5 33 MBERGNFES Y RY D L
D03-1

FEBFEMMERNICHTT B
BRIEMRI AL 2 RBEH BRIV VT 7 v 9%

Second-order time-accurate semi-implicit Runge-Kutta method

with linearized convection term for unsteady incompressible flow

O BEHEENY, A4 TKEE, T 466-8555 BRI 4 B A X HERATHT, E-mail: 30413191@stn.nitech.ac.jp
I, % TKBE, T 466-8555 Z /1= 45 2 i B A1 X AR AT, E-mail: yamada.toru@nitech.ac.jp
KEE ], 4 TKBE, T 466-8555 B AR 4 7 R ii A1 X &R FTH] | E-mail: tamano.shinji@nitech.ac.jp
ARPUTE, 4 T KBE, T 466-8555 2 H1RA i B i B FI X AH#5 AT HT | E-mail: morinishi.yohei@nitech.ac.jp

Teppei Miyanishi, Nagoya Institute of Technology, Gokiso-cho, Showa-ku Nagoya,Aichi, 466-8555, JAPAN

Toru Yamada, Nagoya Institute of Technology, Gokiso-cho, Showa-ku Nagoya,Aichi, 466-8555, JAPAN

Shinji Tamano, Nagoya Institute of Technology, Gokiso-cho, Showa-ku Nagoya,Aichi, 466-8555, JAPAN

Yohei Morinishi, Nagoya Institute of Technology, Gokiso-cho, Showa-ku Nagoya,Aichi, 466-8555, JAPAN

A time-accurate semi-implicit time marching method with linearlized convection term is proposed for unsteady

incompressible flow simulations. To satisfy a second-order time accuracy and energy conservation property, a two-
stage semi-implicit Runge-Kutta method with convection linearlization is proposed, in which explicit treatment is
applied only on the convection velocity. Despite the linearlization of the momentum equation, we here use direct
apploach instead of segregated method to assess the present method without an influence of splitting error for
the coupling of the Navier-Stokes and continuity equations. The time accuracy and the conservative propertes of
different methods including the present method are explored on the two-dimensional periodic Taylor-Green vortex
flow. The superiority of the present method is also confirmed in the DNS of the turbulence channel flow.
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Fig. 1: RMS errors of velocity as a function of time
increment for different time marching methods
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Tab. 1: The relative error of total kinetic energy for

different time marching methods at tug/ly = 500

Time Time Tolerance €y at
marching || increment TOL, tug/lp = 500
method Atug/lg
IE 1.0x1076 | —2.2x 107!
IE 1.0x1077 | —2.7x 107!
IE 0.1 1L0x 1078 | —2.8x 10!
IE 1.0x107% | —2.6x 107!
IE 0.01 1.0x107% | —6.8x107!
SIRKL1 1.0x107% | —1.3x1078
SIRKL1 1.0x 1077 | +6.6 x 1078
SIRKL1 0.1 10X 1078 | +1.6 x 1079
SIRKL1 1.0 x 1072 | +2.2x 10710
SIRKL2 1.0x 1076 | +5.0 x 1077
SIRKL2 1.0x1077 | —-2.7x 1078
SIRKL2 0.1 1.0x 1078 | +5.3x 1079
SIRKL2 1.0x 1072 | —1.0 x 10710
SIRK2 1.0x107% | +1.5x1078
SIRK?2 1.0x1077 | —1.6x1078
SIRK2 0.1 1.0x 108 | —7.9 x 1010
SIRK2 1.0x1079 | —1.4x 10710
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Fig. 3: Effect of time increment on mean streamwise ve-
locity profiles for SIRKL2(a), SIRKL1(b) and STRK2(c)
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