
title

162 | 163

Authors

Institution

e mail

EGP17

Miniaturization and increase in performance of electronic devices, resulted in an 
increase of energy density loads generated. In recent times, micro-scale cooling 
devices such as microchannel heat sinks have evolved as a plausible solution 
to the above heat transfer challenge. Nanofluids emerged as a good candidate 
in improving the cooling performance of micro cooling systems. Nanofluids 
are colloidal suspensions consisting of nano-sized particles (less than 100nm) 
dispersed in a base fluid. Nanofluids are considered ideal for micro-channel 
devices because they not only improve the heat transfer capabilities, due to 
increased thermal conductivity, but also minimize the clogging problem. Present 
work experimentally investigates the heat transfer performance of nanofluids 
through a microchannel with constant temperature wall boundary condition. 
Laminar flow of SiO2-water nanofluids inside a rectangular microchannel 
flow assembly is examined. The effect of flow rate on thermal performance 
of nanofluid is analyzed along with variation in thermo-physical properties. 
Interestingly, experimental results shows heat transfer enhancement at lower 
flow rates and heat transfer degradation at higher flow rates. Theoretical 
reasoning for this kind of opposing trend is given based on flow conditions and 
thermo-physical properties of nanofluids. Moreover, Novel near surface velocity 
measurement of Nanofluids compared with that of regular fluid at the  
same condition. 
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The gasoline for cars and light trucks accounts for more than 40% of the total 
oil consumption worldwide. More important is the environment subjected to the 
pollution emitted by spark ignition engine’s tailpipe. Spark ignition engines are 
commonly equipped with electronic control systems whose task is to provide 
desired air-fuel ratio (AFR) signal tracking to improve fuel energy economy 
and reduce exhaust emissions. The engine control system maintains the AFR 
to be close to the stoichiometric value as an index of maximum catalytic 
convertor efficiency. Unfortunately, performance of the catalytic convertor 
significantly depends on the precise value of the AFR. For instance, exceeding 
the stoichiometric value by 1% results in about 50% higher NOx emissions 
while receding the stoichiometric value by 1% drastically increases CO and HC 
pollutants. In addition to the emission concerns, regulated AFR according to the 
stoichiometric value can improve the fuel economy and provide efficient torque 
demands. However, the wide engine operating range, the inherent nonlinearities 
of the combustion process, the large modelling uncertainties and parameter 
variations along with the time-varying delay in the spark ignition engines make 
the design of the control system a challenging task.

In this paper, we present a new synthesis method to control air-fuel ratio (AFR) 
in spark ignition engines to maximize the fuel energy economy while minimizing 
environment pollutants (exhaust emissions). In this paper the time-varying 
delay is rendered into non-minimum phase characteristics with time-varying 
parameters. Application of parameter-varying dynamic compensators is invoked 
to retrieve unstable internal dynamics. Associated error dynamics is then 
utilized to construct a parameter-varying proportional-integral-derivative (PID) 
controller combined with a parameter-varying dynamic compensator to track the 
desired AFR command using the feedback from the universal exhaust gas oxygen 
sensor. The proposed method achieves desired dynamic properties independent 
of the matched and unmatched disturbances due to the dynamic compensator 
features. Results of applying the proposed method to experimental data on a 
Ford truck F-150 with a V8 4.6L engine demonstrate the closed-loop system 
excellent stability and performance against time-varying delay, canister purge 
disturbances and measurement noise for both port fuel injection engines and 
lean-burn engines.
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