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Abstract

Techniques that can increase the SI- engine efficiency while keeping the
emissions very low is to reduce the engine displacement volume combined
with a charging system. Advanced systems are needed for an effective boosting
of the engine and today 1D engine simulation tools are often used for their
optimization.

This thesis concerns 1D engine simulation of a turbocharged SI engine
and the introduction of CFD computations on components as a way to assess
inaccuracies in the 1D model.

1D engine simulations have been performed on a turbocharged SI engine
and the results have been validated by on-engine measurements in test cell.
The operating points considered have been in the engine’s low speed and load
region, with the turbocharger’s waste-gate closed.

The instantaneous on-engine turbine efficiency was calculated for two
different turbochargers based on high frequency measurements in test cell.
Unfortunately the instantaneous mass flow rates and temperatures directly
upstream and downstream of the turbine could not be measured and simulated
values from the calibrated engine model were used. The on-engine turbine
efficiency was compared with the efficiency computed by the 1D code using
steady flow data to describe the turbine performance.

The results show that the on-engine turbine efficiency shows a hysteretic
effect over the exhaust pulse so that the discrepancy between measured and
quasi-steady values increases for decreasing mass flow rate after a pulse peak.

Flow modeling in pipe geometries that can be representative to those of an
exhaust manifold, single bent pipes and double bent pipes and also the outer
runners of an exhaust manifold, have been computed in both 1D and 3D under
steady and pulsating flow conditions. The results have been compared in terms
of pressure losses.

The results show that calculated pressure gradient for a straight pipe
under steady flow is similar using either 1D or 3D computations. The
calculated pressure drop over a bend is clearly higher1D engine simulations
of turbocharged engines are difficult to using 1D computations compared to
3D computations, both for steady and pulsating flow. Also, the slow decay of
the secondary flow structure that develops over a bend, gives a higher pressure
gradient in the 3D calculations compared to the 1D calculation in the straight
pipe parts downstream of a bend.

Keywords
1D modeling, CFD modeling, turbine efficiency, pipe flow, turbocharged engine

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-9162

