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ABSTRACT 

Injection molding is a manufacturing process for plastic components where precise geometries and part properties, such as local 
strength and stiffness, are critical. The mold filling phase, during which the hot molten polymer is rapidly injected into the cooled 
mold cavity, presents significant simulation challenges due to steep temperature and velocity gradients, as well as the nonlinear 
visco-elastic behavior of polymers. In this work, we present a comparative study using a widely known commercial simulation 
tool, COMSOL Multiphysics, and our in-house-developed solver, XNS, with a specific focus on the treatment and impact of wall 
boundary conditions. For the comparison, we use a 2D macroscale test case. For both solvers, stabilized linear finite elements are 
used, and they utilize a two-phase flow formulation, with the level-set method to capture the interface. The two solvers differ in 
their definition of the level set function and in their variable Navier-slip algorithms as boundary condition. The results indicate that 
variations in the treatment of wall boundary conditions lead to differences in both the advancing profile of the interface and the 
width of the frozen layer. This study highlights the critical role of accurately modeling wall boundary conditions in predicting the 
onset of solidification and subsequent part quality. Moreover, our findings demonstrate that the in-house solver achieves accuracy 
comparable to that of COMSOL Multiphysics with a drastically reduced computational time, while offering more flexibility for 
the wall boundary conditions and the potential for a more physical representation of them. 
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 Introduction 

njection molding is a key method for producing plastic parts in
arge volumes. The process demands precise control over product
eometry and material properties, often relying on a combi-
ation of experimental trials and simulation-based approaches.
lthough established simulation software provides valuable
nsights, the need for computational efficiency typically leads to
he adoption of simplified physical models, which may not meet
he requirements for high-resolution applications. This highlights
he need for a simulation approach that is both accurate and
his is an open access article under the terms of the Creative Commons Attribution Licen
riginal work is properly cited. 
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efficient, ultimately leading to better part quality and lower
production costs. 

In the present work, the numerical simulation of one of the
first stages of the process is analyzed: the mold cavity filling.
In this stage the molten polymer is injected into the cooled
mold cavity. The hot polymer immediately contacts the cooled
surfaces, triggering rapid solidification. This contact not only
initiates the solidification process but also induces complex fluid
dynamic phenomena governed by steep temperature gradients
and significant shear stresses. Such interactions at the mold walls
se, which permits use, distribution and reproduction in any medium, provided the 

ley-VCH GmbH. 
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 articles are governed by the applicable C
rea
re especially critical, as they directly influence the evolution of
he flow front, the subsequent packing phase, and ultimately, the
inal part geometry and part properties. 

everal experimental studies have analyzed the flow front
ehavior typical in injection molding applications [ 1–4 ]. In the
umerical simulations, this behavior has been modeled follow-
ng different approaches, which will depend on the numerical
ethods used, for example, finite volume method [ 5–7 ] or
inite element method [ 8–10 ]. Wide variety of solvers are used
or injection molding simulations, from in-house developed
olvers, to open-source research codes, to commercial solutions.
ome of the most popular commercial software for injection
olding simulations include: Moldflow (Autodesk, Inc., Mill
alley, CA, USA), Moldex 3D (CoreTech System Co., Ltd., Zhubei
ity, Taiwan), Sigmasoft (SIGMA Engineering GmbH, Aachen,
ermany), Cadmould (Simcon kunststofftechnische Software
mbH, Würselen, Germany), and COMSOL Multiphysics (COM-
OL Inc., Stockholm, Sweden). Even with the high number of
xisting solvers, there is still a gap between numerical simulations
redictions and reality [ 11–14 ]. This is, in general, due to the
odel simplications applied to meet the requirement of realistic
omputational times, as well as to the numerical treatments
sed to address the complexities of the physical model. This
otivates the research toward a robust, efficient, and accurate
umerical model. 

ollowing the work in [ 15, 16 ], this study compares the numerical
odels in the in-house solver XNS with the well-established
OMSOL Multiphysics. Both solvers are commonly used for
luid and heat transfer problems in a wide range of applications
 17–21 ]. Both solvers can use stabilized linear finite elements
nd a two-phase flow formulation with the level-set method for
apturing the interface between polymer and air in the fixed
omain. Using the same spatial mesh and material modeling,
imulations differ only in the time discretization, semi-discrete
n COMSOL and discontinuous-prismatic space-time in XNS [ 10 ],
nd, most relevantly, in the boundary conditions. We assume that
oth solvers solve their models within a certain tolerance, so that
he equation system solver is only relevant for timing. 

fter a description of both models and methodology, in the results
ection we will compare the simulation outcomes from using
OMSOL and XNS solver. The simulation with XNS compares
wo cases, using a weaker and a stronger imposition of the
all no-slip condition for the polymer phase. The difference
etween both boundary conditions approaches are analyzed and
he relevance of the wall boundary condition in accurate cavity
illing simulations are outlined. 

 Governing Equations 

o model the flow problem in this work, we use a two-phase flow
ormulation, modeling both the air and the polymer in a fixed
omain representing the rigid cavity. To capture the polymer–
ir interface, the two phase level-set method is employed. To
odel the flow, the general Navier–Stokes equations have been
implified. From the polymer’s properties, it is considered that
he flow is incompressible and viscous dominated, 𝑅𝑒 << 1 ,
herefore, the Stokes formulation is used. To compute the shear
of 9
rate and temperature-dependent polymer’s viscosity, the heat
transfer equation is also solved. 

The considered computational domain Ω ⊂ ℝ2 encloses the
immiscible subdomains representing the air Ω1 ( 𝑡) and polymer
phases Ω2 ( 𝑡) , where Ω1 ( 𝑡) ∪ Ω2 ( 𝑡) = Ω. The interface between
both phases is defined as Γ𝑖𝑛𝑡 ( 𝑡) = Ω1 ( 𝑡) ∩ Ω2 ( 𝑡) , while the
boundary of the entire domain is Γ = 𝜕Ω. 

The unsteady Stokes equations define the velocity 𝐮 ( 𝑥 , 𝑡 ) and
pressure 𝑝( 𝑥 , 𝑡 ) at each time 𝑡 ∈ [0 , 𝑡𝑓 𝑖 𝑛𝑎𝑙 ] : 

𝜌𝑖 
𝜕𝐮 

𝜕𝑡 
− ∇ ⋅ 𝝈𝑖 = 𝟎 , (1)

∇ ⋅ 𝐮 = 0 , (2)

𝝈𝑖 = − 𝑝𝐈 + 𝜇𝑖 
(
∇ 𝐮 + (∇ 𝐮 )𝑇 

)
, (3)

for indices 𝑖 = 1 , 2 corresponding to air and polymer phases.
𝜌 corresponds to the density. Notice that no body forces are
considered in our formulation. The stress tensor 𝝈 includes
viscous and pressure contributions and depends on the dynamic
viscosity 𝜇. The dynamic viscosity is modeled as shear and
temperature dependent; the model is described in Section 4 . 

The temperature 𝑇( 𝑥 , 𝑡 ) is governed by the heat transfer equation:

𝜌𝑖 𝑐𝑝,𝑖 

( 

𝜕𝑇 

𝜕𝑡 
+ 𝐮 ⋅ ∇ 𝑇

) 

− 𝑘𝑖 ∇
2 𝑇 − Φ𝑖 = 0 , (4)

where 𝑐𝑝 is the isobaric heat capacity, 𝑘 the thermal conductivity,
and Φ viscous heat dissipation. 

To capture the interface between air and polymer Γ𝑖𝑛𝑡 ( 𝑡) different
approaches are followed by the XNS and COMSOL. 

2.1 XNS 

The XNS solver solves the transport equation of the function 𝜙𝑋 ,
which represents initially the signed distance to Γ𝑖𝑛𝑡 ( 𝑡) : 

𝜕𝜙𝑋 
𝜕𝑡 

+ 𝐮 ⋅ ∇ 𝜙𝑋 = 0 . (5)

Every time step, the level-set function is reinizialized to conserve
the property of a signed distance function. 

2.2 COMSOL 

In COMSOL Multiphysics, the level-set function does not repre-
sent a distance function but a smooth step function that equals
zero in Ω1 and one in Ω2 . Across the interface, there is a smooth
transition from zero to one [ 22 ]. The interface Γ𝑖𝑛𝑡 ( 𝑡) is defined
by the 0.5 isocontour, in contrast with the XNS definition, where
Γ𝑖𝑛𝑡 ( 𝑡) is defined by the isocontour 0. The transport equation of
PAMM, 2026
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 articles are governed by the applicable C
rea
he level set is, in this case, the following: 

𝜕𝜙𝐶 
𝜕𝑡 

+ 𝐮 ⋅ ∇ 𝜙𝐶 = 𝛾∇ ⋅ ( 𝜖∇ 𝜙𝐶 − 𝜙𝐶 (1 − 𝜙𝐶 )
∇ 𝜙𝐶 |∇ 𝜙𝐶 | ) . (6)

ere, 𝜖 determines the region of smoothing and by default is
qual to the largest value of the mesh size in the domain Γ. 𝛾
etermines the amount of re-initialization or stabilization of the
evel-set function [ 22 ]. This parameter is set to 𝛾 = 0 . 2 𝑚𝑠 for
he simulations presented in this work. No volume correction
echnique is applied to any of the simulations. 

 Solution Technique 

.1 XNS 

NS is the finite-element in-house solver at the Chair for
omputational Analysis of Technical Systems. With this solver,
quations ( 1 )–( 5 ) are discretized using P1P1 finite elements, that
s, linear interpolation for all degrees of freedom. For the stabi-
ization, the Galerkin/Least-squares approach is used [ 23 ]. The
evel-set equation, Equation ( 5 ), Stokes equations, Equations ( 1 )
nd ( 2 ), and the heat equation Equation ( 4 ), are solved iteratively
t each time-step, until convergence is reached. For the domain,
he discontinuous-prismatic space-time formulation is used [ 24 ].

 relevant aspect of the simulation is the transition of the material
roperties at the interface between the air and polymer phases.
his transition has a direct influence on both the numerical
onvergence and the solution accuracy. In both COMSOL and
NS, an arithmetic mean weighted by a smooth step function is
sed to smooth the material properties near the interface Γ𝑖𝑛𝑡 ( 𝑡) : 

𝑋𝜙 = 𝑥1 + ( 𝑥2 − 𝑥1 ) 𝐻𝑠,𝜙, (7)

here 𝑋𝜙 is the resulting material property at the level-set 𝜙,
𝑖 the material property at phase 𝑖, and 𝐻𝑠,𝜙 is the smoothed
eaviside function for the transition between phases. 𝐻𝑠,𝜙 is
efined differently for COMSOL and XNS. For XNS, the smoothed
eaviside function is defined as follows: 

𝐻𝑠,𝜙 =
1 + 𝜙

𝜖
+

𝑠𝑖𝑛(
𝜋⋅𝜙

𝜖
) 

𝜋

2 
(8)

ith 𝜖 set to 0.8 for this work. Notice that here the level-set
unction corresponds to the distance function. 

.2 COMSOL 

imilarly to XNS, COMSOL uses P1P1 finite elements, but
treamline upwind Petrov–Galerkin stabilization is used [ 23 ]. The
ystem of equations is solved sequentially and a backward Euler
cheme with adaptive time stepping is utilized. The time step
anges from 0 . 09 to 0 . 28 𝑚𝑠. 

egarding the material weighting between phases, the smoothed
eighted arithmetic mean is used as in Equation ( 7 ). However,
he smoothed Heaviside function, 𝐻𝑠,𝜙 corresponds to the inte-
rated smoothed step function, defined by piece-wise 5th-degree
AMM, 2026
polynomials [ 22 ]. The mixing parameter that defines the size
of transition between phases is set to 0.8 for this work, and is
referring to the level set function. Notice that for COMSOL, the
level-set function does not correspond to a distance function. 

4 Simulation Model 

The simulation performed in this study corresponds to the one
described in [ 15 ]. The domain is defined by the 2D rigid cavity
channel and has been shortened with respect to the one defined in
[ 15 ]. The spatial mesh used is the same for all simulations, and has
18 576 elements, 9831 nodes, and an element size ℎ ∼ 0 . 25 𝑚 𝑚 ;
see Figure 1 . 

The cavity is initially filled with air at mold temperature of 303 K,
and the hot molten polymer compound is injected through the 6
𝑚 𝑚 wide inlet (see Figure 1 ) with a ramped velocity of 

𝑢 = − 50
1 

1 + 𝑒− 100 𝑡+ 4 
𝑦 𝑚 𝑚 ∕𝑠, 

at a temperature of 513 K. A traction-free boundary condition
is imposed at the outlet, that is, rightest wall in Figure 1 , to let
the air escape. The wall boundary conditions are defined in the
next section. 

Regarding the temperature boundary conditions, we prescribe
a Neumann boundary, where the heat flux 𝑞 represents the
convective heat transfer at the mold walls Γ𝑤 𝑎𝑙 𝑙 , when in contact
with cold steel plates, at 𝑇𝑒𝑥𝑡 : 

𝑞 = − 𝐧 ⋅ ( 𝑘∇ 𝑇) = ℎ ⋅ ( 𝑇𝑒𝑥𝑡 − 𝑇) , 𝑜𝑛 Γ𝑤 𝑎𝑙 𝑙 . (9)

The heat transfer coefficient for the walls of the cavity, ℎ, is set to
700 𝑊 ∕( 𝑚2 𝐾 ) . 

The polymer is modeled as an isotactic polypropylene PP505P by
Saudi Basic Industries Corporation, Riyadh, Saudi-Arabia. The
Cross–Williams–Landel–Ferry model [ 25 ] with the formulation
in [ 8 ] is used to model the shear-thinning behavior of the polymer.
The specific material properties used for both material phases
are described in Tables 1 and 2 in [ 15 ]. In XNS, the air is
modeled with constant properties independent of temperature
and pressure. In COMSOL the air is modeled as an ideal gas, with
a dynamic viscosity of 2 . 66 ⋅ 10− 5 𝑃𝑎 ⋅ 𝑠 and a constant density of
0 . 784 𝑘𝑔 ∕𝑚3 . 

5 On the Wall Boundary Conditions 

Boundary conditions on the wall play a crucial role in the cavity
filling problem with melted polymers. Different authors use
different approaches to model them, depending on the problems
characteristics, that is, capillarity, and the numerical methods
used. In general, the molten polymer will solidify after contacting
with the cooled mold walls. This effect will cause the so-called
“frozen layer” of solidified polymer stick to the mold walls. In this
area, a no-slip condition can resemble the physical behavior 𝐮 =
0 . Depending on the wall shear stresses, especially in microfluidic
flows, there can be some slippage in this region [ 4 ]; it is,
3 of 9
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FIGURE 1 2D testing geometry and spatial mesh. Dimensions in mm. 

TABLE 1 Wall boundary condition parameters for XNS simula- 
tions, with ℎ = 0 . 25 𝑚 𝑚 . 

𝛂∞(𝐏𝐚 ⋅ 𝐬∕𝐦𝐦) 𝛅𝟏 (𝐦𝐦) 𝛅𝟐 (𝐦𝐦) 

Soft BC 3 ⋅ 104 − 80 ℎ − 3 ℎ

Strong BC 1 ⋅ 103 − 4 ℎ − ℎ
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 articles are governed by the applicable C
reat
owever, not considered here. For the air, both slip and no-slip
all boundary conditions can be used and will not influence
he polymer solution. Therefore, a slip boundary condition is
referred for better numerical convergence. 

hen dealing with finite-elements and the level-set interface
apturing method, if we apply a no-slip condition for the polymer
hase, the interface-wall contact point will be solidified, prevent-
ng the flow from moving. This problem has been studied by
everal authors, in a broader context [ 26–28 ]. The treatment of this
riple dynamic contact point can be treated by adding a wetting
ondition, allowing it to slip with a certain 𝐮𝑠𝑙𝑖𝑝 , determined by
he surface tension, capillarity effects, and so forth. [ 9, 29 ]. 

iven the high capillary number of our problem, 𝐶𝑎 >> 1 , the
urface tension and capillarity effects can be neglected. The
low will be driven by the viscous forces and not the surface
ension. Therefore, 𝑢𝑠𝑙𝑖𝑝 will not be determined by the wetting
henomenon, and simply some slip will be allowed near the
riple contact point. For the treatment of the different boundary
ondition at the wall, from no-slip to slip at the interface, different
umerical approaches are used [ 5, 8, 9 ]. In this study, the slip
ondition at the contact point will be treated with different
pproaches for COMSOL and for XNS. 

.1 XNS 

he XNS solver achieves the transition between slip and no-slip
ondition in the polymer phase by using a variable Navier-slip
ormulation. The variable Navier-slip condition relies on applying
 variable tangent stress at the wall opposing the fluid movement,
sing a coefficient 𝛼 to control the slip behavior: 

𝐾𝑛𝑡 = 𝐧 ⋅ 𝝈 ⋅ 𝐭 = 𝛼𝑢𝑡 , (10)

here 𝐧 and 𝐭 are the normal and tangent vectors at the boundary,
the stress tensor, 𝑢𝑡 the tangential component of the fluid

elocity, and 𝛼 a variable coefficient defined as follows: 

𝛼 =

⎧ ⎪ ⎪ ⎨ ⎪ ⎪ ⎩ 

𝛼∞ 𝜙𝑋 < 𝛿1 

− ( 𝜙𝑋 + 𝛼)
𝛼∞

𝛿
𝛿1 < 𝜙𝑋 < 𝛿2 

0 𝜙𝑋 > − 𝛿2 [3 𝑝𝑡] 

. (11)
of 9
The 𝛼 coefficient upstream of the front flow, 𝛼∞, should be a
sufficiently high value to restrict completely the fluid movement,
resembling the no-slip condition. 𝛿1 and 𝛿2 are the limits for the
slip transition area, where 𝛼 is linearly ramped from 0 to 𝛼∞. The
smallest the area is the quicker the physical boundary condition is
recovered. However, the transition length needs to be sufficiently
big to be solvable and represented for at least one mesh element. 

Two different simulations have been performed with XNS. In
the first one, XNS—soft BC, the 𝛼∞ coefficient and limits have
been adjusted to imitate the COMSOL simulation. In the second
simulation, XNS—strong BC, the parameters have been adjusted
to emulate a more physical behavior. In Table 1 , the parameters
used for both simulations are defined: 

5.2 COMSOL 

In COMSOL, a different formulation is used for the wall boundary
condition. Again, a Navier-slip condition is applied, but in this
case, the tangential stress varies with the viscosity and a fixed slip
length 

𝐾𝑛𝑡 = 𝐧 ⋅ 𝝈 ⋅ 𝐭 = −
𝜇

𝛽
𝑢𝑡 . (12)

In this formulation, the slip length 𝛽 is set to 0.1 and 10 𝑚 𝑚 for
the air, with a transition region from 𝜙𝐶 = [0 . 5 − 0 . 52] , linearly
ramped. In general, COMSOL documentation [ 22 ] recommends
a 𝛽 equal to the mesh element size. In this case, the beta is set
even smaller, for a stricter no-slip condition. 

6 Results 

The resulting polymer flow front advancement from COMSOL
and XNS simulations is represented in Figure 2 . 

In Figure 2 it can observed that the interface profiles strongly
depend on the imposed boundary conditions. Soft imposition of
the no-slip condition leads to a less sharp profile, since some
slip is allowed along the interface, while stronger imposition of
the no-slip condition leads to a sharper profile. Regarding the
filling time, we observe that, independently of the boundary
conditions imposed, both XNS solutions have the same filling
pace, since the distance between the interfaces is constant in
all time steps. In contrast, the filling pace of the COMSOL
solution is slightly quicker, the polymer reaches the end of the
mold faster. One possible explanation of this difference could be
the inlet condition, since some differences were observed near
the inlet flow. At the same time, there could be some volume
loss for the XNS simulations, since no volume conservation
technique is applied and the level-set method is not inherently
PAMM, 2026
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TABLE 2 Numerical simulation performance: computational effort and time. 

Solver Mesh size Element size Time step Computational time 
( 𝒏𝒆𝒍𝒆𝒎𝒆𝒏𝒕𝒔 ) ( 𝒎𝒎 ) ( 𝒎𝒔 ) ( 𝒉𝒐𝒖𝒓𝒔 ) 

COMSOL 18,576 ∼ 0 . 25 0.09 – 0.28 2.65 on 32 cores 
XNS—strong BC 18,576 ∼ 0 . 25 5 0.32 on 32 cores 
XNS—soft BC 18,576 ∼ 0 . 25 5 0.34 on 32 cores 

FIGURE 2 Polymer–air interface Γ𝑖𝑛𝑡 at different times for XNS and COMSOL solutions. 
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 articles are governed by the applicable C
rea
olume conservative. This effect could have been overcome in
he COMSOL simulation by the use of an adaptive very small
ime step. 

igure 3 shows the velocity profiles along the channel walls,
or an intermediate time, 𝑑 𝑡 = 0 . 4 𝑠 , and the final time, 𝑑𝑡 =
 . 05 𝑠. From Figure 3a , we can observe that the velocity at the
hannel walls in the polymer region ( 𝜙𝑋 < 0, 𝜙𝐶 > 0.5) is almost
ear 0 when imposing the strong boundary conditions with
NS. The change from the slip to the pseudo-no-slip condition
s smooth but steep, as required. On the other hand, both the
NS—soft BC and the COMSOL simulations have a smoother
ransition, having more total slip on the channel walls. Specially,
n the COMSOL simulation, we observe some non-negligible,
on-desired, velocity at the beginning of the channel. The velocity
t the boundary walls affects the velocity profile and it shows
 higher peak velocity for XNS—strong BC, compared with the
ther simulations. In the air region ( 𝜙𝑋 > 0, 𝜙𝐶 < 0.5), the slip
oundary condition produces a flat uniform profile; the velocity
n the middle of the channel and at the walls is equal. 
AMM, 2026
Figure 3b shows the velocity profile once the polymer has filled
the channel. Regarding the velocity at the wall, for the COMSOL
results we notice some slip at the beginning of the channel,
already present at time 𝑡 = 0 . 4 𝑠 and a new slip in the upper
wall between the 40 and 50 mm channel length. For both XNS
simulations, with strong and soft boundary conditions, the final
velocity at the walls is near 0, as required. The influence of the
velocity at the walls to the velocity at the center line of the channel
can be also observed here. Notice that both XNS simulations have
nearly the same center line velocity. 

In Figure 4 , the temperature, pressure, and velocity fields from
COMSOL and XNS—strong BC are compared. The temperature
field differs near the interface. This seems to be an effect
form the air properties and the difference in transition zone
description between simulations. Regarding the pressure profile,
both simulations seem to have the same values, but shifted.
This shift, however, seems to coincide with the interface position
difference. In Figure 3c , the velocity transition between the wall
and the center line positions is shown. Here, we see again a
5 of 9
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FIGURE 3 Velocity magnitude and level set along the channel length at the walls and center line. 
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igher velocity in the center for the XNS simulation. We can also
bserve some asymmetry in the COMSOL velocity profile near
he interface, which could be related to the slip in the upper wall
bserved in Figure 3 . Additionally, a difference in the frozen layer
hickness is visible; in the XNS simulation, this layer is thicker
nd we have steeper velocity gradients along the channel width,
hat is, higher shear rate. In case of semi-crystalline polymers,
his difference in the shear rate can have a direct impact on
he polymer microstructure, influencing the final part properties.
his can result in high residual stresses in the part walls, which
ill finally lead to part warpage. 
of 9
Even though XNS—strong BC simulation has the desired no-slip
condition for the polymer phase, it comes with some drawbacks.
First, is the choice of the parameters 𝛼∞ and 𝛿1 , which are
selected by trial. Second, since the tangential force is only
dependent on the fluid velocity but not in its viscosity, this
might result in applying more tangential force than required,
having too restrictive boundary conditions causing unnecessary
more computational efforts and even leading to divergence. In
Figure 5 , the viscosity and shear rate from the XNS—strong BC
simulation are plotted. We observe the shear-thinning behavior of
the material: high shear rates reduce the viscosity. Here, the effect
PAMM, 2026
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FIGURE 4 Comparison between COMSOL (left mirrored geometry) and XNS—strong BC (right geometry) simulation results, at 𝑡 = 1 𝑠. In black 
the polymer-air interface. 

FIGURE 5 Results from XNS—strong BC simulation. In black, the polymer-air interface. 
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f the temperature gradients on the viscosity is not as relevant
s the shear rate, since the temperature is rather constant and
ar beyond the melt temperature of the polypropylene ( ∼ 433 𝐾).
n the walls, we observe the highest shear and lowest viscosity
alues. Both, shear rate and viscosity, determine the shear stress,
hich influences the boundary conditions. 

he comparison of computational effort is especially important
f the geometry is elevated to a full 3D model of the part,
hile achieving high accuracy. As shown, during the injection
hase the flow front behavior is largely dependent on boundary
onditions; therefore the elements at the boundary should be as
mall as possible to have less effect on the bulk material. In order
o have small elements at the boundary, a generally high number
f elements must be considered for large meshes. Comparing the
imulation times on similar but not identical computers while
mploying an identical mesh, the XNS space-time discretization
eads to a significant reduction in computational time, see Table 2 .

 Summary and Outlook 

hree simulations have been compared, using the commercial
ool COMSOL Multiphysics, and the in-house solver XNS. All
imulations result in qualitatively similar results in terms of
illing time, temperature, and pressure. However, we could
bserve that the difference on the application of the boundary
onditions, that is, different formulation and coefficients for
he variable Navier-slip condition, influences the velocity and
he interface profile. For high-precision applications with semi-
rystalline polymers, this can have a direct influence on the
inal properties, since the solidification through crystallization is
irectly influenced by the flow shear rate. 

NS boundary conditions show better agreement with the desired
o-slip behavior of the polymer phase. However, the parameters
efining the boundary conditions are not unique, allowing
lexibility but not robustness. The COMSOL formulation depends
n the viscosity and the velocity, making the formulation more
obust, but the results show some undesired slip behavior along
he channel. 

he computational effort is drastically reduced while maintaining
dentical mesh accuracy by the space-time discretization of the
NS solver compared to the dynamic time stepping of COMSOL.

o complete this study and get a more general insight, more
eometry configurations, for example, different ratio inlet/outlet,
hould be tested. Additionally, further efforts will be invested in
he investigation toward a consistent variable Navier-slip formu-
ation, adapting the imposed tangential stress to the simulation,
ecovering the 0 velocity at the wall with the minimum com-
utational effort. The experimental validation of this numerical
pproach is also planned. 
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