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Dual-scale porous medium
leads to Dual-scale flow.

1- Inter-bundle flow (outside)

2-1ntra-bundlesflow (Inside)

~




S sl diuws o 9 J19 50 Yl 2 S T R

fiber bundle / resin

Iﬁbcr bundle

Inter-bundle spacing

Iﬁbcr bundle

Macroscopic flow front Macroscopic flow front

08 (20 S 4I w0 b ok Slas! Cols 39 1 HLis ézwf"(w’NiSCOUSﬂOW)j)f/)fQé)?é?}Jj/‘slA i ot W S Db > )

EEREER

BAEREEE

Microscopic flow front
Microscopic flow front

k dp 09 (50 S5 (WIS 98 Lrwgd 46 1] 93 Lw o Ob > o Il

U=———

udx
by b o 53 IV bl (0 135 Ob i (59 p (Frbaw LS LT iU (S diw 510 y0 S (SLad O399 o5 Cg v -
e o0 Sy (Capillary pressure) S so jlis Lawgs

S oD 4.8510 K go S Ul > 9 9515 Sl Ob > cuby Jgase (MESO-VOIdS) b o é>9 3 9 (Micro-voids) b o o> 3 5 i
ol Sy oyl Sl &7 34 0 i 5 (Modified capillary number, Ca’) suds g3e! K go die pb 4 ury O 09 F &0

Hu U: is macroscopic velocity y: isresin surface tension

Ca* = ——— . L
y Cos6 u: is resin viscosity 6: isresin-fiber contact angle

/




4 (1¥) SN ok o g8 5o S jgpalS 43 0, 15

v Dual-scale porous medium leadsto Dual-scale voidage.
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v Dual-scale voidage isa characteristic for textile (tow) based composites, excluding UD, random mat and short fiber
composites

v" For random mat and short fiber composites a single-scale voidage is more probable.

v" When flow is perpendicular to fiber bundles (Transver se flow), micro-voids are distributed throughout the composites

v" When flow is parallel to fiber bundles (Longitudinal or axial flow), void formation islocalized at macroscopic flow front.

v For the paralléel flow, localization of voids at flow front causes a significant void content close ventilation side of the mold.
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P* = water vapor pressure, air pressure, or total mixture pressure (water plus air)
M = molecular weight of the vapor phase

k = Boltzmann constant

I = absolute temperature s 2l is the surface energy between the liquid resin and the void nucleus
r* = radius of the critical nucleus ' AF, Yy gy q -
r = number of molecules/unit volume in the nucleus, and 163

AF* = maximum free energy barrier for the nucleation process. AF* = DLy

T 3(AF)
AF, is the free energy change per unit volume for the phase transition (dissolved air or water to air or water vapor)

AF, = AHv( Lh—-T ) where AH, is the heat of transition per unit volume between the two phases, T, is the
Ty equilibrium transition temperature, and 7 is the actual temperature of the system.
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AF* = 16773, (2 + cos)(1 — cos0)® where v 18 the surface energy between the void nucleus and the substrate, and @ is the
3(AF, ) 4 contact angle between the void and the substrate.
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P, and £ are the void and resin pressures, respectively,

vy 18 the resin—void surface tension,

m, - 18 the ratio of void volume to its surface area
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TOTAL VOID PRESSURE, Py (psia)
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1 typical epoxy resin system.

100 Equilibrium stability map with resin pressure as parameter
\ P, = 32 psia (I73 psig) _ . .
\P - 147 peia O poig) The lines of constant resin pressure represents boundaries above

ok — which void growth can occur at that resin pressure, and below

which the voids will collapse and eventually dissolve.
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