
8th European Congress on Computational Methods in Applied Sciences and Engineering 
ECCOMAS Congress 2022 

5-9 June 2022, Oslo, Norway 
 

 

 

   

 

Hybrid High-Order Finite Volume/Discontinuous Galerkin Methods for 

Turbulent Flows 
Dean Yuan1, Panagiotis Tsoutsanis2, Karl W. Jenkins3 

1 Cranfield University, College Road, Cranfield, MK43 0AL, UK, dean.yuan@cranfield.ac.uk  
2 Cranfield University, College Road, Cranfield, MK43 0AL, UK, 

panagiotis.tsoutsanis@cranfield.ac.uk 
3 Cranfield University, College Road, Cranfield, MK43 0AL, UK, k.w.jenkins@cranfield.ac.uk 

 

Key Words: FV, DG, Finite Volume, Discontinuous Galerkin, hybrid methods 
 

The development of high order numerical methods is a highly active and important field for the 

advancement of computational fluid dynamics (CFD). Currently, second-order finite volume 

(FV) methods are standard for commercial CFD codes. However, higher orders of accuracy are 

beneficial for high-fidelity turbulence modelling techniques, where a wide range of spatio-

temporal scales need to be resolved. In addition, high-order methods are more computationally 

efficient. 

 

Two particularly promising directions on the path towards the development of a high order 

scheme are finite volume schemes with a nonlinear reconstruction method, such as the 

Weighted Essentially Non-Oscillatory (WENO) method, and the discontinuous Galerkin (DG) 

method. WENO allows for arbitrarily high order methods through extension of the 

reconstruction stencil. In addition, as the name suggests, the method is able to resolve strong 

discontinuities without spurious oscillations. However, enlarging the stencil increases the 

computational cost, and creates complications for parallelization. DG methods have recently 

gained popularity due to their compactness, accuracy, and adaptability. However, they have a 

few weaknesses including the large memory and computational cost required and spurious 

oscillations in the vicinity of strong discontinuities. 

 

A logical conclusion is to combine the two approaches in order to preserve the advantages of 

both methods while eliminating some disadvantages. Due to their compact size, the 

CWENO/CWENOZ schemes [1] are more suitable to be used in conjunction with the DG 

framework. However, in order to preserve the accuracy and compactness properties of the 

original DG method, the limiting procedure should be applied only where necessary. For this 

reason, the limiting strategy usually consists of two steps: first, the so-called troubled cells, 

where a limiting procedure is required, are determined through a troubled cell detector [2]; then, 

the higher modes of the unlimited DG solution are replaced with the WENO solution. 

 

We present the results of our implementation of a hybrid FV-DG method into the open-source 

unstructured CFD code UCNS3D. 

REFERENCES 

1 P. Tsoutsanis and M. Dumbser. (2021). Arbitrary High Order Central Non-Oscillatory 

Schemes on Mixed-Element Unstructured Meshes. Computers & Fluids. 225. 104961. 

10.1016/j.compfluid.2021.104961. 

2 P. Farmakis, P. Tsoutsanis, and X. Nogueira (2020). WENO schemes on unstructured 

meshes using a relaxed a posteriori MOOD limiting approach. Computer Methods in 

Applied Mechanics and Engineering. 363. 112921. 10.1016/j.cma.2020.112921. 


	Dean Yuan1, Panagiotis Tsoutsanis2, Karl W. Jenkins3
	Key Words: FV, DG, Finite Volume, Discontinuous Galerkin, hybrid methods

