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Deriving Vertices, Shape Functions for Elliptic 
Duct Geometry and Verified Two Verification Con-

ditions 
 

Dr. P. Reddaiah, Prof. D.R.V. Prasada Rao 

 

Abstract— In this paper we derived vertices for elliptic duct geometry and derived shape functions for elliptic duct geometry and verified 
the conditions that sum of all the shape functions is equal to one and each shape function has a value of one at its own node and zero at 
the other nodes. 

Index Terms—Shape functions, elliptic duct geometry, Vertices.  

———————————————————— 

1 INTRODUCTION 
ne of the powerful methods to analyse and understand 
any real phenomenon is to formulate the best suited ma-
thematical model based on certain hypothesis like conti-

nuum hypothesis etc., which can can be solved making use of 
either exact methods or possible approximate methods. The 
solvability of the boundary value problem depends on the 
nature of the equation as well as the shape of the boundaries 
involved [2]. Among the different numerical techniques, the 
variational methods, weighted residual methods and finite 
difference methods, finite element methods are quite popular. 
Some standard finite element books are 
[1,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18]. 

2 GEOMETRICAL DESCRIPTION 
The Cartesian system is chosen with origin on the central axis 
of the duct and the axis O(x', y') are parallel to its major axes 
of its crosssection shown in  schematic  diagram of elliptic 
duct.We divide the domain into sub-domains of our choice. 
The sub-domains may be lines or triangles or rectangles etc, 
depending on the boundary of the configuration.This division  
of the domain is usually known as mesh generation and each 
sub-domain is called an element of the mesh.  Some of the 
elements may be of different shape compare to the rest in the 
mesh, how ever care should  be taken that all the elements 
have known geometrical shapes. Also the number of elements  
involved differ from problem to problem and depends on the-
percentage  of  accuracy of the solution. We analyze the 
convective heat and mass transfer flow of a viscous, incom-
pressi 

 

 
ble fluid through a porous medium in an elliptic duct. The 
flow being symmetric with respect to the vertical diameter 
x’=0, theanalysis is carried out in the right semicircular duct. 
For computation purpose we descritized the domain into 14 
triangular elements and each triangular element is 6 noded. 
Also total number of nodes in right semicircular duct is 39 
nodes. 

 
       
       
       
       
       
       
       
       
       
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Schematic diagram of Elliptic Duct 
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(I) Deriving Vertices for Elliptic Duct Geometry 
 
       
       
       
       
       
       
       
       
       
       
       
       
  
                       Fig. 2 Quarter Ellipse 
       
       
       
       
       
       
       
       
       
       
       
       
       
       
      Fig. 3 Ele-
ment 11 (6 noded) 
In Schematic diagram of elliptic duct, length of right 
semi Circular duct along x-axis is 1 i.e., a=1 
Length of right semi circular duct along y-axis is h i.e., b=h. 
Ellipse equation  
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0y axis,- x =Along  
 
 
 
 
 
 
 
 
 

  
Vertices are (1,0) and (-1,0) 
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hy ±=⇒  
  
Vertices are (0,h) and (0,-h) 
______________________________________________________ 
 
At center of the ellipse vertex is (0,0) and end vertex along      
x-axis is (1,0)  
Midpoint of (0,0) and (1,0) 
 
 
       
       
       
       
        
       
       
       
       
        
 
 
   
__________________________________________________ 
       At 
center of the ellipse vertex is (0,0) and the vertex along y-axis 
is (0,h) and (0,-h) 
 
    
       
       
       
       
       
       
       
       
_____________________________________________________ 
       
       
       
       
       
       
       
       
       
___________________________________________________  
 

)........(1                                 12

2

2

2

=+
b
y

a
x

1)0()1( 2

2

2

2

=+⇒
ba

x 10
22

2

=+⇒
ba

x 102

2

=+⇒
a
x

12

2

=⇒
a
x 22 ax =⇒ 2ax ±=⇒

1)a(             =±=⇒ ax 1±=⇒ x

0 xaxis,-y =Along

h)b(    

1101)0()1(

222

2

2

2

2

2

2

2

2

=±=⇒±=⇒=⇒

=⇒=+⇒=+⇒

bybyby
b
y

b
y

b
y

a

)
2

,
2

xx(    is  

 ),(x and  ),(xfor    formula int

2121

2211

yy
yyMidpo

++

)0,
2
1()

2
00,

2
10( 

  of int (1,0)
)2,2(x

 and (0,0)
)1,1(x

=
++

=

yy
Midpo







 0,

2
1  is  (1,0) and  (0,0) ofPoint  Mid

)
2

,0()
2

0,
2

00(  

 of int h)(0,
)2,2(x

 and (0,0)
)1,1(x

hh

Midpo

yy

=
++

=







 )

2
,0  is  h)(0, and  (0,0) ofPoint  hMid

)
2

,0()
2

)(0,
2

00( 

  of int (0,-h)
)2,2(x

 and (0,0)
)1,1(x

hh

Midpo

yy

−
=

−++
=

-h vertex of (0,0) and (0,-h) is (0, )
2

Mid∴

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 5, May-2017                                                                                           33 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

 

 
 
 
       
       
       
 
 

    
    
    
   
 
    

___________________________________________________ 
       
       
     
       
       
       
       
       
       
       
       
       
       
       
       
        
 
       
       
       
       
       
       
     
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       

   
       
       
       
       
     
_______________________________________________ 
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
  
(II) Deriving Shape functions for Elliptic Duct Geometry 
For element 11 vertices at corner nodes (Node 1, Node 2, 
Node3)  
(*Element 11*) 
 
 
       
       
       
        
For element 11 vertices at mid nodes (node 4, node 5, node 6) 
(*Element 11*) 
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Shape function formulae for six noded 
triangular element 
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Output 
Shape functions for element 11 

       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
(III) Verification : Sum of all the Shape Functions is equal to    
                                 One 
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(IV). Verification:Each shape function 
has a value of one at its own node 
and zero at the other nodes 
 
 
(i) In Element 11 at the vertex  (Node 1) 
 
 
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
  
 
 
 
       
       
        

 
        
 
 
       
       
       
       
       
  
Output for element at the vertex 

 1 
0 
0 
0 
0 
0 
(ii) In Element 11 at the vertex  (Node 2) 
 
(*  2*)Node   
       
       
       
       
       
       
       
       
        
 
Output for element at the vertex      
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(iii) In Element 6 at the vertex (1,0)  (Node 3) 
       
       
       
       
       
       
       
 
Output for element at the vertex (1,0)  
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0 
0 
(iv) In Element 11 at the vertex  (Node 4) 
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Output for element at the vertex 

  
0 
0 
0 
1 
0 
0 
(v) In Element 11 at the vertex  (Node 5) 
 
       
       
       
       
       
       
       
       
        
 
Output for element at the vertex     
 

 0 
0 
0 
0 
1 
0 
(vi) In Element 11 at the vertex  (Node 6) 
 
 
       
       
       
        
 
 
 
 
Output for element at the vertex 

 0 
0 
 
0 
0 
0 
1 
 
3. CONCLUSIONS 
1. Derived Vertices for Elliptic Duct Geometry 
2. Derived Shape Functions for Elliptic Duct Geometry 

3.Verified the condition that Sum of all the Shape  
functions is equal to one 
4. Verified the condition that each shape function 
has a value of one at its own node and zero at  
the other nodes. 
 
REFERENCES 
[1].K L Kumar, Engineering Mechanics, Tata McGraw-Hill Publishing 

Company  Limited,  New Delhi, 1986.    
[2].D.V. Krishna, Mathematical Methods,Centre forDistance Education 

M.sc.,  (Mathematics)   Course Material,  Sri Krishnadevaraya Univer-
sity, Anantapur. 

[3].S.S. Bhavikatti, Finite Element Analysis, New AgeInternational (P) 
Limited, Publishers, 2ndEdition,  2010. 

[4]. J.N. Reddy, An Introduction to Finite Element Method, 2nd Edition, 
McGRAW HILL  INTERNATIONAL EDITIONS, 1993. 

[5].Tirupathi R. Chandrapatla, Finite Element Analysis for Engineering 
and Technology, Universities Press, 2004. 

[6].S M Murigendrappa, Fundamentals of Finite Element Method, Second 
Edition,Interline  Publishing, 2009. 

[7].NRR. AnbuSagar, Finite Element Analysis, Sams Publishers, 2012. 
[8].S.Md. Jalaludeen, Introduction of Finite Element Analysis ,Anuradha 

Publications, 2012. 
[9].S. Senthil, Panneerdhass, Finite Element Analysis, Lakshmi Publica-

tions, 2014. 
[10]. P. Seshu, Textbook of Finite Element Analysis, Prentice-Hall of India 

Private Limited,  New Delhi, 2004. 
[11]. S. Rajasekaran, Finite Element Analysis in EngineeringDesign, 

S.Chand Publication,2008. 
[12].C S Krishnamoorthy, Finite Element Analysis Theory and Program-

ming, Tata  McGraw-Hill  Publishing Company Limited, NEW DEL-
HI, 1991. 

[14].B.L. Agarwal, Finite Element Method, Khanna Publishers, 1st Edition 
1991. 

[15]. Daryl L. Logan, A First Course in the Finite Element Method, 4th 
Edition, , Thomson Book Publishers, 2007. 

[16]. Liu, Quek, The Finite Element Method a Practical Course, An Imprint 
of Elsevier, 2005. 

[17]. Klaus-Jurgen Bathe, Finite Element Procedures, PHI, Eastern Econo-
my edition. 

[18]. A.S. Meghre, K.N. Kadam, Finite Element Method in Structural 
Analysis, Khanna  Publishers,  2014. 

1 3( , )
4 2

h+
−

3 2( , )
4 4

h+
−

3 2Substituting x:= ,   y:= -  in 
4 4

equations (2), (3), (4), (5), (6) and (7)

h+

1 2 3

4 5 6

[ ]     [ ]    [ ]

[ ]     [ ]    [ ]

Simplify s Simplify s Simplify s

Simplify s Simplify s Simplify s

3 2( , )
4 4

h+
−

3( , )
4 4

h
−

1 3Substituting x:= ,   y:=  in
2 4

 equations (2), (3), (4), (5), (6) and (7)

h h+

3( , )
4 4

h
−

1 2 3

4 5 6

[ ]     [ ]    [ ]

[ ]     [ ]   [ ]

Simplify s Simplify s Simplify s

Simplify s Simplify s Simplify s

IJSER

http://www.ijser.org/

	Introduction
	2 GEOMETRICAL DESCRIPTION



