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Publishable summary

This deliverable comprises the setup of different simulation models of the DOMUS passenger vehicle cabin.
A high fidelity, three-dimensional (3D) thermal model of the cabin, including thermal manikins, is able to
assess energy consumption and thermal comfort. An additional 3D model of the acoustics of the cabin
allows for an evaluation of noise level in the vehicle cabin.

The 3D thermal model investigates the interior of the DOMUS vehicle cabin. Of course, this includes the
possibility for an in-detail assessment of energetic aspects (i.e. energy consumption of various systems, like
radiant panels). Furthermore, virtual thermal manikins are developed which on the one hand can record
measurement data relevant for the determination of comfort and on the other hand are in thermal
interaction with the vehicle cabin (heat and moisture emission) and allow for a comfort evaluation. Thanks
to close coordination, the 3D thermal model generates parameter values that can directly serve as input to
the DOMUS T1.2 Holistic Comfort Model.

The 3D acoustic model is developed in order to predict the effect of design modifications on NVH. This is in
particular achieved by applying an inverse statistical energy analysis (SEA) combined with an operational
transfer path analysis. Prior to the assembly of an actual SEA model, an extensive experimental campaign
is conducted on a physical vehicle prototype. This allows to retrieve all the relevant data needed for model
assembly at a later stage.

To better understand and validate the models, various practical experiments are carried out. These include
a digital particle image velocimetry (DPIV) for an enhanced assessment of the flow field. Furthermore,
climatic wind tunnel experiments are conducted to generate a transient database for the validation. In
these wind tunnel experiments, the focus is on the acquisition of the different component surface
temperatures in order to be able to compare them with the component temperatures of the simulations.
Furthermore, air velocities are also measured during wind tunnel experiments, in order to validate the air
velocities in the simulations.

The transient temperature curves of measurement and simulation show a very good agreement and the
simulation predicts component and air temperatures with 5% accuracy against measured parameters. Also,
the stationary temperatures reached after heat-up/cool-down show a good accordance with the
measurements. During qualitative comparison of DPIV data, simulated and measured flow fields feature a
similar trend. However, some deviations are observed and are addressed in this deliverable. The measured
air velocities inside the cabin match with their simulated counterparts for all the sensor locations with an
accuracy of 5 %.

By combining inverse SEA (PIM) with OTPA a very flexible prediction tool is obtained. The transmission of
sound from all relevant sources to the panels enveloping the fluid domain can be obtained in a very broad
frequency range and distinction can be made between airborne and structure-borne sound transfer. In the
low frequency range, the methodology has predictable limitations associated with the basic assumptions
of the underlying SEA theory.

All validation methods showed a good correlation of simulation and measurement. The objective to
correctly predict air velocities and temperatures within an accuracy of 5% is achieved and described in the
validation chapter. As described in the same chapter, also the acoustic modelling shows good accordance
with test results, allowing for good predictability in the virtual assessment of DOMUS innovations. The
validated simulation models are fully available and ready to use. They will be used to run different use cases
to generate a data base, which helps to set up the 1D simulation models. Also, the investigation of DOMUS
additional components and design interventions is possible with the 3D simulation models.
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