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OUTLINE 2

Á INTRODUCTION, EXHAUST MANIFOLD 

Á CURRENT THERMAL ASSESMENT APPROACH (CO-SIMULATION)

Á THERMAL SURVEY STUDY 

Á AMBIENT CONDITION STUDY with MODEFRONTIER  

Á RESULTS & CONCLUSION 

Á Q&A



INTRODUCTION

Exhaust Manifold 
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Á In the automotive engineering, exhaust manifold which is

mounted on cylinder head of an engine, collects the exhaust gas

from the cylinders and dispose it to the exhaust after treatment

system.

Á The new engine concepts are using shifted operating points

where the efficiency is higher, which causes elevated exhaust

gas temperatures.

Turbocharger Emission Injection Technology

Á During the engine operation, exhaust manifold is subjected to

severe thermal loads, extreme heating under very high

temperature and cooling under low temperatures.

Exhaust Manifolds are designed / developed

Supply minimum backpressure

Withstand to extreme temperature

amplitude/gradients



THERMAL ASSESSMENT 

Aim
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Objective & Method

Challenges

Á to provide input data for the durability analysis to determine the critical locations on exhaust manifold structure.

Á to model the transient warm up period of exhaust manifold.

Á Improve the CAE approaches with external ambient heat convection optimization and Co-Simulation methods to obtain

the metal temperature distribution more accurately on exhaust manifold used in Ecotorq 13 L heavy duty (HD) diesel engine.

Á Exhaust manifold system is a typical multi-physics problem where there is a strong interaction between the fluid and solid

domains.

Á Gas flow inside the exhaust manifold has pulsating behaviour.

CFD analysis should be run as transient.

Á Require small time step (about 1e-5 sec.).

Á Entire warm up period is 600 second.

Á Computational run time is not feasible with conjugate heat transfer analysis.

(Several months)

Conjugate approach solves the temperature field of the structure

simultaneously with the fluid flow, and hence, eliminates the need to define

thermal boundary conditions on structure-fluid interface (i.e. iterative data

exchange process between CFD & FE is avoided)

Á Alternative approaches

should be applied.

(Co-Simulation) 



CAE MODELLING 

CO-SIMULATION

5

Fluid Domain

Solid Domain

Convection Load
(Heat Transfer Coefficient &Ref. Gas 

Temperature)

Surface Temperature

Star CCM+ Co-Simulation Method 

For 1800 RPM, 

1CA=9.26E-5 s

Timestep= 5E-5 s Timestep= 1 s



CAE MODELLING 

BOUNDARY CONDITIONS 
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Runner1
Runner2

Runner3

Runner4
Runner5

Runner6

Á For each runner inlet and outlet of exhaust manifold, crank angle based boundary

conditions (static- total temperature / pressure, mass flow rate) are exported from

engine performance model and applied as boundary condition for 3D CFD analysis.
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