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Abstract— A foundry must continuously improve the quality of 

castings produced to thrive in the global competitive 

environment, minimize cycle time, reduce costs, as well as meet 

out its delivery times. So, from the viewpoint of customer 

satisfaction and operational economy, foundries cannot afford 

production runs on a series of trial castings with routine changes 

in the gating system and choose the most economical option 

amongst all by testing the quality of castings obtained from each 

trial. This is because of the intrinsic cost and time implications 

which would adversely affect the survival of the organization. All 

these factors indicate the necessity of a scientific approach to the 

design of gating systems to increase the quality and yield in a 

foundry. Hence, this paper deals with the flow analysis through 

the various gating systems [1]. 

I. OBJECTIVE 
In this work, attention is focused on the study of gating 

systems to understand its hydraulics using acrylic water 
models. Similitude between water and liquid metal was 
invoked through the application of the principles of similarity 
from the fluid mechanics by choosing the most relevant non-
dimensional numbers. On the basis of gating ratio commonly 
adopted in foundries for producing aluminium castings, a un-
pressurized gating system, was chosen for analysis. 

  

II. EXPERIMENT 
A typical gating system with a specific gating ratio, 

consisting of four gates was designed and fabricated in acrylic 
plastic (polymethyl-methacrylate). Polymethyl-methacrylate, 
being a highly transparent material, permits direct visualization 
of the mold filling process. A modularized set comprising of 
runners of three different aspect ratios and three different 
Ingate geometries, leading to nine possible combinations of 
runner-ingate pairs was designed. The design is modelled in 3D 
using Pro/ENGINEER Wildfire 5.0 and a CAD Drawing was 
developed.  

                            

Figure 1.    3D Model of the Gating System designed using Pro/ENGINEER 

Wildfire 5.0 

 
 
 
 
 
 
 
 

This was followed by the fabrication of acrylic models at 
M/s M.K. Engineering Works, Vellore.  

 
Figure 2.  Fabricated pouring basin with sprue and runner models signifying 

three different aspect ratios 

 

W - Width Of The Runner 

H - Height Of The Runner 

Figure 3.  Various Ingate modules 
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Figure 4.  Two dimensional view of the overall Setup 

Most suited manufacturing methods, tools and specially 
made wooden dies were employed as the fabrication of acrylic 
model posed a challenge due to the fragile nature of the 
material and its tendency to crack during manufacture. 

Tests of the acrylic models were conducted with water, due 
to its cost efficiency when compared to the cost of liquid metal 
in both experiments. The tests involved filling of the pouring 
basins to required level heads and allowing water to flow 
through the gating system, simulating that of metal flow in a 
real casting process physically. 

Experimentation was carried out in two different phases. 
The first one was flow measurement phase, in which the flow 
parameters like discharge through the ingates, flow rate and 
flow velocity of water exiting through each gate was physically 
measured for varying levels of head and runner-ingate 
combinations followed by analysis with the help of graphical 
plots.  

 

Figure 5.  A typical experimental setup for flow measurement with a sample 

3D plot for discharge rate 

 

 

III. ANALYSIS 
The second phase of experimentation was the flow 

visualization phase, wherein, the patterns of flow through the 
gating system was recorded with a high speed camera capable 
of capturing images up to 10,000 frames per second. The 
variation in filling profiles, splashing and turbulence 
phenomena for different ingate geometries were recorded and 
interpreted.  

 

Figure 6.  A typical experimental setup for flow visualization and the camera 

used 

Videos recorded during experimentation are split into 
frames and analysed in both cases 

 

Figure 7.  Picture frames of a particular video recording 

IV. RESULTS 
This was followed by a computer simulation through 

FLOWCast software. By applying the conditions for similitude, 
linear dimensions in the model were scaled by a suitable 
scaling factor and drawings were generated. The drawings were 
imported to the software and the simulation was run for all 
runner-ingate pairs.  
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Figure 8.  A screenshot of a FLOWCast simulation showing a 3D velocity 

plot 

The results of the simulation did coincide with the practical 
experiment which was done earlier. The results are for your 
viewing.  

   

Figure 9.  Experimental flow pattern and flow patterns in actual video grab in 

simulation 

The filling profiles obtained from the camera and 
simulation were compared. The range of velocities indicated by 
the software was in good consistency with the measured values. 
Similarly, the filling profiles observed in the runner system was 
concurrent with the images captured with the high speed 
camera. It wasfound that the combination consisting of runner 
aspect ratio of 0.5 with convergent ingates showed uniform 
filling patterns, which is desired in the real-time casting 
scenario. 
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