Parametric Study of Instantaneous Heat Transfer Based on Multidimensional Model in DirectInjection Hydrogen-Fueled Engine
Khalaf I. Hamadaa, d, M.M. Rahmana, b , A. Rashid A. Azizc
Faculty of Mechanical Engineering, University of Malaysia Pahang, 26600 Pekan, Pahang, Malaysia
b
Automotive Engineering Centre, University of Malaysia Pahang, 26600 Pekan, Pahang, Malaysia
c
Center for Automotive Research, University of Technology Petronas, Bandar Seri Iskandar, Tronoh,
Perak, Malaysia
d
Department of Mechanical Engineering, College of Engineering, University of Tikrit, Tikrit, Iraq
a

ABSTRACT
This paper presents a parametric study on instantaneous heat transfer of a direct-injection hydrogenfueled engine using a multidimensional model. A simplified single-step mechanism was considered
for estimating the reaction rate of hydrogen oxidation. The modified wall-function was used for
resolving the near-wall transport. An arbitrary Lagrangian–Eulerian algorithm was adopted for
solving the governing equations. Experimental measurements were implemented to verify the
developed model. They show that the instantaneous heat-transfer model is sufficiently accurate. The
influence of engine speed, equivalence ratio, and the start of injection timing were investigated. The
flow fields appeared to have greater size vectors and coarser distribution with an increase of engine
speed. A heterogeneous distribution was obtained for an ultra-lean mixture condition (φ ≤ 0.5),
which decreased with an increase of equivalence ratio. There was no pronounced influence of the
start of injection on the flow field pattern and mixture homogeneity. Thermal field analysis was used
to demonstrate trends in the instantaneous heat transfer. It was observed that there was a crucial
distinction between the lean and ultra-lean mixtures as well as the engine speed. Furthermore, a
non-uniform behavior was found for the impact of the equivalence ratio on temperature distribution.
It is clear that the developed models are powerful tools for estimating the heat transfer of the
hydrogen-fueled engine. The developed predictive correlation is highly accurate in predicting the
heat transfer of the hydrogen-fueled engine, focusing on the equivalence ratio as a governing
variable.
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