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Simulation of castings with various types of filters in
NovaFlow&Solid™ CV

This paper will handle the process of simulating different kinds ofdifeerfiltering variousmetallic
materials such as cast irons and stedlsese filters can be grouped follows

Extruded filters with rectangular holes.

Extruded filters with round holes.

Foam filters in different types of ceramic materials.

Combination of extruded and foam filtersa@me product.
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The following effects can be tested with simulation:

Pressure drop

Flow through filterg Velocity

Temperature drop through the filter

Feeding possibility through the filte

Filter aea efficiencyg How much of the filter area is used during filling.
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Simulation technology using Finite Volume Method (FVM)

A simple geometry can be used to illustrate the supdtsiaof FVMcompared to FDM. Theircle

below has a diameter of 60 mm andhieshed in 2D by 10 mm cells. Accordinfigore 3FDM is
unable to accurately describe the dacor any curved geometry. Tloebical shape of FDM cells
always results in an approxation of the geometry. In orddp increase accuracy the cell size needs
to be reduced, resulting in increased nher oftotal cells. In figure 4¢he cell size has been
decreased t@.6 mm, but the shape is stilbt accurate. However, the number of cells has almost
increased by a factor of 10, but 8D the increase would beven larger!
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Figure 2 Figure 3 Figure 4
CV technology FDM technology FDM Technology
Cell size 10 mm Cell size 10 mm Cell size 3.6 mm
Total cell count 64 Total cell count 64 Total cell count 484
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FVM or as we call i€W technology utilizes the same fluid dynamics and heat transfer theories as
FDM, withbetter or equal accuracy.

Advantages of Q¥ technology compared to FDM

1 Using fewer cells with Q¥ greatly decreases simulationrte, often more than 1@imes

1 Less than one cell can be used in the casting thickness, which enables simaflatrtually
any shape, for example large thivalled castings

9 Higher accuracy compared to FDM due to a correct geometrical descriptiba odsting

1 The considerably smaller fikdze makes it possible to transfer complsteulation results
on-line for support or consultancy issues

1 Correct thermal gradient with only a few cells

Simulation of filters in general

Simulation of filtergpresentscertaindifficulties. As alwayshe lack of really good material and

process datdends to causéigher uncertainty in the calculation. Traditionalijter calculations

have more or less been based on formulas and some empirical data that desheglpeessure drop.
Calculathgtemperature drop and feeding has not been possible and therefore the use of filtering in
simulations has been limited. NovaFlow & Solid CV can simulatedatieof extrudedilters using
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complex inner shapesould be modeledFor foam filteswe use a type of combined shape and

formula function for pressure drop and temperature drafarious e&amplesare given further on in

this paperSocalleds 2 Sy FAt GSNAR OFy 06S &aAYdzZ F SR SAGKSNI |
formula for pressure drop.

Extruded filters
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and thenmodelingthe holesthat go straight through the filter. In this way no dataedbe

developed in order to describe the pressure drop. Instead this comes naturally due to friction and

geometry when the melt flows through the filter. Simulations like this areiptessolely in Control

Volume technologyWith FDM the simulation would be more or less impossible. Pressure drop,

temperature drop and feeding through the filtare simulated accurately.
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Picture 2: Velocity viewinghowingpressure drop through & NB | f £

Temperature, °C
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Picture 4: It is quite interesting to study hanuchof the filter area will be used initially and during the filling
and here you can zmn in and watch it.
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Foam filters

Two different wayscan be usedo simulate foam filtersn NovaFlow & Solid CV

1. Measure real filters: Average pore diameter argingthe PPInumber, which means Pores
per linear inchHowever instead we ugeoresper quadratic centimeterif foam filtersare
used the following filterpressure drogactors should beised: 10 PPI = 16 pores /tm
(Average pore diameter ~ 2.0 mm); 20 PP| p@#és/cnf (Average pore diameter ~ 1.05
mm); 30 PPI = 144 pores/éigAveraye pore diameter ~ 0.7 mm)

2. Darcian and notbarcian Permeability Coefficients for Iron FiltéFhese factors hae been
developed by Foseco and presented in the paji® RPrassure drop characteristicsiofn
filters¢ @ ¢ KS (62 RA T KEdBbE Geerffirt th@ faBleNdRlowtaken|frgfifth
document. These factors are probably most representative for Foseco filters since the so
called PPI number differs from supplier to suppliéie have correlated their results against
our simulation system.

Filter Type ki (10-3 m2) k, (102 m)
Cellular 100 csi 3.5435 1.4114
Cellular 200 csi 1.8700 3.0020
Cellular 300 csi 1.7072 0.8839
Foam 10ppi 2.1408 0.2664
Foam 20ppi 2.6231 0.1688
Foam 30ppi 1.7928 0.1476

Table 2: Darcian and non-Darcian Permeability Coefficients for Iron Filters.
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Picture5: Temperature viewing showing temperature drop through a foam filter using method 1 (measured data).

Picture6: Velocity viewing showing pressure drop through a foam filter using method 1 (measured data).
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