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A Study on the Prediction of Pressure — Time Histories by Unsteady
Gas Flow through the Internal Combustion Engine Exhaust System
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Abstract

This paper describes a theoretical and exprimental investigation of the pressure - time histories
of some basic internal combustion engine exhaust systems. The program package is utilized the
method of characteristics to solve the general equations of one — dimensional unsteady gas flow.
This analysis is then combined with boundary models, based on quasi - steady flow approach, to
give a complete treatment of the flow behavior in the exhaust system. Using a rotary valve
exhaust simulator, experimental pressure - time histories were obtained. The predictions are com-
pared with measured results and show a high degree of correlation in amplitude and phasing.

Nomenclature A : Non - dimensional acoustic velocity
C4 : Coefficient of discharge
a : Acoustic velocity E : Error term
k : Ratio of specific heat F : Cross ~ sectional area
p : Pressure ratio L : Reference length
t : Time M : Mass flow parameter
u : Particle velocity P : Absolute pressure
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: Area

: Absolute temperature

: Non —~ dimensional particle velocity

: Volume

: Non - dimensional spatial coordinate

: Non - dimensional time

: Non - dimensional Riemann invariant
: Non - dimensional Riemann invariant
: Ratio of specific heat

: Mass density

: Area ratio

Ae D R >NK < C S W

: Tail pipe diameter

Subscript
¢ : Chamber
a : Undisturbed condition
0 : Zero flow

1,2,3 : Boundary section

P : Pipe
ref : Reference condition
H : Hole

o : Mean value

T : Termination

t : Throat condition
cr : Critical flow

w : Pipe wall

* : Modified value
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