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Fig. 1. Diagram and geometric model of melt flowing
along the slope: (a) diagram of melt flowing along the
slope; (b) geometric model of melt flowing along the

slope.

BT DL B AR R ST ABUR R A AR TR B ) — 4
JURTASERL, il 1 (b) B, Horb <@ I AR i ot
FER H, WURMR AR 1 B RE N dy, A00RHR K B
L, RV B 9 0. 75 MR 25 TH 8 7 0 ] pir
AN AARR 2R, A4 i M A 5 U AR AR Al £ g T S
BNAPRIR R, &R ISR IS BRI I 8h 7 17 A

a B, T ELBURRCR T 1509 y il BB RN
H ASEE PIBURMR L, SRASHIERE wo, S ¥ A% &
TBURMRCR T A B, AT LA SIS R 2 42 5 7137
P BRI AR S S 2 3, R AR AR L it
o K PE MR GUE uioo N

Uoo = (2gH sin® 0 + 2ga sin 0)*/2, (1)

Hrpg REIIEE.

2.1 ERBHFEEERNERIRE

— FCRE B T I8 D 5 AL I B SR U S Y
999 Ak 2 6] (BR85S TR R . &)@
MRS BN IR, BN AR N R, T
AR AR R AL U B 2 A B AR s
Wl 2 plros. R U A TR VR Re 1R/ R HI T I2
FRIRZS, BURH LA 1A 30 1 5 T2 Re AR 45
Rely = 2o /vy MV IHEL, WIS AAEMRMR LT 2
KR E R Rel, N

Rey, — x(2gH sin? 92— 2gx sin (9)1/27 @)
|

Ho o) JIERIIZEIRE L.

2 PSR AR

Fig. 2. Diagram of the transition from laminar to tur-

bulence on the plate.
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Fig. 3. (color online) Changes of Reynolds number and velocity boundary layer thickness of the A356 alloy

melt under the conditions of different angle along the flow direction: (a) change of Reynolds number along

the flow direction; (b) change of velocity boundary layer thickness along the flow direction.
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Fig. 4. (color online) Distributions of shearing stresses along the vertical direction and parallel direction of
slope with different angles within the laminar boundary layer: (a) distribution of shearing stress along the

vertical direction of slope; (b) distribution of shearing stress along the parallel direction of slope.
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Fig. 5. (color online) Distributions of shearing stresses along the vertical direction and parallel direction of
slope with different angles within the turbulence boundary layer: (a) distribution of shearing stress along

the vertical direction of slope; (b) distribution of shearing stress along the parallel direction of slope.
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along the vertical direction of slope; (b) distribution

of bending stress along the parallel direction of slope.
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Abstract

In this paper, the model of metalic melt shearing flow near the surface is established, and the effect of shearing flow
on solidification microstructure of the metal is also analyzed. Calculated results based on A356 alloy melt show that
in the laminar flowing melt, the shear stress decreases with increasing length along the vertical direction of the surface
of the slope, and the shear stress first decreases rapidly and then stabilizes with increasing length along the flowing
direction of the surface of the slope; while in the turbulent flowing melt, the shear stress firstly decreases rapidly and
then stabilizes with increasing length along the vertical direction of the surface of the slope, and increases with increasing
length along the flowing direction of the surface of the slope. The shear stress at the same position in the melt on the
surface of the slope increases with increasing angle of the slope; the shear stress acting on the columnar crystal in the
melt on the surface of the slope increases with decreasing length along the vertical direction of the surface of the slope.
The shear stress acting on the columnar crystal at the same position in the melt on the surface of the slope increases
with increasing angle of the slope; with the increase of the length along the flowing direction, the shear stress acting on
the columnar crystal rapidly decreases first and then stabilizes in the laminar flowing melt on the surface of the slope,
while the shear stress increases in the turbulently flowing melt on the surface of the slope. Based on the theoretical
calculation, the maximum shear stress acting on the columnar crystal in the melt during the shearing flow near the
surface of the metalic melt is lower than the yield strength of a-Al grain, so the shear stress induced by shearing flow
cannot break the columnar crystal, and only by sweeping the grain into the melt to induce the multiplication of grain,
which agrees with the experimental results. So, the proposed model can explain the constitutive relations of the metalic

melt shearing flow near the surface and the effect of shear stress on the solidification microstructure.

Keywords: solidification, flowing near surface, shear, columnar crystal
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