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A Dual-Scale Analysis of Macroscopic Resin Flow in Vacuum Assisted Resin Transfer
Molding Process

Yun-Hee Park’, Moon Koo Kang“, Woo 1l Lee™

ABSTRACT

In VARTM process where a sacrificial medium is used to facilitate the resin flow, the velocity of resin
varies drastically between the sacrificial medium and the fiber preform. Although the thickness-to-length ratio of
a VARTM product is usually small, a 3-D analysis is prerequisite to analyze the lead-lag flow in the two
different media. The problem associated with the full 3-D analysis is the CPU time. A full 3-D numerical mesh
comprising large number of nodes requires an impractical CPU time on average computer platforms. In this
study, a dual-scale analysis technique was developed. The flow analysis for the entire calculation domain was
conducted in 2.5-D, and the 3-D analysis was performed for a small area of special concern. In some numerical
examples, the local 3-D analysis could discover an eccentric flow pattern as well as the lead-lag flow that will
inevitably be neglected in 2.5-D simulations. The global-local analysis technique practiced in this study can be
used to analyze the intricate flow of resin through non-uniform media in affordable CPU times.
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2. Dual-Scale Flow Model

2.1 Governing Equations
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Fig. 2 Load sharing of the ambient pressure.
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2.2 Control Volume Finite Element Method
(CVFEM)

AL

213d FRANAN fF AJEE FHs7 sl
CVFEM (control volume finite element method) 7]Ho} Al&
gt A 49 589 4% control volumeS E 1}
Fol X tH9-14]. Fig. 3ol4 RXo] g aio FAH
84 AAHdY FIEE ABFLEN Y

Aoldct ZF control volume® A=
control volume?] control surface® 43 3tc},

Fig. 4o14] ®B%0o] Ztzt9] control volume 44
foll we} 3714 HFE2 EHdvh £4 §%F Wz
E 75 49@EnA FA7F 38 o YA &
FAA(=0) Atolol EAFt. FEHoE FAI}
control  volume(0<f<1) ol A control surfaceE #)
mass fluxE ANFLIZHN F5 Aol zt dAwt
itk Zb control volume oA @)E ESWE

.

control

volume?©| e

o oy
2
el

do @Y N o N oy
B e do N

Ll
Y
2

L off ok

)

B vy o 9t s u, (9)

Ed AU 4 FEE FE & Ak A
L 7 £5E 2 time stepol A9 NZLE &
S 3
=<

2Aste g

© Node

Element Border
"7 77 Control Surface

«# Control Volume

(b) Discretization of 3-dimensional calculation domain

Fig. 3 Discretization of calculation domain into elements and
control velumes.
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(b) Determination of the flow front in 3-D problems

Fig. 4 Determination of the flow front.
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Table 1 CPU time for 3-D VARTM simulation with increasing
number of nodes’

3,266 10,877 21,214 50, 100,000
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0.23 brs | 3.05 hrs | 149 l“sJ (54 ()

“Intel PentiumIV® 1.6GHz%Z.

Total number of nodes: 1,032

Total number of elements: 2,110

(b) 2.5-D mesh
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Fig. 5 2.5-D Global Analysis of VARTM Process.
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(a) 2.5-D mesh for the global analysis

Total number of nodes: 4,536
Total number of elements; 18,090
(b) 3-D mesh for the local analysis
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(¢) Stacking of fiber/sacrificial layer at the section of local analysis

Fig. 6 Numerical Mesh for Global-Local Analysis.
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Fig. 7 Inlet and Outlet Pressure for Local 3-D Analysis.
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{a) t = 80.2s

(c) t = 105.1s

(d) Magnified view of the air voids formed in the fiber preform

Fig. 8 Simulation result of flow-front location fram local 3-D
analysis.

(c) t = 105.1s

Fig. 9 Simulation result of pressure from local 3-D analysis.
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