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Abstract: The filling process of oil tank castings with different pouring temperature, pouring speed and cavity
temperature was simulated by JSCAST casting simulation software. The results show that changing the pouring
temperature has no significant effect on the temperature field during the filling process. Higher cavity temperature can
increase the temperature gradient of different parts of the casting, which is conducive to the formation of sequential
solidification. In addition, the higher filling speed will lead to the peak velocity at the top and bottom of the casting,
which is easy to cause air entrapment. In summary, the pouring speed of 3 kg/s, the mold temperature of 500 ℃, and the
pouring temperature of 720 ℃ are the best combination of process parameters for the tank casting.
Key Words：Investment casting, JSCAST, Oil tank, Numerical simulation

1 Introduction
Complex thin-walled aluminum alloy investment castings
are increasingly widely used in aviation and aerospace
due to their light weight, precise dimensions and high
reliability [1-3]. The casting forming problem is one of the
key technologies for studying this type of castings.
Investment casting is a precision casting technique. It
involves coating multiple layers of refractory materials on
the surface of a wax mold, heating the wax mold to melt
it and form a shell, and then pouring molten metal to
obtain the casting [4, 5]. This technology can produce
castings with high surface finish and high dimensional
accuracy, and is suitable for the production of parts with
complex shapes and high precision requirements. In the
aviation field, investment casting is widely used in the
manufacturing of key components such as engine mounts
and turbine guides [6, 7]. The traditional casting technology
mainly relies on experience and experiments. The design
process is mainly based on experience and the data from
previous experiments. This design method shows obvious
deficiencies for the production of large and medium-sized
castings with complex structures. A large number of
experiments will also greatly prolong the experiment
cycle and the cost is difficult to control [8, 9]. In recent

years, with the development of casting numerical
simulation technology, it has become possible to
effectively predict defects before the actual production of
castings [10]. Optimizing the casting process through
simulation results is of great significance for improving
the quality of castings and production efficiency and
reducing production costs, which greatly promotes the
upgrading of the traditional casting industry [11-13].
Pouring temperature and pouring speed are significant
process parameters in the casting process. To obtain
qualified castings, it is not only necessary to ensure the
qualified composition of the molten iron, but also the
pouring temperature of the molten iron is a key factor in
the pouring process [14-17]. In this paper, the JSCAST
casting simulation software was used to study the
temperature field and velocity field during the filling
process of the ZL114A oil tank casting under different
pouring temperatures, cavity temperatures and pouring
speeds, and the influence of these factors on the filling
process was analyzed, which can provide a basis for the
formulation of the oil tank casting process.

2 Experimental section
The casting material selected for the test is ZL114A, and
its chemical composition is shown in Table 1 [18]. The
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tensile strength in the as-cast state is ≥310MPa, and the
elongation is ≥3% [19]. The shaping materials are divided
into the surface layer and the back layer. The surface
layer uses zircon sand, and the back layer uses mullite.
The main material parameters used for casting
temperature field simulation include density, specific heat
capacity, thermal conductivity, etc. The thermophysical
performance parameters of the test materials are shown in
Tables 1, 2, 3 and 4 [20–22].

Table 1. Chemical Composition of ZL114A (wt. %)

Composition Si Mg Ti Al

Fraction 6.5~
7.5

0.45~
0.75

0.08~
0.25

Bal
.

Table 2. Thermophysical parameters of Casting materials

Type Value

Name ZL114A

Density 2.4080 g/cm3

Specific heat 1.19 J/(g*℃)

Thermal conductivity 0.653 J/(cm*s*℃)

Solidification temperature 550.00 ℃

Melting temperature 611.00 ℃

Latent heat 4.25*105 J/Kg

Dynamic viscosity 0.005736 cm2/s

Coefficient of linear
expansion

1.700e-05 1/℃

Young’s modulus 5.8840e+4 MPa/cm2

Poisson ratio 0.33

Table 3. Thermophysical parameters of the surface layer
material of the mold shell

Surface Value

Name Zircon sand

Density 5.68~5.91 g/cm3

Thermal expansion coefficient 7.5~13e-6 1/℃

Thermal conductivity 14 W/(K*m)

Dynamic viscosity coefficient 0.01 cm2/s

Table 4. Thermophysical parameters of the back layer
material of the mold shell

Back Value

Name Mullite

Density 3.16 g/cm3

Thermal expansion coefficient 4.2e-6 1/℃

Thermal conductivity 5 W/(K*m)

The contour dimensions of the fuel tank are
1198mm×650mm×564mm, and it is a large casting.
According to the analysis of the structural features of the
casting, due to the large overall size and thin wall
thickness of the oil tank, there are very high requirements
for the dimensional accuracy and quality of the casting at
the same time. In the structure of the fuel tank, there are
some ribs and bosses to fix the circuit system. These ribs,
bosses and the tank wall form a large wall thickness jump,
and hot cracking and shrinkage porosity are prone to
occur at the junction of the thick and thin positions of the
casting [23]. To reduce the weight, some deep grooves
were added locally to the casting, and thin-walled heat
dissipation fins were added to the box wall. Due to the
above-mentioned characteristics of the fuel tank structure,
it is comprehensively considered to adopt the investment
casting process to improve the filling capacity of the
molten metal and enhance the feeding effect of the molten
metal on the castings, thereby obtaining high-quality
castings. According to the characteristics of the difficulty
in shell-making the grooves on the side wall of the fuel
tank and the numerous large planar protrusions inside, the
casting tree assembly scheme with simultaneous
solidification is selected. Gap gates are set on the left and
right sides and the lower surface of the casting for filling.
The geometric model of the casting and the gating system
is shown in Figure 1.
Based on the above design, a geometric model is

established, and then the geometric model is meshed. To
improve the simulation accuracy and operational
efficiency at the same time, a minimum division interval
of 5mm is adopted, the total number of model meshes is
8.19 million, and the number of casting meshes is
540,000. Assign the corresponding material performance
parameters to the grid model units, set the thermal
boundary conditions and initial conditions. The ambient
temperature is 20° C. The heat transfer coefficient
between the molten metal and the shell is
0.01cal/(cm2·s·°C), and the heat transfer coefficient
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between the molten metal and the air is 0.0005cal/
(cm2·s·°C). The heat transfer coefficient between the
mold and air is 0.0005cal/(cm2 ·s·°C).
The pouring process parameters mainly include

pouring temperature, pouring speed and cavity
temperature. The following 8 groups of process
parameters (as shown in Table 5 below) were simulated
and studied by using the three-factor two-level

comprehensive test method.

Figure 1. Three-dimensional model of the casting and
gating system

Table 5. Comprehensive test process parameters

Process Pouring temperature °C Shell temperature °C Pouring speed kg/s Cooling method

1 720 400 3

Room temperature

2 720 400 5

3 720 500 3

4 720 500 5

5 730 400 3

6 730 400 5

7 730 500 3

8 730 500 5

3 Results and discussion
3.1 Temperature field during filling process
The temperature distribution at the end of filling for the 8
groups of processes is shown in Figure 2 below. The color
change from blue (at a temperature of 550 ℃) to red (at a
temperature of 720 ℃) represents the temperature
distribution of the molten metal. By comparing (a) and (e)
(processes 1 and 5), (b) and (f) (processes 2 and 6), (c)
and (g) (processes 3 and 7), (d) and (h) (processes 4 and
8), it can be known that the pouring temperature has little
influence on the temperature field during the filling
process. This is because the variation range of the pouring
temperature is 10 ℃, approximately 14%. Therefore, the
influence is less than that of the cavity temperature and
the pouring speed. By comparing (a) and (c) (processes 1
and 3), (b) and (d) (processes 2 and 4), (e) and (g)
(processes 5 and 7), (f) and (h) (processes 6 and 8) among
them, it can be known that when the cavity temperature is
500 ℃, the temperature distribution of the casting
conforms to sequential solidification, and when the cavity
temperature is 400 ℃, the temperature distribution is
relatively uniform. Therefore, increasing the cavity
temperature is conducive to forming sequential

solidification conditions. In conclusion, the process with
a cavity temperature of 500 ℃ is superior, and the
pouring temperature of 720 ℃ or 730 ℃ has no
significant influence on the temperature field during the
filling process.

Figure 2. shows the temperature field of the three-factor

two-level comprehensive test filling process, where (a) to (h)

correspond to processes 1 to 8 respectively

The boundary conditions of the pouring speed of
Process 3 being 3 kg/s, the mold temperature being
500 ℃, and the pouring temperature being 720 ℃
respectively were selected to complete the numerical
simulation of the oil tank filling process, as shown in
Figure 3. It can be seen that the molten metal first enters
the mold shell along the main runner, and then fills the
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bottom cross runner under the action of gravity. When the
pouring duration is 15 seconds, the bottom pouring tray in
the pouring system is filled, and the side gates and the
bottom of the casting begin to be filled. At this time, the
temperature distribution of the alloy liquid everywhere is
uniform. When the pouring duration is 18 seconds, the
bottom of the casting is about to be filled completely, and
the temperature distribution is uniform and higher than
670 ℃. When the pouring duration is 28 seconds, the top
and side walls of the fuel tank are filled by the side
injection runner. Due to the relatively thin wall thickness
of this part, its distance from the bottom runner, and the
slow filling speed of the side injection runner, the
temperature of the top and side walls drops to about
600 ℃, and underfilling may occur. When the pouring
duration is 34 seconds, the filling is completed. The
temperature in the area at the top of the casting far from
the direct runner and the gap runner drops to about
570 ℃. The temperatures of both the bottom and side
runner are above 600 ℃, and the feeding can continue.

Figure 3. Temperature field of the filling process in Process 3

The temperature distribution at the end of the filling
process in the 8 groups of processes is shown in Figure 4.
The color change from blue (at a speed of 0 cm/s) to red
(at a speed of 100 cm/s) represents the velocity
distribution of the molten metal. By comparing (a) and (b)
(processes 1 and 2), (c) and (d) (processes 3 and 4), (e)
and (f) (processes 5 and 6), (g) and (h) (processes 7 and 8)
among them, it can be known that the velocity
distribution is more uniform when the pouring speed is 3
kg/s, and there are velocity peaks in the inner runner at
the top and bottom of the casting when the pouring speed
is 5 kg/s. Air entrapment may occur at the blind cavity. To

sum up, the process with a pouring speed of 3 kg/s is
superior.

Figure 4. shows the velocity field during the filling process of

the three-factor two-level comprehensive test

The boundary conditions of the pouring speed of
Process 3 being 3 kg/s, the mold temperature being
500 ℃, and the pouring temperature being 720 ℃
respectively were selected to complete the numerical
simulation of the oil tank, as shown in Figure 5. It can be
seen that the molten metal flows through the slit direct
runner and the transverse runner into the cavity. When the
pouring duration is 15 seconds, due to the hindering
effect of the slit direct runner, the velocity of the molten
metal at all points is lower than 0.38 m/s, which ensures
the stability of the subsequent filling. From 18 seconds to
34 seconds, the molten metal is further decelerated
through the bottom injection slot runner and the side
injection runner, steadily filling the top and side walls of
the casting until the filling is completed. Considering that
the maximum speed in the direct runner can reach more
than 100 cm/s, it indicates that the adoption of the
double-gap direct runner significantly reduces the impact
of the metal melt on the mold shell.

Figure 5. Velocity field of the filling process in Process 3
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4 Conclusion
(1) The pouring temperature has no significant

influence on the temperature distribution during the
filling process. Increasing the cavity temperature can
increase the temperature gradient at different parts of the
pouring system, which is more in line with the sequential
solidification conditions.
(2) Increasing the pouring speed will lead to the

problem of overly fast filling speed at the top and bottom
of the casting, which may cause air entrapment in these
areas.
(3) The optimal combination of process parameters for

this oil tank casting is a pouring speed of 3 kg/s, a mold
temperature of 500 ℃, and a pouring temperature of
720 ℃ respectively.
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