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Abstract  

Introduction:  In order to avoid meshing and its difficulties and costs, Multiquadric Radial 

Basis Function (MQ-RBF) method has been developed (Kansa, 1990) and has been examined 
for different types of physical phenomena. In this regard, the present study develops this 

meshless method for analysis of dam break problem. MQ is more convenient and accurate 

than other RBF methods for solving partial differential equations (Fallah et al. , 2019). This 
meshless method have advantages such as; 1) creating a continuous response function all over 

the computational domain, 2) no need to discretize the entire domain with opt imal usability 

in large-scale problems, 3) high capability in modelling irregular and complex geometries, 4) 
high ability to simulate discontinuities of responses, 5) easy generalization to 3D problems, 

and etc. Both the accuracy and the convergence rate of MQ depend strongly on its shape 

parameter (Koushki et al., 2019). So far, researchers have been working on many methods for 
determining the optimal shape parameter but a comprehensive method has not been 

developed yet (Babaee et al., 2019). In this study, the commonly previous methods have been 

considered for determining the optimal shape parameter and a novel idea has been presented 
for analyzing the flood flow caused by dam break. The efficiency and accuracy of the present 

approach compared to other solutions have been examined through three examples. 

Methodology:  The governing PDEs of dam break problem consist of the continuity equation 
and two momentum equations in two dimensions. MQ approximates solution of 2D equations 

system using an estimation function in which the unknown coefficients have to be determined 

for each unknown variable of the PDE, i.e. the velocities in two directions and the pressure. In 
one hand, for definition of the estimation function, the RBF methods need N center points 

inside the domain or on the boundaries which leads to N unknown coefficients. On the other 

hand, the governing PDEs and their boundary conditions again have to be satisfied on N 
collocation points inside the domain and on the boundaries, respectivel y, which leads to N 

algebraic equations to be solved for the mentioned unknown coefficients. A critical parameter, 

namely, the shape parameter strongly affects the precision of the estimation function which 
may be considered constant or variable from point  to point for each estimation function. 

Determining the optimal value of the shape parameter has always been a challenge in using 

MQ and other RBF methods. In this study it has been shown that the shape parameter in all 
time  steps can be considered the same and a new high -speed approach is proposed to determine 

its optimal value. In this approach, the initial conditions of the problem will be estimated using 

MQ function and it has been shown that the optimal value of the shape parameter in  the initial
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conditions is also the optimal value of the shape parameter for the next time steps and there is 

no need to be optimized for all next time steps. Therefore, the computational cost will be 

considerably reduced. Also for discretizing the time dependent terms, the forward  finite 
difference method is used and it was shown that for discretizing the local terms, a semi -

implicit method could be used by substituting MQ function, to be led to a linear system of 

algebraic equations. Consequently, the presented approach becomes more stable than the 

explicit methods.  

In order to verify and validate the proposed approach, four numerical examples are presented. 

In two of examples with 1D and 2D behaviors, discontinuities in initial conditions and run 
times are different. Sharp discontinuities highlight the capabilities of the approach while in 

long run time show stability. Besides, results of the proposed approach have been compared 

with those of other numerical and analytical methods. Also, in this research, inefficiency of 
previously  common methods for determining the optimal shape parameter in solving the 

dam-break problem was shown (Golbabai et al., 2015). In verification, the RMSE error criterion 

has been considered which results in errors less than 5 percent. In the third and fourth 
examples capability of the numerical model has been demonstrated by a two -dimensional  dam 

break flow in symmetric and asymmetric conditions, respectively.  

Conclusion:   Using the MQ -RBF, the disadvantages of mesh-based methods including: high 
cost of meshing, need to fundamental solution, dependence on the conditions of each problem, 

singularity, continuous discretization of domain and need to a regular mesh will be 

eliminated.  

Keywords:  Dam-break problem, Radial basis function, Meshless method, Multiquad ric, Shape 

parameter. 
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4. Dam Break 
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(1980) wz Çÿ½ ¿v ā¹wæ¤ÅvãĒ¤·v ćwă ¹ÿº´ù  ºþýwù
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Fig. 1 Geometry and boundary conditions in an 

arbitrary 2D domain 
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ćwăÀí¾ù  üĉv ½¹ )ºþLLLÉw{ý wĉ ºþLLLÉwz è{Öþù Ĉ£w{LLLÅw´ù

 ÈăÿÂ~ ½¹ćwL¤LLLÅv½ ûwLLLÅj ¹¾z½wLí  IĈÞz½ºLþ¯ Çÿ½ ¾£

ćwăÀí¾ù øă¾z ÿ Ĉ£w{LÅw´ù ¾Úý ½¹ ¾òĉºîĉ ¾z è{Öþù ĈĄý

Ĉù Ă¤å¾ñºýĀÉ $ ôîÉ-)# 

 

 
Fig. 2 Distribution of computation and collocation 

centers 
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Fig. 3 Estimation of the initial conditions using present 

method in example 1 
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Fig. 4 Water free surface in example1 using present 

method (t=3.56s) 
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2011 )# 

Fig. 5 Comparison between present method and 1D exact 

solution in example 1 
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wÖ· ĂþĊÊĊz$ ¾zv¾z 0-*/ #ºÍ½¹ èĊé¹ ô³ Ăz ¢{ÆýI 

¶Åw~wăć  v½ ĂöuÆù¾í ¹½ÿj¾z ½¹ üĊþ°úă )¢Åv ā¹

Æé¢ú¹½v¹ ¹Ā«ÿ Ĉò¤ÅĀĊ~wý Ăí Ĉĉwă¹¾îöúÝ I  Ĉ{Åwþù

 Ă¤Év¹ÿ Çÿ½ ¾òĉ¹ ¿v Ĉ·¾z ãĒ·¾z wă ½w¯¹ćwĄýwÅĀý 

 Ăz ÷¿đ )¢Åv āºÊý ĈîĉÀĊå¾Ċáć½ÿj¹wĉ  üĊþ¯ Ăí ¢Åv

Ĉ¤é¹ ÷wñ xw¸¤ýv wz  Ĉýwù¿+,23*+  ĂĊýw§ ¾ÆĊùÉ ¢Åv āº

  ÿ  ÈĉvÀåv wz÷wñ  Ĉýwù¿ ćwă  ¾¤ÊĊz wÖ· ûvÀĊùĈù¹ĀÉ)   ôĊõ¹

 Ĉò¤ÅĀĊ~wý ¾ùv üĉv Ăz ºĉºÉ ¢{Æý ĂöuÆù ¶Åw~ ½¹ ¹Ā«Āù

 Ĉò¤ÅĀĊ~wý üĉv Ă¯¾ă )¢ÅvºĉºÉĈù IºÉwz ¾£ ÷wñ ¢Æĉwz

¤å¾ñ ¾Úý½¹ ¾¤î¯Āí Ĉýwù¿¹ĀÉ Ă) 

 

 óÿº«-   ćwÖ·  ½¼«  ¡wÞz¾ù ÛĀú¬ù üĊòýwĊù Çÿ½  ćwă

  äö¤¸ù  üĊĊÞ£¾Ċâ¤ù  ĂþĊĄz ôîÉ    ów¨ù ½¹, 
Table 2 RMSE of different methods for determining the 

optimal shape parameter in example 1 

RMSE Method RMSE Method 
4.51E+10 DLSP 0.072145 Hardy 

9068.147 RSP 0.07017 Frank 

0.214747 TSP 3.163503 Fasshauer 

0.071481 HSP 0.071641 ESP 

0.120015 BSP 4.51E+10 ILSP 

  
0.005461 

Present 

method 

 Çÿ½ ā¹ûvĀþÝāºÉ  È¸z ½¹.(,  üĊĊÞ£ ćv¾z¾Ċâ¤ù  ôîÉ

 üĉv ½¹ )¢Åv āºÉ Ă¤å¾ñ ½wí Ăz ów¨ù üĉv ô³ ½¹ ĂþĊĄz

 ¿v øÝv ĂöuÆù Ôĉv¾É I¢õw³ ½wúÉĂÖêýćwă  IĈ£w{Åw´ù

v¾É ĂzwÊù ))) ÿ Ĉýwù¿ ÷wñ ā¿vºýv  ¢õw³ ½¹ ĂöuÆù ô³ Ôĉ

½wîăv½ ¿v ā¹wæ¤Åv   ºÉ Ă¤å¾ñ ¾Úý ½¹ ÈăÿÂ~ üĉv ć¹wĄþÊĊ~
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)ºþ¤ÆĊý ºÅ ¢ÆîÉ āºĉº~ ¾z 
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Fig. 6 Estimation of the initial conditions using present 

method in example 2 
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ć½ÿj¹wĉ  ów¨ù üĉv Ĉýwù¿ ÷wñ Ăí ¢Åv-+1*+  ¾Úý ½¹ ĂĊýw§

 ów¨ù Ĉýwù¿ ÷wñ wz ½vºêù üĉv ĂÆĉwêù ½¹ )¢Åv āºÉ Ă¤å¾ñ

óÿv Ĉù¾z üĊþ¯ üĉv üĉv ć¹wĄþÊĊ~ ¹¾îĉÿ½ ½¹ Ăí ºĉj

 ā¿vºýv ºĉwz IºÉwz ¾£ºĉºÉ ĂöuÆù Ĉò¤ÅĀĊ~wý Ă¯¾ă ÈăÿÂ~

 yÅwþù ¢é¹ w£ ¹ĀÉ xw¸¤ýv ¾¤úí Ĉýwù¿ ÷wñºĉj ¢Å¹ Ăz) 

 

 
Fig. 7 Water free surface in example 2 (t=60) using 

present method 

 ôîÉ2  Å  ½¹ xj ¹v¿j ²Ö÷ÿ¹ ów¨ù    wzÇÿ½  ¾Ñw³  $1+t= # 

 øă ów¨ù üĉv ½¹ Ióÿv ów¨ù ĂzwÊù ĂÖzv½ćwă  üĊĊÞ£ üĊÊĊ~

¾Ċâ¤ù ¾z ÿ ºÉ ā¹¾z ½wí Ăz ôîÉćwþ{ù  óÿº«. āºĉ¹ 

Ĉù¹ĀÉ  ªĉw¤ý ĂíĂz¢Å¹āºùj  óÿv ów¨ù Ăz ¢{Æý Ă¯¾ñv

óĀ{é ôzwé ûwþ°úă Ĉõÿ ºþ¤Æă ¾£ûÿºz  ½¹ yÅwþù ¢é¹

Ĉù ć¹wĄþÊĊ~ Çÿ½ ªĉw¤ý wz ĂÆĉwêù ¾ùv üĉv ôĊõ¹ )ºþÉwz

 üĉv¾zwþz )¢Åv óÿv ów¨ù ¾£ºĉºÉ Ĉò¤ÅĀĊ~wýùĈûvĀ£  ¢æñ
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Fig. 8 Comparison between present method and 1D exact 

solution in example 2 

 ôîÉ3  wêùĉĂÆ  w¤ýĉª  ÿ½ĉ¹¾î  é¹ ô³ wz ¾Ñw³Ċè  ĉìºÞzć    ½¹

  ów¨ù ÿ¹ 
 

 óÿº«.   ćwÖ·  ½¼«  ¡wÞz¾ù ÛĀú¬ù üĊòýwĊù Çÿ½  ćwă

  äö¤¸ù  üĊĊÞ£¾Ċâ¤ù  ĂþĊĄz ôîÉ    ów¨ù ½¹- 
Table 3 RMSE of different methods for determining the 

optimal shape parameter in example 2 

RMSE Method RMSE Method 
0.021894 DLSP 0.021672 Hardy 

0.021619 RSP 0.021873 Frank 

0.021822 TSP 0.021758 Fasshauer 

0.021849 HSP 0.021659 ESP 

0.02181 BSP 0.021727 ILSP 

  0.010036 
Present 

method 
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 ¢é¹¹½ÿj¾z  wz ĂĊõÿv Ôĉv¾É ¾Ċâ¤ù  ĂþĊĄz ôîÉ++0*+   ½¹

 ôîÉ4 ôzwé āºăwÊù )¢Åv ĂÚ´õ ½¹0t =  ĂĊýw§ºÅ 
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Fig. 9 Estimation of the initial conditions using present 

method in example 3 
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