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Computational fluid dynamic (CFD) has been shown to be a useful modelling framework for the description 
of various physical processes occurring in industrial systems, like particulate flow, combustion, or turbulence 
[1]. Over the years, questions about model uncertainty and accuracy of CFD simulations have baffled researches 
to the point of giving low credibility to CFD results. Frameworks of validation and uncertainty quantification [2] 
and others have tried to respond to some of these concerns by proposing methodologies that provide results under 
uncertainty. Model accuracy and experimental body of evidence of defined quantities of interest (QOI's, like 
temperatures, species concentrations, heat flux to the walls, measured at specific locations and/or times) interact 
within the framework in order to provide measures of confidence in the simulations results. The system of interest 
is a mid-size industrial scale, pulverized-coal boiler (OP-430, 100% load: 342 MW) and the simulation of this 
system was carried out using a Large Eddy Simulation - Computational Fluid Dynamic (LES-CFD) tool 
developed at the University of Utah (Uintah-Arches) for modelling particle-laden combustion problems [3]. LES-
CFD code allows to capture complex coal combustion process by coupling the large-scale eddies with the motion 
of the individual-coal particles, the effect of smaller-scale eddies on the heat-transfer, and coal-oxidizer mixing. 
Each of these mechanism allows to better understanding of flame stability, heat fluxes (desired product), and 
pollutant formation during pulverized coal combustion.  

One of the most difficult challenges in combustion modelling is to accurately predict flow turbulence with 
its large range of active length \& time scales. There are essentially three categories for numerical representation 
of turbulence: Reynolds-Averaged Navier-Stokes (RANS), Large-Eddy Simulation (LES) and Direct Numerical 
Simulation (DNS). There is, growing evidence that RANS has systematic inaccuracy predicting particle-laden 
flows [4] where particle-laden flows through a pipe expansion was modelled. The main advantage of using LES 
over RANS is that a large portion of the energy spectrum (preferably more than 80%) is resolved, leaving only 
the subgrid (unresolved) scales to modelling. To clarify, LES directly solves the transport equations for the larger 
eddies (in the same way DNS does) and models only the smallest eddies.  Length & time-scale analysis shows 
that the vast majority (by orders of magnitude) of the computational resources in DNS is expended on these small 
scales. In general, LES has been convincingly shown to be superior to RANS in accurately predicting turbulent 
mixing and combustion dynamics, for instance in [5,6] the RANS technique was used for modelling coal 
combustion in oxy-fuel environment and co-firing of the waste gas, and emission in industrial scale boiler. 

In numerical simulation, always huge question arise, namely how large is the model consistency range where 
predicted results still can be treated as accurate. In presented study a validation and uncertainty quantification 
(VUQ) procedure has been applied, to quantify the degree to which the simulation results agree with experimental 
observations accounting for both, experimental uncertainty and model uncertainty. A brief description of the 
VU/Q procedure coupled with large scale computational simulation which will be used in this study is as follows: 
determination of QOI's, identification of uncertainty map and specification of uncertainty ranges for input 
parameters, data collection (experimental and simulation data), construction of surrogate model approximations, 
consistency analysis, feedback and feed-forward. 

The calculated numerical model consistency range applying VUQ technique is illustrated in Fig. 1 for, 
temperature and oxygen. Based on carried out simulation the most impactful parameters and the ranges of their 
possible fluctuation in which numerical model still can be seen as accurate were determined. 
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Fig. 1. Determined consistency range of developed numerical model for modelling coal combustion in PC boiler 

 
The presented work has shown that the Arches LES-CFD code can be successfully used to help engineers 

during the design stage in making important decisions without performing expensive test or in-site adaptations. 
Application of advanced computer tools provide the possibility to investigate the impact of dozens of boiler 
modification on coal combustion processes, oxidizer distribution, and heat-transfer process within the boiler. 
Nevertheless, at the many advantages, the main drawback of LES from the industrial perspective is that it requires 
significantly higher computational resources compared to RANS, but as computational costs continue to decline 
its predictive superiority will likely make it the best choice for practical combustion applications. As a result, 
interest for LES is growing. 
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