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Sand Core Engineering

1 Sand Core Modeling

1.1 Sand Core Engineering

Note: Process
modeling is common
practice in today’s
foundries. FEA, CFD,
thermal, metal flow,
solidification —
everything is modeled
except the cores
themselves.
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In this Chapter you will learn about:
e Process modeling in the foundry industry
e The importance of sand cores and molds
e The cost of poor sand core design
e The benefits of proper sand core engineering

It has been suggested that the foundry industry is
nearly 6000 years old'. Mankind has been making
metal castings for a long time, without the aid of
computers. With a few simple ingredients such as ore,
fire and a clay riverbank, castings have been taking
shape for millennia.

Today the overall process has changed little; the melt
is more sophisticated containing precise alloys and is
degassed to reduce some defects, the fire has been
usurped by modern induction furnaces and the
riverbank has been replaced a variety of permanent
or non-permanent molding processes. Regardless, to
make a casting, one must liquefy metal, move the
liquid metal into a mold, and remove the casting
following solidification.

While the process itself has changed little, the tools of
the trade have changed a great deal. Process
modeling has been introduced through the 1980s and
1990s and is now common place in many of today’s
foundries. Consider an automotive component, for
example — before the foundry order is placed, the
component has already undergone a great deal of
analysis in virtual space. It has likely been subjected
to a structural analysis using Finite-Element Analysis
(FEA) software. Further, if the component is an
engine block, a thermal analysis has likely also been
used as part of the design process. This thermal
analysis was also likely coupled with a fluid flow
analysis of the cooling passages using a
Computational Fluid Dynamics (CFD) software
package. Once the order is received by the foundry,
and often before, the component is subjected to both
metal flow and solidification analyses.
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Note: Core defects
can result directly in
casting defects!
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While it is reasonable to expect varying levels of
accuracy from the various analysis methods
mentioned above, process modeling overall has been
found to be useful. Keep in mind that computational
models can only be as good as the input data and
they do not replace good, old-fashioned thinking, but
are simply tools to be used by sensible foundry
engineers to enable good design decisions. When
used correctly, process modeling has resulted in
improved product quality, reduced scrap, faster time
to market, reduced frustration from trial and error,
innovative designs, lighter, stronger and more efficient
products, enhanced process understanding,
environmental benefits, lower total costs and even
improved customer relations.

Until the early 21" century, however, process
modeling was not used for the design and
manufacture of commercial sand cores and molds.
This is not because the cores and molds are
unimportant; core defects can result directly in casting
defects. Severe problems result in misshapen cores.
This can be caused by an incomplete fill of the tooling,
an incomplete hardening of the sand during the curing
process, breakage of the core or simply core
deformation during the metal fill process. Other
problems include metal penetration due to core
density, other gas-related defects and difficulty in
removing the sand during shake-out of the finished
casting.

The cost of these core-related defects can be
staggering. The best-case scenario involves scrap
cores. If scrap cores can be detected before the
metal is poured the sand may be reclaimed with a
simple loss of time, efficiency and consumables.

Inevitably some defective cores will go undetected
and will be formed into a core package, resulting in
defective castings. Once defective castings are
created, the best-case scenario involves scrapping
the castings. In addition to the cost of scrapping the
defective cores, all cores in the package with their
related time and consumables are now lost. Further,
although the metal may be melted once again, there
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Note: Simulation of
the coremaking
process closes the
virtual design loop
from end to end!
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is a large cost of energy required to do so. Scrap
castings represent a significantly larger cost than
scrap cores.

However, the cost of not scrapping the castings is
much higher still. Once defective castings are
permitted to be released, costs can be measured in
the millions of dollars. For the automotive industry
this is typically seen in recalls. Even higher still can
be the cost of a “poor quality image” in the eyes of
consumers.

The preceding paragraphs were not intended to paint
a grimmer than realistic picture of the modern casting
industry. In fact, many cores, molds, castings and
products are being manufactured defect-free today.
However, even these can benefit from process
modeling. By computationally verifying the efficiency
of the design one can minimize cycle time costs,
equipment costs, consumable costs, maintenance
costs, staffing costs and likely other costs as well.

In summary, simulation of the coremaking process
results in higher quality cores which in turn results in
the production of higher quality castings. The overall
process can be made to run faster and more
efficiently at a lower total cost.

Additionally, simulation of the coremaking process
closes the virtual design loop from end to end, for
some processes. Once again, let us consider our
automotive engine block example. Before contacting
the foundry, the casting designer has probably
already created a Computer-Aided Design (CAD)
model of the block and used Computer-Aided
Engineering (CAE) analysis on the structural, thermal
and fluid flow performance of the final component. It
is then assumed that the core package can be
constructed efficiently and simulation is once again
resumed by analyzing the metal flow and solidification
of the casting. Next, machining analysis is performed
and the virtual design process continues.

What if one was not required to assume that “the core
package could be constructed efficiently’? What if
during the sand core engineering process modeling, it
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was determined that a minor change in design would
make a component that was much easier to
manufacture? What effect does this have on the
performance of the casting, and ultimately the
engine? By simulating the coremaking process, the
design loop can be closed electronically, permitting
the up-front analysis of the entire manufacture
process from performance, to core making to casting
and beyond.

1.2 CPFD™ Technology
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In this chapter you will learn about:

e Why there has been little sand core process
modeling to date

e An evaluation of different approaches to sand
core modeling

e The CPFD™ methodology — enabling
technology for sand core engineering

e The history and applicability of the CPFD™
technology

If the quality of sand cores and molds has such a
great influence on the final casting quality, why has
only a little modeling been performed before the early
21% century? Several answers could be given. Some
would say that the final product is the casting, not the
cores. True enough, however it is the core package
that is actually constructed by the foundry, not the
casting directly. Once the cores are produced and
assembled, the metal is simply poured in through
risers and gates to make the casting. Some would
also cite previous poor experiences with modeling as
a reason to avoid sand core simulation. However, by
considering the validation in the following chapter and
the aforementioned importance of proper core design,
this is little more than a poor excuse at best.

One very real reason for not modeling the process is
that no validated tool has been commercially available,
previously. True. How would one construct such a
tool? Let us consider various methods and discuss
the merits of each.

What needs to be modeled? When blowing or
shooting sand cores, a high pressure air supply is



CPFD™ Technology

Arena-flow® Users Guide

connected to a sand magazine and the air-sand
mixture flows into the core tooling. The sand is
constrained to remain within the tooling while the air
exhausts through numerous discrete vents.

There are several approaches which may be used to
model the filling of cores and molds with sand. All
start with the basic conservation laws such as the
conservation of mass and momentum. The
formulation of these equations can be classified
broadly as continuous or discrete?.

The challenge in accurately modeling the filling of
sand cores and molds is that the motion of both air
and sand is important to the filling behavior.
Aerodynamic drag often initiates the sand motion;
however as the sand densely packs a region the air
must be displaced and flows through vents as well as
ejector pin and parting line clearances. Since neither
the air nor the sand can be neglected, neither a purely
continuous nor a purely discrete modeling approach
would be able to accurately capture the multiphase
physics. A single-phase, continuous approach would
either neglect the sand entirely, or model the air-sand
mixture as a heavy liquid. A single-phase, discrete
approach would neglect the air filed entirely.?

Clearly a multiphase approach is required and several
have been attempted with little success*®. The most
commonly attempted multiphase method for modeling
sand core filling is referred to as the “Eulerian —
Eulerian” or “continuous — continuous” Computational
Fluid Dynamics (CFD) approach. This means that
there two distinct phases in the model, both utilizing a
continuous, Eulerian formulation of the equation sets
resulting in separate fields for the air and sand. Both
phases are effectively treated as liquids with different
densities and viscosities.

The largest problem with the continuous, Eulerian —
Eulerian approach is the underlying assumption that
sand is a fluid. Put simply, sand is not a fluid. A
granular material such as sand will not deform under
any applied stress as would a fluid. Granular
materials support their weight through inter-particle
contact forces, not a hydrostatic pressure gradient as
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Note: Since CFD
could not accurately
model sand core
filling, a new approach
was required —
cPFD™.

Note: CPFD'

air as continuous and
the particles as
discrete — it's two
solvers in one!

technology models the
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a fluid does. A granular material is quantized in
nature and cannot be infinitely subdivided as a fluid.
Additionally, sand has a size distribution. In spite of
these shortcomings, continuous, Eulerian — Eulerian
methods are still being attempted as extensions to
existing metal flow and solidification software
packages®.

Since CFD could not accurately model sand core
filling a new approach was required — CPFD™® or
Computational Particle Fluid Dynamics. CPFD™
uses an “Eulerian — Lagrangian” or “continuous —
discrete” formulation for computing multiphase sand
core blowing. The air is continuous in an Eulerian
frame of reference while the sand is discrete in a
Lagrangian frame of reference. In a way, CPFD™
can be thought of as two solvers in one —a CFD
solver for the air and a patrticle solver for the sand.
More information on the numerics behind CPFD™
can be found in the literature®”91°,

To date, three commercial software packages have
been built upon the revolutionary CPFD™ technology:
Arena-flowg11 for sand core engineering,
Seefoam™"'? for lost foam pattern filling and
Barracuda™"? for applications in the chemical
process and power generation industries.

1.3 CPFD™ Validation

In this chapter you will learn about:

e Arena-flow® validation against fundamental
experiments

e Arena-flow® validation against data from test
cores

e Arena-flow® validation for production cores
and molds

e Other CPFD™ validation

On a fundamental level CPFD™ sounds like it has the
right approach, but does it work? Validation for
Arena-flow® can broadly be classified into three
categories: fundamental experiments, test cores and
production cores. The purpose here is not to provide
an exhaustive list of all validation performed. Such a
list would not only be ever-changing, but also subject

10
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to various disclosure and secrecy agreements.
Rather, the purpose here is to provide a brief
overview of some of the published validation to date,
to provide a point of reverence for further validation
work and a point of confidence for commercial
application of the software.

Often software vendors publish examples of their
technology for the most complex cases imaginable. A
useful modeling method must be able to solve
problems with real-world geometry and complexity;
however such cases rarely qualify as validation
examples. It is easier to claim success for an
unknown, complex result than to validate against
fundamental physical phenomena. In the latter case,
the true answer is known or the result can be verified,
thus there is little room for error in the judgment of the
reader. For the complex case however, any
reasonable result can seem plausible.

Arena-flow® has been validated for very complex
cores and blowing machines, however our discussion
of validation will start with fundamentals. It is our
purpose here to show the fundamental, granular
nature of sand motion and validate the CPFD™
methodology against the fundamental data.

Our first example involves sand falling in a familiar
hour glass or “sand clock”. An hour glass has been
used as a timekeeping device for centuries. What is
so special about sand, rather than water, as the
timekeeping media? The answer is simple — sand
flow through an orifice is constant; not dependent on
the height of the sand above. Liquid flow through the
same geometry is dominated by the ever-changing
hydrostatic pressure head above the orifice.

Figure 1 shows an Arena-flow® result for sand flowing
in an hour glass®. Sand is initially densely packed in
the upper region. The sand falls under gravity and
the rate of fall is constant, regardless of the depth of
the sand pile in the upper region. The flow of sand
under gravity may be applicable to sand draining from
storage hopper or filling magazines. It is important to
note that the flow of a liquid through the same
geometry would be fundamentally different.

11
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Figure 2: Granular nature of sand surface angles

This geometrically simple test case demonstrates the
correct granular nature in the CPFD™ method as
opposed to the fluid nature of CFD. Figure 2 shows
the sand surface angles produced if the hour glass
were poured at a 45 degree angle®. Once again, the
granular nature of the sand is clearly evident as it is
permitted to support its weight at non-horizontal
angles. A fluid could not do this.

Another example of a fundamental granular flow
experiment is a “U-Tube”. This is also a geometrically
simple experiment. Sand falls under gravity around a
U-shaped bend constructed from a square-section,
clear polycarbonate tube with internal dimensions of
22mm x 22mm. A measured amount of sand was
permitted to drop from one side of the tube and high-

Arena-flow® Users Guide 12
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Note: Arena-flow®
correctly calculates the
falling of sand in a U-
Tube using the
CPFD™ method.

Note: Arena-flow®
correctly computes the
filling of the Ashland T-
Tool compared to
high-speed video data.
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speed video data was collected as the sand stacked
up around the bottom?.

e

Figure 3: Sand shape afterfalling under gravity in a U-Tube

Figure 3 shows the experimental result at left and the
CPFD™ computational result at right. Agreement is
excellent. Most of the sand stacks up in the vertical
arm, however some sand is permitted to flow to the
right both in the experiment and in the calculation.
The steady-state solution for a fluid under these
circumstances is fundamentally different, with an
equal fluid height in each of the arms of the tube.

Arena-flow® correctly predicts fundamental granular
flow problems using the CPFD™ technology, but what
about high-pressure sand core blowing? A test core
known at the “Ashland T-Tool” was constructed. A
single blow slot permits sand and air flow from a
magazine and air exits through numerous vents along
the bottom and in the side arms. It was constructed in
a manner which permits the various vents to be easily
opened or closed.

nnnnnnnnnnn

Figure 4: Ashland T-Tool filling (video left, calculation right)
Figure 4 compares the Arena-flow® results on the

right with the high-speed video data to the left.
Arena-flow® correctly predicts both the speed and

13
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Note: Arena-flow®
correctly computes the
curing of the Ashland
T-Tool compared to
high-speed video data.
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shape of the sand flow in the tooling. Of note, the
sand stacking at the bottom of the tooling, and also
the outside-to-inside filling of the outer arms are
captured very well.
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Figure 5: Validation of the Arena-flow® curing model

Figure 5 compares the computed and observed
curing of the cold-box core as well. Experiments have
been performed with indicators in the sand-binder mix
to enable video data capture of the curing process®.
The shape and speed of the cure are captured
extremely well by the computation.

The use of the CPFD™ method in Arena-flow® has
also been validated for many production cores and
molds. A few published examples are included here.
An early example of the CPFD™ technology being
applied to sand core blowing involves the filling of a
automotive cylinder block water jacket'*'>'%2 The
first reference won the prestigious Howard F. Taylor
award from the American Foundry Society (AFS) in
2003 and went on to win Best Paper from the World
Foundry Organization (WFQ) in Istanbul, Turkey in
2004.

Arena-flow® was used to model the filling of the
water jacket core under various conditions with
various blow tubes opened or closed. A strong
correlation was observed between the calculated and
observed results. In particular the air pressures were
monitored in the magazine, blow plate and core as
shown in Figure 6. Figure 7 shows the correlation
between the measured and computed results.

14
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Note: Arena-flow”
correctly computes the
air behavior in a
blowing machine as
well as the sand
motion. This is
characteristic of the
CPFD™ technology.
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Figure 6: Location of pressure taps in blowing machine
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Figure 7: Comparison between measured and calculated
pressures in a production blowing machine

Figure 7 is significant because it shows that the
CPFD™ method computes the correct behavior of the
air flow, as well as the sand. The pressures in the
cores are much lower than the pressures observed in
the blow plate, and a pressure spike and drop is also
computed well as the core fills.

Figure 8 shows a comparison of the final core shape
for a highly-complex, heat exchanger flue way core
with a repeatable defect®. Arena-flow® was able to
predict both the location and cause of the defect with
remarkable accuracy.

15



CPFD™ Validation

Note: Arena-flow”
correctly computed
both the location and
cause of a repeatable
defect in a highly
complex, heat
exchanger flueway
core.
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Figure 8: Comparisons of an actual core (left) and the
Arena-flow® prediction (right) for a complex, heat exchanger
flue way core with a repeatable defect

While Arena-flow® has also been used with great
success for a wide variety of problems ranging from
single cores to family boxes, from binder-coated sand
to shell sand, from sections of cores to magazine
filling simulations and from blowing to curing; an
exhaustive list of validation examples is not warranted
here. The examples provided herein are intended to
give the reader confidence in the soundness of the
numeric method behind Arena-flow®, and the
applicability of the method to sand core blowing and
curing.

Additional comfort can be taken in the validation of
the CFPD™ technology for other applications. Other
software packages have successfully applied the
CFPD™ methodology for the filling of lost foam
tooling'®, modeling cyclone separators®, gas-solid
risers”, turbulent bed reactors, jet penetration in
fluidized beds, fluidized bed dryers and other
fundamental fluidization applications.

1.4 Arena-flow® Capabilities

In this chapter you will learn about:
e The capabilities of Arena-flow”
e The modules in Arena-flow”

16
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Note: Most users are
unaware of all of
Arena-flow®s
advanced modeling
capabilities.
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Thus far we have discussed the importance of high-
quality sand cores to overall product quality, outlined
the CPFD™ methodology as a means of modeling
core blowing and shown the accuracy of the method
for fundamental experiments, test cores and
production cores. With the fundamentals in place, our
attention can be directed toward the usefulness of
Arena-flow® as a foundry tool.

Arena-flow®s user-friendly interfaces are explained
in more detail in section 2 of this User Guide. With
the convenient project setup features, it is easy to
lose sight of Arena-flow™s advanced modeling
capabilities.

Arena-flow® is advanced sand core engineering

software which can be used to compute:

core fill / non-fill

density variations in a filled core

speed of fill

balance of fill

location of difficult-to-fill regions

cause of difficult-to-fill regions

the potential for any strange or unexpected

behavior during the filling process

the motion of “colored sand” from magazines

the mixing of “colored sand” from various blow

tubes

magazine effects including rat-holing

the filling of magazines

tool wear

resin wipeoff

sand flux through user-defined regions (into

cores, through individual blow tubes)

air flow behavior throughout the system

air pressure response throughout the system

regions of poor air flow during the blowing or

curing cycles

e the motion of the curing front during the curing
cycle

The Arena-flow® user interface is process oriented
with a modular look and feel. Unique interfaces exist
for binder-coated sand core blowing, shell sand core
blowing, steady-state gas flow analysis, transient

17
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curing analysis and an expert interface for more
sophisticated modeling. Each module is outlined
below.

1.4.1 Binder-coated sand
The Arena-flow® binder-coated sand core blowing

module provides users with a streamlined setup
specific to modeling the filling of cold-box cores.

Inputs:
e core, blow tube, magazine geometry
e sand type (material density and size
distribution)
initial sand location and packing
transient blow pressure
blow time
venting (locations, sizes, open area fraction,
losses)

Typical output:

core fill / non-fill

animation of filling pattern

final density variations

tool wear

resin wipeoff

sand motion (speed, colored sand, etc.)
air flow and pressure distribution

1.4.2 Shell sand

The Arena-flow® shell sand core blowing module
provides users with a streamlined setup specific to
modeling the filling of shell sand cores and molds.
Inputs and typical output are very similar to the
binder-coated sand module, however various model
parameters are defaulted differently to better simulate
the phenomena of shell sand. These custom models
include sand grain interaction with the tooling walls
(normal and tangential losses), sand grain interaction
with packed regions of the core and sand flowability
defaults.

It should also be noted that Arena-flow® is an
isothermal software package which means that

Arena-flow® Users Guide 18
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Note: Steady-state
calculations typically
run very fast — with
several design
iterations possible in a
short timeframe.
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temperature changes are not modeled. However,
Arena-flow® does allow users to numerically “look
inside” the tooling to visualize the core filling process,
enabling the engineer to make informed decisions
regarding the filling behavior of shell cores and molds.

Inputs:
e core, blow tube, blow plate geometry
e sand type (material density and size
distribution)
initial sand location and packing
transient blow pressure
blow time
venting (locations, sizes, open area fraction,
losses)

Typical output:

core fill / non-fill

animation of filling pattern

final density variations

tool wear

sand motion (speed, colored sand, etc.)
air flow and pressure distribution

1.4.3 Steady-state gas flow

The Arena-flow® steady-state gas flow module is
intended to give users a snapshot of the air flow
through the filled core at the maximum gas / purge
condition. Since it is “steady-state” or time
independent, the solver models the sand as a porous
media and runs extremely quickly, with several design
iterations possible within a short timeframe, by
identifying and attempting to eliminate regions of poor
air flow.

The steady-state gas flow module is also useful for
new tooling design. By analyzing the air flow through
the core during the blowing process, several design
iterations can be simulated in a short period of time.
The final design from the steady-state simulations can
be the starting point for the core blowing simulation
with either the binder-coated sand or shell sand
modules.

Inputs:

19



Arena-flow® Capabilities

Note: Optimizing the
progression of the
curing front through
the core usually also
optimizes the curing
cycle time and amine
usage!
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core, gassing head (blow tube) locations
sand location

sand effective radius

max gas / purge pressure

venting (locations, sizes, open area fraction,
losses, pressures)

Typical output:
e air velocities through filled core
e air pressure distribution through the system
e regions of poor air flow

1.4.4 Transient curing

The Arena-flow® transient curing module tracks the
motion of the curing front through a filled core. The
sand is modeled as a porous media, enabling
computations in a few hours or less.

It should be noted that transient curing calculations do
not compute the complex chemistry involved in the
cure of the core, but rather the progression of the
curing front through the core. The shape and
progression of the front is expected to be very
accurate, however the timing and extent of cure is
dependent upon many variables which are not
modeled (amine type, binder type, binder
concentration, temperature, humidity, etc.). By
optimizing the progression of the curing front, cores
are usually cured in the minimal time with the minimal
use of consumables.

Inputs:

e core, gassing head (blow tube) locations
sand location
sand effective radius
transient gas / purge pressure cycle
venting (locations, sizes, open area fraction,
losses) including transient pressure cycle if
amine enters through the cope vents

Typical output:
e transient curing front progression through the
core

20
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1.4.5 Expert

The Arena-flow® expert module is an advanced
control interface. Most calculations can be setup, run
and analyzed with the other modules of Arena-flow®.
The expert module grants the user much greater
control over the specific models used by the CPFD™
solver. This enables fine-tuning of the model
parameters to a user’s specific process, but also
creates the potential for introducing inaccuracies to
the models. The Arena-flow® model parameters are
designed with default values which result in
agreement with available data for the maximum
number of test cases studies. While it may be
possible to improve agreement for a single test by
tuning a model, the agreement may degrade for other
cases.

Users should only access the Arena-flow® expert
module when instructed to do so by engineering
support staff. In general, it is a minimally supported
interface.

1.5 Arena-flow® Usage

Arena-flow® Users Guide

In this chapter you will learn about:

e Asking yourself what you want to learn from an
Arena-flow® calculation

e Asking good questions about the process and
what needs to be included in the computational
model

e Analyzing core blowing results

e Analyzing core curing results

e How Arena-flow® results compare with your
foundry

We are almost ready to begin using the Arena-flow®
Graphical User Interface (GUI), but first ask yourself a
few simple questions:
e  Why do you want to run a computer simulation
of the coremaking process?
e What do you want to learn from the simulation?

We have outlined the importance of quality cores and

even the value of process modeling earlier, but now
the questions are not generic, they affect your foundry
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Tip: Think about the
process and problem,
before you run any
calculation!

Tip: Be sure to speak
with the core shop
staff about existing
tooling before starting
your simulation. They
are the experts and
can save you a lot of
time!
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directly. You are likely familiar with core making and
may have years or decades of experience. On the
other hand, you might never have set foot in a foundry.
Regardless, think about what you hope to learn. By
thinking about the process and asking good questions
before starting every project, you will get the most out
of your investment into Arena-flow®.

Here are some questions that should be considered
before beginning a project:

e Am | modeling new tooling?

The simulation of new tooling is different than
the analysis of existing tooling. When
modeling new tooling, your role is that of
designer. What should be the orientation of
the core in the box? Where should the blow
tubes be located? What size? How many?
What shape? Where should the vents go?
What size? How many? The questions go on.

With new tooling it is good to run many design
iterations quickly using steady-state
calculations, and then simulate the transient
core blowing and curing (if applicable) on the
final iteration. More changes to the design
may be needed after the transient calculations
are studied.

By modeling new tooling before it is
constructed, you will identify many potential
problems before they occur and before metal is
cut, vents are drilled or equipment is ordered.

e What problems exist with this process?

With existing tooling your role is typically that of
problem solver. Your software does not know
everything; don’t start with Arena-flow®. First
talk to your process staff. Talk to your machine
operator. What problems are they having?
What do they think would be causing these
problems? How often do they occur? Ask
these types of questions before beginning.
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Are they likely blowing or curing problems?

By speaking with the experts on the process
before starting your calculations, you may save
yourself a great deal of time. For example, the
operator may tell you that the cold-box core
often has a poorly formed edge and there is
loose sand there when the box is opened.

That should tell you it is likely a curing problem,
not a blowing problem.

How many cores are blown on the machine?

Sometimes many cores are blown on the same
machine. Each core could be identical or
several different cores could be formed
simultaneously in a “family box.” How much of
this should be modeled? If several different
cores are constructed, think about modeling
each one individually first since the individual
calculations may run much quicker than the
simulation of the entire machine. You can
learn about the potential problems of each core
(assume a uniform sand feed from the
magazine above), and then later run the entire
machine if warranted.

Alternately, if the problems occur near the

outer blow tubes on the blow plate, it is likely
necessary to run the entire magazine. Think it
through. If you want another opinion before
beginning, contact support — we’re here to help.

Do all cores on the machine have problems, or
only some?

If several identical cores are produced on the
same machine with only some having
problems, what should that tell you? Think
about what could be causing the problem and
what needs to be included in your simulation
before beginning.

Should | model the magazine?
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Tip: Be sureto
parties in the

modifications to

and practical.

involve all the affected
consideration of any

ensure the proposed
changes are feasible

Note: Design
iterations are a very
powerful use of any

model, you’ve done
95% of the work on
your second!

simulation tool. Once
you’ve set up your first
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That’s a big question. When simulating an
entire magazine, the CPFD™ technology in
Arena-flow® not only needs to model more
computational cells, but also must model a lot
more sand. Remember, CPFD™ is like 2
solvers in one! Modeling a magazine requires
more run time and memory, but it may be
necessary. Think it through before beginning.
If you do not model the magazine, you are
assuming an ideal sand distribution in the blow
plate at the top of your model. Is this a valid
assumption for your process?

What about magazine filling?

Even if you model the blowing of the core(s)
with the entire magazine, you may still not be
modeling exactly what happens in the core
shop. Is the magazine truly full at the start of
the blow cycle? This can be modeled if
necessary.

Who else should | speak with about this?

Whenever considering design changes be sure
to involve the right staff. Is your proposed
change feasible? Is it practical? There’s no
sense in modeling a magazine that’s twice as
high to solve a problem if the existing
magazine is flush against the ceiling! Save
yourself time and keep everyone “in the loop.”

What if ...7?

Design iterations are the most powerful use of
any simulation tool. Once you’ve done the
work to set up the first calculation, start
thinking about what can be changed. What if |
moved this vent? What if | closed this blow
tube? What if...?

These are only some of the questions to be asked.
This is not an exhaustive list, but rather the type of
thinking that should proceed and accompany any
process modeling.
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Tip: Continue asking
and answering good
questions when
studying your results!

Tip: When modeling
the shell process,

may be worse than
predicted due to
premature hardening
of the core. With
Arena-flow® you can

make these types of
informed decisions.

consider which regions

see the sand motion to
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Once you run the calculation, be sure to continue
asking questions while post-processing the results.
More detailed information about how to use the
results to answer these questions is given in the
“Post-processing” chapter of this User Guide and in
the training material, but be sure to ask these
questions when looking at your results.

These are some questions to ask when studying the
results of a core blowing simulation:

Did the simulation show the core filling?

What does the final density plot tell me?

What does the transient filling animation tell
me?

How balanced is the fill?

Does the transient filling animation explain the
density variations in the filled core?

At any point in time is there an unfilled region
in the core with no direct path for sand to take
between a blow tube and that region?

What regions have the potential for problems?
What causes those regions to have the
potential for problems?

Does the colored sand show the filling more
clearly?

How is the air flowing during the core filling?
Where do | expect tool wear?

If this is a shell process, where could the filling
be even worse than predicted due to
premature hardening of the core?

Would | have expected these results?

Similarly, when studying core curing, ask questions
like these:

What does the air flow do (steady-state
module)?

What does the curing front progression look
like?

Is the curing front progression uniform and
optimal?

What am | modeling?

What am | not modeling?

One last note on how Arena-flow® is used in real
foundries. What happens in the foundry is what is
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Tip: Always consider
the assumptions
inherent in your
computational model.

Tip: Always look
deeper than the final
fill of the core and
consider how the core
fills and why!
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real. The computational results are merely a model.
The real machine will likely have some variation from
blow to blow. Very seldom does a machine produce
100% scrap. Often a “big problem” could be 10%
scrap or perhaps 5% scrap. In the 5% scrap example,
what is different between the 95% good cores and the
5% bad?

Next ask yourself which core Arena-flow® simulated?
Was it one of the 95% good or the 5% of lower
quality? Very often you will get excellent agreement
between the simulation and the actual process — great.
However, sometimes there will be some variation.
Always consider your assumptions inherent in your
computational model. Always look beyond the final fill
of the core and consider how the core fills and why.
This is the real value of Arena-flow®.

Arena-flow® is a useful tool when complemented with
sound engineering judgment which allows you to look
inside your tooling to help you understand what'’s
happening in your core making process. You are the
expert about your foundry and its processes. By
using the information provided by Arena-flow®, you
can make quality decisions toward creating optimal
cores and subsequent castings.
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2  Arena-flow® Graphical User Interface

2.1 Arena-flow® Installation

Important: With
some computers and
some CD drives it
takes a few moments
for the progress bar to
appear. Please be
patient and only click
on the “arena_setup”
program once.

Arena-flow® Users Guide

In this chapter you will learn about:
e Installing Arena-flow® on your Linux computer
e Activating your Arena-flow® software license
e Optimizing performance for Arena-flow”
systems

Before being able to run Arena-flow® on your Linux
hardware, the software must first be installed and
your license must be activated.

Most installations of Arena-flow® can be completed
via the following steps; full installation notes can be
found on your installation CD. Before beginning,
please close all active programs, have your “root”
password handy and ensure your CD drive is
mounted as “executable” to run the Arena-flow®
installer. Please contact support with any questions.

To install Arena-flow®:

1. Insert the Arena-flow® install CD into the
computer. The computer must be running
Linux, and newer SUSE versions are preferred.

2. Browse to the CD drive. A window may pop up
or you may need to click on your CD/DVD
desktop icon.

3. Launch the “arena_setup” program. For SUSE
10.1 and newer, the arena_setup program
must be run in a terminal window.

& file:media/dvdrecorder - Konqueror 355

Is Settings Window Hel

QOEE L@

.
S E b

D2 % D0 &
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Important: Be sure to
keep the password
window open during
the installation
process. Closing the
password window will
terminate the setup.
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The “arena_setup” program will copy several
large files to the hard drive. This may take
several minutes and you may not see any
screen output. Please be patient. A progress
bar will appear to keep you informed.

" _.cpfd_progress.afX S|
Arena-flow®

Setup initialization must copy several large archive files to a
temporary folder on your hard drive before the actual
installation can begin. This process may take a few minutes,
5o please be patient.

When this copy is complete a separate window will pop up
prompting for the ‘root' password. Enter the 'root' password
to continue with the install.

Once the file copy is complete, a window will
appear for you to enter the computer’s “root”
password. Please enter the “root” password
and keep this window open during the
installation process.

% ou nust be root to install Arena—Flow.
o= (00 NOT CLOSE THIS WINDOW DURIMG INSTALLATION!
Passuords

il

After entering the “root” password, the Arena-
flow® setup utility is launched.

uuuuuu

ssssss

Welcome to the
Arena-flow® setup
wizard.

This wizard will guide you through the installation of
Arena-flow®. It is recommended that you close all
other applications before starting Arena-flow®
Setup

Click Next to continue

(Arena-flow® is a registered trademark of
ARENA-FLOW, LLC)

Please visit our web site at www.arena-flow.com
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Important: Be sure to
log out and back in
again after installation
to ensure all changes
to your system take
effect.
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5. Navigate through the windows using the “Next”
and “Back” buttons. Select default values
wherever possible. Please note that for
Ubuntu, Red Hat, CentOS and some other
Linux systems, the default installation locations
must be used for full functionality.

6. When prompted, enter the users which will
operate Arena-flow®. This allows Arena-
flow® to set “PATH” variables and place a
desktop icon in the appropriate user accounts.

The list displayed at the left of this text shows the users of

User Home Path this computer who are to be setup to use Arena-flow®.

These users will have a cpfdrc file installed in their home

folder and their search path will be modifed to include the
Arena-flow install
Enter user's login name:

Ji%pn will also be placed on
e application. (In some
sible until the user logs
formation about

Cancel | press the Help' button..)

kte a user select a user in

|Arena-flow user

the list and prelss ‘Delete’.

Delete

Add

Help <Back Cancel

7. When installation is complete, please log out
and log back in again to ensure all changes
take effect. This is required on some operating
systems. It is not necessary to reboot your
machine.

The Arena-flow® setup utility automatically installs
either a 32-bit or 64-bit version, pending your own
hardware. The 64-bit solver has been observed to
run considerably faster than the 32-bit solver for
practical, commercial applications. Please contact
your sales representative for more information.

If you have any questions during the installation
process, please contact support@arena-flow.com.

In order to run Arena-flow® you will need a valid
license file or hardware key. You only need to install
the license file when you first install the software. For
future software updates a new license file is not
required, provided that the license is not expired.
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To activate your license, simply launch Arena-flow®
with your license file installed. Instructions for the
installation of the license are provided with the file.

Click on the desk-top icon to launch Arena-flow®.

Arena-flow® will detect the presence of the
unactivated license file and prompt you to contact
support for activation.

. License code entry

. “our new license needs to be activated. To receive an activation code, call
NOte' Once YOU Arena-flow, LLC at 505-275-3848 ext 104 or emall support@arena-flow.com.

aCtivate yOUr ”CGnse |t You will need to provide the information below along with your name and
i 3 ’ email address.
remains activated on

e Enter e and press the Jwdmi? button to complete the
the computer until it is W
expired or removed. AR001268
You do not need to 0050705619290000
reactivate a license .’gﬁye;

every time you install a

newer version of EETT
Arena-flov®. T

Please send the two activation code numbers to
Note: All license support@arena-flow.com, or call for more immediate
information and assistance. Also note that the alphanumeric
access codes” are characters are case sensitive. The support staff will

case sensitive.

provide you with an “Access code”. Please enter the
“Access code” where prompted.

. Arena-flow

s

N r,
.t\r

Bif' -

na-floy

ASHLAND
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Tip: Please turn off all
unneeded programs
which may divert
computational
resources away from
Arena-flow®. In
particular, deactivate
all screen savers and
extraneous window
drawing settings.

You will be prompted to accept the terms of the
“Arena-flow® Computer Aided Engineering (CAE)
Software License and Agreement” and then the
Arena-flow® GUI will appear. Once your license is
activated, it remains activated on the computer until it
expires.

Before running calculations with Arena-flow®, it is
important to ensure your system is set up optimally, to
obtain the most value from your investment. The
CPFD™ technology uses a great deal of your CPU
and memory, so be sure to maximize the computer
“horsepower” available for the Arena-flow® solver.

To do so, turn off all unwanted programs including
screen savers, and turn off all animation settings.
Additionally, for graphical output using GMV, be sure
that your computer does not attempt to redraw the
contents of windows which are being moved or
resized. For newer SUSE systems, this setting can
be found in the “Control Center”, under “Desktop”,
“Window Behavior” as shown below.

S Window Behavior - Control Center
File View Settings Help

Index

us | Actions | Moving | Advanced

~——_

N

[CJ Display content in moving windows

¢ Panels IC) Display content in resizing windows

*’#Taskbar

& Window Behavior

(") Display window geometry when moving or resizing

) Animate minimize and restore |

=) Window-Specific Settings

Placement; | Smart 3

~Snap Zon
Border snap zone:

I°] 3 10 civelcldl
T + T T T f ‘ 10 pixels 3
Window snap zone:

"] J i o |
T I T T T T T T \‘w

IC) Snap windows only when overlapping

Defaults \ |

2.2 Project Management
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In this chapter you will learn about:
e The Arena-flow® software package
e The files necessary to run an Arena-flow®
calculation
e Project directories
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e Files requires for software support
e Disk space and project archiving

The Arena-flow® program installed on your computer
is actually a full engineering software suite including a
Graphical User Interface (GUI — arena), CPFD™ grid
generator (cpfd.g), CPFD™ solver (arena.x), shared
memory interactive utility (act), third-party graphical
post-processor (GMV) and various other support
utilities. This may sound confusing, but the Arena-
flow® GUI is all you need to coordinate this powerful
engineering software package.

To get started, simply click on the

desktop icon, or type “arena” at the command prompt.
This will launch the Arena-flow® GUI.

. Arena-flow

- & 4 gl
cna L
Binder- [
coated sand | ™=

ASHLAND

There are several ways to interact with the Arena-
flow® GUI, as indicated by the various modules:
“Binder-coated sand”, “Shell sand”, “Gas curing” and
“Expert”. These modules will be further explained in
the following chapters. However, regardless of the
module used, all communication between the various
programs included in the Arena-flow® software
package is handled through a project file.
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Note: The Arena-
flow® GUl is all that is
required to manage all
programs and files.

Important: Always

calculation in its own
directory.

run every Arena-flow”

Tip: When creating a
new directory for a
new simulation, be
sure to copy these
files. These will also
be required when
contacting software
support.
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All the information required to run an Arena-flow®
calculation is stored in, or referenced by, a project file.
The project file links to all the input files. Examples of
input files include CAD models with a .stl or .STL
extension, transient boundary conditions with a .i
extension, sand size distribution files with a .sze
extension and vent files with a .tvt extension. The
Arena-flow® GUI passes the information from the
project file and any linked files to the Arena-flow®
software suite. The Arena-flow® software suite in
turn creates more files. The post-processing of these
files is coordinated by the GUI as well. Schematically
this may be viewed as shown in Figure 9.

Arena-flow® User

Arena-flow®

.
H

.

[ software suite: Qutput files: .

o oor Post-processing| Useful g
3 Primary input G”?dge”efamf VIEWGRID gmy utilities L information | 3
1 file: | (PI0) | Gy g - o

H Project file (7 prj) CPFD™ solver Flux_* Images

H (arena x) *data mar Animiations

. + ) * Jag "

[ Interactive utility *otp Sl Graphs

. (act)

k- v

E Other input files:

E CAD (* stl, * STL)

2| Boundary conditions {* i)

.

=| Sand size distributions {* sz7e)

E Went files (*.tvt)

.

NI I NN NN NN NN NN NN N NN NI NN EE N NN N NN NN ENEEEEENEEEEEEEEEEEEEEEEEEmEEaEl

Figure 9: The Arena-flow GUI controls all
programs and input / output files

Due to the many files required and produced, it is very
important to run each Arena-flow® simulation in its
own directory. It may be useful to keep a list of all
runs and the corresponding directories in a text file.

When copying files to a new directory for a new
simulation, be sure to copy:

e the project file (*.prj)
the CAD (*.stl or *.STL, unless linked)
the boundary conditions (*.i)
the sand size distributions (*.sze)
the vent file (*.tvt)
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When contacting Arena-flow® software support the
same files will be required. Additionally, the support
engineer may require some additional files such as:

e history.log

¢ info.log

e various output files

Because of the many files produced by an Arena-
flow® computation, you should be mindful of your disk
space. It is good practice to have at least 15 — 20 GB
of hard drive space available before starting a
calculation.

The hard drive space can be monitored by typing “df”
at the command line or by launching the "KDiskFree”
program on SUSE systems. To launch the program
click on “Start”, “System”, “File System”, “KDiskFree”.
This may vary from version to version. A utility is

launched as shown below:

<. KDiskFree &
File |Settings Help

Ico Device Type Size Mount Poi Free Full % Usage
/dev/dvdrecorder  subfs N/A /media/... 0B N/A
Jdev/fdO subfs N/A /media/...
/dev/hdc media
rei... 101.9 MB /boot 60.0 MB 41.2%

3 /dev/sda3 rei... 1449GB / 19.5 GB 86.5%
Uev'og Suto N/A /miﬂ‘i/ 0B H[A
Jdev/sdd1 auto N/A /media/... 0B N/A
§ spider:/home nfs 230.1 GB /spider 63.5GB 72.4%
sysfs sysfs N/A /sys 0B N/A
3 tmpfs ? 1,003.8 MB /dev/shm 1,003.... 0.0%

Always view the drive that is mounted as “/”. In this
example the drive is 144.9 GB and has 19.5 GB
available.

To free more disk space you must delete files from
your hard drive. It is good practice to archive any
useful data before deleting it. Archiving a directory
involves copying the information to another computer,
an external hard drive or burning a CD or DVD.

When burning a CD or DVD, you may not have

sufficient space to store every file. In such cases it is
recommended to store the following:
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Important: A suitable
CAD file for use with
Arena-flow® must
come from a three-
dimension solid model
and must be output in
STL format.

Tip: Whenever
possible, work with
binary STL files to
save space and time.
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e All files needed to recreated the calculation
(*.prj, *.stl, *.STL, *.i, *.sze, *.tvi)

e All files needed to view the results (00%,
VIEWGRID.gmv)

e Some Gmv files - use your discretion

depending on how much disk space you have.

For example, Gmv.*0 and Gmv.*5 would be

every 5" Gmv file.

history.log

Flux*

*.data

info.log

2.3 Grid Generation

In this chapter you will learn about:

e Input CAD files

e The purpose of the grid for a CPFD™ solver

e Defining a grid for use with the various Arena-
flow® modules

e (Generating a grid

e FEvaluating the quality of the grid

e Grid resolution for the CPFD™ solutions

Every Arena-flow® calculation begins with a definition
of the geometry to be studied. Commercial
Computer-Aided Design (CAD) packages are
excellent for defining three-dimensional geometric
regions. The output from these packages serves as
the input for Arena-flow® computations.

A suitable input file for an Arena-flow® calculation
must be created from a three-dimensional solid model
and must be output in STL (STereoLithography)
format. Please note that STL files built up from two-
dimensional CAD packages are unsuitable for use
with Arena-flow®. If you have any questions about
the suitability of a particular STL file, please contact
support.

All mainstream three-dimensional solid modeling CAD
programs can output STL files either by “saving as”
STL or “exporting to” STL or rapid prototyping formats.
Often the CAD package will provide the option to
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Tip: Whenever
possible, create your
STL files with the z-
axis pointing up.

Important: The STL
file must consist of the
open area through
which the air and sand
flow. The complement
of this volume (i.e. the
tooling) is
unacceptable.

Tip: Whenever
possible, create
separate STL files for
your core(s), blow
tube(s) and blow plate
/ magazine.

Arena-flow® Users Guide

export in ASCII or binary format. Whenever possible,
please work with binary files to save space and time.

The STL output file consists of triangular surface
patches and outward normals. The STL format was
designed for the rapid prototyping industry and has
become that industry’s standard transmission format.
It is easiest to work with STL files in Arena-flow”® if
the z-axis is up (i.e. the gravity vector points in the —z
direction)

The STL file must consist of the open area through
which the air and sand flow. This solid volume would
include the core(s), blow tube(s), blow plate and
magazine regions. Please note that the complement
of this volume (i.e. a solid model of the tooling) is
unacceptable as input into Arena-flow®.

Multiple STL files are permitted, and recommended.
Whenever possible, create separate STL files for your
core, blow tubes and blow plate / magazine as shown
in Figure 10. This will facilitate design permutations
as your project progresses.

magazine.STL

core.STL

Figure 10: Use of multiple STL files to separate the core(s),
blow tube(s) and blow plate / magazine regions

Please note that a CAD model of the vents is not
required. The vents will be applied as discrete
boundary conditions to the CPFD™ model.

Once the CAD is created it can be imported into
Arena-flow® to create a suitable CPFD™ model of
the problem. This model is related to a “grid” or
“mesh” which translates the real, three-dimensional
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Note: The CFD
component is only one
half of the CPFD™
solver. Arena-flow”
also models millions of
computational sand
grains on a sub-grid
level.

Note: Typically
Arena-flow® grids are
much coarser than
traditional CFD grids.
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region of space into the model space. Let us consider
the purpose of the grid.

With a CFD solver, the grid is used to subdivide the
domain of interest into a finite number of control
volumes. The fluid-flow equations are then discretely
mapped onto this finite space, and integrated through
space and time. Although all discretizations of
continuous models contain approximations, for a
useful method as more and more grid cells are used,
the answer more and more resembles reality for some
quantity of interest.

Since the CPFD™ method also contains a CFD solver,
CPFD™ grids also are used to map the infinite, three-
dimensional fluid flow domain to a finite region for
solution. However, the CFD component is only one
half of the CPFD™ solver. Arena-flow® also models
millions of computational sand grains, which are able
to move on a sub-grid level. The grid is still used for
the particles to interpolate between the fluid and solid
phases and to speed the calculation of spatial
gradients, but the sand particles may have any three-
dimensional spatial location not directly tied to the grid.
Thus sand grains may move within a grid cell, or from
cell to cell with no directly grid-related constraints.

There are two sources of resolution fora CPFD™
solver compared with one for a purely CFD method.
One source is from the fluid on the grid and one from
the particles, free from grid constraints. Also, the
methodology assumes that a statistically significant
number of computational sand grains must be able to
fit within a computational cell. Thus, typical Arena-
flow® grids are much coarser than many traditional
CFD grids.

Arena-flow® actually contains more than one type of
CPFD™ solver. The solution requirements for core
blowing differ from those of core curing, and the
appropriate solver is used for each. Each solver has
its own gridding constraints. These are discussed in
the following subsections.
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Note: Begin every
Arena-flow”
calculation by
specifying the process
you wish to model.
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2.3.1 Binder-coated sand grid generation

To model the blowing of a cold-box core with Arena-
flow®, click on “Binder-coated sand” as shown.

. Arena-flow

Binder-coated sand blowing setup

This raises the “Arena-flow® binder-coated sand core
blowing setup” window. Click on “Create project” and
enter a “Project name” and “Project directory”. Recall
that each Arena-flow® calculation should be run in its
own directory. Click “OK” when complete.

' . Arena-flow binder-coated sand core blowing setup

Binder-coated sand core blowing setup

The first step to sefting up a blowing calculation is
to create or retrieve a project.

Create a new project from scratch, or open an

,
existing project.

Create new project

New project

Projectname  [binder_coated_blowing

broject directory[omertaningibinder-coated
s ) 3

Next you will see a page outlining the core blowing
procedure. Also notice the project file name in the
lower left corner, and the working directory in the
lower center. Always ensure you are working with the
correct project file in the correct directory.
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Tip: Always verify
your project file name
and working directory.

Note: Work through
the simulation
procedure by clicking
through the menu
items on the left of the
window.
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Flle Help

rid generation
avity

5. Blow pressure
6. Vents definition
7. Time control

8. Models

9. Data output
10.Run

11, Post-run

Binder-coated sand core blowing setup

The core-blowing sirmulation procedure is outined
below:

Grid generation
Graulty

Sand type

Sand distribution
. Blow pressure
“ents definition

. Time control

. Models

. Data output

10. Run

11. Post-run

S um o s

Please select and complete all of these steps from
the menu on the left side of the screen to run your
calculation

binder_coated_blowingpr]

103l = e

You can navigate through the simulation procedure
steps by clicking on the menu items on the left. Click
on “Grid generation” to go to the “Grid procedure”

window.

Elle Help

Arena-flow binder-coated sand core blowing setup

[l
< Back
Blowing
2. Gravity
3, Sand type
4, Sand distribution
5. Blow pressure
B. Yents definition
7. Time control
2 Models
9, Data output
10, Run
11, Post-run

\ ' Grid procedure

Set Up Grid

Ibmderﬁcua{sdib\uwmg o

fhomeftraining/binder-coated

DS e L=,

This window contains three items: “Set Up Grid”,
“Generate Grid” and “View Grid” (Arena-flow® 6.0
shown). Notice that the latter two are not available at
this time. To get started, click on “Set Up Grid” to
raise the “Grid Generator Setup” window.
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Arena-flow binder-coated sand core blowing setup
Eile Help

T

| Back

Blowing
1, Grid generation

2. Gravity

3. Sand type

4. Sand distribution

5. Blow pressure

B. Vents definition

7. Time control

8. Models

9. Data output y

10.Run

11. Post-run

Grid Generator Setup

Selected CAD units: none  Geometry STL Files

Chi it: -
1 Change units ’ ﬁm

X cells between grid lines

Add STL file

Look in: [ /home/trainingtbinder-coated!
=]
[ ] hlowtubes.stl

corest
¥ cells between grd Tnes =
S T [ magazine stl

Z cells between grid ines

File name: [

File type: [*sti *STL

binder_coated_blowingprj | thomertraining/t

I Addxgrid I Delete grid
I Addygrid T Move grid
-

" ey view
areal and null cells
™ %z view
I set to a uniform grid size

Il Aduanced options

I y-2 view

Close

The first step in generating a grid is to tell Arena-
flow® which STL files will be used. Click on “Add” to
raise the “Add STL file” window. You can browse
through your computer and select the desired STL
files. Click “OK”. It is not required that your STL file
be stored in your working directory.

Elle Help

g
.
2 ,av Selected CAD units: fffne  Geometry STL Files

3. Sand type Ml change units . |cores tl
4 Sand distribution Add
5. Blow pressure

5. Vents defnition Aice)sbenveen orid ies Remove
e cortrol

6. vodels

9. Data output Y [x=-15052z1 y= 3632852 [0 =0
10.Run

11. Post-run

* cells between grid lines

Z cells between grid ines

binder_coated_blowingprj | homeftraining/y

I Addxgrid I~ Delete grid
I Addygrid I~ Move grid
>

= wyvien

™ wzview

a2n
I yzview n

0 real and null cells

M setto a uniform grid size

M Advance: d options

Close

The STL filename appears in the “Geometry STL
Files” section and the STL triangles appear in green
in the viewing window. Multiple STL files can be
added by repeating this procedure.
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Once the STL files are added to the “Grid Generator
Setup” window, a mesh must be defined. The
specification of the grid is discussed later in this
chapter — the appropriate extent and parameters of
the grid are covered here.

There are two options available when modeling the
blowing of binder-coated sand cores:

1. Modeling the entire blowing machine.

Note: To capture
magazine effects
when modeling binder-
coated sand core
blowing, model the
entire blowing
machine including
core(s), blow tubes,
blow plate and
magazine.

In the example shown, the grid would span the
core(s), blow tubes and blow plate / magazine.
This calculation would capture magazine
effects such as rat-holing but requires many
cells and computational sand grains to be
modeled. This translates into increased
runtime and memory requirements.

2. Modeling the core, blow tubes and part of the
blow plate.
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e 1 NN
/ —

required, model only ‘
the core, blow tubes /- L

i i il i i
|

and part of the blow m i mom ™

plate. This will W 1 ||I il
assume an ideal
pressure distribution
and sand feed from
the magazine, above.

In the example shown, the grid would span the
core(s), blow tubes and only part of the blow
plate. This calculation would run faster than
the first option (entire blowing machine), but
would not be able to capture magazine effects
such as rat-holing. This calculation would
assume a uniform sand and air pressure feed
into the top cells from above.

Important: Never Regardless of extent of the model, never start your
start your core blowing calculation at the top of the blow tubes.

model at the top of the
blow tubes. Always
include at least a
portion of the blow
plate.

Vv,

i iy

i

T N ‘
."I‘,_.?, . h i

.

%
R

It is bad practice with any numeric method to place
your boundary conditions at locations where the
parameters are unknown or at the location of strong
gradients. During the blow cycle, strong gradients
occur in the blow tubes where the sand volume
fraction decreases rapidly from the blow plate above.
Also significant pressure drops typically occur down
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Note: Arena-flow®
automatically selects
the correct grid
generation parameters
for the process being
modeled. Please only
change these settings
if advised to do so by
an Arena-flow®
support engineer.
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the tubes. By modeling at least part of the blow plate,
the sand packing is known to be fairly compacted, the
pressure is on the order of the blow pressure, and the
boundary condition is placed several cells away from
the location of the severe gradients.

For binder-coated sand core blowing, Arena-flow®
computes the motion of both the air and the sand,
thus the full CPFD™ solver is required. As such,
small cells must be removed from the final mesh to
permit robust calculation of particle properties such as
solid volume fraction. This is controlled automatically
by the Arena-flow® GUI.

Grid Generator Setup

| Selected CAD units: none jGeometvSIChIles

el
ile Hel | M Change units

M | x cells between grid fines

-139.77678
1 34335880

¥ cells between grid lines normal directions.

000000

1 32137000

ADI St normal
10 7 [Bre-process sil fle with ADiesh] || Note: A bad stlfile can sometimes be detected by checking for incorrect
I™ Color polygons by outward normal

ove small cells

]
es
. - Remove p
Remov
* Remove smal cells onl
et basellne gridding contl

Z cells between grid lin

570.82593
1 82047614

e volumes less than this fraction

Remove volumes with aspect ratio greater than [6

™ Add x grid I~ Delete grid
s ¥ Move grid
™ Addz grid

Users can view the grid generator settings by clicking

n “Advanced options” in the “Grid Generator Setup”
window. This raises the “Grid generator advanced
options” window. Notice that by default small cells
are removed. Please only change these settings if
advised to do so by Arena-flow™~ support engineers.
Different settings may result in grids that look nicer,
but may be less robust and can reduce the accuracy
of the solution.

2.3.2 Shell sand grid generation

To model the blowing of a shell core with Arena-
flow”, click on “Shell sand” as shown.
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Note: Many of Arena-
flow®s modules have
a similar look-and-feel.
Arena-flow® handles
the process and sand-
type differences in the
solver. The GUI hides
this complexity from
the user.
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" Arena-flow

Next enter a project file name and working directory to
launch the “Arena-flow® shell sand core blowing
setup” window. Notice that much of the setup is
identical to the “Binder-coated sand” module. Arena-
flow® simply handles the differences in sand types in
solver.

the numerical implementation of the CPFD™

The GUI hides this complexity from the user.

Arena-flow shell sand core blowing setup &

Grid procedure

| shellprj Ihomeftrainingfshell_sand H )

As with the other modules, click on “Set Up Grid” to
launch the “Grid Generator Setup” window. The rest
of the grid generation functionality is the same as with
other modules.

Often the blow tubes used in the shell process contain
devices to stop the flow of sand when the core is
removed. These devices are typically too small to be
included in Arena-flow® models. Out of necessity,
these can be neglected. As a result, calculations of
shell sand core blowing should not include the full
magazine.
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Note: Due to internal
structures in the blow
tubes used for the
blowing of shell cores
and molds,
calculations of shell
sand core blowing
should not include the
full magazine.

It is still very important to include a portion of the blow
plate in the model when simulating the blowing of
shell cores and molds. This locates the boundary
condition away from locations of strong gradients.

,'* i

Important: Never L

start your core blowing
model at the top of the
blow tubes. Always
include at least a
portion of the blow
plate.

The absence of the flow restriction device will alter the
sand / air ratio for flow down the tubes, which may
result in a discrepancy between calculated and
observed filling times. However, the pattern of the
filling of the tooling is what is most useful when
determining the optimal fill of the core, not the time.

As with the binder-coated sand core blowing module,
the shell sand module computes the motion of both
the air and the sand, thus the full CPFD™ solver is
required. As such, small cells must be removed from
the final mesh to permit the robust calculation of
particle properties such as solid volume fraction. This
is controlled automatically by the Arena-flow® GUI.
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Note: Arena-flow”
automatically selects
the correct grid
generation parameters
for the process being
modeled. Please only
change these settings
if advised to do so by
an Arena-flow”
support engineer.
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Grid Generator Setup

Geometry STL Files

Selected CAD units: none
1 Chan its

O |  cells between grid lines

eeeee

-139.77678
1 34335880

¥ cells between grid lines

000000

1 32137000

Stl normal

Note: A bad st fle can sometimes be detected by checking for incorrect

normal directions,
I™ Color polygons by outward normal

Z cells between grid lines

570.82593
1 82047614

- Remove p

Remove volumes less than this fraction

Remove volumes with aspect ratio greater than [6

a8

™ Add x grid I~ Delete grid
s ¥ Move grid
™ Addz grid

I sy view
W ez view

I vz view

Users can view the grid generator settings by clicking
on “Advanced options” in the “Grid Generator Setup”
window. This raises the “Grid generator advanced
options” window. Notice that by default small cells
are removed. Please only change these settings if
advised to do so by Arena-flow™~ support engineers.
Different settings may result in grids that look nicer,
but may be less robust and can reduce the accuracy
of the solution.

2.3.3 Steady-state gas flow grid generation

To model the steady-state gas flow through a filled
core with Arena-flow®, click on “Gas curing” as
shown.

L Arena-flow B
£ ) . 3 oo o =

L

- = C .

= il S
- = i »
Bl
Y
n _ | Shell sand

ASHLAND.
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“Gas curing” actually contains two separate Arena-
flow® modules: “Steady state gasflow analysis” and
“Transient curing analysis”.

" _Arena-flow &

g-1sF: 0k
'/_.Curing simulation type.”

Choose which kind of curing simulation you intend
to run:

Curing simulation types

v Steady state gasflow analysis

 Transient curing analysis

ASHLAND.

Select “Steady state gasflow analysis” to raise the
“Arena-flow® steady state simulation setup” window.

" . Arena-flow steady state simulation setup
Eile Help

e ————

|4 Back

Steady state gasflow analysis

The first step to setting up a steady state

gasflow calculation is to Greate or refrieve a
project,
Create anew project from scratch, or open an
existing project.

Create new project Open Project

New project

Project name  [steady_state

Project directory [fhome/raining/steady_state/

DS EEE=ES,

Enter a project file and working directory to launch the
interface. Once again, many of the setup steps are
similar to those in other modules. Arena-flow®
manages the differences in simulation type in the
CPFD™ solver. The GUI hides this complexity from
the user.
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Tip: For steady-state
gas flow calculations,
the blow tube locations
are a good place to
begin mesh definition.
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" Arena-flow steady state SimUIation Setup T e 2]

Flle Help

2. Gravity

3. 5and distribution
4.Gas pressure

5. Yents definttion

- 8. Data output Grid procedure
7.Run

8. Post-run

steady._stateprj Jhomeftraining/steady_state [ﬁ 4

Click on “Set Up Grid” to launch the “Grid Generator
Setup” window. The rest of the grid generation
functionality is the same as with other modules.

When modeling the gas flow through the filled core, a
pressurized source is typically applied through the
gassing head, which replaces the blow tubes during
the gassing cycle. For some core boxes, the gas may
enter through the cope vents as well.

When creating the grids for the gas flow process, only
the core and part of the gassing head (blow tube cad)
are required as shown below.

R P S A T NP AT AT
(Y HEN il Iy A

(| Hi\'\ \‘h I
m .

o e
! ! J ‘I\III [| [| Wb

oS 7 oY £
[

hﬂ'fl'n'
|

For steady-state gas flow calculations, the pressure is
uniform across all tubes, thus this is a good choice of
boundary location.

When modeling the steady-state air flow through the
core the sand does not move. Arena-flow® uses a
very fast porous media solver for these calculations
resulting in short simulation times, often on the order
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Note: Arena-flow”
automatically uses
different solver and
grid generation
settings for steady-
state gas flow and
transient curing
calculations, resulting
in very fast
computation times.

Arena-flow® Users Guide

of minutes. Since the individual sand grain motion is
not modeled, different mesh requirements exist. The
Arena-flow® GUI sets this automatically.

Grid Generator Setup

Selected CAD units: none Geometry STL Files
B Change units blowtubes.stl

X cells between grid lines

eeeee

-126,63662
1 32771701

z [0 k=0

St normal check
Note: A bad stifle can sometimes be detected by checking for incorrect
normal directions.

¥ cells between grid lines

112.11500

1 288.07588

I™ Color polygons by outward normal

Z cells between grid lines

Rermove parareter

570.82598
1 713.35864

Remove volumes less than this fraction: 001

Remove volumes with aspect ratio greater than [15 1

-
a2

I Addxgrid T Delete grid
I ¥ Move grid
I Addz grid

I 3y view
¥ xz view

I vz view

Users can view the grid generator settings by clicking
on “Advanced options” in the “Grid Generator Setup”
window. This raises the “Grid generator advanced
options” window. Some small cells are still removed,
however the different settings result in much
smoother grids than those creating with any of the
Arena-flow® core blowing modules. Please only
change these settings if advised to do so by Arena-
flow™ support engineers.

2.3.4 Transient curing grid generation

To model the transient motion of the curing front
through a filled core with Arena-flow®, click on “Gas
curing” as shown.
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“Arena-flow B SRS

- = 3

= S s y Dt
- " i = y = - -
-
- | >nen sana Expert

ASHLAND.

Select “Transient analysis” to raise the “Arena-flow®
transient curing simulation setup” window

| Choose which kind of curing simulation you intend |
to run:

Curlng simulation types

~ Steady stafte gasflow analysis

+ Transient curing analysis

Cancel

Binder- — —

| T | B

ASHLAND

Transient curing models utilize similar grids as those
used for steady-state gas flow calculations. The
mesh typically encompasses the core and part of the
blow tubes. A transient version of the fast, porous
media solver is used, and Arena-flow® sets all the
solver and mesh parameters for the user.

2.3.5 Expert grid generation

To launch the Arena-flow® expert module, click on
“Expert” as shown.
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" Arena-flow = o

ASHLAND

This raises the Arena-flow® expert interface. To
create a project file, click on “File”, “New project” or
click on the D button. Enter a project file name and
working directory.

. Arena-flow <2>
Eile Zetup Bun Graph Help

Projectname  [expert

Project directnrylfhnme;’trainingfsxpert/

Setup Bun Graph Hep
| o EP® € @ 0
T =

L ||| expertprj [ fhomedtraininglexpert
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Note: Only use the
expert interface after
consulting with Arena-
flow® support staff.
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Notice the project file name and working directory are
displayed across the bottom of your screen. Always
ensure you are working with the correct project file
and in the desired directory.

To launch the “Grid Generator Setup” window, click
on “Setup”, “Grid”, or click on the & button.

. Grid Generator Setup &

Selected CAD units; none ~ Geometry STL Files

_| change units

Add

Remove

* cells between grid lines

¥ [%= 1850000  y=—2ae.0000

* cells between grid lines

Z cells between grid lines

™ Addxgrid ™ Delete grid ¥ x-y view
Im Addy grid T Move grid

r

0 real and null cells ;
™ %z view

__| Setto a uniform grid size

™ y-z view
_ | Advanced options

In contrast to the process specific modules, the expert
interface does not assume your intended use. Thus
the grid generator defaults may not be set correctly
for your process. The advanced options are defaulted
to the core blowing settings. Please only use the
expert interface after consulting with Arena-flow®
support staff.

2.3.6 Generating the grid

Regardless of the module used, the grid generation
activity is identical. The grid generation process
consists of:

entering the STL files

setting the STL file units

defining a Cartesian mesh
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Tip: If multiple STL
files are used, ensure
they share a common
origin and check this
visually in the “Grid
Generator Setup”
window.
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e generating the grid
e evaluating the grid

To enter the STL files, click on “Add” to raise the “Add

STL file” window.

. Grid Generator Setup

Selected CAD units: nong ey il e
blowtubes.stl

% cells between grid Ifges

ninglexpert

¥ cells between grid lines

Z cells between grid lines

i File ﬂame:l

File type: [*.st = 5TL

™ Add x grid T~ Delete grid

0 real and null cells r I Move grid
_| Setto a uniform grid size

_ | Advance: d options

I~ Addz grid

In the “Add STL file” window, select the STL files you
wish to include in your simulation. Multiple files may
be used, but each must be selected and added
individually. Once added, the file names are visible in
the “Geometry STL Files” section of the “Grid
Generator Setup” window.

Once the files are added, the STL triangles will
appear in green in your display window. The STL
files must share a common origin. Always check to
ensure your CAD fits together in the correct
orientation. It is usually easier to work with CAD
when the z-axis is pointed up, such that the gravity
vector points in the —z axis. Check the view in the
three orthogonal planes by clicking on the desired
view (“x-y view”, “x-z view” or “y-z view”) in the bottom
of the “Grid Generator Setup” window.

53



Grid Generation

Note: All Arena-flow®
input is in Sl units,
unless specified
otherwise. The CAD
is one exception — you
must define the units
used in the STL file.

Note: All Arena-flow®
output is in Sl units,
unless specified
otherwise.

Tip: If multiple STL
files are used, ensure
they are created using
the same units.
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Once the STL files are entered, the units must be
selected. Generally, all inputs for Arena-flow®
calculations are in Sl units (meters, kilograms,
seconds), unless specified to be otherwise. However,
many different companies have different standards for
CAD output. To accommodate that, Arena-flow®
allows you to set the STL units. Click on “Change
units”, enter the desired “CAD units” and click “Apply”.

. Grid Generator Setup

Geometry STL Files

P —
lﬂﬂﬂ ]ﬂ“

k | Hhmm.

elected CAD units: none
Change units

# cells between grid lines

[i=0 k=0

Y cells between grid lines m

"‘-| _CAD units D[k
CAD units

com € micro m

© cm o ft

& mm Cin

N Cancel

Z cells between grid lines

@ e (@
<

™ Addxgrid ™ Delete grid ™ %=y view

0 real and null cells I ™ Move grid W x-z view

_ | Setto auniform grid size

™ Add z grid I~ y-z view
_| Advanced options

Close

This will cause a units conversion to take place during
grid generation. Although the CAD may be entered in
various units, the Arena-flow® solver will operate in
Sl units. All Arena-flow® output will also be in SI
units, unless specified to be otherwise. |f multiple
STL files are used, they all must share the same
origin and units scaling.

If you are unsure of the CAD units, check with your
CAD operator or supplier. Also use common sense —
consider what units would be reasonable for the
dimensions of the problem. The limits of the STL files
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Tip: Always ask
yourself whether your
units are reasonable,
or not!
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can be viewed by double-clicking on the filename in
the “Geometry STL Files” region as shown below.

" Grid Generator Setup i s

Selected CAD units: n GeometnSTChleS
_| Change units

Add

Remove

X cells between grid lines R

2 [x=-87.8395 z=11953350
l (

|
"‘ ' STL information
' cells hetween grid lines “MHH } core.stl

File header:
PHIGS+ Triangles from GMR SurfSeg

*Min:  -119.966 s-Max: 320913
y-Min: 114472 y-hMax: 282223
z-Min: 570,826 z-Max: 683.098

Number facets: 57258

Z cells between grid lines

S . "
I~ Addxgrid ™ Delete grid ™ =y wiew gl Reset g

0 real and null cells
r

I~ tove grid ¥ sz view kg
_| Set to a uniform grid size W AR aE e ey - 2 =

_ | Advanced options

Close

In this example the core.stl file ranges from -119.996
to +320.913 in x. Only the units of mm would make
sense physically, considering typical sizes of cores.

Once the CAD is entered and units are selected, it is
time to define a Cartesian mesh. The easiest way to
do this is to use the “Set to a uniform grid size” option.
This raises the “Uniform Grid Cells” window. Select
the range of the grid by setting the “x0”, “xn”, “y0”,
“yn”, “20” and “zn” values, where these represent the
minimum and maximum values of the grid lines in the
X-, y- and z-directions respectively. These values are
defaulted to the extent of the STL files. Enter a total
number of cells and click “OK”.
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Grid Generator Setup

Selected CAD units: mm GeometpySITEIlES

_ | Change units blowtubes.stl
core.stl Add
magazine.stl

# cells between grid lines Remove

' cells between grid lines " _ Uniform Grid Cells @

x0-[-178.16 xn - [360.161

yo-Jo yn = [a2137

20 - [570.626 an - 18282

Reset min and max to the STL file(s) limits |:|
Total number cells = 100000
Qk Cancel

£ cells between grid lines

™ Addxgrid ™ Delete grid ™ -y view
O real and null cells r (B s e (it

™ Addz grid ™ y-z view

Close

_| Setto a uniform grid size
_ | Advanced options

Grid Ger~~ator Setup
A

Geometry STL Files

Change units

'X cells between grid lines ' Remove

-178.16000
41 360.16080

89.8234 2=1368.4193

¥ cells between grid lines

0.00000
24 32137000

Z cells between grid lines

570.825899
97 1829.1999%

™ Addxgrid ™ Delete grid ™ %=y view

| I~ Move grid V¥ x-z view
_| Setto a uniform grid size

I~ Add z grid I~ y-z view
_ | Advanced options

Close
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Note: Arena-flow®
training courses are
held frequently, and
contain further
instruction on proper
mesh definition.
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The grid lines appear in red and blue. The red lines
are “specified” grid lines. The values of these appear
in the right portion of the boxes on the left side of the
“Grid Generator Setup” window labeled “X cells
between grid lines”, “Y cells between grid lines” and
“Z cells between grid lines”. The blue lines are
defined by the number of cells between the “specified”
grid lines, indicated by the numbers in the left portion
of these boxes.

The Cartesian mesh may also be defined by
e entering numbers in the boxes directly
e using the “Add x grid”, “Add y grid”, “Add z grid”,
“Delete grid” and “Move grid” buttons at the
bottom of the “Grid Generator Setup” window

Zoom and translation can be accomplished with the
buttons in the lower right portion of the “Grid
Generator Setup” window, or with the mouse control.
The mouse control functions as follows:

e zoom - right button

e translate - middle button

More information regarding proper mesh definition
practices can be learned at various Arena-flow®
training courses. Contact your sales representative or
support engineer for more information regarding
course content and schedule.

Once you have input your CAD, defined your units
and specified your Cartesian mesh, you are ready to
run the grid generator. The Arena-flow® grid
generator cuts the Cartesian mesh to the STL limits,
removes small and problematic cells and writes the
output necessary for post-processing.

To run the grid generator from any of the process-
specific modules, close the “Grid Generator Setup”
window and click on “Generate grid” in the “Grid
procedure” menu. This option is made available once
a grid has been defined. To start the grid generator
from the expert interface, click on “Run”, “Generate
grid”.
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Note: The Arena-
flow® grid generator
progress bar is not
linear in time. Please
be patient. Many grids
can be generated in
one minute or less.
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Grid procedure

Set Up Grid

A progress bar will appear to keep you informed of
the grid generator progress. Please note that the
progress bar is not linear in time, but rather in steps
through the grid generation algorithm. Often the grid
generator will take 50% of the time to go from 90% to
100% completion. This is perfectly normal.

Grid Generator

nn 75%

Typical Arena-flow® grid generation times range from
5 seconds to 5 minutes, depending on your cell count,
STL complexity and computational resources. Many
grids can be generated in one minute or less.

Once your grid is complete, it is important to evaluate
its quality. Open the General Mesh Viewer (GMV) by
clicking on “View Grid” from the “Grid Procedure”
window of any process-specific module. This is made
available once the grid has been generated. To view
the grid from the expert interface, click on “Setup”,
“Show grid”. Arena-flow® 6.2 contains additional,
automated grid viewing tools.

Grid procedure

Set Up Grid

Generate Grid
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Important: Always
check the quality of
the grid before running
the solver.

e Does the grid
match the
CAD?

e Are there any
holes in the
model?

e Are your cell
counts
reasonable?

e Are the cell
size variations
reasonable?

Important: Never run
the grid generator after
starting your
calculation — your
results may be lost!

Note: In Arena-flow”
there exist sensitivities
to two types of
discretization — grid
and particle. The
particle resolution is
handled automatically
by the GUI.
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When viewing the grid, always check the following:
e Are there any holes in the model?
e Does the grid look reasonable?
e How does the grid compare to the CAD?

In addition, please check that the mesh adheres to
the following guidelines:

e Cell counts should be

o less than 200,000 cells for core blowing
calculations (50,000 — 100,000
recommended)

o lessthan 1,000,000 cells for steady-
state gas flow calculations (100,000 —
500,000 recommended)

o less than 500,000 cells for transient
curing calculations (50,000 — 250,000
recommended)

e Make sure your cells are of a fairly uniform size
and as1pect ratio. This is more important for
CPFD™ solvers than for CFD solvers. Ensure
that the length of your largest Cartesian cell in
any linear direction (x, y, or z) is no more than
2 or 2.5 times the length of your smallest
Cartesian cell in the same direction.

Once your grid is generated you may set up and run
your calculations as described in the following
chapters. It is important that you do not run your grid
generator after starting your solver — you will lose
your results. If you do this, please contact an Arena-
flow® support engineer immediately — there may be a
way to recover your results.

2.3.7 CPFD™ grid resolution

No discussion of gridding is complete without
consideration of the sensitivities involved. With a
CPFD™ solver such as Arena-flow®, there are two
levels of discretization sensitivities which must be
considered — one for the fluid and another for the
particles. The resolution of the sand particles, namely
how many sand grains exist in the core, and what
representative number are included in the model, has
been the topic of much proprietary, unpublished
research. The findings have been incorporated into
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the Arena-flow® GUI, allowing users to simply set a
“low”, “medium” or “high” level of initial computational
particles per cell. The geometric resolution is left up

to the user during grid definition and generation.

When defining a mesh for an Arena-flow® calculation,
the blow tubes are often the limiting geometric feature.
This section summarizes a study considering grid
resolution effects related to blow tube meshing'’.

A series of test cases was constructed as shown in
Figure 11. The geometry of each case is identical,

and the same sand, venting and blow pressure was
applied to each.

Figure 11: Grid resolution test cases with 1, 2, 3 and 4 cells
across the blow tube

Figure 12 shows a close-up of the blow tube mesh.

The total number of computational sand grains was
held constant.
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Note: The largest
difference in the
computed flow rates
deviates from the
mean by less than
10%, even though the
number of cells was
varied by two orders of
magnitude!
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Figure 12: Blow tubes resolved with 1, 2, 3 and 4 cells
across the diameter
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Figure 13: Sand mass flow and flow rates

Figure 13 shows the sand mass flow and sand mass
flow rates through the blow tubes vs. time for the four
test cases. A maximum solids flow rate is observed
when the blow tube is modeled as a single cell and a
minimum is seen for the two cell case. Note that the
two cell case models much less of the actual blow
tube cross-sectional area than the other cases. As
the grid is further refined, the flow rates begin to
converge. However, the computed flow rates deviate
from the mean by less then 10%, even though the
number of cells in the calculation was varied by two
orders of magnitude'”.

These results show the relative %rid insensitivity of
Arena-flow®. Since the CPFD™ method models both
the fluid and granular phases, the accuracy of the
method is not wholly determined by the solution of a
single phase. Further, due to the Lagrangian nature
of the particle solution, a sub-grid resolution is
obtained.

The study also observed that the runtime varies by
two orders of magnitude as do the cells'’ for a
constant number of computational sand grains'’.
Thus, it is advantageous to run large calculations on
the coarsest mesh feasible.
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Important: Avoid
large face area ratios
between cells in the
blow tubes and cells in
the magazine above.
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Figure 14: Effects of large are ratios on grid resolution

One limiting case was observed as shown in Figure
14. This shows a variation of the two-cell test case
whereby the grid lines were moved away from the
blow tube edges as shown in the images on the right.
Here there is a large area ratio between the cell faces
in the magazine and the opposite faces in the blow
tubes.

Sand Mass vs. Time

— qrid lir near Blow ube edpe
—— grid line awey from blow tube adge

0.02

] 0.05 01 015 02
Time [s]

Figure 15: Flow rate reduction due to large face area ratio
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Figure 15 shows that there is a significant reduction in
sand mass delivered through the blow tube when a
large face area ratio is present between cells in the
blow tubes, and cells in the magazine above. This
effect is under further investigation. Users are to
avoid this situation during grid specification.

2.4 Binder-Coated Sand Core Blowing

Arena-flow® Users Guide

In this chapter you will learn about:
e Setting up a binder-coated sand core blowing
project
e Running a binder-coated sand core blowing
project
e FEvaluating the results from a binder-coated
sand core blowing project

To model the blowing of a cold-box core with Arena-
flow®, click on “Binder-coated sand” as shown:

Create or open a project file in the desired working
directory to launch the “Arena-flow® binder-coated
sand core blowing setup” window. To set up and run
a binder-coated sand core blowing project, work
through the 11 menu items shown in the tree on the
left of the window.
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_Arena-flow binder-coated sand core blowing setup &

1. Grid generation

Tip: To set up and ssose _ _

run a blnder-Coated 2 5‘3;;&:“5”1:5” Binder-coated sand core blowing setup
sand core blowing ZW' Hechs e pee s s e
project, work through o Siggrarsn

the 11 menu items - .

shown in the tree on S

the left of the window. e

Data output
10.Run
11. Post-run

Please select and complete all of these steps from
the menu on the left side of the screen to run your
calculation

|mnder,cuateu,muwmgpn Ihomertrainingfbinder-coated Eﬂ

The first step to creating any Arena-flow® model is
mesh generation. Click on “Grid generation” to go to
the “Grid procedure” page.

Arena-flow binder-coated sand core blowing setup
Elle Help

2. Gravity

3. Sand type

4, Sand distribution
5. Blow pressure

&, Yents definition

7. Time centrol

8. Madels
?DD:E:MM Grid procedure

11. Post-run

Set Up Grid

Ibmderﬁcuatedib\uwmgpn Ihomehrainingfbinder-coated H4

On the “Grid procedure” page, create and evaluate
the grid by working through the three steps: “Set Up
Grid”, “Generate Grid” and “View Grid”. The use of
the Arena-flow® grid generator for binder-coated
sand core blowing calculations is outlined in section
2.3.1 of this User Guide. Proper grid generation
techniques are presented in the various Arena-flow®
training classes. Classes are held regularly. Contact
your sales representative or support engineer for
more information regarding course content and
schedule.
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Click on the next menu item, “Gravity”. This is where
you tell Arena-flow® the orientation of your CAD,
relative to gravity. In this example, the CAD is
oriented such that the z-axis is up. Thus, the gravity
vector should point in the —z direction.

" _ Arena-flow binder-coated sand core blowing setup

Eile Help

T

[4Back Sand type

Blowing
. “ 1. Grid generation R
NOte' The Sand ;,,e Species | Min Radius |MexRadius |Min Density |Max Density | Comment
” H >3 B
type” page defines the o
H ™ vents definiti
sands to be used in 7 T contol

8. Models

8. Data output
10.Run

11. Post-run

the calculation. The
“Sand distribution”
page defines where
the sand is located (or
distributed) at the start
of the calculation.

Particle spi

Predefined material

[Sand: Us siica Feo J-| ‘

Species |1 Comment |Sand: US silica F&0 ‘

Minimum Maximum

Radius i

Denstty ot
Radius and density flenarne NETgE
UsslicaFsn.sze %

Apply Cancel

binder_coated_blowing.prj

Next, click on “Sand type”. This is where you tell
Arena-flow® what sand will be modeled in the
calculation. You may define multiple sand types.
These may be combined to simulate a sand mixture
or may be layered in the magazine to simulate
colored sand experiments. The location of the sand is
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entered on the next page; you simply define the
various sand species here.

To define a sand type for use in the calculation, click
on “Add”. This raises the “Particle species” window.
There are three ways to enter a sand type:
e Select a default sand type from the “Predefined
material” drop-down menu
e Enter a minimum and maximum sand grain
radius and density.
e Enter a custom size distribution from a sieve
analysis by clicking “Edit”

|

e ==

#5and Mame: US S5ilica Fe0 Date:

# Sieve# Opening Size(mm) Average Radius (
# 12 1.68
4 20 0.841 6.3e—d
# a0 0.595 3.5%e-4
4 4o 0.420 2.54e-4
# 50 0.297 1.79e-4
# 70 0.210 1.268e-4
# 100 0.149 5.975e-5
# 140 0.105 f.35e-5
4 200 0.074 4.475e-5
# 270 0.053 3.175e-5
# pan 1.325e-5
# Percent by wt Radius (m) Density (kgs/m3)
Note: The size e
P . # 0.0 6.3e-4 2650
dlstrlb_utlon file . o0 A eoed seso
contains three 4.0 2 cdp-d 2620
columns: percent, 20.0 1.7%-4 2650
radius and density. ggg é ggge'g Sggg
. E-
The percent may be 11.0 f.35e-5 2650
incremental or 2.0 4.475a-5 BEG
cumulative. Lines # 0.0 3.175e-5 2650
beginning with a “#”
character are ignored.

| File USsilicaFB0.5ze saved

A sample sand size distribution file is shown. Sand
size distribution files contain the .sze extension.
Once a size distribution file is created for your sand,
you may use it repeatedly in successive calculations.

The format of the sand size distribution file is
columnar, with the columns separated by “white
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Tip: Remember that
all Arena-flow”® input
is in Sl units, unless
specified to be
otherwise. The radius
is thus in meters. Be
careful, it’s radius —
not diameter.

Tip: Remember that
the density required is
the raw (material)
density of the sand.

Note: Arena-flow®
can model granular
materials other than
sand, such as ceramic
beads and sand
additives.
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space” such as spaces and tabs. The “#” character
indicates that the line is a comment. Lines beginning
with the “#” character are ignored by Arena-flow®.
The three columns are a percentage of sand, the
radius and density. Please note that all input is in SI
units, thus the sand grain radius is in meters and the
density is in kg/m>.

The density is the material density of the sand used,
not to be confused with the bulk density of a sand
mixture. In this example, the refractory material is a
silica sand which typically has a material density
between 2650 and 2670 kg/m* '8

In actuality, the “Sand type” in Arena-flow® need not
be a sand at all. Arena-flow® can model various
granular, refractory materials such as ceramic beads
and sand additives, provided the size distribution and
material density are known and properly defined.

Also note that Arena-flow® accepts two ways of
entering a custom sand size distribution file. The first
is shown, above with the percentages being an
incremental percentage of sand on each sieve. The
second is a cumulative distribution where the
percentage is a sum of the percentages up to the
current bin. For example, the percentages above (0.0,
4.0, 20.0, 33.0, 30.0, 11.0, 2.0, 0.0) could be entered
as 0.0, 4.0, 24.0, 57.0, 87.0, 98.0, 100.0). A
cumulative size distribution is preferred. If a
cumulative size distribution is defined, the first entry
must be 0.0 and the last must be 100.0. It does not
matter if the sand is defined in increasing or
decreasing size order.

Once a sand type is defined using the “Add” button, it
appears in the “Particle species” table on the “Sand
type” page. This sand species can then be edited
using the “Edit” button, reproduced using the “Copy”
button or deleted using the “Delete” button.

Multiple sand types may be defined. If multiple sand
types are used, each is identified with a unique
species number. The results can then be colored by
“Species” to show various sands as different colors.
This is a very useful way to visualize the sand motion
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Note: If multiple sand
types are defined,
each is identified with
a unique species
number. The results
can be colored by
species to aid in
visualization.

Tip: You can always
refer to your grid by
clicking on the
reference grid button.
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Blowing

through the system. If this is your intent, be sure to
ask for “Species” to be included in the output files
when using the “Mesh Viewer” window as described
on “Data output” page of the GUI.

The sand is automatically assumed to be coated with
a binder. Additional sand properties such as wall
bounce, sand grain interaction and flowability are
defaulted by the Arena-flow® GUI.

*_ Arena-flow binder-coated sand core blowing setup

Sand distribution

Grid Generator Setup

Geometry STL Files

[ or '* denote the last possible value.

binder_coated_blowingprj | g

Selected CAD Units: mi

After you define the sand to be used in the calculation,
you must tell Arena-flow® where you would like the
sand to be at the start of the simulation. Click on
“Sand distribution” to go to the “Sand distribution”

page.

The location of the sand is related to the grid you
defined in step 1. You may reference this grid by
clicking on the & button on the bottom right of the
screen. This opens a non-editable version of the
“Grid Generator Setup” screen. As you move your
mouse over your grid, the coordinates (x,y,z) and cell
indices (i, j, k) are displayed at the top of the window.
Note that a two-dimensional plane is shown, thus only
two of the three coordinates and grid indices are
shown at one time. Determine which three-
dimensional block of cells you wish to initialize with
particles.
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Note: The “Initial bulk
density” or “Particle
volume fraction” must
be less than or equal
to the “Average core
density” or “Close
pack”.
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Arena-flow binder-coated sand core blowing setup
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To place the sand in the cells, click on “Add” to raise
the “Particle distribution” window. First select the
“Species” from the drop-down list. You may select
from any of the sands you defined in the “Sand type”
page. If you used a comment when you defined your
sand, this will also appear in the “Species” drop-down
list.

Next enter either an “Initial bulk density” or “Particle
volume fraction”. This is how much sand is to be
placed in the cells. The “Initial bulk density” or
“Particle volume fraction” must be less than or equal
to the “Average core density” or “Close pack” entered
on the “Sand distribution” page.

The “Average core density” or “Close pack” value
controls how much sand is permitted into the cells in
the core during the calculation. It is an average value,
because the various physical models in Arena-flow®
will vary the packing from cell to cell to predict the
density distribution in the filled core.

In general, it is good practice to define the “Initial bulk
density” or “Particle volume fraction” to be slightly less
compacted (say 2-5% less) than the “Average core
density” or “Close pack”. When the core is filled, it is

69



Tip: It is good practice
to define the “Initial
bulk density” or
“Particle volume
fraction” to be slightly
less compacted than
the “Average core
density” or “Close
pack”.

Tip: The “min” and
“max” keywords can
be used instead of the
minimum and
maximum cell or face
indices whenever
defining a boundary or
initial condition.

Tip: Enter comments
whenever possible — it
will save you time in
the long run.
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done so by a high pressure air source injecting the
sand at high velocities. When the blow plate and
magazine are filled, the sand is usually allowed to fall
in under gravity. These different sand fill processes
will likely result in different packing levels.

Next you must define the initial location of the sand.
The “Computational particle location” asks for six
values, corresponding to the minimum and maximum
cell indices in the x, y and z directions defining the
three-dimensional block of cells containing the sand.
These cell indices can be determined by using the
reference grid tool, , however, the keywords “min”
and “max” can also be used to reference the minimum
and maximum cell index in each respective direction.

Lastly you are permitted to enter a “Comment” for the
distribution. This is not used by the solver, but can be
extremely useful when setting up large projects.

Typically sand is initialized in the blow plate and
magazine at the start of the calculation. Sometimes
binder-coated sand remains in the blow tubes
between successive blows. If you wish to model this
phenomenon, you must tell Arena-flow® by defining
the proper sand distributions. Multiple distribution
blocks may be used to define irregular regions, such
as blow tubes of varying lengths. This is explained
further in the training courses.

" _ Arena-flow binder-coated sand core blowing setup
Elle Help

T
4Back Sand distribution
Blowing
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~Initial particle (spatial)
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Note: Arena-flow”
automatically sets the
sand grain
computational
resolution for you.

Tip: Use the
“Automatically
calculated” “Medium”
or “Medium / High”
setting for “Initial
computational
particles per cell”.
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Once a sand distribution is defined using the “Add”
button, it appears in the “Initial particle (spatial)
distribution” table on the “Sand distribution” page.
These distributions can then be edited using the “Edit”
button, reproduced using the “Copy” button or deleted
using the “Delete” button.

There could be hundreds of millions of individual sand
grains in a core; to make the CPFD™ method efficient
for practical, commercial applications, a lesser,
representative number of computational particles is
modeled. The number of computational particles
must be large enough to be indicative of the overall
core filling process, but not too large to exceed
practical memory and runtime constraints.

Arena-flow® automatically sets the sand grain
computational resolution for you. You have control
over the “Initial computational particles per cell”
setting in the “Sand distribution” page via a slider bar.
To use this, set the “Initial computational particles per
cell” via the default, “Automatically calculated” option.
Move the “Low / Medium / High” slider to the desired
resolution. The default setting is “Medium”. For most
commercial applications, a “Medium” or “Medium /
High” setting is recommended.

Arena-flow® also has advanced capabilities to control
the computational modeling of sand grains. This is
controlled via the “Manual input” setting. Please only
use the “Manual input” option if advised to do so by
an Arena-flow® support engineer. The
“Automatically calculated” option works well for all
typical, commercial applications.

After the “Sand distribution” is set, click on “Blow
pressure” to go to the “Blow pressure” page. Here
you tell Arena-flow® what blow pressure will be used,
whether the pressure is constant or time varying and
where the pressure is to be applied.

Click on “Add” to raise the “Pressure BC” window.
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Tip: Many conversion
factors to Sl units can
be found by clicking on
“Help”, “Units
Reference”.

Important: The CFD
component of Arena-
flow” is an
incompressible solver;
thus all pressures are
gauge pressures with
zero (0) representing
the vented,
atmospheric pressure.
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Select the “Direction” from the drop-down menu. This
tells Arena-flow® upon which faces of the cells the
pressure boundary condition is to be applied. If your
CAD was designed with the z-axis pointing up and
your blow pressure is applied at the top of the
magazine (or if you are only modeling part of the blow
plate), then the default directional value of “z” can be
left unchanged.

Enter the “Area fraction”. This is the fraction of the
cell faces which is open to the pressure. If the blow
pressure is applied at the top of the magazine, leave
this unchanged at 1.0. If the pressure is applied
through a meshed sleeve, the “Area fraction” will be
less than 1.0.

Enter the “Pressure”. This is the blow pressure in Pa.
To determine the appropriate conversion factor when
converting from alternate pressure measurements to

Pa, click on “Help”, “Units Reference”.

Please note that the CFD component of Arena-flow®
is an incompressible solver. As such, all pressure
measurements are relative. Calculations are typically
set up with a zero (0) pressure at the vents. Thus the
blow pressure should be in gauge pressure, relative
to the vents.

Next specify the “Particle behavior”. If you are

modeling the entire magazine, keep the default value
of “No exit”. This actually means that no sand can
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Tip: If you are
modeling the entire
magazine set the
“Particle behavior” to
“No exit”. If you are
starting you model at
the blow plate, set the
“Particle behavior” to
“Feed”.
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enter or leave the computational domain at the
boundary. If you are starting your model at the blow
plate, change the “Particle behavior” to “feed”. This
will permit more particles to enter the computational
domain as others leave the cells next to the boundary,
simulating a full magazine. Arena-flow® calculations
with “feed” activated tend to start quickly and slow
down as they run, due to the increased number of
computational sand grains as calculation progresses.

Next specify the location of the blow pressure
boundary condition. These are boundary cell indices
and they must define a plane. You may use the
reference grid utility, #, to help you determine proper
values for the indices. Additionally, the “min” and
“max” keywords can also be used to reference the
minimum and maximum cell index in each respective
direction.

Sometimes multiple planes are required to fully
specify the blow pressure inlet location. These
boundary conditions can be edited using the “Edit”
button, reproduced using the “Copy” button or deleted
using the “Delete” button.

Finally, you are permitted to enter a “Comment” for
the distribution.
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It should be noted that no distinction is made between
“core blowing” and “core shooting”. The terms are
used interchangeably in this User Guide. Any
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Note: Any distinction
between “core
blowing” and “core
shooting” is left up to
the user during blow
pressure boundary
condition specification.
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process differentiation is left up to the user in the
specification of blow pressure boundary conditions.

It is not required that the boundary pressure be
constant during the simulation. The actual process
likely involves a “ramping up” of the pressure over
time. To enter a transient pressure, click on “Edit” in
the “Pressure BC” window to create or edit a transient
pressure file.

The file contains time and pressure entries in two
columns, separated by “white space” (spaces, tabs,
etc.). Lines beginning with the “#” character are
comments and are ignored by the solver. Arena-
flow® will linearly interpolate between entries. The
example above, ramps up from 0 to 300,000 Pa over
0.1 seconds.

" Arena-flow binder-coated sand core blowing setup

Models
Data output
: Bun, Vents
Post-run
et Table
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Wiew Table

p 3

Ilnmuer,cuateu,muwmg ol | momeftraining/binder-coated H ]

| ¥

Click on “Vents definition” to go to the “Vents” page.
Vents are added through a vent file. To create a vent
file, click on “New Table”. To link to an existing vent
file, click on the browse, M, button. Vent files typically
are identified with the .tvt extension.

New vent tables contain no information. Click on

“New Vent” to begin populating the vent table. Much
of the information is defaulted for you
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Label Shape Units X / z Length Direction Limit Area fraction K-factor
= 0 0 0 o z 0 0

V0000001 Circular mm ] 1] 0 None o] 05

~VentD: Legend

Vent label /0000001 Vent diameter 0O Inactive

O Duplicate
Shape Cirular - 0 mvaiid
Predefined User [ Direction

Units.

mm i

x o Area fraction
0
o

No image selected

Flow behavior
New Vent
Duplicate ‘ent

Y K-factor :

- Pressure and Temperat. ’rSearch Range

z Delete Yent

Undelete Yent
@ Constant pressure

i Pa i
New Table

© Function from file n 1 E out Load Table
d Tabl

c t Save Table

1 [

Save Table As

Table Properties

™ Set Inactive

Vents

Label / Shape Units. ¥ zZ Length Direction Limit. Area fraction K-factor
n 5 2 37 6.35 Z

Cope001 Circular mim None 0.15 05

- Vent D Legend
Vent label Copennt \ent diameter 635 Picture O Inactive
O Duplicate

Shape Ciroular | 0 invalid
Predefined User | Direction

Nolmage selected
Units mm | Flow behavior
X g Area fraction 018
85 -20 K-factor 05 Vi

= F . ==

% a7 Delete Vent
P ond o Feam e

Duplicate Vent

@ Constant pressure 0 Pa i E I ! bl
ew Table
© Function from flle . E out oad Table

~ Comment Save Table

Save Table As

Table Propertie
™ Set Inactive e

Tip: Enter a “Vent
label” to easily identify
individual vents.

Note: The “Units”
drop-down list affects
both the location and
“Vent diameter”

Arena-flow® Users Guide

g

Enter a “Vent label” if desired. The vent label is a
comment that helps to uniquely identify individual
vents. This greatly simplifies later design
permutations.

Enter the location of the vent center (“X”, “Y”, “Z”).
Note that you may use non-SI units to do so, as
indicated by the “Units” drop-down list.

Enter a “Vent diameter”. The “Vent diameter” must
also be entered with the same “Units” as the location.

Enter a “Direction”. This is the direction normal to the
vent face. Typically cope and drag vents are in the z-
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direction if the model is oriented with the z-axis

pointing up.

Enter an “Area fraction”. This is the fraction of the
vent area that is open for the air flow. Typically vent

open area fractions are between 0.1 and 0.35.

Usually all other values remain unchanged. To set a
vent inactive, click on “Set Inactive”. This is a useful

feature for design permutations.

An example of a populated vent table is given below.
To change any parameters of an existing vent, click
on the vent to load the parameters into the display

region.

Remember to save your vent table before exiting.

Label / Shape Units

= T TGHi477 0

th Direction

Limit Area fraction K-factor E
e

Vent label [Voooooor Vent diameter
Shape [creua  H

Predefined [ H Direction
Units [m—  H Flow behavior
X [ooorars Area fraction
Y [or7ezes K-factor

z [osaoss

FVGann 601 Circuiar i fone
V0000002 Circular m 0.001827 0. z None 05
0000003 Circular m 0.102517 0.179268 0693088 0.0063: z None 05
Y0000004 Circular m 0.102667 0.241148 0693098 0.00635 z None 05
V0000005 Circular m 0.203557 0.179268 0693098 0.00635 z None 05
V0000006 Circular m 0.203707 0.241148 0693098 0.00635 z None 05
0000007 Circular m 0.046234 0.119091 0649721 0.00635 z None 05
0000008 Circular m 0.152862 0.128555 0647307 0.008525 z None 05
0000009 Rectangular  m 0.128579 0.267 057084 003175 z None 05
v0000010 Rectangular m 0.131079 0.153 0.57084 003175 z None 05
V0000011 Rectangular  m 0.074078 0.153 057084 00254 z None 05
V0000012 Rectangular m 0.075579 0.267 057084 003175 z None 05
¥0000013 Rectangular m 0.028579 0,153 057084 003175 z None 05
0000014 Rectangular  m 0.031079 0.267 057084 00254 z None 05
¥0000015 Rectangular m -0.0280310.153 0.57084 00254 z None 05
YO000016 Rectangular m -0.028031 0.267 057084 0.0254 z None 05
V0000017 Rectangular  m -0.0698210.153 057084 00254 z None 05
V0000018 Rectangular  m -0.069921 0.267 0.57084 0.0254 z None 0.5 |’=
- Vent Da Legend
Picture O Inactive

~Pressure and Temperatur

& Constant pressure 0 Pa o
© Function from flle .

=

~Ci

™ SetInactive

[ Duplicate
O Invalid

New Vent
Duplicate Vent
Delete \Vent
Undelete Vent
New Table
Load Table

Save Table

Save Table As.

Table Properties

Close
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Binder-Coated Sand Core Blowing

Note: Users only need
to change the “End
Time” to ensure it
corresponds to their
blow time. All other
parameters on the
“Time control” page
can remain
unchanged.

Note: When using the
“Arena-flow® binder-
coated sand core
blowing setup” GUI,
the “Sandcore
engineering models”
are defaulted for
typical binder-coated
sand core blowing
simulations.

Arena-flow® Users Guide

" Arena-flow binder-coated sand core blowing setup &

Time control
~Tire Step Interval
Interval Tirme Step (s) End Time (s)
1 [5.00000e-04 [2.0000
2
? I I

~ Output Interval

Number of Files
Interval (s) Produced

Plot interval 0.01000 201

binder_coated_blowingprj | fhomefraining/binder-coate

03| i Rl T e

Click on “Time control” to go to the “Time control”
page. Users are only required to change the “End
Time”. This is the blow time in seconds. Other
parameters can be left unchanged.

The “Time Step” is controlled by the solver, and
should be left at the default value. Only change the
“Time Step” if advised to do so by an Arena-flow®
support engineer. The solver will adjust the time step
for accuracy and stability purposes, using a robust
algorithm.

The “Plot interval” is the frequency of GMV output file
production. Lower plot intervals result in more GMV
output files. Each GMV file takes time to write and
uses a non-trivial amount of disk space. Typically
about 100 — 200 GMV files are sufficient to create
smooth animations of the transient Arena-flow®
results.

Next, click on “Models” to go to the “Sandcore
engineering models” page. These models are
defaulted for typical binder-coated sand core blowing
simulations. It is usually best to leave these
unchanged with the exception of the flowability model.
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" _ Arena-flow binder-coated sand core blowing setup
File Help

1. Grid generation
2. Gravity

3, Sand type

4, Sand distribution
5. Blow pressure
6 Vents definition

-10. Run Sandcore engineering models
11, Post-run

¥ Local density model
¥ Tool wear model B Wear setings
¥ Resinwipeoff mode] e

binder_coated_blowingprj | fhome/training/binder-coated DEEE=ZE 7

The flowability model is defaulted for simulations
which include only a portion of the blow plate. The
flowability model can be controlled by clicking on
“Flowability settings”. The default value is shown in
Figure 16. By lowering the flowability of the sand,
aged binder and non-optimal conditions can be
simulated.

When simulating the performance of an entire blowing
machine including a full magazine, however, please
change the flowability settings as shown in Figure 17.
If the sand is modeled with too low of a flowability, the
Tip: The flowability rat-hgles in the mag_azine can be over;_predict_ed. Do
settings are defaulted not simulate magazines with a flowability setting
to simulate the filling of below average — nonphysical results are possible.
a single core, with a

blow-plate feed [ Flowability. i —A = |
boundary condition.
You can lower the
flowability to simulate : :
defects which may - L : :

occur under non- [ oy | Aemeye ] i

optimal filling

conditions.
Figure 16: Binder-coated sand flowability settings for
simulations involving a blow plate particle “feed” boundary
condition

Flowahility settings

Flowability
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Important: When
simulating a
magazine, use a
flowability setting of
“Average” or higher.
Using a lower
flowability can result in
excessive rat-holing
and nonphysical
results.

Important: If you do
not tell Arena-flow® to
write variables to the
GMV output files, the
information will not be
there!

Arena-flow® Users Guide

)—ﬂg

Flowahility settings

Flowability
. ) . .
Low | Average l High

Cancel

Figure 17: Binder-coated sand flowability settings for
simulations involving a full magazine

" . Arena-flow binder-coated sand core blowing setup &
File Help

[
4Back
Blowing
1. Grid generation
2. Gravity
3, Sand type
4, Sand distribution
5. Blow pressure
B. Vents definition
7. Time control
8. Models

TR Graphics and data output
11, Post-run

Gmw Qutput Variables

Transient Data
Flux Planes

[binder_coated blowingpri | morefrainingloinder-coated

105 5 I = i

Click on “Data output” to go to the “GraPhics and data
output” page. The Arena-flow® CPFD™ solver
requires a great deal of fluid and particle data to
accurately solve sand core engineering problems.
The Arena-flow® solver may use 1GB of memory, or
more, to run large problems. If all that data were
output in a transient manner, a single Arena-flow®
calculation could easily fill even a large hard drive.

For efficient post-processing, you need to tell Arena-
flow® what information you wish to post-process,
before starting your calculation. This is typically done
through the “Mesh Viewer” window. Think about your
anticipated results before running your calculation - if
you do not ask for the data to be written to the GMV
files, it will likely not be there!
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Mesh Viewer

I~ iCompress graphics output:

Please select the data for export to the

Tip: For cell data, itis General IMesh Viewer (GhY)., Only data
good to select “Particle selected herein can be viewed during
volume fraction”, “Fluid i el

velocity”, “Pressure” Color cells by:

and “Particle bulk v Particle wolume fraction

density”. Be sure to W Fluid velocity

select “Particle I™ Particle velocity

species” if you are ¥ Pressure

using different species I~ Dynamic pressure

of sand. W Particle bulk density

I~ Turbulent viscosity
I~ Porous media
EEL

[~ Particle species

Tip: For sand data, it
is good to select
“Particle volume

Color sand by:

fraction” and “Particle ¥ Particle volume fraction
speed”. Be sure to [ Particle speed

Se|e(‘:t “Pgrticle I Particle radius {microns)
species” if you are ™ Constant color

using different species I~ Particle distance

of sand. Be sure to I~ Particle material density
select “Particle I™ Particle species
material density” if you I visual

are using sands with
different material
densities.

Click on “GMV Qutput Variables” to raise the “Mesh
Viewer” window. Here you select what quantities you
will wish to view during post-processing. Select the
quantities by which you may wish to color your cells in
the top of the window. Select the quantities by which
you may wish to color your particles in the bottom of
the window.

Typically, it is good practice to select “Particle volume
fraction”, “Fluid velocity”, “Pressure”, and “Particle
bulk density” for cell data and “Particle volume
fraction” and “Particle speed” for sand data. If you
defined multiple sand species, be sure to select
“Particle species” for both the cells and the sand. If
you are using sands with different material densities,
be sure to select “Particle material density” for the

sand data output.
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Note: Transient data
specification is not
required.

Arena-flow® Users Guide

. Transient Data &

Transient Data Output

Write frequency |1 E Flush frequency ID E

Output file name |tran5.data

The specification of transient data is not required.
The “Transient Data Output” window allows you to
request that information from pre-identified cells be
written to a file during the calculation.

To launch the “Transient Data Output” window, click
on “Transient Data” on the “Graphics and data output”
page. Specify an “Output file name”; the default is
trans.data. Transient data output locations are
specified by selecting the data type on the left, and
identifying the location at the right. The location can
be either spatial coordinates (x, y, z) or cell indices (i,
j, k). Tell Arena-flow® which you are using via the
Xyz / node drop down menu.
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Note: Flux plane
specification is not
required.

Arena-flow® Users Guide

Arena-flow® will write the desired data to the output
file in columnar form during the run. The output file is
in a plain text format, and may be graphed via any
plotting utility supporting columnar input. The
“Transient Data Output” feature is an excellent way to
monitor pressures at discrete locations in your system.

" . Flux planes
Flux planes

Flux plane

WWWW’T’T’T’TT Sub radius | Comment

0z lode min__max_min __max 30 30 Off Flux into core]

Flu plani

Surface plane direction |z i

Note: For location indices, "min" or *[" denote the first possible v

Plane location

i1 |min iz |max

i1 |min 2 |max

k1 [z2 ke [22

Enter Location by | Mode i

Comment
’7 Flux into core

Cancel

As with transient data, the specification of flux planes
is also not required. Flux planes track all fluid and
particles which cross them during the calculation.

To launch the “Flux planes” window, click on “Flux
Planes” on the “Graphics and data output” page.
Individual planes can be defined by clicking “Add”.

To define a flux plane, select the “Surface plane
direction” and the “Plane location”. The “Plane
location” can be entered in spatial coordinates (X, y, z)
or cell indices (i, j, k —i.e. “Node”). Tell Arena-flow®
which you are using via the “Enter Location by” drop
down menu.

Each flux plane creates a text file containing columnar
data. The files will be named Flux_## where ## is the
flux plane “ID”. The output file is in a plain text format,
and may be graphed via any plotting utility supporting
columnar input. The “Flux plane” feature is an
excellent way to monitor the flow through blow tubes.
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_Arena-flow binder-coated sand core blowing setup S —— %
File Help

[
|4 Back

Blowing

1. Grid generation
2. Gravity

3. Sand type

4, 5and distribution
5. Blow pressure

& Vents definttion
7. Time control

8 Models

9. Data output 3
q Calculation run
11, Post-run
,

Restart Solver

Interact

|mnder,cuated,muwmg pi | Mmomeftraining/binder-coated ng

Tip: You can run the Click on “Run” to go to the “Calculation run” page.
A.ref?a-f‘l‘ow® solver by Once your calculation is fully set up, click on “Run
ﬁ:"t’r‘:'enguﬁugr%‘;"’er Solver” to start the simulation. The solver may also
typing arena.x at the be run from the commanq Ilpe with the arena.x
command line. command to allow for scripting. The argument is the

project file name.

When you click on “Run Solver” in the GUI, a new
window opens displaying solver information during
execution. It is very important to leave this window
open during the run. Closing this window will halt
solver execution.

Arena-flow binder-coated sand core blowing setup &
Eile Help

Blowing
Grid generation
Gravi

X
2
3.5and type
4,5and distribution

10, Bun
11. Post-run

8. Models \
8. Data output \ Calculation run
2un Solver

Important: Be sure to
leave the Arena-flow®
solver window open Arena-flow <2>
during the calculation. ;
Closing it will stop the
run.

0.00€+400 000 0.002#00 000 0.00g+00 000 0.00e+00 000 000g+00 0,000

00 00
4 001 5,52e-09 001 1,73e-08 001 1,50e-03 001 5,66e-08 235 9,60e-09 0,005 1 0 0 0O
00=-04 001 1.022-08 002 1.11e-10 002 1.16e-10 002 1.84s-09 345 9.51=-08 0251 0 0 0 0O
00=-04 001 §,65e-09 005 1.83=-08 004 §.29e-03 006 1.67e-08 350 8.9=-09 0503 0 0 0 0O

00 00
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Note: It is possible to
change some solver

parameters while the
calculation is running.

Tip: Only change
parameters (other than
the “End time”) if you
are advised to do so
by an Arena-flow”
support engineer.

Arena-flow® Users Guide

The first column of data output in the solver window
shows the simulation time. More information
regarding solver output is found in section 2.10,
Additional Features.

. Interact

H ==
- Output frequency——
Print freq. I
IC freg. I
Plot freq. I

—Residuals

- Time contraol

Time Interval |l

lteration Residual

Yolume I I

- Dump output Pressure | I

[~ Dump restart

\/elocityl |

Porous media I

[~ Dump graphics

[~ Dump population

[~ Dump all particles 2 plot |

Exit |

Clear |

submit |

It is possible to change some solver parameters while
the calculation is running. Click on “Interact” on the
“Calculation run” page to raise the “Interact” window.

A good use of the “Interact” utility is to change the
calculation end time during the run. For example, if
your core is full, change the “End time” to the current
time and click “Submit”. This will end the calculation.
Alternately, if you are nearing your originally defined
end time and your core is still not full, extend the “End
time” by entering a new value and click “Submit”.

Only enter the information you wish to change. Use
this utility cautiously, and only change other
parameters if advised to do so by an Arena-flow®
support engineer. This utility is under redevelopment.
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Restart Calculation

MWote: Onhy enter input for those parameters you wish to
change. Those left empty will be unaltered.

[

Time step
End time

lterations Residual

Wolume

Pressure
Yelocity

Print interval
Plot interval
Restart interval

Min CFL
ez CFL

[~ Graphics output variables
[T Average variables
I~ Dump raw data

Restart Cancel

Note: It is possible to It is also possible to restart your calculation once it
restart the solver after has completed. To do so, click on “Restart Solver” on
completion. the “Calculation run” page to raise the “Restart

Calculation” window.

You must enter a restart file (IC). Restart file names

Tip: Only change start with “IC_" and may contain additional characters.
parameters (other than Click on “Browse” to select the file. Only enter the
the “End time”) if you information you wish to change from the original run.
ﬁre advised to do so If you would like to run the calculation for longer than
y an Arena-flow” ) . w S
support engineer. originally intended, please enter a new “End time”. As
with the “Interact” utility, please only change other

Arena-flow® Users Guide 85



6. Vents definition
7. Time control
8. Models
9. Data output

Tip: All of the utilities
on the “Post-run
analysis” page can be
used while the
calculation is running.

Tip: GMV can be used
to view your Arena-
flow® results, while
the calculation is
running!

Note: You can use
any plotting utility to
graph columnar data.
Use of XMGR is not
required.

Tip: Use the terminal
window to enter
additional Linux
commands.
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parameters if advised to do so by an Arena-flow®
support engineer.

" Arena-flow binder-coated sand core blowing setup 3 O
Elle Help

T
4 Back
Blowing
1. Grid generation
2. Gravity
3. 5and type
4. Sand distribution
5. Blow pressure

Post-run analysis
10.Run

View Log Files

Open terminal

I|hmder,cuated,hluwmgpn [ momenraining/binder-coated

05 R = e e

Click on “Post-run” to open the “Post-run analysis”
page. All these features can be used while the
calculation is running. The utilities are as follows:

e “GMV”is the general mesh viewer. This is
used to post-process the graphical output from
Arena-flow®. The use of GMV is further
described in section 2.9, Post-Processing.
Using GMV, you can view your results while
your calculation is running.

e “XMGR?” is a plotting utility. It can be used to
plot columnar data such as flux plane and
transient data output files. XMGR is an open-
source program. More information regarding
the use of XMGR can be found in a web
search. It is not required to use XMGR, please
use your favorite plotting utility to graph
columnar data.

e “View Log Files” launches a viewer to open text
files. This can be used to view various output
files.

e “Open terminal” launches a Linux command
prompt in the working directory to allow for the
input of various commands.
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Important: Check
these things every
time you start an
Arena-flow® binder-
coated sand core
blowing calculation.

Important: Check
these things every
time you analyze the
results from an Arena-
flow® binder-coated
sand core blowing
calculation.

As soon as you start a binder-coated sand core
blowing calculation running, check the following:
e Check that your boundary conditions are
applied in the correct location
e Check that your vents are applied correctly
e Check that your flux planes are defined as
desired (if used)
e Check that your sand is in the correct location
e [f you are not simulating a full magazine,
ensure that the particle “Feed” condition is
applied to the “Blow pressure” boundary
condition
e If you are simulating a full magazine, ensure
the flowability setting is “Average” or higher

Once your calculation is complete, be sure to view:
e Transient filling of the core
e Variations in the final core density
e Sand speed in regions of poor fill
e Air pressure and flow during filling
e Regions of likely tool wear

More information regarding analyzing your results is
presented in the various Arena-flow%D training courses.
Please consult your training manual. Contact your
sales representative or support engineer for more
information regarding course content and schedule.

2.5 Shell Sand Core Blowing

Arena-flow® Users Guide

In this chapter you will learn about:
e Setting up a shell sand core blowing project
e Running a shell sand core blowing project
e FEvaluating the results from a shell sand core
blowing project

To model the blowing of a shell core with Arena-
flow®, click on “Shell sand” as shown.

Create or open a project file in the desired working

directory to launch the “Arena-flow® shell sand core
blowing setup” window. To set up and run a shell
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Tip: To setup and
run a shell sand core
blowing project, work
through the 11 menu
items shown in the
tree on the left of the
window.

Arena-flow® Users Guide

sand core blowing project, work through the 11 menu
items shown in the tree on the left of the window

- Arena-flow

ASHLAND,

1. Grid generation
2. Gravity
3, Sand type

4. Sand distribution
5. Blow pressure
6. Vents definition

Shell sand core blowing setup

7. Time control
8. Models
-9, Data output
10.Run
11. Post-run

The core-blowing simulation procedure is
outined below:

1. Grid generation
2. Gravity

3 Sand type

4 Sand distrbution
5. Blow pressure
6 Vents defintion
7. Time control

8 Models

5, Data output
10.Run

11. Postrun

Please select and complete all ofthese
steps from the menu on the left side of the:
screen to run your calculation.

D5 =R,

Arena-flow shell Sand COre bl OWING S e U D o e |
Eile Help

I| shellprj [ometraining/sheil_sand

2. Gravity
3. Sand type

-4, Sand distribution
5. Blow pressure

6. Vents definiton
7. Time control

6. Models

9. Data output
10.Run

11, Post-run

Grid procedure

10 I = e e

I| shellpr Inomeftrainingfshel_sand
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The first step to creating any Arena-flow® model is

mesh generation. Click on “Grid generation” to go to
the “Grid procedure” page.

On the “Grid procedure” page, create and evaluate

the grid by working through the three steps: “Set Up
Grid”, “Generate Grid” and “View Grid” (Arena-flow®

6.0 shown). The use of the Arena-flow® grid
generator for shell sand core blowing is outlined in
section 2.3.2 of this User Guide. Proper grid
generation techniques are presented in the various
Arena-flow® training classes. Classes are held
regularly. Contact your sales representative or
support engineer for more information regarding

course content and schedule.

" _Arena-flow shell sand core blowing setup &

Eile Help

T

4Back

(2]

o
Jcowehod
Toom

g Bio

T
oL g

Gravity direction

(- | x [+ |
- | ¥

:
B 88 m/s* inthe -Z drestion |

|5 5 I

P

Click on the next menu item, “Gravity”. This is where
you tell Arena-flow® the orientation of your CAD,
relative to gravity. In this example, the CAD is
oriented such that the z-axis is up. Thus, the gravity
vector should point in the —z direction.
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" . Arena-flow shell sand core blowing setup

Sand type

1. Grid generation Particle sp
s

Species | Min Radius |Ivlax Radius |Ivin Density |Max Density | Comment

d type
d distribution
5. Blow pressure
6. Vents definition

7. Time control
8. Models

9. Data output
10, Run

11, Post-run

Particle species D

Particle sp

Predefined material:

| [ ‘
Specles [1 Comrment ‘

Minimum Maxdimum

Radius "
shellpri Jhometraining/shell_sand B Lo r y

Radius and density filename

Ussllicars0:s76

Note: The “Sand

type” page defines the Next, click on “Sand type”. This is where you tell

sands to be used in Arena-flow® what sand will be modeled in the
the calculation. The calculation. You may define multiple sand types.
“Sand distribution” These may be combined to simulate a sand mixture
fhage d%f',”els quée or may be layered in the magazine to simulate

16 sand is located (or colored sand experiments. The location of the sand is
distributed) at the start . .
of the calculation. entered on the next page; you simply define the

various sand species here.

To define a sand type for use in the calculation, click
on “Add”. This raises the “Particle species” window.
There are three ways to enter a sand type:
e Select a default sand type from the “Predefined
material” drop-down menu
e Enter a minimum and maximum sand grain
radius and density.
e Enter a custom size distribution from a sieve
analysis by clicking “Edit”
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Note: The size
distribution file
contains three
columns: percent,
radius and density.
The percent may be
incremental or
cumulative. Lines
beginning with a “#”
character are ignored.

Tip: Remember that
all Arena-flow” input
is in Sl units, unless
specified to be
otherwise. The radius
is thus in meters. Be
careful, it’s radius —
not diameter.

Tip: Remember that
the density required is
the raw (material)
density of the sand.

Arena-flow® Users Guide

File

#5and Mame: US 5ilica Feo Date:

# Sieved Opening Size(mm) Awverage Radius o
# 12 1.68
# 20 0.841 6.3e-4
# 30 0.595 3.5% -4
# 40 0,420 £2.54e-4
# 50 0.297 1.79e-4
# 70 0.210 1.268e-4
# 100 0.149 8.975e-5
# 140 0.105 6.35e-5
# 200 0.074 4.475e-5
# 270 0.053 3.175e-5
# pan 1.325e-5
# Percent by wt Radius (m) Density (kgs/m3)
#
# 0.0 6.3e-4 2650
# 0.0 3.59% -4 2650

4.0 2.54e-4 2650

20.0 1.79e-4 2650

33.0 1.268e-4 2650

30.0 8.975e-5 2650

11.0 6.35e-5 2650

2.0 4.475e-5 2650
# 0.0 3.175e-5 2650

|Loaded document USsilicaFB0.5ze

A sample sand size distribution file is shown. Sand
size distribution files contain the .sze extension.
Once a size distribution file is created for your sand,
you may use it repeatedly in successive calculations.

The format of the sand size distribution file is
columnar, with the columns separated by “white
space” such as spaces and tabs. The “#” character
indicates that the line is a comment. Lines beginning
with the “#” character are ignored by Arena-flow®.
The three columns are a percentage of sand, radius
and density. Please note that all input is in Sl units,
thus the sand grain radius is in meters and the density
is in kg/m®.

The density is the material density of the sand used,
not to be confused with the bulk density of a sand
mixture. In this example, the refractory material is a
silica sand which typically has a material density
between 2650 and 2670 kg/m* '°.
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Note: Arena-flow®
can model granular
materials other than
sand, such as ceramic
beads and sand
additives.

Note: If multiple sand
types are defined,
each is identified with
a unigque species
number. The results
can be colored by
species to aid in
visualization.
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In actuality, the “Sand type” in Arena-flow® need not
be a sand at all. Arena-flow® can model various
granular, refractory materials such as ceramic beads
and sand additives, provided the size distribution and
material density are known and properly defined.

Also note that Arena-flow® accepts two ways of
entering a custom sand size distribution file. The first
is shown, above with the percentages being an
incremental percentage of sand on each sieve. The
second is a cumulative distribution where the
percentage is a sum of the percentages up to the
current bin. For example, the percentages above (0.0,
4.0, 20.0, 33.0, 30.0, 11.0, 2.0, 0.0) could be entered
as 0.0, 4.0, 24.0, 57.0, 87.0, 98.0, 100.0). A
cumulative size distribution is preferred. If a
cumulative size distribution is defined, the first entry
must be 0.0 and the last must be 100.0. It does not
matter if the sand is defined in increasing or
decreasing size order.

Once a sand type is defined using the “Add” button, it
appears in the “Particle species” table on the “Sand
type” page. This sand species can then be edited
using the “Edit” button, reproduced using the “Copy”
button or deleted using the “Delete” button.

Multiple sand types may be defined. If multiple sand
types are used, each is identified with a unique
species number. The results can then be colored by
“Species” to show various sands as different colors.
This is a very useful way to visualize the sand motion
through the system. If this is your intent, be sure to
ask for “Species” to be included in the output files
when using the “Mesh Viewer” window as described
on “Data output” page of the GUIL.

The sand is automatically assumed to be a shell sand
with various properties defaulted by the Arena-flow®
GUI. Wall bounce and sand grain interaction are
indicative of a partly-heated shell sand.
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" _ Arena-flow shell sand core blowing setup

Sand distribution
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After you define the sand to be used in the calculation,
you must tell Arena-flow® where you would like the
sand to be at the start of the simulation. Click on
“Sand distribution” to go to the “Sand distribution”

page.
Tip: You can always The location of the sand is related to the grid you
refer to your grid by defined in step 1. You may reference this grid by
clicking on the clicking on the E button on the bottom right of the
reference grid button. screen. This opens a non-editable version of the
# “Grid Generator Setup” screen. As you move your

mouse over your grid, the coordinates (x,y,z) and cell
indices (i, j, k) are displayed at the top of the window.
Note that a two-dimensional plane is shown, thus only
two of the three coordinates and grid indices are
shown at one time. Determine which three-
dimensional block of cells you wish to initialize with
particles.

To place the sand in the cells, click on “Add” to raise
the “Particle distribution” window. First select the
“Species” from the drop-down list. You may select
from any of the sands you defined in the “Sand type”
page. If you used a comment when you defined your
sand, this will also appear in the “Species” drop-down
list.
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Note: The “Initial bulk
density” or “Particle
volume fraction” must
be less than or equal
to the “Average core
density” or “Close
pack”.

Tip: It is good practice
to define the “Initial
bulk density” or
“Particle volume
fraction” to be slightly
less compacted than
the “Average core
density” or “Close
pack”.

Tip: The “min” and
“max” keywords can
be used instead of the
minimum and
maximum cell or face
indices whenever
defining a boundary or
initial condition.
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Arena-flow shell sand core blowing setup

Sand distribution

~Particle distribut
'~ Species d

Species [ -l
© Initial bulk density [—
@ Particle volume fraction  [s8

particle I

i1 [min i2 [max
1 [rin j2 [max
ki [36 k2 [max

Note: For location indices, |

~Comment t

Sand in blow plate

~Initial parti

— ——— || © Average core density

& Automatically caloulated: ‘ T .
Low  Medum  High
© Manual input (required on each distribution)

I| shellpr Ihomeftraining/shell_sand

DEHEESES

Next enter either an “Initial bulk density” or “Particle
volume fraction”. This is how much sand is to be
placed in the cells. The “Initial bulk density” or
“Particle volume fraction” must be less than or equal
to the “Average core density” or “Close pack” entered
on the “Sand distribution” page.

The “Average core density” or “Close pack” value
controls how much sand is permitted into the cells in
the core during the calculation. It is an average value,
because the various physical models in Arena-flow®
will vary the packing from cell to cell to predict the
density distribution in the filled core.

In general, it is good practice to define the “Initial bulk
density” or “Particle volume fraction” to be slightly less
compacted (say 2-5% less) than the “Average core
density” or “Close pack”. When the core is filled, it is
done so by a high pressure air source injecting the
sand at high velocities. When the blow plate and
magazine are filled, the sand is usually allowed to fall
in under gravity. These different sand fill processes
will likely result in different packing levels.

Next you must define the initial location of the sand.
The “Computational particle location” asks for six
values, corresponding to the minimum and maximum
cell indices in the x-, y- and z-directions defining the
three-dimensional block of cells containing the sand.
These cell indices can be determined by using the
reference grid tool, , however, the keywords “min”
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Tip: Enter comments
whenever possible — it
will save you time in
the long run.

Note: Arena-flow”
automatically sets the
sand grain
computational
resolution for you.
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and “max” can also be used to reference the minimum
and maximum cell index in each respective direction.

Lastly you are permitted to enter a “Comment” for the
distribution. This is not used by the solver, but can be
extremely useful when setting up large projects.

Sand is initialized in the blow plate at the start of the
calculation. Shell sand typically flows out of the blow
tubes between successive blows.

" . Arena-flow shell sand core blowing setup &
Elle Help

T
4 Back Sand distribution
Blowing

i~1. Grid generation  Initial particle (spatial) distributior
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i 0o 0 NA  min max min  mac 36 max  hA
-5, Blow pressure
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{+7. Time control
{8, Models

{8, Data output
10, Run

11, Post-run
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Delete
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Once a sand distribution is defined using the “Add”
button, it appears in the “Initial particle (spatial)
distribution” table on the “Sand distribution” page.
These distributions can then be edited using the “Edit”
button, reproduced using the “Copy” button or deleted
using the “Delete” button.

There could be hundreds of millions of individual sand
grains in a core; to make the CPFD™ method efficient
for practical, commercial applications, a lesser,
representative number of computational particles is
modeled. The number of computational particles
must be large enough to be indicative of the overall
core filling process, but not too large to exceed
practical memory and runtime constraints.

Arena-flow® automatically sets the sand grain
computational resolution for you. You have control
over the “Initial computational particles per cell”
setting on the “Sand distribution” page via a slider bar.
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Tip: Use the
“Automatically
calculated”, “Medium”
or “Medium / High”
setting for “Initial
computational

particles per cell”.
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To use this, set the “Initial computational particles per
cell” via the default, “Automatically calculated” option.
Move the “Low / Medium / High” slider to the desired
resolution. The default setting is “Medium”. For most
commercial applications, a “Medium” or “Medium /
High” setting is recommended.

Arena-flow® also has advanced capabilities to control
the computational modeling of sand grains. This is
controlled via the “Manual input” setting. Please only
use the “Manual input” option if advised to do so by
an Arena-flow® support engineer. The
“Automatically calculated” option works well for all
typical, commercial applications.

~ . Arena-flow shell sand core blowing setup
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|4 Back Blow pressure
Blowing
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-~ Comment
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Blow pressure @t top of blow plate - sand feed!

Apply Cancel
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After the “Sand distribution” is set, click on “Blow
pressure” to go to the “Blow pressure” page. Here
you tell Arena-flow® what blow pressure will be used,
whether the pressure is constant or time varying and
where the pressure is to be applied.

Click on “Add” to raise the “Pressure BC” window.

Select the “Direction” from the drop-down menu. This
tells Arena-flow® upon which faces of the cells the
pressure boundary condition is to be applied. If your
CAD was designed with the z-axis pointing up then
the default directional value of “z” can be left
unchanged.
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Tip: Many conversion
factors to Sl units can
be found by clicking on
“Help”, “Units
Reference”.

Important: The CFD
component of Arena-
flow” is an
incompressible solver;
thus all pressures are
gauge pressures with
zero (0) representing
the vented,
atmospheric pressure.

Important: Since you
are starting you model
in the blow plate, set
the “Particle behavior”
to “Feed”.
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Enter the “Area fraction”. This is the fraction of the
cell faces which is open to the pressure. Since the
model begins a few cells above the blow tubes for
shell sand applications, the “Area-fraction” should
remain unchanged at 1.0.

Enter the “Pressure”. This is the blow pressure in Pa.
To determine the appropriate conversion factor when
converting from alternate pressure measurements to

Pa, click on “Help”, “Units Reference”.

Please note that the CFD component of Arena-flow®
is an incompressible solver. As such, all pressure
measurements are relative. Calculations are typically
set up with a zero (0) pressure at the vents. Thus the
blow pressure should be in gauge pressure, relative
to the vents.

Next specify the “Particle behavior”. Since shell sand
core blowing models start a few cells above the blow
tubes, change the “Particle behavior” to “feed”. This
will permit more particles to enter the computational
domain as others leave the cells next to the boundary,
simulating a full magazine. Arena-flow® calculations
with “feed” activated tend to start quickly and slow
down as they run, due to the increased number of
computational sand grains as calculation progresses.

Next specify the location of the blow pressure
boundary condition. These are boundary cell indices
and they must define a plane. You may use the
reference grid utility, #, to help you determine proper
values for the indices. Additionally, the “min” and
“max” keywords can also be used to reference the
minimum and maximum cell index in each respective
direction. Since you are starting your computational
model just above the blow tubes, set your blow
pressure in the blow plate.

Sometimes multiple planes are required to fully
specify the blow pressure inlet location. These
boundary conditions can be edited using the “Edit”
button, reproduced using the “Copy” button or deleted
using the “Delete” button.
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Finally, you are permitted to enter a “Comment” for
the distribution.

~. Arena-flow shell sand core blowing setup
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7. Time control Direction |z i

8. Models

5. Data output Area fraction [1.0000

10.Run o

Fri . Pressure Pa
Particle behavior | Feed - |
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i1 [min i2 [max

i [min j2 [max
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- Comment

Blow pressure at top of blow plate - sand feed!

" _blow_pres.i

BT [ oo ToTeT |

# Time (s) Pressure (Pa)

0.0 0.0
(1% § 300000.0
shellpr |/hnme/traming/shsu,sanu 2 300000.0

It is not required that the boundary pressure be
constant during the simulation. The actual process
likely involves a “ramping up” of the pressure over
time. To enter a transient pressure, click on “Edit” in
the “Pressure BC” window to create or edit a transient
pressure file.

The file contains time and pressure entries in two
columns, separated by “white space” (spaces, tabs,
etc.). Lines beginning with the “#” character are
comments and are ignored by the solver. Arena-
flow® will linearly interpolate between entries. The
example above, ramps up from 0 to 300,000 Pa over
0.1 seconds.

Click on “Vents definition” to go to the “Vents” page.
Vents are added through a vent file. To create a vent
file, click on “New Table”. To link to an existing vent
file, click on the browse, M, button. Vent files typically
are identified with the .tvt extension.

New vent tables contain no information. Click on

“New Vent” to begin populating the vent table. Much
of the information is defaulted for you.
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Tip: Enter a “Vent
label” to easily identify
individual vents.

Note: The “Units”
drop-down list affects
both the location and
“Vent diameter”
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Enter a “Vent label” if desired. The vent label is a

comment that helps to uniquely identify individual
vents. This greatly simplifies later design

permutations.

Enter the location of the vent center (“X”, “Y”, “Z”).
Note that you may use non-Sl units to do so, as
indicated by the “Units” drop-down list.

Enter a “Vent diameter”. The “Vent diameter” must
also be entered with the same “Units” as the location.
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Enter a “Direction”. This is the direction normal to the
vent face. Typically cope and drag vents are in the z-
direction if the model is oriented with the z-axis
pointing up.

Enter an “Area fraction”. This is the fraction of the
vent area that is open for the air flow. Typically vent
open area fractions are between 0.1 and 0.35.

Usually all other values remain unchanged. To set a
vent inactive, click on “Set Inactive”. This is a useful
feature for design permutations.

m H
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Note: Users only need
to change the “End
Time” to ensure it
corresponds to their
blow time. All other
parameters on the
“Time control” page
can remain
unchanged.
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An example of a populated vent table is given above.
To change any parameters of an existing vent, click
on the vent to load the parameters into the display
region.

Be sure to save your vent table before exiting.

' Arena-flow shell sand core blowing setup & ~
Flle Help

Time control
~Time Step Interval
Interval Time Step (3) ErdTime () |
1 [5.00000e-04 [2.0000

2

|
5 —

-Output Interval

Number of Files
Interval (s) Produged

Plot interval [0.01000 20

| shellpri fhomeftraining/shell_sand uﬁ@i@h 2

Click on “Time control” to go to the “Time control”
page. Users are only required to change the “End
Time”. This is the blow time in seconds. Other
parameters can be left unchanged.

The “Time Step” is controlled by the solver, and
should be left at the default value. Only change the
“Time Step” if advised to do so by an Arena-flow”
support engineer. The solver will adjust the time step
for accuracy and stability purposes, using a robust
algorithm.

The “Plot interval” is the frequency of GMV output file
production. Lower plot intervals result in more GMV
output files. Each GMV file takes time to write and
uses a non-trivial amount of disk space. Typically
about 100 — 200 GMYV files are sulfficient to create
smooth animations of the transient Arena-flow®
results.
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Tip: The flowability
settings are defaulted
to simulate the filling of
a core where heat-
hardening effects are
neglected. You can
lower the flowability to
simulate defects when
hardening occurs
during the blow.
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Next, click on “Models” to go to the “Sandcore
engineering models” page. These models are
defaulted for typical shell sand core blowing
simulations. It is usually best to leave these
unchanged with the exception of the flowability model.

The flowability model is defaulted for simulations
without hardening of the core during the blow. The
flowability model can be controlled by clicking on
“Flowability settings”. The default value is shown in
Figure 18.

" . Flowability

Flowability settings

Flowability
B

Average [

High

Cancel

Figure 18: Shell sand flowability settings without core
hardening during the blow time

By lowering the flowability of the sand, defects due to
sand hardening will become more apparent. Figure
19 shows an extreme case which simulates a great
deal of reduced flowability due to core hardening
during the blow time.
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Tip: By using low
flowability settings,
you are applying a
restrictive force on
sand as it slows and
stops, simulating

simple core hardening.

Tip: Always consider
the model
assumptions when
analyzing results.
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" . Flowability

Flowability settings

Flowability

[ Awerage [ High

Cancel

Figure 19: Shell sand flowability settings with core
hardening during the blow time

It should be noted that thermal aspects of the hot
tooling are not modeled by Arena-flow®. Arena-
flow® models shell sand by setting wall bounce,
particle interaction and flowability models appropriate
to shell sand. As with any simulation, whenever
analyzing results using the “Arena-flow® shell sand
core blowing setup” interface, be sure to use sound
judgment. If the calculation shows sand slowing or
stopping before moving again, the hardening effects
may be more important than modeled. Further, if this
occurs in a thin section, the effects may be more
severe still. Always consider the model assumptions
when analyzing results.

. Arena-flow shell sand core blowing setup &

Graphics and data output

00 = e e = e e )

I| shellpr [momettrainingshel_sand

Click on “Data output” to go to the “GraPhics and data
output” page. The Arena-flow® CPFD™ solver
requires a great deal of fluid and particle data to
accurately solve sand core engineering problems.
The Arena-flow® solver may use 1GB of memory, or
more, to run large problems. If all that data were
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Important: If you do
not tell Arena-flow® to
write variables to the
GMV output files, the
information will not be
there!

Tip: For cell data, it is
good to select “Particle
volume fraction”, “Fluid
velocity”, “Pressure”
and “Particle bulk
density”. Be sure to
select “Particle
species” if you are
using different species
of sand.

Tip: For sand data, it
is good to select
“Particle volume
fraction” and “Particle
speed”. Be sure to
select “Particle
species” if you are
using different species
of sand. Be sure to
select “Particle
material density” if you
are using sands with
different material
densities.
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output in a transient manner, a single Arena-flow®
calculation could easily fill even a large hard drive.

For efficient post-processing, you need to tell Arena-
flow® what information you wish to post-process,
before starting your calculation. This is typically done
through the “Mesh Viewer” window. Think about your
anticipated results before running your calculation - if
you do not ask for the data to be written to the GMV
files, it will likely not be there!

Mesh Viewer

i Compress graphics output:

Please select the data for export to the
General IMesh Viewer (GhY), Only data
selected herein can be viewed during
post-processing.

Color cells by:
v Particle volume fraction
v Fluid velocity
I~ Particle velocity
v Pressure
I~ Dynamic pressure
¥ Particle bulk density
™ Turbulent viscosity
I~ Porous media
| EEE
[~ Particle species

Color sand bhy:
v Particle wolume fraction

v Particle speed

[~ Particle radius {microns)
I Constant color

I~ Particle distance

[~ Particle material density
I~ Particle species

- Visual

Click on “GMV Output Variables” to raise the “Mesh
Viewer” window. Here you select what quantities you
will wish to view during post-processing. Select the
quantities by which you may wish to color your cells in
the top of the window. Select the quantities by which
you may wish to color your particles in the bottom of
the window.
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Note: Transient data
specification is not
required.
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Typically, it is good practice to select “Particle volume
fraction”, “Fluid velocity”, “Pressure”, and “Particle
bulk density” for cell data and “Particle volume
fraction” and “Particle speed” for sand data. If you
defined multiple sand species, be sure to select
“Particle species” for both the cells and the sand. If
you are using sands with different material densities,
be sure to select “Particle material density” for the
sand data output.

. Transient Data &

Transient Data Output

Write frequency |1 E Flush frequency ID E

Output file name |tran5.data

The specification of transient data is not required.
The “Transient Data Output” window allows you to
request that information from pre-identified cells be
written to a file during the calculation.
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Note: Flux plane
specification is not
required.
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To launch the “Transient Data Output” window, click
on “Transient Data” on the “Graphics and data output”
page. Specify an “Output file name”; the default is
trans.data. Transient data output locations are
specified by selecting the data type on the left, and
identifying the location at the right. The location can
be either spatial coordinates (x, y, z) or cell indices (i,
j, k). Tell Arena-flow® which you are using via the
Xyz / node drop down menu.

Arena-flow® will write the desired data to the output
file in columnar form during the run. The output file is
in a plain text format, and may be graphed via any
plotting utility supporting columnar input. The
“Transient Data Output” feature is an excellent way to
monitor pressures at discrete locations in your system.

" . Flux planes
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0z lode min__max_min __max 30

Flu plani

Surface plane direction |z i

Note: For location indices, "min" or *[" denote the first possible v

Plane location

i1 |min iz |max

i1 |min 2 |max

k1 [z2 ke [22

Enter Location by | Mode i

Comment
’7 Flux into core

Cancel

As with transient data, the specification of flux planes
is also not required. Flux planes track all fluid and
particles which cross them during the calculation.

To launch the “Flux planes” window, click on “Flux
Planes” on the “Graphics and data output” page.
Individual planes can be defined by clicking “Add”.

To define a flux plane, select the “Surface plane
direction” and the “Plane location”. The “Plane
location” can be entered in spatial coordinates (X, y, z)
or cell indices (i, j, k —i.e. “Node”). Tell Arena-flow®
which you are using via the “Enter Location by” drop
down menu.
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Tip: You can run the
Arena-flow® solver by
clicking “Run Solver”
in the GUI, or by
typing arena.x at the
command line.
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Each flux plane creates a text file containing columnar
data. The files will be named Flux_## where ## is the
flux plane “ID”. The output file is in a plain text format,
and may be graphed via any plotting utility supporting
columnar input. The “Flux plane” feature is an
excellent way to monitor the flow through blow tubes.

*_Arena-flow shell sand core blowing setup

Calculation run

|sheu.pn Jhomedtraining/shell_sand ni H ﬁ y

Click on “Run” to go to the “Calculation run” page.
Once your calculation is fully set up, click on “Run
Solver” to start the simulation. The solver may also
be run from the command line with the “arena.x”
command to allow for scripting. The argument is the
project file name.

When you click on “Run Solver” in the GUI, a new
window opens displaying solver information during
execution. It is very important to leave this window
open during the run. Closing this window will halt
solver execution.

The first column of data output in the solver window
shows the simulation time. More information
regarding solver output is found in section 2.10,
Additional Features.
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Important: Be sure to
leave the Arena-flow®
solver window open
during the calculation.
Closing it will stop the
run.

Arena-flow shell sand core blowing setup &

Elle_Help

[
|4 Back
Blowing
+1. Grid generation
2, Gravity
i3, Sand type
4. Sand distribution

5. Blow pressure
6. Yents definition
7. Time control

8. Models
{8, Data output
0.

10. Run
11, Post-run

Arena-flow <2>

Calculation run

Restart Solver

Interact

0,000008+00 5,0002-04 000 0,002400 000 0.00+00 000 0.002+00 000 0.002+00 000 0,00+00 0,000
unp.

0
shellprj 5.00000e-04 5.000s-04 001 8.092-08 001 1.15e-08 001 1.39e-08 001 5.81e-08 208 0,00e-09 0.006 7
1.000008-03 5,000e-04 001 7,06e-09 002 1,14e-10 007 1,99e-10 007 3.21e-09 350 9.73e-09 0,288 6

1.500008-03 5,000s-04 001 8,300-09 005 1,630-0% 004 9.340-03 006 1.870-08 353 5.782-08 0535 4

DLOOOOOE—OS 5.000-04 001 6,432-09 007 4.13e-08 007 5.63e-08 008 7.04e-08 364 5.88=-00 0,766 4

o Interact D e s

- Time contraol

End time

Time Interval Il

—
MncrL]
—

- Dump output

- Output frequency

Print freq. I
IC freg. I

Plot freq.

—Residuals

lteration Residual

Yolume I I

Pressure I I

[~ Dump restart

\/elocityl |

Porous media I

[~ Dump graphics

[~ Dump population
[~ Dump all particles

Exit |

2y plot |

Clear |

submit |

It is possible to change some solver parameters while
the calculation is running. Click on “Interact” on the
“Calculation run” page to raise the “Interact” window.

A good use of the “Interact” utility is to change the
calculation end time during the run. For example, if
your core is full, change the “End time” to the current
time and click “Submit”. This will end the calculation.
Alternately, if you are nearing your originally defined
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end time and your core is still not full, extend the “End

Tip: Only change time” by entering a new value and click “Submit”.
parameters (other than

the “End time”) if you . . .
are advised 1o do So Only enter the information you wish to change. Use

by an Arena-flow® this utility cautiously, and only change other
support engineer. parameters if advised to do so by an Arena-flow®
support engineer. This utility is under redevelopment.

Restart Calculation

MWote: Onhy enter input for those parameters you wish to
change. Those left empty will be unaltered.

[

Time step
End time

lterations Residual

Wolume

Pressure
Yelocity

Print interval
Plot interval

Restart interval

[~ Graphics output variables
[T Average variables
I~ Dump raw data

Restart Cancel

Note: It is possible to It is also possible to restart your calculation once it
restart the solver after has completed. To do so, click on “Restart Solver” on
completion. the “Calculation run” page to raise the “Restart

Calculation” window.
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Tip: Only change
parameters (other than
the “End time”) if you
are advised to do so
by an Arena-flow”
support engineer.

Tip: All of the utilities
on the “Post-run
analysis” page can be
used while the
calculation is running.

Tip: GMV can be used
to view your Arena-
flow® results, while
the calculation is
running!

Note: You can use
any plotting utility to
graph columnar data.
Use of XMGR is not
required.
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You must enter a restart file (IC). Restart file names
start with “IC_" and may contain additional characters.
Click on “Browse” to select the file. Only enter the
information you wish to change from the original run.
If you would like to run the calculation for longer than
originally intended, please enter a new “End time”. As
with the “Interact” utility, please only change other
parameters if advised to do so by an Arena-flow®
support engineer.

‘. Arena-flow shell sand core blowing setup & ==
File Help

FY =
g ol
]
22
]
e
@
g

Bl

Post-run analysis

= R NI L]

R
Sa

I| shellprj [momettrainingshell_sand

O

8,

Click on “Post-run” to open the “Post-run analysis”
page. All these features can be used while the
calculation is running. The utilities are as follows:

e “GMV” is the general mesh viewer. This is
used to post-process the graphical output from
Arena-flow®. The use of GMV is further
described in section 2.9, Post-Processing.
Using GMV, you can view your results while
your calculation is running.

e “XMGR?” is a plotting utility. It can be used to
plot columnar data such as flux plane and
transient data output files. XMGR is an open-
source program. More information regarding
the use of XMGR can be found in a web
search. It is not required to use XMGR, please
use your favorite plotting utility to graph
columnar data.
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Tip: Use the terminal
window to enter
additional Linux
commands.

Important: Check
these things every
time you start an
Arena-flow” shell
sand core blowing
calculation.

Important: Check
these things every
time you analyze the
results from an Arena-
flow® shell sand core
blowing calculation.
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e “View Log Files” launches a viewer to open text
files. This can be used to view various output
files.

e “Open terminal” launches a Linux command
prompt in the working directory to allow for the
input of various commands.

As soon as you start a shell sand core blowing
calculation running, check the following:
e Check that your boundary conditions are
applied in the correct location
e Check that your vents are applied correctly
Check that your flux planes are defined as
desired (if used)
Check that your sand is in the correct location
e Check that your grid extends a few cells into
the blow plate and that the particle “Feed”
condition is applied to the “Blow pressure”
boundary condition
e Check your flowability setting and consider
how much core “hardening” you are simulating

Once your calculation is complete, be sure to view:
e Transient filling of the core

Variations in the final core density

Sand speed in regions of poor fill

Air pressure and flow during filling

Regions of likely tool wear

With shell sand core blowing, it is particularly
important to look for regions where the sand stops (or
slows) before moving again. If this happens, early
hardening due to heating is possible.

More information regarding analyzing your results is
presented in the various Arena-flow™ training courses.
Please consult your training manual. Contact your
sales representative or support engineer for more
information regarding course content and schedule.
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Note: The steady-
state gas curing
module is used to
quickly identify regions
of poor air flow in filled
tooling.

Note: The transient
curing module is used
to analyze the
transient progression
of the curing front
through the core.
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2.6 Gas Curing — Steady-State

In this chapter you will learn about:
e Setting up a steady-state gas curing project
e Running a steady-state gas curing project
e Evaluating the results from a steady-state gas
curing project

The Arena-flow® gas curing module actually contains
two separate analyses interfaces: the steady state
gas curing module, and the transient gas curing
module. These modules are separate for extreme
computational efficiency, but the results are related.
The steady-state analysis shows the air flow at the set
gas / purge pressure through the filled core. It is used
to quickly identify regions of poor air flow, which may
be related to regions with a non-optimal curing
behavior. The transient curing analysis shows the
transient progression of the curing front through the
core.

This chapter outlines the use of the steady-state
curing module; transient curing is the subject of the
next chapter. To model steady-state gas curing with
Arena-flow®, click on “Gas curing” as shown:

Select “Steady state gasflow analysis” and create or
open a project file in the desired working directory to
launch the “Arena-flow® steady-state simulation
setup” window. To set up and run a steady-state gas
curing project, work through the 8 menu items shown
in the tree on the left of the window.
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Tip: To setup and
run a steady-state gas
curing project, work
through the 8 menu
items shown in the
tree on the left of the
window.
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Choose which kind of curing simulation you intend
to run:

 Steady state gasflow analysis

 Transient curing analysis

’,mmg simulation types —————————

o ]

o

Binder- bt
coated sand| "<
7

ASHLAND)

1. Grid generation
2. Gravity

3. Sand distribution
4. Gas pressure

5. Vents definition
6. Data output

Steady state simulation

The steady state simulation procedure is
outlined below:

7.Run

8. Post-run 1. Grid generation
2. Gravity

3. Sand distribution
4, Gas pressure
5. Vents definition
6. Data output

7. Run

8. Post-run

Please select and complete all of these
steps from the menu on the let side of the
screen to run your calculation

Isteadyﬁstate o fhomefraining/steady_state H y

The first step to creating any Arena-flow® model is
mesh generation. Click on “Grid generation” to go to
the “Grid procedure” page.

Arena-flow steady state simulation setup
Elle Help

2. Gravity

3. 5and distribution
4. Gas pressure

5. Vents definition

6. Data output Grid procedure
7.Run
8. Post-run

Set Up Grid

steady_state prj Ihomefrainingfsteady_state DE= )

On the “Grid procedure” page, create and evaluate
the grid by working through the three steps: “Set Up
Grid”, “Generate Grid” and “View Grid”. The use of
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the Arena-flow® grid generator for steady-state
calculations is outlined in section 2.3.3 of this User
Guide. Proper grid generation techniques are
presented in the various Arena-flow® training classes.
Classes are held regularly. Contact your sales
representative or support engineer for more
information regarding course content and schedule.

‘. Arena-flow steady state simulation setup

Elle Help
Cr—
[ Back
Gassing
1. Grid generation
2, Gravity
Ga,;;d d‘St:E:‘:M Gravity direction
Vents definition
6. Data output
7.R X
=
-] v
@; ’
[ 88 mis?in the -Z direstion |
|steady,state ol Ihomeftraining/steady_state u p

Click on the next menu item, “Gravity”. This is where
you tell Arena-flow® the orientation of your CAD,
relative to gravity. In this example, the CAD is
oriented such that the z-axis is up. Thus, the gravity
vector should point in the —z direction

Arena-flow steady state simulation setup
Elle Help

4 Back Sand distribution
Gassing
1.Grid generation
2. Grauity

Initif

3. Sand distribution
as pressure
ents definttion

6" Data output

7.Run

8. Post-run

@al33.5755 z= 6541161 =8 k=30

value.

steady_state.prj fhom

¥y
Selected CAD Units: mm | [~ ey view
I ez view B
<]
¥ yz view
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Tip: You can always
refer to your grid by
clicking on the

reference grid button -
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Next, click on “Sand distribution” to go to the “Sand
distribution” page. This is where you tell Arena-flow®
the sand location and its properties.

The location of the sand is related to the grid you
defined in step 1. You may reference this grid by
clicking on the B button on the bottom right of the
screen. This opens a non-editable version of the
“Grid Generator Setup” screen. As you move your
mouse over your grid, the coordinates (x, y, z) and
cell indices (i, j, k) are displayed at the top of the
window. Note that a two-dimensional plane is shown,
thus only two of the three coordinates and grid indices
are shown at one time. Determine which three-
dimensional block of cells you wish to initialize with
particles.

Arena-flow steady state simulation setup
Flle Help

T

|4 Back Sand distribution
Gassing
1. Grid generation
2. Grawity

- Inital particle (spatial) distributi

3. Sand distribution
4. Gas pressure

5. Vents definition
6. Data output
7.Run

& Post-run

Note: For location indices, "min" or '[" denote the first possikle value, while "max" or "' denote the last possible value.

Particle distribution D

~Particle distribttion
- Species dat Porous medi

Species i ¥ Porous media

Effective radius |0.0001 m
 Initial bulk density
steady_state.pr] /homedtrainin, i
SLSEEH ¥ || & Particle volume raction [6000
~Porous media location————————— ‘ |

it [min i2 [mase
~Comment

11 [rin je s Sand below longer tubes, 100 micron radius.

K1 [min kz [a0

Apply

Cancel

To place the sand in the cells, click on “Add” to raise
the “Particle distribution” window. First specify either
the “Initial bulk density” or “Particle volume fraction” of
the sand. Since the core is full, this will be the fully-
packed average core density or volume fraction. A
typical “Particle volume fraction” is 0.6.

Next you must define the location of the sand. The
“Porous media location” asks for six values,
corresponding to the minimum and maximum cell
indices in the x, y and z directions defining the three-
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Tip: The “min” and
“max” keywords can
be used instead of the
minimum and
maximum cell or face
indices whenever
defining a boundary or
initial condition.

Tip: Choose an
“Effective radius” that
is slightly smaller than
your average grain
size.
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dimensional block of cells containing the sand. These
cell indices can be determined by using the reference
grid tool, B, however, the keywords “min” and “max”
can also be used to reference the minimum and
maximum cell index in each respective direction.
Define the sand to be in the core, but not in the blow
tubes / gassing head.

The stead-state simulation does not permit the sand
to move; it is used to simulate an already filled core.
Since the sand is fixed, a porous media is used to
include the effects of the sand in the core.

To use the Arena-flow® porous media model, enter
an “Effective radius” for the sand. The effective
radius is used to control the pressure drop relation for
gas flow through the sand. Since sand typically has a
size distribution, a single, effective radius must be
determined. Experience has shown that the finer
sand grains influence the pressure drop more than
the coarser ones. It is good practice to use a sand
size that is slightly finer than the average grain size.
Typically a value that is between 30% — 45% up the
cumulative sand size distribution curve is a good
choice.

File

oSS
#3and Name: US Silica FAO Date:
# Sleve# Opening Sizelmm) Average Radius (
# 1z 1.e8
¥ 20 0.841 6.3e-4
# 30 0.595 3.59%e-4
¥ 40 0.420 2.54e-4
# 50 0.297 1.73e-4
# 70 0.210 1.268e-4
# 100 0.149 8.975e-5
# 140 0.105 6.35e-5
# z00 0.074 4.475e-5
# o270 0.053 3.17%e-5
# pan 1.32%e-5
# Percent by wt Radius (m) Density (kg/m3)
#
# 0.0 6.3e-4 2650
¥ 0.0 3.59e-4 2650

4.0 2.59e-4 2650

20.0 1.79e-4 2650

33.0 1.268e-4 2650

30.0 8.375e-5 2650

11.0 6.35e-5 2650

2.0 4.475e-5 2650
¥ 0.0 3.175e-5 2650

[Loaded document UssilicaF 0.5z

For example, in the sand size distribution shown
above, 43% of the sand has a size of 89.75 um or
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Tip: Enter comments
whenever possible — it
will save you time in
the long run.

Note: If an “Initial bulk
density” is entered, a
“Sand material
density” is also
required to fully
specify the problem.
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less. Thus a value between 80 and 90 um would be a
good choice of an “Effective radius” for this sand.

Lastly you are permitted to enter a “Comment” for the
distribution. This is not used by the solver, but can be
extremely useful when setting up large projects.

Arena-flow steady state simulation setup

File Help

Ve ——]
| Back Sand distribution
Gassing
1. Grid generation
2. Grauity

 Initial particle (spatial) distribut

ID | Species |Volfrac | np i1 iz i 2 k1 kz |Effradius | Comment
00 Porhed 06000 NA  min  max mn 8§ min 30 1.00000e-045and below longer fubes, 100 mit
01 Porbed 05343 NA

3. Sand distribution
4.Gas pressure

5. Vents definttion
6. Data output
7.Run

8. Post-run

min__max 10 max_min__ 44 1.00000e-045and below shorter tubes, 100 m|

Note: For location indices, "riin® or [" denote the first possible value, while “max’ or ']" denote the last possible value
Particle distribution
- Particle distributior

Species d Porous medi
— R Porous media
& Initial bulk denstty 1550 i
Sand material density [2650 H rg/m*
steaty_statepr) T  Particle volume fraction
cdia location [
i1 [min % max
Comment
i fio j2 [mex Sand below shorter tubes, 100 micron radius.
k1 [min ke [44

An “Initial bulk density” may be defined instead of a
“Particle volume fraction”. The “Initial bulk density” is
the average density of the core. If an “Initial bulk
density” is used, a “Sand material density” must also
be entered to fully specify the problem. Choose a
predefined sand from the “Sand material density”
drop-down list, or type the density into the field.

Once a sand distribution is defined using the “Add”
button, it appears in the “Initial particle (spatial)
distribution” table on the “Sand distribution” page.
These distributions can then be edited using the “Edit”
button, reproduced using the “Copy” button or deleted
using the “Delete” button.

After the “Sand distribution” is set, click on “Gas
pressure” to go to the “Gas pressure” page. Here you
tell Arena-flow® what pressure will be used and
where the pressure is to be applied.
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Tip: Many conversion
factors to Sl units can
be found by clicking on
“Help”, “Units
Reference”.

Important: The CFD
component of Arena-
flow” is an
incompressible solver;
thus all pressures are
gauge pressures with
zero (0) representing
the vented,
atmospheric pressure.
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' . Arena-flow steady state simulation setup

Flle Help

[E—

I« Back Gas pressure
Gassing
1. Grid generation
2. Gravity
3. Sand distribution

~Pressure boundary condiion

[0 [oir [Range [i1 [iz [ [z [k1 [ke [Area [Pressure [K-Fact [Flow behavior [Extrap [Pard

~Pressure boundary condition

4. Gas pressure

ents definition
Data output
7. Run
8. Post-run

Direction |z i
Area fraction |1
Pressure |200000 Pa

- Location

it [min i2 [mas<

it [rin je [max o

Kt [maxc k2 [mas ssible value,

Note: For location indices, "min’

Add

~ Gomment

Gas pressure applied in tubes

| Steady_statepr] [Iomeftraining/steady_state

Apply Cancel

Click on “Add” to raise the “Pressure BC” window.

Select the “Direction” from the drop-down menu. This
tells Arena-flow® upon which faces of the cells the
pressure boundary condition is to be applied. If your
CAD was designed with the z-axis pointing up and
your gas pressure is applied at the top of the model
(in the blow tubes) then the default directional value of
“z” can be left unchanged.

Enter the “Area fraction”. This is the fraction of the
cell faces which is open to the pressure. Usually, this
is left at the default value of 1.0.

Enter the “Pressure”. This is the gas pressure in Pa.
To determine the appropriate conversion factor when
converting from alternate pressure measurements to
Pa, click on “Help”, “Units Reference”. The pressure
is constant (not time-varying) since this is a steady-
state calculation. Typically this pressure represents
the maximum gas or purge pressure of the system.

Please note that the CFD component of Arena-flow®
is an incompressible solver. As such, all pressure
measurements are relative. Calculations are typically
set up with a zero (0) pressure at the vents. Thus the
gas pressure should be in gauge pressure, relative to
the vents.

Next specify the location of the gas pressure

boundary condition. These are boundary cell indices
and they must define a plane. You may use the
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reference grid utility, #, to help you determine proper
values for the indices. Additionally, the “min” and
“‘max” keywords can also be used to reference the
minimum and maximum cell index in each respective
direction.

Sometimes multiple planes are required to fully
specify the gas pressure inlet location. These
boundary conditions can be edited using the “Edit”
button, reproduced using the “Copy” button or deleted
using the “Delete” button.

Finally, you are permitted to enter a “Comment” for
the distribution.

" . Arena-flow steady state simulation setup

Vents

-~ Vent Tabl

Vent Table fle [ |
New Table View

Isteadyﬁsta{e or Ihomeftralning/steady_state uﬁ’ﬁﬁ H] y

Click on “Vents definition” to go to the “Vents” page.
Vents are added through a vent file. To create a vent
file, click on “New Table”. To link to an existing vent
file, click on the browse, H, button. Vent files typically
are identified with the .tvt extension.

New vent tables contain no information. Click on
“New Vent” to begin populating the vent table. Much
of the information is defaulted for you

Tip: Enter a “Vent Enter a “Vent label” if desired. The vent label is a

label” to easily identify comment that helps to uniquely identify individual

individual vents. vents. This greatly simplifies later design
permutations.
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Note: The “Units”
drop-down list affects
both the location and
“Vent diameter”

Note: For steady-
state calculations only
“Constant pressures”
are permitted.
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Label / Shape Units x Y
mm 5 =2

z Length Direction Limit Area fraction K-factor
37 £.35 Z 05

Cope001 Circular 20 None 0.15

- Vent Dat Legend
Vent label Copennt Vent diameter 635 Picture O Inactive
[ Duplicate
Shape Ciroular | O invaiid
Predefined User - Direstion 2 -]
NoIrmage selectec!
Units mm | Flow behavior none -
X g Area fraction 018 MNew Vent
v -20 K-factor 05 Duplicate Vent
~Pressure and Termper
& Constant pressure o Pa i
- | New Table
© Function from fle . g
L i Load Table
Save Table As
Table Properties
I Set Inactive
Z

Enter the location of the vent center (“X”, “Y”, “Z”).
Note that you may use non-Sl units to do so, as
indicated by the “Units” drop-down list.

Enter a “Vent diameter”. The “Vent diameter” must
also be entered with the same “Units” as the location.

Enter a “Direction”. This is the direction normal to the
vent face. Typically cope and drag vents are in the z-
direction if the model is oriented with the z-axis
pointing up.

Enter an “Area fraction”. This is the fraction of the
vent area that is open for the air flow. Typically vent
open area fractions are between 0.1 and 0.35.

Usually all other values remain unchanged. To set a
vent inactive, click on “Set Inactive”. This is a useful
feature for design permutations.

Note that time-varying pressures are not permitted
with the steady-state solver used by the Arena-flow®
steady-state gas curing module. Only constant
pressures may be applied to the vents as shown
below.

Pa H

& Constant pressure
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Note: Steady-state
gas curing calculations
do not model the
amine, but rather the
driving air flow.

Note: For steady-
state calculations, only
two GMV files are
created — one each at
the start and end of
the simulation.

Arena-flow® Users Guide

Shape Units Y th Direction Limit. Area fraction K-factor =
Circular 1 0.001477 0.179: 35 i None 0.15 0.5
Circular m 0.001627 0.241 35 z None 015 05
0000003 Circular m 0.102517 0.179268 0693098 0.00635 z None 0.1s 05
0000004 Circular m 0.102667 0.241148 0693098 0.00635 z 015 05
V0000005 Circular m 0.203557 0.179268 0693098 0.00635 z None 0158 05
V0000006 Circular m 0.203707 0.241148 0633098 0.00635 z None 015 05
0000007 Circular m 0.046234 0.118091 0648721 0.00635 z N 015 05
0000008 Circular m 0.152862 0.129555 0.647307 0.009525 z None 018 05
0000008 Rectangular m 0.128579 0.267 057084 003175 z None 0.32 05
0000010 Rectangular  m 0.131079 0.153 057084 003175 z 032 05
V0000011 Rectangular  m 0.074079 0.153 057084 00254 z None 0.3z 08
0000012 Rectangular m 0.075579 0.267 057084 003175 z None 0.32 05
0000013 Rectangular  m 0.028579 0.153 057084 003175 z 032 05
Vo0oo014 Rectangular m 0.031079 0.267 0.57084 00254 z None 0.3z 05
¥0000018 Rectangular m -0.028031 0153 057084 00254 z None 0.3z 05
V0000016 Rectangular m -0.028031 0.267 057084 00254 z None: 032 05
0000017 Rectangular m -0.0699210.153 0.57084 00254 z None 0.3z 05
40000018 Rectangular  m -0.069921 0.267 057084 0.0254 2 None 0.32 05 n‘
- Vent Dat Legend

O Inactive

[ooess Picture
[ Duplicate
O Invalid

Mo image selected

Vent abel [Voooooor Vent diameter
Shape [crouar  H

Predefined [User H Direction
Units [m H Flow behavior
% [ooorarr Area fragtion 015 New |
v 0.173268 K-factor 05
(- Pressure and Temperatur { Search Range
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An example of a populated vent table is given above.
To change any parameters of an existing vent, click
on the vent to load the parameters into the display
region.

Remember to save your vent table before exiting.

Note that the steady-state calculation does not
directly model the amine, but rather the driving air
flow. Thus, it is possible to use the steady-state gas
curing module to model the air flow during the blow
cycle. The sand motion will not be modeled, but the
calculation will give a quick, rough estimate of the air
flow through the tooling. To do this, simply set your
gas pressure to your blow pressure and using the
blowing configuration of your vent file.

Also note that there is no “Time control” information in
the Arena-flow® steady-state gas curing module.
The computational time is pre-set and no transient
snapshots of the solution are produces. Only two
GMYV files are created - one at the start of the
calculation (Gmv.00000) and one upon completion
(Gmv.00001).

Click on “Data output” to go to the “Graphics and data

output” page. For efficient post-processing, you need
to tell Arena-flow® what information you wish to post-
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Important: If you do
not tell Arena-flow® to
write variables to the
GMV output files, the
information will not be
there!

Tip: For cell data, it is
good to select “Particle
volume fraction”, “Fluid
velocity” and
“Pressure for steady-
state calculations.

Arena-flow® Users Guide

process, before starting your calculation. This is
typically done through the “Mesh Viewer” window.
Think about your anticipated results before running
your calculation - if you do not ask for the data to be
written to the GMV files, it will likely not be there!

Arena-flow steady state simulation setup 5 g |
File Help
I

4 Back

Gassing
1. Grid generation
2. Gravity
3, Sand distribution
4, Gas pressure
5. Vents definition

Run
Post-run

Graphics and data output

II steady_state prj

Ihomefraining/steady_state

|5 5l 51 e )

Mesh Viewer

I Compress graphics output:

Please select the data for export to the
General Mesh Yiewer (GhV). Only data

selected herein can be viewed during
post-processing.

Color cells by:
¥ Particle volume fraction

¥ Fluid velocity

I~ Particle velocity

¥ Pressure

™ Dynamic pressure
[~ Particle bulk density
™ Turbulent viscosity
I~ Porous media

W EEIL

[~ Particle species

Color sand by:
¥ Particle volume fraction

[~ Particle speed

[~ Particle radius (microns)
I~ Constant color

I~ Particle distance

[~ Particle material density
[~ Particle species

I Visual

Cancel
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Note: Transient data
specification is not
required.
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Click on “GMV Output Variables” to raise the “Mesh
Viewer” window. Here you select what quantities you
will wish to view during post-processing. Select the
quantities by which you may wish to color your cells in
the top of the window. Select the quantities by which
you may wish to color your particles in the bottom of
the window.

Typically, it is good practice to select “Particle volume

fraction”, “Fluid velocity” and “Pressure” for cell data
and “Particle volume fraction” and for sand data.

. Transient Data

Transient Data Output

Write frequency |1 E Flush frequency ID E

Output file name |tran5.data

The specification of transient data is not required.
The “Transient Data Output” window allows you to
request that information from pre-identified cells be
written to a file during the calculation. Even though
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Note: Flux plane
specification is not
required.
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you are running a steady-state calculation, you may
monitor the convergence of the solution via the
“Transient Data Output” feature.

To launch the “Transient Data Output” window, click
on “Transient Data” on the “Graphics and data output”
page. Specify an “Output file name”; the default is
trans.data. Transient data output locations are
specified by selecting the data type on the left, and
identifying the location at the right. The location can
be either spatial coordinates (x, y, z) or cell indices (i,
j, k). Tell Arena-flow® which you are using via the
Xyz / node drop down menu.

Arena-flow® will write the desired data to the output
file in columnar format during the run. The output file
is in a plain text format, and may be graphed via any
plotting utility supporting columnar input. The
“Transient Data Output” feature is an excellent way to
monitor pressures at discrete locations in your system.

" . Flux planes

Flux planes

Flux plane

0z lode min__max_min __max 30

Flu plani

Surface plane direction |z i

Note: For location indices, "min" or *[" denote the first possible v

Plane location

i1 |min iz |max

i1 |min 2 |max

k1 [z2 ke [22

Enter Location by | Mode i

Comment
’7 Flux into core

Cancel

As with transient data, the specification of flux planes
is also not required. Flux planes track all fluid and
particles which cross them during the calculation.
Flux planes are another way to monitor the
convergence of the solution. Once the fluxes no
longer change, a steady-state has been reached.

To launch the “Flux planes” window, click on “Flux

Planes” on the “Graphics and data output” page.
Individual planes can be defined by clicking “Add”.
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To define a flux plane, select the “Surface plane
direction” and the “Plane location”. The “Plane
location” can be entered in spatial coordinates (X, y, z)
or cell indices (i, j, k —i.e. “Node”). Tell Arena-flow®
which you are using via the “Enter Location by” drop
down menu.

Each flux plane creates a text file containing columnar
data. The files will be named Flux_## where ## is the
flux plane “ID”. The output file is in a plain text format,
and may be graphed via any plotting utility supporting
columnar input. The “Flux plane” feature is an
excellent way to monitor the flow through blow tubes.

' Arena-flow steady state simulation setup &

. Data output Calculation run

fmss s [ saas s 1
Tip: You can run the Click on “Run” to go to the “Calculation run” page.
Arena-flow” solver by Once your calculation is fully set up, click on “Run
clicking “Run Solver” Solver” to start the simulation. The solver may also
It%ii%i?elﬁ;;bayt the be run from the command line with the “arena.x”
command line. command to allow for scripting. The argument is the
project file name.

When you click on “Run Solver” in the GUI, a new
window opens displaying solver information during
execution. It is very important to leave this window
open during the run. Closing this window will halt
solver execution.

The first column of data output in the solver window
shows the simulation time. More information
regarding solver output is found in section 2.10,
Additional Features.
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Important: Be sure to
leave the Arena-flow®
solver window open
during the calculation.
Closing it will stop the
run.

Note: It is possible to
change some solver

parameters while the
calculation is running.

Tip: Only change
parameters (other than
the “End time”) if you
are advised to do so
by an Arena-flow”
support engineer.
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. Interact i e s

— Time control

Time Interwval Il

End time

— Qutput frequency

Print freq. I
|C freq. |

Plat freq.

- Residuals

lteration Residual

—
MncrL]
——

Yolume I |

— Dump output
I~ Dump restart

Pressure I I
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Porous media I

[~ Dump graphics
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[~ Dump all particles xyz plot |

Exit |

submit |

Clear |

It is possible to change some solver parameters while
the calculation is running. Click on “Interact” on the
“Calculation run” page to raise the “Interact” window.

A good use of the “Interact” utility for steady-state gas
flow calculations is to view intermediate GMV results
while the calculation is running. To do so, select
“Dump graphics” and click on Submit. When using
the “Interact” utility, only enter the information you
wish to change. Use this utility cautiously, and only
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change other parameters if advised to do so by an
Arena-flow® support engineer. This utility is under
redevelopment.

Restart Calculation

MWote: Onhy enter input for those parameters you wish to
change. Those left empty will be unaltered.

[

Time step
End time

lterations Residual

Wolume

Pressure
Yelocity

Print interval
Plot interval

Restart interval

Min CFL
ez CFL

[~ Graphics output variables
[T Average variables
I~ Dump raw data

Restart Cancel

N°:e’t':gs pOfSib'ef:O It is also possible to restart your calculation once it
L%Sme;)rletifnsoTﬁ;a er has completed. To do so, click on “Restart Solver” on
feature is not often the “Calc_:ulatio_n run” page to raise the “Restart

used with the steady- Calculation” window.

state gas curing

module. You must enter a restart file (IC). Restart file names

start with “IC_" and may contain additional characters.
Click on “Browse” to select the file. Only enter the
information you wish to change from the original run.
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The restart feature is not often used with steady-state
gas curing calculations. As with the “Interact” utility,
please only change other parameters if advised to do
so by an Arena-flow® support engineer.

" . Arena-flow steady state simulation setup &

Post-run analysis

Tip: All of the utilities
on the “Post-run
analysis” page can be
used while the
calculation is running.

Tip: GMV can be used
to view your Arena-
flow® results, while
the calculation is
running!

Note: You can use
any plotting utility to
graph columnar data.
Use of XMGR is not
required.

Tip: Use the terminal
window to enter
additional Linux
commands.
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| /homeftraining/steady_state

03/ = 2 o )

I | steady._state i

Click on “Post-run” to open the “Post-run analysis”
page. All these features can be used while the
calculation is running. The utilities are as follows:

e “GMV”is the general mesh viewer. This is
used to post-process the graphical output from
Arena-flow®. The use of GMV is further
described in section 2.9, Post-Processing.
Using GMV, you can view your results while
your calculation is running.

e “XMGR?” is a plotting utility. It can be used to
plot columnar data such as flux plane and
transient data output files. XMGR is an open-
source program. More information regarding
the use of XMGR can be found in a web
search. It is not required to use XMGR, please
use your favorite plotting utility to graph
columnar data.

e “View Log Files” launches a viewer to open text
files. This can be used to view various output
files.

e “Open terminal” launches a Linux command

prompt in the working directory to allow for the
input of various commands.
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Important: Check
these things every
time you start an
Arena-flow® steady-
state gas curing
calculation.

Important: Check
these things every
time you analyze the
results from an Arena-
flow® steady-state gas
curing calculation.

Note: The steady-
state gas curing
module is used to
quickly identify regions
of poor air flow in filled
tooling.

Note: The transient
curing module is used
to analyze the
transient progression
of the curing front
through the core.
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As soon as you start a steady-state gas curing
calculation running, check the following:
e Check that your boundary conditions are
applied in the correct location
e Check that your vents are applied correctly
e Check that your flux planes are defined as
desired (if used)
e Check that your sand is in the correct location,
namely in the core and not in the gassing head

Once your calculation is complete, be sure to view:
¢ Regions of low air flow
e Air flow patterns throughout the core
e Pressure distribution throughout the core

More information regarding analyzing your results is
presented in the various Arena-flow™ training courses.
Please consult your training manual. Contact your
sales representative or support engineer for more
information regarding course content and schedule.

2.7 Gas Curing — Transient Curing

In this chapter you will learn about:
e Setting up a transient gas curing project
e Running a transient gas curing project
e FEvaluating the results from a transient gas
curing project

The Arena-flow® gas curing module actually contains
two separate analyses interfaces: the steady state
gas curing module, and the transient gas curing
module. These modules are separate for extreme
computational efficiency, but the results are related.
The steady-state analysis is used to quickly identify
the air flow patterns through the filled core. The
transient curing analysis shows the transient
progression of the curing front through the core. By
optimizing the progression of the curing front, cores
are usually cured in the minimal time with the minimal
use of consumables.

This chapter outlines the use of the transient curing

module; steady-state analysis is the subject of the
previous chapter.
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To model transient gas curing with Arena-flow®, click
on “Gas curing” as shown:

" Arena-tiow B
=t A

Select “Transient curing analysis” and create or open
a project file in the desired working directory to launch
the “Arena-flow® steady-state simulation setup”
window.

" _ Arena-flow
T ..
e
Choase which kind of curing simulation you intend to run &

Curing simulation types

¢ [Steady state gasfiow analysis

ASHLAND.

To set up and run a transient gas curing project, work
through the 9 menu items shown in the tree on the left
of the window.

The first step to creating any Arena-flow® model is

mesh generation. Click on “Grid generation” to go to
the “Grid procedure” page.

130



Gas Curing — Transient Curing

" _ Arena-flow transient curing simulation setup

ng
i1, Grid generation
2. Gravity

Tip: TO Set Up and 3. 5and distioulion Transient curing simulation

i-4. Gas pressure

run a transient gas i e el i o
Cur”’]g prOJeCt Work £-7. Data output is outlined helow:

through the 9 menu 2 Gy
. . 3. Sand distribution
items shown in the Be b
tree on the left of the e
W|nd0W. g ESZ\—N"
Please select and complete all of these
5 m on the left side of th
screen to run wour calculation,
frsee e DE o= |

and disti
s pressure
ents definition

ata output Grid procedure
un

Set Up Grid

Iwateqacketpq Ithnme/\rammgmans E A

On the “Grid procedure” page, create and evaluate

the grid by working through the three steps: “Set Up
Grid”, “Generate Grid” and “View Grid”. The use of
the Arena-flow® grid generator for steady-state
calculations is outlined in section 2.3.3 of this User
Guide. Proper grid generation techniques are
presented in the various Arena-flow® training classes.
Classes are held regularly. Contact your sales
representative or support engineer for more
information regarding course content and schedule.

Click on the next menu item, “Gravity”. This is where
you tell Arena-flow® the orientation of your CAD,
relative to gravity. In this example, the CAD is
oriented such that the z-axis is up. Thus, the gravity
vector should point in the —z direction

Arena-flow® Users Guide 131



Gas Curing — Transient Curing

Tip: You can always
refer to your grid by
clicking on the
reference grid button -
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. Arena-flow transient curing simulation setup 2
Elle Help

[4Back
Gassin
1. Grid generation
2. Gravity
and distribution
[Gas pressure o
Vents definition Gravity direction
8. Time control
7. Data output
8 Run - “
9. Past-run
[ v - |
@7 i
| 9.8 m/s? n the -2 direction |
e DEHEESES
4|

Next, click on “Sand distribution” to go to the “Sand
distribution” page. This is where you tell Arena-flow®
the sand location and its properties.

~ . Arena-flow transient curing simulation setup
Eils Help

Grid Generator Setup &

]
12 Grid generation =

ac_
3 ibution 783water]
as pressure 7 o
ents definition —
e oy y= 1265550 2= 733.7320
7. Data output i
& Run Il
9. Post-run ™ |

Selected CAD Units: mm

W y-z view

3
I 2 view n

The location of the sand is related to the grid you
defined in step 1. You may reference this grid by
clicking on the E button on the bottom right of the
screen. This opens a non-editable version of the
“Grid Generator Setup” window. As you move your
mouse over your grid, the coordinates (x, y, z) and
cell indices (i, j, k) are displayed at the top of the
window. Note that a two-dimensional plane is shown,
thus only two of the three coordinates and grid indices
are shown at one time. Determine which three-
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Tip: The “min” and
“max” keywords can
be used instead of the
minimum and
maximum cell or face
indices whenever
defining a boundary or
initial condition.
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dimensional block of cells you wish to initialize with
particles.

To place the sand in the cells, click on “Add” to raise
the “Particle distribution” window. First specify either
the “Initial bulk density” or “Particle volume fraction” of
the sand. Since the core is full, this will be the fully-
packed average core density or volume fraction. A
typical “Particle volume fraction” is 0.6.

" _ Arena-flow transient curing simulation setup = X
ile Hel

Sand distribution

Effra Comme
na 1.10000e-04
max 21 30 1.10000e-04

Hate: For location indices, "min® or *[* denate the first possible value, while "max’ or '|" denote the last possible value

. Particle distribution 223

~Farticle distributi

- Species dat

Effective radius [0.00011 m

Porous media
Species = l— ’]7 Forous media

 Initial bulk density lﬁ
& Particle volume fraction 0.6000

it [min i [max

Catiment
jt Jmin j2 [max ’7 Sand at bottom of core|

k1 frin k2 [on

Next you must define the location of the sand. The
“Porous media location” asks for six values,
corresponding to the minimum and maximum cell
indices in the x, y and z directions defining the three-
dimensional block of cells containing the sand. These
cell indices can be determined by using the reference
grid tool, E, however, the keywords “min” and “max”
can also be used to reference the minimum and
maximum cell index in each respective direction.
Define the sand to be in the core, but not in the blow
tubes / gassing head.

The transient curing simulation does not permit the
sand to move; it is used to simulate an already filled
core. Since the sand is fixed, a porous media is used
to include the effects of the sand in the core.

To use the Arena-flow® porous media model, enter
an “Effective radius” for the sand. The effective
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Tip: Choose an
“Effective radius” that
is slightly smaller than
your average grain
size.

Tip: Enter comments
whenever possible — it
will save you time in
the long run.

Note: If an “Initial bulk
density” is entered, a
“Sand material
density” is also
required to fully
specify the problem.
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radius is used to control the pressure drop relation for
gas flow through the sand. Since sand typically has a
size distribution, a single, effective radius must be
determined. Experience has shown that the finer
sand grains influence the pressure drop more than
the coarser ones. It is good practice to use a sand
size that is slightly finer than the average grain size.
Typically a value that is between 30% — 45% up the
cumulative sand size distribution curve is a good
choice.

pan 1.325e-5
Percent by wt Radius (m) Density (kg/m3)

|
BOEESY
#5and Name: US Silica F60 Date:
¥ Sieve# Opening Sizetmm) Average Radius (
# 12 1.68
#ozZ0 0.841 6.3e-4
# 30 0.595 3.59e-4
¥ 40 0.420 2.54e-4
# 50 0.297 1.73e-4
¥ 70 0.210 1.268e-4
# 100 0.149 8.975%e-5
# 140 0.105 6.35e-5
# 200 0.074 4.475e-5
# 270 0.053 3.175e-5
#
¥
#
¥ 0.0 6.3e-4 2650
# 0.0 3.5%e-4 2650
4.0 2.54e-4 2650
20.0 1.73e-4 2650
33.0 1.268e-4 2650
30.0 8.975e-5 2650
11.0 6.35e-5 2650
2.0 4.475e-5 2650
# 0.0 3.175e-5 2650

[Loaded document USsilicaF60.5ze

For example, in the sand size distribution shown
above, 43% of the sand has a size of 89.75 um or
less. Thus a value between 80 and 90 um would be a
good choice of an “Effective radius” for this sand.

Lastly you are permitted to enter a “Comment” for the
distribution. This is not used by the solver, but can be
extremely useful when setting up large projects.

An “Initial bulk density” may be defined instead of a
“Particle volume fraction”. The “Initial bulk density” is
the average density of the core. If an “Initial bulk
density” is used, a “Sand material density” must also
be entered to fully specify the problem. Choose a
predefined sand from the “Sand material density”
drop-down list, or type the density into the field.
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Arena-flow transient curing simulation setup
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Once a sand distribution is defined using the “Add”
button, it appears in the “Initial particle (spatial)
distribution” table on the “Sand distribution” page.
These distributions can then be edited using the “Edit”
button, reproduced using the “Copy” button or deleted
using the “Delete” button.

After the “Sand distribution” is set, click on “Gas
pressure” to go to the “Gas pressure” page. Here you
tell Arena-flow® what pressure will be used and
where the pressure is to be applied.

curing simulation setup.
Elle Help

T
[4Back
Gassing

1. Grie generation

2. Gravity
# 3. Sand distrisution
Gas pressure

5. Vents definition

Gas pressure

6. Tite: control
7. Data output
& Run

9. Past-nun

[ octurs o s—

~Pressure houndary condi

o T -]

Direction |z i
#rea fraction [1.0000
Pressure Pa

[ — Lo

Mate: For location indices, “mi i Imm i2 Imax
“ i1 Imm jz Imax

K1 [maxc 2 fasc

Ci

waterjacket prj homedrainingftrans

1 alm gas, 3 alm purge

m Shad a

s 100000.0
8.0 300000.0
20,0 300000.0
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Click on “Add” to raise the “Pressure BC” window.

Typically the gassing cycle involves a time-varying
pressure profile. Transient pressures are entered
through a “Pressure File”. Click on “Edit” in the
“Pressure BC” window to create or edit a transient
pressure file.

The “Pressure File” contains time and pressure
entries in two columns, separated by “white space”
(spaces, tabs, etc.). Lines beginning with the “#”
character are comments and are ignored by the
solver. Arena-flow® will linearly interpolate between
entries.

In the example above, the pressure is ramped up
from 0 to 100,000 Pa over 3.0 seconds. From 3.0 to

Tip: Many conversion 6.0 seconds, the pressure increases further to
LaCtorS to Sl units can 300,000 Pa, and is then held constant until 20.0
e found by clicking on . . .

“Help”, “Units seconds. To determine the appropriate conversion

Reference”. factor when converting from alternate pressure
measurements to Pa, click on “Help”, “Units
Reference”.

[ PERENNE J0e CHD Please note that the CFD component of Arena-flow®

?E%?QZT of Arena- is an incompressible solver. As such, all pressure

incompressible solver; measurements are relative. Calculations are typically

thus all pressures are set up with a zero (0) pressure at the vents. Thus the

gauge pressures with gas pressure should be in gauge pressure, relative to

zero (0) representing the vents.

the vented,

atmospheric pressure.

After saving the transient pressure file, the file name
appears in the “Pressure file” field. Next select the
“Direction” from the drop-down menu. This tells
Arena-flow® upon which faces of the cells the
pressure boundary condition is to be applied. If your
CAD was designed with the z-axis pointing up and
your gas pressure is applied at the top of the model
(in the blow tubes) then the default directional value of
“z” can be left unchanged.

Enter the “Area fraction”. This is the fraction of the
cell faces which is open to the pressure. Usually, this
is left at the default value of 1.0.
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If the system pressure is constant throughout the gas
/ purge cycle, this may be input in the “Pressure” field.
The “Pressure” field is not available if a “Pressure file”
is used.

Next specify the location of the gas pressure
boundary condition. These are boundary cell indices
and they must define a plane. You may use the
reference grid utility, #, to help you determine proper
values for the indices. Additionally, the “min” and
“‘max” keywords can also be used to reference the
minimum and maximum cell index in each respective
direction.

Sometimes multiple planes are required to fully
specify the gas pressure inlet location. These
boundary conditions can be edited using the “Edit”
button, reproduced using the “Copy” button or deleted
using the “Delete” button.

Finally, you are permitted to enter a “Comment” for
the distribution.

vents

Ilwatev]anket oy i/hnme/l uuuuuu aftrans

Click on “Vents definition” to go to the “Vents” page.
Vents are added through a vent file. To create a vent
file, click on “New Table”. To link to an existing vent
file, click on the browse, H, button. Vent files typically
are identified with the .tvt extension.

New vent tables contain no information. Click on

“New Vent” to begin populating the vent table. Much
of the information is defaulted for you
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Tip: Enter a “Vent
label” to easily identify
individual vents.

Note: The “Units”
drop-down list affects
both the location and
“Vent diameter”

Note: Often the
transient pressure is
applied through cope
vents. This is easily
modeled with Arena-

“Function from file”
and link to your
transient gas pressure
file.

flow®. Simply select a
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Went label 0000007 Vent diameter
e Err—
Predefined User i Direction
Unit: Fik i Flow beh
be 0 Area fracti
Ayl 0 R-faet
2 —
—Pl and T
& Constant pressure o Pa i
 Function from file .
=i
[ Set Inactive

Enter a “Vent label” if desired. The vent label is a
comment that helps to uniquely identify individual
vents. This greatly simplifies later design
permutations.

Enter the location of the vent center (“X”, “Y”, “Z”).
Note that you may use non-Sl units to do so, as
indicated by the “Units” drop-down list.

Enter a “Vent diameter”. The “Vent diameter’ must
also be entered with the same “Units” as the location.

Enter a “Direction”. This is the direction normal to the
vent face. Typically cope and drag vents are in the z-
direction if the model is oriented with the z-axis
pointing up.

Enter an “Area fraction”. This is the fraction of the
vent area that is open for the air flow. Typically vent
open area fractions are between 0.1 and 0.35.

Often the curing pressure is applied through cope-
side venting, as well as at the gassing head. This can
easily be modeled with Arena-flow®. Simply, set the
“Pressure” of the vent to be read from a “Function
from file”. Use the same transient pressure file you
created on the “Gas pressure” page.
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Note: Users only need
to change the “End
Time” to ensure it
corresponds to their
blow time. All other
parameters on the
“Time control” page
can remain
unchanged.
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Pressure and Temperature
¢ Constant pressure I I i
& Function from file Igassing_pres_rampi .

Usually all other values remain unchanged. To set a
vent inactive, click on “Set Inactive”. This is a useful
feature for design permutations.

" _783ventbc.i.tvt 53 1%
n 0.001477 5 z {
m n.001627 z one. 015 i

\v0000003 Circular n 0002517 0173260 D693035 000635 : None 0.5 ¢
/0000004 Circular n 0102667 0241145 0633035 000635 : None 015 ¢
V000000s Circular m 0.203557 0179268 0633095 0.00635 H nNone 018 C
V0000006 Circular m 0.203707 0.241148 0633098 0.00635 z None 018 C
0000007 Circular m 0.046234 0119091 06439721 0.00635 z None 015 C
\vooo00s Circular n 0152862 0129555 047307 0008525 f None 015 C
/0000003 Rectangular  m 0123573 0267 057084 003175 : None 0.3 ¢
voooooio Rectangular m 0131079 0153 057084 0.0317s H nNone 0.32 C
Vooooo11 Rectangular m 0.074079 0153 057084 0.0254 z None 0.32 n[u
Vet Dat Legend

Vent label 0000001 Vent diamster 0.00835 plcure [ inactive

[ buplicate
Shape Circular i O ivalid
Predefined User i Direction H i
N image selected

Units n | Flow behavior nane |

H 0.001477 Area fraction

L4 0.179268 K-factor

z 0633098

~Pressure and T Search Rang

& Constant pressure o - | [ Hn
 Function from file . W it
=
I~ et Inactive

An example of a populated vent table is given above.
To change any parameters of an existing vent, click
on the vent to load the parameters into the display
region. Remember to save your vent table before
exiting.

Click on “Time control” to go to the “Time control”
page. Users are only required to change the “End
Time”. This is the curing cycle time in seconds.
Other parameters can be left unchanged.

The “Time Step” is controlled by the solver, and
should be left at the default value. Only change the
“Time Step” if advised to do so by an Arena-flow®
support engineer. The solver will adjust the time step
for accuracy and stability purposes, using a robust
algorithm.
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Important: If you do
not tell Arena-flow® to
write variables to the
GMV output files, the
information will not be
there!

Arena-flow® Users Guide

_ Arena-flow transient
Elle Help

curing simulation setup o

sssss

Time control

Time Step Inferval
Interval Time Step () End Time (s)
1 [s.000006-04 [15.000

g |

: N

Output Intervals
Wumber of Files
Interval () il
Plot interval

0.1000 151

Run
9. Post-run

03 1 3 e = o

The “Plot interval” is the frequency of GMV output file
production. Lower plot intervals result in more GMV
output files. Each GMV file takes time to write and
uses a non-trivial amount of disk space. Typically
about 100 — 200 GMYV files are sulfficient to create
smooth animations of the transient Arena-flow®
results.

Click on “Data output” to go to the “Graphics and data
output” page. For efficient post-processing, you need
to tell Arena-flow® what information you wish to post-
process, before starting your calculation. This is
typically done through the “Mesh Viewer” window.
Think about your anticipated results before running
your calculation - if you do not ask for the data to be
written to the GMV files, it will likely not be there!

" _ Arena-flow transient curing simulation setup

Eile Help

o
| 4Back
Gassing

Graphics and date output

un
Past-run

Flux Planes

I|watsnacm pj /homestraining/trans

D& ===,
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Note: Core curing is
always output to the
GMV files for Arena-
flow”® transient curing
calculations.
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Meash Viewer

[" iCompress graphics output:

Flease select the data for export to the
General Mesh Viewer (GKY). Cnly data
selected herein can be viewed during
post-processing.

Color cells by:
¥ Particle volume fraction

[~ Fluid velocity

[~ Particle velocity

¥ Pressure

[~ Dynamic pressure
[~ Particle bulk density
[~ Turbulent viscosity
™ Porous media

I~ CFL

[~ Patticle species

Color sand by:
W Particle volume fraction

[~ Particle speed

[ Particle radius (microns)
™ Constant color

[T Paricle distance

[~ Particle material density
[ Particle species

™ wisual

Click on “GMV Output Variables” to raise the “Mesh
Viewer” window. Here you select what quantities you
will wish to view during post-processing. Select the
quantities by which you may wish to color your cells in
the top of the window. Select the quantities by which
you may wish to color your particles in the bottom of
the window.

Notice there is no option to view the curing front. For
Arena-flow® transient curing calculations this is
always output to the GMV files.

The specification of transient data is not required.
The “Transient Data Output” window allows you to
request that information from pre-identified cells be
written to a file during the calculation.
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Note: Transient data
specification is not
required.
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. Transient Data

Transient Data Output

Write frequency |1 E Flush frequency ID E

Output file name |tran5.data

To launch the “Transient Data Output” window, click
on “Transient Data” on the “Graphics and data output”
page. Specify an “Output file name”; the default is
trans.data. Transient data output locations are
specified by selecting the data type on the left, and
identifying the location at the right. The location can
be either spatial coordinates (x, y, z) or cell indices (i,
j, k). Tell Arena-flow® which you are using via the
Xyz / node drop down menu.

Arena-flow® will write the desired data to the output
file in columnar form during the run. The output file is
in a plain text format, and may be graphed via any
plotting utility supporting columnar input. The
“Transient Data Output” feature is not typically used
for transient curing calculations.
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Note: A flux plane will
be created
automatically by
Arena-flow™ for
transient curing
calculations. This is
used internally by the
solver.
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~ _ Flux planes

—Flux plane

Flux planes

Mate: For location indices, "min® or [ denote the

Flux planes track all fluid and particles which cross

~Fl

~_ Flux plane &

L plan:

Surface plane direction | 2 i

Plane location

i |m|n i2 |max

it Jrin 2 max

K [a Kz far

Enter Location by INUde i

|

Comment

Flow thraugh core

them during the calculation.

To launch the “Flux planes” window, click on “Flux
Planes” on the “Graphics and data output” page.
Individual planes can be defined by clicking “Add”.

To define a flux plane, select the “Surface plane
direction” and the “Plane location”. The “Plane

location” can be entered in spatial coordinates (X, y, z)
or cell indices (i, j, k—i.e. “Node”). Tell Arena-flow®
which you are using via the “Enter Location by” drop

down menu.

Each flux plane creates a text file containing columnar
data. The files will be named Flux_## where ## is the
flux plane “ID”. The output file is in a plain text format,
and may be graphed via any plotting utility supporting

columnar input.

A Flux plane is required when running an Arena-
flow® transient curing calculation and is used

internally by the solver. For typical calculations, the
location of the plane is not important. If no flux plane

is defined, Arena-flow® will automatically create a

default plane.
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Tip: You can run the
Arena-flow® solver by
clicking “Run Solver”
in the GUI, or by
typing arena.x at the
command line.

Important: Be sure to
leave the Arena-flow”
solver window open
during the calculation.
Closing it will stop the
run.
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" _ Arena-flow transient curing simulation setup

Eile Help

9
1. Gid generatian
2. Gravity
-3, Sand distiibution
4. Gag pressure
5. Vents definition

6. Time control
7. Data output Caleulation run

I|watsqacm o |fhnmzmammg/1rans
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Click on “Run” to go to the “Calculation run” page.
Once your calculation is fully set up, click on “Run
Solver” to start the simulation. The solver may also
be run from the command line with the “arena.x”
command to allow for scripting. The argument is the
project file name.

eru

Calculation run

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

0 000 0.002+00 000 0.00e+00 000 0.002+00 000 0.00e+00 0.000

0
ells = 15,412 MB
02-09 001 2,848-08 001 1.668-08 002 1.08e-11 054 9.45s-09 0,000 0
e 32-09 001 1,752-08 001 8.51e-08 001 2.91e-08 069 8.54s-09 0,000 0
3,000008-04 001 3.420-09 001 4.97e-09 001 3,76e-09 001 1,45-08 012 B8.37e-09 0,000 0
4,000008-04 001 4.892-09 001 4.090-09 001 3,212-08 001 1,74e-08 017 9.686-09 0,000 0
DE.OOOUOE—OA 1.000e-04 001 4.332-09 001 3.23=-08 001 2.65e-08 001 1.15e-08 024 9.71e-09 0,000 0

scooco
cooco o
cooco o

When you click on “Run Solver” in the GUI, a new
window opens displaying solver information during
execution. It is very important to leave this window
open during the run. Closing this window will halt
solver execution.

The first column of data output in the solver window
shows the simulation time. More information
regarding solver output is found in section 2.10,
Additional Features.

144



Tip: Only change
parameters (other than
the “End time”) if you
are advised to do so
by an Arena-flow”
support engineer.
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. Interact

;%em-

~ Time control - Qutput frequency——

Time Interval Il

End time

Print freq.

IC freg. I
Plot freq.l

—Residuals

lteration Residual

—
MncrL]
—

Yolume I I

- Dump output Pressure | I

[~ Dump restart
[~ Dump graphics

\/elocityl |

Porous media I

Clear |

[~ Dump population

[~ Dump all particles 2 plot |

Exit |

submit |

It is possible to change some solver parameters while
the calculation is running. Click on “Interact” on the
“Calculation run” page to raise the “Interact” window.

A good use of the “Interact” utility is to change the
calculation end time during the run. For example, if
your core is fully cured, change the “End time” to the
current time and click “Submit”. This will end the
calculation. Alternately, if you are nearing your
originally defined end time and your core is still not
fully cured, extend the “End time” by entering a new
value and click “Submit”.

Only enter the information you wish to change. Use
this utility cautiously, and only change other
parameters if advised to do so by an Arena-flow®
support engineer. This utility is under redevelopment.
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Restart Calculation

MWote: Onhy enter input for those parameters you wish to
change. Those left empty will be unaltered.

[

Time step
End time

lterations Residual

Wolume

Pressure
Yelocity

Print interval
Plot interval
Restart interval

Min CFL
ez CFL

[~ Graphics output variables
[T Average variables
I~ Dump raw data

Restart Cancel

Note: It is possible to It is also possible to restart your calculation once it
restart the solver after has completed. To do so, click on “Restart Solver” on
completion. the “Calculation run” page to raise the “Restart

Calculation” window.

You must enter a restart file (IC). Restart file names

Tip: Only change start with “IC_" and may contain additional characters.
parameters (other than Click on “Browse” to select the file. Only enter the
the “End time”) if you information you wish to change from the original run.
ﬁre advised to do so If you would like to run the calculation for longer than
y an Arena-flow” ) . w S
support engineer. originally intended, please enter a new “End time”. As
with the “Interact” utility, please only change other
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Tip: All of the utilities
on the “Post-run
analysis” page can be
used while the
calculation is running.

Tip: GMV can be used
to view your Arena-
flow® results, while
the calculation is
running!

Note: You can use
any plotting utility to
graph columnar data.
Use of XMGR is not
required.

Tip: Use the terminal
window to enter
additional Linux
commands.
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parameters if advised to do so by an Arena-flow®
support engineer.

ransient curing simulation setup 23

Post-run analysis

Ilwatsrj acket prj

I/hnms/tvammg/lrans

DEEEE-E §

Click on “Post-run” to open the “Post-run analysis”
page. All these features can be used while the
calculation is running. The utilities are as follows:

“GMV” is the general mesh viewer. This is
used to post-process the graphical output from
Arena-flow®. The use of GMV is further
described in section 2.9, Post-Processing.
Using GMV, you can view your results while
your calculation is running.

“XMGR?” is a plotting utility. It can be used to
plot columnar data such as flux plane and
transient data output files. XMGR is an open-
source program. More information regarding
the use of XMGR can be found in a web
search. It is not required to use XMGR, please
use your favorite plotting utility to graph
columnar data.

“View Log Files” launches a viewer to open text
files. This can be used to view various output
files.

“Open terminal” launches a Linux command

prompt in the working directory to allow for the
input of various commands.
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Important: Check
these things every
time you start an
Arena-flow® transient
gas curing calculation.

Important: Check
these things every
time you analyze the
results from an Arena-
flow® transient gas
curing calculation.

Note: Optimizing the
progression of the
curing front through
the core usually also
optimizes the curing
cycle time and amine
usage!
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As soon as you start a transient gas curing calculation
running, check the following:
e Check that your boundary conditions are
applied in the correct location
e Check that your vents are applied correctly
e Check that your flux planes are defined as
desired (if used)
e Check that your sand is in the correct location,
namely in the core and not in the gassing head

Once your calculation is complete, be sure to view:
e Animation of core curing
e |ast-to-cure region

It should be noted that transient curing calculations do
not compute the complex chemistry involved in the
cure of the core, but rather the progression of the
curing front through the core. The shape and
progression of the front is expected to be very
accurate, however the timing and extent of cure is
dependent upon many variables which are not
modeled (amine type, binder type, binder
concentration, temperature, humidity, etc.). By
optimizing the progression of the curing front, cores
are usually cured in the minimal time with the minimal
use of consumables.

More information regarding analyzing your results is
presented in the various Arena-flow" training courses.
Please consult your training manual. Contact your
sales representative or support engineer for more
information regarding course content and schedule.

2.8 Expert Interface

In this chapter you will learn about:
e The purpose of the expert interface
e Basic layout of the expert interface
e Proper use of the expert interface

The previous four chapters have described the
process-oriented Arena-flow® interfaces. These are
used to model:

e Binder-coated sand core blowing

e Shell sand core blowing
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Expert Interface

Note: The process-
oriented interfaces in
Arena-flow® utilize
default model
parameters which
have been extensively
validated. This frees
the user to simply
employ Arena-flow®
as a useful foundry
tool, rather than
revalidate it for each
new project.

Important: Only use
the expert interface if
advised to do so by a
support engineer.

Note: A typical use of
the expert interface is
to change a model
parameter in an
existing project set up
via a process-oriented
interface.
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Steady-state gas curing
e Transient gas curing

While the CPFD™ technology in Arena-flow® uses
many mathematical models to describe the complex
particle / fluid physics of sand core blowing and curing,
most of these model settings are hidden from the user.
Each of the four process-oriented interfaces utilizes
default settings for many models which have
undergone extensive validation for numerous test
cases. Users are not tasked with the burden of
understanding and re-validating each model for each
new project; rather the Arena-flow® interfaces may
simply be employed as useful foundry engineering
tools.

Arena-flow® allows users to access many of these
model parameters through the expert module. Users
must exercise caution when operating the expert
interface, since an unphysical model setting can yield
unphysical results. While it is possible to vary a
model setting to improve agreement with measured
data for one particular simulation by an unphysical
model setting, agreement may be hindered for
another project. For this reason, the expert interface
should only be used upon consultation with a support
engineer. Other use of the expert interface is not fully
supported.

The purpose of the expert interface is to allow Arena-
flow™ users further control of a particular engineering
model. It is a support tool, allowing you access to
more of Arena-flow®™s advanced features. Typically,
projects are created and set up using one of the
process-oriented interfaces. Once set up, the project
file may be opened by the expert interface to vary a
model parameter.

For example, consider the gravity-driven filling of a
magazine with sand. Such a project may be initially
created using one of the core blowing interfaces
(binder-coated sand or shell sand). The core blowing
interface will assume a pressurized air is used to drive
the sand and automatically set the air properties for
the user. Such a project may be opened using the
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expert interface to modify the fluid properties to reflect
those of non-pressurized air.

Note: The expert The expert interface can open any Arena-flow®
interface can open any project file. The process-oriented modules can only
Arena-ﬂow® project open project files last modified by either that same
file. interface, or the expert interface.

" _Arena-flow

-
Gas curng

ASHLAND.

To open the Arena-flow® expert interface, click on
“Expert” as shown.

. arena-flow <2> Bl

File Setup Bun Graph Help

All controls of the expert interface can be found in the
menu items across the top.
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Note: The expert
interface accesses the
same “Grid generator
setup” window as the
process-oriented
interfaces. The expert
interface defaults the
grid generator options
to those required for
core blowing
calculations.
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" _Arena-flow <2>

File Setup Run Graph Help

|0 Dl O L = om0

Project name |

Project directory I:‘home;’training#expeﬂ

As with all other Arena-flow® interfaces, all
information is tied to a project file. You can either
create a new project or open an existing project.
Project file access is through the “File” menu.

Once a project file is accessed many commonly

performed tasks are related to either grid generation
or project setup. The “Grid generator setup” window
is accessed through the “Setup” menu or by clicking

on the ¥ putton. This opens the grid generator setup
window with the same functionality as described in
section 2.3 of this Users Guide. However, the expert
interface does not know the intended use of the
project, so the grid generator options are not
customized to your (unknown) intended purpose. The
expert interface defaults the “Advanced grid
generation options” to those appropriate for core
blowing.

The “Solver setup” window is also accessed through
the “Setup” menu or by clicking on the &£ button. This
opens the “Solver Setup” window as shown.

The “Solver Setup” window consists of several pages

access by the tabs across the top. You may move
from page to page by clicking on these tabs.
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General; IF‘ressure BC | InletFlow BC | Initial Condition | Particle Spacies | Flux Plane | Transient Curing
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Arena-flow

Reference Grid

Cloge

May of the controls found in the process-oriented

interfaces are found in the expert interface as well.
Typically the expert interface allows users more
control over model parameters than do the process-
oriented modules.

Before using the expert interface please contact a
support engineer. The engineer will evaluate the
intended use against the known capabilities of Arena-
flow® and instruct you how to best proceed. Typical
uses of the expert interface may be to:
e model different fluid properties than the default
(pressurized air)
e model a project where the gravitational vector
does not directly line up with an axis of the
CAD model
e vary the wall bounce of the sand to customize
it for your particular particles

These are only examples; your support engineer can
further advise you of the expert interface capabilities.

2.9 Post-Processing

In this chapter you will learn about:
e GMV — the Arena-flow® post-processor
e How to use GMV to check your grid
e How to use GMV to check your project setup

Arena-flow® Users Guide
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e How to use GMV to post-process a core
blowing calculation

e How to use GMV to post-process a steady-
state gas flow calculation

e How to use GMV to post-process a transient
gas curing calculation

e Where to find additional information regarding
GMV and its full capabilities

All Arena-flow® projects process enormous amounts
of air and sand data as the calculations run. This
information is output periodically to files which are
snapshots of the data of interest at an instant in time.
The filenames begin with “Gmv.” and are written to
the working directory.

The utility used to post-process these files is the
General Mesh View (GMV). GMV is an easy to use,
3-D scientific visualization tool designed to view
simulation data from any type of structured or
unstructured mesh®. The GMV executable is
included on the Arena-flow® installation disk. Full
documentation and new versions are available on the
GMV web site:

http://www.x-div.lanl.gov/ XCM/gmv/GMVHome.html|

The use of GMV with Arena-flow® is covered
extensively the various Arena-flow® training courses.
Please consult your training manual. Contact your
sales representative or support engineer for more
information regarding course content and schedule.

FPost-run analysis

View Log Files

Open terminal
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Note: GMV may be
launched from the
“post-processing”
menu, by clicking on
the & button or by
typing “gmv” at the
command line.

Note: Gmv.00000
contains the initial
condition information.
Subsequent GMV files
are named
Gmv.00001,
Gmv.00002, etc.

Important: When
storing result files,
always be sure to
store the 00 files as
well; without these
files your Gmv.##it##
files will be
unreadable.

Arena-flow® Users Guide

To launch GMV, click on the & button or on the
“GMV” option from the post-processing menu of any
process-oriented interface. GMV may also be
launched from the command line with the “gmv”
command; no input argument is necessary.

File Display Calculate Ctl-L Ctl-2 Ctl-3 Reflections YView

G initializing.

Tuist [ jm e
Elew. | el
Rzim, [ Ll

When GMV is launched, the “Read GMV File” window
is active prompting users for an input file. Arena-
flow® files for use with GMV begin with the prefix
“‘Gmv”. “Gmv.00000” is always the initial conditions
file at “time zero”. Subsequent GMV files are named
“Gmv.00001”, “Gmv.00002”, etc.

GMV also requires several other files to view the
information contained in the Gmv.##### files. These
are:

00cells.gmv

0O0drawcells.gmv

00grid.grd

00gridstl.gmv

0Omat.gmv

00Onodes.gmv

00poly.gmv

These files are created by running the Arena-flow®
grid generator and may be modified when running the
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Arena-flow® solver. These files must be located in
the run directory with the Gmv.##### files. When
storing result files, always be sure to store the 00*
files as well; otherwise your Gmv.##### files will be
unreadable.

Common uses of GMV with Arena-flow® can be
subdivided into three categories: evaluating the grid,
checking the project setup and post-processing the
results. The remainder of this chapter discusses
common GMYV tasks for Arena-flow® calculations.

2.9.1 Evaluating the grid

All Arena-flow® projects require a grid. Grid
generation is described in section 2.3 of this User
Guide. Whenever generating a grid, be sure to
perform the following tasks:

e View the CAD

e View the grid with grid lines

e View the grid as a transparent model

e Compare the grid to the original CAD

Viewing the CAD

Viewing the original CAD (STL) file will help you
understand the geometry to which your grid should
conform. Use sound judgment — consider what level
of resolution is required for the process you are
modeling.

Tip: Viewing the CAD
will help you
understand the
geometry you are
modeling.
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Tip: Always check
your as-meshed grid.

Tip: Viewing your
transparent model will
reveal any holes or
other internal
structures.
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Viewing the grid with grid lines

Viewing the grid with grid lines will help you
understand the foundation of the CPFD™ model you
have created. Check for mesh uniformity, cell aspect
ratio, number of cells, etc. More information on
proper grid generation may be found in section 2.3 of
this User Guide.

Viewing a transparent grid

Viewing a transparent grid will show you the
connectivity of the meshed region. Any internal holes
in the grid are visible in the transparent mode as they
reflect light.
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Comparing the grid to the CAD

Comparing the grid directly to the CAD will show you
regions where the mesh deviates from the original
input geometry.

Tip: Always compare
your grid directly to the
original CAD.

2.9.2 Checking the project setup

As soon as you start your Arena-flow® calculation
running, it is important to check your project setup.
By catching setup errors early, you can correct them
before needlessly spending time and computational
resources on a simulation that does not reflect your
actual foundry process. Whenever you run the
Arena-flow® solver, be sure to perform the following
tasks:

¢ View the boundary conditions

e View the vents

Important: When
starting the solver,

ensure the Gmv.00000 e View the flux plane locations (if used)
file contains all the e Verify the initial sand location
information required Additionally, ensure the Gmv.00000 file contains all

for post-processing. the information required for post-processing.

Viewing the boundary conditions

Viewing your boundary conditions will ensure they are
applied to the correct part of your model. Boundary
conditions could be blow pressures, gassing
pressures or vents.
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Tip: Always check the
locations of the
boundary conditions
on your model.

Viewing the vents

It is important to view your vents directly, even after
checking your boundary conditions in general.
Viewing the vents provides you with information as to
how well the vents were applied to the model, and will
highlight vents which were not found on the model
surface.

Tip: Viewing the
vents on your model
will quickly show you
any vents which were
specified incorrectly.
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Tip: If you Arena-
flow®™s flux plane
feature, always check
the flux plane location
on your model.

Tip: Always check the
initial sand location in
your model.
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Viewing the flux planes

If you used Arena-flow®s flux plane feature, it is
important to view the flux planes to ensure they are
located where you intended.

Viewing the initial sand location

Viewing your initial sand location will ensure the sand
is in the correct place at the start of your calculation.
For core blowing calculations, the sand should be
initialized in the blow plate and sometimes in the blow
tubes. For steady-state or transient gas curing
calculations, the sand should be located in the core
and not in the blow tubes.
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2.9.3 Post-processing core blowing

calculations

Post-processing is one of the most important parts of
any numerical simulation process. Getting an answer
is easy — finding meaning in the answer and applying
it practically can be hard work.

While it is not possible provide a recipe for post-
processing every scenario, when analyzing Arena-
flow® core blowing results it is important to consider
the following:

Does the sand fill the tooling?

Are there variations in the final density of the
filled core?

How does the sand fill the tooling?

How balanced is the fill?

Does the transient filling animation explain the
density variations in the filled core?

At any point in time is there an unfilled region
in the core with no direct path for sand to take
between a blow tube and that region?

What regions have the potential for problems?
What causes those regions to have the
potential for problems?

Does the colored sand show the filling more
clearly?

How is the air flowing during the core filling
process?

Where do | expect tool wear?

If this is a shell process, where could the filling
be even worse than predicted due to
premature hardening of the core?

Would | have expected these results?

Some of these questions can be answered by
performing the following tasks:

Viewing the sand filling of the core

Viewing the filling of the core (sand colored by
volume fraction)

Viewing the density variations in the filled core
Viewing the sand speed as it fills sections of
the core

Viewing regions of likely tool wear

Viewing air flow through the system

Viewing pressures through the system
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Tip: Animations of
sand motion help you
visualize the transient
sand filling pattern, as
though the tooling was
transparent.

Tip: Coloring the
sand by the local
volume fraction or
density provides you
with more information
about the transient
filling behavior.
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¢ Viewing colored sand information

Viewing the sand filling of the core

Arena-flow® is very useful to visualize the sand filling
behavior of the core. Animations of the sand motion
give you a feel for the overall core filling behavior.
This is how the sand filling would look, if the tooling
was transparent.

1502648e-01 3.001984e-01
4502666e-01

@

Viewing the filling of the core

While the sand filling allows you to numerically “look
inside your tooling”, coloring the sand by the local
volume fraction (density) provides you with more
information about the transient filling behavior.

1502648-01 3.001984e-01 4502666001

In particular, look for regions which are not fully
compacted, yet have no direct, low-density path
between the uncompacted region and a blow tube.
These regions are often related to core defects.

In the example below:
¢ Region A is not fully compacted and the sand
has no direct path to take from the blow slot to
reach the region. Here a defect is possible.
e Region B is also not fully compacted, but sand
can still flow directly from the blow slot to the
region. No blowing defect is anticipated here.
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Important: Regions
which are not fully
compacted, yet have
no direct, low-density
path between the
uncompacted region
and the blow tubes are
likely to have defects.

Viewing the density variations of the filled core
Arena-flow® not only computes core filling and non-
filling behavior, but also models density variations in
fully compacted cores. Check your core density
variations. If there are regions with too-low or too-
high density, always check the filling animations to
see why these occur. Understanding your process is
the first step toward improving it.

Tip: Always compare
the information from
the density variation
plot with the
information from the
filling animations. By
understanding your
process you can make
informed decisions to
improve it.
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Viewing the sand speed during filling

The filling animations or core density variation plots
may identify regions with the potential for a problem.
When studying these regions, it is often useful to also
study the sand speed during the compaction process.
Regions that are filled by higher-velocity sand will
often obtain a higher level of compaction than will
regions that are filled by lower-velocity sand.

1502648e-01 3.001984e-01 4502666e-01

Tip: Coloring the i
sand by speed will v
give you insight into
the transient
compaction behavior

as well.
Viewing regions of likely tool wear
Arena-ﬂom%’s tool wear model accounts for the
interaction of every sand grain with the tooling
surfaces. While the amount of wear is dependent on
many parameters such as tooling material, sand
properties, etc., the regions of likely wear are
determined by the transient sand filling behavior.
View these regions when post-processing your results.
Direct comparisons between different designs are
very meaningful, allowing you to maximize the life of
your tooling by making informed, up-front design
decisions.

¢

Tip: Viewing regions 0 ]

of likely tool wear s Ui .-;

helps you extend the 0 fa §

life of your tooling with By -’ 4

informed, up-front 40 | £

design decisions. N a. ] .1

Wit W7
?‘\' w .::; g
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Tip: Viewing the air
flow will help you
understand the sand
motion.

Tip: Viewing the air
pressure gives you
insight into the air flow,
enabling you to make
informed decisions
regarding intelligent
vent placement.
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Viewing air flow

Since Arena-flow® is a CPFD™ solver, both the air
and sand are important. Always consider the air flow
in order to understand the sand flow behavior.

Viewing air pressure

The air pressures through the system often vary by
several atmospheres from the magazine through the
vents. These air pressures directly affect the air flow
which in turn affects the sand motion. Viewing the air
pressure helps you understand the air flow through
the system, enabling informed decisions regarding
intelligent vent placement.
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Tip: Viewing the
colored sand
information gives you
insight into the sand
flow from various blow
tubes.

Note: The steady-
state gas curing
module is used to
quickly identify regions
of poor air flow in filled
tooling.

Note: The air flow
moves the amine
through the core
during a gas curing
cycle.
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Viewing colored sand information

If multiple sand species were used in the project
setup, then the sand can be colored by species.
Viewing the colored sand information gives you quick
insight into the sand flow from various blow tubes.

4503550e-01

3.002190e-01

2.9.4 Post-processing steady-state gas curing
calculations

Arena-flow® gas curing calculations are split
between two separate analyses methods: steady-
state gas flow and transient curing. These modules
are separate for extreme computational efficiency, but
the results are related. The steady-state analysis
shows the air flow at the set gas / purge pressure
through the filled core. It is used to quickly identify
regions of poor air flow, which may be related to
regions with a non-optimal curing behavior. The
transient curing analysis shows the transient
progression of the curing front through the core.

When post-processing steady-state gas curing results,
it is important to remember that the gas flow through
the filled core is being studied. Be sure to perform the
following tasks:

e View the regions of poor air flow

e View the air flow through the core

e View the pressure distribution through the core

Viewing the regions of poor air flow

It is the air flow which moves the amine through the
core during a gas curing cycle. While the steady-
state gas curing calculation does not model the
transport of amine directly, the regions of poor air flow
typically will also be the regions of poor or late curing.
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Tip: Be sure to look
for sections of the core
experiencing poor air
flow. If the air flow is
optimized, the curing
is often optimized as
well.

Tip: Viewing the air
flow through the
tooling will help you
understand the amine
progression.
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Be sure to look for sections of the core experiencing
poor air flow. In general, consider regions with air
flow less than 0.2 m/s or 0.5 m/s. While the velocity
of the air required to produce an efficient cure varies
based on geometry, amine, binder, temperature, etc.,
if the air flow is optimized, the curing is often
optimized as well.

Viewing the air flow

Viewing regions of poor air flow allows you to quickly
identify potential problem areas. After doing so, be
sure to view the air flow itself to understand its path
through the filled core, and how it influences the
amine progression.
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Tip: Viewing the
pressure can give you
further insight into
regions with poor air
flow.

Note: Steady-state air
flow calculations are
tools which can also
be used to crudely
simulate the air flow
during the core
blowing process.
These calculations are
quick design iteration
tools and never
replace core blowing
and transient curing
analyses.
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Viewing the air pressure

While the air flow is of primary interest when
analyzing Arena-flow® steady-state gas curing
results, viewing the air pressure give additional
information regarding the air field in the core. If the
air flow is good, the air pressure need not be studied
extensively; however, if poor air flow is observed, then
studying the air pressure can yield insight into the
process.

i

It should also be noted that the steady-state gas flow
analyses can also be used to quickly and crudely
analyze core blowing. Performing a steady-state air
flow calculation on a core blowing configuration will
show regions of poor air flow in the filled tooling.
While this does not directly simulate a core blowing
situation, if the poor air flow occurs on the cope side
of the tooling, then it can lead you to question the
assumptions regarding sand fill. If you run such
calculations, consider whether the air flow would be
sufficient to fill the core.

Steady-state gas flow calculations are often used
early in the design phase to provide a quick indication
of the effect of blow tubes and vents. Although these
calculations can be used as fast design iteration tools,
they never replace core blowing and transient curing
analyses.
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Note: Optimizing the
progression of the
curing front through
the core usually also
optimizes the curing
cycle time and amine
usage!

Tip: Viewing the
transient progression
of the curing front
shows regions that will
not cure, or regions
that are “slow-to-cure”.

2.9.5 Post-processing transient gas curing
calculations

Transient curing calculations do not compute the
complex chemistry involved in the cure of the core,
but rather the progression of the curing front through
the core. The shape and progression of the front is
expected to be very accurate, however the timing and
extent of cure is dependent upon many variables
which are not modeled (amine type, binder type,
binder concentration, temperature, humidity, etc.). By
optimizing the progression of the curing front, cores
are usually cured in the minimal time with the minimal
use of consumables.

Be sure to view the transient progression of the curing
front through the filled core when post-processing
transient gas curing calculations. In some cases it is
apparent that parts of the core will not cure.

However, even if your entire core cures, check the
“last-to-cure” or “slow-to-cure” regions; in your foundry
these regions may result in intermittent defects.

mmmmmmmmmmmmmmmmmmmmmmmmmmm
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In this chapter you will learn about:

e Various Arena-flow® help menus
Customizing the Arena-flow® GUI
Compatibility between project types
Solver screen output
Ad(ditional output files
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Tip: Use the “Units
Reference” tool to find
conversion factors to
Sl units.
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e Plotting data
e Obtaining additional support

This User Guide describes the sand core engineering
and modeling process, as well as details the Arena-
flow® software package. Arena-flow® has many
additional features beyond those discussed in the
previous chapters. This chapter outlines several of
the most useful additional features.

Help menus

Regardless of the Arena-flow® interface used,
various help menu items are available with more
information about your Arena-flow® installation. Click
on “Help” to reveal the menu options:

Units Reference

About Arena-flow®

Check License

Read License Agreement

About Ashland

" Arena-flow binder-coated sand core blowing setup

. Gravity
- 3. Sand type

-4, Sand location
- 0. Blowe pressure
- . Wents definition
- 7. Time control

- . Models

-9, Data output

- 10. Run

11, Post-run

5y

Quantities —Pressur

i Back

From To Mult by

Area
Density psi Pa 6.894757 E+03
Energy atmosphere (std) Pa 1.013250 E+05
ble"gth . bar Pa 1.000000 E+05

a pr’ e dyne/cme Pa 1.000000 E-01
Pressure
Temperature in. Hg (32° F) Pa 3.38638 E+03
Veloctty s Pa 4768026 E+01

Viscosity
Yalume torr (mm Hg 0° C) Pa 1.33322 E+02
Yolurne per Time

Selecting the “Units Reference” option raises the
“Units Reference” window as shown above. All input
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into Arena-flow® is in S| units unless specified to be
otherwise. The “Units Reference” tool provides you
with handy conversion factors from many common
units to Sl units.

" _ About Arena-flow

Arena-flow®

Release number 6.2.0
GUI version number 16.111.4. Build date: Thu Oct 12 12:57:28 MOT Z006.
Input control number 509,

Copyright Arena-flow, LLC 1989-Z008. All rights reserved.

Usage restricted under terms of the Arena-flow, LLC License Agreement
For assistance or information please contact:
wiw.arena-flow.com or infoi@arena-flow.com

(505) 275-3849

Visit Website

Selecting the “About Arena-flow® option raises the
“About Arena-flow® window. This window contains
information about your Arena-flow® release and
contact information for additional support.

User warning

i ) ‘ou have 30Z days remaining on your current

universal license.

Selecting the “Check License” option raises a window
with license information. It is important to note that
the license time remaining corresponds to the current
license control device (software file and/or hardware
activation key) on your computer, not the actual
license period remaining. These may be identical or
different.

Selecting the “Read License Agreement” option raises
the “Arena-flow” license agreement” window. This is
the license agreement in force which was agreed to
when installing Arena-flow® or activating a new
license.
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Note: The Arena-
flow® GUI can be
launched with a
custom font size.
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~_ Arena-flow license agreement

Arena-flow® Computer Aided Engineering (CAE) ﬂ

Software License and Agreement

NOTICE TO BEADER: THIS LICENSE AND AGREEMENT IS EMBEDDED IN THE ARENA-FLOW® SOFTWARE
AND WILL BECOME EFFECTIVE BY INDICATING "TAGREE" WHERE PROVIDED IN THE SOFTWARE PLEASE
READ THIS ENTIRE LICENSE AND AGREEMENT CAREFULLY BEFORE INDICATING T AGBEE™ OR USING
ALL OR ANY PORTION OF THE ARENA-RLOWP SOFTWARE AND DOCUMENTATION (TOGETHER
CALLED "PRODUCT). INDICATING "I AGREE" CONSTITUTES YOUR ELECTRONMIC SIGNATURE OGN BEHALF
OF THE USER, AND USING THE PRODUCT IN ANY WAY, CONSTITUTES USER'S ACCEPTANCE AND
AGREEMENT, THAT THIS LICENSE AND AGREEMENT 15 A WRITTEN CONTRACT ENFORCEABLE AGAINST
THE USER LIKE ANY QTHER SIGNED CONTRACT. BY INDICATING "1 AGREE AND USING ALL GR ANY
PORTION GF THE PRODUCT, THE USER AGREES TD ALL OF THE TERMS AND CONDITIONS OF THIS
LICENGE AND AGREEMENT, INCLUDING, IV PARTICULAR, LIMITATIONS ON USE, TRANSFER, WARRANTY,
AND LIABILITY, WHEN VOLU INDICATE "I AGREE', VLU WARRANT THAT YOU ARE ALTHORIZED TQ ENTER
INTC THIZ LICENSE AND AGREEMENT QN BEHALF GF, AND ARE AUTHGRIZED TR BIND, THE USER TOL'

Close

" _ About Ashland

ASHLAND

Ashland (NYSEASH) is approximately 24,000 customer-focused people working to bring superior product
and service solutions to industries and consumers around the world, YWith annual sales and operating
revenues of $8 hillion, we are market leaders in highway construction, chermical and thermoplastic
distribution, specialty chemicals, motar oil and car-care products. 'We also have an equlty interest in
petroleum refining and marketing. A Fortune 500 company based in Cowington, Ky, we have sales in more
than 140 countries. We've come a long way since we started in 1924 as a regional petroleum refiner. Despite
our growth, and thanks to our vision, we have a strong sense of who we are, and an unyielding commitment to
how we want to practice business.

Learn More

Selecting the “About Ashland” option raises the
“About Ashland” window. Arena-flow® is marketed
and distributed world wide by Ashland Inc.

Customizing the Arena-flow® GUI

Some parts of the Arena-flow® GUI are customizable.
Font size is an example. When Arena-flow® is
launched, it is executed with a default system font.

As such, Arena-flow® may look different on different
computers with different screen resolution settings.

To customize the GUI, Arena-flow® may be launched
with a font size flag. To do so, use the “-f’ option and
specify a desired font size when launching the GUI
(arena) at the command line. Figure 20 shows the
“Grid Generator Setup” window when launched with a
font size of 9. In contrast, Figure 21 shows the same
window when launched with a font size of 14.
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— —
Grid Generator Setup G =

Geometry STL Files

frac_mag.stl
Thdwaterjacket stl Al

7H3blowtubes stl
Remove

Selected CAD units: mm
| change units

# cells betwesn grid lines

-125.00000
1 -114.66310
1 -10363020
3 -T5.66706
1 -BE.94087
1 -54.56003
1 -44 62426
1 -40.35266 ﬂ

Y cells between grid lines

Y [w=2as0izs  y= 3997772 | T

0.00000 i
8 115682390 [ T
1 125.z4080
1 134.68629 R T
1 139.24699 e
1 147.18660 1
1 1564040
2 179.06020 |-
Z cells between grid lines
570.30002
13 693.09995

9 7g7.40002
§  §a0.00000

i
i

I Addxgrid [~ Delete grid W =y viesr

44100 real and null cells I ey g

3 | ™ y-z view

™ Move grid I =2 wiew

- Setto a uniform grid size
B ~cvanced aptions

Figure 20: Arena-flom “Grid Generator Setup” window

launched by “arena —f9” command

" Grid Generator Setup

Selected CAD units: mm
Bl Change units

X cells between grid lines

-125.00000 i

-114.66310
-103.69020
-75.66706
-66.94087
-54.58003
-44.82426

-AN RPOE
ells between grid lines

0.00000
8 115.88230
1 125.24080
1 134.68629
1 139.24699
1
1
2

a

Qa4

Y

147.18660
156.40401
17a NEN2N
Z cells between grid lines

Geometry STL Files

frac_mag.stl
783waterjacket.stl
783blowtubes.stl

¥ [x=-215.3521 y= 127.8517

[0

570.90002
13 693.09998
9 787.40002
8 880.00000

44100 real and null cells

M Set to a uniform grid size
B Advanced options

I Add x gr ™ Delete g
I Addy gr ™ Move gr

F X-yv

Close

I y-z view

iew

I x-z view

Figure 21: Arena-flow5 “Grid Generator Setup” window
launched by the “arena —f14 command
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Tip: To customize the
default font size, edit
the command issued
by the Arena-flow”
desktop icon.
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Notice that some of the text in Figure 21 does not fit in
the GUI window. If this occurs, be sure to customize
your Arena-flow® GUI with the —f option.

Once you find a preferred font size, you may modify
the Arena-flow® icon to always use the preferred font
size. To do so you must change the command
executed when the icon is clicked. The method of
changing this command varies from system to system.
On most newer SUSE systems, you can right-click on
the Arena-flow® icon, select “Properties” and change
the “Command” under the “Application” tab as shown
below.

CPE)

Arena-flow

" . Properties for Arena-flow.desktop - KDesktop

General |Eermi55ion5 |App|ication ]

Description: |CPFD

Command: |fu5rf|ocal,v‘bin;‘arena -fa Browse...

Work path: | @J

Supported file types:

Mimetype | Description

L Remove J l Advanced Options... J

¥ oK J| X cancel |

If you do not have permissions to change the icon
properties, you can either execute the command as
the “root” user, or edit the icon file directly. This file is
called “Arena-flow.desktop” located in the user’s
“Desktop” directory. To edit this file, change the
“Exec” line as shown below to include the desired
default font size.
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Note: A project saved
by a process-oriented
interface cannot be
opened by another
process-oriented
interface.

Note: You can reuse
some input files (such
as sand size
distributions and vent
tables) when
simulating different
processes.

Tip: If using GMV to
determine vent
locations, it is
advisable to create the
vent table using a fine
grid.
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_xterm <5>

Tesktop Entry]
ame=Arena—f low
enerichane=CPFD
wec=/usr/local/bindarena -

coh=dusr/ local farensHl cpfd_logo,phg
ypesApplication

Arena—flow,desktop” BL, 134C

Compatibility between project types

A project saved by any of Arena-flow®'s process-
oriented modules (binder-coated sand core blowing,
shell sand core blowing, steady-state gas curing or
transient gas curing) cannot be opened by another
process-oriented module. Each project type is
created with all models defaulted for use with that
particular type of calculation.

However not all project parameters must be recreated
when simulating several processes with the same
geometry. Many input files such as vent tables and
sand size distributions can be reused.

For example, if a steady-state gas curing simulation
was completed and a transient gas curing simulation
was desired, a new project file must be created using
the transient gas curing module. However, the vent
table originally created for the steady-state calculation
can be reused in the transient gas curing interface. If
a transient pressure is to be applied to some vents,
only those vents need to be edited — the vent table
need not be recreated.

If the vent table is created using GMV’s “Query Data”
feature, it is good practice to create the table using a
fine grid. Thus, if both blowing and curing
calculations are intended, it is advisable to create the
vent table with one of the curing interfaces, since finer
meshes are typically used for curing projects.
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Note: Users are
encouraged to monitor
the first column of
solver screen output —
time. When the time
reaches the “End
time”, the calculation is
complete.
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Solver screen output
As an Arena-flow® calculation runs, some information
is output to the screen. An example is shown below:

=i

Arena—Flow release 5.5,2,

Solver wersion 12,1,10, Build date Fri Jan 27 16:12:23 HST 2006,
Compiled with goo Linux AMDE4
Software series 5, Input control wersion 9

Fractional number of particles does not sum to 100, Sum= 102,50,
I will rormalize to 100, File=sand.i

Remaving existing file 00poly.gmye

Adjust particle wolume fractiong ek

Homogenous particle wolume fraction; HEEeREbECHCEERECHEER R
Yol Yol u u W W W W P P
t dt. itr err  itr err  itr err itr err it Brr CFL Low Med Hi

i
™

E=3

0.00000e+00 5.000e-04 000 0,00e+00 000 0.00e+00 000 0,00e+00 000 0,00e+00 000 0.00e+00 0,000 0 0 0
Removing existing file Gmw 00000

Dumping G, DO000

5,00000e-04  5,000e-04 001 5,33e-09 001 1,36e-03 001 1,83e-03 001 2,68e-08 167 9,95e-03 0,001
1.00000e-03  5.000e-04 001 4,06e-03 001 8,93-10 001 1,582-03 001 5,88s-08 205 9.51e-09 0,003
1,50000e-03  5,000e-04 001 4,38:-00 001 1,50e-08 001 1,10e-08 002 1,209e-10 193 9, 82e-09 0,005
2,00000e-02  5,000e-04 001 4,52e-08 001 1,90e-08 001 1,3%-08 002 2,27e-10 182 1,00e-08 0,006
2,50000e-03  5,000e-04 001 4,96e-09 001 2,26e-08 001 1,6Be-08 002 3,25e-10 187 9,92e-03 0,008
3.00000e-03  5.000e-04 001 5,02e-03 001 2,02e-05 001 1,34e-08 002 4,71e-10 186 9.82e-03 0.009
3,50000e-03  5,000e-04 001 4,92e-00 001 2,432-08 001 2,28e-08 002 6,03e-10 186 3,74e-03 0,010
4,00000e-02 &, 000e-04 001 4,88e-00 001 2,94e-08 001 2,76e-08 002 9,84e-10 186 9, 52e-09 0,012
4,50000e-03  5,000e-04 001 4,81e-09 001 3,47e-08 001 3,23e-08 002 1,38e-039 186 9,38e-09 0,013
5.00000e-03  5.000e-04 001 4,79e-03 001 4.01e-05 001 3.84e-08 002 1,87e-09 186 9.51e-03 0.014

coocooocoooo
coocooocoooo
coocooocoooo
cococoococooo

Note that the “Release” number, “Solver version” and
“Build date” are written at the top of the screen.
Following these, data are written in columns as the
calculation progresses.

The first column (1) is time. This is the amount of time
that has been simulated. When this time reaches the
“End time”, the calculation is complete.

The rest of the columns are provided for support
purposes and are not intended for most users. These
columns are described below:

e Time step (dt) — this is used by Arena-flow®s
CPFD™ solver. It is automatically controlled
by a sophisticated algorithm to maintain the
accuracy and stability of the solution as the
calculation progresses

¢ Fluid solver information (Vol itr, Vol err, u itr, u
err, v itr, v err, witr, w err, p itr, p err, CFL) —
these are related to the fluid solver in Arena-
flow®. These display the number of iterations
and residual information for the volume fraction,
x-component of fluid velocity, y-component of
fluid velocity, z-component of fluid velocity and
the pressure equation. CFL is the non-
dimensional time step used by the solver.
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Note: To prevent false
confidence in
inaccurate results,
your calculation will
halt if the final
accuracy of your
solution may be
compromised.

Tip: Try these if you
get errors during your
calculation run.
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e Particle solver information (Low, Med, Hi, R) —
these refer to the success of convergence of
the sand stress model. Zero values are ideal.
Non-zero values in the Hi and R columns
indicate that the solver is having difficulty with
the particle solver as shown below.

~ _Arena-flow <2>

Wal Yol u u v v u 1 [ [
t dt itr err  itr err itr err  itr err itr err  CFL Low Heg

3,13800e-02 4,612e-04 001 7,71e-09 003 1,34e-08 003 2,08e-08 004 5,23e-03 201 3,59e-09 0,121
2,18412e-02  4,E12e-04 001 4,892-09 003 1.01le-02 002 8.60e-09 004 2,8le-09 242 9,79e-09 0,135
3.218726-02 3.459e—04 001 4.77e-09 003 9.63e-09 003 5.00e-03 003 7,56e-08 207 9.83e-09 0.118
3,24466e-02 2,534e-04 001 2,480-03 003 7.13e-03 003 1,28e-08 003 7,57e-08 210 3,86e-09 0,082
3.26412e-02 1,34Be-04 001 2,22e-09 003 5,39e-09 002 B,07e-08 003 2,02e-08 200 3,31e-09 0,070
3.28%08e-02 1,94Be-04 001 2,192-09 003 2.81e-09 003 2.7%e-09 003 1,69e-08 245 9.EVe-09 0.061
3.30303e-02 1,946e-04 001 2,18:-09 003 7.36e-03 003 2.82e-03 003 5,35e-08 228 9.61e-09 0.061
3,37243e-02 1,34Be-04 001 1,38e-03 003 5,52e-03 003 2,41e-03 003 2,0Be-08 250 3,32e-09 0,061
ERROR, c: 34 13 23 void=1,098113 vol=,531957e-08 vol/full=0,067585
ERROR. c: 34 13 23 void=1.033368 wol=6.531997e-08 vol Afull=0.067585
3.34195e-02 1,946e-04 001 2,00e-09 003 4.58e-03 003 2.00s-03 003 6,40e-08 227 9.90e-09 0,058
g 3.36141e-02 1,34Be-04 001 2,05e-03 003 4,12e-03 002 6,80e-08 003 1,3Fe-08 219 3,87e-09 0,055
3,28087e-02 1,94Be-04 001 2,382-09 003 2 68e-09 002 B,59e-08 003 1,47e-08 215 9,54e-09 0,052
ERROR. c: 7 17 23 woid=1.0B0BEE vol=7.305574e-08 wal/full=0, 056335

E e ST |
i
Prae oo |

P

If the particle component of the CPFD™ solver has
even more difficulty converging, error messages may
appear. Your calculation will halt if the final accuracy
of your solution may be compromised. This helps you
avoid having false confidence in inaccurate results.

If the calculation halts due to an error, you will see
messages similar to the following.

ERRIR, c: 34 13 23 vaid=0,038113 vol=6 531957e-08 vl/ful 10, 067565
ERRIR, c: 24 13 23 void=L,033368 vol=6,531957e-08 val/ful =0, 067565

In most cases when this occurs it can be avoided by
performing the following:

e Make sure your cells are of a fairly uniform size
and as%pect ratio. This is more important for
CPFD™ solvers than for CFD solvers. Ensure
that the length of your largest Cartesian cell in
any linear direction (x, y, or z) is no more than
2 or 2.5 times the length of your smallest
Cartesian cell in the same direction.

e Use more particles. Try an “Initial
computational particles per cell” of “medium /
high” or more.

Contact support if the error still occurs; be sure to
include the error information.

Additional output files

The primary Arena-flow® output consists of GMV
post-processing files (Gmv.* and 00*). Many
additional output files are created for support
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purposes. These can be classified broadly as “log”
files, “otp” files, IC_* files and data files.

Files with the “.log” extension are typically summaries
of the project run. The “history.log” file is a
permanent record of much of the screen and error
information during the solver execution. The “info.log”
file contains information regarding project initialization.
The “POPUL*.log” files contain information regarding
the particles in the calculation domain. The “grid.log”
file contains grid generator information. Please
include the history.log and info.log files when
contacting support for help with a specific project,
unless directed to do otherwise.

File with the “.otp” extension contain more detailed
information than log files. Only send these to support
if requested to do so.

Files which begin with “IC_" are restart files. The
solver may be restarted using any of these files. The
“IC_" file with no trailing numbers is a temporary
restart, or “backtrack” file. This file is overwritten
frequently to prevent loss of data during an
unscheduled computer shutdown (i.e. crash). If the
“IC_” file contains trailing numbers, it represents a
permanent restart file at the instance in time
represented by the trailing numbers.

There are two main types of data files created by
Arena-flow®: transient data and flux data. Transient
data files are written if requested in the “Transient
Data Output” window. The filename is specified in the
window; “trans.data” is the default filename.

Transient data files are columnar text files and may
be viewed with any text editor. The format is given in
the first few lines of the file. The transient data may
be plotted with any plotting utility which reads
columnar data.

Flux files are written if flux planes are defined during
the project set up. Flux files are named “Flux_##"
where “##” represents the flux plane “ID”. The output
file is in a plain text format, and may be graphed via
any plotting utility supporting columnar input. The file
format is contained in the first few lines.
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Plotting data

Examples of columnar data files used by Arena-flow®
are flux, transient data, transient boundary condition
and sand size distribution files. A sample columnar
data file (flux file format) is shown below.

* Arena-flow <3>

1 Time (s)
2 Fluid mass flow rate (ko/s)
3 Fluid flux (kgds m2)
4 Time integrated fluid mass crossing flux plane (ka)
5 Time integrated fluid volume crossing Flux plane (m3)
B Species 1 (kag)
frea = 1,5591916=-01 m*2
x1=-1,26000e—-01m x2= 3,60165e-01m il= O i2= 49
yl= 0,00000e+00m y2= 3,21373e-01m jl= 0 j2= 20

i = = 0, 000000e+00
5,697928e-04 3,654412e-03 2,733124e-07 1,176549e-07  0,000000=+00
9,039331e-04 5,797447e-03 7,282790e-07 3,122165e-07  0,000000=+00
1,127820e-03 7,233367e-03 1,28918%-06 5,549674e-07  0,000000=+00
1,264397e-03  8,109310=-03  1,921388=-06 8,271148e-07  0,000000=+00
1,355718e-03  8,690003=-03 2,099247e-06  1,118918-06  0,000000=+00
1,398832e-02  8,971518=-03  3,298662:-06  1,420001e-06  0,000000=+00
1,422734e-03  3,125203=-03  4,010053-06 1,726242e-06  0,000000=+00
1,422597e-03  9,123941e-03 4,721358:-06  2,032440-06  0,000000=+00
1,406603e-03  9,021308=-03 0,42465%-06 2,330196e-06 O, 000000=+00

8.838818e-03 B,113730e-06 2,631825e-06 0, 000000e+00

Lines beginning with a “#” character are comments.
The file format is listed in the first few lines. In this
example the first column is time; the second is the
fluid mass flow rate and so forth.

Columnar data files produced by Arena-flow® may be
plotted using any graphing utility supporting columnar
data formats. Examples of graphing utilities are xmgr,
Excel and OpenOffice. Arena-flow"~ contains a link to
xmgr on the “Post-run” page of any process-oriented
interface.

Fost-run analysis

Wiew Log Files

Open terminal
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Air mass flow into core

Water Jacket Example
0.08 ‘ ‘ ‘

0.06

0.04

0.02

Air Mass Flow [kg/s]

—0.02 . ! . ! . ! . .
0 0.1 0.2 0.3 0.4 0.5 0.6

Time [s]

The plots of columnar data produced by Arena-flow®
provide users with quantitative information regarding
core blowing and curing. The above example plots
the air mass flow into the core during the blow cycle
on the vertical axis against time on the horizontal axis.
This information is contained in columns 1 and 2 of
the above flux file. Notice the air flow ramping up with
blow pressure. Also, notice the decrease around 0.4
seconds. Quantitative plots can yield additional
information about the complex, transient core filling
behavior.

The example below is a plot of the mass of sand that
has entered the core vs. time. This information is
contained in columns 1 and 6 of the above flux file.
Notice that most of the sand has entered the core by
0.4 seconds. Also, the slow “roll-over” at the top of
the curve indicates that all the blow tubes are not
filled at the same time. This can be an indication of
suboptimal filling behavior.
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Sand mass in core

Water Jacket Example
3 T T

N
T

Sand Mass [kg]

—_
T

0 | | | |
0 0.2 0.4 0.6 0.8 1

Time [s]

Always use Arena-flow®™s quantitative graphical
information in conjunction with the images and
animations created by GMV. Be sure to consider how
a phenomenon observed in the quantitative
information relates to the images or animations.
Understanding your process is the first step toward
improving it.

Additional help using Arena-flow®

This User Guide is a first step in applying
Arena-flow® toward systematic sand core
engineering at your foundry. Time spent reviewing
the information contained herein is spent well.
However, this User Guide is just a beginning and a
reference toward fully utilizing Arena-flow®s full
potential.

More information regarding project setup and analysis
of results is presented in the various Arena-flow®
training courses. Contact your sales representative or
support engineer for more information regarding
course content and scheduling.
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Additionally, all Arena-flow® users who have
attended an Arena-flow® training class and have
current maintenance terms may contact user support:

Arena-flow LLC, attn User Support
10899 Montgomery Blvd. NE, Suite B
Albuquerque, NM 87111 USA
Phone: +1.505.275.3849
Fax: +1.505.275.3346
email: support@arena-flow.com

Often the support engineer will require the following
files:

the project file (*.prj)

the CAD (*.stl or *.STL, unless linked)
the boundary conditions (*.i)

the sand size distributions (*.sze)

the vent file (*.tvt)

history.log

info.log

The support engineer may also request additional
information such as:
e Arena-flow® release number
e Arena-flow® grid generator version number
e Arena-flow® solver version and build date
e additional files

Finally, Arena-flow® continues to be improved
through the feedback of our important user base. We
welcome your thoughts — please do not hesitate to
contact us with your feedback and suggestions.
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