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Abstract
Additive manufacturing (AM) provides significant geometric design
freedom for the cooling of high pressure die casting (HPDC) tools.
Designing cooling channels that can achieve a uniform temperature
throughout the tool-cast interface during the moulding process can
limit part warping and sink marks, internal part stresses, and increase
tool life. However, the design of the embedded cooling channels
requires high computational resources to model the heat transfer
process for the cast, mould, and coolant from the moment aluminium
is injected into the cavity until the injection for the next cycle. To
enable the examination of the effect of various parameters, a simplified
3-D CFD conjugate heat transfer model is introduced by considering
the experimental observations. The model decouples the cast part from
the mould. A volumetric heat source term is added to the energy
equation to represent the solidification energy, and accordingly the
heat flux is evaluated on its surface that has been set to a uniform
temperature. The heat flux is then compared with that obtained from
the mould surface for a specific cooling channel layout. With this
approach it is possible for the designer to rapidly assess the cooling
system without incurring significant computational cost. The model
reveals the undercooled and overcooled regions, which are then
matched with the observational results obtained by analysing the tools
and the aluminium cast surface. The results prove that the model can
be employed to develop a baseline design of the cooling channel
network for a complex geometry before applying an optimisation
technique. It can also be useful for assessing the effect of various
parameters, and to carry out a parametric sensitivity study with limited
computational cost. The limitations of the model are evaluated and
discussed in this work.

1. Introduction
Achieving proper and efficient cooling in HPDC tools during the
moulding process can help limit or eliminate many of the resulting
aluminium cast part’s defects[1], can improve the surface quality and
structure [2], and can reduce the cycle time and increase tool lifespan
[3]. With 3D printing, it is theoretically possible to generate any
channel shape at any location. However, designing a conformal
cooling layout that leads to a uniform mould cavity temperature is a
challenging task for designers when the die lifetime of the tool is
considered. Having very small channels which are necessary to
conformally cool small geometrical features may not be possible.
Practical experience has shown that flow in these small channels can
be partially blocked by contamination from various sources on the pipe
Page 1 of 8
10/19/2016

surface and can lead to an imbalance within the cooling system.
Unwanted deformation of small channels is common in the 3D printing
process [4]. The depth of the channels from the cavity surface is
another constraint because of high thermal fatigue caused by a
temperature gradient that can reach 50oC for each millimetre of depth
[5]. The significant amount of heat transfer required to solidify the
aluminium cast part in addition to the relatively high inlet water
temperature limits the length of cooling pipes to avoid boiling.
The 3D printed tool or insert provides flexibility in designing the
cooling channels and can yield better quality cast parts by eliminating
many of the defects. However, for a 3D printed tool to be economically
viable its lifecycle must extend to over 100,000 shots before
replacement [6]. Thermal fatigue and temperature gradient should be
limited to extend the tool’s lifespan; both are linked to the layout of
the internal cooling system. Simulations to compare the various
designs and configurations are important for engineers when
modifying the baseline design or introducing new cooling layouts.
Numerical simulation of HPDC is challenging, particularly for a
complex part. The high computational cost arises not only because of
the geometry, but also because of the complex physics and varying
time- and length-scales of the process. The internal cooling cycle
encompasses the injection of the molten aluminium, the solidification
process, demoulding, air and lubricant spraying, and mould closing
[7]. Each of these stages require different boundary conditions to
capture the varying physical processes and conditions that will affect
the internal cooling process. In addition, the cycle should be repeated
until a steady average mould temperature is achieved. In practise, at
the beginning of the HPDC process, the mould is usually too cold and
can potentially produce faulty parts, until the mould reaches this
thermally stabilised condition [8]. The transient nature of the process
and the novel complexity restricts the capacity of designers to have
multiple iterations or to assess various design options.
Even after considering all of the physics and taking into account the
boundary conditions and changes for each stage of the cycle, the model
will still fail to quantitively represent reality if there is no accurate
presentation of the cast/mould interface heat transfer coefficient. It is
therefore a common practice to calibrate the model using the inverse
method [9]. In many cases, design engineers need to quickly compare
different cooling channel layouts for an insert without having to carry
out thermal simulation for the complete CAD and the full cycle. It is
therefore useful to have a simplified model for the engineers that
allows a quick comparative analysis to examine the various design

options, particularly in the utilisation of novel 3D printing processes to
improve the quality of the products and extend the tool lifetime [10].
Having a uniform interface temperature entails the design of a cooling
system that can allow various heat fluxes depending on the cast part
thickness and geometry. Various design parameters can be considered
to achieve temperature uniformity at the interface by changing the
thermal resistance and therefore the local heat flux from the cast to the
cooling channels. These parameters include: the depth of the channel
from the interface; the distance between the channels (pitch); coolant
type; coolant temperature; coolant flow rate; and the channel crosssectional shape and size [11]. Each of these parameters have associated
physical and technical constraints, that can limit the optimisation of the
internal cooling system during solidification, required to predict the
effect of various changes within a computationally viable number of
iterations. Although achieving a uniform temperature is a challenging
task, setting a correct rate of heat flux is equally important for
enhancing the cast part’s mechanical and surface properties [14]. The
trade-off between the temperature uniformity, heat flux, or
solidification time is a decision to be made.
External cooling and lubrication can help in achieving a more uniform
interface temperature after demoulding, in addition to their main
function, which is to release the casting without soldering or
deformation, and to enhance the injection of the molten metal without
causing lamination in the casting [12]. Nevertheless, it is difficult to
control the lubricant spray to achieve a target temperature distribution
on the die cavity surface. The lubrication process is therefore treated
as a separate process to meet its main function of lowering the die
surface temperatures to 150 °C from a maximum of 320 °C, before
injecting the molten aluminium, to improve the quality of castings and
its surface [13]. It is therefore not usually considered in detail during
the casting modelling process despite its contribution to cooling by 2050% in older HPDC systems [14] which is reduced significantly in the
new designs.
Some attempts have been made to simplify the model [10]. The most
common assumption is to neglect the initial aluminium injection
process, because the associated complex physics require expensive
unsteady flow simulation for what represents a very short time duration
(0.5 second) relative to the solidification time [15]. External
convective cooling of the mould assembly is also commonly neglected
even though it can represent up to 20 % of the total cooling load in
recent designs. Replacing the water with an equivalent heat transfer
coefficient is a common approximation which can save much of the
computation time, because of the computational expense of having a
small mesh size to capture the thermal boundary layer.
Previous work showed that once the molten aluminium is injected into
the tool, in less than a second, it forms a thin layer of solidified
aluminium called a ‘skin’, and the tool surface reaches a temperature
of 400°C – 450°C [16]. The quick formation of the thin solidified layer
has been attributed to the much lower temperature of the mould when
the molten aluminium is injected [17]. Other work showed that for a
typical thermal cycle of an aluminium HPDC die, the surface of the
mould cavity reaches a peak temperature of 457°C [18]. The skin
thickness then grows with a rate that depends upon the rate of heat
transfer, which in turn is affected by the cooling channel design and
the interface thermal resistance.
Existing literature indicates that the temperature of the interface does
not change much during the cooling stage inside the mould; a change
of less than 30°C from the initial formation of the solidification layer
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until the end of the solidification time [19]. The heat flux reaches its
peak during the injection because of the intimate contact of the molten
aluminium with the mould surface. However, this high peak drops
significantly within 1-2 seconds [20] because of the formation of an
interface void caused by aluminium shrinking and pulling away from
the mould surface as it cools, leading to an increased interface thermal
resistance and an decrease in mould temperature (Chilling effect). As
solidification progresses, the heat flux rate tends to level off. The
cooling process therefore approaches a steady state at the time of part
solidification. This is true, so long as the pipes are close enough to the
cavity to allow the mould region located between the cavity and pipe
to reach its steady temperature. Under these conditions, the heat from
the cast is transferred to the cooling water.
In this work, we will examine and utilise this condition to assess
various cooling channel layouts using a steady thermal model and we
will discuss the limitations of this methodology.

2. Methodology
In this work, a steady assumption has been made for the casting part in
building our model to assess the cooling system. We also assume
isothermal surface of the mould through the solidification period. The
assumption of steady conditions is only valid under specific design
conditions; for example it is not correct to use this assumption in
deeply located cooling channels where casting heat is mostly absorbed
in the mould during the solidification stage before it eventually passes
to the water at later stages of the cycle, (i.e. after demoulding). To be
able to identify the criteria for using a steady model, a transient model
has been developed first, and validated using a gravity casting
experiment.
The constant temperature mould surface assumption was then used to
develop an allocation table to identify the location and conditions of
the cooling channels for various cast thicknesses under various cooling
conditions. The allocation table is then used to locate the cooling pipes
for a cast part with two different thicknesses. The heat flux from two
cooling pipe depth locations are compared to explore the effect of
shifting the pipe depth from its design value. A similar case study was
also considered for a full transient model to evaluate the interface
temperature for two cooling designs.
In this section, the experimental test rig for validating the transient
model will be introduced followed by the transient model itself, and
finally the simplified model will be discussed (with its limitations).

2.1 Experimental setup
To validate the mathematical model an experimental test has been
carried out by pouring molten aluminium over a flat block of 3D
printed tool steel with five cooling pipes, each of 6 mm diameter,
cooled using water at 67oC as shown in Figure 1a. The temperatures at
various locations within the 3D printed block have been measured as
shown in figure 1b. Temperatures were recorded using 1mm diameter
k-type thermocouples at a rate of 5 samples per second using a PicoTC08 data acquisition system. To ensure the correct measurement of
the temperatures, water was allowed to flow for sufficient time for the
block temperature to reach a steady state condition, so that all of the
thermocouples were measuring the same temperature before the
aluminium was poured over the block surface.

Four monitor points were used to measure the temperature at a 2mm
depth from the block interface near the inlet and outlet of the cooling
channel. The temperature of the aluminium 3mm above the contact
interface was also monitored. All of the thermocouples were protected
using stainless steel sleeves that passed through the cast. Cooling water
inlet and outlet temperature, as well as the flow rate were recorded.
Inlet water temperature was held constant during the experiment at a
value of 67℃ ± 0.2℃, as the water was circulated via a water pump
connected to a large tank. All of the thermocouples were located under
the block’s central pipe, which was adjacent to two pipes on both sides
to enable the use of periodic boundary conditions in the numerical
model. Special attention was paid to the location of the thermocouples,
to fix them in position before the experiment commenced.
Nonetheless, it is believed that there may have been up to 0.2 mm error
because of the tip size of the thermocouples that were utilised. The
protective stainless-steel pipe may also have contributed to some error
in measuring the interface temperature as it will have acted as heatsink,
slightly altering the heat flux direction.

2.2 Transient Model
The commercial CFD software StarCCM+ by Siemens was used to
simulate the heat transfer in the cast aluminium part, the 3D printed
H13 steel mould, and the cooling channels. The model uses the finite
volume discretization approach to solve the energy equation in the cast
and mould. Although the experiment was carried out on a much wider
flat surface with five parallel cooling channels, in the simulation
surfaces associated with only one pipe were used by applying periodic
boundary conditions as shown in Figure 2. The outside surfaces of the
3D printed block were assumed to be adiabatic since they were encased
in sand. Convective heat transfer with a heat transfer coefficient of 8
W/m2 K was applied to the upper and side surfaces of the cast on the
top of the block. Heat transfer by radiation was neglected in this study.

Thermocouples
Mounting plate
Mould block
Water supplies

a) The block and thermocouples before pouring the molten aluminium

Figure 2 – Transient model with similar conditions to the experiment

When modelling the heat transfer from the cast to the mould a contact
resistance is considered. An estimated mean interface heat transfer
coefficient of 5000 W/m2.K was adapted from the existing study [21].
The boundary and initial conditions that were used in the model have
been listed in Table 1 below:
Table 1. Boundary and initial conditions of the steady model
b) Block size and pipes

Boundary & operating Conditions
Water inlet temperature (oC)
Casting solidus temperature (oC)
Casting liquidus temperature (oC)
Casting injection temperature (oC)
Coolant flow rate (L/min)
Channel diameter, d (mm)
Channel depth, h (mm)
Channel pitch, W (mm)
Cast thickness, tc (mm)
Initial block Temperature, (oC)

67
538
593
650
5.5
6
12
18
23
67oC

c) Thermocouple locations
Figure 1 – Experimental test rig and locations of the thermocouples in the 3D
printed block and cast
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The heat transfer from the mould to the cooling channels has been
simplified by using the following equation to calculate the heat transfer
coefficient for turbulent flow on a smooth surface.

݂
൬ ൰ ሺܴ݁ െ ͳͲͲͲሻܲݎ
ͺ
݂ܽ݊݀ ൌ ሺͲǤͻ  ܴ݁ െ ͳǤͶሻିଶ
ܰ ݑൌ
ଶ
݂ Ǥହ
ͳ  ͳʹǤ ൬ ൰ ൬ܲ ݎଷ െ ͳ൰
ͺ
Where;
ܰ ݑൌ

(1)
ߤܥ ݒ
ߩܸܦ
݄ܦ
ǡܴ݁ ൌ
ǡܲ ݎൌ
ൌ
ܽ
݇
ߤ
݇

The above equation can be modified to account for the fouling effect
and internal coolant channel surface roughness for 3D printed tools
upon the Nusselt number and the heat transfer coefficient [22].
However, to enable the comparison of two different cooling channel
layouts in this study a smooth surface has been used.
Physical properties were varied with temperature as listed in Table 2
for the essential thermal properties of aluminium and steel. Both
specific heat and thermal conductivity of steel are linearly correlated
and varied with temperature. The heat transfer coefficient of water was
calculated using water properties at 67℃ and for a water flow rate of
5.5 L/min. The initial temperature of the mould was similar to the
experimentally measured value, which was the same as the cooling
water temperature of 67℃. The transient analysis was not only used
for validating the model but also employed to identify the solidification
time for various design parameters. Solidification time is defined as
the time when all cells reaches the solidus temperature or lower.
Table 2. Physical properties of the casting part and tool steel
Aluminium A380.0-F Die Casting Alloy [24]
Density
2760 kg/m^3
Specific Heat
963 J/kg-K
Thermal Conductivity
130 W/m-K
Tool Steel, H13 [25]
Density
7750 kg/m^3
Min Specific heat
587 J/kg-K @ 300 K
Max Specific heat
777 J/kg-K @ 700 K
Min Thermal Conductivity
24.86 W/m-K @ 300 K
Max Thermal Conductivity
28.7 W/m-K @ 700 K

2.3 An Isothermal Interface Model and Steady model
We observed that a quasi-steady condition occurred towards the end of
solidification, close to the demoulding stage for most of the conformal
cooling pipes that are located close the surface. The mould interface
temperature reaches an almost constant value very early after few
seconds when compared to the heat flux that takes much longer. It is
therefore possible to decouple the cast from the mould and run the
mould separately using an isothermal boundary at its interface. For a
comparative study it is not necessary for the temperature on the surface
to be accurate, so long as it is applied consistently in all cases under
investigation. However, to obtain a correct temperature value, a
complete transient simulation needs to be considered and a correct
interface heat transfer coefficient should be used as it has a significant
effect on mould surface temperature [20]. The model has then to be
calibrated based on experimental data. In our case we used the
temperature based on our experimental validation for the complete
transient model, 396oC. In some other studies the interface
temperature was taken as the Riemann interface temperature which is
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calculated using the initial mould temperature [26]. For the final
analysis using an insert the interface temperature was taken to be
450oC isothermal surface, and the heat flux evaluated accordingly.
The heat flux from the cast has been evaluated as steady state by
considering the rate of average volumetric heat generation. This
approach has only been used for our comparative study. The average
heat flux at the interface is correlated with the volume of the cast to
achieve a specific solidification time (t). To solidify a unit volume
from a melting temperature Tmelt to an average demoulding
temperature Tdemold the following equations can be used:
ఘൣೞ ାಲǡೞ ሺ்ೞ ି் ൯ାಲǡ ሺ் ି்ಽ ሻሿ
ܳሶ ൌ
(2)
௧

Where ܥǡ௦ and ܥǡ are the specific heat of the solid and liquid
aluminium phases respectively. ܶ௦ and ܶ are the solidus and liquidus
temperatures of the cast part. The injection kinetic energy and flow
energy of the molten aluminium have been neglected. The surface
temperature was assumed to be uniform throughout the cast interface,

3. Results and Analysis
The results are divided into 3 sections. The first section includes the
experimental results and the comparison with the transient CFD model.
The second section includes the transient results that have been carried
out over two cycles. The third section relates to the transient model
without cast.

3.1 Experimental versus the transient model.
The results from the temperature measurements in the mould and cast
are compared with the transient model to validate the model and to
ensure that it is set up correctly. Figure 3 shows close agreement
between the simulation and experimental measurements for the
temperature of the cast and 2 mm depth from the cavity if the first 6
seconds are excluded. The discrepancy at the early stage can be
attributed to the slow pouring of the molten aluminium on the surface
of the block as it is carried out manually. During this early stage
adjustment must be considered for the interface heat transfer
coefficient and thermal properties to calibrate the model. However, as
the manual pouring process was an additional error that cannot easily
compensated, adjustment in the model was limited to the interface heat
transfer coefficient to match the steady conditions. A value of 500
W/m2K was found to be suitable for our case.
2 mm depth

2mm depth

Cast

Figure 3 – Temperature between experiment and simulation at four
monitor locations

The spatial distribution of the temperature across block and cast after
40 seconds is shown is Figure 4. The temperature gradient at the
interface is also shown in left side of the figure and it shows a
maximum temperature variation of 4.5oC. This change in temperature
difference can be reduced by modifying the cross-sectional shape of
the pipe by having a flat surface on the top of the pipe. The temperature
gradient in the mould above the pipe reaches a value of 33oC/mm. This
value is calculated at steady state conditions. A much higher value is
expected when initially injecting the molten aluminium.

interface temperature will have much high value than that obtained
from previous simulations.

Figure 4 – Temperature distribution between mould/cast interface and crosssection at 40s

Figure 6 – Cross-section temperature distribution with cast thickness
23mm and 11.5mm at pipe depth 6mm, 12mm (left) and 6, 10mm (right)

The temperature variation shows a maximum difference of 5 oC
throughout the interface surface for the optimum pipe locations case
while for the case with a 2 mm shift in the pipe depth toward the
interface the difference increases to 9oC as shown in the Figure 7.

The cast interface temperature reaches the solidus temperature in less
than a second. The mould interface temperature is lower than the cast
temperature and that difference depends on the interface resistance.
Figure 5 shows a comparison in cast and mould interface temperatures
between a case of constant interface heat transfer coefficient of 5000
W/m2K and a case with initial heat transfer coefficient of 12000 with
linear drop to 5000 within one second. Having high heat transfer
coefficient at the beginning leads to a higher temperature response at
the cast and mould surfaces to reach the steady temperature earlier.

Figure 7 – Mould/cast interface temperature distribution at pipe depth
12mm (top) and 10mm (bottom)

Figure 5 – Mould, cast average interface temperature with constant and varying
interface resistance for the 45s period

The temperature uniformity can be improved using an adjoint
optimization approach that is currently under investigation by the
research team that changes the pipe surface geometry. With this
technique it was possible to improve the temperature uniformity for
ideal case and have a maximum temperature variation of 3oC with a
small deformation in the pipe as shown in Figure 8.

3.2 Case study for the Transient Model with cast and
mould
A comparative study between a cast part with two cast thicknesses can
be carried out to compare how the cooling pipe depth can affect the
deviation in temperature uniformity and heat flux distribution. A step
cast part is chosen with a thickness 23 mm and 11.5 mm and pipe
depths of 6 mm and 12 mm pipe as shown in Figure 6. The results of
these simulation are compared with another simulation that has a pipe
location of 6 mm and 10 mm depth from the interface. In both
simulations the interface thermal resistance is neglected. The
temperature distributions at the interface and along the cast, pipe and
mould are shown in Figures 6 and 7. Because of the absence of the
interface heat transfer coefficient or the interface resistance, the mould
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Figure 8– Interface temperature distribution of the optimised cooling
channel using the adjoint method and shape deformation of the pipe

The heat flux is also increased as shown in Figure 9 when the pipe
depth is reduced in the small cast section interface. However, it was
interesting to see a lower heat flux occurring on the thick part. This
could be attributed to the higher temperature gradient from the thick
part to the thin part at the interface.

The effect of pipe depth on surface average heat flux at different times
15, 20, 25, 30, 35 and 40 seconds is shown in Figure 11. This figure
indicates that increasing the pipe depth lowers the rate of heat flux at
the interface from the start of the simulation up to the solidification
time. Nevertheless, the effect of depth becomes more pronounced at a
later stage, close to the solidification time. It is, therefore, possible to
compare the heat flux during the moulding stage from various cooling
pipe depths or design parameters.

Figure 9 – Interface heat flux distribution for 11.5mm thin (top) and 23mm
thick (bottom) cast thickness

Figure 11 – Surface average heat flux at mould/cast interface against
different pipe depth locations for different times of the second cycle

3.3 Transient Model without Cast.
From the experimental data and simulation, it was clear that the
temperature in the mould takes a short time relative to the solidification
time to reach a temperature that is almost constant with relatively small
variation. If the early stage is neglected and we assume that the
temperature is constant at the mould surface, then it is possible to
compare the heat flux from different cooling system designs without
the need to simulate the cast each time.

Similar figures have been generated for the effect of pipe diameter,
cast thickness, pipe pitch, initial mould temperature and water velocity.
The data provides the expected heat flux on the surface for various
combinations of parameters that can provide initial cooling channel
design before carrying out more rigorous optimisation.

Figure 10 shows the surface average heat flux at each time step for
different pipe depths. The highest heat flux occurs upon initial pouring
of the aluminium due to the cold block and the chilling effect. The heat
flux then reduces as the block temperature increases and reaches an
asymptotic value. The simulation was initially run for 10 seconds with
a mould surface temperature of 250oC before changing the boundary
conditions to a temperature of 396oC. The reason for having two cycles
is to ensure that there is a temperature gradient in the region between
the block surface and water channel surface. This is usually the case
before injection of the molten aluminium.
Figure 12 – Cast thickness against solidification time for 9, 12, 15, and 18mm
cooling channel depths

The time-averaged heat flux value over the solidification time divided
by the volumetric heat generation that is calculated from equation 2
will provide the average cast thickness to be solidified for a given
cooling configuration. Figure 12 shows cast thickness versus
solidification time for various pipe depths. This curve is built assuming
a constant interface temperature of 396oC. Changing the interface
temperature will lead to a different value here.

Figure 10 – Two cycle results of the surface average heat flux at 9, 12,
15, and 18mm pipe depth for 40s
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The gradient in heat flux will be different if the pipes are not located
in the correct position to achieve a uniform interface temperature. It is
therefore possible to compare the heat flux generated from a different
cooling system. This heat flux distribution can be compared with the
rate of energy needed to solidify different thicknesses. The actual case

is that the interface temperature will not be the same if the pipes are
not located correctly and the heat flux will also be different.
To examine the methodology using this constant interface temperature
approach, the transient simulation was carried out for a step cast with
a step thickness 80% lower the experimental configuration. Figure 13a
shows the pipe depth for the two cast thicknesses 23mm and 18mm,
two pipe depths can be evaluated assuming a demoulding time of 40
seconds accordingly, the coolant pipe depth should be at 9 and 14 mm.
This case has been compared with another case where the coolant pipes
were not correctly located, we chose to use a 9mm and 17mm depth to
show the difference in heat flux and temperature as shown in Figure
13b.

cast and mould means there is a match and that the cooling pipes are
at their correct location in the design. Areas that appear to have more
heat flux than the corresponding value on the cast means they are
overcooled and require modification. The method has been applied to
various inserts and appears to be a good method for assessment so long
as the pipes are close enough to the cavity and the mould reaches a
steady condition before solidification.

Figure 14 – Temperature distribution around cooling channels and heat flux at
the mould/cast interface for one industrial inserts

4. Summary/Conclusions
a) Distribution of heat flux and
cross-section temperature at 9 and
15mm depth

b) Distribution of boundary heat
flux and cross-section temperature
at 9 and 17mm depth

Figure 13 – Comparison of interface boundary heat flux and cross-section
temperature distribution at difference pipe depth locations

The heat flux distribution on the interface surface after 40 seconds
shows a higher heat flux at the large thickness interface by almost 20%.
The drop in the heat flux was found to be 10% at the smaller cast
thickness section due to the extra 2 mm in pipe depth. Having a deeper
pipe not only leads to lower heat flux but also caused a drop in the heat
flux through the interface of the higher cast thickness section by 2%.
This comparison shows clearly that there is undercooling in the deeper
pipe section if the ideal heat flux distribution is known.

3.4 Complex Geometry Cooling Assessment
Since it is difficult to identify the ideal heat flux, it would be more
realistic to compare with an independent variable that is proportional
to the ideal heat flux. As the heat flux should be correlated with the
cast thickness, it is easier to take the cast thickness as a parameter.
However, there is not a straightforward method to identify the cast
thickness distribution for a complex geometry. Instead, a uniform
volumetric heat generation can be applied as a source term on the cast
part and using a steady model, it is easy to evaluate the heat flux on the
surface of the cast. With this method the cast can only be simulated
once using steady conditions and the heat flux can then be compared
with that evaluated from different designs. The heat flux is not
expected to be the same at that from the transient model, but it will
have a comparable value. Using a scale values can be compared.
Figure 14 shows the heat flux distribution in one of the inserts and also
the heat flux generated on the cast. Areas with a similar colour on the
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This study employed commercial CFD software to create a simplified
model that can be utilised to assess different cooling systems
particularly for 3D printed inserts with complex geometry. The
assessment model is based on achieving a uniform mould interface
temperature and can be applied when the pipes are closed enough to
the cavity for the mould to reach steady conditions before
solidification. The model can be utilised in building the baseline
cooling design before applying an optimisation technique. The spatial
distribution of the heat flux on the mould/cast interface is evaluated by
assuming a constant and uniform temperature at the mould interface
throughout the solidification period without the cast. The evaluated
heat flux is then compared with the cast part heat flux to identify the
overcooled or undercooled region. The model has been successfully
tested on simple flat surface and step cast part before applying it on a
complex geometry. The simulation highlighted that interface thermal
resistance can significantly affect the selection of the interface
temperature.
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AM

Additive Manufacturing

HPDC

High Pressure Die Casting

CFD

Computational Fluid
Dynamics

IHTC

Interface Heat Transfer Coefficient

