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Abstract

The potential in mechanical properties for aluminium casting alloys are in many casting

processes not fully utilised. One reason is the defect formation in the casting process. The defects

could be oxide films, introduced during mould filling, and pore formation. This investigation has

been focused on how the gravity mould filling could be controlled by using filter in the ingate

system and the how the pressure drop over the filter can be evaluated.

    In gravity casting the metal flow velocity usually reaches several metres per second. Direct

observations have shown that filters improve mould filling during casting. Additionally, filters

cause a pressure loss, which decreases the speed of the metal and gives a smoother filling.

    In this paper, mould-filling experiments were recorded directly by a video camera through a

transparent ceramic glass. Two different types of ceramic filters, reticulated foam filters and

extruded filters with 10, 20 and 30 pores per inch and 100 and 300 cells per square inch

respectively, were investigated. The influence of active filter area and filter size on the flow

reduction has also been investigated. As the casting temperature influences the viscosity of the

liquid metal, the pressure loss over the filter was evaluated at various temperatures.

    Using parameters for calculating flow loss caused by filter can help when designing ingate

systems containing filters. The filter parameters can be used in two ways, either to control the

speed of the metal or to design the active filter area in a way that the melt flux is not affected.

Proper parameters are also important for computer simulations of mould filling. The parameters

evaluated from these experiments have been used in computer simulation of mould filling and

the results have been compared with experiments.

Keywords: Filter, mould filling, pressure loss, filterparameter, reticulated foam filter and extruded

filter.



- 3 -

Introduction

The quality of aluminium castings is strongly affected by the mould filling1-2). In gravity casting

the metal flow velocity usually reaches several metres per second and the high melt speed

introduces very fine oxide films into the metal. Direct observations3-4) have shown that filters

improve mould filling during casting operations. A possible explanation is that filters prevent

creation of new oxide films after the filter and that previous created films are dispersed into

small pieces in the filter. Filters cause flow losses, usually expressed in terms of a pressure loss,

which leads to a decrease in the velocity of the metal.

    For many years filters have been used in gravity castings of aluminium in order to increase the

quality of the product. The filter acts as a melt speed reducer as well as a separator of slag and

oxide films from the melt. The question is if the separation effect or the melt speed reduction

effect is the most important for improving the quality of the casting.

    Today, the influence of a filter is described as a pressure loss over the filter. In simulations of

mould filling, the pressure loss is assumed to be a function of the melt velocity. The filter is

therefore described by parameters, which give the characteristic pressure loss for the filter. The

parameters that are in current use are mainly based on water experiments5). Due to the increasing

use of computer simulations and to reach the higher levels of accuracy required, there is an

urgent need to make evaluations using realistic metal melts.

    When using filters the active filter area is often specified. The flow behaviour through

extruded filters and reticulated foam filters differs significantly, since flow through the extruded

filter is quite linear while flow through the foam filter is much more complicated. The pressure

loss in the foam filter is isotropic, and if the active filter area differs from the total filter size

there will be an edge effect that is not negligible.
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    The aim of this work is to investigate the pressure loss over different filters, in order to predict

the flow loss in the ingate system caused by the filter and to use the parameters in simulations.

Further, the influence of melt temperature and active filter area on the pressure drop as well as

the flow loss has also been investigated.

Experimental procedure

The aluminium melt used in these experiments was an AlSi10Mg alloy with a pouring

temperature of 670 °C. The solidification interval for the specified alloy was 595-558 °C. Two

different types of ceramic filters were used in the experiments. (1) reticulated foam filters with

10, 20 and 30 pores per inch (ppi) with a thickness of 22 mm; and (2) extruded filters with 100

and 300 cells per square inch (cpsqi) with a thickness of 12.5 mm. For the extruded filters, the

cross-section shape of the cells was rectangular. For the 30 ppi reticulated foam filters three

different melt temperatures were used in order to investigate the temperature dependence. The

pouring temperatures used were 620, 670 and 720 °C. One experiment was made without filter to

investigate the flow losses in the system as a function of the melt velocity, known as the flow

loss factor α.

    The geometry of the experimental casting system is shown in figure 1. The thickness of the

ingate system is 20 mm. The filter was situated in the runner just after the connection between

the downsprue and the runner. The cross-sectional of the cavity is quadratic and the area is four

times the runner area. The active filter area and the filter size was varied from being equal to the

cross-section area of the runner to 6 times greater, according to figure 2. The mould consists of

vacuum-sealed silica sand. The mould cavity was covered with a transparent 4 mm thick SiO2

glass. The melt position was recorded continuously with a video camera. From the experiments,

the height of the melt in the cavity was measured manually as a function of time.
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    Filling starts when the stopper is removed from the pouring basin and time is set to zero when

the runner is completely filled and the melt enters the cavity. The cavity height is count from

zero. The total active metallostatic pressure height is 340 mm, assuming that the pouring basin is

filled to a depth of 50 mm during the filling sequence.

Figure 1. The experimental geometry of the casting.

Geometry 1) 2)         3)

Filter geometry 1-3 sideview

Filter geometry 1-3 topview
Geometry 1) 2)         3)

Figure 2. The different filter geometries used for the 30 ppi reticulated foam filters, seen from side and above

[mm]
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Experimental evaluation

Theoretical considerations

The metal height in the cavity was measured as a function of time by visual inspection of the

video images. In figure 3, the height is presented as function of time for filling without filter and

with a 10 ppi, reticulated foam filter. The theoretical expected height, assuming no flow losses is

also plotted in the same figure. The experimental results were fitted with a second order

polynomial, according to equation (2) below.

Figure 3. The measured height as function of time.

Theoretical treatment of the system using the Bernoulli theorem gives the relation between the

height in the cavity, hc and time, t, as follows:

(1)

where g is the acceleration due to gravity. As can be seen in figure 3, h0 is equal to 0.34 m. From

this theoretical relation, it can be seen that the height as a function of time can be curve-fitted

with a second order polynomial. Providing that hc(0) = 0, hc(tf) = h0 and dhc/dt (tf) = 0, (tf is the

filling time), the fitting function for all the experiments could be written in the following form:
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(2)

Assuming the velocity through the filter, vf, as a function of the active metallostatic pressure

height, ha = h0-hc and the pressure loss ∆p according to:

; (3)

From equation (3) the pressure loss over the filter, ∆p, can be written as:

(4)

where ρ is the liquid density. By deriving an expression for the velocities obtained through the

filter as a function of ha the pressure loss as a function of the average velocity in the filter vf

could be calculated.

Flow losses in the system

The total flow loss in the system, when using filter, is a contribution of the flow loss in the ingate

system and the flow loss in the filter. In order to separate these two contributions the flow loss

was interpreted as a pressure loss. From figure 3 the flow loss factor, α, was calculated to be

0.60 in the experimental casting system used. The calculated pressure loss caused by the flow

loss in the ingate system as a function of the melt speed is presented in figure 4.

Figure 4. The pressure loss caused by the flow loss in the ingate system as a function of the melt speed.
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When the pressure loss over the filter is presented as a function of the melt speed the pressure

loss caused by the ingate system is subtracted. In figure 5 the total pressure loss in the system as

well as the pressure loss caused by a 30 ppi reticulated foam filter (geometry 1) is shown.

Figure 5. The pressure loss in the filter system as a function of the melt speed.

From the relations derived for the pressure losses over the filter in equation (4), ∆p can be

written in the following form:

(5)

The coefficient, k, curve-fitted with equation (2) above, can be used in order to calculate the

parameter c according to:

(6)

where ktheor. = g/32 and knofilter = α2* ktheor.

The flow reduction factor, f∆Q caused by the filter can now be expressed explicitly as:

(7)

2)( ff vcvp ⋅=∆

nofilter

filter

nofilter

filter
Q k

k
Q
Q

−=−=∆ 11f

)11(
2

.

nofilterfilter

theor

kk
k

c −⋅⋅= ρ

0

1000

2000

3000

4000

5000

6000

7000

8000

0 0.1 0.2 0.3 0.4
v (m/s)

∆p
 (P

a)

total pressure
loss

pressure loss
over the filter



- 9 -

Results

Experimental results

Active filter area equal to the runner cross sectional area

In table 1, the curve-fitted coefficients, k (from eq. 2), the calculated filter parameter, c, (from

eq. 6), the filling time tf and the flow losses for the five different filters used are shown. The

active filter area was equal to the runner cross section area, according to geometry 1 (figure 6).

In figure 7 the pressure losses as function of the average melt speed through the filter, calculated

with the coefficients c, are shown. The filterparameter c is plotted as function of the filter

coarseness, for the reticulated foam filters used, in figure 8.

Table 1. Parameters, filling times and flow reductions for the
 different filters used in experiments, (filter geometry 1).

filter k (m/s2) c (Ns2/m4) tf  (s) f∆Q ( % )
100cpsqi 4.4e-02 4912 2.78 36.8
300cpsqi 3.8e-02 6205 2.99 41.2

10ppi 8.5e-03 39103 6.32 72.2
20ppi 7.6e-03 44122 6.69 73.7
30ppi 6.5e-03 52142 7.23 75.7

Figure 6. Filter geometry 1.

Figure 7. The pressure losses as function of the average Figure 8. Filter parameters for 22 mm thick
 melt speed through the filter.  reticulated foam filters
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Expanded filter size

For the reticulated foam filters, the filter size was changed from 20x20 mm, which is the cross

section area of the runner, to 50x50 mm according to filter geometry 2 (figure 9). The resulting

flow loss and filling times are dramatically changed. The flow losses as well as the filling times

are presented in table 2 below.

Table 2. The flow reduction and filling times
for reticulated foam filters,
(filter geometry 2).

filter tf  (s) f∆Q ( % )
10ppi 2.92 39.7
20ppi 3.31 46.9
30ppi 3.93 55.3

Figure 9. Filter geometry 2.

Expanded active filter area

One method to reduce the flow loss is to expand the active filter area, i.e. the cross-sectional area

of the runner prior to the filter. In this work the active filter area was expanded to the full filter

size, which means in this case 50x50 mm. The new active filter area is 6.25 times larger than the

runner area, according to geometry 3 (figure 10). In table 3 the resulting flow reduction together

with the filling time can be seen.

Table 3. The flow reduction and filling time for
the 30ppi reticulated foam filter,
(filter geometry 3).

filter tf  (s) f∆Q ( % )
30ppi 2.81 37.5

Figure 10. Filter geometry 3.
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Different pouring temperatures

Three different pouring temperatures were used for the 30ppi reticulated foam filters. The

temperatures used were 620, 670 and 720 °C respectively. The filter sizes were 50x50 mm

according to geometry 2. In table 4 the resulting flow reductions and filling times at different

temperatures are shown.

Table 4. The flow reduction and filling times for a 30 ppi reti-
 culated foam filter at different pouring temperatures.

Temperature °C tf  (s) f∆Q ( % )
620 5.32*) 67.0
670 3.93 55.3
720 3.93 55.3

*) In the case with 620 °C pouring temperature, the cavity never filled completely due to premature freezing of the

melt.

Simulation results compared with the experiments

The parameters obtained from the experiments have been implemented into the simulation

software MAGMAsoft. The simulation software calculate the pressure loss according to:

In our work k1 was zero and k2 was equal to the parameter c, derived above. The simulation

program asks for the parameter in the streamwise direction, ks and transverse the steamwise

direction, kt. For the reticulated foam filters the pressure drop is assumed to be isotropic why the

ks and kt is equal. In the case with the extruded filters the kt is set to a very large value, to prevent

flow in this direction. The length of the filter has to be set, in order to get the right pressure drop

gradients. The density of the reference liquid, which the parameters have been calculated from,

must be given, since the parameters are dependent on the density of the liquid.

2
21)( fff vkvkvp ⋅+⋅=∆



- 12 -

    In figure 11 the temperature and the filling pattern is shown when the runner is completely

filled. In figure 12 the pressure loss over the filter and the velocity distribution within the filter is

shown for a 30ppi reticulated foam filter.

Figure 11. Simulated filling with 30 ppi foam filter Figure 12. a) The pressure drop and b) the
at t = 0. velocity within the filter at t = 0.

According to figure 12 a) the pressure loss over the filter is approximately 70 mbar or 7000 Pa.

The average velocity within the filter is, according to figure 12 b), approximately 35.5 cm/s. In

the experiments and according to figure 7 the pressure drop is 7000 Pa when the velocity is

approximately 36 cm/s in the filter.

    When the filter size or active filter area was changed in the experiments, the flow loss was

changed as well. If the filter size or the active filter area differs from the cross-sectional area of

the runner, the flow loss could not be calculated directly by using the filterparameter. In such

case the best way to get the flow loss is to use simulations. In order to explain the change in flow

reduction when the filter size or active filter area was changed, some simulations were

performed. Filter geometry 2 and 3, with expanded filter size and expanded active filter area

respectively, was simulated with a 30 ppi reticulated foam filter. Figure 13-17 show the velocity

distributions and pressure drops inside and across the filters.

Filter

a)

b)

Filter
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Figure 13. The velocity distribution in a 30 ppi reticulated foam filter, when the runner is completely filled.

Figure 14. The pressure drop over a 30 ppi reticulated foam filter, when the runner is completely filled.

Figure 15. The velocity distribution in a 30 ppi reticulated foam filter, when the runner is completely filled.

Figure 16. The pressure drop over a 30 ppi reticulated foam filter, when the runner is completely filled.
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Discussion

The ingate system investigated has the flow loss factor α = 0.60, which means that the flow loss

is 40 % of the theoretically calculated. The theoretically expected filling time is 1.05 s when any

flow loss is neglected. The experimental filling time without filter was 1.76 s. By introducing a

filter in the ingate system, the flow will be further reduced. When using a 22 mm thick, 30 ppi

reticulated foam filter, with size and active area equal to the runner cross-section area, the flow

was reduced by 75,7% compared to the flow obtained without filter. The filling time with this

filter was 7.23 s. When a coarser filter is used, the pressure loss is smaller and the concomitant

flow loss is decreased, which is expected. The extruded filters do not result in such a large

pressure loss as the reticulated foam filters. The extruded filters are not as thick as the foam

filters, which is a partial explanation. The flow through the extruded filters is quite different from

the flow through the reticulated foam filters, which may contribute to the quite different

parameters. By changing the active filter area, the flow speed could be controlled. An increased

active filter area leads to a reduced flow loss for the reticulated foam filters as well as for the

extruded filters. For the reticulated foam filters, the filter size in relation to the active filter area

is important for the flow loss. The melt does not flow in a linear fashion through the foam filters,

but uses more of the filter space. This edge effect is not negligible. The edge effect could be

explained from the simulations, by studying the velocities and pressure drops in the filter. In the

case with the 30 ppi foam filter, the flow reduction was reduced from 75,7% to 55,3% when the

filter size was increased by a factor of 6.25 times.

    The pouring temperature is very important to assure a good cast result. By introducing a filter,

the filling times are increased and the risk for freezing of the melt increases. In the experiments,

three different pouring temperatures were investigated. The lowest temperature gave a quite

large pressure loss and the melt froze before the cavity was completely filled. For the two higher
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temperatures the pressure loss was exactly the same. Temperature influences the viscosity of the

melt, and when the temperature is close to the liquidus temperature, the viscosity increases.

While the temperature is not close to the solidification interval the viscosity is quite constant and

the results obtained correspond to what was expected.

    The filterparameter obtained in the experiments were implemented in the simulation software

and the pressure drop and metal velocity was evaluated inside the filter. The agreement between

the simulations and the experiments were good, which make this kind of approach, to evaluate

good filterparameter, reliable.

    To be able to optimise the ingate system and the casting process, it is very important to have a

good knowledge of the processing factors such as friction loss factors, the influence of the filter

on the flow rate and how the melt temperature change during the filling sequence. This is a very

complex system, indicating that computer simulation can be a very helpful and powerful tool. To

be able to obtain good agreement between simulation and reality, the input data for the materials

used as well as for the heat transfer coefficients has to be good. The filter parameters are very

important since they control the metal flow and thereby also the temperature of the melt. This

work is one step on the way to describe how filters influence the metal flow in the ingate system

and how a good ingate system can be designed. However, further work is indeed needed.
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Conclusions

    Filterparameter can be evaluated from direct observation experiments. When the filter size and

active filter area is equal to the runner cross-sectional area, the flow reduction can be calculated

directly. If the active filter area and/or filter size differs from the runner cross-sectional area, the

best way to determine the flow loss is to use computer simulations.

    The flow reduction for the 10, 20 and 30 ppi reticulated foam filter (thickness 22 mm), with

the same cross-sectional area as the runner, were 72, 74 and 76 % respectively.

    When increasing the 30 ppi filter size 6.25 times, the flow reduction was decreased from 76 %

to 55 % and when increasing the active filter area 6.25 times as well, the flow was reduced by 37

%. When the active filter area or the filter size is increased, the difference in flow reduction for

different reticulated foam filters increases.

    The extruded filters with 100 and 300 cells per square inch (thickness 12.5 mm), reduced the

flow by 37 and 41 % respectively.

    When the evaluated filter parameter were implemented in simulations the corresponding flow

losses and pressure drops agreed very well with the experimental results.

    The gravity mould filling can be improved by using filter parameter to optimise the filter size,

coarseness and active area.
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