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Methane Autothermal Reforming (ATR) is an industrial process used to produce a mixture 
of hydrogen and carbon monoxide called syngas. It combines non catalytic partial 
oxidation (POX) with catalytic steam methane reforming (SMR) in a single high pressure 
reactor. In the upper part of ATR reactors, methane is injected with oxygen and steam in 
fuel-rich conditions. A diffusion flame is observed, followed by a post-oxidation zone, 
where methane in excess reacts with water steam and other combustion products. 
The extreme conditions inside ATR reactors (high pressure, water vapour dilution and high 
equivalence ratio) make it difficult to set up well-instrumented experiments in industrial 
operating conditions. Numerical simulation therefore appears as a very efficient tool to 
better understand flow properties and dynamics in the gas phase, before the oxidation 
products enter in the downstream catalytic bed.  
Because of high CPU cost, only Reynolds Average Numerical Simulations (RANS) are 
affordable at an industrial scale. In this approach, species transport equations need to be 
closed using an accurate modelling of the chemical source term. The classical strategy 
followed in the literature is to use models developed for turbulent flames, like PCM-FPI [1-
2] (Presumed Conditional Moment - Flame Prolongation of ILDM) or EDC [3] (Eddy 
Dissipation Concept). However, these models were designed for fuel-lean conditions 
regimes, and their validity in the context of partial oxidation needs to be evaluated. 
The present work aims at testing several turbulent combustion models in the post-oxidation 
zone of POX processes. Two of them rely on PCM-FPI approach, with different Probability 
Density Functions (PDF): a Beta function and a Dirac function. The third modelling 
approach is the EDC model. Because of the difficulty to obtain experimental results, a 
highly-resolved 2D DNS “numerical experiment” 
was performed to obtain a set of data that are used to 
a priori compare these three models between them.  
The results of this analysis show that, among the 
selected models, only the two models based on 
PCM-FPI are able to properly recover the right 
values of the average chemical source term. 
Furthermore, the use of a Beta PDF instead of a 
Dirac PDF reduces the relative error on the average 
source term evaluation by one order of magnitude. 
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