
DHANALAKSHMI COLLEGE OF ENGINEERING, CHENNAI 

DEPARTMENT OF MECHANICAL ENGINEERING 

ME 6603 – FINITE ELEMENT ANALYSIS 

 UNIT – I : FINITE ELEMENT FORMULATION OF BOUNDARY VALUE 

PART – A (2 MARKS) 

1. Write the types of Engineering Analysis.  (N -25) 
1. Experimental methods
2. Analytical methods
3. Numerical methods

2. Specify some applications of FEM.  (N -12) 
1. Structural
2. Heat Transfer
3. Fluid Dynamics
4. Electric and Magnetic fields

3. Write the stages of FEM.   (M-14) 
1. Preprocessing
2. Processing
3. Post processing

4. What are ‘h’ and ‘p’ versions of finite element method?   (M -13) 
1. In ‘h’ version, the order of the polynomial approximation for all elements is kept constant and the

number of elements increased.
2. In ‘p’ version the number of elements is maintained constant and the order of polynomial

approximation of element is increased.

5. Name any four FEA software’s.  (M -12) 

1. 1. ANSYS 2.NASTRAN 3. COSMOS     4. NISA 5. DYNA
2. 6. ABAQUS 7. ASKA

6. Write the advantages of FEM.  (N-11), (N -10) 

1. Model irregular shaped bodies quite easily.
2. handle general load conditions without difficulty.
3. handle unlimited numbers and kinds of boundary conditions.
4. alter the finite element model easily.
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7. Write the disadvantages of FEM.  ( N -14) 
1. FEM is a time consuming process. i.e. it requires longer time for solving.
2. In order to analyse many number of smaller elements, due to human fatigue, we have to depend

on computer package.
3. The result obtained using FEM will be closer to exact solution only if the system is divided into

large number of smaller elements.
4. FEM can not produce exact results as those of analytical methods.

8. Name the variational methods.   (M -12) 
1. Rayleigh –Ritz method

9. Name the weighted residual methods.  (N-10) 
1. Point collocation method
2. Sub-domain collocation method
3. Least squares method
4. Galerkin’s method.

10.What is Variational method?  (M -14) 
The physical problem expressed in terms of differential equation is recast in an equivalent integral form. 
Then, with the help of some trial functions, this integral, called as functional, is made to reach the 
extremum i.e maximum or minimum conditions. The trial function which makes the integral to attain the 
stationary value is the required approximate solution for the problem. 

11. What is Rayleigh-Ritz method?   (M-15) 

Rayleigh-Ritz method is a typical variational method in which the principle of integral approach is
adopted for solving mostly the complex structural problems. In this method, the problems are solved in
two ways such as
1. Minimum potential energy method
2. Integral approach method

12. Define Total potential energy.   (N -14) 
It is defined as the algebraic sum of strain energy and workdone due to external force.

Total potential energy, 
Where, 

U – Strian energy 
W – Workdone due to external force 

13. Define  - Principle of minimum potential energy                                                                       (M-09)
For conservative systems, of all the kinematically admissible displacement fields, those corresponding
to equilibrium extremize the total potential energy. If the extremum condition is minimum, the
equilibrium state is stable.

(or) 
Total potential energy is minimum, the system is said to be in stable equilibrium. 

i.e
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14. Name the interpolation functions.  (M-10) 
1. Polynomial functions

 ( )

2. Trigonometric functions

 ( )

15. Why polynomial type of interpolation functions are mostly used than trigonometric functions? (M -09)
1. It is easy to formulate and computerize the finite element equations
2. It is easy to perform differentiation or integration
3. The accuracy of the results can be improved by increasing the order of the polynomial.

16. Define - Weighted-Residual method                                                                                           (N -09)
A trial function is substituted in the differential equations of the physical problem and the resulting
residual is equate to zero directly or by combining with other parameters and thus the required solution
can be evaluated.
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PART – B (16 MARKS) 

1. Using Rayleigh Ritz methods calculate the deflection at the middle and end for the following

cantilever beam.   (M-15) 

A=80 sq.cm, l=300 cm, E= 2x10
7 

N/ sq.cm, = 0.075 N/ c  
3

. 

2. Evaluate the displacement at node 1, 2. Take t=0.5 cm, E=2X10
7 

N/cm
2 

μ =0.27 using plane stress 

condition.        (N-14), (M-10) 

. 

3. Solve the differential equation for a physical problem expressed as d2y/dx2 + 50 = 0, 0≤x≤10 with

boundary conditions as y (0) = 0 and y (10) = 0 using the trial function y = a1x (10-x) find the value of the 

parameters a1 by the following methods. (i) Point collocation method (ii) Sub domain collocation method 

(iii) Least squares method and (iv) Galerkin method.                                                                     (N-13) 

4. Solve following system of equations using Gauss elimination method.  (M-14) 

x1 – x2 + x3 = 1

-3 x1 + 2x2 – 3x3 = -6

2x1 – 5x2 + 4x3 = 5

5. Find the solution of the problem using Rayleigh Ritz method by considering a two term solution as

y (x) = C1 x (1-x) + C2 x2 (1-x) .                                                                                               (M-12)
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UNIT -  II : ONE DIMENSIONAL FINITE ELEMENT ANALYSIS 

PART – A (2 MARKS) 

1. What is meant by discretization and assembly?                                                                                (M -13)
The art of sub dividing the structure into a convenient number of smaller components is known as
discretization. The smaller components are put together and this process of combining all the elements
together is known as assemblage.

2. Write the classifications of elements.   (N -12) 

In general, the finite element are classified  
Based on dimension as 
1.1-D element – Line element (bar, truss and beam) 
2.2-D element- Triangular, rectangular and quadrilateral element 
3.3-D element- Tetrahedral and hexahedral elements  
Based on material property as 
Linear element 
Non-linear element 
Based on degree of freedom 
Translational 
Rotational 

3. What is aspects ratio?                                                                                                                      (M -13)
Aspect ratio is the ratio of the largest dimension of the element to the smallest dimensionof the element.
In many cases, if the aspect ratio increases the inaccuracy of the solution increases. The aspect ratio
should be close to unity as for as possible.

4. What are the locations at which nodes can be positioned during discretization?   (N-09) 
1. The point of change of cross section
2. The point of concentrated load acting
3. The point of different material connection
4. The point of load changing

5. List the types of nodes.  (N-10) 
1 .Exterior nodes

2. Interior nodes

6. What are the types of boundary condition?  (N -11) 

There are two types of boundary condition. They are:
1. Primary boundary condition (or) Essential boundary condition:

The boundary conditions are essential without which the system cannot exist in equilibrium 
conditions. 

2. Secondary boundary condition (or) Natural boundary condition:
The boundary conditions which are in the differential form of field variables is known as 
secondary boundary condition. 
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7. What is interpolation functions?                                                                                                      (N -12)
The function used to represent the behavior of the field variable within an element are called
interpolation   functions.
In general, the interpolation function can be expressed in two forms such as
1. Polynomial form
2. Trigonometric form

8. Define -  simplex and complex elements                                                                                         (M-14)
The simplex elements are those for which the polynomial expression consists of constant and linear
terms only.

(i.e) 

The complex elements are those for which the polynomial expression consists of quadratic, cubic and 
higher order terms in addition to constant and linear terms. 

(i.e) 

9. Differentiate  between linear problems and non-linear problems.                                                  (N-12)
In structural and non-structural problems, if one parameter varies in direct proportion with another
parameter are known as linear problems. One parameter varies in square proportion or cubic proportion
or some other proportion but not linear proportion are known as non-linear problems.

10. When do we resort to 1D quadratic spar elements?  (M-13) 
1. Better accuracy
2. Representation of curved boundaries
3. Faster convergence

11. What are the classifications of the co-ordinates?   (N-11) 
The co-ordinates are generally classified as,
1. Global co-coordinates
2. Local Co-ordinates
3. Natural co-ordinates

12. What is natural co-ordinates?                                                                                                          (N-09)
A natural co-ordinate system is used to define any point inside the element by a set of dimensionless
numbers, whose magnitude never exceeds unity. This system is useful in assembling of stiffness
matrices.

13. Differentiate between global coordinates and local coordinates.                                                      (M-10)
In global coordinate system, the location of nodes and other points of the element are specified by the
common axes whose origin is mostly away from the element. In local coordinate system, the selected
axes are placed on the element itself so that their origin may be located either at the left end of the
element or at the center of the element. Sometimes, in local coordinate systems, the magnitudes of
nodal values are restricted to vary from 0 to 1 (or) -1 to 1 in order to simplify the solution process.

14. What are the methods generally associated with the finite element analysis?   (M-13) 
1. Force method and
2. Displacement or stiffness method

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



15. Explain force method.                                                                                                                      (M-14)
In force method, internal forces are considered as unknowns of the problem. In displacement or
stiffness method, the displacements are considered as unknowns of the problem. Among the two
methods, displacement method is desirable.

16. Differentiate between global and local axes.                                                                                  (M-15)
Local axes are established in an element, they change with change in orientation of the element. The
direction differs from element to element.
Global axes are defined for the entire system. They have the same direction for all the elements even
though the elements are differently oriented.
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PART – B (16 MARKS) 

1. Axial load of 500N is applied to a stepped shaft, at the interface of two bars. The ends are fixed. Obtain

the nodal displacement and stress when the element is subjected to all in temperature of 

100ºC.take E1=70x103N/mm2, 

E2  = 200 x 103N/mm2, A1  = 900mm2, A2  = 1200mm2, α1  = 23 x 10-6 / ºC, 

α2 = 11.7 x 10-6 / ºC L1 = 200mm, L2 = 300mm    (M-15) 

2. Consider a bar as shown in figure. Young’s Modulus E = 2 x 105 N/mm2. A1  = 2cm2, A2 = 1cm2 and force

of 100N. Determine the nodal displacement.    (N-14) 

3.Determine the displacements and slopes at the nodes for the beam shown in figure. Find the moment at

the midpoint of element 1.  (M-12) 
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4.Derive the shape functions for a 2D beam and bar element.  (M-12) 

5 .Derive the interpolation function for the one dimensional linear element with a length ‘L’ and two nodes 
one at each end, designed as ‘i’ and ‘j’. Assume the origin of the coordinator systems is to the left of node 
‘i’. 

6 .For the beam and loading as shown in figure. Determine the slopes at the two ends of the distributed 

load and the vertical deflection at the mid-point of the distributed load. Take E=200 GPa. And I=4X106 mm4 

 (M-10). 
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UNIT – III : TWO DIMENSIONAL SCALAR PROBLEMS 

PART- A 

1. What is a CST element?                                                                                                                 (M -10)
Three noded triangular element is known as constant strain triangular element. It has 6 unknown
degrees of freedom called u1, v1, u2, v2, u3, v3. The element is called CST because it has constant strain
throughout it.

2. What is LST element?                                                                                                                    (N -10)
Six noded triangular element is known as Linear Strain Triangular element. It has 12 unknown
displacement degrees of freedom. The displacement function for the element are quadratic instead of
linear as in the CST.

3. What is meant by plane stress analysis?                                                                                        (N-09)
A state of plane stress is said to exist when the elastic body is very thin and there are no loads applied in
the coordinate direction parallel to the thickness.

(i.e)

(Exp: plates with holes, fillets) 

4. Define - plane strain                                                                                                                        (M -14)
Plane strain is defined to be a state of strain in which the strain normal to the xy palne and the shear
strains are assumed to be zero.

5. Write the displacement function for a CST element.      (M-13) 

   Displacement function u = {
 (  )
 (  )

}  =  [ ] 

{  }
where N1,N2, N3 are shape functions. 

6. Write down the expression for the shape functions for a CST element.     (N -13) 

    Shape function, 

      For Natural coordinates 

N1 = N2 = 𝛈  N3 = 1-  - 𝛈 
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7. Write a strain displacement matrix for CST element.
 (N -11) 

Strain displacement equation for CST element is,

[B] = 
| |
  [ ] (OR)   

 [B] =  [ ] 

J = Jacobian matrix = [ ] 

A = Area of the element 

8. Write down the stress –strain relationship matrix for plane stress condition & plane strain condition
 (M -09) 

     For plane stress condition, 

[D] =   [ ] Where, E = young’s modulus    = Poisson’s ratio 

For plane strain condition, [D] = 
(  )(   )

   [ ] 

9. Write down the stiffness matrix equation for two dimensional CST element.   (N-08) 

Stiffness matrix [K] = , -  [D] [B] At
Where, [B] is the strain displacement matrix 

[D] is the stress-strain matrix 
A is the area of the element 

 ‘t’ is the thickness of the element 

10. Write down the expression for the Stress-strain relationship (or) Constitutive matrix for 3D system.
 (M-14) 

,  -  
(  )(   )

[  ]

11. What is dynamic analysis?                                                                                                                (M-13) 
When the structure is subjected to variable load or impact load, the structure will vibrate. Because of 
these vibration, crack will be formed in the structure which may cause failure. So the vibration properties 
like frequency, deflection etc. must be kept within the safe limit. The analysis for finding such type of 
vibration parameters is called dynamic analysis.
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12. Write the types of Vibrations.   (M-12) 
A. According to actuating force on the body

1. Free or Natural vibration
2. Forced vibration

       B. According to direction of motion 
1. Longitudinal vibration
2. Transverse vibration
3. Torsional vibration

13. Define -  (a) time period (b) frequency (c) amplitude  (M-12) 

Time period is defined as the time taken by a motion to repeat itself. That is, it is the time required for
one complete motion, usually measured in seconds.
Frequency is defined as the number of cycles completed in one second. It is expressed in hertz (Hz). It
is the reciprocal of time period.

    Amplitude is defined as the maximum displacement of a vibrating body from the mean position. 

14. Define - free vibration and forced vibration                                                                                     (M-15)
When a system oscillates only under an initial disturbance with no external force acting after the initial
disturbance, that system is said to undergo free vibration. If a system is subjected to an external force,
the resulting vibration is known as forced vibration.

15.What is meant by longitudinal vibrations?   (M-09) 
When the particles of the shaft or disc moves parallel to the axis of the shaft, is known as longitudinal 
vibration. 

16. Write down the expression for longitudinal vibration of bar element.  (M-09) 
 Free vibration for axial vibration of bar element is, 

[, -  , -  ]* +

Stiffness matrix [K] =  [ ] 

Lumped mass matrix, , -  [ ] 

Consistent mass matrix, , -  [ ] 
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PART – B (16 MARKS) 

1. What are shape functions? Derive the shape function for the three noded triangular elements.        (M-14)

2. Derive the stiffness matrix and equations for a LST element.   (N-13) 

3. A two noded line element with one translational degree of freedom is subjected to uniformly varying

load of intensity P1 at node 1 and P2 at node 2. Evaluate the nodal load vector using numerical 

 integration.  (M-12) 

4. Consider the triangular element show in figure. The element is extracted from a thin plate of thickness

0.5 cm. the material is hot rolled low carbon steel. The Nodal coordinates are xi = 0, yi = 0, xj = 0, yj = -1 

and kx = 0, ky = -1cm. determine the elemental stiffness matrix. Assuming plane stress analysis. Take μ=0.3 

and E= 2.1 x 107 N/cm2 .                                                                                                                 (M-10) 

5.Obtain the global stiffness matrix for the plate shown in figure. Taking two triangular elements. Assume

plane stress condition    (N-10) 
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6.Calculate nodal displacement and elemental stresses for the truss shown in figure. E=70GPa cross-

sectional area A=2cm2 for all truss members. 
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  UNIT – IV : TWO DIMENSIONAL VECTOR PROBLEMS 

PART – A (2 MARKS) 

1. Give the shape functions for a four noded linear quadrilateral element in natural coordinates.               (M -12)
The shape functions are

 (  )(  ) 

 (  )(  ) 

 (  )(  ) 

 (  )(  ) 

2. What is meant by axisymmetric solid?                                                                                                     (M-11)
In some three dimensional solids like cylinder, fly wheel etc. The material content is symmetric with respect to 
their axes. Hence the stress developed displacement produced are considered as symmetric. Such solids are 
known as ‘Axisymmetric solids’.

3. State the conditions to be satisfied in order to use axisymmetric elements .                                           (M-10)
The required conditions to be satisfied are such that the material content, loading conditions, boundary 
conditions and material properties like strength, nature etc. should be symmetric with respect to axis of 
revolution.

4. Name the types of strains induced in Axisymmetirc elements.  (N-11) 

1. Radial strain 2. Tangential strain
3. Axial strain 4. Shear strain

5. What are the types of non-linearity?
  (N-10) 

1. Non-linearity in material behaviour from point to point
2. Non-linearity in loading-deformation relation
3. Geometric non-linearity
4. Change in boundary condition for different loading

6. What are the conditions for a problem to axi symmetric?  (M-12) 
1. The problem domain must be symmetric about the axis of rotation.
2. All the boundary conditions must be symmetric about the axis of rotation.
3. All loading conditions must be symmetric about the axis of rotation.

7. Is beam element an iso parametric element?  (N-10) 

Beam element is not an iso parametric element since geometry and displacements are
defined by different interpolation functions.
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8. Give four applications where axisymmetric elements can be used.  (M-13) 
1. Pressure vessels
2. Rocket castings
3. Cooling towers
4. Submarine hulls
5. Belleville spring
6. 

9. Write down the expression for stiffness matrix in two-dimensional heat conduction and convection. (N-08)
Stiffness matrix for conduction,

,  -  [

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

] 

Stiffness matrix for convection, 

,  -   [  ]  [  ]+  [  ] 

10. Write down the general finite element equation.  (N-09) 
General finite element equation is, 

{F} = [K] {u} 
Where, {F} is a force vector 
[K] is the stiffness matrix 
{u} is the displacement 

11. Write down the expression of shape function and displacement for one dimensional bar element. (M-10)
For on dimensional bar element, 

Displacement function, u = N1 u1 + N2 u 2 
Where,  

Shape function, N1 =    N2 = 

12. Write down the expression for shape function for 1D quadratic bar element.  (N-13) 
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13. Write down the expression for stiffness matrix for 1D quadratic bar element.  (N-08) 

, - [  ] 

14. State the assumptions made in the case of truss element.
The following assumptions are made in the case of truss element,
1. All the members are pin jointed.
2. The truss is loaded only at the joints
3. The self weight of the members are neglected unless stated.

15. Write down the expression of stiffness matrix for a truss element.  (M-10) 

Stiffness matrix, [K] =   AE/ Le    [
  ] 

Where, A is the area 
E is the young’s modulus 
Le is the length of the element 
L,m are direction cosine 
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PART -  B (16 MARKS) 

1. Determine the Eigen values and Eigen vectors for the stepped bar as shown in figure.   (M-12) 

2. Determine the natural frequencies and mode shapes of transverse vibration for a beam fixed at both ends. The

beam may be modeled by tow elements each of length L and cross-sectional area A. Considers Lumped mass 

matrix approach.                                                                                                                                      (M-15) 

3. Formulate the mass matrix for two-dimensional rectangular element depicted in figure. The element has uniform

thickness 5mm and density ρ = 7.83 x 10-6 kg/mm3.All dimensions are in mm.   (N-10) 

4. Derive the equation of motion based on weak form for transverse vibration of a beam.

5. Derive the consistent mass matrix for a truss element in its local coordinate system .   (M-11) 
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6. Derive the finite equation for the time-dependent stress analysis of one dimensional bar.

7. Find the natural frequencies of transverse vibrations of the cantilever beam shown in figure using one beam

element.    (N-12) 
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UNIT – V : SOPARAMETRIC ELEMENTS 

PART – A (2 MARKS) 

1. What is meant by ‘Isoparametric element’?                                                                                                 (M-08)
The element whose shape (or geometry) and the field variable like displacement are described by the same
interpolation functions (i.e shape functions) of the same order is specified as Isoparametric element.

2. Define - Isoparametric, Super parametric and Sub parametric elements  (N-09) 

Iso parametric element:
The number of nodes defining the geometry is equal to the number of nodes defining the displacements. 

    Super parametric element: 
The number of nodes defining the geometry is more than the number of nodes defining the displacements. 

    Sub parametric element: 
The number of nodes defining the geometry is less than the number of nodes defining the displacements. 

3. What is a Jacobian transformation?  (M-15) 

Jacobian transformation is a method of transforming the cartesian coordinates of the element into suitable local
coordinates or vice versa in order to solve the quadrilateral finite element problem. The jacobian matrix relates
the derivatives of global and natural coordinates.

If we assume u and v as displacements, x and y as cartesian coordinates and         as natural coordinates
then the jacobian matrix is given by

| |   [ ] = [ ] 

4. Write down the equation for the Jacobian matrix for four nodded quadrilateral element.  (M-14) 

Jacobian matrix, | |     [     ]

 [– (  ) (  ) (  ) (  )  ] 

 [– (  ) (  ) (  ) (  )  ] 

 [– (  ) (  ) (  ) (  )  ] 

 [– (  ) (  ) (  ) (  )  ] 

5. Write in brief about ‘Gauss quadrature method’                                                                                        (M-12)
Gauss quadrature method is used to find the value of complicated integral through simple approach. It converts
the integration form into summation form. Even though the solution obtained by Gauss quadrature method is
approximate, the accuracy can be improved by selecting more terms.

The Gauss quadrature method is explained mathematically as 
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 ∫  ( )  
  

∑  (  ) 

  =  (  )  (  )  (  ) 

Where wi are the weighing functions and xi are the Gauss (sampling) points 

6. Evaluate the following are integrals for the three node triangular element ∫       (M-10) 

∫ 
(  ) 

∫ = 
(  ) 

 = 

7. What are the types loading acting on a structure?  (N-12) 
There are three type of loading acting on a structure. They are,

1. Body force (f)
2. Traction force (T)
3. Point load (P)

8. Define -  body force  (N-11) 
A body force is distributed force acting on every elemental volume of the body.

Unit: force per unit volume

9. Define  - traction force  (N-12) 
Traction force is defined as distributed force acting on the surface of the body.
Unit: Force per unit area
Examples: Frictional resistance, viscous

10. What is a point load?  (M-12) 
Point load is load acting at a particular point which causes displacement.

11. Define shape function                                                                                                                       (M-09)
Shape function is a mathematical expression used for finding the values of variables within the element.

𝜙 = N1 𝜙1+N2 𝜙2 

Where 𝜙1 and 𝜙2 are the values of the field variable at the nodes and N1, N2 are interpolation function. 
N1, N2    are called shape functions. 

12. What are the characteristics of shape function?   (M-12) 
The characteristics of the shape functions are follows: 
1. The shape function has unit value at own nodal point and zero value at the other nodes.
2. The sum of the shape function is equal to one.
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13. Why polynomials are generally used as shape function?  (M-09) 

Polynomials are generally used as shape functions due to the following reasons: 
1. Differentiation and integration of polynomials are quite easy.
2. The accuracy of the results can be improved by increasing the order of the polynomial.
3. It is easy to formulate and computerize the finite element equations.

14. Give the expression for element stiffness matrix.  (M-13) 

Stiffness matrix [K] = ∫, - , -, - 
  Where, [B] is a strain displacement matrix 

       [D] is stress- strain relationship matrix (or) Material property matrix 

15. Write down the expression of stiffness matrix for one dimensional element bar element.   (M-14) 

Stiffness matrix [K] =  [ ] 

Where, A is the area of the bar element 
E is the young’s modulus of the bar element 
L is the length of the bar element 

16. State the properties of a stiffness matrix.  (M-13) 
The properties of the stiffness matrix [K] are, 

1. It is a square matrix and symmetric matrix
2. The sum of the elements in any column must be equal to zero.
3. It is an unstable element, so the determinant is equal to zero.
4. The size of the stiffness matrix is equal to the no. of degree of freedom.
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PART – B (16 MARKS) 

1. Write the mathematical formulation for a steady state heat transfer conduction problem and derive the stiffness

and force matrices for the same.   (M-15) 

2. Derive a finite element equation for one dimensional heat conduction with free end convection.    (M-14)

3. The temperature at the four corners of a four-noded rectangle arte T1, T2, T3 and T4. Determine the consistent

load vector for a 2D analysis, aimed to determine the thermal stresses.   (N-10) 

4. Derive the stiffness matrix and load vectors for fluid mechanics in two dimensional finite element.

5. A furnace wall is made up of three layers, inside layer with thermal conductivity 8.5 W/mK, the middle layer with

conductivity 0.25 W/mK, the outer layer with conductivity 0.08 W/mK. The respective thicknesses of the inner, 

middle and outer layer are 25 cm, 5 cm and 3 cm respectively. The inside temperature of the wall is 

600  and outside of the wall is exposed to atmospheric air at 30  with heat transfer coefficient of 45 W/m2K. 

Determine the nodal temperatures. 

601 

6. Derive the shape function for fluid mechanics in two dimensional finite elements?

7. Derive the force vector for one dimensional heat convection and internal heat generation with free end

convection. 

8. For the two dimensional fluid flow shown in fig. , determine the potentials at the center and right edge. Take

kx= ky = 25 x 10-5 m/s.Two-dimensional fluid flow.   (M-10) 
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9. A wall of 0.6 m thickness having thermal conductivity of 1.2 W/mK. The wall is to be insulated with a material of

thickness 0.06 m having an average thermal conductivity of 0.3 W/mK. The inner surface temperature is 1000  

and outside of the insulated is exposed to atmospheric air at 30  with heat transfer coefficient of 35 W/m2K. 
Calculate the nodal temperatures. 
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