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Abstract

The Differential Quadrature (DQ) method is a high-order numerical approach known for its remarkable
accuracy and low computational cost, making it an attractive option for numerical modeling. However, a
notable limitation of this method is its lack of geometric flexibility in modeling domains. The Radial Basis
Function-based Differential Quadrature (RBF-DQ) method addresses this limitation by combining the DQ
method's direct derivative estimation with the flexibility of mesh-free numerical techniques, making it
suitable for both regular and irregular domains. This study compares the performance of the DQ, RBF-DQ,

and Finite Difference (FD) methods — an established numerical technique in solving groundwater flow
equations in confined aquifers for both steady-state and unsteady-state conditions. Exact solutions for these
problems are derived using the Thiem and Theis methods. The results demonstrate the high accuracy of both
the DQ and RBF-DQ methods in modeling groundwater flow in confined aquifers. Additionally, the DQ
method outperforms the RBF-DQ method in terms of both accuracy and computational efficiency.
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Fig 1. Nodes distribution in the first problem
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Table 1. Average error values for different N and L in solving the first problem using the DQ method
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Fig 2. Graph of average error variations with respect to shape parameter changes in the first problem

cd_}\v\a-&‘)b.w\ev\&eb)_ﬂojiJ}\JQ-JJ%'JJM.RBF'DQ)DQ6@&)}@¢)JW§J&§)MM}‘L}.&B@E
oy e o andl sl el 55158 (L) (gl Je asls Jsb 5 (ND bl sliws Calises oslis <131 a0 (EITON) Lo la e 5lis
bl il olie gl ot Blas slie (IS8 mal)l (5l el bl e 4 ot e Kooy 4 4> 5 L RBF-DQ

.Jﬁgw)‘}d;@;)}abgdsw‘owoJ)jTJ.‘Q

DQ&})\{f}JW@P)J LJN Mﬂ)@éb'b&}hﬂﬂ&.bﬂaw—i J).,\>
Table 4. Minimum average error values for different N and L in solving the second problem using the DQ method

N L (m)
Ve Y. . £ 0 1 v Ar q. Yoo

o

$e-v/a4 (8- er0l BN 0T LE-ANYTV YB-Y/ YA Le-A W YB-Y/Y0L0 £B-Y/0 Y0 Ee-NVEAL Ye-¢/1 ¢4

gy

¢e-\/vy §e-\/AN00  £e-Y/+0))  Ee-V/4TIVY e-V/EYA fe-Y/N 0 £B-1/44V Le-Y/TVA L Ee-Y e YY Le-M VA

s

0e-VYYAY  0B-V/YEY 0B-V/E0Y  0B-V/A+\A 0B-NYYE 0B-A/LoVO 0E-A/0VAE 0€-4/1044 0€-4/07Y £€-1/+A0




e 9l 0y g5ldae ;3 RBF-DQ 9 DQ (FDM (g3ae (lajbgy dumlio g (5 5 ) Oylad g5 g 50, 59y

RBF-DQ &})lipsdzﬁa&)s L s N il polie gl a Uast Lo 526 Bl islie —0 Jgus
Table 5. Minimum average error values for different N and L in solving the second problem using the RBF-DQ method

N L (m)
\e Ye A I O e \'D A Q. Voo

0 YE-V/N4AVY  YE-E/\VA  YB-0/8+LY  YE-V) e\ YE-V004T1 YE-VAVOY YE-V/V))e YE-V/YALY YE-V/EEYo  YE-V/0LVA
TEe-0/1004  YE-V/YALE  YE-Y/«AVY YE-Y/0EAr YE-Y/AOYY YE-T/VAQY YE-Y/YYYV YEe-Yy/ Y. Ye-v/earo Ye-v/evo
4 fe-v/oNo  Ee-V/EAYY  LEe-Y/YATA Le-Y/NAYE Le-E/VIVY EE-0/TTYY LB EE EB-VATAY £e-V/YT44 fe-V/VYaL

ufb})LULJJJJO.L\Oﬁ)b}e.l.ivCL?L}\L;}:BJ{L;6Ua;'—l.3Jfbj)jbjhk.fdb.)&dju.)\ﬂj‘}.i‘j»oiﬁu;ﬁ0jiJJ‘JQ-JJASJ)ELAA
6\jeMuL>=L\)\JEAMRBF‘DQ &)}6%@?;“4}5%6}}1@“@\w\oéyéﬁsébhﬂjﬁéb\éDQ

el ool LB (7)) IS5 55 p 50 50 o aS sl Sas (C) Sl
r})A.LiM)sJ)/\J«J:»Ui Ol i 4y Cod Ut Jaw gie Ol il gl =V S5

27603 |\
2.4E-03
2.1E-03
1.8E-03
1.5E-03
1.2E-03
9.1E-04
6.1E-04
3.1E-04
5.0E-06

Error

Fig 3. Graph of average error variations with respect to shape parameter changes in the second problem

5 DQ Gla iy 55 Slowls Olaj oS shailen ol ol 03,51V 5 N sl 55 (o) dw a Sl Slasls Oboj (piman
Gl i K5 Ghas 53 4 Cand sl LB 5k 4 RBE-DQ 255 53 Slawlws 0l s ol Sonp Su « FD
53 G ) haae 533 oS el U35 il p2 s S Lt 5l Bl s SO0l sl O 50 Dliles OF s oS

Wl o5 0315 i 5 O 350

JJ\ A.Li.md): salazul S48 (N) LlE sl ;zl;mﬂzu.a 9.)'. 4 g!i'ﬁ) dw lejg QL.AW QLa) -1 J).,\>
Table 6. Computation time for the three methods for different values of the number of points (N) used in the first problem
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Table 7. Computation time for the three methods for different values of the number of points (N) used in the second
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