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DEVELOPMENT OF COOLING TECHNOLOGY  

OF ALUMINIUM CASTINGS  

WITH COMPUTATIONAL FLUID DYNAMICS SIMULATIONS 

RÓBERT DÚL1–GYÖRGY FEGYVERNEKI2 

In this article parameters of surface heat transfer that can be influenced by the designer of cooling 

technology are outlined. Their effect on the efficiency of heat transfer are described. We also highlight 

the fact that Computational Fluid Dynamics (CFD) simulations provide data of vital importance for 

the user (ie. the foundry) in terms of demanding casting cooling technological parameters and for the 

mechanical designer of the cooling line in terms of how to fulfill those demands. 
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INTRODUCTION 

From heat transfer viewpoint we face two essential challenges with regards to castings. The 

first one is that a certain mass of metal that corresponds to the casting, feeder and every 

other metallic parts of the casting assembly must be melted. The second one is that the 

freshly cast assembly must be cooled down to be handled later on in the production process. 

The efficiency of putting in then later removing heat energy plays an important role in 

terms of production cost as well. 

 This article deals with the cooling part of heat transfer challenge and also the benefits of 

using Computational Fluid Dynamics (from now on CFD) simulations for the design of 

controlled casting cooling are discussed [1]. By applying numerical simulations cooling 

technology of castings can be constructed and fulfillment of requirements in terms of me-

chanical properties which are strongly connected to intense cooling of freshly cast parts can 

be assured. 

1. HEAT BALANCE OF CASTING

The practical use of numerical simulation of heat transfer between casting and surrounding 

environment enables the foundry to set realistic requirements towards cooling equipment 

supplier and to check the offered mechanical structure whether it meets these requirements 

before investing time and money into building it. Simulation can be regarded as a laborato-

ry in which ideas can be tested: try setups of casting and air cooling nozzle positions, direc-

tions of cooling, investigate whether forced air cooling, high pressure air cooling or air + 

water vapour cooling is the right choice for the given production process. 
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 In order to check a casting cooling line, or to define cooling intensity necessary to de-

crease temperature of a net 22 kg aluminium casting from 530 °C to 80 °C in 80 minutes, 

heat content of the casting assembly must be known. 

 Let us look at the whole process as two arms of the balance. On one side there is the 

heat content of the casting assembly which was just removed from die. On the other side – 

when air cooling is used – there are positions of casting and cooling nozzle, average veloci-

ty of cooling air, its temperature and its humidity, which can be summarized as the intensity 

of cooling, with other words the capacity of transferring heat from the solid object into the 

cooling medium. 

 These two sides are characterized by one equation for each: 

 heat content of casting given in Joule:  Q = c∙m∙ΔT, (1) 

 

 heat flux from the surface of solid given in Watt:  Pq = α∙F(Twall-Tair). (2) 

 

where: 

 c: specific heat of solid [J/kgK], 

 ΔT: temperature difference of object having mass “m” during heat transfer [°C], 

 α: heat transfer coefficient [W/m2K], 

 F: size of surface through which heat can be extracted [m2], 

 Twall: temperature of surface to be cooled [°C]  

 Tair: temperature of cooling medium (currently air) [°C] 

 These two sides are connected unitwise by the time given to carry out cooling process, 

since W = J/s. 
 
 

2. HEAT CONTENT OF CASTING ASSEMBLY 

Let us take a closer look at the heat content of the casting assembly. We use the term cast-

ing assembly which consists of the cylinder head and feeder and all the cores attached to 

the casting when it is placed in the cooling line.  

 If surface and internal temperature field of casting and cores are known either from 

measurements or from casting simulations and mass of casting and all of its attachments are 

known as well and finally specific heat of these are also available, then heat content of cast-

ing assembly can be calculated according to Equation (1). For the sake of demonstration let 

us suppose that a casting assembly (cylinder head and feeder) containing 33.2 kg metal 

should be cooled from an averaged 530 °C to 80 °C. Heat content of the casting to be re-

moved during cooling process is 18 MJ. 

 It can be noted that determination of heat content of casting assembly could be started 

from the heat energy required to melt a 33.2 kg mass of metal as well. While making these 

calculations one must bear in mind the heat energy to heat the given mass to 700 °C and the 

latent heat of phase change from solid to fluid must also be added. 

 The molten metal having the heat content calculated with the above described method is 

poured into the die cavity where this heat is decreased by many factors. Among these fac-

tors are the latent heat of solidification (of that given external layer of the casting that solid-

ifies while in the die) driven by cooling of die and some heat goes into sand cores by con-

duction. This complex geometry having a complex temperature field at the surface and in-

ternally, built from materials having different thermal conductivity and specific heat is 

placed into the cooling line. 
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 Since the casting assembly contains several sand cores in- and outside of the casting 

while in the cooling process, heat content of these should also be extracted by the cooling 

line. In case of some casting assemblies specific parts of the sand cores are either deliber-

ately removed by breaking them off the casting, or because resin burns out of them they fall 

by themselves. These sand pieces together with their heat content leave the cooling line and 

thus their heat content should not be handled by the cooling process any more. 

 As it can be seen by now, heat transfer from 700 °C molten metal is influenced by many 

(sometimes unknown) factors, so within the limit of this article we carry on with using 

measured data that metallic parts of the casting assembly have 530 °C temperature when 

forced cooling starts. 

 Based on the above the heat content of the casting assembly to be removed by the cool-

ing line is 18 MJ. On the other arm of the balance there is the heat removal capacity of the 

cooling line, which capacity is influenced by the elements of Equation (2). Some of these 

elements can be influenced by the designer or the operator of the cooling line. 
 

 

3. INFLUENCING HEAT REMOVAL CAPACITY 

Equation (2) has three parts, let us take a look at all of them to see what influence the de-

signer has on them. The temperature part, expressing the difference between wall and cool-

ing medium has an ever decreasing influence since temperature of wall has to decrease as 

cooling goes on while temperature of cooling medium tends to be constant, thus their dif-

ference decreases continuously playing less and less part in the multiplication. 

 The “F” part of Equation (2) is constant again, since outer surface of the casting cannot 

be changed during cooling unless some more sand covering metal parts break away from 

the assembly and expose a bigger surface of the casting or the feeder. 

 The only part of Equation (2) the designer or operator has an influence on is heat trans-

fer coefficient (alpha, α), actually it is the only factor the designer of cooling technology 

has full influence on.  

 What are the features upon which heat transfer coefficient depends? If water cooling or 

dry ice provide too much of cooling intensity for our aims, air-based cooling is the choice, 

so its heat transfer depends on air velocity near the hot wall. But it also depends on flow 

features of air near the wall, meaning how turbulent airflow is, how fast it picks up heat and 

how fast it is driven away to carry heat with it. 

 Of course material properties of air have influence as well. The biggest challenge con-

nected to heat transfer coefficient is that it is hard to measure, outer contour of a cylinder 

head is very complex and along this contour alpha could change within a significant range. 

But to design cooling technology heat transfer coefficient must be known. 

 Table 1 presents [1] heat transfer coefficient ranges in general achievable by gas and 

fluid flows, so these values are good enough for information only. From heat transfer point 

of view the fastest cooling applicable to foundry environment can be reached if hot casting 

is placed in a water tank which is a regular procedure after high temperature stage of T6 

heat treatment. 

 But if freshly cast cylinder heads dropped in water right after being removed from die, 

cooling results in way too small elongation, not good for our purposes in order to avoid 

further heat treatment of the workpiece. The cooling technology must be found that is effi-

ciently able to fulfill cooling in a given time (not 3 minutes in our case but 80–90 minutes) 

while all mechanical parameters of the finished product pass customer requirements. To 

achieve this, heat transfer coefficient must be accurately known. 
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  Table 1 

  Ranges of heat transfer coefficient for several gas and fluid flow velocities [2] 

Air, gases with natural convection 5–20 W/m2K 
Air, slow forced flow 20–50 W/m2K 
Air strong forced flow 50–250 W/m2K 
Overheated steam 23–116 W/m2K  
Water with natural convection 250–2000 W/m2K 
Water forced flow 2000–8000 W/m2K 
Boiling water 3000–6000 W/m2K 
Condensing steam 5000–15000 W/m2K 

 

 

At this point the importance and useful-

ness of fluid dynamics simulations 

come into the picture. In this virtual 

laboratory created by the computer and 

the simulation software tool together 

3D models of cooling lines can be built 

on which heat transfer features between 

casting and cooling agent and geometry 

variations of casting and cooling nozzle 

positions can be examined. 

We can quantify the effect of an air 

nozzle being closer or away from the 

casting. The effect of nozzle position 

compared to the complex surfaces of 

castings can be judged. It can be also 

calculated by how much heat transfer 

coefficient is increased if ventilator 

capacity is increased by 50% (be aware 

that it will be much less than 50%). 

Different shapes of cooling nozzles can 

be compared and based on quantified 

results a design decision can be made. 

 

Figure 1 

Velocity vectors around a casting  

and in its close circumference 

 Figure 1 and 2 show two examples of how complex a flow field around a single or mul-

tiple castings can be inside a cooling channel. In both cases the cylinder head assembly is 

cooled by dry air, coming from a nozzle. Each casing has one dedicated nozzle, in figure 1. 

this nozzle is cylindrical, for the cooling line on Figure 2 nozzles have rectangular cross-

section. 

 Among many valuable data such a numerical model can present in terms of efficient 

heat transfer, alpha distribution along casting surfaces is the most important one, as it can 

be seen on Figure 3. Heat transfer coefficient values can either be used and substituted into 

Equation (2) surface group by surface group, or the distribution can be averaged on the 

whole surface of the cylinder head assembly and used in Equation (2) this way. 

 The simulation software tool is also capable of calculating heat flux from cooled surfac-

es, the final result of Equation (2) at once. This is the way to go if several geometry ver-
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sions are calculated during design process or instead of dry air cooling water spray is in-

jected in the stream of cooling air. 

 

 

 

Figure 2 

Velocity vectors around three castings placed in a high capacity cooling line 

 

 

 

 

 

Figure 3a 

 Distribution of heat transfer coefficient [W/m2K] on side and top surfaces of casting as-

sembly  
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Figure 3b 

Distribution of heat transfer coefficient [W/m2K] on side and bottom surfaces of casting 

assembly  

 

Based on the information above, simulation provides vital data for setting up the design of a 

cooling line, but the same is true for a heat treating furnace as well. From the point when 

simulation is completed for the whole length of the cooling process and heat flux through-

out the time frame available for the cooling is calculated, providing the result of Equation 

(2), this figure can be compared with the result of Equation (1), the heat content of the cast-

ing assembly.  

 It becomes immediately clear if the designed cooling process is able to take at least the 

amount of heat content stored in the casting assembly. If heat flux is larger than heat con-

tent we can rest assure the casting will come out of the cooling line on or below the re-

quired 80 °C. At this point if excess heat removal capacity is too much, the designer may 

think about how to make the system more efficient with a smaller ventilator, or with an 

other air nozzle shape or arrangement. 

 In case results are not satisfactory, meaning that heat flux is smaller than heat content, 

then we need to get back to a previous stage of the design process and either try to reduce 

heat content (by braking some part of the topcore off the casting, as an example, which is 

good for the surface size through which heat can be removed as well) or increase efficiency 

of heat transfer.  

 This can be done by either decreasing temperature of cooling medium, which could be 

very costly, or take a look at alpha and increase it over the surfaces of casting assembly. 

This latter one is much easier than any other method because the first step usually is to in-

crease velocity of cooling air, resulting higher nozzle speed without changing the geomet-

rical arrangement. 

 In the majority of cases increasing speed of cooling air at the casting solves the lack of 

heat flux but as it was mentioned above we can not expect linear correlation between in-

creasing air velocity and increasing heat transfer coefficient. Several cases prove that 50% 
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of ventilator flow rate increase only resulted in 10–12% increase in average heat transfer 

coefficient. 

 In such cases designer and cooling line operator could consider increasing heat flux by 

introducing evaporation into the heat flux by installing water vapour nozzles and injecting 

small water droplets into the main airstream. By the help of latent heat taken from the cast-

ing surface and absorbed by the evaporating water the efficiency of removing heat can be 

significantly increased assuring that heat flux becomes larger than heat content of the cast-

ing assembly. 

 All of the above can be and should be tested in a computer driven virtual laboratory 

without the need of welding one piece of steel to the other. After this process is done, only 

the best performing cooling method needs to be tested before an investment into a cooling 

line is made. This simulation aided design method is proven to be effective and cheap. 

Cheaper than building something that does not work, anyway. 
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