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The complete thermo-mechanical model consists of 67738 volume elements (hexahedral) and
a total of 74939 nodes.

Loads

The complete model has an initial temperature of 20°C and the welding start at t = 10 sec-
onds until 129 seconds after which not only the welding stops but all clamping devices are
removed. As can be seen from Figure 4 the clamping load will be applied directly from the

start. The tool load will be applied between 0 and 10 seconds. The thermal load, calculated
by Morfeo, will be applied between 10 and 129 seconds, which is the time needed for the

welding pin to move the full length of the workpiece.

—— Clamping load
Load — Vertical tool load
—— Thermal load

10 129 145 Time

Figure 4: Normalised thermal/mechanical load cycle.

After the welding is finished the tool load, the clamping load and the clamping of the work-
piece edges will be removed progressively.

Coupled MpCCI Simulation

Now that the global and the local model have been defined the two need to be coupled.
The coupling that will be used here is a simple uni-directional coupling where the heat gener-
ated by the stirring of the material is injected into the thermo-mechanical model, where it
acts like a load. The Morfeo model will calculate element power [Watt] and the mesh will
move inside the SAMCEF mesh. To improve interpolation performance only part of the SAM-
CEF mesh is declared in MpCCl (see Figure 5: blue elements), and in this part of the mesh
SAMCEF will receive nodal power [Watt].

On the Morfeo side only that part of the workpiece mesh, where heat is generated, is
declared within MpCCIl. MpCCl will thus interpolate the power generated per element into
a different mesh where the power is defined per node. Because the total amount of power
needs to be conserved between Morfeo and SAMCEF, within MpCCl the exchange power is
defined as a 'flux’. The exchange between Morfeo and SAMCEF will take place at predeter-
mined time steps, and does not allow for an automatic time step.



Figure 5: MpCCl volume
exchange between
SAMCEF contact zone
and 3D Morfeo mesh.

[T

RESULTS

The results that are shown here show that the coupling between the global and the

local model has been successfully implemented. The global thermo-mechanical model is not
yet refined enough to give accurate results and specifically the thermo-mechanical contact
modelling needs further refinement. In Figure 6 we see the total power generated in Morfeo
and we see that this total amount of power has been successfully transferred into the global
SAMCEF model. The difference that we see in Figure 6 between the two curves is due to the
fact that in SAMCEF we also apply the convection boundary condition.

In Figure 7 we show the temperature distribution at t = 80 seconds, in this case we have
limited the temperature at 1086 K, because higher temperatures exist in the welding zone.

3000 !wus
2500 g 324
2000 842
Z 15w 76
681
1000
E I 600
500
513
a " 437
500 S0 100 150 200 a6
Time [s] o 273
|
2 x
Figure 6: Total generated and applied power. Figure 7: Temperature distribution at time t = 80

seconds.

These temperatures are too high and very likely due to the fact that the global model mesh
still needs further refinement.

Once the global model is further refined, a next step will be a detailed comparison between
the temperatures obtained in the local and global model. After that the global temperatures
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Figure 8: Total generated and applied power. Figure 9: Residual stress (Von Mises) at time t = 145
seconds at a cross-section of the plate.

will be compared with available thermo-couple data. The residual stresses as shown in Figure
9 are too low (two orders of magnitude), this is partly due to the fact that the tool load that
has been applied is not yet the physical load-case.

The reason for not yet applying the real loads was due to time constraints, but will be part of
the next phase. In that phase the existing global model will be further refined and the results
will be compared with available thermo-couple data and residual stress measurements.
Additionally metallurgy model data will be transferred from Morfeo to SAMCEF using MpCCl.
In this way we will be able to take into account the effect of for example dynamic re-crystalli-
sation on the level of the residual stresses.

CONCLUSION

We succeeded in coupling a global and a local model using MpCCl, in order to obtain the
temperature field and the residual stresses of a FSW example. The MpCCl implementation has
been successfully completed and first results are obtained. The results that are obtained are
not yet accurate and a refinement of the global thermo-mechanical model must take place
first, after which the results will be compared to available measurements.
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ACCOUNTING FOR TOOL ELASTIC DEFORMATIONS IN A
FORMING SIMULATION WITH INDEED

Koutaiba Kassem - Manthey — GNS mbH

INTRODUCTION

Large-scale manufacturers such as car makers are faced with extremely fierce competition in
international markets today. More than any other domain, the automotive industry must
focus its efforts on outstanding product quality, early time-to-market and low product costs.
In addition, car manufacturers are under the obligation to comply with increasingly severe
legal requirements in terms of, for example, environmental compatibility and safety.

The adoption of virtual techniques in an early stage of product development, like crash and
forming simulation, has become nowadays an indispensable tool in the metal-working in-
dustry. With the focus on sheet metal forming processes like deep drawing, the requirements
on simulation software are steadily increasing: on one hand, more sophisticated material
models, element and contact formulations are necessary to obtain accurate results of complex
phenomena like springback prediction or surface defects detection, while on the other hand,
large-scale models accounting for effects like the elastic deformation and wear of the form-
ing tools or even the temperature distribution during the forming process, are necessary to
ensure a reliable and cost-effective manufacturing process.

In a recently started project a coupling of stamping simulation with structural analysis will be
realised to take into account of the elastic tool deformations during the forming process.
The deformation of the stamping tool will lead to locally different contact and friction condi-
tions, and hence will have a remarkable influence on the quality of the final stamped part.

GNS - COMPANY PROFILE
Foundation: 1994
Number of Employees: approx. 70 engineers, mathematicians and compute specialists
Purpose of Enterprise: Providing engineering sevices and software development in the field
of numerical simulation
Annual Turnover: approx. 7.5 mio EUR in 2006
Headquarter: Braunschweig, Germany
Registered Offices: Ingolstadt, Russelsheim, Sindelfingen, Germany
Shanghai, China
Melbourne, Australia
Customers: International automobile and aerospace industry



GNS
Engineering Services

Koutaiba Kassem - Manthey

GNS mbH - Gesellschaft fur numerische
Simulation mbH

Am GauBberg 2

38114 Braunschweig

Germany

Computational Engineering:
Crash Simulation

Static-/ Dynamic Analyses
Forming Analyses

Phone: +49 (0) 531/80112-16
kassem@gns-mbh.com

www.gns-mbh.com

CONTACT
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INDEED
FE Forming
Software

ANIMATOT
FE Postprocessor

Ad 4-T. ECE-Seitencrash; a05_messe

GNS

Software Products

GENERATOR
FE Preprocessor

Evaluator
Documentation
Software

INDEED FOR NUMERICAL FORMING SIMULATION

Flat Blank

Forming Tools

Formed Part




Initial Positions Blank Gravity

':.'_wlt o o
Vi NN

Closing Blankholder Closing Punchr

INDEED - INDEED COUPLING USING MPCCI

Control GUI Integration

INDEED

Code Adapter 4%»

MpCCl Code API
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Modifications in INDEED

Spherical Cup with Elastic Blankholder

Thickness Changes in Blank Thickness Changes in Elastic Blankholder




Considering whole press behaviour

Considering all tool surfaces simultaneously

Thermomechanical coupling (Thermal Forming)

Verbundprojekt IMAUF : »Innovative Methoden zur
Auslegung von Umformwerkzeugen im Fahrzeugbau«
(www.imauf.de).

INAUE!

Dieses Forschungs- und Entwicklungsprojekt wird mit Mitteln des Bundesministeriums fir
Bildung und Forschung (BMBF) innerhalb des Rahmenkonzeptes »Forschung fur die
Produktion von morgen« unter dem Foérderkennzeichen 02PU2000 gefordert und vom
Projekttrager Forschungszentrum Karlsruhe (PTKA), Bereich Produktion und Fertigungs-
technologien (PFT) betreut. Die Verantwortung fur den Inhalt der Veréffentlichung liegr bei
den Autoren.
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COUPLING OF 1D AND 3D SIMULATION

Pascal Bayrasy and David Kelsall — Fraunhofer Institute SCAI/Flowmaster Ltd UK

SYNOPSIS

Fraunhofer Institute for Algorithms and Scientific Computing SCAI and Flowmaster Ltd have
been collaborating to develop an open coupling co-simulation interface between Flowmaster
V7 and Fluent using MpCClI. Flowmaster V7 is the latest release from Flowmaster Ltd, a
company of 20 years heritage providing powerful 1D system simulation software solutions to
the market. Flowmaster V7 is underpinned by an industry-standard relational database; with
a modern and highly productive graphical user interface, and features Application Program-
ming Interfaces (APIs) to XML, COM and .NET applications. The purpose of this presentation
is to present the new MpCCI API.

For simple networks featuring a CFD Y junction model, Flowmaster is able to successfully
co-simulate with FLUENT using the MpCCI API. Pressure and Flowrate distributions are within
1% of those predicted by the Flowmaster's proprietary CFDLink application. Similar results
have been obtained for a customer’s test network featuring 2 Y junctions and a more sophis-
ticated Flowmaster network.

INTRODUCTION
The collaboration between Fraunhofer Institute for Algorithms and Scientific Computing SCAI
and Flowmaster was first reported at the MpCCl User Forum in 2006 ",

At the 2006 User Forum, Flowmaster presented its CFDLink programme. CFDLink is a 1D/3D
boundary coupling software developed by Flowmaster Ltd. It enables engineers to perform
co-simulation between a Flowmaster 1D network and 3D CFD models, such as FLUENT™ or
STAR-CD.

Flowmaster and MpCCl have since been working together to develop the next generation of
the coupling capabilities between Flowmaster V7 and 3D packages. The development was in
line with one of its core objectives to develop a "best in class” integration capability with other
Computer Aided Engineering applications.

It was anticipated that the partnership between Flowmaster and MpCCl would enable
Flowmaster users to couple with CFD, FEA, Radiation and various other packages giving our

users a greater choice in integration modelling to meet their design objectives.

This paper brings the story up to date.



FLOWMASTER’S NEED FOR AN OPEN COUPLING INTERFACE

At its heart, Flowmaster is a Dynamic 1-D Thermo-Fluid Systems Simulation Software
Program, used by analysts and engineers for the design of complex fluid systems. It particu-
larly allows engineers to understand how pressures, temperatures and flowrates may vary in a
fluid flow network, such as a lubrication, fuel or piping system.

Typically customers are not primarily interested in the fluid system per se. The fluid system
facilitates something else working. For example in the automotive industry:

e the lubrication system is provided to allow metal parts to move past each other;

e the fuel system delivers fuel to the engine;

e the cooling system dissipates the heat of combustion, and

e the air conditioning system keeps passengers comfortable

Flowmaster customers therefore have a rich diversity of simulation needs. They operate across
the entire engineering sector and especially in the automotive, aerospace, marine, oil and gas,
power generation and water industry market segments. They solve a diverse range of real-life
engineering problems which may occur anywhere in their respective product life cycles from
conception, through design, to realisation and service.

By adopting a Product Lifecycle Management (PLM) approach, customers derive significant
benefits including: reduced time to market; improved product quality; reduced prototyping
costs; savings through the re-use of original data, a framework for product optimization,
reduced waste, and savings through the complete integration of engineering workflows.
In order to derive the benefits of a PLM approach, companies typically need to embrace
portfolio of PLM technologies. Flowmaster is part of the portfolio.

For example, one of Flowmaster’s Asian automotive customers is taking advantage of the
open and accessible architecture of Flowmaster V7 and using it within a web based Compu-
ter Aided Engineering (CAE) application. The CAE application links together many different
types of design and simulation applications (CAx applications in PLM terminology). Within
the CAx framework, application analysts have defined best practice methodologies, created
models and added vehicle platform specific information.

Pascal Bayrasy

Fraunhofer Institute for Algorithms Phone: +49 (0) 2241/14-2328
and Scientific Computing SCAI pascal.bayrasy@scai.fraunhofer.de
Schloss Birlinghoven

53754 Sankt Augustin www.scai.fraunhofer.de
Germany www.mpcci.de

CONTACT
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Figure 1: Integrated CAx (Design) System

Through a web based User Interface, experts and, importantly, non-experts can access the
power of their best-in-class systems in the context of this particular customer’s design and
development process. The diverse communities of users have access to Flowmaster V7, Catia,
3D Computational Fluid Dynamics (CFD), Structural (Finite Element, FE), Control, Optimisa-
tion and Combustion applications. In order to undertake a simulation, the user simply inputs
the necessary data and sets the context for the simulation and clicks »run«. The reports are
presented in html and stored in a central database for access by the rest of the organisation.

Flowmaster V7 represents the next generation in 1D System Simulation. A complete re-engi-
neering of Flowmaster was undertaken to better meet the current, future and evolving needs
of both traditional and enterprise customers. It features and is underpinned by an industry-
standard relation database, where-in are stored standard and customer-specific component,
performance, fluid, network, configuration and results data.

The Flowmaster application provides a window to the rich Flowmaster data through a
modern and highly productive Graphical User Interface. It provides various Application
Programming Interfaces (APIs) including:

e XML (to facilitate database updates via Extensible Markup Language),

e COM (to enable inter-process communication and dynamic object creation in any program-
ming language that supports the technology, e.g. VBA scripts for GUI and Analysis
Automation ,

¢ NET (managed code interfaces in .NET Framework) and

e MpCCl (interfacing to 3" party simulation products)



Flowmaster has developed its own coupling solutions in the past (FLUENTLink, StarLink and
CFDLink). However they have presented challenges continuously developing the capabilities
customers demand. It is difficult to support the range of hardware and operating system plat-
forms that customers wish to use. Flowmaster runs on a PC, yet much CFD seems to run on
Unix or Linux — introducing issues of heterogeneous platform support. Too often customers'’
operating systems are different from Flowmaster’s.

CURRENT TECHNICAL SOLUTION

CFD and 1D simulations are complementary — but different. CFD allows detailed flow simula-
tions within components, but is computationally expensive. Flowmaster allows networks of
components to be analysed. The calculations are relatively quick and provide a system over-
view. However Flowmaster requires extensive database of performance data for components
and fluids (which is supplied — and can be extended by the customer). Co-simulation brings
together the speed and robustness of 1D system modelling with the complexity and sophisti-
cation of 3D CFD. It significantly improves boundary conditions for CFD analysis and leads to
significant improvements in data quality and simulation results — in both simulation models.

MpCCl offers an open coupling interface to allow Flowmaster to co-simulate with a range of
applications. Of primary importance has been co-simulation with CFD clients such as Fluent
or Star-CD. Co-simulation is a process that enables the sharing of boundary data between
one dimensional and three dimensional models in single or multi-domain systems. This allows
engineers to simulate the interaction of the overall fluid system with the 3D effects using CFD
within a critical part of the network.

The benefits of 1D and 3D co-simulation therefore include:

e Increased confidence in assumptions made,

e Better simulation accuracy,

e Accurately model flows in complex geometries, taking account of transient boundary
conditions,

e Reduced boundary condition set up times.

For example, BMW Motoren GmbH, Steyr, have combined 3D CFD with system simulations to
analyse the cooling system of a six-cylinder automotive diesel engine.

David Kelsall

Flowmaster Limited Phone: +44 (0) 1327/306000
The Maltings, Pury Hill Business Park David.Kelsall@flowmaster.com
Alderton Road, Towcester

Northants, NN12 7TB www.flowmaster.com

UK

CONTACT
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They found that results of the co-simulation were an improvement over the independent
analyses 1,

PREPARING A COUPLED MODEL

Before starting a co-simulation CFD and 1D model must be modeled separately, i.e. a model
file must be created for each simulation code. The models must contain a definition of the
coupling regions. The preparation of a model file depends on the simulation codes.

Generating the Flowmaster Network
The model shown below in Figure 2 represents a simple Y-Junction network using standard
Flowmaster components such as a Flow source, Pressure source and discrete Losses.

Figure 2: Y-Junction Network
The boundaries in a CFD model are represented within a Flowmaster network by a combina-
tion of source and gauges. Both prescribed flow (inlet/outlet) and pressure boundaries can be
incorporated into a co-simulation. Each source boundary has to activate its External Model
Boundary property.
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Figure 3: MpCCl Link File Builder Figure 4: FLUENT Model



After having activated the co-simulation boundaries within Flowmaster, a MpCClI Link File has
to be created by using the Network Data Report Options. Boundaries have to be selected and
a name has to be assigned. (See Figure 3)

Creating the CFD Model

A 3D Y-Junction modelled in FLUENT can be used to perform detail flow behaviour (Figure 4).
This model contains a definition of the coupling regions for the mass-flow inlet and the two
pressure outlet boundaries.

RUNNING A CO-SIMULATION

Running a co-simulation with MpCCl requires the following steps which are completely
supported by the MpCCI GUI:

Step 1: Simulation codes and corresponding model files must be selected.

. i T =
Tt ity g Tt el gl o
- = | o 2
I_‘hl--“ﬂ E :’“-”I- l _2'
e ek s
[Te—————— - ==
[ e T
= Figure 5: MppCCl GUI Models Step

Step 2: The coupled regions, quantities must be selected.

Figure 6: MpCCl GUI Coupling Step
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Step 3: The MpCCl coupling Server may be configured.

| O 0 0 o s el s B ey 00 e ae
[EXT

Do lsen T Eubwemi o =

| e == Figure 7: MppCCl GUI Edit Step

Step 4: A coupling algorithm must be selected. After starting the MpCCl Server, both coupled
codes are started. Each code computes its parts of the problem while MpCCl controls
the quantity exchange.

——— Figure 8: MpCCl GUI Go Step




The Analysis Phase

After the co-simulation, the results can be analysed with the post-processing tools of each

simulation code. An overview of the complete co-simulation process is given in Figure 9.

Model preparation

Definition of
Coupling Process

Running the
Co-simulation

Post-Processing

model file
code A

Codes scan scan
Coupling
Regions
Quantities
Options
code A MpCCl MpCCl code B
Server Server \
N oo

Contol
Process

model file
code B

Results { tracefile \ Results
Code A e v ode B
Post-Processing MpCCl Post-Processing
A Visualizer B

Figure 9: Co-simulation with MpCCl

CFD Results

Figures 10 and 11 show total pressure contours and velocity vectors plots of the Y-Junction.
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Figure 10: FLUENT Total Pressure results (Pa)

Figure 11: FLUENT Velocity magnitude (m/s)
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FLUENT Residual Plots:

AN 63 34 g ke uens Figure 12: FLUENT residuals

Flowmaster Results
The graph below shows transient result of Flowmaster boundaries components.
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Pressure Comparison at Inlet Boundary

The graph below shows a comparison of the total pressure at the inlet boundary on the
Flowmaster and FLUENT side. As the FLUENT simulation has converged, we may observe that
both pressure values agree very well.
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RISING TO THE CHALLENGES

In developing the Flowmaster-MpCCl adapter, the project team have faced a number of
challenges. By far the biggest was the development of Flowmaster V7 that was happening in
parallel with this project. As with all new software development, from time to time, this led
to instabilities in the data exchanges between Flowmaster, MpCCl and FLUENT. Fortunately
these issues were resolved quickly, data exchange is stable, and the MpCCl link reports the
data exchanges as they happen — so users can monitor the exchange of key quantities that
play a role in obtaining stable and convergent behaviour.

Another key challenge — which is probably far more significant from the engineering and
co-simulation perspective — is ensuring the consistency of boundary conditions. This particular
affects the communication of pressure between Flowmaster and Fluent. Flowmaster solves
for Absolute Total Pressure (P, =P, . +h p g+ %2 pu?), whilst Fluent solves for gauge
pressures. However the pressure is further complicated because at pressure inlets, FLUENT
expects gauge total pressures to be specified, whilst at pressure outlets, gauge static pressures
are specified. The situation is further complicated because during co-simulation studies, it is
unwise to make any prior assumptions about flow directions. They may change during the
analysis. As a result of testing, the MpCCl adapter has been modified to take these factors
into account. CFD pressure boundaries are always specified as pressure inlets, and when the
flow is truly into the CFD domain, Flowmaster passes the Total Pressure (corrected to Gauge
Total Pressure). Otherwise, if the flow is out of the CFD domain Flowmaster passes the Static
Pressure (corrected to Gauge Static Pressure.)
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OUTLOOK

Recent work has shown how well the MpCCl Link facilitates co-simulation between
Flowmaster and Fluent for a relatively simple Y junction case and also for a more complicated
customer network. The results are effectively the same as those for previous analyses with
CFDLink (to within 1% difference).

By ensuring that the communication between the CFD and Flowmaster boundaries is
consistent, mass and momentum (as indicated by the pressure) are seen to be conserved —
even when different boundary CFD configurations are used, providing that at least one of the
CFD boundaries is some sort of pressure boundary.

We therefore believe that the MpCCl link is working effectively and it successfully reproduces
the results of the earlier Flowmaster CFDLink.

Technical acceptance has been seen as a crucial stage in developing the Flowmaster MpCCl
Link Adapter and a necessary precursor to concluding a commercial agreement.

Apart from links to CFD codes, a stable and proven Flowmaster-MpCCl Link Adapter opens
many new and exciting possibilities, such as links to Finite Element software and other ther-
mal simulation tools such as RadTherm.

REFERENCES
[1]Ludhi, A, »1D and 3D Co-Simulation Between Flowmaster and CFD Packages«,
Proceedings of MpCCl User Forum, 2006 (http://www.mpcci.de/fileadmin/mpcci/Userfo-
rum/MpCCl_7"_Userforum.pdf)
[2] Flowmaster Ltd. »BMW Motoren, Steyr couples 3D CFD with 1D Flowmaster analysis«
Automotive Case Study, 2007
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INTEGRATED FRAMEWORK FOR SIMULATING BEHAVIORS
OF NUCLEAR POWER PLANTS UNDER EARTHQUAKES

Osamu Hazama, Noriyuki Kushida, Hitoshi Matsubara, Akemi Nishida, Yoshio Suzuki,
Fumimasa Araya, Tetsuo Aoyagi, Norihiro Nakajima, Makoto Kondo — Japan Atomic Energy
Agency

ABSTRACT

To confirm the structural integrity and design standards of a nuclear facility under earth-
quakes, we are proposing an integrated framework for simulating the behaviours of nuclear
power plants. To establish such framework, first of all, input of the seismic waves reaching
the plant must be assessed accurately. Such assessment will require solving of dynamics of

a seismic wave which begins from fault dynamics and propagates through the earth's crust,
reaching the ground at plant site, and finally shaking the plant building and the equipments.
Thus, various temporal and spatial scales and physical phenomena have to be treated in

an integrated manner. We have carried out simulations involving two interactions: ground-
building and building-equipments interactions. In the ground-building interaction, we have
found that the high frequency response of small rooms in the building is smaller during the
propagation in the ground. In the building-equipments interaction, we have modeled a con-
nection part in detail. Furthermore, we have succeeded in carrying out elastostatic analysis of
the reactor pressure vessel and cooling systems of a nuclear research facility, the HTTR (High
Temperature engineering Test Reactor), on the grid computing environment, AEGIS (Atomic
Energy Grid Infrastructure). The simulation framework opens a possibility of new simulation
technologies for building a whole virtual nuclear plant in computers for virtual experiments.

INTRODUCTION

In order to safely and stably supply energy by nuclear means, structural integrity and design
standards of a nuclear facility including factors such as aging under large earthquakes must
be confirmed, and its future conditions must be predicted with high reliability. To maintain
structural integrity of nuclear facilities under large earthquakes, it is of at most importance
that a plant-building does not collapse, equipments including pipes are safely supported
against severe vibrations, and no radioactive materials leak. Furthermore, in order to discuss
topics on nuclear safety, it is important that the functional limit of a nuclear power plant
against a severe vibration is clarified. Thus, the necessity of detailed analyses under real-world
environments is growing more and more. Although full-scale experimentations are favorable
for acquiring necessary information and carrying out investigative studies of a nuclear facility,
such experiments are for most cases physically and financially impossible. Furthermore, it is
impossible to execute the vibration experiments considering aging for equipments over 30
years. Therefore, development of simulation technologies and models which can treat vari-
ous dynamics and substitute the experiments is highly desired. Our objective is to establish



an integrated full-scale simulation framework for quantitatively investigating the vibration
behaviour of nuclear power plant equipments under earthquakes.

Integrated Framework

In order to simulate the vibration behaviour of a nuclear facility, it is necessary to accurately
evaluate the input, seismic waves propagating to the buildings and equipments. Such assess-
ments will require solving of the dynamics of seismic waves propagating through the earth's
crust, ground, plant building and equipments. Thus, various temporal and spatial scales and
physical phenomena will have to be treated in an integrated manner. Figure 1 is a hierarchical
illustration of the problems involved in the assessment of a quake-proof strength: earthquake,
building, plant, equipments. We construct the framework on the grid environment AEGIS:
Atomic Energy Grid Infrastructure (described in section 4).
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In order to realize such wide-range simulation beginning from earthquake to equipment
vibration in an integrated manner, simulations spanning three scales are dealt. The largest
spatial scale is the elastic wave propagation including fault modeling for simulating earth-
quakes. The second scale involves dynamic interactions between ground (soil) and a plant-
building structure including heterogeneity and nonlinear properties of the ground. Lastly,
simulations of vibration behaviours of equipments will be carried out including its interactions
with the plant building. In this paper we focus on two interactions: the ground-building inter-
action and the building-equipments interaction.
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And the results from linear elastic analysis of the reactor pressure vessel and cooling systems
of a nuclear research facility the HTTR (High Temperature engineering Test Reactor) will be
shown [1].

Ground-building interaction

The plant building is composed of reinforced concrete parts and steel frames. We have
generated mesh for these parts independently and assembled them during simulation.

The number of elements and nodes of representing the building is 1032142 and 252389,
respectively. Figure 2 shows the mesh of the building.

The ground has been modeled as groups of elastic bodies and divided into horizontal layers
according to the differences in material properties. \We have integrated the plant building
model and the ground model using three-dimensional spring model. We have applied the NS
wave of the El Centro 1940 as the input ground motion into the NS direction (the direction
along the cutting plane in Figure 2) under the very bottom layer. The boundary condition of
the both ends of the ground of the NS direction is horizontal rollers. We have executed the
simulation during 3 seconds (300 steps) after the maximum amplitude. The damping proper-
ties for the plant building and the ground are assumed as 2% and 5%, respectively.

Figure 3 shows one of the simulation results of the integrated model of the plant building and
the ground. The result shows that the high frequency responses of the building are smaller
because high frequency components are reduced during the seismic wave propagation in

the ground. There are also substructuring methodologies which separately solve the ground
motions and building responses, and in this case, physical parameters such as tractions and
displacements at the interfaces need to be exchanged mutually. If we can determine that this
kind of approach can be more efficient in solving soil-structure interactions, then MpCCl [2]
will be a powerful tool.

Figure 2: The mesh of the building. Figure 3: The simulation result of the integrated
model of the plant and the ground.



Building-equipment interaction

Figure 4 shows the schematic image of the plant, building, and equipments. At the moment,
the simulations are carried incorporating the conventional lumped mass and spring models.
These simulations are used to determine the structural behaviour of the plant and seismic
loads exerted. The schematic image given in Figure 4 is a future works to be done in fully
three-dimensions.

Figure 4: The schematic image of the building and Figure 5: The CAD model of connection parts
equipments. between I/C and an equipment

Gt
Figure 6: Modeling of the connection part (the left hand Figure shows mesh and the right hand Figure
shows an actual object.).
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Figure 5 shows a sample CAD model of a part connecting the building structure and equip-
ment. To evaluate the vibration behaviours of equipments, connection parts play the most
important role since all seismic waves propagate to equipments through them. We have
carried out the modeling of a connection part which includes the interaction between the
steel connection part and the concrete part (see Figure 6). Here, the number of elements of
the connection part is 50,905 and of the concrete part is 166,394. The contact analysis was
performed to simulate the steel-concrete interaction. Therefore, coupling strategy of steel-
concrete analysis can be clarified as strong coupling. After the detailed analysis, the result will
be reflected into the integrated analysis of the building-equipment interactions.

Elastostatic analysis of reactor pressure vessel and cooling systems of a nuclear
research facility [1]

HTTR was digitalized in a part-wise manner which will be assembled to form an entire nuclear
plant. It is composed of a reactor with containing pressure vessel, cooling system components
and pipes interconnecting these major components. The integrated seismic responses of an
entire plant are analyzed through numerical simulations. The dataset in the computation
consists of finite element meshes, input earthquake waves and result data subject to visualiza-
tion. In detail, used in the analytics are 281,750,883 tetrahedrons, 178,808,709 degrees of
freedom, and 2.3 TB visualization data.

The reactor and major components of cooling systems are subject to an assembly structure
analysis. The 20-second real data taken from the El Centro earthquake is applied to the whole
nuclear power plant. The reactor, the primary and secondary air water cooling systems were
solved using 512, 256 and 128 CPUs, respectively. The three pipes were computed using

64, 64, and 128 CPUs, respectively. Supercomputers involved in the simulation include IBM
pSeries690, NEC SX-6, FUJITSU PRIMEPOWER, SGI Altix3700Bx2, and HITACHI SR11000.
Figure 7 shows the visualized image of the whole analysis.

Method

Part-wise modeling

Gl -corientd poet wite snakpsis
Distributed visualization
Dana-sat

180 milion DOFs

2300 B8 veuahizaton dataset
Resl B Centio earthquake data

=t 1 [a Ry Figure 7: The visualized image
a,.,w _|.1. }-..

1 |I A of the whole analysis
result.




AEGIS: Atomic Energy Grid Infrastructure

We have launched R&D of grid middleware AEGIS [3] for establishing computational infra-
structure for atomic energy field with the knowledge and skills in ITBL-IS [4]. The R&D aims at
establishing predictable science and engineering to guarantee security and safety of atomic
energy and preserve environment by constructing an environment of real-scale nuclear facil-
ity with computer aided research and development, computer aided engineering, computer
aided science, and network computing system which enables those synchronicity.

By establishing the simulation framework on the computing platform ITBL-IS and AEGIS,
especially using the ITBL-IS/AEGIS client API, early success in the extra large-scale simulation
of the major parts of the nuclear plant has been realized. Figure 8 shows the client APl in hi-
erarchy we have defined according to the classification of grid-enabled application developed
using ITBL-IS.

field material electromagnetic thermal structure fluid
high
level . combination of  substitution of scalable parameter remote data
processing ) )
computers computers parallel  survey experiment  sharing
method FEM FVM FDM Particle MD Monte Carlo
middle integrated heteroggneous meta . high throughput dlstrlbulted
level computing computing processing
indepen- workflow  job control  visualization file grid . resource.
dent control  connection information
low : o —
level basic authentication communication

Figure 8: Definition of ITBL-IS/AEGIS client API.

SUMMARY

We proposed and have begun development of an integrated framework for simulating be-
haviours of nuclear power plants which we hope will contribute to the evaluation processes
involving confirmation of structural integrity and design standards of a nuclear facility under
earthquakes. To establish such framework, the dynamics of seismic waves propagating
through the earth's crust, ground, plant building and equipments will need to be modeled
and simulated. Simulations involving various scales with different wave propagation charac-
teristics and their dynamic interactions must be modeled accordingly. In this paper, we focus
on the structural analysis. We are considering the interaction between different physical phe-
nomena such as fluid dynamics, thermo dynamics, and so on. For the data transfers necessary
among the scales as well as the physical phenomena, we are considering MpCCl, and will
take into condition for designing our integrated simulation system.
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FSI IN PLANT ENGINEERING
Lars Sitzki and A. Schulz — TUV Nord SysTecGmbH & Co. KG

ABSTRACT

Three real live examples of fluid-structure-interaction will be given. In each of them the effects
of design optimization, better understanding of the structure and higher cost efficiency will
be explained.

Power plant steam valve

Stress and fatigue of components in plant design is usually calculated without detailed flow
simulation but with constant heat flux. Therefore the heat flux boundary condition is very
conservative and considers high fatigue levels. Using FSI the quality of boundary condition is
significantly improved. The fatigue level is much lower and cost is reduced.

Thermal layering

Dynamic processes as the propagation of a thermal layer in a pipe as well as the variation of
layer thickness can be important for the evaluation of stress and fatigue in nuclear power
plants. The simulation of such processes needs the coupling of structure and flow solver.
The example explains how a more realistic fatigue level is calculated and how operation can
be modified to reduce fatigue.

Failure analysis

Usually the data base for the failure analysis is weak and gives just a failure hypothesis that

is uncertain. This example shows how simulation can verify a failure hypothesis. Employing

FSI it can be shown that the hypothesis is correct and produces a similar failure pattern as it
was observed in real live. If the verification fails an iterative process with the modification of
boundary condition starts until a similar pattern is reached.

INTRODUCTION

TUV North Group is heavily involved in research and understanding fatigue phenomena

in power plant components like pressure vessels and valves. A key challenge that must be
tackled in the near future is to accomplish fatigue evaluating for operating temperatures up
to 700°C.

In this context it is necessary to realize the multidisciplinary nature of component design and
the need for the fluid and structure communities to work together. In close colaboration we
are able to:

e specify and optimize the thermal boundary conditions
e provide more reliable stress results and to prevent inaccuracy or mistakes in FEM-analysis
e reduce the drop loss and to distribute the thermal loads more uniform



e achieve of design proposals
e enhance the operational flexibility without compromising safety

In the following three real live examples of fluid-structure-interaction will be given and the
advantages in using the FSI-method will be explained.

1. EXAMPLE: »POWER PLANT MAIN STEAM VALVE«

Figure 1 shows a main steam valve — only valve body, without valve cone and cover assem-
bly. The steam mass flow coming from the steam generator is united in the valve before the
turbine.

The valve body is made of heat-resisting steel (X10 CrMoVNb9-1). It is a hammer forging part
and is manufactured by boring and milling.

valve seal - - _ _

inflow

Figure 1: valve body

What local and transient phenomenon can occur and are not to ignore?

¢ The steam velocity distribution in the valve is not uniform. Especially in the low streamed
aftermost section behind the cone, small velocity values are to expect.
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* The components of steam lines are exposed to temperatures up to 600°C and in future up
to 700°C. In the warm-up period of the power plant the steam temperature is increased
with constant rate of temperature change. But contrary to the temperature the mass flow
rate is changing abruptly (Figure 2). This has big influence on the heat transfer and the
temperature of inner wall surface. The heat transfer coefficient is changing from values less
than 100 W/m?k up to 5000 W/m?K.

900
electrical power in MW
1] —— main steam pressure in bar
main steam temperature in °C
700
main sicam Sow in ifh
600 + heat transfer coefMclent _ in 10°Wim 2K —
500 —_———— —_—
400
300
200 y,
; . P
e
100 +
.
o™
P -
o 60 1200 180 240 300 360 420 480 540
time in min Figure 2: warm-up period

The common approach in FEM-Simulation is to define very simple boundary conditions by
setting the same heat transfer coefficient as a steady value (a = 10.000 W/m?K) for the whole
inside valve surface. In the result the fatigue level is high and the operational flexibility must
be reduced. On the other hand it is not clear whether this approach is in all cases really con-
servative.

What separetes FSI from the described approach without flow simulation is its ability to pro-
vide reliable space and time depended boundary condition. This is a weak point in the pure
FEM-simulation and FSI can be used to supplement the missing information. In this particular
case the following results were achieved:

Local phenomenon
The FLUENT analysis (Figure 3) shows strongly different flow velocities. The maximum values
achieve up to 85 m/s in the middle of the exhaust flow.



Figure 3: pathlines inside the
valve, velocity in m/s

Above the valve cone the values represent less than 10 m/s. As a result the heat transfer on
the wall surface and the thermal loads are in this area less intensive. It must be pointed out
that heat transfer coefficient less than 1.000 W/m?K generate a considerable temperature
difference between wall surface and steam temperature. Therefore is the simple boundary
condition (& = 10.000 W/m?K) overly conservative.

The inflow to inner casing shows a flow optimized area. By removing of material the flow
separation is minimal and the drop loss is reduced. Hence velocity, heat transfer coefficient
and wall temperature are approximately constant. By this means a uniform load is achieved
and local stresses are to be avoided.

In principle the increasing of stresses is strongly connected to pressure loss. Rotating backflow
caused by abruptly changing in casing contour (Figure 4) generates non uniform thermal
loads inevitably. Therefore it is obviously shape optimization helps »to kill to byrds with one
stone« and FSl-research is essential to give design proposals.

Druckverlauf Druckverlauf
an der Rohrwand  in der Rohrmitte
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Transient phenomenon

A main steam component must not be operated unless it is warmed up completely. To protect
the component against wear at elevated temperatures the warm-up period last till 3 hours
(Figure 2, main steam temperature, red curve). For this purpose the steam temperature is
increased with constant rate of temperature change and the plant operator believes to carry
on a low-fatigue plant mode.

By this way of example it is obviously that manufacturer and operator are often not conscious
of the influence and importance of the thermal boundary conditions. Mostly they are very
surprised at the results of the temperature analysis.

In fact the heat transfer coefficient is a function of steam velocity or mass flow rate.

That means, the average temperature difference over the wall and the thermal stresses can
increase significantly although the rate of steam temperature change is constant at any time.
In other words the rate of wall temperature change is equal to the rate of steam temperature
change only on condition that the heat transfer coefficient is at least greater than 1.000 W/
m?K.

The improvement of heat transfer by increasing of mass flow rate caused an excessive runup
of wall temperature rise. The rate of wall temperature change may achieve the tenfold

value compared to the rate of steam temperature change. In this case the assumed thermal
boundary conditions are no longer conservative!

2. EXAMPLE: » THERMAL LAYERING«

In the primary system of nuclear power plants like the european pressurized reactor (Figure
5) the pressure is controlled by means of pressurizer. The pressurizer is a vessel equipped with
an electric heater, containing water and steam, and is connected to the primary system by a
surge line.

An outsurge is defined as hot water flow out of the pressure vessel through the connecting
line (surge line) into the main cooling line and farther to the steam generator and reactor
pressure vessel. Because the reactor is not in operation at this state, the water in all other
components is cold, except the pressurizer.

During an hot outsurge from the pressurizer to the cold primary loop occurs some com-
plex thermal-hydraulic processes like internally thermal stratification take place. It is utterly
impossible to define these thermal-hydraulic transients as reasonable boundary conditions
for the FEM-Calculation. Figure 6 shows the fluid and outer wall temperatures simulated at
several locations exemplarly.

The key to a realistic evaluation of stress and fatigue and for an effective life cycle manage-
ment lies in realistic thermal boundary conditions perfomed only by a FSI-Simulation.



PZR  Pressurizer

SG steam generator

MCL  main coolant line

RPV  reactor pressure vessel
MCP  main coolant pump

Figure 5: european reactor (EPR),
coolant system

45 H4 £ 0 0 0 W B2 03 04 03

vertikale Position [m]

Figure 6: temperature distribution, cross section of the main coolant line

3. EXAMPLE: »FAILURE ANALYSIS«

Damage analysis launchs with a period of information retrieval. The collected data are
summarised and comprimised in a way, that a plausible damage assumption can be deduced.
This is very difficult in a lot of cases, because the conclusion based on an uncertain and
incomplete data basis.
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Figure 7: damage simulation (FLUENT model and damage location)

Advanced simulation techniques (like FSI) allow to prove — contrary to the traditional
approach - the trueness of the damage assumption. Within the simulation the component
is subjected to the assumed damage loads. As a result component reactions (stresses,
deformations, temperatures,...) must be visible in a way, that the damage is explainable.
Otherwise the damage assumption is to change and the process has to launch again.

This proceeding represents an inversion of the causal chain. The iterative nature of this
method allows a quasi-causal approach. The damage assumption is continually improved,
until the results of the simulation look similar to the damage. The change of hardware is
within this method the last step and not the first.

As all iterations are carried out by virtual simulation tools, it can be achieved most significant
savings of time and costs.

However the application potential is not full used yet. Additional simulations can help to
evaluate the effectiveness of the intended change of hardware.
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FSI-VISUALISATION WITH CEETRON 3D TECHNOLOGY

Armin Sager — Ceetron GmbH

INTRODUCTION

MPCCI has, by means of constant refinement, established itself as standard software for cou-
pling simulations in CAE workflows. Its application has definitely broadened beyond coupling
major/mainstream solvers to a variety of applications, e.g coupling an established code with
very specialized codes. This trend will proliferate because it has become easier to implement
support for coupling into solvers and because the understanding of the coupling process has
grown in sync with the capabilities and the number of supported applications of MpCCl.

Coupling simulations should make it easier to simulate certain processes in a more reliable
and satisfying way because either the codes that can be deployed using external coupling fit
the nature of the problem better or only the use of coupling allows a proper representation
of the physical problem. On the other hand, a coupling simulation often represents a more
complex problem, in terms of complexity of the setup and the variety and amount of data
generated.

With such complex problems understanding by visualization is more than ever the silver bullet
that finally lays any doubts about the significance of the results to rest. This contribution pro-
vides an overview over Ceetron 3D visualization technology, how it can complement MPCC],
and present application examples from the collaboration, monitoring and post-processing
stages of coupling simulation workflows.

CHALLENGES IN THE COUPLING SIMULATION WORKFLOW

The classical CAE workflow sees more widespread application due to the rapid evolution of
computer hardware and software. The simulations now routinely handle models that are one
order of magnitude larger than a decade ago and deliver more accurate results in shorter
time. The need for a tight integration into the design process has risen significantly as well as
the need to communicate results worldwide.

Coupling simulation workflows face the same challenges that stem from these developments.
Final and intermediate results need to be communicated outside of the CAE core team using
a format that supports 3D-Visualization and Animation in the most common environments,
be it e.g. a Linux based system or Microsoft PowerPoint, using viewers that are easy to deploy
Since network bandwidth is typically still a limiting factor, the format utilized needs to store
the simulation results as compact as possible.

However, MPCCI based coupling simulation workflows face some additional specific
challenges. In the coupling step the definition of coupling regions and exchange quantities



currently lack visualization. In complex cases dozens of coupling regions and partitions thereof
need to be set up, hence specific preprocessing functionality is desirable.

Once these definitions are specified and the initial iterations have been executed, a visual
check of the mapping of the results exchanged via the coupling regions is necessary to assure
that the computational effort for a complete simulation is invested properly. The current
MPCCI Visualizer offers sufficient support for inspecting 1D and 2D coupling, but it’s tech-
nological basis needs to be enhanced to support inspection of 3D coupling as well as feature
extractions like cut planes. Such enhancements should also provide the basis for integrating
results and geometries from the solvers involved.

External coupling implies working with multiple solvers, and identifying an adequate post-
processor that allows for combining the results from all the solvers used can be difficult.
When MPCCl is used to control the simulations, important information about the results is
already available — hence, a tight integration of the postprocessor with MPCCI could use that
information to streamline the postprocessing of the results.

CEETRON 3D TECHNOLOGY OVERVIEW

Ceetron is a software development company offering advanced 3D visualization products and
solutions to the CAE market, headquartered in Trondheim, Norway. The company has been in
the market since 1995, and provides leading edge technology and know-how.

Ceetron's product line consists of both end-user products and software developer tools.

The end-users products are a postprocessor for full 3D visualization and interpretation of CAE
models and results (GLview Inova), and free tools for presenting and sharing the essential
results — (GLview Express and GLview 3D Plugin). The free tools provide fully interactive 3D
animation and the ability to carry the actual result data — thereby allowing for picking of
result values.

Equally important are Ceetron’s OEM products for 3™ party software developers. The visualiza-
tion core called »GLview 3D Visualization APl« is a powerful, reusable C++ library upon which
numerous specialized post-processor and advanced visualization solutions are based
—including Ceetron’s own postprocessor, GLview Inova. An efficient tool for export of
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simulation results to the compact GLview Express format (encrypted VTF) is also provided
through the »GLview Express Writer« library, which is designed to be very easy to integrate
with existing FEM/CFD tools.

Another key segment of the Ceetron activities has always been the development of custo-
mized visualization solutions. With the establishment of the German subsidiary in the Stutt-
gart region, Ceetron makes that specific expertise readily available in Germany.

Figure 1 illustrates how the various components of the Ceetron 3D visualization techno-
logy work together to support CAE workflows; with an emphasis on the role of the GLview
Express Writer library.

Figure 1: Integration using
GLview Express Writer

Since this tool is also included in GLview Inova, one option is always to import the analysis
results into GLview Inova, using the standard set of import filters for most major codes. For
more integrated solutions, the GLview Express Writer Library can be accessed directly from
the source of the data, e.g. a special solver or, as depicted in this case, a complete custom
developed visualization solution developed around a solver. It is then the task of the Express
Writer library to generate the VTFx files that can be viewed with the free viewers.

3D-VISUALIZATION IS ESSENTIAL TO SHARING OF RESULTS
»If a picture says more than 1000 words — an interactive 3D animation says it all ...«

The following example from the automotive industry illustrates how lightweight 3D visualiza-
tion tools in combination with a compact and flexible file format can be used to improve the
communication in the team and to strengthen the link to downstream stakeholders.

The example uses models from a hot metal forging process to create a steel knuckle for the
chassis of the Maybach car, starting with a solid block of steel as initial part.

The producer, CDP Bharat Forge, used the forging software Forge by Transvalor to optimize
each stage of this multi-stage forming sequence.



Figure 2: Input and output of the
forging process

As the complete process is planned and analyzed, lightweight files can easily be produced for
each stage to enable the team to visualize the models and important results in full 3D with
full interactivity. By giving the whole team access to the same information, correct decisions
may be reached faster, and the reasoning for the conclusions will be understood by all mem-
bers of the team.

The preparation of meetings is more effective, because a single slide with an animated 3D
Model communicates more information than several slides with stills or animations with fixed
perspective.

civrs @ ERE W wes shcizd

Figure 3: Post processing of
stages of the forging
process

FILE SIZE REDUCTION TECHNIQUES

With the size of models increasing, the demand for data storage space is rapidly increasing.
And because of the need to collaborate globally, network bandwidth limitations need to be
addressed. Both these factors make it necessary to deploy techniques for reducing the size
of the files exchanged and stored while retaining the technical information that is required
to draw the right conclusions — the team must be able to communicate the essence of the
analysis with ease.
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For the metal forming example above, file sizes are reduced from 2.7 GB in the original
format to 68 MB by:

e Selection of individual results, steps, parts and sets to include
e Removal of interior data

e Export of 1°t order nodes only

® GZIP type file compression

- Selection of resulls, steps. parts or scls Elﬁ

- R emoval of intericr data: user defined sets '

VTF (surface] 20MB

m GZIP type file compression
VT tcomp e jnis

. Result based reduction of surface nodes
| VT (rer e 5MB

| ReAUCon of [eating pent 8 Curacy . e . .

Figure 4: File Size Reduction

E,.’F-'rr.'.':r'. uasura ] b deoditiaain 1ME Techn/'ques

This particular real world analysis example shows that substantial file size reductions can be
achieved even if several complex models with adaptable meshes are involved. The resulting
files are small enough to be easily distributed — in contrast to the original files.

In other common scenarios, even better file size reductions are typical as illustrated in figure
4. Such size reduction offers an additional advantage- It allows for routinely archival of
interactive 3D-models for documentation purposes, which can be reviewed within minutes
without the need to rerun the simulation itself.

A complete solution for transferring analysis results between locations and organizations over
the Internet needs to include password protection, data encryption and support for digital
signatures to ensure that the data reaches the recipient in its original form and that only the
intended recipient(s) can read it.

COUPLING MONITORING

When applying external coupling methods a visualization component is required to visualize
the geometry of the coupling regions, the orphaned nodes and exchanged quantities to verify
that the setup establishes a successful coupling. This can only be achieved with a dedicated
tool because the visualization features and the user interface needs to be optimized for this
task, and because it needs to be tightly integrated with the coupling framework.



We have used example trace files provided by the MpCCl team to test coupling visualization
with Ceetron 3D visualization technology. As a first step we have extracted the geometry

and result data from the HDF format and have created equivalent ASCII VTF files in a manual
process. This turned out be a rather straightforward procedure, since the formats used for the
basic geometry and result data are very similar.

Figure 5 shows the result for the scalar result » Abs pressure« on the surface of a wing, as
exchanged to couple Fenfloss (a CFD code) and ABAQUS. In this case, Fenfloss is used to
calculate the pressure, while ABAQUS uses these values as input for simulating the resulting
deformations of the wing. The deformations of the wing are then fed back into Fenfloss.

Figure 5: A coupling region as seen by the codes Figure 6: Coupling with both meshes superimposed
involved in place

The GLview Inova based visualization presented here uses one viewport per result. Both view-
ports are synchronized in terms of navigation, legend range and coloring etc. Obviously the
mapping of the pressure data to the coarser ABAQUS mesh is appropriate.

Picking nodes or elements is possible for each viewport. The case shown visualizes the input
pressure values to ABAQUS calculated by Fenfloss and transferred through MpCCl.

Superimposing the Fenfloss model and mesh on the ABAQUS model while shrinking the ele-
ments of the Fenfloss mesh results in figure 6. This visualization provides a very good method
for checking the 2D coupling process since not matching colors in adjacent cells highlight
potential irregularities. The inset shows the effect of rendering shrunken elements for a sub-
set of the Fenfloss mesh.

The strong animation features of the Ceetron 3D visualization technology allow using the
same options to monitor a coupling simulation as it progresses.
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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 MpCCl 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.

Figure 7: Thermal coupling of a
manifold

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« MpCCl
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 8: »Busbar« Visualisation

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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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 MpCCl 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 MpCCl interface
has been described on a full underhood model. The effect of several meshing methods over



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:

Fluent: TGRID _ Radtherm: ANSA

Fluent: HARPOO

iy, FERE s |
Fluent: HARFOO Radtherm: HARPOORN

Figure 1: Mesh configurations

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.
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Germany
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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:

e Traditional way: Radtherm analyses with the guessed Heat Transfer Coefficients

e One-Way-Coupling: Radtherm analyses with from the CFD calculated Heat Transfer
Coefficients

* Two-Way-Coupling: FLUENT/Radtherm analyses through the MpCCl coupling

e 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:

e 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

e Setup the MpCCl 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.

=
Cooling pack

Front end Underhiood

Figure 2: CFD model components



Figure 3: FLUENT model in the
simplified Windtunnel

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:

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

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

e Read in the geometry file into Radtherm

e Map from FLUENT calculated heat transfer coefficients and film temperatures on to mesh
e Set up the Radtherm case with all the material properties and boundary conditions

e Calculate the view factor file
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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. MpCCl
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.
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Figure 5: Coupled Simulation approach

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-




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.

TGRID COUPLED HARPOOMN COUPLED

TGRID ONE WAY HARPOON ONE WAY

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

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.
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SUMMARY

MpCCl 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:

e Coupled simulation process for FLUENT and Radtherm using MpCCl 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.

e 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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