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Abstract: In order to improve the approximation of spatial derivatives without meshes,
a set of mesh free method for spatial derivatives was developed, which agreed well with the
Cartesian, cylindrical and spherical coordinates. Based on the comparisons between numeri-
cal and theoretical solutions, the errors and convergences were assessed by a posteriori meth-
od, showing that the approximations for functions and derivatives were of the second order
accurate, and the scale of the support domain had some influences on numerical errors but
not on accuracy orders. With a discrete scale h being 0. 01, the relative errors of the numeri-

cal simulation for the selected functions and their derivatives were within 0. 65 %.
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Fig. 2 Numerical results of one-dimensional model with cylindrical coordinates
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Table 2 Error norms and convergence accuracy orders of one-dimensional model
ﬂ—%X‘T% ﬁé*ﬁ?/% H E€h=0.02 H ” €n=0.01 ” ” E€h=0.005 | ” E€h=0.0025 ” “5/,70. 01 ” /% ,2)
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S FE T 9.925X 107" 2.493X107" 6.234X107° 1.559X10°° 0. 025 1. 99954
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$(&,&) = cos(2n& &) (45)
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Table 3 Computation parameters of two-dimensional model
n. ) hy h, h; h, I3 l, ls Uy
0 1.5 0.02 0. 01 0. 0067 0. 005 oha ohs Ohs Soh,
_ _ 06 Numerical maxf=1.0 (){Srsngssse Numerical max (V- V)=25.13
max v=1.0 max v =1.0 Exact minf=-1.0 0.5 E Exact min (V* V)=-25.13
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Fig. 5 Numerical results of two-dimensional model with Cartesian coordinates
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Fig. 6 Numerical results of two-dimensional model with cylindrical coordinates
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Fig. 7 Relationship between error norms and discretization scales of two-dimensional model
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Table 4 Error norms and convergence accuracy orders of
two-dimensional models
ﬂ“%:X‘J% élé)ﬁ‘/% ” E€r=0.02 ” ” E€n=0.01 || H €1=0.0067 ” ” €1=0.005 H ||;’A7(), 01 ” /% 1:)
Hf 2.234X107% 5.792X10°°* 2.539X10 % 1.428X10° 0.597 . 00045
f
el 2.234X10 % 5.792X10° 2.539X10° 1.428X10°° 0.597 . 00045
HAA 8. 113 1. 169 0.4385 0.2438 0. 296 . 04049
Af
] 9.461 1. 364 0.5116 0.2893 0.314 . 98165
HA 0.4829 0.1296 5.933X107% 3.340X10°° 0.516 . 99722
VeV
E 1 0.5288 0.1537 6.184X10 % 3.494X10 * 0. 489 . 98472
B 0.1581 2.929X10°% 1.203X10°* 6.765X10°° 0.233 . 00097
[Vxv,
T 0.1581 2.929X10°% 1.203X10 % 6.765X10° 0.233 . 00097
HM 1. 892 0.3649 0.1638 9.121X10°*¢ 0. 369 . 03519
Ve (QAVg)
A Th] 2. 137 0.6469 0.2939 0.1664 0. 650 97751
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f(&,6,8) = sin(2x& &&) (48)
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Table S Computation parameters of three-dimensional model

n. & 0 53 hy h,

h hy

4

Ly

L,

Ly

0 1.5 2.0 2.9 0.02 0.0125

0. 01 0. 008

oh

oh,

ohs

Shy

maxv=1.0 minv=-1.0 | Numerical

maxv=1.0  minv=-1.0 — Exact
max v=1.0 min v,=-1.0

max /=1.0
min f=-1.0

Numerical max (V* V)=18.85
min (V- V)=—18.85

Exact
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Fig. 8 Numerical results of three-dimensional model with Cartesian coordinates
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Fig. 9 Relationship between error norms and discretization scales of three-dimensional model
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Table 6 Error norms and convergence accuracy orders of three-dimensional model
ﬂ‘ﬁx‘j% 0 ” En=0.02 H ” E€r=0.0125 ” ” €r=0.01 H ” €1=0.008 H ||€./A7(), 01 ” /% 13
2.0 1.997X107% 7.809X10"* 4.999X10"* 3.200X10°* 0. 050 1.99910
f
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Af
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(V,
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V.V
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2.0 0.5363 0.2132 0.1375 8.809 X 10 * 0.127 1.99542
Ve (QAVg)
2.5 0.7929 0.2961 0.1788 0.1155 0.165 1.95837
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