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Abstract—A simple apparatus was designed and constructed so that flow would be one-directional and capable of
measuring the unsteady-state permeability and the capillary pressure of carbon fiber-epoxy resin system. And the
resin flow characteristics were analyzed as a function of the number of woven fabric plies. The experiments was
performed for the flow visualization and measurements of flow front and mold filling time. The numerical simulation
of the mold filling process was carried out based on the finite element/control volume method. The permeability of
a fibrous preform increased rapidly with the porosity, and changed by resin flow direction and alignment of woven
fabric. The capillary pressure induced by the surface tension of epoxy resin increased rapidly with the decrease of
the porosity. The capillary pressure and permeability of fibrous preform increased with the number of woven fabric
plies at the same porosity. The flow front and filling time predicted by numerical simulation taking into account of
the capillary pressure were in good agreement with those observed experimentally during impregnation process. The
present study carried out by both experiments and numerical analysis has verified the fact that the capillary pressure
is required to obtain more accurate predictions of the flow front and filling time in resin flow modeling,

Keywords : Resin transfer molding, impregnation process, permeability, capillary pressure, flow visualization, numerical
simulation
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Table 1. Material properties of fiber network.

. fiber surface fiber
material wcteavmg density  density diameter
PE O (gem®) (gem?)  (um)
carbon®  plain 1.76 0.0198 7.0

(1) Toho BASF HTA-7-3000

Table 2. Material properties of epoxy resin.

typical  typical approx.
trade name FEW®  viscosity average
range P at 25C Mol Wt

EPON 826" 178~186 65~96 350

(1) Shell Chemical Co.
(2) EEW : epoxide equivalent weight

Camera

Reservoir [ o]
Heater

=

N2 Computer

Bombe

Mold Assembly

00 oo

AD Convertor

Temp. Controller

Fig. 1. Schematic diagram of experimental set-up.
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Fig. 2. Node definition for flow front advancement in
thecalculation domain.
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Fig. 4. Square of resin penetration length as a func-

tionof applied pressure(time =240sec(o=0.4,
0.5), 90sec(vp=0.6)).
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ﬁll:exp 1 982 sec
fillsim * 925 sec

Fig. 13. Comparison of the progression of the pre-
dicted andobserved flow front and filling
time for the diverging andconverging mold
geometry under constant inlet pressure of
10Psi.

--------- experiment

simulation

fillexp : 1992 sec
fillsim * 1977 sec

Fig. 14. Comparison of the progression of the pre-
dicted andobserved flow front and filling
time for the mold geometrywith corner gate
under constant inlet pressure of 10Psi.
--------- experiment simulation
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TAolE AYEAHY 755
7 Al
2 AT eI g AetA e 2l 9%
Aoz A 7] el 7HA} =31y}
ARE £3
a; : coefficient in shape function
D. :equivalent diameter of the capillary pore
D: :fiber diameter
f  :fill factor to represent the status of each con-
trol volume
F :form factor defined in equation(3).
h  :thickness of laminated fiber mat
k :Kozeny constant
K :permeability tensor
Ks :unsteady state permeability
n :number of the layer
Pn : applied mechanical pressure
P. :capillary pressure
Ri :radius of fiber filament
t :time
v :superficial velocity tensor
X¢ :resin penetration length
Greek Letters
M :resin viscosity
0 :contact angle

: surface density of the fibrous preform

1

2.

3.

4.

10.

11.

12.

13.
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: mass density of the fiber

: surface tension of the resin

: porosity

: shape function in triangular element
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