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Development and analysis of an internal combustion engine based on a crank-piston
mechanism with a cylinder not perpendicular to the crankshaft
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Abstract

In crank—piston internal combustion engines, the cylinder axis is generally perpendicular to the crankshaft axis. In recent years, the
offset-cylinder concept has attracted attention for reducing piston side forces and improving mechanical efficiency; however, a
temporal mismatch between the piston and crankshaft at top dead center (TDC) can lead to reduced efficiency. In the present study,
instead of an axial offset, an angular deviation of the cylinder axis relative to the crankshaft axis is proposed. This non-orthogonal
cylinder configuration, while preserving the outcomes of the offset-cylinder design, enables optimization of piston motion and
reduction of lateral loads, and eliminates the TDC mismatch and the associated efficiency reduction. Computational fluid dynamics
simulations of the engine operating cycle and kinematic—dynamic modeling of the mechanism were conducted. The results indicate
that this geometric modification can reduce piston friction losses by up to about 30% and improve the engine mechanical efficiency;
for a pilot engine operating at 1800 rpm with a deviation angle of 2-2.5°, the side force during the combustion phase decreased from
59 kN to 41 kN.

Keywords: Internal combustion engine, Crank-piston mechanism, Inclined cylinder, Kinematic and dynamic analysis,

Computational fluid dynamics analysis.
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