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CONVERGENCE CHARACTERISTICS OF MULTI-STAGE RUNGE-KUTTA METHODS
IN INCOMPRESSIBLE VISCOUS FLOW COMPUTATIONS
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Won C. Park, Young J. Moon

Objective of the present study is to examine the convergence characteristics of the various
multi-stage Runge-Kutta methods in solving the incompressible Navier-Stokes equations of a
time-marching form casted by the artificial compressibility method. Convergence characteristics are
examined over 2-stage, 4-stage and hybrid type (using 4-, 3-, 2-stages sequentially) Runge-Kutta
methods for a laminar lid-driven cavity flow, and also for a turbulent bump channel flow using Chien's
low-Reynolds number turbulence model. Efforts are made to establish a stable and fast convergent
multi-stage Runge-Kutta method with minimal artificial dissipations.
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Fig. 1 Lid driven cavity flow, Re=5,'000 (50x50 meshes)
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Fig. 2 Convergence characteristics of multi-stage Runge-Kutta methods

Table 1. Comparison of solutions between standard and non-linear A.D. models, Re=5,000

on vertical centerline

primary vortex

Uniin Ymin 9 b < y

Ghia ~04364 | 00703 | -0.1190 | 05117 | 05352

standard | RK-2 005 | ~04106 | 00927 | -0.1157 | 05309 | 05309
model | RK-4 ¢ 02 | -04010 | 00927 | -0.1134 | 05309 | 05309
non-linear | RK-2 0003 | -04131 | 00927 | -0.1165 | 05309 | 05309
model | RK-4 # 0003 | -04133 | 00927 | -0.1167 | 05309 | 05309
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Fig. 3 Convergence characteristics of various multi-stage Runge-Kutta methods
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Fig. 5 Convergence characteristics of various multi-stage Runge~Kutta methods
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Table 2. Comparison of solutions for various stages of Runge-Kutta methods, Re=5,000

on vertical centerline primary vortex
Unin Vmin 4 X y
Ghia -0.4364 0.0703 -0.1190 | 05117 0.5352
RK-2 0.003 -0.4131 0.0927 -0.1165 | 0.5309 0.5309
50x50 | RK-432 0.005 -0.4088 0.0927 -0.1155 | 05309 0.5309
RK-4 ” 0.005 -0.3830 0.0927 -0.1172 | 05309 0.5309
RK-2 0.003 -0.4298 0.0845 -0.1192 | 05241 0.5241
80x80 | RK-432 0.005 -0.4265 0.0845 -0.1185 | 05241 0.5241
RK~4 0.005 -0.4265 0.0845 -0.1185 | 05241 05241
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Fig. 6 Relation between A* and g4

(RK-4 50x50 meshes)

Table 3. Relation between CFL A" and minimum g4 (R.XK.-4stage)

. 7 Convergence characteristics of RK4

with various A" and g,

CFL My Unnin D CFL Uy Unmin ?
7.0 0.011 -0.3972 -0.1124 40 0.003 -0.4133 | -0.1167
6.0 0.007 ~0.4046 -0.1144 30 0.003 -0.4133 | -0.1166
5.6 0.006 -0.4067 -0.1149 20 0.003 -04132 | -0.1163
5.0 0.005 -0.4088 -0.1155 1.0 0.003 -0.4108 | -0.1140
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