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Abstract 
 

         Finite element simulation of viscous flow past a triangular shape solid obstacle is studied here. 
The liquid for simulation is considered here to be Newtonian. The shearing effects of the surrounding 
fluid on the solid obstacle are taken into account as well as pressure. Finite element Semi implicit 
time-stepping Taylor/Galerkin Pressure Correction Scheme is employed here. Incompressible and 
isothermal fluid flow problem is studied. Both coarse and dense structured meshes are used to 
investigate the accuracy, stability and consistency of the numerical scheme. Numerical results show 
the potentialities of the numerical method. 
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1. Introduction 
The numerical study of channel flow    

of Newtonian and Non-Newtonian fluids past          
a solid obstacle is significant to many     
industrial problems. Various methods such as 
experimental, mathematical analysis and 
numerical simulation are employed for studying 
the behaviour of such fluid flow problems past 
an irregular obstacle (Matallah, et al.,1998 and 
Aboubakar, et al., 2002). 

 

 The industrial problems frequently 
encounter mixing and moulding processes in 
many applications, and the quality of the 
resulting mixture directly affects the quality of 
the finished product. The flow past a solid 
obstacle is related to industrial problems. Both, 
Newtonian and viscoelastic fluids are used in 
applications involving flows around solid 
obstacles such as triangle or trapezium. Since the 
moulding improves the design and functionality 
of the end-product, so the industrial applications 
of such type may contain the solid obstacles 
mould to form a finished product.  
 

 The Numerical Simulation of flow past 
an irregular solid obstacle for viscous and 
viscoelastic fluids is rarely simulated due to the 
involved irregular solid surfaces.    
 

 
 
The abrupt changes of geometry 

with singularities may generate high level of 
shearing stresses for a viscoelastic fluid, 
which may cause numerical instabilities and 
lead to divergence at high Deborah numbers 
(Dou and Phan-Thien, 1999).  
 

Various finite element methods  
have been proposed to deal with such type  
of problems. These methods have the 
advantage of easily generating triangular 
meshes fitted with propagating irregular 
interfaces. These methods are adopted in 
most numerical studies on Newtonian and 
non-Newtonian flows past a sphere, a 
cylinder, or annular flow between two 
eccentric cylinders, and the sentation or 
fluidization of many solid particles, see for 
more details (Aboubacar et al., 2002 and 
Haung et al.,1998 Oliveria and Pinho, 1999 
and Dou and Phan-Thein, 1999). 
 
 The purpose of this work is to 
examine the potentialities of a proposed 
time-splitting numerical scheme in order to 
compute flow past an irregular solid obstacle 
in two-dimensions.  
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The laminar flow of viscous fluid is 
considered here. Triangular structured meshes 
are used for numerical simulation. The problem 
is relevant with flow past an irregular solid 
obstacle. Finite element Semi implicit time-
stepping Taylor/Galerkin Pressure Correction 
Scheme is employed, (Townsend and Webster, 
1987 Carew, et al., 1999, Hawken et al., 1990).  
 
2. Governing Equations 

In the absence of body forces, the 
momentum and the continuity equations may be 
described as:  
 

pT
t

∇−∇−∇=
∂
∂ u.u.u ρρ    (1) 

∇.u = 0     (2) 
 
where T is the stress tensor, ρ is the fluid 
density, t is the time, u(x,t) is the fluid velocity 
and  p is the isotropic pressure. For Newtonian 
fluid, the stress tensor Τ = 2µD. 

      
Here, the rate of deformation tensor D is 
described as follow: 
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With a constant viscosity and using the 
continuity equation (2), the Navier-Stokes 
equation can be recovered, 
 

p
t
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∂
∂ u.uuu 2 ρµρ   (3)  

 
where u2∇µ is the diffusion term. 
Adopting characteristic scales for velocity and 
pressure, an equivalent non-dimensional system 
of equations can be expressed as follow: 

 

p
t

∇−∇−∇=
∂
∂ u.uReuuRe 2 ,  (4) 

∇.u = 0,    (5) 
 

where the non-dimensional group Reynolds 

number is defined as 
µ

ρULRe = . 

 
 

4. Finite Element Analysis 
For the solution of governing 

equations   (4) and (5), we have used Semi-
Implicit  Taylor- Galerkin - Pressure- 
Correction algorithm. Adopting the notation 
of Cuvelier et al.,(1992). on the velocity 
(U(x,t) = Uj(t) φj(x)) and pressure (P(x,t) = 
Pk(t) ϕk(x)) fields on the specified domain,        
the fully discrete semi-implicit Taylor-
Galerkin/pressure-correction system of 
equations in matrix form is given as follow: 
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where M, S, N(U), L, and K are consistent 
mass matrix, momentum diffusion matrix, 
convection matrix , pressure gradient matrix 
and pressure stiffness matrix respectively. In 
matrix form, these can be expressed as 
follow: 
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System of linear equations is solved by 
iterative   Jacobis   method   and   by   direct  
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Choleski method (for pressure). The details upon 
this implementation may be found in (Townsend 
and Webster 1987 and Hawken et al., 1990 and 
Chandio and Webster 2002). 
 
5. Problem Description 

A straight pipe with half triangular 
solid obstacle on the inner surface of the pipe is 
considered here, see (Fig. 1).  The ratio of the 
obstacle is taken as Rb/Rt = 0.2. The zoomed 
version of the triangular solid obstacle is shown 
in (Fig. 2).    
 

 
   
 

Fig. 1. Problem Geometry 
   
 
  
 

 
Fig. 2. Zoomed geometry of half-triangular  

solid obstacle 
 

Boundary Conditions on the Walls 
No slip boundary conditions, i.e. u=v=0 are 
imposed on the solid boundaries.  
 

Inlet Boundary conditions 
Parabolic velocity profile is imposed in this 
region, which can be expressed as   

 

U=Umax [1-(y/Y)2]   
 

where y is distance of point along Y-axis and Y 
is radius and taken of unit length. Thus we 
obtained maximum velocity at the inlet as 
follow: 

Umax =  (1 – y2)  

Outlet Boundary Conditions 
On the outlet, continuative boundary conditions 
are considered, which can be expressed as  
ux = vx =0. 
 

6. Results and Discussions 
In the application of Finite Element 

analysis, one of the most important decisions is 
to design the mesh, so that the mesh should be 
sufficiently fine in the area of interest in order to 
capture the solution accurately. We have used 
three different meshes, 5x175, 10x75 and 
30x150, in order to capture the accuracy of the 
variables of interest. 

Here, flow past a triangular shape 
solid obstacle, which is chinning on the 
inner wall of straight tube, is under 
investigation. In figure 2, a zoomed 
geometry of the solid obstacle is depicted, 
where W and H are the underside width and 
height of the isosceles triangle respectively.  

 
The underside width and height of 

the triangular obstacle is taken respectively 
as W = 2Rb and H=0.8Rb and the blockage 
ratio is taken as Rb/Rt = 0.2 as proposed by 
Yang and Mao, (2003). 
  
 Structured triangular meshes of 
5x75 having 750 elements and 1663 nodes, 
10x75 having 1500 elements and 3175 nodes 
and 30x150 having 9000 elements and 
18373 nodes, see(Fig. 3, a,b. 4, a,b, 5, a,b.).  
 

 

(a) Full mesh 
 

 
(b) Zoomed mesh near the obstacle 

Fig. 3: mesh 5x75 
 

 

 (a) Full mesh 

 
 (b) Zoomed mesh near the obstacle 

Fig. 4: mesh 10x75 
 

outlet
inlet  
Rt=1

W 
    H 
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(a) Full mesh 
 

 
 

(b) Zoomed mesh near the obstacle 
Fig. 5: mesh 30x150 

 
Since the problem under investigation is 

symmetric, so the numerical results are obtained 
using upper half of the tube. 
  
 In the first instance numerical results are 
obtained using, a coarse mesh 5x75. 
  
 In (Fig. 6, a,b). Velocity vectors are 
shown. A parabolic profile is observed at the 
inlet. A similar trend is seen at the outlet that 
guarantees the accuracy, consistency and 
stability of the numerical scheme in the presence 
of irregular solid obstacle. The maximum 
pressure is observed at the inlet and near the 
obstacle while hitting the fluid with it, see     
(Fig. 7). 
  

 
(a) Inlet velocity vectors profile 

 

 
(b) Outlet velocity vectors profile 
Fig. 6: mesh 5x75, velocity vectors 

 

 
Fig. 7: mesh 5x75, Pressure contours, 

maximum pressure at the inlet and near  
the obstacle 

 
The maximum shear rate occurs past 

the solid obstacle, see (Fig. 8). A similar 
level of pressure and shear rate is observed 
using mesh 10x75. Thus, no change is 
observed shifting from mesh 5x75 to 10x75, 
see (Fig. 9-10).      

 
Fig. 8: mesh 5x75, Shear rate, maximum  

shear-rate below the obstacle 
 

 
Fig. 9: mesh 10x75, Pressure contours, 

maximum pressure at the inlet and near  
the obstacle 

 

 
Fig. 10: mesh 10x75, Shear rate, maximum 

shear-rate below the obstacle 
 
The fluid passing through the 

narrow gap below the obstacle generates 
high shear rates that may cause instabilities 
in the numerical simulation. However, the 
level of pressure remains same as of coarse 
meshes (5x75 and 10x75), see (Fig. 11). The 
level of shear rates have slightly increased 
using dense mesh 30x150, see (Fig. 12). 
Velocity vectors below the obstacle depicts 
vortex that causes shear rates, see (Fig. 13). 
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Fig. 11: mesh 30x150, Pressure contours, 
maximum pressure at the inlet and near  

the obstacle 

 
Fig. 12: mesh 30x150, Shear rates, maximum 

shear-rate below the obstacle 
 

 
 

Fig. 13: mesh 30x150, velocity, v, contours around 
the obstacle. 

 

7. Conclusion 
 In the present study, Newtonian fluid is 
considered for the numerical results. Here, we 
found that the maximum pressure exists at the 
inlet and near the obstacle for all meshes. The 
velocity vectors show parabolic profile at the 
inlet and outlet, that guarantees the accuracy of 
the numerical scheme in the presence of solid 
obstacle. The accurate measurement of shear 
stress is of importance in mixing flows. In order 
to capture the accurate levels of shear rates, three 
different meshes are used for numerical 
computation.  We observed that the level of 
shear rates increases from coarse meshes to 
dense meshes. In the present study it is observed 
that triangular meshes capture the solution 
accuracy. Future studies will focus upon non-
Newtonian flows past an irregular solid obstacle 
and comparison among Newtonian and non-
Newtonian flow behavior. 
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