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Flow Direction When Fan Shaped Geometry is Applied in Gas-Assisted Injection Molding:
2. Development of Flow Model and its Predictions
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Abstract—In part 2 of the paper simplified unsteady-mass (and momentum-) balance equations of melt polymer resin
in the cavities of GAIM were proposed, as a time-dependent rule of thumb, to constitute a novel flow model in GAIM
under the configuration of two fan-shaped geometries connected with a gas nozzle. Upon performing a simulation on
them with commercial software (MOLDFLOW), we compared the time evolution of simulated gas penetration lengths
with the those of unsteady trajectory on the gas flow in GAIM by the suggested novel flow model in the fan-shaped
cavities in order to check the precision of model-predicted gas penetration lengths as well as the consistency of its
predicted direction. The results by the suggested novel flow model were satisfactory to fit the trajectory simulated with
commercial software (MOLDFLOW).

Key words: Gas-Assisted Injection Molding, Rule of Thumb, Preferred Direction of Gas, Novel Flow Model, Trajectory of
Gas Flow, Gas Penetration

INTRODUCTION posed a criterion in the prediction of gas flow direction of GAIM
as the resistance to the initial velocity of melt polymer at the nearest
Most gas-assisted injection molded parts are, by and large, congeometry to a gas injection point and showed why a comparison
posed not only of a single section through which gas penetrates bof the resistances to flow rates of resin often leads to a wrong pre-
also a nominal thin wall with gas channels traversing the parts. Taliction for the gas direction, while the comparison of proposed resis-
design molds in such a way that the gas cores out all the channdlnces generally leads to a valid prediction of gas-preferred direction.
or other thick sections without penetrating into the thin walls, one In part 1 of this paper [Lim, 2003] the qualitative analytical meth-
needs to predict the preferred direction of gas for a given geometrpd (a rule of thumb) to predict the preferred gas flow direction in
The understanding of rules governing the preferred direction of gagas-assisted injection molding (GAIM) process, which involves
is important for trouble shooting during mold try outs as well as inthe flow through panel-areas of various fan-shaped geometries, and
design stage. Many researchers [Chen, 1995; Khayat et al., 1998e criteria to apply the method were presented with appropriate
Chen et al., 19963, b; Gao et al., 1997; Shen, 1997, 2001; Parvezassumptions. The predictions with the suggested rule of thumb were
al., 2002] have investigated primary and secondary gas penetratiaquite well matched by the simulation-results of MOLDFLOW (ver-
in terms of gas-liquid interface and polymer melt front in GAIM. sion of MPI 4.0). However, the discrepancy between the ratio of
However, their approaches cannot be regarded as a rule of thundistances traveled and the ratio of resistances was observed to in-
but are close to the commercial software for GAIM in that numeri- crease as the ratio of the values of HdRRthe right and left hand
cal simulations are performed by the use of control volumeffiniteside of fan-shaped cavities became greater, even though the sug-
element method or boundary-element approach. The rule of thumgested rule of thumb was assumed adequate to use until the case
on the direction of gas flow for GAIM has been investigated [Lim met the condition of (HR(1/6%)<<1 and (H/R?<<1, which calls
and Soh, 1999; Soh and Lim, 2002; Lim and Lee, 2003; Lim, 2003for a time-dependent rule of thumb that is a model-based trajectory
and simulation packages were used to verify the gas direction prenalysis of the interface of gas and melt resin compared to the sim-
dicted by the rule of thumb. Lim and Soh [1999] assumed that presdlation results by commercial software to understand time-depen-
sure difference between a gas injection point and appropriate veient behavior of gas and melt front in GAIM. Nevertheless, the sug-
areas at both sides of well-maintained molds are equal. Consequentyested rule of thumb was still effective as far as the direction of gas
the pressure drops at both sides are equated to compare the refisw was concerned.
tances and to predict the gas direction. Soh and Lim [2002] sug- According to the necessity of developing a time-dependent rule
gested a definition of the resistance to velocity to predict the gassf thumb, in part 2 of the paper, we propose simplified unsteady-
preferred direction under the simplest geometry of two differentmass (and momentum-) balance equations of melt polymer resin
pipes connected at one connection point. In such a complex situ@a cavities of GAIM to constitute a novel flow model in GAIM under
tion as runners or thick cavity of two square plates connected tthe configuration of two fan-shaped geometries connected with a
cavities composed of four pipes with same length and different digas nozzle or a needle. Upon performing the simulation on them
ameter connected in series and parallel, Lim and Lee [2003] proaith commercial software (MOLDFLOW) we compare the simu-
lated gas penetration lengths with the those of unsteady trajectory
To whom correspondence should be addressed. on the gas flow in GAIM by the suggested novel unsteady mass
E-mail: khlim@daegu.ac.kr (and momentum-) balance equations of melt polymer resin in the
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fan-shaped cavities in order to check the precision of the predicte

gas penetration lengths by the novel flow model as well as the cor
sistency of its predicted direction.
A c Gas Channel
METHODS i‘
1. Theory )
1-1. Flow Model Under Fan-shaped Geometry Neglecting Coatec A - section thickness
Layer on the Surface of Molds B - hydro-dynamic layer thickness
In part 1 of this paper [Lim, 2003] the expression of the flow rate C - gas channel thickness

of melt phase (Q) was obtained from the flow model neglectingFi 1. Gas penetration in a freezing viscous fluid
frozen layers on the surface of cavity of molds for the fan-shaped 9= P 9 '

geometry.
. . 20h°P,~P, R (t)2+ 2200
=OrH, =2 v (r,2)Ordz=z——"— 1 A t O
R A T o gel Al
R; Bql(o)"'ﬁm

where <y> is average velocity of melt phase flow.
Thus, the pressure drop betwegaiitl R may be written in terms where?e#ﬁi‘ =(R5(0) —R%(0))
of flow rate as below.

1-2. Flow Model Under Fan-shaped Geometry in Consideration of
1 R 12u, R
AP:-&%lnﬁj =Qq3%|n§‘1’ (@ Coated Layer on the Surface of Molds
R The relationship between the capillary number and the volume
Using the relation of Q=RHV,, the flow rate may be expressed swept forward had been determined about the penetration of gas

in such a way as: into Newtonian or Non-Newtonian fluids [Kolb and Cerro, 1991;
2 4R Poslinski et al., 1995; Huzyak and Koelling, 1997; Gauri and Koel-
Q :EHd_tl ) ling, 1999]. Fig. 1 is a representation of gas penetration into a freez-

ing viscous fluid. For a given section thickness (A), the thickness

One may substitute Eq. (3) into Eq. (2) and separate variables if the hydrodynamic layer (B) is dependent on the capillary num-
both sides, after which both sides are integrated to develop the floler (Ca), a function of melt viscosity, surface tension and linear ve-

model to show dynamics of Bnd R as below. locity of melt polymer. As the capillary number increases less ma-
terial is pushed forward; in other words, the percentage of the melt
0 JAO Apdt:@'-zl i In%’dRﬁ @ resin that is left behind increases until it asymptotically approaches

H™ R 1

a certain value. At a typical working range of GAIM whose cap-

R, (0) and R(0) are resin length at polymer shut-off and the radiusillary _number would _be above 1,000, th_e gas will leave b_ehind a
of gas nozzle, respectively. certain value of fractions of the melt resin as hydrodynamic layer.

The volume of melt polymer in fan-shaped geometry may beIn addition to hydrodynamic layer the frozen layer at the surface of

calculated and its value may be designated as A. Then the ratio fgolds should be also considered to determine the amount of coated

and R may be obtained as below. yer left behind in GAIM.
Ro Rmay ! . One may consider coated layer (i.e., frozen layer and hydrody-

Rof_1 2A 4 & namic layer) left behind when gas pushes the resin to flow forward
R,U RZOH as in Fig. 1. Since gas channel thickness becomes narrower, due to
the existence of coated layer with thicknéger one fan-shaped
Whereg—': =(R%(0) —R3(0)) flat plate, than melt front thickness of resin pushed forward, the ef-

fective thickness of moving resin is assumed to be a value less by
Substituting Eq. (5) into Eq. (4) with appropriate transformation, 20 than the thickness between two plates of a cavity. When mass

one may get the expression as: conservation is applied and volume contraction due to compres-
sion is ignored under the geometry as shown in Fig. 2(a)-(c), a new
Spx | [2A1 balance equation may be obtained:
AP o Mo +1RIX ®) q y
Rorf_ 1(2A , 22011, 28
where X=R(t) R, _R§E@H *+R1(0) H |:|+:|_ H 8)
After Eq. (6) is partially integrated one may obtain the equation that oA
explains the dynamics of B&nd R as: where% =(R5(0) —Ri(0)) and=thickness of coated layer one side

of mold

APt=§H%§Rf(t)In@ L d-rionEo-L +1D}

COHRE (1) (HR2(0) U Substituting H-2 and Eq. (8) into Eq. (4) for H and(R)? re-
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Fig. 2. Fan-shaped cavity of the mold: (a) Before melt-polymer is filled in the mold; (b) After melt-polymer is filled as shotia molding;
(c) When gas is injected into the cavity filled by resin and the length of gas penetration increases; (d) Typical behaviorhef t
solution of suggested flow model describing the length of gas penetration.

spectively, with appropriate transformation, one may get the exTable 1. Simulation conditions of MOLDFLOW
pression as:

Simulation ractor Description
APt== 3u D]]?A R1(0)26|1 %_Q%X ) Resin filling Short shot molding (85-95%)
(H —25)> X“’) D]:@H H Gas control \olume control
Resin PET(DP400)
here X=
where X=R(0) Resin melt temperature 210
After Eq. (9) is partially integrated one may obtain the equation thaMold temperature 10t
explains the dynamics of &nd R as: Gas injection pressure 15 M pascal
3 A 05 05 Gas delay time 0.5sec
APt:—“—[R Hind2A L Rz )22 0L, = Gas piston time 1sec
e RO+ RO s + BT p
m2A 20 20 D]]
- Ri(o)'“g[bH + Ri(o)ﬁ[ﬁz(o) %— Table 2. Various geometrical conditions of fan-shaped cavities (1)
[@\ +R (0)255 Case Position Vertex angle Thickness ; R R,
1
3u > Fig.31 Left (a)30(h)60,()90 2mm 9.4mm 43mm
(H-20)° g o1 8 Right (2)96 (b)90,(c)90 3mm 9.4mm 43mm
25 25 Fig.3-2 Left (a)30(b)60 3mm 94 mm 43mm
% T B?l(t)Jf +R1(0) D Right (a) 98 (b) 90 2mm  94mm 43mm
InG 3 26D (10) Fig.3-3(a) Left 30 2mm 94 mm 43mm
%-FB?%(OH RO Right 90 3mm  9.4mm 43mm
Fig.3-3(b) Left 30 2mm 94 mm 43 mm
Right 90 4mm 9.4 mm 43mm
herez =(Ro(0 -Ri(0
W ere =(Ri(0) ~Ri(0)) Fig.3-3(c) Left 30 2mm 94 mm 43 mm
Right 90 5mm 94 mm 43mm

2. Simulations and Model-predictions When Two Cavities of
Fan-shaped Plates are Involved in Configuration * Fig. 3-1(a) is the same as Fig. 3-3(a).

As in part 1 of the paper, two fan-shaped flows with a common
gas-pressure were considered where lengths of polymer-shut off &ibns in each case are given as in Tables 1, 2, 4 and 6.
both fans were adjusted to be the same in order to measure the ef-After simulations were performed under various geometrical con-
fect of the process conditions other than initial resin length and talitions, the model predictions on gas flow were performed in con-
compare the dynamic behavior at both fans. In addition, two fansideration of coated layer. In model-predictions, the coated layer
shaped flows of a common gas-pressure and of the same anglethfckness §) of one fan-shaped flat plate was assumed to be 20%
fans were simulated with different lengths of initial polymer shut- of the thickness between two fan-shaped flat plates of molds in case
off as well as the different thickness of cavities to both left and rightof the model prediction of fan-shaped flow according to the simu-
directions. The simulation conditions as well as geometrical condilation results showing that polymer fraction was ca. 40%, respec-
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Fig. 3. 1(a) to 1(c) Simulated gas penetration (Refer to Table 2 for geometrical conditions.), 1(d) to 1(f) Gas penetration (ldgtted line;
Right: solid line): d) same condition as in 1(a); (e) same condition as in 1(b); (f) same condition as in 1(c). 2(a) to 24WiISked gas
penetration (Refer to Table 2 for geometrical conditions.), 2(c) to 2(d) Gas penetration (Left: dotted line; Right: solid linglc)
same condition as in 2(a); (d) same condition as in 2(b). 3(a) to 3(c) Simulated gas penetration (Refer to Table 2 for geormetric
conditions.), 3(d) to 3(f) Gas penetration (Left: dotted line; Right: solid line): d) same condition as in 3(a); () same as(in); (f)
same condition as in 3(c), 3(g) to 3(i) Model-predicted gas penetration (Left: dotted line; Right: solid line): g) same comditas
in 3(a); (h) same condition as in 3(b); (i) same condition as in 3(c).

tively, when gas was injected into the cavity of molds. curacy of the model prediction and to predict the gas direction, which
Subsequently, each set of a simulation and its corresponding modaay be defined as that of longer length of gas penetration into be-
el-prediction was compared and was evaluated to estimate the awveen the right and left fan-shaped cavities when either of the right
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Fig. 3. Continued.

Table 3. Accuracy of model-predictions compared to the simula-

0.02 0.04 0.06
Time (sec)

(d

0.02 0.04 0.06

Time (sec)

€]

tion-results in GAIM (1)

Flow Directions in GAIM: 2. Development of Flow Model

Gas penetration (mn)

Gas penetration (mn)

0 0.02 0.04 0.06
Time (sec)
(e)
0
0 0.02 0.04 0.06
Time (sec)
(h)

Simulation

Model-
predictions (right/left)

Ratio of H/R

SR MR Accuracy

Fig. 3-3(d) Fig. 3-3(g)
Fig. 3-3(e) Fig. 3-3(h)
Fig. 3-3(f) Fig. 3-3(i)

1.49
1.98
2.55

4.4 2.98 Excellent
17.5 6.9
32.0 10.0

Good
Good

—
C
£

£
c

S

9
©

=
[
C
[0
o
(72}
©

o

Gas penetration (mn)

« SR denotes the ratio of simulated gas penetration lengths (righfR%(t) one may obtain:
left) to both of right and left directions when either of right and
left leading fronts of melt polymer reaches mold barrier first.

* MR denotes the ratio of model-predicted gas penetration lengths

first.

« Accuracy describes the degree of consistency between simulatio%s'

results and model-predictions according to:
1) |[SR-MR|/SR<0.5: Excellent
2) 0.5<|SR MR|/SR<1: Good
3) 1<|SR-MR|/SR<3: Fair

4) |SR-MR|/SR>3: Bad:

x =H2A
2080BH

where X=R(t)

dX  (H-25)*

(right/left) to both of right and left directions when either of right and where X=R(t)
left leading fronts of melt polymer reaches the maximum-distanc

+Ri(0)
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and left leading melt-polymer fronts reaches the mold barrier first.
RESULTS AND DISCUSSION
1. Effective Solution of the Novel Flow Model
Differentiating both sides of Eg. (9) one may find the value of

Ry(t) that makes the inverse of giR zero, in other words, makes
the value of dRdt infinite. Similarly, differentiating Eq. (9) with

2] w

€in order to make the value of dt/dX become zero, X may be chosen

(12)

Substituting such value of(g into Eq. (10), one may find the time

Korean J. Chem. Eng.(Vol. 21, No. 1)
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Table 4. Various geometrical conditions of fan-shaped cavities (2)

Case Position Vertex angle Thickness ; R R,
Fig. 4(a) Left 30 1mm 3.1 mm 10 mm
Right 30 1.2mm 4.8mm 20 mm
Fig. 4(b) Left 30 1mm 3.1 mm 10 mm
Right 30 1.5mm 4.8mm 20 mm
Fig. 4(c) Left 30 1mm 3.1 mm 10 mm
Right 30 2mm 4.8 mm 20 mm
Fig.5(a) Left 30 1mm 1.4mm 10 mm
Right 30 11mm 4.8mm 40 mm
Fig. 5(b) Left 30 1 mm 1.4mm 10 mm
Right 30 1.2mm 4.8mm 40 mm
Fig. 5(c) Left 30 1mm 1.4mm 10 mm
Right 30 2mm 4.8 mm 40 mm
Fig. 5(d) Left 30 1mm 1.4mm 10 mm
Right 30 3 mm 4.8 mm 40 mm
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when the melt front resin pushed forward would be used up due to
coating the surface of molds. Since the coated layer left behind was
considered in such a model-prediction that melt resin flow of de-
clining mass due to accumulated coated layer may accelerate the
gas flow, the trajectory of,®), i.e., gas penetration, showed an in-
finite value of its gradient with time, as in Fig. 2(d), when melt front
resin pushed forward was used up to coat the surface of molds. The
solution of Eq. (10) is valid in the part of time-dependent trajectory
of Ry(t) lower than Kt) that makes the value of @R infinite. Thus,
the effective gas penetration of every figure in the model-predic-
tions of Tables 3, 5 and 7 is the lower part from two parts of time-
dependent trajectory in symmetry. However, the proposed model is
not capable of showing the constant length of gas penetration after
the leading front of melt polymer reaches mold barriers.
2. Results with Different Angle of Fans and Different Thick-
ness of Fan-shaped Cavity

The commercial software Moldflow (version of MPI 4.0) was
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Fig. 4. (a) to (c) Simulated gas penetration (Refer to Table 4 for geometrical conditions.), (d) to (f) Gas penetration (Left: tedtline;
Right: solid line): d) same condition as in (a); (€) same condition as in (b); (f) same condition as in (c), (g) to (i) Modethated gas
penetration (Left: dotted line; Right: solid line): g) same condition as in (a); (h) same condition as in (b); (i) same coratitias in (C).
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Fig. 5. (a) to (d) Simulated gas penetration (Refer to Table 4 for geometrical conditions.), (e) to (h) Gas penetration (Lefttetbtline;
Right: solid line): (€) same condition as in (a); (f) same condition as in (b); (g) same condition as in (c); (h) same condit®in (d),
(i) to (I) Model-predicted gas penetration (Left: dotted line; Right: solid line): i) same condition as in (a); (j) same coridit as in
(b); (k) same condition as in (c); (I) same condition as in (d).

used to perform the simulations, of which conditions are given avertex angle of fan-shaped mold near a gas nozzle, as in Figs. 3-
in Table 1. Table 3 shows the accuracy of model-predictions comi(a) to 3-1(c) as well as Figs. 3-2(a) to 3-2(b).
pared to the simulation-results with various geometrical conditions In such transformed simulation-results as in Figs. 3-1(d) to 3-
as in Table 2. The simulation results of Figs. 3-1(a) to 3-1(c), 3-2(alL(f), 3-2(c) to 3-2(d) and 3-3(d) to 3-3(f), gas penetration lengths,
to 3-2(b), and 3-3(a) to 3-3(c) were transformed into Figs. 3-1(d) ta.e., the distances traveled of the interface between gas-phase and
3-1(f), 3-2(c) to 3-2(d), and 3-3(d) to 3-3(f), respectively, that showmelt polymer to both of right and left directions, were simulated
the time-dependent trajectory of both directions of gas flows. Besideantil either of the leading fronts of melt polymer reached mold bar-
Figs. 3-3(g) to 3-3(i) deal with the results of model prediction cor-rier first. Once either leading melt front reached the mold barrier, its
responding to Figs. 3-3(d) to 3-3(f), respectively, and show theittime-dependent trajectory became flat afterwards. It was observed
time-dependent model-based trajectory of both directions of gathat at the side where resin ran faster the resin flow was blocked
flows. after the resin reached the barrier of molds, and the flow direction
It was noted that the simulation results were consistent with thevas reversed to the other direction.
model predictions in that the dynamic behavior of the interface be- In particular, it was remarkable that model-predictions described
tween gas and melt resin was independent of the magnitude of tame-dependent behavior to both directions so accurately compared

Korean J. Chem. Eng.(Vol. 21, No. 1)
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Table 5. Accuracy of model-predictions compared to the simula- ~ Table 6. Various geometrical conditions of fan-shaped cavities (3)
tion-results in GAIM (2)

Model- Ratio of H/R

Case Position Vertex angle Thickness ; R R,

Simulation . . SR MR Accuracy Fig.6(a) Left 60 2mm 9.4 mm 43 mm
: pr§d|ctlons (left/right) Right 60 3mm 9.4mm 43 mm
Fig. 4(d) Fig. 4(g) 1.67 0.50 0.42 Excellent Fig. 6(b) Left 60 3mm 9.4 mm 43 mm
Fig.4(f)  Fig. 4() 1 1.83 1.13 Excellent Fig.6(c) Left 60 2mm  9.4mm 43 mm
Fig. 5(e)  Fig. 5(i) 3.57 0.08 0.35 Bad Right 60 5mm 9.4 mm 43mm
Fig. 5(f)  Fig. 5(j) 3.33 0.08 0.36 Bad
Fig.5(g)  Fig. 5(k) 2 0.35 0.25 Fair - .
Fig.5(h)  Fig. 5() 133 138 15 Excellent Table 7. Accuracy of model-predictions compared to the simula

tion-results in GAIM (3)

Model- Ratio of H/R
predictions (left/right)

* SR denotes the ratio of simulated gas penetration length (right
left) to both of right and left directions when either of right and Simulation
left leading fronts of melt polymer reaches mold barrier first.

SR MR Accuracy

* MR denotes the ratio of model-predicted gas penetration lengths Fig. 6(d)  Fig. 6(g) 3.57 0.26 0.28 Excellent
(right/left) to both of right and left directions when either of rightand ~ Fi9- 6(€)  Fig. 6(h) 3.33 026 0.31 Excellent
left leading fronts of melt polymer reaches the maximum-distance Fig. 6(f)  Fig. 6(i) 2.00 0.52 0.76 Excellent
first. « SR denotes the ratio of simulated gas penetration lengths (right/

* Accuracy describes the degree of consistency between simulatideft) to both of right and left directions when either of right and

results and model-predictions according to the same criteria applieféft leading fronts of melt polymer reaches mold barrier first.

as in Table 3. * MR denotes the ratio of model-predicted gas penetration lengths
(right/left) to both of right and left directions when either of right and
left leading fronts of melt polymer reaches the maximum-distance

to the results of simulation that both their predicted gas penetratiofirst.

length and their corresponding time scales were exactly matchedAccuracy describes the degree of consistency between simulation

to those by the simulation. However, the greater their ratios of thickresults and model-predictions according to the same criteria applied

ness between right and left fans were, the greater SRs in the siras in Table 3.

ulations became than MRs (that their model predicts) did, as shown

in Table 3. This may be attributed to the fact that the shear rate thin-

ning property of pseudo-plastic fluid made the velocity of gas flowwas doubled than those in Figs. 4(a) to 4(c) due to douplesliR

faster than that from Eq. (10). Since the accuracies were generallyigs. 5(a) and 5(d). As far as the gas direction is concerned, when

above “Good” as in Table 3, the suggested gas-flow model mayhe direction of gas flow is defined as that of longer length of gas

replace the simulations performed by commercial software withinpenetration between through right and left fan-shaped cavities until

the given operating conditions of GAIM. either of the right and left leading melt-polymer fronts reaches the
3. Results with Different Lengths of Initial Polymer Shut-off mold barrier first, it was always correct even though the accuracy
and Different Thickness of Cavities was “Bad” in the cases of relatively small vertex angle (f&) of

The commercial software Moldflow (version of MPI 4.0) was a fan-shaped mold as well as relatively large value of the ratio of
again used to perform simulations, of which conditions are giverH/R..
as in Table 1. Table 5 shows the accuracy of model-predictions com- With various geometrical conditions as in Table 6, Table 7 shows
pared to the simulation results with various geometrical conditionshe accuracy of model-predictions compared to the results of simu-
as in Table 4. Figs. 4(a) to 4(c) and Figs. 5(a) to 5(d) were transhation on the direction of gas flow of GAIM. Figs. 6(a) to 6(c) de-
formed into Figs. 4(d) to 4(f) and Figs. 5(e) to 5(h), respectively, scribe the simulation results of each process conditions and were
which show the time-dependent trajectory of both directions of gadransformed into Figs. 6(d) to 6(f) that show the time-dependent
flows. In addition, Figs. 4(g) to 4() and Figs. 5(i) and 5() deal with trajectory of both directions of gas flows. Figs. 6(g) to 6(i) deal with
the results of model prediction corresponding to Figs. 4(d) to 4(fthe results of model prediction corresponding to Figs. 6(d) to 6(f),
and Figs. 5(e) and 5(h), respectively, and show their time-deperrespectively, and show their time-dependent model-based trajec-
dent model-based trajectory of both directions of gas flows. tory of both directions of gas flows.

It was remarkable that model-predictions described time-depen- The values of MR from Figs. 6(g) and 6(i) approached very close-
dent behavior to both directions so accurately compared to the rdy to those of SR from Figs. 6(d) to 6(f), respectively, even though
sults of simulation that their predicted gas penetration length andhe ratios of H/Rwere not small compared to those of Figs. 5(e) to
their corresponding time scale of Figs. 4(g) to 4(i) were rationally5(h). Thus, it was confirmed that the edge effect was quite dimin-
matched to those by the simulation in Figs. 4(d) to 4(f). Howeverjshed in cases of Figs. 6(a) to 6(c), where the vertex angle of fan-
just like the previous cases, the discrepancy between SR and Mehaped molds wag3, that their accuracy belonged to “Excellent”
was observed to increase between in Figs. 5(e) to 5(h) and in Figathile the accuracies of Figs. 5(a) to 5(d), where their vertex angles
5(i) to 5(I), respectively, as the ratio of the values of,ld#tame  were 776, remained around “ Fair". Since the accuracies of model
bigger. This may also be attributed to the fact that their edge effeqiredictions of Figs. 6(g) to 6(i) were “Excellent” as shown in Table
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7, the suggested gas-flow model may replace the simulations peon each plate of fan-shaped molds to be 20% of thickness of the
formed by commercial software within the given operating condi- cavity. In model-predictions, the valid trajectory qftRwas the
tions of GAIM. lower part between two parts of time-dependent trajectory in sym-
metry.
CONCLUSIONS When different vertex angle of fans, different thickness of fan-
shaped cavity and the same lengths of polymer shut-off on both sides
In GAIM a time-dependent-flow model was suggested under fanwere applied as geometrical conditions of fan-shaped molds, the
shaped geometry in consideration of a coated layer on the surfaceodel-predicted accuracies were generally above “Good,” as in
of molds. The coated layer thickness has been well known to b&able 3, even though melt-PET, which is reported to be a non-New-
associated with the capillary number (Ca). At the typical working tonian fluid, was treated as a Newtonian fluid so that the suggested
range of GAIM (i.e., Ca>1,000), the hydrodynamic layer left behind gas-flow model may replace the simulations performed by com-
occupies a certain number of fractions of the melt resin. In addition tanercial software within the given operating conditions of GAIM.
hydrodynamic layer, the frozen layer at the surface of molds shoul®n the other hand, different lengths of initial polymer shut-off, dif-
also be considered to figure out the amount of resin left behind irierent thickness of cavities and the same vertex angles of fans on
GAIM. According to the results of simulations using MOLDFLOW both sides were used as the geometrical conditions. In those cases
(version of MPI 4.0), the polymer fraction turned out to be aroundthe discrepancy between SR and MR was observed, as in Table 5,
40% on the surface of fan-shaped cavities. Consequently, time evds increase as the ratio of the values of,ldfiRleft and right sides
lutions of gas penetration lengths were predicted according to theecame bigger. This may also be attributed to the fact that their edge
model suggested assuming the thickn@ssf(each coated layer effect was unbalanced on both sides due to their different lengths
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of initial polymer shut-offs. As far as the gas direction was con- Molded Spiral Tube]nternational Communications in Heat and
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