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Fig. 1. D2 Q9 velocity discretization.
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Fig. 2. Al-Cu alloy phase diagram.
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Table 1. Thermophysical properties of the Al-17.3%Cu
alloy.
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Fig. 3. Initial conditions setup.
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Fig. 4. Distribution of solute field during lamellar eutectic growth in an Al-17.3%Cu alloy: (al)—(a6) Without forced convection;

(b1)~(b6) with forced convection (flow velocity at 0.25 times from interface v = 0.5 x 103 pm/s ).

TEZ2 R R A R ) PRTRR [ e A 4 3]
AR R E 1 )2, e R T
AR 22, 1 J2 22 0] 2540 1 1) A ¥ S B (o
[ 5(a) PETLBIR), DA IR P A A e i
PR A K. B 5(b) JAT /JGsm X S 4 T B S
AT R YR I8 R0 AR 6T Eb, 7T AR H AR DA ZE 245 14 3 1l
XFRAEFT, S sl S v SR A A T
HEE, V6 R TRl T 7 [ B 3, BRI XA 5iR
T 2R 4 MV AR, WRES T 1 3 AR AL
RV 5 S [l R S A A B B, S5 sl )
HR B AR R 55, 3 802 H ) s ) T i
gk, L 5(b) HEXT Rl DL E R B fEA
S I AR R, )2 RtR I = A (8 5(b) R
AR B #5) [ Fd 1 i

Kl 6(a) SEXT LA /JCaR IR AR T, =5
BFIT (K 5(b) H A R B si) BOE AL A, 535
MALZ (G RIZR) FiEgk (RizaIZk) 2o, A 6
HRT LU SRR HTR e e XA R B9
J B BN BRYR T, SR XA A AR R T
YREZ BT L, [RS4SR BEAN PO T
AR ZXIRR T PR TR S0 1 (985
RV O B, 5 0 T 1) — B A oK
FTHT FT T B4 T A AL Sl U T ) AR,
VA TR JBE ) B AR LU TC R FH R i e . [
I J2 RS AR KT B R, B LSl xR
FHZEAE T 3 e 2 BRAR T 0 X A T ¥ e
JERI TR, [ 6(a) HPAESRBIXRAE T8 o M4
e 2 HEJEXT AR T A Il AR (RO 6(a)

050809-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B =% R Acta Phys. Sin.

Vol. 75, No. 5 (2026) 050809

B 5  AL17.3%Cu & 4 )2 Aok 3k 4

a) JC5R il 6 I S 1 T R T o A (
A% L (1 IR 0.25 1%)#)%[‘@&1%/“@ v =0.5x 103 um/s )

Concentration

0.320
0.200
0.100
0.024

b) A /IG5 il X I A% 1 TR S RV R A

Fig. 5. Lamellar eutectic growth of an Al-17.3%Cu alloy: (a) Solute field distribution without forced convection; (b) comparison of

solute distribution ahead of the solid/liquid interface with and without forced convection. (flow velocity at 0.25 times from inter-

face v = 0.5 x 103 pm/s ).
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Fig. 6. Solute concentration profiles along the z-direction (a) and y-direction (b) at the triple point during lamellar eutectic growth

of an Al-17.3%Cu alloy.
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Fig. 7. Relationship between convection intensity and lamellar tilt angle during lamellar eutectic growth of an Al-17.3%Cu alloy.
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Abstract

This study uses a phase-field-lattice Boltzmann coupled model to investigate the effect of forced convection
on the lamellar eutectic growth of Al-Cu alloys. The results show that forced convection tilts lamellar structures
toward the flow direction, which enhances solute diffusion and causes solute concentration to deviate
asymmetrically from the solid phase centerline. Greater convection intensity leads to more pronounced interface
asymmetry. Increased undercooling weakens convective effects and reduces tilt angles, while larger lamellar
widths diminish convective influence and yield smaller tilt angles. This study reveals a synergistic regulatory
mechanism between these factors. The simulations show that in the absence of convection, layers grow
vertically, with solute symmetrically distributed along the solid centerline. Interlayer lateral diffusion promotes
synergistic a-f3 phase growth. Forced convection (along the z* direction) enhances solute transport in the flow
direction while weakening counter-current transport. This shifts the triple point and generates asymmetric
solute distribution, for example, the o phase concentration on the left side of the centerline is higher, resulting
in layer tilting. Increasing convection intensity (expressed as A/Aq, where Ao corresponds to the coefficient for
a 0.5° tilted layer) can exacerbate asymmetry at the solid-liquid interface and reduce the distance between the
interface peak and the triple point. Higher undercooling (0.8-1.4 K) enhances growth driving force and reduces
solute trapping capacity, thus weakening convective effects and reducing the tilt angle. When undercooling is
minimal and convection is strong, the tilt angle significantly increases. As the interlayer spacing (6.4-19.2 pm)
increases, solute exchange at the interface becomes more frequent, convective interference weakens, and the tilt
angle decreases; under conditions of small spacing and strong convection, solutes are easily washed away,
inhibiting lamellar growth. In summary, forced convection directly changes the morphology of the solute
transport control layer. Supercooling and interlayer width indirectly modulate convective effects by influencing
growth driving forces and interfacial solute exchange. These three factors synergistically regulate eutectic
growth, providing a theoretical basis for controlling eutectic microstructure.
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