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Thermal efficiency of an automotive engine should be improved to reduce CO, emission
and fuel consumption. To improve the thermal efficiency, highly-accurate prediction of heat
loss from the wall of the engine and its reduction are required. In this study, wall heat transfer
in an engine relevant condition was investigated to develop a wall heat transfer model which
has high accuracy and low computational cost. Even in turbulent boundary layer with
pressure, temperature and velocity variation, it is shown that wall heat flux can be estimated
guantitatively by a conventional wall heat transfer model assuming flow characteristics in
quasi-steady state, fully-developed turbulent boundary layer. In addition to pressure,
temperature and velocity variation, wall temperature also varies in the engine relevant
condition. This study clarified that the increase in wall temperature leads to the decrease of
heat transfer coefficient due to following mechanism. Under high wall temperature condition,
turbulent kinetic energy decreases due to the increase in kinetic viscosity near the wall. In the
case of turbulent boundary layer with wall temperature variation, it is shown that the wall heat
flux can be estimated within 20% error by the conventional wall heat transfer model in which
boundary layers are assumed be quasi-steady and fully-developed turbulent state. In engine
combustion chamber, near-wall turbulence is not always fully developed. In the not-fully
developed turbulent boundary layer, wall heat flux cannot be estimated quantitatively by the
conventional wall heat transfer model for fully-developed turbulent boundary layer.
Therefore, in this study, a new wall heat transfer model which consider the difference of
turbulent Reynolds number between fully-developed and not fully-developed turbulent
boundary layer was proposed. The proposed model estimates wall heat transfer with high
accuracy not only in fully-developed turbulent boundary layer, but also in the not
fully-developed turbulent boundary layer without increase in the computational cost.
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