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INTRODUCTION

To design molds in such a way that the gas cores out all the thick sections and not the thin walls, one needs to predict the preferred direction of gas for a given geometry. The understanding of rules governing the preferred direction of gas is important for trouble shooting during mold try outs as well as in design stage. 

A method to relate the preferred gas direction with the process variables was introduced in our previous work.1,2  The method requires a knowledge on the relations between resistance for the gas flow and processes variables such as resin flow length, cross section area of cavity, melt temperature, and existence of short shot.

In this paper, a new equation to describe the pressure drop requirement for a steady state-fan-shaped flow and is applied to the flows under various fan-shaped geometries.  In near future the experiment with various fan-shaped molds shall be performed to demonstrate the gas direction of gas assisted injection molding and the result of the experiment shall be compared with the diagnosis on the gas flow direction in gas assisted molding using suggested rule of thumb herein presented.

THEORY

For incompressible fluids, continuity equation in cylindrical coordinates becomes : 
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when 
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 is assumed to be zero velocity. 
Momentum equation for Newtonian fluid becomes:
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In order to compare the order of magnitude of each term of Eq. (1) & (2), one may make these equations dimensionless with appropriate characteristic variables.
When 
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 is the same order as or less than 0 (1), neglecting end effect on both sides in ( direction, the behavior of the flow between two fan-shaped plates in conventional injection molding may be considered as the part (i.e.,
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In addition, for 
[image: image7.wmf]1

)

R

H

(

μ

H

v

ρ

0

r

<<

 and 
[image: image8.wmf]2

O

)

R

H

(

 << 1, Eq. (2) may be reduced into quasi-steady state equations except for the case of R1<<R0 of which the criterion of validity and applicability will be discussed later.

Then the pressure distribution becomes
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where 
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The velocity profile is
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if 
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Integrating vr(r,z) from Eq. (4) with z, the expression of the flow rate of melt phase (Q) of Eq. (5) is obtained as below. 
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where < vr >: Average velocity of melt phase flow 
DISCUSSION

As noted, the purpose of this paper is to qualitatively diagnose the instantaneous flow under fan-shaped geometry.  For diagnosing qualitatively the direction of the flow between two fan-shaped plates, all that one must do is to replace the presumed flow rate between entirely round two plates (i.e.,
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<< 1 except for the case of R1<<R0 of which the criterion of validity and applicability is not shown in this paper. 

Unlike the flow in a pipe, neglecting the amount of solidified polymer near relatively cold surface of mold, the melt phase flow between fan shaped plates results in shorter distance between leading front of melt polymer and rear gas-liquid interface, than that between initial R1 and R0 by geometric reason, which makes the initially predicted larger flow rate more dominating over the smaller one.  In case of such a heterogeneous geometry as the combination of both pipe flow and the flow between fan-shaped plates, one may conjecture that once the initial direction of most gas that entered is determined to between fan shaped plates, overall gas flow direction is determined to between fan shaped plates. 

NOMENCLATURE
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density of polymer melt phase
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the angle of the fan-shaped radial flow  
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radius of the entrance for melt phase or gas injection   
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radius of leading front of melt phase
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distance between top or bottom fan-shaped plate and center–line of the cavity 
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distance between two fan-shaped plates
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