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Numerical simulation of dendritic growth of
magnesium alloy with convection
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Abstract: A model, which is based on modified cellular automaton (CA) and momentum transport, was used to model
equiaxed and columnar dendritic growth of magnesium alloys with convection. The CA model was used to simulate
dendritic growth of Mg alloy (hexagonal close-packed structure). The modified projection method was used to solve the
flow field transport model coupled mass conservation equation, momentum conservation equation and solute diffusion
equation. The growth laws of the single dendrite, multiple dendrites and columnar grain in Mg alloy were simulated, and
the solute distributions of dendritic solidification front with different inflow velocities were analyzed quantificationally.
The simulation results show that the dendrite growth at the upstream tip is faster than that at downstream, and secondary
arms stretches intensively on the primary arms at the upstream tip, rather than that at the downstream where only a few
weak or no secondary arms stretches. The flow also changes the distribution of the diffusion layer, and the diffusion layer,
which spreads heavily at the downstream. Therefore, the convection has a major impact on the evolution of solidification
microstructure of Mg alloy.
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Table 1 Physical property parameters of AZ91 and AM60

magnesium alloys* %!

Parameter AM60 AZ91
Initial mass fraction of alloys, cy/% 6.0 9.21
Liquidus temperature, 7j./K 888 868
Solute partition coefficient, &y 0.4 0.4
Liquidus slope, k/(K-% ") -5.5 -6.59
Solute .dlffusmn co;:ffj;:lent in 18X10°  1.8X10°°
liquid, Dy(m™s )
Solute diffusion cozeffilment in solid, 18X1072  1.8X10°"2
Dy/(m™s ")
Gibbs-Thomson’s coefficient, 62%107  62X107
T/(K-m)
Density, p/(kg'm ) 1.74X10°  1.74X10°
Dynamic viscosity, #/(N'sm?)  3.08X 107 3.08X107

3 ERERKES

3.1 FRAERATENEMRENEK

BT 2 BN B S b i A K EUE A, EoE
BT XA E R AN SRR I AR . CA T
MK N 2 pm, BUETHE XN SIS, L
80 K/s HIHURAHL, (EsmEIRMAE- T, NN
0 A1 0.1 mm/s. £ 400X 400 AN BT I H 58 A 3OS —
MERAZL, AFIEHALTERZIT K R 5 R
YRR XSRS TESRI A, RS2 G A I P — B Pk A 2
s, AR I RRAE S G, AP R 60°H
Ze [T 53 SERRAE 22 60°49) 32, LK T4R 5 60°W1 47 1)
P SERAVEA 60043 320 B 1 o g AE TE R R 5
HFIAER- N AZ91 BEA S BB 4 R . N
Kl 1 ATBLEH, feoniimfE I, AZ91 BEaaA
WG (1120) 7 AR, HmsA s E 6009, H
TSR3 A RRAE I, B AR
FRAA . Ay, A SORIE, ZIRBOAE TN
HRAK s AR, BO I SCEKARRT /N, Ik
A RO G Al /. BERISE RS PR LD 10
BEAZS 5, HAHE T PE AR, CA 7kt s
TR, TSR

Bl 2 s ok AR 80 K/s NULEEE N 0.1
mnv/s I AZ91 855 4 FRAN SRR i I AR K AR I AR
B 2 WA, BEAEEEN 3T, AZ91 BEG G AH=R
ANWTSE N, ] ) AR TR B, I T
I HCE R B A o AR, A A2 BRAR R



838 o EA AR 2015 44 H

(A%

1 AZ91 B A i BB S5 RNV 2 0.1 mmy/s)
Fig. 1 Simulated results of equiaxed dendritic morphologies of AZ91 magnesium alloy (inlet velocity of 0.1 mm/s): (a) Without

convection; (b) With convection
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Fig. 2 Simulated single dendritic growth of AZ91 magnesium alloy with convection at different times: (a) /=0.40 s; (b) #=0.72 s;

(c) =0.88 s; (d) =1.04 s
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Fig. 4 Simulated results of equiaxed dendritic growth of AZ91 magnesium alloy with different inlet velocities: (a) 0.1 mmy/s;

(b) 0.2 mm/s; (c) 0.35 mm/s; (d) 0.5 mm/s
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Fig. 5 Al concentration profiles of AZ91 magnesium alloy at upstream and downstream dendrite tips along horizontal direction
with different velocities: (a) Upstream dendrite tips; (b) Downstream dendrite tips

(A%

6 XJULAEH] R AN AN ) B A A [FIHR) ) AZ9T B <48 il A A RO REATL A 2R
Fig. 6 Simulated results of equiaxed dendritic growth of AZ91 magnesium alloy with different crystal orientations and convection
at different times: (a) r=0.384 s; (b) t=0.584 s; (¢) t=0.784 s; (d) +=0.884 s
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Fig. 7 Simulated results of columnar dendritic growth of AM60 magnesium alloy at 6.4 s (inlet velocity of 0.05 mm/s): (a) Without

convection; (b) With convection
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Fig. 8 Simulated results of columnar dendritic growth of AM60 magnesium alloy with convection (temperature gradient of 10
K/mm, solidification rate of 0.25 mm/s and inlet velocity of 0.05 mm/s): (a) =0.8 s; (b) t=5.6 s; (¢) =10.4 s; (d) =14.4 s
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