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Abstract: The lattice Boltzmann method (LBM) was applied to numerically solve Riemann-Liouville spatial
fractional-order telegraph equations. Firstly, the integral term of the fractional-order operator was discretized
and the order of convergence was analyzed. Then, a 1D and 3-velocity (D1Q3) LBM evolution model with mod-
ified functions was established. The expressions of equilibrium distribution functions and correction functions
were deduced by means of the Chapman-Enskog multi-scale analysis and the Taylor expansion technique.
Therefore,, the macroscopic equation was exactly recovered from the established evolution model. Numerical re-

sults show the stability and effectiveness of the model.
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Table 1 The global relative error 8 ;. values at different moments T under different a values

a =13 a =15 a = 1.7 a =19
T=0.1 6.901 5E-4 5.990 0E-4 1.241 2E-4 5.424 1E-3
T=03 1.660 1E-3 1.588 7E-3 3.698 2E-3 1.260 7E-3
T =05 2.590 0E-3 2.417 1E-3 5.513 5E-3 1.925 7E-3
T =07 3.213 2E-3 3.079 4E-3 7.166 3E-3 2.328 2E-3
T =09 3.858 5E-3 3.633 4E-3 8.324 1E-3 2.788 6E-3

F2 RFEIGIET BB KSRGS,

Table 2 Comparison of the exact solution and the LBM result

x; numerical solution exact solution O

0.1 0.011 029 308 321 643 3 0.011 051 709 180 756 5 2.240 085 911 315 44E-5
0.2 0.044 190 370 471 969 4 0.044 206 836 723 025 9 1.646 625 105 650 17E-5
0.3 0.099 454 871 050 481 4 0.099 465 382 626 808 3 1.051 157 632 690 76E-5
0.4 0.176 825 526 586 445 0.176 827 346 892 104 1.820 305 658 234 43E-6
0.5 0.276 302 359 533 651 0.276 292 729 518 912 9.630 014 739 303 58E-6
0.6 0.397 885 343 580 256 0.397 861 530 507 233 2.381 307 302 301 57E-5
0.7 0.541 574 458 958 076 0.541 533 749 857 067 4.070 910 100 828 50E-5
0.8 0.707 369 676 992 783 0.707 309 387 568 415 6.028 942 436 853 15E-5
0.9 0.895 263 935 409 329 0.895 188 443 641 275 7.549 176 805 443 65E-5
1.0 1.105 170 918 075 65 1.105 170 918 075 65 0

£3 AFMZTH Sop(a = 1.6)

Table 3 The global relative error 8y, values at different moments (o = 1.6)

T = 0.1 T =10.3 T = 0.5 T = 0.7 T =0.9
0GR 8.554 9E-4 2.475 7E-4 3.701 7E-4 4.807 2E-4 5.603 9E-3
o numerical solution
—— exact solution 7=1.0
VAL
2 Q//\
z
=
1 jQ,‘J
T/
7=0.1
0¢
0 0.2 0.4 0.6 0.8 1.0

X

1« = 1.6 BRI 2069 LBM (e -5 e b e s (B 1)

Fig. 1 Comparison of the exact solution and the LBM result of u(x,t) fora = 1.6 (example 1)
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B2 R R LBM KRR = L IA] (50 1)

Fig. 2 The 3D evolution diagrams of the exact solution and the LBM numerical solution( example 1)
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Fig. 3 The graph of absolute errors between the numerical flAT iR ICKBE(%WJ 2)
solution and the exact solution ( example 1) Fig. 4 Comparison of the exact solution and the LBM result

of u(x,t) fora = 1.9(example 2)

32 #Hfl2
F e AR () ZEXIR[0,1] FH 7= 0.1 AY45H .
du(x,t) ik ulx,t)

k, SLD:u(x,t)=k1 +sin(u) —f(x,t),

ot ool
u(x,0) =0, u,(x,0) ==, 0 1,
u(0,t)=0, u(l,t) =—1, 0<t=<O0.1,
Hrp
2k, 1

_ 2N g2
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2 5E it R M AN w(x,0) =— o” BB k, = 1.5k, = 0.1k, = 1.
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x4 AHEZ T Sgre(a = 1.9)

Table 4 The global relative error 8 gy, values at different moments (o = 1.9)

T = 0.01 T =0.03 T =0.05 T =0.07 T =0.1

SR 9.275 1E-3 3.013 2E-3 1.784 1E-3 1.422 2E-3 1.394 4E-3

(a) Kyl (b) Bl
(a) The exact solution (b) The numerical solution
5 O LBM S = e e (50 2)
Fig. 5 The 3D evolution diagrams of the exact solution and the LBM numerical solution( example 2)
4 PEHIHCES A6 K B = 0,02, B[] EK Ac=0.000 1, |
O3B o= 1.9, 7 = 1.25 I Y] T HEANI | 42 Jm5iR 2% 8 |
B A B[] T B8 34 T s/,
Kl 4 %R a=1.9,h=0.02,Ar =0.000 1,7 = 1.25 i,
AN TS 220 B8 A oG 1 i 1) i 20— 20w &5 19,
B5HZ28a=1.9,h=0.02,At=0.000 1,7 =1.25, &
5(a) S HG ff A A B [RD RN 2 (8] A9 2 A 81, 18 5(b) J& LBM %k
E AR =42l R L E 6 S 1ol 72 oh BUE i -5 6
f 2 TR 22 ] P PR AT R A Z0 R B R 2258 31 107 %%

YL 6 KRR AT S (T 2)
g/%J_FJ]"i?E s ZIKjCFJﬂ"LJ@ E/‘J D1 Q3 *ﬁ ﬂx#éj\ﬁ Igjl\ EE, j:l—ljjf Fig. 6 The graph of absolute errors between the numerical

*%%&{E;J‘zﬁ@ﬁ&i. solution and the exact solution ( example 2)
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