








FSI Visualization with GLview Inova
For an example that combines CFD simulation results from FLUENT and FEM results from 
ABAQUS, we have used the final results of the well known »exhaust manifold« example from 
the MpCCI tutorial. To produce figure 7 first the »exhaust_manifold.odb« file is imported in 
GLview Inova. The scalar result »Temperature« is selected to generate a contour plot showing 
the temperature distribution on the exhaust manifold surface. The manifold part is made 
transparent.

Now the »exhaust_manifold.cas« file containing the FLUENT geometry can be added to the 
GLview Inova workspace as an additional analysis. Adding the »exhaust_manifold.dat« with 
the FLUENT result data from the final coupling step completes this second import step.
By applying a particle trace box we generate particle traces and map the absolute value of the 
velocity to the particle traces. Hiding all parts of the FLUENT geometry leaves only the traces 
visible.

As a final step we combine both views in one single viewport using the superimpose feature 
of Glview Inova.

Superimposing is used in the very same way to combine the results for the »busbar« MpCCI 
example (an electrothermal analysis). However, in this case (almost) coincident cutting planes 
are used - one showing the temperature distribution in the air surrounding the busbar and 
the other one showing the heat generated in the busbar by the current running through it. 
The models are then clipped by the cutting planes. 

Conclusion
The visualization of results from coupling simulations is a complex task. The post-processing 
of the results requires tools that combine broad support of codes from the FEM and CFD 
domain via import filters, good rendering performance, high rendering quality and an easy 
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Figure 7: �Thermal coupling of a 
manifold
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to use support for animations as a basis. It also requires a state of the art feature set that is 
implemented in a very generic fashion so that the tool shows a high versatility when applied 
to the very diverse set of result data and visualization tasks encountered in this domain.

Already the visual monitoring of the coupling process needs a tool based on a rich and stable 
basis technology with features tailored to the task by means of a specifically designed graphi-
cal user interface.

Strong support for the presentation and collaboration part of the workflows in which the 
coupling simulations are embedded is of the same importance as for uncoupled simula-
tions and should be key to further prove the advantage of using coupled simulations when 
adequately used.

Because of the strong potential benefits we would like to drive the application of our ad-
vanced 3D visualization technology and thereby contribute to the evolution of the technology 
behind externally coupled simulations.
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Figure 8: »Busbar« Visualisation
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Coupled radiation simulation for automotive  
underhood analysis

Zafer Tastan – Ford - Werke GmbH

ABSTRACT
The full underhood thermal management of passenger cars is gaining more and more impor-
tance due to the increased engine power and restricted underhood space due to new added 
components during the last years. Additionally, shortened development cycle time is putting 
some limitation on climate tunnel and territory testing. Numerical methods, especially coupled 
thermal simulations, can help to overcome this problem by saving significant amount of time 
and coast.

The FLUENT/Radtherm coupling process through the MpCCI interface has been tested on full 
thermal underhood models which were created by using Tgrid and Harpoon meshes.  
The main task was setting up the process under work station cluster/super computing  
environment and comparison of different mesh configuration results according the calculated 
temperatures together with their calculation time.

INTRODUCTION
The underhood components of a car placed closed to the hot temperature areas like exhaust 
manifold region are directly affected from those parts through especially radiation.  
Usual method to identify the hot points of the components is a heat protection analysis with 
the tool like Radtherm calculates the conduction and radiation. The convection of the parts 
must be given. Traditionally the heat transfer coefficients will be guessed through the values 
which are already calculated from the carry-over programs or measurements.

A  way of doing that is calculating the convection part through a 3D CFD tool and afterwards 
to transfer/map the calculated heat transfer coefficients to the radiation model. This can be 
done either by doing it manually with few iteration steps until the temperature and velocity 
field is stabilized on both codes. Another clever and very compromising way of doing that can 
be done by automated coupling tool like MpCCI.

The use of 3D CFD in heat protection is getting more and more important through the recent 
improvements of the meshing techniques by using the technologies like wrapping and auto-
mated meshing methods. But due to limited or difficult to use heat transfer capabilities of the 
commercial 3D-CFD tools is making the use of radiation/conduction program still necessary. 
Best method is combining the strengths of both tools through an efficient coupling tool.

In this paper, the coupling strategy of FLUENT and Radtherm through the MpCCI interface 
has been described on a full underhood model. The effect of several meshing methods over 
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the heat protection behaviour has also been examined during this study and is presented in 
this paper.

MESHING STRATEGY AND USED MESHES
Several meshes were created for both codes. For FLUENT, a HARPOON mesh with 25 million 
mainly hexaheader dominated cells and a TGRID mesh with 11 million tetraheader cells were 
used where as an ANSA and a from HARPOON volume mesh taken quad dominantly mesh 
was used on the RADTHERM side. Figure 1 shows the configurations chosen for the coupled 
calculation:

Although the octree based HARPOON mesh is the chosen and used method in our house, the 
formerly used delaunay based Tgrid method has been shown here for comparison.  
The Radtherm model present always a part of the region but the FLUENT model represents 
the full car model together with the wind tunnel geometry. One has also to mention that 
wrapping plays a big role in the meshing strategy. This is one of the key enabler in the  
coupled analysis process. One has also mention the difference of mesh creation time between 
the Tgrid and Harpoon meshes where the later mentioned one has significant advantages.

Zafer Tastan 
Ford-Werke GmbH
Henry-Ford-Straße 1
50735 Köln 
Germany

Phone: +49 (0) 221 90 38292
ztastan1@ford.com

www.ford.de
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Figure 1: Mesh configurations



HEAT PROTECTION ANALYSIS METHODS
Following methods can be used to solve a heat protection problem which is shows here from  
top to bottom with the increased complexity of calculation:

• Traditional way: Radtherm analyses with the guessed Heat Transfer Coefficients
• �One-Way-Coupling: Radtherm analyses with from the CFD calculated Heat Transfer  

Coefficients
• Two-Way-Coupling: FLUENT/Radtherm analyses through the MpCCI coupling
• Direct solution: Full Underhood Thermal Management analyses with FLUENT

All above mentioned methods have, expect traditional way, have been compared with each 
other in this study. Special care has been given to the coupled Simulation procedure which is 
described briefly as follows:

• �Set up and run the FLUENT case only for convection and energy without radiation.  
The energy sources are the heat released from the heat exchanger cores

• �Write out the calculated wall film temperature and the heat transfer coefficients for the 
chosen surfaces from FLUENT and read/map into the Radtherm model

• Setup the MpCCI model interactively
• �Run the mpcci job fully batched on super computer. Here we use the already calculated  

FLUENT data file as start file

SETTING UP THE FLUENT SIMULATION
Figure 2 shows the car used in this study together with its underhood components. In Figure 
3, the model can be seen in the simplified wind tunnel used for the simplicity of the analysis.
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Figure 2: CFD model components
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A first FLUENT only analysis must be run to calculate the initial heat transfer coefficients and 
wall film temperatures for mapping in the Radtherm model. Here we use the already calcu-
lated FLUENT data file as start file for the coupled simulation. The velocity magnitude distribu-
tion at mid section of the model is shown in Figure 4:

SETTING UP RADTHERM SIMULATION
In Radtherm part, the following steps have to be done to make the Radtherm model ready for 
the coupled simulation:

• Read in the geometry file into Radtherm
• Map from FLUENT calculated heat transfer coefficients and film temperatures on to mesh
• Set up the Radtherm case with all the material properties and boundary conditions
• Calculate the view factor file
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Figure 3: �FLUENT model in the 
simplified Windtunnel

Figure 4: Velocity distribution at the mid section of the model



SETTING UP COUPLED SIMULATION
The coupled simulation approach has been established on the HP work station cluster and 
an a AMD Opteron based 64 bit CPU super computer with a PBS PRO batch system. MpCCI 
version 3.0.6-15 was used together with FLUENT version 6.3.26 and Radtherm version 8.1.1. 
Figure 5 shows the coupling process of both codes and the parameters given to each other 
in each iteration step. Wall heat transfer coefficients and Film temperatures are calculated 
on FLUENT side and given to Radtherm. Radtherm calculates with the given convection the 
conduction and radiation and gives back to FLUENT. This is repeated until the convergence on 
both codes are reached.

RESULTS
The simulation results have been compared in several ways. In the first instance, one-way-
coupling has been compared against two-way-coupling for Tgrid/ANSA and Harpoon/ANSA 
cases and later two-way-coupling results of above cases against the Harpoon/Harpoon and 
FLUENT only cases. 

The floor temperature distribution for  the first mentioned calculation  is shown in Figure 6. 
It has to be mentioned that the calculated model case did not contain any heat shield at the 
underfloor. The over all temperature level of coupled simulation is higher than one-way- 
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Figure 5: Coupled Simulation approach 
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coupling one. This shows the necessity of two way-coupling approach which takes the 
corrected convection hence the temperature field after many iteration of coupling until the 
full convergence level.

The results of the comparison between the Harpoon/Tgrid/ANSA and Harpoon/Harpoon and 
FLUENT Only did not differ from each other which is a good indication for the validation of 
the Harpoon mesh approach.  

The maximum temperature over the underfloor, given for center and rear floor separately, 
for all calculated cases are shown in Figure 7. This figure show again the higher temperature 
values for the two-way coupled cases compared to one-way-coupling. The comparison be-
tween the all two-way coupled cases and FLUENT only case calculated with discrete ordinates 
radiation model shows slight differences in temperature level. This might have several reason 
like coupling, view factor calculation and radiation method chosen in FLUENT. But the overall 
tendency is similar.

The overall computational time per iteration in second is shown in Figure 8. The increased 
computation of FLUENT only cases compared to the coupled solution is obvious. The coupled 
harpoon mesh approach seems to have reasonable computation time. Due to high amount of 
surface mesh from the harpoon model the time for Harpoon/Harpoon mesh is high.

147

Figure 6: one-way-coupling against two-way-coupling



SUMMARY
MpCCI can help to solve coupling issues of different codes successfully. The great flexibility of 
the coupling code gives to user the possibility to ensure the necessary result delivery time.  
 The overall result summary of the runs can be given as follow:

• �Coupled simulation process for FLUENT and Radtherm using MpCCI interface has been fully 
established on our linux cluster as batch. 

• �The coupled simulation results are differing significantly from the one-way-coupling results.
• The coupled simulation results are comparable with the direct solution results from FLUENT. 
• �The computational time needed for the harpoon mesh seems to be reasonable for full 

underhood thermal analysis.

Validation of the model with the windtunnel and territory testing and achievements of the 
coupled transient runs remain next steps.
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Figure 7: �Maximum temperatures 
at underfloor (°C) 

Figure 8: �Calculation time per 
iteration (Sec) 
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