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Abstract

Construction of oscillation-free schemes on unstructured meshes plays a key role on numerical
solutions to convection dominated problems. A new NVSF (Normalized Variable and Space For-
mulation) scheme is presented on triangular meshes. The typical test cases show that the present
scheme can suppress unphysical oscillations and possess good accuracy.
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Figure 1. Three neighboring mesh points and the mesh face on
unstructured meshes
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Figure 2. The relationship between variables
before the regularization
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Figure 3. The relationship between variables
after the regularization
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Figure 4. Normalized Variable Diagram (NVD) for several
linear schemes formulated using NVSF
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Figure 5. New Format Curve and CBC Guidelines Area (area
of dotted line)
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Figure 6. The relationship between variables of the
triangle mesh

6. ZALMETHEEXR

DOI: 10.12677/ijfd.2018.62004 27 PRS-


https://doi.org/10.12677/ijfd.2018.62004

RE, =

4. BHEREEL
SERL T ORT A REEEUE, B3 7R THE ¢ F—ANE D T, Eﬂ%=L(¢)o VoRELEHEIRY)
PREY, KAMZ= TVD Runge-Kutta [10]#%3X:
¢(1) = 4" +L(¢(l))
@ _3 p 170 (n
¢ _4¢ +4[¢ +L(¢ ﬂ

n+l 1 n 2 n n
¢ =20 5L ()]
5. BEHEG
5.1. &MEXRAERE
— AL VX T AR
9,9 _
p +aax 0, xelab], t>0 (6)

YEVIE ¢(x,0)=¢ (x), a=1-

5.1.1. 1§ 1

4 E LN WA ¢(x,0) = ¢, (x) =sin(2nx) , FEXIA][0,1] FRAFTTHE(6), CFL=0.1, FIH&H
M T A% Z0(5)s SMART [2]#%30. MUSCL [11 #2015 REEUEME,  Ax 20 3IEL 20, 40, 80. 160.
3200 AR L RE. LR%E, RINEEEEREN@E 1), WEARIF:

1

Il., = (Axi@ (exact) -4, (Computed)ljp p=12
v =1
11IIE‘N/EVZN
In2
B T TTAT, OREFORTARR, SRR BT ST DA BB RS

5.1.2. 1§f 2
Xt F BRI T RE(6), R E WiIE

order =

Lx<0

¢(x’0):{o,xz 0

TEIXIE Y [-11], 555570 800 %54y, THEME] T4 0.1, [#7 W], S54RI F RIHTHE SO ) iR
TS R AR I BOR -

5.2. ZHEZRMXRSRE
TN IHRE R ARG K W F AR SO0t —4EXNAR T R HEAT SR AR, 1B Doswell [12]457,

DOI: 10.12677/ijfd.2018.62004 28 PRS-


https://doi.org/10.12677/ijfd.2018.62004

BIE,

Table 1. Errors and orders for several selected schemes

1. BRRESHEREM L

Scheme Mesh L, error L, order L, error L, order
20 1.11e-2 - 1.50e-2 --
40 2.76e-3 2.02 4.69¢-3 1.68
Present 80 7.18e-4 1.95 1.43e-3 1.71
Scheme 160 1.75e-4 2.04 4.27e-4 1.75
320 4.28e-5 2.03 1.26e-4 1.76
20 1.47e-2 - 2.44e-2 --
40 3.35e-3 2.15 6.17¢-3 1.99
SMART 80 8.37e-4 2.01 1.67¢-3 1.90
160 2.16e-4 1.96 4.75e-4 1.82
320 5.26e-5 2.05 1.35¢-4 1.82
20 2.45e-2 - 3.02e-2 --
40 7.81e-3 1.65 9.53e-3 1.66
MUSCL 80 2.13e-3 1.88 2.87e-3 1.73
160 5.39¢-4 1.98 8.71e-4 1.72
320 1.35¢-4 2.01 2.65¢-4 1.72
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Figure 7. Comparison of numerical and exact results for the new condition
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Figure 8. Triangulation diagram of EasyMesh
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Figure 9. Exact and numerical solutions of Doswell

9. Doswell FIE{EAERY 2D, 3D E%

SERIRE R R ) SR T — MBI k. R 28 B AR RIR A AR ST AR i s R F SR
BT, i 4ErRak TR,

E&WE

AN Bl HAREFAEE ST H (2015MS010D) AN 5 B A XA A TF R 410 H (12000-1300020240)

BE
S5

(1]

(2]

Lenard, B.P. (1988) Simple High-Accuracy Resolution Program for Convective Modeling of Discontinuities. /nterna-
tional Journal for Numerical Methods in Fluids, 8, 1291-1318. https://doi.org/10.1002/f1d.1650081013

Gaskell, P.H. and Lau, A.K.C. (1988) Curvature-Compensated Convective Transport: SMART, A New Bounded-
ness-Preserving Transport Algorithm. International Journal for Numerical Methods in Fluids, 8, 617-641.
https://doi.org/10.1002/f1d.1650080602

Van Leer, B. (1974) Towards the Ultimate Conservative Difference Scheme: II. Monotonicity and Conservation Com-
bined in a Second-Order Scheme. Journal of Computation Physics, 14, 361-370.
https://doi.org/10.1016/0021-9991(74)90019-9

Wei, J.J., Yu, B, Tao, W.Q., Kawaguchi, Y. and Wang, H.S. (2003) A New High-Order-Accurate and Bounded
Scheme for Incompressible Flow. Numerical Heat Transfer, Part B: Fundamentals, 43, 19-41.
https://doi.org/10.1080/713836153

Alves, M.A., Oliveire, P.J. and Pinho, F.T. (2003) A Convergent and Universally Bounded Interpolation Scheme for
the Treatment of Advection. International Journal for Numerical Methods in Fluids, 41, 47-75.
https://doi.org/10.1002/f1d.428

Chakravarthy, S.R. and Osher, S. (1983) High Resolution Applications of the OSHER Upwind Scheme for the Euler
Equations. AIAA Paper 83-1943. https://doi.org/10.2514/6.1983-1943

Darwish, M.S. and Moukallod, F.H. (1994) Normalized Variable and Space Formulation Methodology for
High-Resolution Schemes. Numerical Heat Transfer, Part B, 26, 79-96. https://doi.org/10.1080/10407799408914918

Spalding, D.B. (1972) A Novel Finite Difference Formulation for Differential Expressions Involving Both First and
Second Derivatives. International Journal for Numerical Methods in Engineering, 4, 551-559.
https://doi.org/10.1002/nme. 1620040409

DOI: 10.12677/ijfd.2018.62004 31 PRS-


https://doi.org/10.12677/ijfd.2018.62004
https://doi.org/10.1002/fld.1650081013
https://doi.org/10.1002/fld.1650080602
https://doi.org/10.1016/0021-9991(74)90019-9
https://doi.org/10.1080/713836153
https://doi.org/10.1002/fld.428
https://doi.org/10.2514/6.1983-1943
https://doi.org/10.1080/10407799408914918
https://doi.org/10.1002/nme.1620040409

RIE, EE

[91 Leonard, B.P. (1987) SHARP Simulation of Discontinuities in Highly Convective Steady Flow. NASA Technical
Memorandum 100240, ICOMP-87-9.

[10] Gottlieb, S. and Shu, C.-W. (1998) Total Variational Diminishing Runge-Kutta Schemes. Mathematics of Computation,
67, 73-85. https://doi.org/10.1090/S0025-5718-98-00913-2

[11] Van Leer, B. (1977) Towards the Ultimate Conservative Difference Scheme. V. A Second-Order Sequel to Godunov’s
Method. Journal of Computational Physics, 23, 101-136.

[12] Doswell, C.A. (1998) A Kinematic Analysis of Frontogenesis Associated with a Non-Divergent Vortex. Journal of the
Atmospheric Sciences, 41, 1242-1248. https://doi.org/10.1175/1520-0469(1984)041<1242:AKAOFA>2.0.CO;2

Hans X
PR R R

1. 4TTT#1M T http://kns.cnki.net/kns/brief/result.aspx ?dbPrefix=WWJID
TFhIFIRMEESE: [ISSN], H AT ISSN: 2328-0557, RIA] A
2. FTHFHIM B 7T http:/cnki.net/
L« BRSCEREZE” BEN, BIANSCERAE, BIA i
hEE S http://www.hanspub.org/Submission.aspx
HAPIMEFE : ijfd@hanspub.org

DOI: 10.12677/ijfd.2018.62004 32 PRS-


https://doi.org/10.12677/ijfd.2018.62004
https://doi.org/10.1090/S0025-5718-98-00913-2
https://doi.org/10.1175/1520-0469(1984)041%3C1242:AKAOFA%3E2.0.CO;2
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ijfd@hanspub.org

	A Non-Oscillatory Scheme for Convection Diffusion Equations on Triangular Meshes
	Abstract
	Keywords
	三角形网格下对流扩散方程的无震荡格式
	摘  要
	关键词
	1. 引言
	2. 非结构网格下格式的构造
	2.1. 非一致网格下的NVSF的正则化
	2.2. 对流项有界性准则

	3. 三角形剖分的变量关系
	4. 时间的离散
	5. 数值算例
	5.1. 线性对流方程
	5.1.1. 情形1
	5.1.2. 情形2

	5.2. 二维线性对流方程

	6. 结论
	基金项目
	参考文献

