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OpenFOAM continues to increase its application for a wide range of industries. While new 
physical models developments are active and competitive against the commercial solutions, 
the solvers and the pressure-velocity coupling algorithm is still lagging in performance and 
cannot match the state-of-the art commercial codes. Over the past two years the authors have 
developed a coupled OpenFOAM incompressible solver [1,2] for turbo machinery 
applications that has greatly improved performance and robustness. In this work we present 
an extended version of the fully coupled algorithm for the resolution of compressible flows at 
all speeds [3].  

The pressure-velocity coupling at the heart of the Navier Stokes equations is accomplished by 
deriving a pressure equation in a similar fashion of the incompressible algorithm. Additionally, 
the compressibility effects and the convection like properties for the pressure as a 
consequence of the hyperbolic nature of the compressible flows are included. Special high-
resolution scheme is than developed in order to handle the strong non-linear effects of the 
convection term due to the fully coupled solution of the equations. The performance of the 
novel developed code was validated comparing results with experimental and numerical data 
available from reference literature test cases as well as with segregated solver as exemplified 
by the SIMPLE algorithm. Moreover the reference geometries considered in the validation 
process cover the typical aerodynamics applications analysis and design, considering Euler to 
turbulent flow problems and clearly indicating the substantial improvements in terms of 
computational cost and robustness. 
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