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A New Implicit Dissipation Term for Solving 3D Euler Equations on 
Unstructured Grids by GMRES+LU-SGS Scheme 

A. R. Pishevar and A. R. Shateri 
Department of Mechanical Engineering, Isfahan University of Technology 

Abstract: Due to improvements in computational resources, interest has recently increased in using implicit scheme for 
solving flow equations on 3D unstructured grids. However, most of the implicit schemes produce greater numerical diffusion 
error than their corresponding explicit schemes. This stems from the fact that in linearizing implicit fluxes, it is conventional to 
replace the Jacobian matrix in the dissipation term by its constant spectral radius. The objective of the present  
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study is to develop a modified implicit solver based on Roe scheme so that its numerical dissipation is as much as the explicit one. 
In the proposed scheme, the Krylov subspace method with a LU decomposition preconditioner (GMRES+LU-SGS) is used to solve 
the linear systems. The efficiency of this method is shown by presenting some examples at the end.

Keywords: Euler equation, Unstructured 3D grid, numerical diffusion, GMRES+LU-SGS 
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1. residual smoothing 
2. multi grid 
3. Gauss-Seidel 
4. Krylov subspace  
5. upwind scheme 
6. Riemann problem 
7. finite difference splitting 
8. Roe 
9. inviscid 
10. cell centered scheme 
11. vertex scheme 
12. Van Leer 
13. MUSCL differenceing 

14. limiter 
15. total variation 
16. Courant-Friedrichs-Lewy (CFL) 
17. implicit averaging of the residual 
18. local time stepping 
19. Spectral Radious 
20. resolution 
21. symmetric positive definite (SPD) 
22. conjugate gradient (CG) 
23. conjugate residual (CR) 
24. biconjugate gradient (BCG) 
25. generalize minimum residual 

(GMRES) 

26. conjugate gradient squared (CGS) 
27. modified Gram-Schmidt 

orthogonalization 
28. compressed row storage (CRS) 
29. block compressed row storage 

(BCRS) 
30. compressed diagonal storage (CDS) 
31. ramp 
32. Onera M6 
33. wiggles 

T�	�� 

1. Sonneveld, P., Wesseling, P. and Zeeuw, P. M. de, 
“Multigrid and Conjugate Gradient Methods as 
Convergence Acceleration Techniques”, Multigrid 
Methods for Integral and Differential Equations, D. J. 
Paddon, H. Holstein editors, Clarendon Press Oxford, 
pp.117-167, 1985. 

2. Saad, Y., “Krylov Subspace Methods for Solving 
Large Unsymmetric Linear Systems”, Math. Comp., 
Vol.37, No.105, 1981. 

3. Roe, P. L., “Approximate Riemann Solvers, 
Parameter Vectors and Difference Schemes”, J. 
Comp. Phys., Vol.43, pp.357-372, 1981. 

4. Nakahashi, K. Togashi F., and Sharov, D. “Intergrid-
Boundary Definition Method for Overset 
Unstructured Grid Approach”, AIAA J., Vol .38,  
No. 11, pp. 2077-2084, November 2000. 

5. Vanleer, B., “Towards the Ultimate Conservative 
Difference Scheme. A Second Order Sequel to 
Godunov’s Method”, J. Comp. Phys., Vol.32, 
pp.101-136, 1974. 

6. Barth T. J. and Jespersen, D. C., “The Design and 
Application of Upwind Schemes on Unstructured 
Meshes”, AIAA Paper 89-0366, 1989. 

7. Whitaker, D. L. “Two-Dimensional Euler Computations 
on a Triangular Mesh Using and Upwind Finite 
Volume Scheme”, Ph.D Dissertation, Virginia 
Polytechnic Institute and State University, 1988. 

8. Jameson, A., and Barth, T. J. “Solution of the Euler 
Equations for Complex Configurations”, AIAA 
Paper 83-1929-CP, July 1983. 

9. Hasbani, I., and Engelman, M. "Out of Core Solution 
of Linear Equations with Non Symmetric Coefficient 
Matrix", Comp. and Fluids, Vol.7, No.13, 1979. 

10. Fletcher, R. (1975, 1976), "Conjugate Gradient 
Methods for Indefinite Systems, Proceedings of the 
Dundee Biennial Conference on Numerical 

Analysis", G. A. Watson editor, Springer-Verlag, 
New York, (1975), and Lectures Notes in 
Mathematics 506, Springer-Verlag, New York, 1976. 

11. Saad, Y., "The Lanczos Biorthogonalization 
Algorithm and Other Oblique Projection Methods”. 

12. Arnoldi, W. E., "The Principle of Minimized 
Iterations in the Solution of the Matrix Eigenvalue 
Problem", Quart. Appl. Math., Vol.9, pp.17-29, 1951. 

13. Golub H. G. and Van loan, C. F., “MATRIX 
COMPUTATION”, Third Edition, The Johns Hopkins 
University Press, Baltimore and London, 1996. 

14. Barrett, R. M., Berry, T. F. Chan, J., Demmel, J. M., 
Donato, J. Dongarra, V., Eijkhout, R., Pozo, C., 
Romine and Van der Vorst, H., “ Templates for the 
Solution of Linear Systems: Building Blocks for 
Iterative Methods”, 1994. http:// 
www.netlib.org/templates/templates.html. 

15. Bond, R. B. “A Conservative Interblock Communication 
Algorithm for Dynamically Discontinuous 
Multiblock Interface Grids”, M.Sc  Dissertation, 
North Carolina State University, 2001. 

16. 
http://www.grc.nasa.gov/www/wind/valid/m6wing/m
6wing.html .

17. Hong, L., Joseph D. B., and Rainald, L. “A Fast, 
Matrix-Free Implicit Method for Compressible Flows 
On Unstructured Grids”, J. Comp. Phys., Vol. 146, 
pp. 664-690, 1998. 

18. Frink, N. T. and Parikh, P. “A Fast Upwind Solver 
for the Euler Equations on Three-Dimensional 
Unstructured Meshes” AIAA-91-0102 

19. Pishevar A. R. and Shateri, A. R. “A Flexible 
GMRES Scheme for Solving Euler Equations on 3D 
Unstructured Grid,” Proceedings of 11th Annual 
Conference of the CFD Society of Canada, 2003. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
84

.2
4.

1.
14

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-0

7-
03

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            17 / 17

https://dorl.net/dor/20.1001.1.22287698.1384.24.1.14.7
https://iutjournals.iut.ac.ir/jcme/article-1-342-en.html
http://www.tcpdf.org

