
 

Trials & Tribulations using 1D Engine 
Performance Software for NVH  

ABSTRACT 
Prior to the development of the development of 2nd order schemes in the 
early 1980s, the 1st order method of characteristics was used for engine 
performance analysis. In addition, to drive the design of vehicle exhaust 
systems and air induction systems, acoustic methods were used to 
improve the acoustic transmission/insertion losses to reduce the pressure 
waves emanating from the engine intake or exhaust manifolds. For both 
of these cases the assumption was that the pressure waves were 
sufficiently small that linear techniques could be used. 

In reality the pressure waves in both the exhaust system and air induction 
system fall in the large wave category and therefore are non-linear. The 
advent of 2nd order numerical techniques to solve the 1D wave dynamics 
equation permitted the application of engine performance simulation 
software to intake/exhaust noise prediction in addition to engine 
performance. 

This presentation briefly explains the benefits of 2nd order numerical 
techniques vs 1st order numerical techniques for solving the 1D wave 
dynamic equations along with several examples of how 3D duct are 
physics captured in 1D.  

Examples are provided showing how best to model in 1D duct end effects 
and bends in order to capture their effects on wave dynamics. Also, an 
example of using the 1D engine simulation software to drive basic engine 
intake manifold design for improved sound quality and an actual design 
example are also provided. 
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