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Abstract- A numerical analysis using a finite volume approach was carried out to study the effect of the plastic material on 
the cooling time in plastic injection moulding. The polymethyl methacrylate (PMMA) and polycarbonate (PC) was selected 
as plastic material which was injected inside the mould. The mould was consisted of two stainless steels and designed based 
on the actual platen dimension of a plastic injection machine. The horizontal cooling water channels were used for the 
cooling of the plastic parts. It was found that the cooling time of the PC in plastic injection mouldingwas smaller than those 
of PMMA material.  
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I. INTRODUCTION 
 
There have been several investigations on the plastic 
injection moulding and cooling systems because they 
are widely used in engineering applications. Wang et 
al. [1] worked out about heating/cooling channels 
design for an automotive interior part and its 
evaluation in rapid heat cycle molding. They reported 
that the developed baffle-based heating/cooling 
channels can greatly improve thermal response 
efficiency and uniformity of the mold. Hassan et al. 
[2] investigated the effect of cooling system on the 
polymer temperature and solidification during 
injection molding. The results indicate that the 
cooling system which leads to minimum cooling time 
is not achieving uniform cooling throughout the 
mould. Li et al. [3] worked out about automatic 
layout design of plastic injection mould cooling 
system. Modeling the effect of cooling system on the 
shrinkage and temperature of the polymer by 
injection molding was conducted by Hassan et al. [4].  
 
They show that the position of the cooling channels 
has a great effect on final product temperature and the 
shrinkage rate distribution throughout the product. 
Plastic injection mould cooling system design by the 
configuration space method. Liang and Ness [5] 
calculated the cooling time in injection moulding and 
presented a simplified heat transfer model and a new 
equation for calculating the cooling time. An analysis 
of thermal contact resistance between polymer and 
mold in injection molding was conducted by Bendada 
et al. [6]. They indicated that the thermal contact 
resistance between polymer and mold is not 
negligible, not constant with time, and strongly 
correlated with process conditions. Li and Li [7] 
designed a plastic injection mould cooling system by 
the configuration space method. Qiao [8] carried out 
a transient mold cooling analysis using BEM with the 
time-dependent fundamental solution.   
 

II. METHOD AND APPROACH 
 
The polymethyl methacrylate (PMMA) and 
polycarbonate (PC) was used as the plastic material in 
the analyses.  PMMA and PC are both well known as 
transparent plastics which have wide applicability in 
a number of industries such as consumer products, 
medical services, automotive, packaging and 
construction. They can often be used in conjunction 
with one another to take advantage of various 
material properties. Some of the major qualities of 
each plastic are given as: the impact strength, 
chemical resistance, elasticity and handle temperature 
of the PC is higher than those of PMMA while the 
light transmissivity and flammability is lower. Also 
PMMA can be polished and less expensive. 
 
The mould was consisted of two stainless steels.  
These steels were modeled to create a two side of the 
plastic part which was called cavity side (fixed side) 
and core side (moving side), as shown in Fig. 1. The 
cavity and core plate, 310 mm in width and 210 mm 
in height, has a thickness of 41 mm and 110 mm, 
respectively. The injection temperatures of the plastic 
materials were 250°C and 300°C for PMMA and PC, 
respectively. The plastic parts with a width of 41 mm, 
height of 110 mm and thickness of 2.2 mm were 
remained in the core side after the injection process. 
 
The circular horizontal cooling channels with a 
diameter of 10 mm was used to homogeneous 
cooling, so the plastic parts were removed from the 
mould steadily.  The water was selected as cooling 
fluid. The analyses were performed at the inlet 
temperature of cooling water of 900C and 800C for 
cavity and core side both for PC and PMMA, 
respectively. The inlet water temperatures of the core 
side were chosen 100C colder from the cavity side, so 
the plastic parts remained on the core side when the 
mold opened. Experiments have shown that if this 
temperature difference is greater, the plastic parts will 
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be shrinkage. The mold temperature of the cavity and 
core side reached constant surface temperature at 
84.150C and 79.590C at the inlet water temperature of 
900C and 800C, respectively. These temperature 

differences of the cavity side (5.850C) and core side 
(0.410C) were due to the distance of the cooling 
channels from the part surface. 

 

 
Fig. 1.Configuration of the mold, plastic parts and cooling channels. 

 
The FloEFD software with CAD geometry was used 
to design and thermal analyses of the computational 
domain. The mesh structure is given in Fig. 2. 
Cartesian meshing method and transient solution was 
used and a fine mesh with the fluid cell number of 
97750, solid cell number of 400856 and partial cell 
number of 183234 was provided.  

 

 
Fig. 2. Mesh structure. 

 
The injection of the materials into the mold, the 
solidification of the materials during the cooling 
process and the flow of the cooling water must take 
into considerations for the mathematical model. A 
steady and incompressible flow was chosen to 
represent the flows of the plastic materials and 
cooling water. The physical and thermal properties of 
the plastics (PMMA and PC), mold (steel stainless 
321) and cooling water were assumed to be constant. 
The cooling water had a density of 1000 kg/m3, 
specific heat of 4185 J/kgK, thermal conductivity of 
0.6 W/mK, inlet velocity of 0.2 m/s and inlet pressure 
of 5 bars. The density of mold, PC and PMMA were 
8100, 1210 and 1180 kg/m3 and thermal conductivity 
of 15.1, 0.19 and 0.2 W/mK, respectively. The 
variation of the specific heat which is the amount of 
heat per unit mass required to raise the temperature 
by one degree Celsius with temperature is shown Fig. 
3. The mean specific heat values of the PC and 
PMMA materials at the working temperature were 
taken as 1540 and 2455 J/kgK respectively, as shown 
in Fig.3. 

 
Fig. 3.The variation of the specific heat with temperature. 

 
The Navier-Stokes equations for mass, momentum 
and energy conservation can be written as follows: 

 

 
The heat transfer in solid and fluid mediums is solved 
by the energy conservation equation simultaneously. 
The 3D transient heat conduction with constant 
internal heat generation and the heat radiation leaving 
a radioactive surface is defined as: 

 
 
respectively, where: g is heat generated rate, ε is the 
surface emissivity, σ is the Stefan-Boltzmann 
constant, T is the temperature of the surface, qT,iis the 
incident thermal radiation arriving at this surface, ρT 
is the surface reflectivity for thermal radiation. The 
numerical solution of the mathematical model is 
computed by finite volume method and the heat 
conduction equations are solved by an explicit 
scheme.  
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III. RESULTS AND DISCUSSION 
 
The cooling time is the most effective parameter in 
plastic injection moulding process due to the cost and 
machines efficiency. Because of that, the effect of the 
plastic material on the cooling time was investigated 
numerically.  
The variation of the cooling time for PC and PMMA 
material at the inlet water temperature of 90°C cavity 
and 80°C core side were shown in Fig. 4.  
 

 
Fig. 4.The variation of the cooling time with solid plastic part 

temperature for PC and PMMA. 
 
Experiments carried out so far showed that the 
cooling time was taken when the surface 
temperatures of solid plastic parts reached 900C 
because the parts remove from the mould best at this 
temperature. The cooling times were determined as 
21 and 28 seconds for PC and PMMA material, 
respectively. These results indicated that the cooling 
time of the PMMA in plastic injection moulding was 
bigger than those of PC because of the specific heat 
difference of the materials. The PMMA and PC 
material cooled nearly 5.70C and 100C per second, 
respectively. The cooling of the materials with 
smaller specific heat becomes faster due to the bigger 
kinetic energy, and so the cooling process was 
improved. On the other hand, the fast cooling might 
causes warpage, deformation and high stress because 
of the flow deceleration and not completely filling the 
mold. Therefore the stress and warpage analysis must 
also be done. 
The temperature distributions of the cavity side of the 
mold and cooling water at the end of the cooling time 
were given in Fig. 5. 

 
Fig. 5. The temperature distributions of cavity side of the mold 

and cooling water. 

The ambient temperature was 250C and increased up 
to 64.940C as the mold approached, while the 
temperature of the cooling water remained constant 
as 900C. It has been found that the mold temperature 
at the inlet and outlet of the cooling channel was in 
the range of 72.92-88.900C and 104.87-112.860C, 
respectively. The maximum mold temperature was 
obtained in the middle zone of the steel mold as 
136.820C where the cooling channels were less 
frequent and the material was injected. In the region 
where the first and second plastic material was 
located, the mold temperature was determined to be 
in the range of 104.87-112.860C and 112.86-
120.850C, respectively.  
 
The temperature distributions of the cavity side of the 
solid plastic parts at the end of cooling time for 
PMMA and PC were given in Fig. 6 and 7, 
respectively. 
 

 
Fig. 6.Temperature distribution of the solid plastic parts for 

PMMA. 
 

 
Fig. 7.Temperature distribution of the solid plastic parts for 

PC. 
 
The temperatures of the first and second solid plastic 
part reached89.610C and 89.730C in the middle of the 
upper surface for PMMA and 89.330C and 89.450C 
for PC respectively, almost the same temperature as 
shown in figures. The temperatures of the first parts 
were slightly cooler than the seconds because of the 
different mold temperatures. The plastic materials 
must be cooled homogeneously in order to remove 
the parts from the mold without warpage and 
deformation, but the surface temperature decreased 
up to nearly 30C towards the corners of the materials. 
This temperature difference was caused by the 
outward cooling of the part and could be neglected.  
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CONCLUSIONS 
 
The cooling time in plastic injection moulding were 
investigated with influence of plastic materials 
numerically. It was found that the cooling time of the 
PC in plastic injection moulding was nearly 33% 
faster than those of PMMA. The analysis also showed 
that the temperature distributions on the plastic 
surfaces were homogenous and so that the parts 
removed from the mold without warpage. The 
maximum and minimum mold temperatures were 
found at the middle zone of the steel mold and 
beginning of the cooling channel, respectively. The 
results also suggest that the surface temperatures of 
the both parts decreased towards the edge areas of the 
parts.  
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