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Stability analysis of Defect correction on Sub-Cell(DECS) scheme has been carried out for one dimensional scalar 
advection equation. DECS introduces sub-cells which are represented by solution points in a grid cell.  A diagonally 
dominant Jacobian matrices can be constructed by employing the first-order upwind discretization for the sub-cells. And 
thus, the convergence of the iterative scheme such as Jacobi, LU-SGS, MFGS for the linear system is ensured. The 
stability limit of DECS is investigated by the linear stability analysis. Effect of the choice of the correction functions on 
the stability property is also discussed.  
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Table 1 CFL numbers  
 2nd order 3rd order 4th order 

g_Ga 1, 10, 100 1, 10, 100 1, 10, 100 
g_DG 1, 10, 100 1, 10, 100 1.2, 1.35 
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Table 2 Maximum  for obtaining stable solutions  

 2nd order 3rd order 4th order 
g_Ga Infinity 117 0.255 
g_DG Infinity 0.145 0.026 

, 
, 

. 
 

FR DECS MFGS
, 1 , 1

. 1 , Ga
4 , DG 3

. , 1 , 
Ga, 3

. , DG 3
0.14 , 

. 
. , 

. 
, 

. 
, 

. 
 

(1) B. Cockburn, C.-W. Shu, “The Runge-kutta Discontinuous Galerkin 
Method for Conservation Laws V: multidimensional systems,” 
J.Comput.Phys.141 (1998),pp.199-224. 

(2) H.T. Huynh, “A Flux Reconstruction Approach to High-Order 
Schemes Including Discontinuous Galerkin Methods,” AIAA Paper 
2007-4079 

(3) P. Vincent, F. Witherden, B. Vermeire, J.S. Park, A. lyer, “Towards 
green aviation with python at petascale,” in Proceedings of the 
International Conference for High Performance Computing, 
Networking, Storage and Analysis, SC ’16, IEEE Press, Piscataway, 
NJ, USA, 2016 

(4)  ,   ”Matrix-free defect correction
FR ” 29

2015, B05-3, 2015 
(5) H. Asada, Y Ogino, K. Yasue, K. Sawada, “A Third Order Accurate 

Cellwise Relaxation Implicit Discontinous Galerkin scheme for 
Unstructured hybrid meshes,” Mathematical Problems in 
Engineering, 2014, 176752. 

(6)   “ / CFD ,” 
29 ,(1997) 2C9. 

(7) F. Bassi, S. Rebay, “Numerical evaluation of two discontinuous 

Galerkin methods for the compressible Navier-Stokes equations,” 
Int.J.Numer.Meth.Fluids, pp.198-207, 2002. 

(8) S. Yoon, and A. Jameson, “Lower-upper symmetric-Gauss-Seidel 
method for the Euler and Navier-Stokes equations”, AIAA Journal, 
Vol.26, NO.9, pp.1025-1026, 1988 

(9) H.T. Huynh, “A Reconstruction Approach to High-Order Schemes 
Including Discontinuous Galerkin for Diffusion,” AIAA Paper 2009-
403 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1: Stability analysis for correction function Ga, 2nd order

Fig.2: Stability analysis for correction function Ga, 3rd order

Fig.3: Stability analysis for correction function Ga, 4th order
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Fig.7: Numerical analysis for correction function Ga, 4th order t=1.0 
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Fig.8: Numerical analysis for correction function DG, 4th order t=1.0
     (a)CFL=1.2, (b)CFL=1.35 

Fig.5: Stability analysis for correction function DG, 3rd order 

Fig.6: Stability analysis for correction function DG, 4th order 

Fig.4: Stability analysis for correction function DG, 2nd order 
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Fig.9: Stability analysis for correction function Ga, 2nd order

Fig.10: Stability analysis for correction function Ga, 3rd order

Fig.11: Stability analysis for correction function Ga, 4th order

Fig.12: Stability analysis for correction function DG, 2nd order

Fig.13: Stability analysis for correction function DG, 3rd order

Fig.14: Stability analysis for correction function DG, 4th order
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