EX.NO:5
EX.NO:6
EX.NO:7
EX.NO:8
UNIT III – TWO DIMENSIONAL SCALAR VARIABLE PROBLEMS
EX.NO:1
One dimensional Conduction with Convection
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where all terms are as previously defined except that P is the peripheral dimen-
sion of the differential element and g is the heat flux due to convection. The con-
vective heat flux is given by [2]
qn =T —T,)

where

h = convection coefficient, W/(m>-°C), Btu/(hr-f>-°F)

T = temperature of surface of the body
T, = ambient fluid temperature

Substituting for g, and assuming steady-state conditions such that AU = 0,
Equation  becomes

0a= A% uper 1y
=4 -7,

which, via Fourier’s law Equation 5.55, becomes
PR L
0=,

where we have assumed k. to be constant.




[image: image3.png]To develop the finite element equations, a two-node linear element for which
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Without loss of generality, we let x; = 0, x = L so that the interpolation
functions are

N=1-2
L
x
M=1

The results of the first integral arc as given in Equation so we need perform
only the integrations indicated in the second term to obtain

[k] = "‘A[ 1 ’1]+ ﬂ[% ;] = [k +[x5]

L[-1 1 6

where [k''] and [K)'] represent the conductive and convective portions of the
matrix, respectively. Note particularly that both portions are symmetric.
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where g; and g, are the boundary flux values at nodes 1 and 2, respectively. In
addition, the forcing function arising from convection is

(FPy=nPTa i

1

JNidx 7hPT,,L{1]
T2

[ Nadx 2

3

where it is evident that the total element convection force is simply allocated
equally to cach node, like constant internal heat generation Q.




EX.NO:2
[image: image6.png](Temperature distribution in a fin) Find the distribution of temperature

in the one-dimensional fin shown in Figure 1.7(a).
The differential equation governing the steady-state temperature distribution T'(z)

along a uniform fin is given by

2
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Figure 1.7. A One-Dimensional Fin.
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with the boundary condition T'(z = 0) = T.

Assume the following data: h = 10 W/em*—°C, k = 70 W/em—°C, Toy = 40°C, Ty =
140°C, and L = 5 cm, and the cross section of fin is circular with a radius of 1 em.
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[image: image10.png]where the nodal unknowns associated with each row and column of the element matrices
and vectors were also indicated in Eqs. The overall characteristic matrix of
the fin can be obtained by adding the elements of [K )] and [K®] corresponding to the
unknowns Ty, Tz, and Ts:

i T Ty
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Similarly, the overall characteristic vector of the fin can be obtained as

14.20 T
(14.20 4 14.20) 0 T
14.20 Ty

Thus, the governing finite element equation of the fin, Eq. ‘becomes
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Equation has to be solved after applying the boundary condition, namely,

T (at node 1) = Ty = Ty = 140°C. For this, the first equation of is replaced by
Ty =T = 140 and the remaining two equations are written in scalar form as

—0.28097, + 1.2764T; — 0.2809T;

—0.2800T; +0.6382T; =

or

1.2764T — 0.2809T5 = 28.58 + 0.2809 x 140 = 67.906.
—0.2800T} + 0.6382T5 = 14.20

The solution of Eq. gives the nodal temperatures as

T, =64.39°C  and Ts=50.76°C.




EX.NO:3
[image: image12.png]A composite wall consists of three materials, as shown in Fig. E10.1a. The outer tempera-
ture is T = 20°C, Convection heat transfer takes place on the inner surface of the wall with
Z.. = 800°Cand h = 25 W/m?+ °C. Determine the temperature distribution in the wall.
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[image: image13.png]Solution A three-element finite element model of the wall is shown in Fig. The
element conductivity matrices are

1 —1] k(z)=£[ 1 —1]
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The global K = Skris obtained from these matrices as
L-1 ¢ 0
-1 4 -3 0
K = 66
67 5 5 8 s
0 0 -5 s

Now, since convection oceurs at node 1, the constant 2 = 25 is added to the {1, 1) location
of K. This results in

1375 -1 0 0
-1 4 -3 0
¢ -3 8 -5

0 0 -5 3

K =667




[image: image14.png]Since no heat generation @ occurs in this problem, the heat rate vector R consists only of
KT in the first row. That is,

R=[25%80, 0, 0, 0]

‘The specified temperature boundary condition 7, = 20°C, will now be handled by the
penalty appraach. We choose C based on

€ = max[K,| x 10°
=667 X 8 X 10*

Now, C gets added 10 (4,4) location of K, while CT, is added to the fourth row of R.The
resulting equations are

1375 -1 0 o7 25 % 800
-1 4 -3 olin 0
66.7) =
0 -3 8 5% [
00 -5 80005\, 10672 x 10°
The solution is
T = {3046, 1190, $7.1. 20.0]"°C

Comment, The boundary condition 7, = 20°C can also be handled by the eliminatio®
approach. The fourth row and column of K is deleted, and R is modified according ©
Eq. The resulting equations are
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which yields
[T, T, T)=[3046, 1190, STIC




EX.NO:4
[image: image16.png]Compute the element matrices and vectors for the element shown in
Figure  when the edges jk and ki experience convection heat loss.





[image: image17.png]Solution From the data given in Figure
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, we can compute the required
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Substitution of these values in Eqs. (15.13) and (15.17)-(15.21) gives

i)

o (4+64) (-8-32)[=[-35 85
* ymmetric (16 + 16) 10 50 40,

s, [0 00
+ 0 2 1
01

“ [ (4+16) (4-32) (—8+16)] B [ 2 -35 10]
s

has |2
(Ko = Baesie |
1

wo

—ow ocoo
S

_ae) [0 0], anaan [0 0
6 02 S o1 2




[image: image18.png]0 14.900  7.450
20625 7.450 56.150,

o _ et {1} @z {} {ﬁﬁﬁ}
1 1 200

B = 0 since no boundary heat flux is specified

0 1
PO (hTm;k,sk, {1} N (hTmﬂ)kaxk {u}
1 1

_ (10)40)(a.47) {‘:} | 05025
1

[41.250 0 20.625]

2 2





EX.NO:5
Find the temperature distribution of the given figure.
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Here, ¢ 0, and hence, for E = 1, Eq. (14.14) gives
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By dividing throughout by (Ak/L), Eq. (E:1) can be written as
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For the data given, P = 27 cm and A = m em?, and hence

hPTLL? _ (5)(27)(40)(5%) _ 500
ad T e 7

hPL? _ (5)2)(5%) _ 25
kA (T0)(m) T

Thus, Eq. (E:) becomes

92 17 (Th 3000
= (Ea)
-1 9 \n 3000
In order to incorporate the boundary condition T; = 140°C, we replace the first equation
of (Es) by T1 = 140 and rewrite the second equation of (Es) as

92T = 3000 + 1773 = 3000 4 17(140) = 5380




[image: image21.png]from which the unknown temperature Tz can be found as Ty = 58.48°C.

While solving Eq. (Es) on a computer, the boundary condition Ti = 140 can be
incoporated by modifying Eq. (Es) as

1 0] (T 140 140
Bl e S B
0 92 |1 3000 + 17 x 140 5380

(if) With two elements
In this case, Eq. (14.14) represents assembly of two element equations and leads to
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As before, we modify Eq. (Es) to incorporate the boundary condition T; = 140 as follows:
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The solution of Eq. (Eg) gives

Ti=140°C, To=8L77°C, and Ts=6730°C

(Es)




EX.NO:6
Introduction to ANSYS Software for using FEM
BASIC CONCEPTS


The finite element analysis (FEA) : is based on the idea of building a complicate object with simple blocks or deviding a complicate object into small and manageable pieces.


In FEA, a complex region defining a continuum is discretized into simple geometric shapes called elements


The properties and the governing relationships are assumed over these elements and compressed mathematically in terms of unknown values at specific points in the elements called nodes.


An assembly process is used to link the individual elements to the given system.  When the effects of loads and boundary conditions are considered a set of linear or non linear algebraic equations is usually obtained.


Solution of these equations gives the approximate behavior of the continuum of system. The continuum (any system which considered for analysis) has on infinite number of degrees of freedom (DOF) while the discretized model has a finite number of DOF. This is the origin of the name, finite element method (FEM)


A number of equations are usually rather large for most real world application of the FEM. And requires the computational power of the digital computer.


Two features of the FEM or worth nothing

i) The piecewise approximation of the physical field (continuum) on finite element provides good precision even with simple approximation functions.

ii) Simply increasing the number of elements can achieve increasing precision 

APPLICATIONS OF FEM IN ENGINEERING

Mechanical / Aerospace/ civil/Automobile engineering

Structural analysis/Static/Dynamic, linear/ Non linear

Thermal/ fluid flows

Electromagnetic

Bio mechanics

Available commercial FEM software packages.

ANSYS (General purpose PC and work stations)

SDRC/I-DEAS (Complete CAD/CAM/CAE package)

NASTRAN (General purpose FEA on main frames)

ABAQUS (Non- linear and dynamic analysis)

COSMOS (General purpose FEA)

ALGOR (PC and work stations)

PATRAN (pre/post processor)

Hyper mesh (post processor)

Dyna 3D (Crash/ impact analysis)

PROCESS FLOW IN A TYPICAL FEM ANALYSIS




 







ANSYS SOFTWARE

Ansys is finite element analysis software, which enables engineers to perform the following tasks

1. Build computer models or transfers cad models of structures, products, components of system 

2. Apply operating loads or other design conditions 

3. Do prototype testing’s in environments where it otherwise would be undesirable or impossible.


The Ansys programmed has a comprehensive graphical users interface (GUI) that gives users easy, interactive access to program functions , commands , documentation and reference materials and intuitive menu system helps users navigate through the ansys program.
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Analysis and design Decisions





Problem definition
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Processor


Generates element shape functions


Calculates master element equations


Calculate transformation matrices


Maps element equations into global system


Assembles element equations


Introduces boundary conditions


Performance solutions procedures










































































Post processor


Print or plot contours of stress components


Print or plot contours of displacements


Evaluvate prints error bounds





Preprocessor


Read or generates nodes and elements 


Read or generates material properties 


Read or generates boundary conditions (Load and constraints)








