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An accurate knowledge of engine exhaust gas temperatures and velocities is important for engine design as well as for
diagnostic purpose. This paper introduces a simple and reliable theoretical model for predicting the instantaneous
exhaust gas temperatures and velocities of a single-cylinder diesel engine. Comparisons of the calculated results with
those obtained from experiment have shown good agreement. Based on this agreement, the influence of the engine
operating condition on the exhaust gas temperatures and velocities can be studied and predicred.

Keywords : Exhaust gas temperature; Theoretical model; Diesel engine

INTRODUCTION

During a research project on measuring the exhaust emissions
from a diesel engine, a need arose for measuring the instantane-
ous exhaust gas temperatures and velocities. These measure-
ments were necessary for designing a probe for real time
sampling of exhaust emissions. In other applications, the opti-
mization of exhaust system devices, such as, turbochargers,
catalytic converters, and thermal reactors is facilitated by a
knowledge of the exhaust gas temperatures. Also, the exhaust
emission’s concentrations are strong functions of exhaust gas
temperatures and velocities. Therefore, an accurate knowledge
of an engine’s exhaust gas temperatures and velocities is impor-
tant for engine design as well as for diagnostic investigations.

In practice, the simplest way of determining variable tempera-
tures in a flowing gas is to use a relatively large thermojunction
or thermistor. Because of their size, these do not provide
instantaneous gas temperatures but rather an equilibrium tem-
perature. This is the net result of the transfer of energy to and
from the sensing element.

Caton’ used a chromel-alumel thermocouple with a head dia of
0.076 cm to compare thermocouple equilibrium temperatures
to mass-averaged and time-averaged exhaust gas temperatures as
a function of engine operating conditions. The instantaneous
exhaust gas temperatures for this study were computed from
engine data and exhaust system simulation procedures. The
instantaneous exhaust gas temperatures were then used to com-
pute the thermocouple equilibrium, mass-averaged and time-
averaged temperatures.

Tabaczynski, et al’ measured the instantaneous exhaust gas mass
flow rates as a function of crank angle. This was done by placing
a restriction in the exhaust manifold and assuming that the
flow through the restriction was a quasi-steady, adiabatic and
isentropic flow of a perfect gas.

The main objectives of the present investigation are

() todevelopasimple model for predicting the instantaneous
exhaust gas temperatures and velocities of a single-cylinder
diesel engine,

(i) to conduct a simple, low cost experiment to measure the
instantaneous exhaust gas temperatures and velocities, and

(i1)) to examine the validity of the mathematical model by
comparing its predictions with the results obtained
experimentally.

EXHAUST VELOCITY AND TEMPERATURE
MODEL

A computer model that simulates the engine cycle combined
with a well-stirred reactor model of the exhaust port was used
to predict the instantaneous exhaust velocity and temperature.
Instantaneous cylinder-gas temperatures and velocities at the
exhaust valve were required to compute the instantaneous
exhaust temperatures and velocities at the exhaust valve were
required to compute the instantaneous exhaust temperatures
and velocities at the exit of the exhaust port as a function of
crank angle. A computer model called AIRCYCLE that simu-
lates the engine cycle was used for this computation. AIRCY-
CLE developed by Kittelson and Amlee’ uses a numerical
integration procedure for a four-stroke engine cycle. It simu-
lates non-instantaneous processes by modelling them with
many small steps to simulate continuous changes to the gas state
throughout the cycle. It includes models of non-instantaneous
combustion, heat transfer through the cylinder walls, variable
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The temperature then rises steeply until it reaches a maximum
at approximately 180° crank angle and decreases as the gas in
the cylinder expands. As the piston moves upward, it forces
more gas out of the cylinder. At 250° crank angle, a rise in the
exhaust gas temperature is observed. The temperature then
decreases until it approaches that which existed before the
opening of the exhaust valve. The integrated instantaneous
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temperatures agreed within 11% of the average exhaust-gas
temperature, as measured by a thermocouple.

CONCLUSION

A comparison of the predicted and measured instantaneous
exhaust velocities and temperatures of a single-cylinder diesel
engine has been presented in this article. The theoretical model
described here predicted the instantaneous exhaust temperature
and velocities accurately. Based on this agreement, the model
can be used to predict the instantaneous exhaust velocity and
temperature of various engines over a wide range of operating
conditions.
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