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Flow modeling in an intercooler 
 

Abstract: The paper deals with the numerical modeling of charging air flow and cooling air flow in a charge 

air intercooler. The intercooler is air/air type and is used for the four stroke compression ignition engine 

with the total displacement of 7,6 l. The CATIA - CAD (Computer Aided Design) software is used for modeling 

of the 3D space geometrical model of the intercooler. The preprocessor Gambit is used for the creating 

of the needed computational mesh and the Fluent - CFD (Computational Fluid Dynamics) software is then used 

for the simulation itself and the postprocessing. The charge air flow in the intercooler is evaluated 

through the simulation results. Consequently the places with the maximum values of the velocity magnitudes 

for the charging air flow and the cooling air flow can be found. The simulation shows that the maximum value 

of velocity magnitude for the charging air flow is in the area of the intercooler inlet. The maximum value 

of velocity between the cooling fins is found through the simulation. Through this the information for the 

optimization of the intercooler can be gained. The purpose of the simulation is to use the low temperatures of 

charging to obtain more effective energy utilization, the decrease of the environment ecological load compared 

with the standard solution. 
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1. Introduction 

The intercooler is the part of the system 
for research of the charging air temperature influ-
ence on the production of exhaust emissions. The 
virtual model of the mentioned intercooler can be 
seen in Fig. 1. It is designed for the four stroke CI 
engine with the engine displacement of 7,6 l 
and rated power of 132 kW at 2200 rpm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1   Space 3D CAD model of the intercooler 

The design of the intercooler is examined through 
the simulation of the charging air flow and also 
cooling air flow. 

The 3D parametric modeler CATIA V5 is used 
for the model creation. Then the preprocessor 
Gambit is used for mesh preparation. Finely 
the simulation and visualization of results are per-
formed within the professional CFD (Computation-
al Fluid Dynamics) software Fluent. 
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2. Intercooler design 

As mentioned above the intercooler is air/air 
type. The direction of charging air flow is perpen-
dicular to the direction of the cooling air flow. The 
width of the intercooler is 570 mm, the height has 
the value of 470 mm. The distance between the axis 
of the pipes is 25 mm. The cooling fins have this 
parameters: height 462 mm, width 64 mm, thick-
ness 0,2 mm. The distance between the cooling fins 
is 2,3 mm and there are total 165 cooling fins. The 
design consists of 54 pipes. The outer diameter of 
pipes is 10 mm and the thick of their wall is 1 mm. 
The active length of the pipes is 410 mm. The sim-
plified model of the intercooler (see Fig. 1) was 
created because of the following use 
of computational software Fluent. The design of the 
intercooler shows the arrangement of the pipes and 
cooling fins – the pipes are horizontal and the fins 
are vertical. 

The simulation is assuming the charging air in-
let temperature of 155°C. The one cooling fin sur-
face for heat transfer has the value of 0,050654 m2. 
The charging air pressure before the intercooler has 
the value of 230000 Pa. Its mass flow rate has the 
value of 897 kg.h-1. The total surface for the heat 
transfer from the side of cooling air is 8,9819 m2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2   The model for the simulation 

The minimum flow cross-section from the side 
of the cooling air has the value of 0,017814 m2.  

 
3. Boosted air flow simulation 

The model used for simulation preparation 
(Fig. 2) consists from the part of the intercooler 
because of the decrease in the demand on the used 
hardware. In the simulation itself only the part 
of the model shown in the Fig. 2 is used because 
of the same reason. The mentioned model is then 
used for the mesh creation in the preprocessor 
Gambit. The resultant mesh can be seen 
in the Fig. 3. The types of boundary conditions used 
are symmetry, velocity inlet, pressure outlet and 
wall. The final mesh consists of 1 323 792 tetrahe-
dral cells. Then is the mesh imported into Fluent 
and the specific values for the single boundary 
conditions are specified. The value of velocity 
at the boosted air inlet has the value of 6,7 m.s-1. 
The value of time step is 0,001 s.  

The type of mathematical model used 
for turbulent flow simulation is renormalized 
groups - RNG ε−k  - turbulent model. This model 
is enough robust and suitable for the solution 
of turbulent flows.  
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Fig. 3   The computational mesh 

 
 
The equation for the motion transfer has this 

form: 
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and transport equations have following forms: 
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Fig. 4   Velocity vectors for the boosted air flow 

 
 
 
 
 
 
 
 
 
 
 
 
The simulation results can be seen in Fig. 4, 5 

and 6. 
Fig. 4 shows the velocity vectors distribution 

for the boosted air flow. 
As we can see the maximum values 

of the velocity magnitude are in the area of the inlet 
into the pipes and reach the 91 m.s-1 (see Fig. 5). 

The distribution of the velocity vectors 
in the area of outlet from the pipes into the common 
chamber can be seen in Fig. 6 and it can be seen 
that the maximum values of velocity magnitudes 
reach about 81 m.s-1. 

The simulation is performed on the PC 
with the Intel Core 2 CPU 6700 (2,66 GHz) and 
with the RAM of 3 GB. There was no problem 
with the numerical stability of the simulation. 

Through the gained information the design 
of the intercooler can be verified and subsequently 
optimized. 
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Fig. 5   Detail of the velocity vectors 

for the boosted air flow in the area of inlet in-

to the pipe 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6   Detail of the velocity vectors 

for the boosted air flow in the area of outlet  

from the pipes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4   Application of the boundary conditions 
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4. Cooling air flow simulation 

The CAD model used for the mesh generation 
within the preprocessor Gambit can be seen 
in Fig. 7.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7   CAD model of the space between 

the cooling fins 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8   The detail of the computational mesh 

The model consists of the part of the space be-
tween the two cooling fins. The cooling air flows 
through this space. The mentioned model contains 
again only the part of the whole space because 
of the decrease in the demand on the used hard-
ware. The detail of the resulting computational 
mesh can be seen in Fig. 8. The types 
of the boundary conditions used are symmetry, 
velocity inlet, pressure outlet and wall. The mesh 
consists of 848 529 wedge elements. Then is again 
the mesh imported into Fluent and the specific 
values for the single boundary conditions are speci-
fied. The value of velocity at the cooling air inlet is 
5,5 m.s-1. The value of time step is 0,001 s. 

The simulation results can be seen in Fig. 9 
and 10. 

Fig. 9 shows the total results of the velocity vec-
tors distribution between the cooling fins. As we 
can see the maximum value of the velocity magni-
tude is 15,2 m.s-1 and can be found in the proximity 
of pipes. 

In Fig. 10 it can be seen the detail 
of the velocity vectors distribution within 
the mentioned space of the intercooler. We can see 
also the orientation of the velocity vectors.  
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Fig. 9   Velocity vectors distribution between 

the cooling fins (the velocity inlet is from the right 

side) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10   The detail of the velocity vectors dis-

tribution between the cooling fins 
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5. Conclusion 

The boosted air flow simulation shows that 
the maximum of velocity magnitude 
for the charging air flow is in the area of the inlet 
into the pipes and has the value of 91 m.s-1 (see 
Fig. 5). The maximum value of the velocity magni-
tude in the area of the outlet of the pipes is 81 m.s-1 
(see Fig. 6). 

The cooling air flow simulation shows that 
the maximum of the velocity magnitude between 

the cooling fins reaches the value of 15,2 m.s-1 
and can be found in the proximity of pipes. 

The mentioned information give us the basis 
for the correct design verification and also optimi-
zation. 

Both simulations are the part of the simulation 
performed within the project which is aimed to use 
the low temperatures of charging to obtain more 
effective energy utilization and to decrease 
of the environment ecological load.  
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Nomenclature/Skróty i oznaczenia 

CAD Computer Aided Design  
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