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T     he gravity casting process has a long history and it 
has seen significant technological advances through 

the ages. However, many kinds of defects still remain to 
be solved since there are various factors to be considered 
to produce a sound casting. In addition, it is not easy 
to find a solution to these problems because casting is 
accompanied by complex symptoms.

Under a poor gating design, many defects such as 
shrinkage, gas porosity, oxide inclusions, misrun, etc. 
easily occur during the pouring step [1]. Gas porosity 
appears to be a common defect related to general 
gravity casting. The issue of gas porosity is very 
hazardous because it can reduce the strength of the 
casting product [2, 3]. It has been reported that metallic 
oxides of the nonferrous alloy are mainly generated by the 
overlapping of oxidized layers on the surface of molten 
metal. The overlapping of the oxidized layer occurs due 
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to backflow in a runner or free surface sloshing in the 
mold cavity. This defect undermines the casting quality 
by appearing on the surface as oxide film layers [4-

6]. To date, many studies have been conducted to find 
techniques that can reduce the defects arising from air 
bubbles and oxide intrusion in molten metal. Kuritama 
et al. proved the influence of pouring velocity in gravity 
casting by showing differences in the quality of casting 
at each velocity [7]. Masoumi M and Hsu Fu-yan showed 
that improvement could be achieved by redesigning the 
gating system without a pouring velocity decrease. They 
minimized the resistance of the water stream with curved 
waterways [8, 9]. Campbell J investigated the specific 
principles underlying the process of defect occurrence 
in the pouring procedure. These researchers were able to 
identify the factors of a well-designed gating system that 
can reduce the defects that occur during the procedure of 
pouring molten metal [10-13].

In the foundry, it is difficult to prevent the generation 
of impurities during the casting process. This causes 
significant defects in castings. For these reasons, 
ceramic foam filters are mainly used to prevent the 
inflow of impurities. There has been much research 
about the role of these filters [14, 15]. However, besides 
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these points, this study focuses on preventing the 
generation of turbulent flow. Casting quality can 
be improved by enhanced flow stability as the 
molten metal flow passes through the porous filter. 
Filters can turn the turbulent flow to laminar flow 
alongside decreasing flow velocity. These uses 
of the filter were proved by casting experiments 
and filter simulations [16-18]. There are also some 
studies that investigate the characteristics and 
functions of ceramic foam filters. In these 
studies, the researchers tried to obtain generalized 
principles about the filter along with experimental 
measurement data [19-22].

In this study, we attempted to compare the 
difference in flow aspect according to the type 
of filters when the filter is installed in the gating 
system. Thereafter, we examined to what extent 
the filter can stabilize the flow of water without 
changing the gating system.

1 Experimental procedure
Reynolds number def ines the dynamic 
characteristics of fluid flow. Even when two 
models are the same shape but different sizes and 
the fluid flowing inside the model is different from 
the other, a similarity can be observed between 
the two models if the scaling ratio between the 
two models is same and Reynolds number is the 
same. The kinematic viscosity of water at 20 °C is 
0.01 m2•s-1 and the kinematic viscosity of molten 
Al alloy is 0.00959 m2•s-1. Both values are quite 
similar. If we use the experimental model of the 
same shape and size and water is used as the 
fluid, the water flow is expected to represent 
the real casting process for aluminum alloy at 
a reasonable level of similarity. Therefore, in 
this study, the water model experiment was 
used instead of the actual casting experiment 
to investigate the internal flow in the casting 
process. 

In general, when fluid is flowing through 
the interior of a complicated shape, pressure 
loss occurs and the velocity of the fluid 
decreases. Therefore, the flow patterns of the 
runner and gate are very likely to be affected 
by the internal shape of the cavity. Therefore, 
a simple rectangular shape was selected as an 
experimental casting model in order to observe 
the effect of the presence of the ceramic filter 
on the change in the flow pattern of the gating 
system.

The traditional gating system is shown in 
Fig. 1. This traditional gating system has been 
widely used in current foundry workplaces. The 

gating system consists of one down sprue of circular cross-section, one runner of 
trapezoidal cross-section and three gates of rectangular cross-section. In addition, 
for smooth filling of water for the water model experiment, three vents of circular 
cross-section were added on the top of the casting. In order to recreate the similar 
pouring condition repeatedly, a water reservoir with stopper was added on top of 
the down sprue.

The flow-adaptive gating system was designed to minimize flow resistance in 
the down sprue and runner. The main purpose of this gating system is to reduce 
casting defects related to air bubbles and oxide inclusions. A drawing of this 
gating system is shown in Fig. 2. It consists of one down sprue of rectangular 
cross-section, one runner of trapezoidal cross-section and three gates of 
rectangular cross-section. The draft angle of the down sprue is about 0.7 degrees 
and the runner has a wider width and smaller height than the traditional gating 
system. Three air vents were installed at the top of the casting for a smooth filling 

Fig. 2: Flow adaptive gating system

Fig. 1: Traditional gating system
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as in the traditional gating system. Additionally, a blind feeder 
was added at the end of the runner to eliminate the impurities that 
are frequently found in the initial pouring stage. Other shapes are 
exactly the same as the traditional gating system.

In this study, three kinds of irregular filters (10 PPI, 20 PPI, 
30 PPI) and a regular filter (10 PPI) were used as shown in Fig. 
3. The PPI refers to the number of pores per one square inch. In 
order to compare the differences using and not using filters, the 

filter was installed in the runner near the down sprue, as shown 
in Fig. 1 and Fig. 2. All other conditions are the same with the 
experiment without a filter. In general, the chemical composition 
of the ceramic foam filter is 52%-55% SiO2 and 38%-41% 
Al2O3 according to the type of filter and company. The filter can 
be used up to 1,500 °C for the cast iron or ductile cast iron, up 
to 1,740 °C for cast steel and 850 °C for aluminum alloys. The 
range of mass flow rate is 1-6 kg•s-1. 

Fig. 3: Ceramic foam filters for experiment
(a) Irregular 10 PPI                           (b) Irregular 20 PPI                (c) Irregular 30 PPI              (d) Regular 10 PPI

(a) (b) (c) (d)

Both experimental models were made of transparent acrylic 
material. In order to enhance visibility, the water used in the 
experiment was tinted blue. Experimental equipment was set 
as in Fig. 4 and two Photron’s high-speed cameras and video 
recording software were used to record the internal flow pattern. 
The video recording speed of high-speed cameras was 500 fps 

(frames per second). The resolution of the first camera was 
512×512 and the second camera was 512×256. The first camera 
was used to record the entire region and the second camera was 
used to particularly record the flow in the area where the filter 
is installed. Each case of the experiment was repeated over 10 
times in order to confirm consistent results.

2 Results and discussion
2.1 Traditional gating system
The results of the water model experiment when the filter is not 
installed and the initial water volume of the pouring reservoir is 
1,600 ml are presented in Fig. 5. After 0.24 s from the pouring 
start, the waterfall meets with the bottom of the runner and 
spatters dispersedly. As shown at 0.36 s, the water flow in the 
runner is close to the turbulent flow with lots of blobs and 
bubbles because of the high water flow speed and the collision 
between blobs which are reflected on the runner planes. At 
0.54 s, water flow reaches the end of the runner and changes its 
direction toward the down sprue. During this procedure, water 
flow overlaps with backflow and makes swirls in the runner at 
0.63 s. After this, the water flows into the casting part through the 
gate at 0.82 s. The casting part is filled beginning from the gate 

located at the end of the runner and the filling takes place in the 
order of proximity to the end of the runner. The water past the 
right gate has the highest height, the water past the middle gate is 
the second highest, and the water past the left gate has the lowest 
height. The above phenomenon is due to the pressure difference 
before and after the gates and for that reason, the velocities at the 
gates have a large difference. This in turn generates free surface 
fluctuation. Thereafter, the sloshing of the free surface in the 
casting part becomes smaller after the filling process ends.

Figure 6 shows the results of the water model experiment 
when the filter is not installed and the initial water volumes of 
the reservoir are 2,000 ml, 2,400 ml, and 2,800 ml in each. The 
overall aspects of water flow are almost similar to the experiment 
with an initial pouring volume of 1,600 ml. Before the moments 
of water flowing to the inside of the casting part, filling processes 
are a little faster than the case of 1,600 ml due to the high flow 

Fig. 4: Equipment for water model experiment

(a) (b) (c)
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Fig. 5: Water model experimental results of traditional gating system with an initial pouring volume of 1,600 ml

(a) 0.24 s                                                             (b) 0.36 s                         (c) 0.54 s

     (d) 0.63 s                                                  (e) 0.82 s                                  (f) 1.37 s

 (g) 1.64 s                                                (h) 2.04 s                                       (i) 2.66 s 

velocity in the runner. Accordingly, the experiments with larger 
quantities of water show high water jump height and large 
fluctuation of sloshing than the 1,600 ml case in casting part 
and, as expected, the whole filling process takes longer. In the 
experimental results of the initial water volume of 2,800 ml, 
water jump height through the gate located at the end of the 
runner showed a large increase compared with other cases.

Figure 7 shows the water model experimental results with 
the irregular and regular filters when the initial water volume is 
2,800 ml. As shown in the figure, even the 10 PPI filter which 
has the largest pore size is effective to decrease the flow velocity 
in the runner. While the experiment with 10 PPI and 20 PPI of 
irregular filter still shows a high flow velocity in the runner and 

high water jump height in the casting part, 30 PPI of irregular 
filter shows relatively decreased flow velocity and water jump 
height. Total filling time becomes longer in the higher PPI number 
filter and every experiment with a filter takes about 1.5 s longer 
than the experiment without a filter for the corresponding water 
quantity. The regular filter also shows laminar flow in the runner 
and decreased flow velocity and water jump height in the casting 
part. The effectiveness of flow velocity decrease and sloshing 
reduction in the casting part is weaker than that of irregular filters. 
Total filling time of every experiment is about 0.5 s longer than the 
experiment for the corresponding water quantity without a filter.

When the initial volume of water is 2,800 ml in the traditional 
gating system, Fig. 8 shows the flow aspects of the experiments 

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)
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Fig. 6: Water model experimental results of 
traditional gating system with initial pouring 
volumes of 2000 ml, 2400 ml, and 2800 ml

Fig. 7:  Water model experimental resultsof traditional 
gating system with initial fluid volume of 2800 ml 
according to different types of filters

0.82 s                           1.32 s

                0.82 s                         1.36 s

              0.79 s                       1.32 s

(a) 2000 ml (a) 10 PPI irregular

(b) 20 PPI irregular

(c) 30 PPI irregular

(d) 10 PPI regular

(b) 2400 ml

(c) 2800 ml

without filter and with a 10 PPI irregular foam filter. It can be 
seen that the flow pattern without filter, which was the worst, 
significantly improved just by the use of the 10 PPI irregular filter. 

Figure 9 shows the graph of water jump height in the casting 
part. Water jump height of gates 1 and 3 shows tendency to 
increase as the initial water volume increases; conversely gate 
2 shows a decreasing tendency. The flow rate through gate 2 
is strongly influenced by gate 3. As the flow rate through gate 
3 increases, water volume flow through the gate 2 relatively 
decreases. Every case has a large variation between the maximum 
and minimum values. This means that the filling procedure is 
unstable in this gating system due to the turbulent flow in the 
runner. As a result, a lot of effort is required to remove defects 
generated during the filling process in the traditional gating 
system.

The flow aspect of every experiment with a ceramic foam 
filter improved in terms of flow stability. In the traditional 
gating system, even the 10 PPI irregular filter was effective to 

0.90 s                       2.60 s

0.92 s                         3.02 s

1.02 s                            2.49 s

0.88 s                        3.30 s

reduce the bubble generation by reducing turbulent flow, but it 
is still difficult to confirm water flow is fully stabilized due to 
the variation of experiment result values as shown in Fig. 10(a). 
At higher PPI number filters such as 20 PPI and 30 PPI, the 
variation of experimental values is clearly lessened and presents 
steady experimental results as verified in Fig. 10 (b), (c). Even 
though the regular filter produces a marginally higher water jump 
height and variation than the same PPI number irregular filter, 
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Fig. 8:   Detail view of water model experimental result of traditional gating system at 0.5 s 
(a) Without filter                                                                 (b) With 10 PPI irregular filter

Fig. 9: Water jump height of the traditional gating system

Fig. 10: Water jump height of traditional gating system with different types of filters

Cross: Gate 1
Square: Gate 2
Circle: Gate 3

it shows similar performance. The experiment determined that 
there is a certain limit to improvement with only the ceramic 
foam filters.

2.2 Flow adaptive gating system
Water model experimental results from the initial water volume 
of 1,600 ml are shown in Fig. 11. After 0.24 s from the pouring 
start, falling water meets with the bottom of the runner. From 
0.36 s to 0.80 s, the water flows in a stable manner without 
any fluctuation due to the flat shape runner with a low height. 
Accordingly, there is no bubble generation in the runner. The 
water flow reaches the blind feeder that is located at the end of 
the runner in 0.8 s. At 0.98 s and 1.16 s, it is found that the water 
in the blind feeder does not flow to the upstream and it remains 
in the blind feeder. Next, the water flows into the casting part 
through the gate at 0.98 s and there is no water jump. Similarly 

(a) Irregular 10 PPI                                                        (b) Irregular 20 PPI

(c) Irregular 30 PPI                                                            (d) Regular 10 PPI    
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Fig. 11: Water model experimental results of flow adaptive gating system with an initial pouring volume of 1600 ml

(a) 0.24 s                                                             (b) 0.36 s                                                     (c) 0.54 s

(d) 0.80 s                                                             (e) 0.98 s                                                       (f) 1.16 s

(g) 1.84 s                                                            (h) 2.50 s                                                       (i) 3.28 s

as in the traditional gating system, the casting part starts to be 
filled from the gate located at the end of the runner and is filled in 
the order of proximity to the end of the runner. The water passing 
the gate which is the nearest one from the end of the runner has 
the highest height, the water past the middle gate is the second 
highest, and the water past the gate which is the nearest one from 
down sprue has the lowest height. It is confirmed that the water 
jump height is clearly lower than that of the traditional gating 
system. Thereafter, it leads to weak sloshing in the casting part.

Experimental results for initial water volumes of 2,000 ml, 
2,400 ml and 2,800 ml are shown in Fig. 12. Flow aspect is 

almost similar to that of the experiment with an initial water 
volume of 1,600 ml. The velocities of water passing the runner 
increase as the initial volume of water reservoir increases, and 
water arrives at the casting part faster than in the experiments 
using 1,600 ml. For the 1,600 ml experiment, the water 
velocity was not high enough to make the water jump in the 
casting part. However, in the cases of 2,000 ml, 2,400 ml and 
2,800 ml, water jump height is certainly high. The water jump 
height in the casting part becomes higher as the initial water 
volume increases, but there is no remarkable difference above 
the volume of 2,400 ml.
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0.90 s                  1.82 s(a) 2000 ml

(b) 2400 ml
0.84 s                       1.83 s

0.78 s                  1.77 s
(c) 2800 ml

Fig. 12: Water model experimental resultsof flow adaptive 
gating system with initial pouring volumes of 
2000 ml, 2400 ml, and 2800 ml

Figure 13 provides the water model experimental results 
applying the filter, with an initial water volume of 2,800 ml. In 
the flow adaptive gating system, every case shows nearly the 
same flow pattern from 10 PPI to 30 PPI irregular filters. Water 
flows into the casting part in a stable manner without water jump. 
Thus, the water injected into the casting part moves upward 
quietly and there is no sloshing until filling ends. The time for 
the whole filling procedure takes about 0.7-1.0 s longer than in 
the case of without the filter. In the flow adaptive gating system, 
the regular filter also serves effectively to prevent sloshing by 
reduction of flow velocity and water jump in the casting part. 
Although there is a little water jump from the water passing 
through the rightmost gate, its height is relatively negligible, and 
it did not appear as a sloshing of the free surface.

When the initial volume of water is 2,800 ml in the flow 
adaptive gating system, Fig. 14 shows the flow aspects of the 
experiment without filter and with 10 PPI irregular foam filter. 
When the filter is not inserted, it can be seen that the fluid 

0.88 s                                              2.17 s
(a) 10 PPI irregular

0.94 s                      2.40 s
(b) 20 PPI irregular

1.09 s                             2.80 s
(c) 30 PPI irregular

0.98 s                              2.45 s
(d) 10 PPI regular

Fig. 13: Water model experimental results of flow 
adaptive gating system with an initial fluid 
volume of 2800 ml with different types of filters

flows in a state of almost filling the runner cross-section. It was 
confirmed just some air is flowing with water. It can be seen that 
the flow pattern also can be improved just by the use of the 10 
PPI irregular filter. 

Figure 15 is the graph of water jump height in the casting part. 
Water jump height and variation between the maximum and 
minimum values of all gates tend to increase as the initial water 
volume increases. Both water jump height and variation are 
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Fig. 15: Water jump height of flow adaptive gating system

Cross: Gate 1
Square: Gate 2
Circle: Gate 3

                (a) Irregular 10PP I                                                           (b) Irregular 20PPI

(c) Irregular 30PPI                                                               (d) Regular 10PPI

Fig. 16: Water jump height of flow adaptive gating system with different types of filters

much smaller than that of the traditional gating system. Thus, the 
flow adaptive gating system appears to significantly lessen the 
defects related to bubbles and oxide inclusions and stabilize the 
water flow. However, the variation becomes larger as the initial 
water volume increases and this means that the flow adaptive 
gating system can produce unstable flow beyond a certain value 
of velocity.

In the flow adaptive gating system, even the 10 PPI irregular 
filter can stabilize water flow at initial water volume of 2,800 ml. 
As shown in Fig. 16, water jump heights of all gates are almost 
the same and have a slight variation regardless of initial water 
volume and PPI value of the filter. Although the regular filter in 
the flow adaptive gating system also shows a large decrease of 
water jump height and variation, it is less effective than the same 
PPI number of an irregular filter.

Fig. 14: Detail view of water model experimental result of flow adaptive gating system at 0.9 s

(a) Without filter                                                        (b) With a 10 PPI irregular filter
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3 Conclusions
In this study, the water model experiment was used to identify 
the casting defects that occur frequently in the molten metal 
filling process during the casting process. In the case of the 
traditional gating system, the air bubbles generated in the swirls 
occurring within the runner and imported from free falling water 
in the sprue flow with the water stream into the casting through 
the gate. If such bubbles remain in the inside of the product 
during the solidification process, it could evolve as air porosity. 
Additionally, repeated experiments showed large differences 
in the velocity of flow through the gate. These differences can 
cause quality variations of casting in the actual casting process. 
Backflow induced from changing the flow direction at the end 
of the runner can break the oxidized layers on the molten metal 
surface and thereby cause oxide inclusion defects in the actual 
casting process.

The flow adaptive gating system that is devised to reduce 
the casting defects caused by the flow of molten metal in the 
traditional gating system showed improved flow patterns. 
It altered the turbulent flow into laminar flow by forming a 
proper cross-section of runner and prevented the double oxide 
phenomenon by grasping the backflow in the blind feeder. 
Although the flow adaptive gating system is free of defects 
related to bubbles and oxide inclusions, the great sloshing of the 
free surface resulting from high velocity at the gate can generate 
air bubbles in the casting part and be another source of oxide 
inclusions and bubble defects in casting.

The use of the filter was found to convert the flow pattern of 
water in the desired direction. The ceramic foam filter performed 
well to reduce flow velocity and stabilize the water stream.
The flow pattern without a filter can be improved significantly 
even with the the use of just a 10 PPI irregular filter. However, 
there is a certain limitation to improvement by only the use of 
a ceramic foam filter because the filter cannot resolve all the 
problems caused by a poorly designed gating system. As it was 
identified in the results of the flow adaptive gating system, a 
well-designed gating system accompanied with a ceramic foam 
filter represented the most stable flow aspect.
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