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ABSTRACT The dendrite morphology is determined by the interaction between the capillarity
effect and the transports of heat and solute, and is significantly altered by the presence of fluid flow
during solidification. A lot of numerical models have been developed to investigate the effect of fluid
flow on the dendritic growth of pure materials. But up to date, only a few researches were carried out
on the effect of fluid flow on the dendritic growth of alloys. The effect of fluid flow on three dimensional
(3D) dendrite tip selection parameter of alloys remains an unsolved scientific problem. A 3D cellular
automaton (CA) model for dendritic growth of alloys was developed in this paper. 3D CA is solved in
coupling with a momentum transport model in order to predict the evolution of dendritic morphology
during solidification of alloys in the presence of flow. The dendrite growth with a forced flow in an
undercooled melt of an Al–4%Cu (mass fraction) alloy was simulated. The effect of forced flow on
dendritic growth was investigated. The results show that a forced flow affect the three dimensional
dendritic growth of an alloy significantly. The growth of the primary and secondary arm in the upstream
direction is much greater than that in the downstream direction. The growth direction of the primary
arm perpendicular to the flow direction tilted into the upstream direction. The dendrite tip of the
primary arm perpendicular to the flow direction shows an asymmetric morphology. The degree of
the tilt and the asymmetry of the tip become stronger with the increase of the forced flow velocity.
With the increase of the flow velocity the growth velocity of the upstream dendrite tip increases, the
radius and the selection parameter of the upstream dendrite tip decrease. For a given undercooling,
the effect of forced flow on the selection parameter of the upstream dendrite tip becomes stronger with
the increase of the anisotropy of the interfacial energy. For a given alloy, the effect of forced flow on
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the selection parameter of the upstream dendrite tip also becomes stronger with the increase of under-
cooling.
KEY WORDS Al–Cu alloy, 3D dendritic growth, forced flow, cellular automaton
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Fig.1 Schematic diagram of the simulation domain
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Fig.2 Illustration of the definition of Lφ (Cube 1 is an inter-

facial cell; cube 2 is the minimum envelopment cube

of the interfacial cell; plane 1 and plane 2 of cube 2

parallel to the solidification interface; �n is the nor-

mal of the solidification interface, plane 1 and plane

2; Lφ equals to the edge length of cube 2; Δs is the

cell size)

e 1 Al–Cu ijfgcdgh
Table 1 Thermal physical properties of Al–Cu alloys

Symbol Definition Value Ref.

ρ Density 2600 g/cm3 [23]

Γ Gibbs–Thomson coefficient 2.4×10−7 m·K [23]

k0 Partition coefficient 0.17 [23]

DS Diffusivity in solid 3×10−13 m2/s [23]

DL Diffusivity in liquid 3×10−9 m2/s [23]

mL Liquidus slope –2.6 K/% [23]

μ Liquid viscosity 1.4×10−3 Pa·s [17]
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