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Tab.1 Error and convergence rates of ou,po.d

z ou—L* g p—L* sz d—H' i i %
0.05

0.025 0.011 356 0.013 790 0.010 504
0.012°5 0.004 627 1. 295 420 0.006 177 1.158 600 0.004 943 1. 087 410
0. 006 25 0.001 941 1. 253 250 0. 002 809 1.136 960 0.002 392 1. 047 070
0.003 125 0. 000 869 1.159 360 0.001 314 1.096 510 0.001 168 1. 034 350
0.001 562 5 0. 000 423 1. 040 280 0.000 634 1.051 970 0. 000 573 1.028 170
0.000 781 25 0.000 213 0.985 761 0.000 312 1. 023 730 0.000 282 1. 020 560

F2 SHMPHRESKSEE

Tab.2 Error and convergence rates of S and P

T S g g P—L* SR
0.05

0. 025 0. 043 044 0. 007 704
0.012 5 0. 039 407 0.127 382 0. 003 557 1.114 990
0. 006 25 0. 027 196 0.535 057 0.001 716 1. 051 870
0. 003 125 0. 015 583 0. 803 393 0. 000 842 1. 027 300
0.001 562 5 0. 008 058 0.951 488 0.000 416 1.017 120
0. 000 781 25 0. 003 993 1. 012 920 0. 000 206 1. 010 880

®3 SHREEWHE

Tab.3 Error and convergence rates of S

T C,=10 I B R C,=50 e SR C,=50 000 W SR
0.05
0.025 0.011 356 0. 013 790 0. 010 504
0.012°5 0. 004 627 1. 295 420 0. 006 177 1. 158 600 0.004 943 1. 087 410
0.006 25 0.001 941 1. 253 250 0. 002 809 1. 136 960 0.002 392 1.047 070
0.003 125 0. 000 869 1. 159 360 0.001 314 1.096 510 0.001 168 1. 034 350
0.001 562 5 0. 000 423 1. 040 280 0. 000 634 1. 051 970 0. 000 573 1. 028 170

0. 000 781 25 0. 000 213 0.985 761 0. 000 312 1.023 730 0. 000 282 1. 020 560
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4.2 HEERX
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d = 2
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d | +e’
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Fig. 1 Annihilation of singularities
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Efficient Numerical Algorithm and Error Analysis for

the Ericksen-Leslie Equations with Variable Density

ZHANG Xin', WANG Danxia'?, ZHANG Jianwen' *, JIA Hong’en'*’
(1. School of Mathematics, Taiyuan University of Technology., Jinzhong Shanxi 030600 ;

2. Shanxi Key Laboratory for Intelligent Optimization Computing and Blockchain Technology, Taiyuan Shanxi 030000, China)
Abstract: An efficient numerical algorithm is proposed for the Ericksen-Leslie equations with variable density. Firstly, by
introducing a SAV (scalar auxiliary variable) with the free energy, an equivalent new system is obtained. Secondly, a numerical
scheme of the new system is established where the Ginzburg-Landau penalty function is handled explicitly such that the nonlinear
terms are linearized. Theoretical analysis has demonstrated the unique solvability and unconditional energy stability of the scheme,
and the first-order convergence rate of the scheme has been proved by rigorous error analysis. The theoretical derivation results were
verified by several numerical simulations, and the singularity annihilation process was presented. The constructed scheme maintains
the expected accuracy in both theoretical and numerical calculations, and exhibits good performance in evolutionary simulations.

Keywords: Ericksen-Leslie equations; variable density; SAV; unconditional energy stability; error analysis
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