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The further evolution of an incompressible block coupled solver developed inside the FOAM 

framework is presented. The focus is on the practical aspects of verification and validation of 

the methodology within the context of industrially relevant applications. Particular emphasis 

is given to the characterization of robustness, performance and scaling. Both transient and 

steady state operation modes are investigated.  

As with any new technology, a certain amount of caution must be exercised before integration 

within a production environment. In this study we aim to utilize a variety of relevant metrics 

to assess the suitability of the incompressible Block Coupled Solver for the solution of a range 

of real world test cases. The metrics that are assessed include: 

 Performance relative to the equivalent segregated  solvers 

 Mesh size scalability 

 Parallel scalability 

 Accuracy 

 Robustness to various instability inducing agents 

A variety of cases are investigated, with a focus on phenotypes which will benefit most from 

the strong points of the coupled solver. In this collection we include transient and steady 

simulations of common incompressible flow applications such as low speed turbo machinery 

and external aerodynamics (Fig.1). 

 



 

Figure 1: Coupled Solver Applications 

Our results show that the coupled solver matches or outperforms the segregated equivalent on 

all metrics. Performance for steady and mildly transient cases is improved by almost an order 

of magnitude on average. For highly transient cases gains can still be considerable, but are 

ultimately problem dependent and accuracy can be impaired if time steps become too large. 

The coupled solver scales almost linearly with increased mesh size, and is on par with the 

segregated solvers in terms of parallel scalability. Accuracy is generally improved, but in 

some instances the increased stability of the coupled solver can provide a marked advantage. 

Finally in terms of robustness, an admittedly qualitative index, the results show generally 

improved stability, with some singular severe mesh defects affecting the coupled solver more 

strongly than the segregated. Overall, the results paint the new coupled solver as a significant 

upgrade over the segregated equivalent for a broad range of incompressible flow problems.  
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