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Abstract

A lattice Runge-Kutta-Boltzmann model for the reaction diffusion equations is constructed in this
paper. By using the classical Runge-Kutta formula, we obtain four-order accuracy of truncation
error. The Chapman-Enskog expansion and multi-scale technique are employed in order to obtain
a series of equations in different time scales and modify partial differential equations of the reac-
tion diffusion equations. Numerical tests show that the scheme can be used to simulate the reac-
tion diffusion equations.
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Figure 1. Comparison between the Runge-Kutta solution, lattice Runge-Kut-
ta-Boltzmann solution and the analytical result: (a) u versus t; (b) v versus t
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Figure 2. (a) The absolute error of u; (b) The absolute error of v; (¢) Curves of the infinite norm of the absolute error E ver-

sus the Knudsen number ¢

2. (a) u BYZEITIRZERZE; (b) v IVEBEIHRZERZ; (0) BINIRZE E Xt Knudsen # A T35 E $ AR

AT PAE Y, 4% Runge-Kutta-Boltzmann #5275 LL 45 53 5 AT A 5 i) — S0k

Bl 2. BN HUTRE

%uzélvzu —(v+w), (34)
%:§2V2V+U+AV, (35)
%:§3V2W+B+W(U—C)o (36)
Hrf, A. B CHBHL. &7 >0, (0=123), JFE(34)~(36)f 1L Rossler J7#2[20]
%:—(v+w), 37)
%:u + AV, (38)
%=B+W(U—C)o (39)



SEERE

FERUEAE A, 4T R5(26) T NIy

L —(vrw) o, u+Av ; B+w(u-C)

v & (b+l)y, i & (b+1)y, 7= g (b+1l)y,

(40)

po b ol E . &
eTy er, eTy

. 41)

BRI [0,1] « BRI u(0) =ul s (0 =12,3): BAEMN 6”06(X°’t) _ auaa(xl't)

3EE S T A=B=0.20, C=5.00EiL Runge-Kutta 51 . SCHR[20]+ [I4% T Boltzmann 1%
RUFNA SC IS T Runge-Kutta-Boltzmann 5784 2 1) AR . e 15] 3(a) 141 4(a) 1% 5(a) A # H Runge-Kutta
FEAR v-us w-us w-v A 18 3(0) ] 4(b) AT 5(b) A2 3Bt SCRR[20] A R Y 5501 v-u. w-u. w-v
AH 3(c)s K 4(c)MIE 5(c)% T 1 A SR T Runge-Kutta-Boltzmann #EAIZ2HI ) v-u. w-u. w-v
ME. LESHN: ¢=50, r=12, b=4, D=1, &=1.0x10"°, £ =20x10"°, £*=3.0x102,
BTHANM =51, MWEHRTLIEH, ASCHA S 4 55 2 01Uk Runge-Kutta 5LikW &8, I H.LL
SCHR[20] 45 SR RS 4

=0,

Figure 3. The phase figures of v versus u: (a) the Runge-Kutta formula; (b) the lattice Boltzmann result in Ref. [20]; (c) the
result of the lattice Runge-Kutta-Boltzmann scheme
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Figure 4. The phase figures of w versus u: (a) the Runge-Kutta formula; (b) the lattice Boltzmann result in Ref. [20]; (c) the
result of the lattice Runge-Kutta-Boltzmann scheme
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Figure 5. The phase figures of w versus v: (a) the Runge-Kutta formula; (b) the lattice Boltzmann result in Ref. [20]; (c) the
result of the lattice Runge-Kutta-Boltzmann scheme
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