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Application of the MAC Method in Casting Filling Simulation
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Abstract: Marker-and-cell based semi-Lagrangian method, which combines the advantages of Lagrangian and Eulerian
perspective, is introduced to simulate the metal flow during casting filling process. This method treats fluid in terms of a
vast collection of particles with some physical properties that move around, naturally bypass the unique complex free
interface tracking problem in Eulerian perspective. For the interior of the fluid, the efficient Projection method is used to
solve the incompressible Navier-Stokes equations. On the other hand, the diffusion equation is solved on the background
grid by mapping the information carried by the particles to the grid, thus avoiding the inconvenience of field description in
Lagrangian perspective. And the level set method is introduced to describe boundary. In order to study the application of
this method in the casting field, two examples are given with this method and the widely used VOF method. The results

show that this method can produce sharp and discontinuous fluid interfaces, which is closer to the casting process with high
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filling speed.
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Fig.2 Free surface boundary construction in two dimensional
case
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Fig.3 Using level set to define oblique wall. The value inside
the wall is negative while positive outside the wall
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Fig.4 Geometry of collapse of a water column
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Tab.2 Parameters needed for the iron casting
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Fig.5 Collapse of a water column calculated with MAC based method and VOF based method

(a)Geometry model

FR.=15% F.R.=30%

(b)MAC

(¢)VOF

Bl 6 2% % 1 7o 70 it 72 ) R 45 2R
Fig.6 Simulation result of a complex casting filling process

F.R.=99%

TMP/C

1700.00
1685.72
1671.43
1657.14

1642.86

y 1628.57

1614.29
1600.00
1585.71
1571.43
1557.14
1542.86
1528.57
1514.28

1500.00



+934.

FOUNDRY TECHNOLOGY

Vol.41 No.10
Oct. 2020

T MAC T ERHHE SR A 6(b) s , &
F VOF J ik Wit A 45 R 6(c)in , BE AR T
MMAFHE RS, B whE R M T, B3 6 E
BETH ORGP T I B, I E WA A E A
dkgiin TN EER, R ERME R A S H M
Peili, AN ERBEMBERAELR, YXHK
VRO AE VR T X AR b DA R G2 B JRS BB I A A
ENMHEA T REWNSINE, &5, FHIFGEHR THE
EHFE,

R ERA L TREHEMER HREEHRRT
SRR B, T VOF W28 T — 18
MW, SR e BBRZ TRKMEmK S —
BE XA RMAESEL, METFT MAC W ERET
—AESHEABBRE, NTFRESGRU, £F
VOF 2 T H LW\, miF MAC
MHEERTERNRTRES M, UFERshE
I 9. X B ELS AT BB & MAC J7 ik 9 4 Bt
EEEK ., MACHEM B FERKE MR EA R
RS RIS A KA A91R 25 |t 0620 3E 4T B4
e ot 2

f# | Intel Core i7-6700HQ CPU # 8.0GB
RAM, ifi i # F MAC 0 77 i 58 i AR 3L 7% 22
125 min,RAM ¥ 5 F| 582MB, 1fii 3 T VOF ) 7
2 H7% 98 min, RAM “F¥1{X i F 198MB, 3t 2
UORER FANTGEEZN SR ATEFELMN
A 1], X B F MAC |7 s — A kgt . SR, 16
BRI BR R, — ST 22 MR 7 AT LA 58, n
Al mpd  XTHEHIF S WK,

3 it

AT ET MAC FERiMs I H ik, FTHE
1 0 FE R o AR | A FH K OF 46 B R #3835 5 M k&
WA 2 A T RBE T R, X R T MAC 7
BB AR ICR T BRI RE , 5% F VOF 1
HEME, ANTEEEZNfFMESR,MEAREE
Z TR R, R, ERES = AEEERBEMA
HEM AT XMEBFEELEETERESEER
Rt R AOAEAEL A | I OB A BR B, R AL e i
D S5 X R AR 15 2 B R

S &3k

[1] Vazquez V, Juarez-Hernandez A, Mascarenas A, et al. Cold shut

formation analysis on a free lead yellow brass tap [J]. Engineering

(2]

B3]

(4]

[5]

[6]

(71

(8]

(9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

Failure Analysis, 2010, 17(6): 1285-1289.

Cao L, Sun F, Chen T, et al. Quantitative prediction of oxide inclu-
sion defects inside the casting and on the walls during cast-filling
processes [J]. International Journal of Heat and Mass Transfer,
2018, 119(1): 614-623.

Hirt CW, Nichols BD. Volume of fluid (VOF) method for the dy-
namics of free boundaries [J]. Comput. Phys., 1981; 39 (1):
201-225.

Sussman M. A level set approach for computing solutions to in-
compressible two-phase flow [D]. Los Angeles: University of Cali-
fornia, 1994.

Sussman, M, Puckett EG. A coupled level set and volume-of-fluid
method for computing 3D and axisymmetric incompressible
two-phase flows [J]. Journal of computational physics, 2000, 162
(2): 301-337.

Tryggvason G, Bunner B, Esmaeeli, A, et al. A front-tracking
method for the computations of multiphase flow [J]. Journal of
Computational Physics, 2001, 169(2): 708-759.

Ryskin, G, Leal LG. Numerical solution of free-boundary problems
in fluid mechanics. Part 1. The finite-difference technique[J]. Jour-
nal of Fluid Mechanics, 1984, 148: 1-17.

Ryskin G, Leal LG. Numerical solution of free-boundary problems
in fluid mechanics. Part 2. Buoyancy-driven motion of a gas bub-
ble through a quiescent liquid [J]. Journal of Fluid Mechanics,
1984, 148: 19-35.

Takagi S. Three-dimensional deformation of a rising bubble. In
Proc. German-Japanese Symp. on Multi-Phase Flow, 1994, 499.
Koshizuka S, Oka Y. Moving-particle semi-implicit method for
fragmentation of incompressible fluid [J]. Nuclear science and en-
gineering, 1996, 123(3): 421-434.

Gingold RA, Monaghan JJ. Smoothed particle hydrodynamics:
theory and application to non-spherical stars[J]. Monthly notices
of the royal astronomical society, 1977, 181(3): 375-389.
Hoogerbrugge PJ, Koelman J. Simulating microscopic hydrody-
namic phenomena with dissipative particle dynamics[J]. EPL (Eu-
rophysics Letters), 1992, 19(3): 155-160.

Koelman J, Hoogerbrugge PJ. Dynamic simulations of hard-sphere
suspensions under steady shear [J]. EPL (Europhysics Letters),
1993, 21(3): 363-368.

Harlow, FH, Welch JE. Numerical calculation of time - dependent
viscous incompressible flow of fluid with free surface [J]. The
physics of fluids, 1965, 8(12): 2182-2189.

Teman R. Navier-Stokes Equations [M]. 3rd Ed, Amsterdam:
North-Holland, 1984: 30-31.

Chorin, AJ. Numerical solution of the Navier-Stokes equations[J].
Mathematics of computation, 1968, 22(104): 745-762.

Koshizuka S, Oka Y, Tamako H. A particle method for calculating
splashing of incompressible viscous fluid. American Nuclear Soci-
ety, Inc., La Grange Park, IL (United States) 1995.



