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At
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1 R 1
du = At(f - 7) 2N - At'(TZ -7+ ?) P+ F(u,x,t) . (29)
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Z ‘u"“m(xi,tk) - u(x,;,t,) |
! b
Z ‘u('xi’t/{)‘

By (1) = max ‘ w (x;,t) —u(xg,t,) ‘ ,
Horr ™ (xy0,) Ry yn,) G390 0, B 22048 0« A B R(ELAR S5 RS B4 .
TR W) 320 (B 2% 1 R RS B0 A0 5 o D8 FRPAE 10 A BRI B 4 56 T A 25 00 A R B 30 5t
A BRI AR P A AR 2 T A R O A 9, , 0] R o2 (TTET R A PR 22 4 A
ORI

Eg(t,) =

F1 KT Boltzmann $U{E R (¥ 55c /N4 Ry X 22 KO ORA ST E] (n = 1.2, @ = 0.05)

Table 1  The minimal E gy, of the lattice Boltzmann numerical solutions and

the corresponding optimal relaxation times (n = 1.2, a = 0.05)
T =1 t=2 1=3 t=4
schemel 1.296 1.514 0E-003 1.207 7E-003 9.394 0E-004 7.273 5E-004
€73 scheme2 1.325 1.514 0E-003 1.220 5E-003 9.553 7TE-004 7.424 OE-004
schemel 1.031 3.127 9E-004 2.493 8E-004 1.889 9E-004 1.416 8E-004
¢=s scheme2 1.034 3.191 0E-004 2.536 2E-004 1.922 9E-004 1.442 6E-004
schemel 0.932 4.736 7E-005 4.990 1E-005 3.942 6E-005 3.048 8E-005
e scheme2 0.932 4.474 4E-005 4.903 4E-005 3.877 3E-005 2.985 0E-005
%2 1T Boltzmann HALARAIIN 2 HIXHE2E B MO (n = 12, a = 0.1)
Table 2 The minimal E . of the lattice Boltzmann numerical solutions and
the corresponding optimal relaxation times (n = 1.2, a = 0.1)
T t =1 t =2 t =3 t =4
schemel 1.231 3.943 4E-004 3.088 6E-004 2.404 7E-004 1.867 6E-004
el scheme2 1.243 3.981 9E-004 3.128 0E-004 2.440 2E-004 1.897 7E-004
schemel 0.949 1.562 5E-005 1.208 9E-005 9.501 5E-006 8.172 1E-006
¢z scheme2 0.949 1.549 7E-005 1.194 0E-005 9.325 5E-006 7.956 6E-006
schemel 0.957 1.198 1E-005 9.138 6E-006 7.107 9E-006 6.036 0E-006
T scheme2 0.957 1.187 7E-005 9.021 1E-006 6.968 1E-006 5.871 3E-006
%3 T Boltzmann FU{EL 1 5e/ N4 AR 12 25 AR R AN SIS H] (n = 1.2, @ = 1.0)
Table 3 The minimal E . of the lattice Boltzmann numerical solutions and
the corresponding optimal relaxation times (n = 1.2, a = 1.0)
T t=1 t=2 t =3 t =4
schemel 3.129 1.539 6E-004 1.545 6E-004 1.384 8E-004 1.188 9E-004
¢z scheme2 3.909 1.588 7E-004 2.491 0E-004 2.126 6E-004 1.784 6E-004
schemel 1.731 5.916 7E-005 4.967 9E-005 4.118 8E-005 3.383 9E-005
¢ scheme2 1.745 5.982 1E-005 5.026 0E-005 4.169 1E-005 3.426 6E-005
schemel 1.133 1.008 2E-005 8.203 5E-006 6.651 8E-006 5.371 7TE-006
¢ scheme2 1.134 1.012 4E-005 8.239 7E-006 6.682 6E-006 5.397 6E-006

P BUETH R S — e BO TR O [0, 1], =K A = 0.0L. 20558 n = 1.2, a =
0.05,0.1, 1.0 X JLAHEIE T A ettt P e 507 1 (9 B i /e AL T FE b, J0 B 49 O A st sf ] 7
Je— A SR, FLIBUE 27 W B R AR ARG JBE AR S Tk AT R] 7 EAT BUE LA, #3153k
FURSSE MR A ELAE 2 R AR XR 25 /NI 7 (. 1,2,3 il T ARRIZECT AEmd (] ¢ = 1,2,3,
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4 I SR AR SCHE S R PR R 5 S8 53045 9 4 AR G 158 2 LA S AR B 1) G 2 A st R 4 910 T
n=1.2,a = 0.1 WAL ST A BUE AR B i, th LB LA SR nT IR 21, A5 545815 5
KRB0 A BEAR , ELRH 7 S04 42 i ARG 1R 22 JE 0 U A 7 JURE ¢ 9O | BV N i) 25 4
FR /N, BB A R FE A TR I 1 R n = 1.2,a = 0.1 I 3% S0 5 (00 8011 A oA A A 1) 1
ANCRAFE 1) T LA B A EDLT— 20, #F— 25 B0 0E T 34T 38 9 4% F Boltzmann
B A7 5

x4 T Boltzmann BUHM SIEMMI LI (n = 1.2, @ = 0.1, ¢ = 20, 7 = 0.949)

Table 4 Comparison between the lattice Boltzmann numerical solutions and

1.2, a = 0.1, ¢ = 20, 7 = 0.949)

the exact solutions (n =

x schemel-num scheme2-num exact

0.1 24.262 83 24.262 83 24.262 78

0.2 27.520 37 27.520 37 27.520 67

0.3 31.323 94 31.323 93 31.324 47

0.4 35.777 37 35.777 35 35.778 02

0.5 41.006 17 41.006 16 41.006 80

0.6 47.162 40 47.162 38 47.162 82

0.7 54.430 61 54.430 58 54.430 59

0.8 63.035 35 63.035 30 63.034 57

0.9 73.250 34 73.250 29 73.248 40

K5 = 1 WNZAREEHT (A = 0.001, n = 1.2, a = 0.1)
Table 5 Accuracy analysis atz = 1(At = 0.001, n = 1.2, a = 0.1)
scheme 1 scheme 2
N T Eviag order Ecre order T Eyviar order Ecre order
10 0.515 1.409 5 8.080 8E-003 0.515 1.397 2 7.957 9E-003
20 0.560 3.928 SE-001 1.843 1 2.469 2E-003 1.7105 0.560 3.880 9E-001 1.848 1 2.4254E-003 1.7142
40 0.744 7.629 OE-002 2.364 4 6.667 OE-004 1.888 9 0.743  7.511 9E-002 2.369 1 6.559 4E-004 1.886 6
80 0.978 2.769 2E-003 4.784 0 3.052 0E-005 4.449 2 0.979 2.586 8E-003 4.859 9 3.340 8E-005 4.295 3
150 150
100 / 100 /
. =
=
. 4
b 4 1.0

\
\
\

§

\

(a) HLfEf

(a) The numerical results

Fig. 1

B

n =12, a = 0.1 BFREUE A SR

The numerical results and exact results forn = 1.2, a = 0.1

(b) FEHHfE

(b) The exact results
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ORI AR ) 25 (EDRS E RE AR IR B SRS L, X B n = 1.2 Fla = 0.1, PREFIHHHT X
[0,1] A 4% 142 10,20,40 180 73 SIHEATRAERI. K 5 B T TR0 B0 Hr A E Y
W BOZ X B AR R RS TR SR ZEMOE LA o BRI RR T LA iz 5 ks U 52 bR
R EHEA EIERT 2 B,

3 & a4

ARSON SAT AE LA B AR LA PRI — BOE AR TS S IT R 1S 1B RS 7 Boltz-
mann SRR B e AL T3 R F I T A O TR 3 A eR B I BT, AL O R S
Jiti Chapman-Enskog JEFF , TEMK S (1) 207 B A H 25 2 R BUR 25 00, i — A0 et i Ak 2 1Y)
A A TSI S TS 3] 3 Biok LAY 2% W5 FETEA R S B0 T, D104 33
FERMETRYAAT TR AE DL B 45 SRR W P b 7 S ATAT 20K 2 s (Y LA, EL IR O7 SR 9 20
iR A AT B A I ) 2P B0/ BB RS B4 i, HL S BRAERS BB T 2 B
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Simulation of the Nonlinear Heat Conduction
Equation With the Lattice Boltzmann Method

LIU Fang', SHI Wei-ping’
(1. School of Basic Sciences, Changchun University of Technology,
Changchun 130012, P.R.China;
2. Mathematics School, Jilin University, Changchun 130012, P.R.China)

Abstract . A lattice Boltzmann model for the heat conduction equation with a nonlinear source
term and a nonlinear diffusion term was presented. 2 differential operators related to the source
term distribution function were added to the evolution equation, on which the Chapman-Enskog
expansion was carried out. Then, through some further improvement of the evolution equation
the macroscopic differential equation was recovered in 2 schemes with high-order truncation er-
rors. Detailed numerical simulations of the nonlinear heat conduction equation with different pa-
rameter selections were performed. The numerical results agree well with the exact solutions.
This model can also be directly used to numerically solve other partial differential equations in

similar forms.

Key words: lattice Boltzmann model; nonlinear heat conduction equation; lattice Bhatnagar-
Gross-Krook model; nonlinear source term
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