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Background

* For modern internal combustion engines, reduction of NOx-emissions is of importance for the green transition.

« Exhaust Gas Recirculation (EGR) is commonly used for reducing emissions, by recirculating exhaust gas, cooled by the EGR-cooler.

 EGR-coolers are commonly used in the automotive industry, but not in larger scale for large four-strokes engines, due to the high temperature-
differences of the hot exhaust gas and the cold air. Which may lead to reduced performance or even complete failure

* To obtain a better understanding of EGR-coolers for large four-stroke engines, simulation driven morphogenesis will be utilized to obtain a
deeper insight in the thermomechanical loads due to high temperature-differences and the interaction between vibration in pressure containing

structures.

« With the improved understanding of EGR-coolers, it will be possible to create designs for new applications reducing NOx-emissions or utilizing

alternative green fuels.
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Fig. 1: lllustration of a typical EGR arrangement [1].
Methodology

Initial design
variables

Finite Element

« Combining thermomechanical
simulation with topology optimization to
handle high temperature-differences.

. : : - Analysis
* Topology optimization will be utilized to
design EGR-coolers suitable for high Update Design J,
temperature-differences. Solve Governing
Equations
* The optimization process consist of: J’
Sensitivity Analysis
1. Initial design = Calculating

Objective Function

2. Solving governing equations

3. Check for optimal design

No

Convergence?

4. Update design

 The Finite Element Method will be used
to solve the structural and heat transfer
partial differential equations.

Fig. 2: Flow chart of topology optimization [2].
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Research Questions

Which topology optimization method is
the best for thermomechanical
problems with high temperature-
differences and stress constraints?

Can the effect from thermomechanical
metamaterials be expanded to pressure
containing structures and can they be
utilized for heat exchanger design?

What is the interaction between
thermomechanical loads, pressure
loads and vibration in the context of
optimal design?

Can thermomechanical stress be
minimized through advanced design of
heat exchanger’s outer structure?

Fig. 3: lllustration of topology optimization design evolution
from nothing to passive heat sink for electronics cooling [3].

Challenges

* Previous high temperature-difference

thermomechanical topology
optimization problems, has indicated
that the density method is currently not
suitable for such problems.

Performing topology optimization based
comes with a high computational cost.

The combination of thermomechanical
loads, vibration loads, and vibration In
topology optimization is currently an
unstudied field.
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