Voller, C.Prakash, Int.J.Heat
Transfer, vol. 30, pp.1709-1719, 1987.

3.  Od¢wmmmaneneiii caiir  ComsolMultiphysics
pecype]. Pexim JOCTyTIA:

transition zone-that is, the region where the phasehttp://www.comsol.cor) cBoGomHbIiA.
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BBeaenue

AHanu3 KOHCTPYKTHBHBIX CXEM COBPEMEHHBIX
TEXHUYECKMX CHUCTEM ITOKA3bIBAET, YTO OHHU, KAK 00b-
€KT HUCCJIeJIOBaHMs, HaJEKHOCTH MPEICTABISAIOT CO-
0olf  CIIOKHBIE  TOCJIEJOBaTEIbHO-TIapalIeIbHbIE
cTpykTypbl. OCHOBHasi MmpoOjieMa CO3JIaHusl WMUTa-
LMOHHOM Mojenu Ha DBM 3akiodaeTcs B CI0XKHO-
CTH OINMCAHHUs B3aMMOJCHCTBUIN 3JIEMEHTOB CHUCTEMBI
Ha sI3BIKE, ITOHATHOM OBM.

OCHOBHBIE BH/IbI COCMHEHHSI D1eMeHTOB [1]

1. TlocnemoBarelbHOE COCAMHEHHUE:

Ipu oTKa3e 1060ro MEMEHTa 0TKA3bIBACT BCS
cucTeMa; HapabOTKa J0 0TKa3a CUCTEMbI PaBHA Hapa-
0OTKe /10 0TKa3a TOTo AJIEMEHTa, Y KOTOPOrO OHa OKa-
3a71aCh MUHUMAJIbHOM:

T = min(Tj), j=12,...n,

1€ N — YHCJO0 3JIEMEHTOB CUCTEMBI.

2. TlapamienbHoe HarpyxeHHoe («ropsieey)
COCUHEHUE:

Cucrema coxpaHseT paboTOCIIOCOOHOCTD, TIOKa
paborocrocobeH XoTst ObI O/IMH dIIeMeHT u3 K BKIro-
YEHHBIX B paboTy; HapabOTKa JJO0 0TKa3a CHCTEMBI
paBHa MaKCUMAaIIbHOMY 3HAYCHUIO M3 3HAYCHUI Hapa-
OOTKHU JI0 OTKa3a 3JIEMEHTOB:

T.=max(;),j=12,.k,

rje kK — 4KCi0 IEMEHTOB CHCTEMBI.

3. TlapamienbHOe HEHArpyKCHHOE
HOE») COeMHEHUE:

PesepBHBIi 371eMEHT BKIIIOYAaeTCs B pabOTy TOJIBKO
IIPU OTKa3e OCHOBHOTO JIEMEHTa; HapaboTKa JI0 OT-
Ka3a CHCTEMBI paBHA CyMMe HapaOOTOK JI0 OTKa3a

B3JICMCHTOB.
m
T.= ZTJ ’
j=1

re M— YUCIIO 3JIEMEHTOB CUCTEMBI.
Ha pucynke 1 mpuBeaeHbl 0003HaUEHUS TPEX BU-
JIOB COCIMTHEHUH AIIEMEHTOB JIJIsI pacyeTa HaIeXKHO-

(«xomon-

CTH: a — IIOCJICJOBATCIIBHOC, 0 - napaJieJibHOC
HArpy>K€HHOC; B — apaJJICTIbHOC HCHAI'PYKCHHOC.

S R N
E—

B
P
uc. 1. Bunpl coefUHEHNH 371€MEHTOB: a — OCJIEA0BA-

TCIBHOC, 06— apaJlieJIbHOC HArpy>KEHHOC; B — I1a-
PpalICIIbHOC HCHAI'PYKCHHOC

it

Cnoco0bl onnucaHus 0JI0K-CXeM HAJeKHOCTH

CrTpyKTypa CHCTEMBI 3alIMCBIBAETCS MO 3aJaHHBIM
npaBUJiaM B TEKCTOBOM (paiisie, KOTOPBIN B AajbHEM-
IIEM MOJKHO HCIOJIB30BaTh AJISI CO3JaHMA CICIHAaIu-
3UPOBAHHOIO MPOrPAMMHOTO 00ECIIeUeHHUs 110 pacyué-
Ty THoka3arened Han&xHocTu. B nmanHo# pabore wnc-
nosnbe3yercs naket Matlab.

1. Jlng mnapamuienbHO-TIOCIEA0BATEIbHON CH-
creMsl [2].

[TepBrIit cTonOel — MOpsIKOBBIE HOMEpA JIEMEH-
TOB, BXOZISIIUX B COCTaB CUCTEMBL.

Bropoii cromben — mudpoBoil koI 3aKoHa pac-
HpeJencHNs BpEMEHH JI0 0TKa3a KaXKI0T0 IEMEHTA:

e  «l» cOOTBETCTBYeT HOPMAIBbHOMY 3aKOHY
pacnpeneneHus;

e  «2» COOTBETCTBYET 3aKOHY pacIpelelCHHS
Beiibymnna;

e «3» COOTBETCTBYET 3KCIIOHCHINAILHOMY 3a-
KOHY pacIpeieseHus;

e «4» COOTBETCTBYET JIOTHOPMAIILHOMY 3aKOHY
pacnpeneneHusl.

B Tperbem U 4yeTBEepTOM CTOJIOIAX HAXOIATCS CO-
OTBETCTBEHHO TMEPBBIH M BTOPOH KOI((PHUINEHTHI
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