Abstract.

A simulation model presents many advantages in the field of development of reciprocating internal combustion engines. Its usefulness is twofold, on one hand, for understanding the nature of the physical phenomena that take place inside the engine, and second hand, in order to optimize the design of the systems that make up the same. The main objective of this PhD Thesis is to develop a two-stroke engine of 125 cc of high performance model to characterize the fluid dynamics inside the intake, in-cylinder, and exhaust systems.

To develop the one-dimensional model of the engine is essential to know experimental information. Therefore, was necessary the experimental characterization of the systems that form part of the engine. For one part, a impulse test rig has been used in the dynamic characterization. On other hand, was used to characterize pressure drop across elements. Moreover, in engine test bench, was analyzed the combustion process, in order to determine the heat release rate. In relation to the modelling tasks, was used a diagnosis model to characterize the combustion process, in 37 operating conditions by mean of modifying the engine speed, the spark advance and using five exhaust systems.

Moreover, in order to reproduce the wave propagation phenomenon inside the exhaust system was develops a heat transfer model, because the conventional models used in four-stroke engines do not provide accurate results for not considering the physical phenomena that occur in the spontaneous exhaust process in two stroke engines of this features. For this, it has been experimentally characterized the wave propagation phenomenon inside the exhaust system, measuring with several pressure transducers along of: an exhaust system with constant diameter and rectum, and five exhaust systems derived form baseline of the engine. The first was used to carry out the necessary adjustment of the constants of the model while the last ones were used to carry out the model validation. To develop the heat transfer model have been considered the velocity fluctuations instantaneous of the flow and the turbulence decay by mean of a length entrance.

Once the model is develops the one-dimensional engine model capable to reproduce the complex wave phenomena inside the intake, in-cylinder and exhaust systems, it is necessary to develop correlations for the parameters that defining the Wiebe function, used as heat release rate in the cylinder. Has been correlated the variation of these parameters (in particular, the combustion duration and the form factor) with engine operating variables: engine speed and spark advance, and variables that in the model were calculated: residual mass fraction and charge density. Thus, have a predictive model of the engine performance if known one correlation to the mechanical losses, that was also been obtained.

The use of heat transfer model proposed in this PhD Thesis reproduced with accuracy the exhaust pressure phase and amplitude with values below to 1% when comparing the scavenging ratio measured and modelled. The differences may reach 7% if used other models found in the literature. Moreover, the results obtained when using the combustion correlations is translated in: lower differences at 1.5% between measured and modelled power for all operating conditions of the engine if the combustion process has a coefficient of variation in-cylinder pressure lower than 2.5%. When the coefficient of variation increases, due to dispersion cyclic, the differences between measured and modelled power may reach 4%.
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