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Fig. 1. Experimental photos of the cell and dendrite struc-
tures that appear during directional solidification as the
pulling speed V increases: (a) Shallow cellular?; (b) deep

cellular arrays®?; (c) dendritic arrays/.
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Fig. 2. (a) Theoretical graph!'®; (b) experimental graph/?.
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Fig. 3. A sketch of cellular-line interface: The cellular tip (A)
and the bottom of the root (B).
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K5 GTW-S HEEiZk. 28008 V = 16 s, Coo =
1.2%, G = 78 x 1074 K/um, €. = 0.5338 x 1072, M =
0.09552, k=0.29, m.« =1, G =0.14485 x 10~ %, A&

0.4989, E = 0.25, B4 = 0.6  (a) WZGLM2Y; (b) —ZEM
Fig. 5. The neutral curves of the GTW-S-modes for the case
V =16 um/s, Coo = 1.2%, Gr =78 x 1074 K/um, ¢, =
0.5338 x 1072, M =0.09552, k=0.29, ms =1, Gec =
0.14485 x 10~4, )\G:04989 E =0.25, B4 = 0.6:(a)Le-

ading-order approximation®!; (b) first-order approximation.
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gc = 0.5338 x 1072, M = 0.09552, G = 0.14485 x 1074,
k=029, \g =0.4989, E=0.25, mx =5

Fig. 6. The neutral curves of the GTW-S-modes (n = 0)in
the first-order approximation for the case Coo = 1.2%,
Gr =78 x10~*K/um,V = 16 pm/s , ec = 0.005338 , M =
0.09552, G, = 0.14485 x 104 | k= 0.29, \g = 0.4989
E =025 ms=5.

)

ERENT, n=0ERERIER, Eﬂ n = 0
A, HEn=1, 5 n=2. @i X HbE
RN — T AE n = 0BTy m%iwlaé;%, K
PUAEAS [ SRR, — 0GR T Y e AHELE
G R e, BN, 6 25 1T 4% ) Sk AL 3 g
EBH BRI 0, 0.3, 0.6, 0.9 M T ) GTW-S
RS (n = 0) Bh I, Horp By = 0 1B BL 5 SC
Hik [24] RO S5 SRAE. BOHTE R Xo , e. BEE 45 1] 5
PR ) 1 S H K, BV w8 )2
SR, ARG RRE. B 7 T ROR TIE—90E
PUF, S J12ES80m, F 1 S8l 122280 By o
IR A [R) A9 L A i %o 7 9 GTW-S H A X
(n = 0) &K, KINSEL By X RGEATLE PR
ARG m., (RS, HAESEL B, AR O BT, Bt
[P 2 G DN EP O i) (DT

0.01210 F =1 503
--ma=1, 8,=0.9
0.01208 E ms =20, B4 =0.3
=== m. =20, B4 =0.9
0.01206
@
0.01204
0.01202 +
(0s.U)
0.01200

0.661 0.662 0.663 0.664 0.665 0.666
Ao

7 —ZERRIN B GTW-S Rk (n = 0) . 248057
BN Coo = 1.2%, Gr = 78 x 10~4 K/um, V =16 pum/s , e =
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0.29, A\g = 0.4989, E =0.25

Fig. 7. The neutral curves of the GTW-S-modes (n = 0) in
the first-order approximation. The case Coo=1.2% , G =
78x 1074 K/um, V =16 um/s, £, =0.005338, M =0.09552,
Gc=0.14485 x 1074, £=0.29, \g = 0.4989, E = 0.25.
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Effects of anisotropic interfacial kinetics on morphology
stability of deep cellular crystal growth
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Abstract

In this paper, based on the steady solution of deep cellular crystal growth, the matching asymptotic
method and multiple variable method are used to obtain the dispersion relation and the quantization condition
of the interfacial morphology in directional solidification process when the interfacial dynamics is anisotropic.
The stability of interfacial morphology of deep cell growth during directional solidification under the influence of
anisotropic interfacial dynamics is studied.

The mathematical model of the oriented solidification system is established, and the overall ground state
solution of the constant cellular growth is taken as the ground state, and the unsteady state solution of the deep
cellular growth is expressed as the superposition of the ground state solution and the perturbation dynamics
solution when the stability analysis is carried out. The thermodynamic conditions in the mathematical model of
the problem constitute a regenerative problem together with the boundary conditions. The asymptotic solution
of the cellular crystal growth when & — 0 can be found by dividing the cellular crystal growth region into an
outer region far from the root and a region near the root, with an asymptotic solution found in the external
region and the root region, respectively, and then matching them to obtain a consistent and effective asymptotic
solution in the whole region. The asymptotic solution of the model in the external region is derived to obtain a
first-order approximation of the eigenvalues. The inner solutions are matched with the outer solutions based on
the vicinity of the singularity to obtain the global solutions and quantization conditions of the system, and
finally the stability analysis is conducted. The results show that the directional solidification system of deep
cellular crystal growth considering anisotropic interfacial kinetics contains two global instability mechanisms:
global oscillation instability and low-frequency instability. The stability analysis shows that the anisotropic
interfacial kinetics has a significant effect on the global oscillatory instability mechanism in the low order
approximation. With the increase of the anisotropic interfacial kinetics parameter B4, the global oscillatory
instability region (Os.U) of the dendrite structure with strong oscillation in neutral mode decreases. At the same
time, the influence of interfacial dynamic anisotropy parameters on the overall oscillation instability of the

system increases with interfacial dynamic parameters increasing.
Keywords: deep cellular crystal growth, interface kinetics, stability
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