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Abstract— A numerical code to simulate the filling process of resin transfer molding (RTM) for the manufacturing of polymer
composite materials was developed. The theory of flow through anisotropic porous media was used for the mathematical for-
mulation of this problem. To describe the dynamic filling patterns of transient free surface, the computational technique of boun-
dary-fitted coordinate systems encompassing numerical grid generation was applied. Also introduced was the approach of com-
posite grids which was suitable for irregular geometries and multiple domains. Control volume scheme was implemented for the
mass conservation along the pseudo-boundaries interfacing composite grids. Some examples were tested for the analysis of doubly-
gated mold with multiply-jointed domains including variable gap thickness and permeability. Numerical results showed the ap-
plicability of the composite grid approach in achieving accurate modeling of the filling process of resin transfer molding.

Keywords: Resin transfer molding (RTM), mold filling process, numerical simulation, boundary-fitted coordinate systems
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Fig. 1. Schematic description of a mold cavity with a stiffener and
double gates, where x, y, z are global three-dimensional, and
x', y' are local two-dimensional coordinates. Composite grids
are represented by domains I-IV.
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Fig. 2. Numerical grid generation of elliptic systems: (a) grid without
control functions, (b) grid with control functions.
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Fig. 3. Local coordinate systems and control volumes for base of
stiffener and weldline.
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Experimental and predicted flow-front locations at selected
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Fig. 8. Geometries of complicated mold cavity. Larger stiffener
(section 1V) is perpendicularly attached between sections I
and III. Smaller stiffener (section V) is between sections II
and IIL
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end of filling.

S 7] Hal 27EE Aud F7HEA WAV E E e
gttt 4ol FaE AlFdA 3R AR o7le] B3AA
Z o]Rojx Bsta AHelrh FE FES HY 9=
Auid oz A Adela 35S & g At frEded
e FA3 T F8A 4¥ 314 (contouryE Fig. 109 vt
Buided ZF {39 AT 10 secd] PAZHE o
o] godolth. A RALA A- FAAZTL 163.28 sec =T
o) o &4 ST 16165 secsh v ek hEF 1% A=

o] 28 Holx et o' FA BAF ¢ate] o] sttt
£ BaAFE Aoty AT A0 AAE AAs HEAT
of oA & 5 glRo] FEAA FHo| npr|Ho R o] F

ole] FAAtA ) Ax}Ee] RPN E Fig. 9ol ERAR

th FHo] Mg 2 FEAYY B & F e 3

o g Mo 7l Bk oA AY ]T: A7} 5

U Azl gAdte BEE At met FEstn ¢l

AR v AAvi} A o g PHAZ R

2, 23 AR oF Wy AMSA] 2ot P R 3
@

@

(b)
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f, g : general functions
g : coefficient of gravitational acceleration [m/s’], or g=J
g : metric components of transformation
h : gapwidth of mold cavity [m]
J : Jacobian of transformation
K : permeability tensor [m’]
K.  : characteristic permeability [m’]
n : outward normal vector
P,, P, : control functions
p : pressure [Pa]
po  : pressure specified on inlet gate [Pa]
Q,, Q, : flow rates of inlet gate 1 or 2 [m’s]
v : average velocity vector [m/s]
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Ve
vf
w

: characteristic velocity [m/s]
: volume fraction of preform

: width of inlet gate [m]

X, ¥, z : global three-dimensional coordinates [m]}

x', y' : local two-dimensional coordinates [m]

Greek Letters
n : viscosity of fluid [Pa - s]
n : Newtonian viscosity of fluid [Pa - s]
0 : angle between vertical direction and local plane of flow
p  : density of fluid [kg/m’]
€, n : two-dimensional computational coordinates
¥ : dimensionless group representing the effect of
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