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Abstract  

Researchers at the Combustion Chemistry 

Centre (C3) employ two rapid compression 

machines (RCMs). A RCM is an experimental 

device which is utilised to simulate one single 

stroke of an internal combustion engine.  

 

The current investigation will examine a 

computational fluid dynamics (CFD) model 

designed to simulate the RCM located at the 

Combustion Chemistry Centre (C3) in the 

National University of Ireland, Galway 

(NUIG).  

 

This study has developed a set of validated 

turbulent axisymmetric CFD models of the 

RCMs used in NUIG with a high compression 

piston head (HCPH). Initially, various 

conditions were defined to replicate the 

experiments carried out with the equipment. 

These experimental conditions were used to 

validate CFD simulations based on laminar and 

k-ω turbulence models. The findings of the 

current investigation indicate that the model 

operated with a k-ω turbulence produce an 

accurate method of modelling the RCM used in 

the C3 combustion chemistry centre. 

 

 
Figure 1 Model validation results 

The CFD analysis examined temperature 

inhomogeneity in the given RCM geometry. 

The temperature inhomogeneity parameter 

defined as the spatial average of ε was 

analysed with the following initial pressures 

1000mbar, 500mbar, 250mbar, 225mbar, 

200mbar and 100mbar. These pressures were 

selected to replicate the operating pressures 

frequently used in the NUIG RCM (8 – 40bar). 
The charge homogeneity analysis was 

conducted at the time of peak pressure 

(21.62ms) and after peak compression 

(51.96ms) of all the simulations.  

The charge homogeneity analysis indicates that 

the influence of the wall heat transfer to the 

core gas temperature has small effects on the 

charge homogeneity at higher pressure, which 

increases at lower operating pressures as seen 

in Figure 2. The 273k wall temperature CFD 

results conclude that a lower wall surface 

temperature compromises the charge 

homogeneity. Alternative piston designs may 

further reduce the inhomogeneity by capturing 

the cooler thermal boundary layer within a 

crevice behind the piston face.  

 

 
Figure 2 Charge homogeneity analysis  


