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Control of Chaos in a Convective Loop System
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Abstract: A convective loop is a system in which a fluid circulates freely
inside a closed circular pipe. The circulating fluid works as a transport media
of heat from a source to a sink. First order lumped parameter modelling of this
system leads to a set of nonlinear ordinary differential equations. Depending
on heating rate this system can show chaotic behavior. In this paper, the
performance of nonlinear model predictive control is compared with other
conventional nonlinear control law and it is found that although a simple linear
or, nonlinear controller may stabilize the system, nonlinear model predictive
controller outperforms other controllers.
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1 Introduction

Natural convection loops showing chaotic behavior are used in solar energy heating and
cooling systems, reactor, turbine, engine cooling systems, greenhouses, geothermal power
production and in process industries. Chaos in such convective loop systems in general
can be beneficial or detrimental depending on the process and the objective. Since it
is associated with vigorous change in states under nominal operating condition without
any change in input energy, it is beneficial for processes where mixing, heat transport
and chemical reactions are important. However due to the oscillation, chaos may lead
to vibrations and fatigue failure to the physical equipment, irregular and oscillation of
process operating conditions and increased drag of fluid flow systems. Ehrhard and
Müller [9] in their paper investigated natural convection in a closed loop. They first
developed a first principal model of the loop based on heat transfer law. They also
accounted for the nonsymmetric arrangement of heat sources and sinks. Finally the
model is reduced to a set of nonlinear ordinary differential equations. Then through
experimental and analytical data it is shown that this loop is characterized by nonlinear
effects and can show stable, unstable or, chaotic regimes based on the heating rate. The
model development and its analysis is further discussed in Section 2.3.
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