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Abstract: The present paper generally describes advances in boundary element methods(BEMs) and

current challenges faced by these methods in calculating incompressible unsteady flows of viscous

fluids. The boundary element methods have made wonderful progress in the past for the solution

physical problems in various areas 0f science and engineering. Therefore many computational experts

consider these techniques for incompressible viscous fluid flow problems as powerful and important

major parts of computational fluid dynamics (CFD). Which can be successful used for finding the

solution of fluid flow problems. Which (methods) are applied on the conservation equations (Equation

of Continuity, Navier-Stokes Equations and Energy Equation) to calculate the flow field. These

equations are considered the most suitable and correct mathematical description of the governing

equations of the motion of fluid and which are non-linear partial differential equations (PDEs). Due

to non-linearity, very few solutions of them can be found out analytically. If non-linearity is neglected

in any way, then only the analytical solutions in closed form can be obtained. But in most fluid flows,

the non-linear terms cannot be ignored and so the numerical procedures become essential to solve

these partial differential equations (PDEs). In boundary element methods (BEMs), the partial

differential equations (PDEs) are converted into integral equations relating only to boundary values.
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INTRODUCTION

In this modern age of science and technology, the boundary element methods (BEMs) have become ideal,

promising and alternative numerical techniques for solving fluid flow problems and modeling physics in fluids.

Which provide an excellent platform for the numerical methodology for solving fluid flow problems which give

the solution of boundary integral equations based on a discretization process .The use of these methods has

become popular with the invention of electronic computers. The full emergence of boundary element methods

took place in the late 1970s. The term “boundary elements” took birth within the department of civil

engineering at Southampton University, United Kingdom in 1977 (Brebbia, 1932). Research in boundary

elements approximately reached its peak in 1990. In literature, these methods existed under different names

such as ‘panel methods’, ‘surface singularity methods’, ‘boundary integral equation methods’ or ‘boundary

integral solutions’. In the past, finite difference method (FDM) and finite element method (FEM) etc were

being used to find the numerical solutions of problems in computational fluid dynamics. But the boundary

element methods offer important advantages over the domain type methods. One of the advantages is that with

boundary element methods one has to define the whole surface of the body, whereas with domain methods

it is necessary to discretize the entire flow field. The most important characteristics of these methods are the

much smaller system of equations and considerable reduction in data, which are perquisite to run a computer

program efficiently, So these are time-saving, efficient and accurate. Furthermore, boundary element methods

are well suited to flow problems with infinite domains. These methods are classified into ‘direct’ and ‘indirect’

methods. The direct method takes the form of a statement, which provides the values of unknown variables

at any flow field point in terms of the complete set of all the boundary data. The indirect method utilizes a

distribution of singularities over the surface of the body and computes this distribution as the solution of

integral equation. The equation of direct method can be formulated using either as an approach based on

Green’s theorem (Milne-Thomson, 1968; Kellogg, 1929; Brebbia, 1990)or a particular case of the weighted
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residual methods (Brebbia and Walker, 1980). The equation for the indirect method can be obtained from the

equation for the direct method and can also be interpreted as a weighted residual formulation. Boundary

element methods are essential the methods for solving partial differential equations arising in problems in such

diverse topics as stress analysis, heat transfer and electromagnetic theory, potential theory, fracture mechanics,

fluid mechanics, elasticity, elastostatics and elastodynamics , etc (Brebbia and Walker, 1980). These methods

are now being used for the solution of incompressible flows around complex configurations. Thus it can be

said that the boundary element methods are powerful numerical techniques receiving much attention from

researchers, engineering community and are offering the numerical solutions of a large number of physical

problems of different natures. In BEMs, the integral equation is approximated on the boundary of flow field

so that the creation of meshes is only required on the boundary in the two-dimensional space, although the

fluid flow problems are in three-dimensional space. Thus the computational cost and time in these methods

is much smaller than other numerical methods due to very small number of meshes. That is why the BEMs

are more attractive among the researchers in dealing computationally with infinite regions.

Governing equations:

The flows of incompressible fluids are governed by the equations.

Continuity equation

  (1)

Momentum equation

  (2)

Energy equation

  (3)

whereã,the thermal diffusivity, is 

General Form of Boundary Element Method:

The  general  form  of  boundary  element methods can be obtained by using the differential equation 

L (ö) = a

or L (ö) – a = 0 in æ   (4 )

Where L is an arbitrary linear differential operator with constant coefficients, ‘ö’ is the field variable and

‘a’ is an arbitrary source distribution in ò. The weighted form equation (4) is as follows:

  (5)

Which can be derived from equation (5), Where ‘i’ is an arbitrary point within ò and equation (6) only

holds for the point ‘i’ within ò. When the point ‘i’ becomes the boundary point, then the integral equation (6)

becomes boundary integral equation (Gaul et al., 2003). In fact, the concept of boundary integral equation laid

down the foundation stone of boundary element method (BEM).



Aust. J. Basic & Appl. Sci., 3(4): 3906-911, 2009

3908

Advances:

The detailed description of all researchers’ contributions and publications on boundary element methods

is not an easy task because of huge work in this field. For the sake of time and space, a brief review of these

is presented in this paper. The great mathematicians and researchers involved in computational research have

been using for many years the boundary integral equation methods (BIEMs) for boundary value problems.

Somigliana(1885/86), Fredholm(1903) and several others contributed much for the advancements of boundary

element methods (BEMs). Jaswon(1963) and Symm(1963) were also not behind anyone for the struggle for

making advancements in these methods . In 1886, Somigliana’s identity provided the basis for the ‘direct

boundary element method’(DBEM) and Fredholm in 1903 made the use of the discretized integral equations

which surfaced the way for the development of ‘indirect boundary element method’(IBEM).The research works

of Jaswon and Symm in 1963 brought a great revolution in the advancements of boundary element methods.

Rizzo (1967) developed a direct boundary element techniques for the solution of potential and elasticity

problems and Cruse (1969) made the extension of this method to three-dimensional problems. Also, several

concepts in finite element methods took the places in boundary element methods. The activities in the

advancements in boundary element methods reached their maturity in the late 1970s. From the late seventies,

the boundary element methods have been advanced further and are becoming more and more suitable for the

solution of fluid flow problems and modeling. These methods are still in advancing stage due to their

popularity and accuracy in problems facing in science and engineering. and their advances are closely related

to the advances in computer technology.

Applications:

The inventions of modern computers and advancements in boundary element methods (BEMs) have made

their applications possible in a wide range of viscous fluid flow problems. The boundary element methods are

now frequently used for the calculation of flow fields around bodies of complex configurations, because these

methods are cheaper than sophisticated experimental procedures due to their low computational cost and high

accuracy. Although the sharp and non-sharp bodies aerodynamics had been mostly studied experimentally in

past, but today the numerical methods have also been successfully applied for the calculation of the flow fields

around such bodies and in particular, attention has been paid to calculate incompressible separated flows and

tracks left behind these bodies. The role of these bodies aerodynamics is of great importance for the designing

of complex shaped bodies. The boundary element methods are also being applied successfully to the designing

of complex manufacturers of industries; so, they have enough applications in such types of industries.

Sophisticated advances in computer technology have made possible the analysis of different events in nature

that could not be possible before by computational means. Recently, the complex biomedical problems such

as circulatory systems, hypertension, heart pumping, stresses due to tension in different organs of human and

animal bodies and the effects of different diseases on their bodies, etc are being studied with the help of

numerical techniques. and these problems are now within the realm study of boundary element methods. The

boundary element methods have also emerged as powerful tools for investigations in details the mechanical

behaviors of various organs of body. Several investigators in boundary element methods have applied their

research works to deal with clinical matters. Recently, boundary element methods are also being used for the

discovery of gold and oil reserves. Therefore, the boundary element methods have enough capacity to tackle

all the flow problems faced by the computational community.

Challenges:

With the developments of science and technology, the challenges to boundary element methods are also

developing with the same pace. There are many challenges for such techniques and the space is limited, so

it is not possible to summarize all the challenges. No doubt, the boundary element methods can be used to

a wide range of complex incompressible viscous flow problems, in spite of this, there are many practical

engineering problems that are difficult to address. The most challengeable problems for boundary element

methods are those, which are non-linear and rapidly changing non-homogeneous or heterogeneous, which

cannot be approximated by homogeneous sub-domains and those which are not easily to be simulated and

modeled. Also, those problems whose mathematical formulation is not possible create critical situation for such

methods. The convective and time-dependent terms in governing equations are great hurdles to boundary

element methods for the solution of incompressible viscous fluid flow problems Though the boundary element

methods have attained maturity in hydrodynamics as well as in aerodynamics to that extent that they can be

easily used as tools for designing. But, these methods have yet to face many challenges in the fields of

hydrodynamics and aerodynamics, in particular biohydrodynamics. The other important challenges to boundary
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element methods are to calculate turbulent flows in different regions, some types of industrial flows, in

particular plasma flows. Also, internal flows are more challengeable for boundary element methods in

comparison to external flows. The problems related to boundary layer theory are too challengeable for boundary

element methods. The challenges for the boundary element methods are still alive in industry, especially in

the model processing, the boundary element method based numerical technologies seem to be helpful to fulfill

the demands needed today for efficient modeling of the industrial products and the modeling plays important

role in the fluid flow problems. Tough challenges for these methods are ahead in the biomedical field. These

are especially related to the numerical biomedical analysis of the Systemic Circulation and the effects of blood

pressure on different organs of body. The calculation of flows of air, other gases and fluids through the organs

of respiratory system (Nose, Nasopharynx , Larynx, Trachea, Bronchus and Lungs, etc.) and. that of flows of

different types of fluids through the organs of digestive system (Mouth, Pharynx, Oesophagus, Stomach, Liver,

Gall bladder, Pancreas, Intestines, etc.) open new fronts of challenges to boundary element methods. The

calculation of flow of seminal fluid from male sex organs to female sex organs and that of flow of milk and

other kinds of fluids from Mammary Glands are also on the challenging side. The boundary element methods

also have to face challenges to compute the flows of urine and other types of fluids through the organs of

excretory system (Kidneys, Ureters, Urinary bladder, Urethra,etc.) and to compute the flow of sweat from the

Skin. The computation of effects in the above mentioned systems due to shocking or tension and disease

related situations is too challenge to boundary element methods. and many unsolved problems of the working

of Erythrocytes and Leucocytes during the motion of blood in vessels and biological studies of their

deformations are still in the challengeable pipeline, which are not simple cases to tackle. But, unluckily, the

computational community did not pay much attention towards such issues. All these problems can easily be

solved by the boundary element methods with the help of stable, efficient and fast algorithms in-not too far

future.

Since incompressible computational fluid dynamics methodologies and numerical technologies are

progressing side by side. Therefore, the computational experts will have to simulate numerically the most

problems of flow engineering and all the resources will have to bring forward for this purpose. Though efforts

have also been made for the solution of complicated flow problems with heartening successes, but too much

is still to be done and which will be achieved due to fluid dynamic modeling. From computational expert’s

opinions, the boundary element methods, like other computational methods, can be made more accurate,

efficient and simple for incompressible viscous fluid flow problems and their capability to meet all these

challenges for fluid flows problems faced by the computational planners can be increased in the time to come,

which will be only possible due to planning and modern computational, time-saving and data storing

capabilities at large scale. Researchers and practitioners in such methods will be required to have full-fledge

knowledge of all the flow problems to be simulated in science and engineering fields. For this, the future

experts will need to be fully fertilized in the research of flow science as well as software engineering. With

accelerating demands for cheap and better science and engineering productivity, the role of these methods will

be accelerated. It will take time for these methods to be matured and such methods will be the vital share of

an engineer’s tool kit .The rapid use of computer technology in science and engineering fields will undoubtedly

have a significant effect on the importance of boundary element methods and will increase their applications

for the solution of incompressible viscous fluid flow problems. In view of their increasing significance and

demands in such problems, these methods should be made more inexpensive and efficient in numerical and

human labor. By these ways, improvements can be brought in boundary element methods in order to meet the

demands of this modern age.

Conclusion:

In this paper, a comprehensive study on boundary element methods for incompressible viscous fluid flow

problems has been reviewed. By virtue of fast developments in computer technology, science, engineering and

mathematics, the computational scientists have been succeeded to a great extent for simulating and modeling

complicated nature of incompressible viscous flow problems. Considering day by day applications in

engineering and science technology, the researches so far made in boundary element methods for

incompressible viscous fluid flow problems are not sufficient for the service of humanity and the computational

planners will need to do more with full attention in this vast area of research .If the struggle of human beings

continues in the aforementioned field of interest together with advances in engineering, science, mathematics

and computer technology, it is hoped that this goal will be achieved in the near future.
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