APPENDIX A

%transient temperature distribution for flat plate
n=input('n=");
Kt=input('thermal conductivit=");
al=input('thermal diffusivity=");
h=zeros(n,n);
h(:,1)=200;
h(:,n)=200;
h(1,:)=200;
h(n,:)=200;
gg=h;
for m=2:n-1
for w=2:n-1
h(m,w)=30;
end
end
p=zeros(n,n);
TT=p+h
for j=1:10
ht=30; %h=hu-+hl
Tt=15; %fluid temperatur
dt=1*60;
x=0.1;
d=0.125;
R=2;
Fo=al*dt/x"2; %fourier number
Bi=ht*x/Kt; %DBiot number
for m=2:8
for n=2:8
p(m,n)=(1-4*Fo-R*Fo*Bi)*TT(m,n)+Fo*(TT(m+1,n)+TT(m-
1,n)+TT(m,n+1)+TT(m,n-1))+(R*Fo*B1)*Tf; %eq(1)
end
end
]
TT=p+eg

end

%%0%%%%%%6%%%0%6%%%%%6%%%0%6%%%%% %% %:%6%6%%%%% %% %% %
%%0%0%%%%%%%%0%0%6%%%%%%%%:%6%%%%
Y%transient temperature distribution for T-element
n=input('n=");

Kt=input('thermal conductivity=");

al=input('thermal diffusivity=");

h=zeros(n,n);

h(:,1)=200;

h(:,n)=200;

h(1,:)=200;

h(n,:)=200;

gg=h;



for m=2:n-1

for w=2:n-1
h(m,w)=30;
end
end
p=zeros(n,n);
TT=p+h

for j=1:10
ht=30; %h=hu-+hl
Tt=15; %fluid temperatur
dt=1*60;
x=0.1;
d=0.125;
R=2; %Ratio
Fo=al*dt/x"2; %fourier number
Bi=ht*x/Kt; %DBiot number
for m=2:8

for n=2:8
p(m,n)=(1-4*Fo-R*Fo*Bi)*TT(m,n)+Fo*(TT(m+1,n)+TT(m-
1,n)+TT(m,n+1)+TT(m,n-1))+(R*Fo*B1)*Tf; %eq(1)
end
end
hu=20;
Biu=hu*x/Kt;
n=5;
for m=2:8
p(m,n)=(1-4*Fo-R*Fo-R*Fo*Biu)*TT(m,n)+Fo*(TT(m+1,n)+TT(m-
1,n)+TT(m,n+1)+TT(m,n-1))+R*Fo*Biu)*Tf; %eq(2)
end

]

TT=p+gg
n=9;
h1=zeros(n,n);
h1(:,1)=200;
h1(:,n)=200;
h1(1,:)=40;
for mm=1:9
h1(9,mm)=TT(mm,5);

end
for m=2:n-1

for w=2:n-1
h1(m,w)=30;
end
end
for j=1:10
for m=2:8

for n=2:8
pl(m,n)=(1-4*Fo-R*Fo*Bi)*TT(m,n)+Fo*(TT(m+1,n)+TT(m-
1,n)+TT(m,n+1)+TT(m,n-1))+(R*Fo*B1)*TfT;



end
end

J;

end
end

for m=2:8
for n=2:8
pl(m,n)=+Fo*(TT(m+1,n)+TT(m-1,n)+TT(m,n+1)+TT(m,n-1))+(1-4*Fo)*TT(m,n);
%0eq(3)
end
end
%%0%0%%%%%%%%0%6%6%%%%%%%0%6%6%%%%%%%:%6%6%%%%%% %% %%
%%0%%%%%%%%0%0%%%%%%%%0%6%%%%%%%%0%%%%%
%transient temperature distribution for stiffened structure plate
n=input('n=");
Kt=input('thermal conductivit=");
al=input('thermal diffusivity=");
h=zeros(n,n);
h(:,1)=200;
h(:,n)=200;
h(1,:)=200;
h(n,:)=200;
gg=h;
for m=2:n-1
for w=2:n-1
h(m,w)=30;
end
end
p=zeros(n,n);
TT=p+h

ht=30; %h=hu+hl
Tf=15; %fluid temperatur
dt=1*60;
x=0.2;
d=0.125;
R=2;
Fo=al*dt/x"2;
Bi=ht*x/Kt; %DBiot number
for j=1:10
for m=2:16
for n=2:16
p(m,n)=(1-4*Fo-R*Fo*Bi)*TT(m,n)+Fo*(TT(m+1,n)+TT(m-
1,n)+TT(m,n+1)+TT(m,n-1))+(R*Fo*Bi)*Tf; %eq(1)
end
end
hu=20;



Biu=hu*x/Kt;

for n=5:4:13

for m=2:16
p(m,n)=(1-4*Fo-R*Fo-R*Fo*Biu)*TT(m,n)+Fo*(TT(m+1,n)+TT(m-
1,n)+TT(m,n+1)+TT(m,n-1))+(R*Fo*Biu)*Tf; %eq(2)
end

end

Z=p;

J

TT=z+gg

end



Chapter Five

Conclusions and Recommendations For Future Work

5.1:Conclusions

The following conclusions are obtained from the analysis of the present

results.

1.

The material property has an effect on the shape of the temperature
distribution for T-element and stiffened plate but has no effect on
flat plate.

The concaveness of the temperature profile for flat plate does not
occur when thermal conductivity is varied.

The concaveness of the temperature profile for T-element and
stiffened structure occurs at the coupling mesh when thermal
conductivity is varied.

The value of thermal conductivity for T-element and stiffened
structure plate has an effect on the shape of the concaveness. The
concaveness is downward for large value of thermal conductivity
and i1t’s upwards for small values of thermal conductivity.
Concaveness occurs at each coupling mesh for stiffened structure
plate.

The concaveness at the coupling mesh, which may cause thermal

stresses, must be considered in the selection of material.
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5.2:Future Works

During the course of this research, there appear some aspects that can be
further developed to enhance this work the following suggestions could
serve as further topics of research with in the same field of this thesis
1. Introducing a new study includes the heat generation in the
equation of energy balance and study the effect of thermal
conductivity on the shape of temperature distribution for these
cases.
2. The value of convection heat transfer coefficient can be changed to
be appropriate to the environment to which the structure subjected.
3. It will be interesting to study temperature distribution on the same
structures by using finite element analysis.

4. Experimental studies of temperature distribution on the structures.
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Chapter Four

Calculations, Results and Discussion

4.1:Calculations

Sample of a different structures will mentioned below for different

boundary conditions such as
4.1.1:For Flat Plate

Consider the flat plate shown in figure 3-5 and the boundary conditions
are assumed to be:

1-All boundaries at T =200 C°

2-the plate initially at 7 =30 C°

3-fluid temperature or environment temperature 7, =15C°
4-convection-heat transfer coefficient for upper surface is #, = 20 W/m?2. C°

5-convection-heat transfer coefficient for lower surface is 4, =10 W/m2. C°

6-different type of material will be used as shown in the table:

Metal K=W/m .C° o= m?s
Copper 386 11.234x107°
Nickel steel 73 2.026x10°°
Glass fiber 0.038 22.6x1077

The properties of the material will be taken from Ref. [26]
7- the value of Arand Ax are selected such that they must satisfy the

stability criteria. Since

Bi=lAY
K
R=2E
d
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And the stability criteria is

Fo(4+RBi)<1

8- the thickness of the plate assumed to have a value of d=0.1m. or
d =0.125m. and the length of the plate have a value L=0.8mor L =1.6m
9-the grid space was chosen to be Ax=0.Im. or Ax=0.2m depending on
the stability limit

10-the time increment was chosen to be Az =1min.

By knowing the initial temperatures at time=0 the temperature at the next
time step can be calculated from equation (3-39)

T/ (1—4Fo— RFoBi)l] ,+FAT/,, , +T) | +T/ .+ T/  WRFoBiTf

200C°
././//./././
A
33)"‘)3'./1’%'
200C°Z f}r/'z

fﬂfﬁ'}“’}l’
5 S L
VA YA A A a4

200C°

Figure 4-1: Nodal distribution in flat plate

Put
a=(1-4Fo— RFO0Bi)
al = Fo
a2 = RFoBiT,
For node 1

T/ =a T/ +al (T +200+T/ +200)+ a2
For node 2

T/ =a T/ +al () + T/ + T} +200)+ a2

For node 3

T = aTy +al (T} +T] +J, +200)+ a2
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For node 4
/" =aT] +al (Tsf +T) + T/ + 200)+ a2
For node 5
T/ =aT) +al (T) + T} + T} +200)+ a2
For node 6
T/* =aT) +al (T} + T/ + T +200)+ a2
In the same way continue for all nodes in the plate to get the temperature
distribution for the whole plate
4.1.2:For T-element
Consider the T-element shown in the figure (3-6) and the boundary
conditions are assumed to be:
1-All boundaries at T =200 C°
2-the plate initially at 7 =30 C°
3-fluid temperature or environment temperature 7, =15C°
4-convection-heat transfer coefficient for upper surface is 4, = 20 W/m?2. C°

5-convection-heat transfer coefficient for lower surface is 4, =10 W/m2. C°

6-different type of material will be used as shown in the table:

Metal K=W/m.C° o= m?/s
Copper 386 11.234x107°
Aluminum 204 8.418x1077
Nickel steel 73 2.026x107°
Ni-Cr 17 0.444x10°°
Asbestos 0.154 3.3x1077
Glass fiber 0.038 22.6x107

The properties of the material will be taken from Ref. [26]

7- the value of Arand Axare selected such that they must satisfy the

stability criteria. Since
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sz
it

K
R=

d

And the stability criteria for T-element are:
Fo(4+ RBi)<1 Equation (3-40)
Fo(4+ R+ RBi,)<1 Equation (3-51)

8- the thickness of the plate assumed to have a value of d=0.1m. or
d =0.125m and the length of the plate have a value L =0.8mor L=1.6m
9-the grid space was chosen to be Ax=0.1m. or Ax=0.2m depending on
stability limit

10-the time increment was chosen to be A¢ =1min.

By knowing the initial temperatures at time=0 the temperature at the next

time step can be calculated from equation (3-50). Since

a- T)'S{1-4Fo—RFoBil} +FAT),  +T/, +T +T/  }+RFoBilf
b_
T/ <(1-4Fo— RFo— RFOBi, T} +FAT., ,+ T/, +T. . +T. +RFoT, +RFoBjT,

c- T/ =(1=4Fo)T)!'+ FolT),, +T/,, + T/, + T/, |

n+l,/

Put:
a=(1-4Fo— RFO0Bi)

al = Fo

a2 = RFoBin
b=(1-4Fo— RFo— RFoBiu)
bl = Fo

b2 = RFoT,

1+1

b3 = RFoBiuT,

c=(1-4Fo)
cl=Fo
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The temperature at each node in the skin can be calculated by using
system of equations.
Equation (3-39):
For node 1
T/ =a T/ +al (T +200+T; +200)+ a2
For node 2

T)"'=aT/ +al (Tj +T/ + T + 200)+ a2
For node 3

/"' =aT/ +al (Tj + T/ +/, +200)+ a2
For node 5
/" =al; +al (Téf +T] + T, + 200)+ a2
For node 6
7" =aT; +al (T/ +T) + T} + 200)+ a2
For node 7
/" =aT/! +al(200+ T/ + T, +200) + a2
Equation (3-50):
The temperature in the coupling mesh is calculated as shown
For node 4
/" =bT/ +bU(T{ + T/ + T/} +200) + b2 + b3
Fornode 11
T)" =bT, +bUT, + T, + T,y + T/ )+ b2 + b3
For node 18
T =bT +bUTy + T + Ty + 1)) + b2+ b3
In the same way continue for all nodes in the skin to get the temperature

distribution for the whole skin of T-element.
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Figure 4-2: Nodal distribution in T-element
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3-For Stiffened Structure Plate
The same procedure will be made to find the temperature distribution
over the skin of the stiffened structure plate but equation (3-50) will be

used at each coupling mesh.
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4.2:Results and Discussion

The research cases are shown in fig. 3-5, 3-6 and 3-8. The calculations of
temperature distribution for each increment of time and that for different
types of thermal conductivity were made.

The partial differential equation for each case was obtained from the
energy balance and that was solved by finite difference method. The
assumptions and boundary conditions were considered. For each equation
the values of (Ax)and (A¢) were chosen so that they must be satisfy the
stability limit. The temperature distribution for each increment of time
(transient finite difference) was obtained by using a computer program.
The variation of temperature over the length of the plate i.e. (two
dimensional plot) for different values of thermal conductivity of the
material was plotted for a slice of the plate. Also contour plot was made
for the whole plate to show the temperature distribution.

The bold line in the diagram (shown on top of each figure for each type
of the structure) marks the location where the temperature distribution
was plotted. Any other location could have been chosen since the shape
of the temperature profile is not affected by the location where the
temperature distribution acts. The legend beside the figure shows the time
increment for each plot. The results shows

4.2.1:Flat Plate

For the flat plate shown in figure 3-5. The rectangular plate of thickness
(d) being subjected to convection from the upper and lower surfaces and
to conduction from both (x) and (y) directions since the plate having a
value initially at (30C°) and the boundaries being maintained at (200C°)
1.e. the plate has a symmetrical boundary condition. Equation (3-39) was

used to find the temperature distribution over the whole plate.
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Figure 4-1 shows the variation of temperature with plate length at
different time increment. The temperature drops at both sides towards the
neighbor node and remain almost constant at the center of the plate (the
flat portion).

Figures 4-2 and 4-3 show that the variations of the time increment and

that of material properties do not change the flatness of the curve.
4.2.2:T-element

For the T-element (skin-web) shown in fig. 3-6 in which the coupling
mesh was subjected to convection at the upper surface and to conduction
at the side and bottom surfaces. System of equations for the skin and
coupling mesh were used to find the temperature distribution over the
skin of T-element.

Figures 4-4, 4-5, 4-6 and 4-7 show the variation of temperature with plate
length for each increment of time (1min).

It is seen that the curve at the region of (coupling mesh) was concaved
downward until its bottom reaching to global minimum.

This global minimum is decreasing with the increasing of the time
interval also the shape of the curve will be different for each type of the

thermal conductivity because the thermal resistance due to conduction

(Rmd = ]%j is less than thermal resistance due to convection (wa = hLAj

for the same cross sectional area. Therefore the coupling mesh acts as a
heat sink i.e. (heat sinking to the web).

Figures 4-5, 4-7 and 4-9 show the effect of using materials of different
thermal conductivity for each plot. The general shape of the concaveness
is maintained but the global minimum is affected. A lower value is
obtained for higher thermal conductivity.

Figures 4-8 and 4-9 show the variation of the temperature with plate

length for each increment of time.
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It is seen that the curve at the region of (coupling mesh) was concaved
upward until its top reaching to global maximum.

This global maximum is decreasing with the increasing of the time
interval because the thermal resistance due to conduction is greater than
thermal resistance due to convection for the same cross sectional area
therefore coupling mesh acts as a heat source.

These effects that discussed above in (4.2.2) at the coupling mesh of the
T-element structure will cause thermal stresses acting on this region and
the structural material expands and contracts as shown in equation (c) in
addition to the existing of mechanical stress. These stresses may cause
mechanical failures in the structure. Therefore this effect must be taken

into consideration in the design application.
4.2.3:Stiffened Structure Plate

Figure 3-8 shows integrally stiffened structure plate that has three
coupling mesh. Figures 4-10, 4-11, 4-12 and 4-13 show the variation of
temperature with plate length for integrally stiffened structure. It shows
that the concaveness occurs at each coupling mesh and it occurs
downwards but in fig 4-14 the concaveness occur upwards until its top
reaching global maximum then it will be decreased for each increase of
time interval. The global minimum at the middle web of the structure is
higher than that of the other branches as shown in fig. 4-15.
4.3:Contour Plots

Temperature distribution for flat plate, T-element and integrally stiffened
plate were plotted in contour.

a-For flat plate

Figure 4-18 shows the three-dimensional plot of temperature distribution
over flat plate for (t=6min).

Figure 4-18a is the color region plot and figure 4-18b is the mesh plot.
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It can be seen that the temperature profile was found to be a parabolic
when viewed in both front and sidewise. The increase of time increment
does not affect the flatness of the curve as shown in fig 4-19.

b-For T-element

Figure 4-20 shows the variation of temperature distribution over skin of
the T-element in color region and mesh plot. Figure 4-20a shows that
when progress towards the center of the skin of T-element. The
temperature shape mode is decreasing when viewed in front view this is
due to convection heat transfer effect. Therefore the trend of temperature
profile in line (2) has greater than line (1) and so line (3) has greater than
(2) until reach the center of the skin. As for the side view no concaveness
is seen and the shape of the temperature profile is parabolic. This shows
that the web has not affected on the profile viewed from side.

The line (i1) is greater than line (1) and so line (ii1) is greater than line (i1).
In the mathematical point of view coupling mesh cause concaveness and
this appears when viewed frontally.

Figure 4-20b shows the temperature distribution as gray color region. The
legend beside the figure shows the variation of temperature distribution.
Zone (1) shows the interaction between the two curves of the front and
size view. Zone (2) shows the global minimum at the coupling mesh.

The corner in T-element is a point of interference between the two
curves. Figure 4-21 shows the variation of temperature distribution over
skin of T-element at different time increment (a, t=1;b, t=2;c, t=3min).

c-Stiffened Structure Plate

Figure 4-22 shows the temperature distribution for stiffened structure
plate in gray color region and mesh plots. Figure 4-22a shows the
temperature distribution as mesh. The concaveness is seen at each
coupling mesh when viewed from the front. Also the temperature shape

mode is decreasing when viewed in front view this is due to convection
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heat transfer effect. Therefore the trend of temperature profile in line (2)
has greater than line (1) and so line (3) has greater than (2) until reach the
center of the skin

Figure (4-22b) shows the temperature distribution as color region. The
legend beside the figure shows the variation of temperature distribution.
Zone (1) shows the interaction between the two curves of the front and
size view.

Zone (2) shows the concaveness of the curve and the global minimum at
each coupling mesh. Figure 4-23 shows the variation of temperature
distribution over skin of stiffened structure plate at different time
increment (a, t=1;b, t=2;c, t=3min).

Figure 4-24 shows temperature distribution in skin of stiffened structure
plate at (t=40min). The global minimum at the middle web of the

structure is higher than that of the other branches.

49



4.4:Radiation Effects

As for the radiation effect on the different types of the structures.
Equation (3-61)
G =0 AT =T}')
Where ¢ =5.669x10"* W/m2k* Stefan-Boltzman constant.
Qeony = hA(T =T)
T, =15C° A=0.1x0.1 m?
Qoo =30%0.1x0.1(200 —15)
Qeony =35.5W
Taking the Nickel as a sample for calculation of radiant heat
The Emissivity ¢=0.1 from Ref. [26]
T, =200+273 =473k T, =15+273 =288k
G,y = 56695107 x0.1x(0.1)*(473* - 288" )

Gy =245W

Error ZLXIOO%

Qr‘ad + qconv
2.45
Error =——x100% =4.29
2.45+55.55 % %

The calculation below show that the radiant heat can be neglected since

the error is acceptable.
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Figure 4-1: temperature against plate length in flat plate for
k=386 W/m .C° at different time increment
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Figure 4-2: temperature against plate length in flat plate for

k=73 W/m .C° at different time increment

52




Temperature (C°)

200.00 —

Time Increment

— t=1min

t=2min

160.00 — t=3min
——— t=4min
— — t=5min
t=6min
120.00 —
80.00 —
40.00 —
R I I I DL A L R
0.00 0.40 0.80 1.20 1.60 2.00

Plate Length (m)

Figure 4-3: temperature against plate length in flat plate for
k=0.038 W/m .C° at different time increment
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Figure 4-4: temperature against plate length in (T-element) for

k=386W/m .C° at different time increment
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Figure 4-5: temperature against plate length in (T-element) for

k=204W/m .C° at different time increment
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Figure 4-6: temperature against plate length in (T-element) for

k=73W/m .C° at different time increment
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Figure 4-7: temperature against plate length in (T-element) for

k=17W/m .C° at different time increment

57



Temperature (C°)

200.00 — 0.27
- .
Time Increment
~ — t=1min
— — t=2min
160.00 — t=3min
———  t=4min
— — t=5min
t=6min
120.00 —
80.00 —
40.00 —
0T 71 7 71 T 1T T T T 1
0.00 0.40 0.80 1.20 1.60 2.00

Plate Length (m)

Figure 4-8: temperature against plate length in (T-element) for

k=0.154W/m .C° at different time increment
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Figure 4-9: temperature against plate length in (T-element) for

k=0.083W/m .C° at different time increment
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Figure 4-10: temperature against plate length in (stiffened structure plate)
for k=386W/m .C° at different time increment
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Figure 4-11: temperature against plate length in (stiffened structure plate)

for k=204W/m .C° at different time increment
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Figure 4-12: temperature against plate length in (stiffened structure plate)

for k=73W/m .C° at different time increment
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Figure 4-13: temperature against plate length in (stiffened structure plate)

for k=17W/m .C° at different time increment
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Figure 4-20:Contour presentation of temperature distribution in
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b= Color type
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Figure 4-21:Contour presentation of temperature distribution in
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Chapter One

Introduction:

Heat transfer is energy in transit, which occurs as a result of a
temperature gradient or difference. This temperature difference is thought
of as a driving force that causes heat to flow. Heat transfer occurs by
three basic mechanisms or modes: conduction, convection and radiation.
Conduction is the transmission of heat through a substance without
perceptible motion of the substance it self. Heat can conduct through
gases, liquids and solids. Conduction is the transmission of heat in liquids
is the same as for gases — random collisions of high — energy molecules
with low — energy molecules causing a transfer of heat. The situation with
liquids is more complex. However, because the molecules are more
closely spaced. Therefore molecular force field can have an effect on the
energy exchange between molecules; that is, molecular force field can
influence the random motion of the molecules. Conduction of heat in
solids is thought to be due to motion of free electrons, lattice waves,
magnetic excitations, and electromagnetic radiation. The molecular
energy of vibration in a substance is transmitted between adjacent
molecules or atoms from a region of high to low temperature.

Convection is the term applied to heat transfer due to bulk movement of a
fluid. Radiation is the transfer of energy by electromagnetic radiation
having a defined range of wavelengths. Heat is usually transferred by a
combination of conduction, convection, and radiation [1].

Many problems involving heat and mass transfer are reducible to the
solution of partial differential equations. The differential equations that
govern real physical processes are generally of a very complicated nature,

and their closed- form is possible only in the simple cases.



Approximate methods therefore become very useful for the solution of
such problems. The methods generally are divided into two categories.
The first category covers those methods that allow an analytical
expression. The second category of approximate methods is composed of
numerical techniques that allow the determination of a table of
approximate values of the desired solution. In this category are such
approaches as the finite — difference method, straight-line method, large -
particle method, and Monte Carlo method. The finite- difference
technique is certainly the most universal and most widely used [2].
Thermal simulation play an important role in the design of many
engineering applications, including internal combustion engines, turbines,
heat exchangers, piping systems, and electronic components. In many
cases engineers follow a thermal analysis with a stress analysis to
calculate thermal stresses.

External surfaces of many of today's aircraft are designed with stiffened
panels. Some various shaped stiffening members commonly used for
panel structural concepts are shown in figure (1-1). The stiffening
member provides the benefit of added load-carrying capability with a
relatively small additional weight penalty [3].
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Figure 1-1: The Formulation can be applied to
any stiffened, composite panel concept.

For the determination of transient temperature in geometrically
sophisticated structures such as aero/space structure which are
aerodynamically heated due to supersonic flight as shown in figure (1-2).
The finite difference methods have to be applied. By increasing the
complexity of the governing equation it is possible to predict the aero
dynamical heating of structures such as re-entry vehicles or blades in a jet
engine [4].

In industry fins are used in numerous applications, such as electrical
equipment to help dissipate unwanted or potentially harmful heat.

Fins designed for cooling electronic equipment are shown in figure (1-3).
Another application of fins in single and double-pipe heat exchanger

changer, as found in boiler and in radiator perhaps a more familiar



application of fins is found in air- cooled engine or compressors, where
circumferential fins are integrally cast as part of a cylinder wall [5].

The purpose of adding extended surface is to help dissipate heat and if the
temperature distribution is known, then the heat transfer rate can be

determined.
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The Objectives of this work are to find the temperature distribution for
different time interval on different structures numerically using transient
finite difference method and study the effect of different value of thermal

conductivity on the shape of temperature profile.



Chapter Three

Numerical Analysis

3.1: Numerical Method

There are many practical engineering problems for which exact
solution cannot be obtained may be attributed to either the complex
nature of governing differential equations or the difficulties that arise
from dealing with the boundary and initial conditions, to deal with such
problems, it resort to numerical approximations .In contrast to analytical
solutions. Which show the exact behavior of a system at any point with in
the system, numerical solutions approximate exact solutions only at
discrete point, called nodes. The first step of any numerical procedure is
discretization. This process divides the medium of interest into a number
of small sub regions and nodes. There are two common classes of
numerical methods [25]:

1- Finite difference method

2- Finite element method
In both approaches, the governing partial differential conduction equation
subject to specified boundary (And for transient problems, initial)
conditions is transformed into a system of ordinary differential equations
(for transient problems) or algebraic equations (for steady-state problems)
Which are solved to yield an approximate solution for the temperature
distribution. In the finite difference method, spatial discretization of the
problem using a set of nodal points followed by application of energy
balances and rate equations for each of the discrete segments directly
results in a system of equations which are solved to obtain the

temperature at each nodal point.
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The use of finite difference methods is more transition between analytical
methods and finite element. The main advantage of the finite difference
method is that the it is rather simple and easily understandable physically
(the variable are: temperature, time and spatial coordinates: in contrast to
some mathematical functional in finite element analysis solution).

But with this method approximation of curvilinear areas is quite
complicated. Inanition the FD method use uniform steps over the space —
coordinate (it is possible to avoid this but it also severely complicates the

task).
3.2: Finite Difference Method In Steady-State Heat Transfer

By Conduction

In a large number of practical problems involving steady-state heat
transfer in a solid conduction region, an exact mathematical solution is
precluded as a result of the complex shape of the conduction region, the
type of boundary condition, the energy generation rate per unit volume,
variable thermal conductivity, or any combination of these.

In such situation, the temperature distribution can frequently be
determined by an approximate finite difference analysis and partial
differential equation.

The finite difference equation approximates the governing partial
differential equation at a finite number of points within the conduction
region, called nodes or nodal points, grid points by an algebraic finite
difference equation at each point. Thus if (n) nodal points are selected at
which a solution for the approximate steady-state temperature is desired
(n) simultaneous algebraic equations for the (n) unknown temperatures

are solved.

13



The main task of the engineer, when using finite difference methods, is
the setting up, or derivation, of the algebraic finite difference equations,

which are appropriate for the problem at hand [1].

3.3: Finite Difference Method In Unsteady-State Heat

Transfer by Conduction

When the temperature at any point with in a conduction region is
changing with time, the temperature distribution is termed (unsteady-
state); that is an unsteady-state condition prevails.

The general unsteady-state conduction requires the determination of the
temperature distribution in a solid conduction region as a function of
space coordinates and the time.

The transient finite difference equation at any node of interest is arrived
in a manner similar to that for the steady-state finite difference equation;
that by making an energy balance on the volume of material associated
with each node, leading to a set of algebraic equation for the (n) nodal
temperatures that are to be solved at a finite number of times. At this
point, the similarity between the steady-state finite difference equation
and the transient finite difference equation often ends because of
differences in the way the equation set is solved and the appearance of a

phenomenon called the stability of the equation set [1].
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3.4: Derivation of The General Heat — Conduction Equation

Consider the three-dimensional system shown in figure 3-1.

qy+dy
q.
Y
dy
X q qx+dx
¢ ————— \
/
z
e dz
4 gen = qxdydz
qz+dz
gy

Figure 3-1: elemental volume for the three —dimensional heat conduction
analysis (Cartesian coordinates)

The temperature distribution existing within a material can at most

depends on three space variables and on time.

In this analysis the thermal conductivity is assumed to be constant and the

variable is isotropic [26].

Make an energy balance on a control volume.

Rateofenergy Rateofenergy Rateofenergy Rateofenergy
conducted into |+ | Generatedinside |=| conductedoutof |+| stored
controlvolume controlvolume controlvolume Insidecontrolvolume
dE
qx + qy + QZ + qgen = qx+dx + qy+dy + qz+dz + E (3-1)

And the energy quantities are given by:

Since ¢= —KAd—T
dx

. q, = —Kdydz or
ox

15



0
qx+dx = qx + _Qxdx

ox
= - Ka—T+£[Ka—Tjdx dy dz
ox Ox ox
qyz—dedza—T
Oy
oT © oT
=—| K—+—| K— |dy |dxd
qyiay [ By ﬁy[ Gy)y}x Z
qZ:—dedya—T
0z
oT 0 oT
= K—+—| K—|dz |dx d
QZ+dz |: 82 + az( azj Z:| X y

G yen =9q dxdydz

dE oT
—=pcdxdydz—
gr P ayaETy,

Substitute all these quantities into equation (3-1)

Q(Ka—Tj+i kT +E(K8_Tj+q- _ oL (3-2)
ox ox ) Oy oy ) 0z 0z ot

For constant thermal conductivity Equation (3-2) is written

— (3-3)

In our problem since there is no heat generation and constant thermal
conductivity. Equation (3-3) will be

o'T o°T o*T 10T
+ + =——
ox* oy’ 0z° a ot

(3-3a)
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2 2
0 72”+ 0 721 1or (3-3b)
ox~ oy- o

3.5: The Finite Difference Approximation of Derivative
Using Taylor’s expansion method with reminder it can [27]

Ax® d*¢
2 dx?

(3-4)

¢(x1+1):¢(x1 +AX)=¢()C1)+Ax p

by x=x;+0Ax

Where ©,) is some in the range 0<6, <1 using the subscript (/) Denote
an evaluation at x = x, this can be written
Typical mesh point

A Ax Ax/Ax Ax , Ax >

)%_0 x] x2 x3 -x4 xL—Z xL—l

Figure 3-2: construction of a finite difference mesh over the interval

0<x<L
do Ax* d?*¢
A 3-5
b,y =0, + xdx 1+ E o ( )
And therefore
d¢ ¢/+1 ¢, _ﬂdzq) 3.6
dx Ax 2¢h2|w' (3-6)
This leads to the so-called forward difference approximation of
the first derivation of a function in which
d¢|l:¢/+1—¢/ (3-7)

Ax?

17



The error E in this approximation can be seen to given by

_Axd2g
2 dx’

1+, (3'8)

And as E is equal to a constant multiplied by Ax ,the error is O(Ax), this is
known as the order of the error.

The exact magnitude of the error cannot be obtained from this expression,
as the actual value of ¢, is not given by Taylor’s theorem, but it follows

that

d*d
dx?

(3-9)

|E|££max

Figure (3-3) shows a graphical interpretation of the approximation that it

was derived mathematically; the first derivative of ¢(x)at x=1 is the
slope of the tangent to the curve y =¢(x) at this point, that is the slope of

this line approaches that of the line AB as the mesh spacing Ax gets

smaller.

18



Figure 3-3: a graphical interpretation of some finite difference approximations to
f{—¢|, . Forward difference-slope of AC; backward difference-slope of DA; central
x
difference-slope of DC.

In a similar manner Taylor’s series can be used to obtain

b=~ j’i—d’ﬁ;i—“’% (3-10)
Where 0<0, </ rewriting this expression in the form
#otche 2y,
It can produce the backward difference approximation
do = b, —¢,, (3-12)

dx AXx
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The error E in this approximation is again O(Ax) and now

d’¢
x2

(3-13)

ESg max

The graphical representation of the backward difference approximation
can be seen in Figure 3-3; the slope of the line AB is now approximated
by the slope of the line AD.

In both the forward and the backward difference approximations the error

is of the same order is, O(Ax) however if we replace the expression of

equation (3-5) and (3-10) by

do, A7 d*o, A d
¢ =0, +AXE|1 + 2 il |1 + 6 o’ |1 0<6,<1 (3'14a)
do, AP dY, A d%
¢171 :¢1_AXE|1+ 2 il |1_ 6 di’ |1+e4 0<06,<1 (3'14b)

Then a more accurate representation for the first derivative can be
obtained by subtracting equation (3-14b) from equation (3-14a).

The resulting equation

by — 0, :2A’C%|z + Af [ZI,;? 1o, T Z’,;(l) |Ha4) (3-15)
Can be used to derive the (central difference approximation)

And the error E in this approximation satisfies

E£62max Ci;ﬂ) (3-17)
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As the error here 1s O(sz). This should now a better representation than
either the forward or the backward difference approximation. This can
again be see in the figure where the graphical interpretation is that were
now approximating to the slope of the line AB by the slope of the line
DC. Again adding the Taylor expansions.

dy | A a%| A d%
—¢, + A 3-18
A dx2|l+ 6 dx’ ,+ (3-18a)
dp | A a9 A d%
=, — Ax—" - 3-18b
b= dx+, 2 dx*|, 6 dx’ 1+ ( )

We find that the terms involving the first and the third derivation
disappear.

+
dx*|,

d2¢ _ (I)l+1 _2¢1 +¢1—1 _sz d4¢
dx’ Ax? 24 | dx*

A J (3-19)
I=0g

1+0¢5
And so we can approximate the second derivative by:

d2¢ _ ¢1+1 — 2¢1 +¢1—1
dxz - sz (3'20)

The error E in this approximation is O(sz) and satisfies [27]

2 4
E < Al); max(ca{ (1)] (3-21)
x

3.6: Transformation Of Partial Differential Equation To

Finite Difference Equation:

Since equation (3-3b) is:

o’T o°T 10T
+ =——
ox> oy’ a ot
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This equation can be expressed in the finite difference form as:

T/, =2/ +T1/, T/ 2T/ +T/ 1 T/"-T]
m+1,n m;n m—1,n + m,n+1 m;n m,n—1 — — “mn m,n (3_23)
Ax Ay o A
min+1
m-—1n o m+1,n
min—1

Figure 3-4: nomenclature for numerical solution of two-dimensional
unsteady-state conduction
Thus if the temperature of the various nodes are known at any particular

time the temperature after a time increment (As) may be calculated by

writing an equation (22) for each node and obtaining the values of (Tn{;j).

The procedure may be repeated to obtain the distribution after any desired
number of time increment. If the increment of space coordinate are

chosen such that Ax = Ay and resulting equation for (T . )becomes

m,n

Trhj,-;l = (jézt [ rﬁﬁl,n + Tﬁj—l,n + Trh/,nJrl + Trh/,n—l ]+ (1 _4%]7;{,;1 (3_24)
T =FolT/ , +T., +T; . +T.  |+(1—4Fo)T; 3-25
m,n m+l,n m—1,n m,n+1 m,n—1 m,n

Where fourier number may be defined as

_aAf

Fo e

(3-26)
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If the time increment are conveniently chosen so that

At 1
= (3-27)

It is seen that the temperature of node A x after a time increment is
simply the arithmetic average of the four surrounding nodal temperature
at the beginning of the time increment.

When a one-dimensional system involved the equation becomes

T/ = FolT/, + T/, )+[1-2Folr; (3-28)

m+1

and if the time and distance increments are chosen so that

At 1
=28 =

The temperature of node(m)after the time increment is given as the

arithmetic average of the two adjacent nodal temperatures

at the beginning of the time increment.
Note that if (Fo >'%) in equation (3-28) the coefficient of (T,,{ )becomes

negative and a condition generated which will violate the second law of

thermodynamics.
3.7: Stability Criteria Of The Finite Difference Equation

The restriction on the size of the fourier number 1s often referred to as
(stability limit). This restriction automatically limits our choice of the At

1s established. If the fourier number exceeds Gj for one-dimensional

flow and exceeds (lj for the two-dimensional flow .The solution for the

temperature is said to be unstable.
Fo < — For one-dimensional flow

Fo < — For two-dimensional flow
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3.8:Derivation of Temperature Distribution for Different

Types Of Structure
Different types of structure such as (flat plate, T-element, stiffened
structure plate) were taken to find the temperature distribution by using
finite difference method. The assumptions were made to simplify the
solution.
3.8.1:Derivation Of Temperature Distribution For Flat Plate
Consider the plate with relatively small thickness (d) as shown in the
figure (3-5). The plate was subjected to convection from the upper and
lower surface and to conduction from (x) and (y) directions.
After taking an elemental volume and make an energy balance the
general partial differential equation was obtained. This equation was
solved numerically by using Taylor Series therefore the temperature

distribution over the whole plate is calculated.

y qy+dy
q. I d - ' 9 xtax

d AT
q, v
q, =h1A(T—Tf

Figure 3-5: Energy balance on flat
Making the following assumptions to simplify the solution.
1. The plate will assumed to have relatively small thickness (d)
Therefore conduction through the thickness is zero.

2. There is no heat generation.
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3. Constant thermal conductivity.

4. Radiation effect will be neglected

5. Grid spaces are equal.
Make an energy balance on the elemental volume
Energy Balance: Energy in = Energy out + internal energy
Energy Balance: Energy in = Energy out + internal energy

OF
4044y = s+ 4y +hAT =T S AT =T, )+ = (3-30)
Where:

h, = Convection heat transfer coefficient for upper surface

h, = Convection heat transfer coefficient for lower surface
Since
dT
— K425
q, dx

0
qx+dx = qx + _qxdx
ox

0
Qy+dy = qy + 5qydy

oE orT
= = ped(AxAy)—
5 P (AxAy) Py

Substitute these quantities into equation (3-30)

0 OF
(;]yydy +huA(T—T/.)+h,A(T—Tf)+E (3-31)

0q,
q9.+4, =49, +de+qy +

0°T

2

0T

K(dAy)—dx + K(dAx)
X

dy —h, (AcAy\T =T, )=, (Axap)T - T, )= %—f (3-32)

o°T

a 2

o°T

ox?

or
ot
(3-33)

k()L s K (@a) 2y, (VT =T, )= aean) =T, )= pc d (axaw)

Divide equation (3-33) by Ax Ay
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o’T 0°T oT
Kd{ 7t 2}—(hu+hl)(T—Tf)=chd (3-34)

ox oy

Divide equation (3-34) by Kd will obtain

2 2
OT 0T hp_r)-LoF (3-35)
ox~ oy~ Kd o Ot
Where:
K
a = —
pc
h=h +h,

When transform this partial differential equation to finite difference

equation obtain

Tn{+ln_2Trr{n+Tm71n Trr{n+l_2Trr{n+Tn{nfl h i 1 Trr{ttl_Tn{n
S e (T, =T =
Ax Ay Kd - At

(3-36)
Put Ax=Ay
= Azt [Trr{ﬂ,n _4Tw{,n +Tw{—l,n +Trv{,n+1 +Trr{,n—1:|_a AtKLd(Trr{,n _Tf) = Tn{;l _Trr{,n
(3-37)
. Ax’®
Multiply the second term by e
X
FO [Tn{+l,n _4Trr{7n +Tn.zjfl,n +Tn{,n+l +Tn{,n71:|_RFOBi(TW{,n _Tf) = Trr{:ftl _Tn{,n
(3-38)
Where:
At
F0:OL >
Ax
hAx
Bi=——-
K
R="
d
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Then the general finite difference equation will be

/" = (1-4Fo—RFoBi)T!, + Fo(T}

m+1,n + Tnf—l,n + Tirf,n-%—l + Tir{,n—l) + RFOBle
(3-39)

And the stability limit will be:

1-4Fo—RFo Bi>0

Or multiply by (-1)

—14+4Fo+RFoBi<0

Then by add (1) to both sides results

4 Fo + RFo Bi <1
. Fo(4+RBi)<l1 (Stability limit for flat plate) (3-40)
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3.8.2:Derivation Of Temperature Distribution For

T-element Structure

Coupling mesh

Web

1 Insulated surface

Figure 3-6: T-element structure

In order to find the temperature distribution of the T-element (skin —web)
structures placed in three dimensions as shown in the figure. Energy
balance on the elemental volume was made in three regions skin, web and
the coupling mesh (which is the region of contact between the two plates)
then applying finite difference method therefore three cases will be made
to find the temperature distribution on the skin of (T-element).

The same assumptions for flat plate are used also. The surface of the web

will be insulated therefore there is no convection on the web.
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q.
q, :huA(T—Tf) q,
gy
qx _> -—> q~x+dv
l qy+dy l
qy+dy qz+dz
=hAT-T,
QZ 1 ( f ) v —(C)—
-(a)- q, =hAT-T,)
gy
q. _> ——> qx+dx
Qerdy l
q.
_(b)_

Figure 3-7: Energy balance for (T-element) structure
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Figure 3-7 shows the energy balance on the elemental volume for (T-
element) in three regions therefore three equations were derived to find

the temperature distribution in the skin of (T-element).
a-Derivation Of Temperature Distribution For The Skin of
T-element

The same equations in (3.9.1) for flat plate were used to find the

temperature distribution for the skin of T-element.

QM = huA(T_Tf)
gy
qx_> -—> q siax
Qy+dy l
q, =hAT~T;)
_a_

b-Derivation of Temperature Distribution For The coupling
Mesh

Making an energy balance on the elemental volume of the coupling mesh

to obtain the partial differential equation and this will be solved by using

finite difference method. q,=h,AT-T,)
g,
q, _’ ——> qx+dx
qy+dy l
q.
b-
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Applying energy balance:

Energy in = Energy out + internal energy

OE
qx +qy = qx+dx +Qy+dy +qz +qu +E (3_41)
0 0 oF
+q,=q. +—q.dx+q,+—q dy+q.+q, +— 3-42
Gtdy =4t gt g, Forg,dy g g, (3-42)
o°T o°T OE
K\dA Ax + K(dAx Ay—q.—q, =— 3-43
(day) == Ax+ K( )@/ V-q.—d, = (3-43)
2 2
K(any) 2L A+ k(aan) 2L Ay+K(AxAy)aa—T—h(AxAy)(T—Tf): pc(AxAyd)%
X z
(3-44)
Divide equation (3-44) by (AxAy)
0°'T 0°'T oT oT
Kd + Kd +K—-h\T-T,)= d)— 3-45
ax2 ayZ aZ H( f) pC( )at ( )

And the partial differential equation will be

2 2
0T 0T 10T h(p p)_ 10T (3-46)
ox oy d 0z dK o Ot

Transform this differential equation to finite difference equation obtain:

T/, —2T/ 4T T/ . —2T/ +T/ - . T/ T/
m+1,n mz,n m—1,n + m,n+1 n12,n m,n—1 +LT'1+1 Tv] _h_u(TW{n _Tf) :L m,n m,n
Ax Ay d Az kd ‘ o At
(3-47)
Since Ax = Ay
aAL] . . . 1 oAl hoo T
=T —AT 4T +T)  +T) |+ =T, - T/ )~ At——(T), ~T,) =T} ~T
2 [ m+1,n m,n m—1,n m,n+1 m,n—l] AZ d( I+1 1 ) Kd( m,n f) m,n m,n
(3-48)
. Az . Ax’
Multiply the second term by ~ and the third term by o
X

]+Rz Fo (T}, -T.,)-RFoBi (T, ~T,)= TN i

Folr/,, AT/ +TJ, +T/  +T} P
(3-49)

m+l,n m,n m—1,n m,n+l m,n—1

31



T/% =(1-4Fo— RFo~ RFoBi)T!, + Fo(T.,, + T, +T. . +T! )+R FoT/ +RFoBi[T,
(3-50)

And the stability limit is
- Fo(4+ R+ RBi,)<1 Stability limit of equation (b) (3-51)
c-Derivation Of Temperature Distribution For The Web of T-

element

Making an energy balance on the elemental volume of the web

q:
q-:

qy+dy

qz+dz

Energy Balance: Energy in = Energy out + internal energy

oF
qy + qz = qy+dy + qZ+dZ + E (3_52)

0 0 OF
+q.=q,+—q dy+q, +—q.dz+— 3-53
9, %4. =4, 4o, dve g g (3-53)
2 2
k(AzAx)a jzwAy+k(AxAy)a z& = pc(AxAyAz)a—T (3-54)
oy 0z ot

Divide equation (3-54) by k(AxAyAz)will get the partial differential
equation.

2 2
or,or_1or (3-55)
o o2 a ot
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Transforming it to finite difference equation:

Tnj-i-ll 2Tn{l +Tnj—l,l + Tn{l+l 2T +Tn -1 1 T]+l Tj

n,l n,l
= : 3-56
Ayz A22 o At ( )
= A T T+ T (1 4“—”} (3-57)
T,)[" = Fo, Ty +TL,+ Tl+l+Tnll] (1_4FOZ)Tn{l (3-58)

And the stability limit is:

Fo< " (Stability limit of equation (c))
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3.8.3:Derivation Of Temperature Distribution For Stiffened

Structure Plate.

Convection from the
upper surface

Skin T

Convection from 4|

Insulated
the lower surface

e

Figure 3-8: stiffened structure plate

Stiffened structure plate consists of skin with multi branches (web) as
shown in fig 3-8. The same approach of (T-element) will be used to find
the temperature distribution but here there are three web therefore
equation (3-50) applied at the three coupling mesh. Also all the surfaces
of the web are insulated and the same boundary conditions of (T-element)

are applied.
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3.9: Radiation Heat Transfer

In contrast to the mechanisms of conduction, where energy transfer
through a material medium is involved. Heat may also be transferred
through regions where a perfect vacuum exists. The mechanism in this
case is electromagnetic radiation. Which is propagated as a result of
temperature difference: this is called thermal radiation.

Thermodynamic considerations show that an ideal thermal radiator or
black-body will emit energy at a rate proportional to the fourth power of
the absolute temperature of the body and directly proportional to its
surface area. Thus

Gonieg =0 AT (3-59)
Where o is the proportionality constant and is called Stefan—Boltzman
constant with the value of 5.669x10™° W/m2k* .

Equation (3-59) is called the Stefan — Boltzman law of thermal radiation
and it applies only to black bodies.0.

Equation (3-59) governs only radiation emitted by a black body. The net
radiant exchange between two surfaces will be proportional to the

difference in absolute temperatures to the fourth power
q netexchange 4 4
— e’ =T (3-60)

3.10:Radiation In an Enclosure

A simple radiation problem is encountered we have a heat — transfer

surface at temperature 7, completely enclosed by a much larger surface
maintained at 7,

The net exchange can be calculated with
q=¢,6A4(T'-T,) (3-61)

Values of ¢ are given in Ref. [26]
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3.11:Computer Programs

Matlab is a powerful computing system for handling the calculation
involved in scientific and engineering problems [28]. The constants will
be entered at the beginning of the program that includes the thickness of
the plate; initial temperature, boundary temperatures, and convection heat
transfer coefficient. When running the program the number of nodes and
material properties will be entered as an input to the program to get the
temperature distribution as an output. The flow chart of the program is

shown below. The computer program shown in appendix A
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Flow Chart Of The Program

Input number of
nodes and Material

v

Apply boundary
conditions
Select the period
of time increment

!

To calculate the
temperature distribution
for the skin of T-element

use eq. (3-39)

!

To calculate the
Temperature distribution
for the coupling mesh use

ed.(3-58)

Out put temperature

distribution of the
skin for T-element
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Chapter Two

Literature Survey

The development of numerical techniques such as finite difference and
finite element method has enabled engineers to solve extremely complex
physical phenomena for a variety of boundary conditions and material
properties. In the following paragraph some of the works are reviewed.
Casagrande|6] presented a complete discussion on the use of the flownet
technique for predicting seepage through earth structures, originally
developed by Forchheimer.

Cassagrande divided the soil into two parts, the soil below the water table
and the soil above the water. The assumption was made that water only
flowed below the water table. The flownet method was used extensively
in geotechnical practice.

A large amount of research was conducted in the 1970’s for development
of numerical models for predicting heat flow in soils. This occurred in
response to several proposals for construction of oil and gas pipelines in
Northern Canada and Alaska. The models needed to account for the latent
heat effects as the pore water changes phases.

Bhattacharya [7] and Lick [8] applied the improved finite-difference
method (FDM) to time-dependent heat conduction problems with step-by
step computation in the time domain. The finite-element method (FEM)
based on variation principle, was used by

Gurtin [9] to analyze the unsteady problem of heat transfer. Emery and
Carson [10] as well as Visser [11] applied variational formulations in
their finite-element solutions of non stationary temperature distribution

problems.



Bruch and Zyvoloski [12] solved the transient linear and non-linear
two-dimensional heat conduction problems using the finite-element
weighted residual process.

Chen et al [13] successfully applied a hybrid method based on the
Laplace transform and the FDM to transient heat conduction problems
The disadvantages of these methods are the complicated procedure, need
for large storage and long computation time.

Wang et al [14] used the implicit spline method of splitting to solve the
two and three-dimensional transient heat conduction problems. The
method is applied to homogeneous and isotropic solid. A cubic spline
method has been developed in the numerical integration of partial
differential equations since the pioneering work of Rubin and Graves
[15], and Rubin and Khosla [16]. This method provides a simple
procedure, small storage, short computation time, and a high order of
accuracy. Furthermore, the spline method has a direct representation of
gradient boundary condition.

Zbynek Svoboda [17] studied the numerical model for the analysis of the
combined Convective-conductive heat transfer in the building
components has been developed. Presented model is based on the partial
differential equation for the two dimensional steady-state heat transport
caused by conduction and convection. The finite element method was
used to obtain the numerical solution of the governing equation. The
general finite element formulation was derived by means of the Petrov-
Galerkin approach. The developed computer program was used to study
one typical lightweight building wall construction. The results of
simulation demonstrate that the lightweight constructions insulated with

permeable mineral wool are very sensitive to the convective heat transfer.



William R. Hamburgen [18] studied optimal finned heat sinks. In a
multi-board computer system, the volume allocated for heat removal is
often a significant fraction of the total system volume. Cooling
requirements can thus impact performance, reliability, cost, acoustic
noise, and floor space. This work addresses the volume costs or space
requirements for removing heat with optimally designed finned heat
sinks. Simple formulas applicable to both gas and liquid cooling
problems provide upper bounds on the thermal resistance of an optimal
heat sink, without explicitly designing the part. Conservative junction
temperature estimates can thus be made without detailed design.

S.Oktay[19] Also, on- off cycle of an electronic product creates high
temperature variations. Heat generated inside the Electronic Package can
be harmful to the components and to the Printing Wring Board itself.
Generated heat must be removed. Heat removal from the electronic
system becomes more important as chip power increases. One of the most
common methods for heat removal is forced convection of air through

heat generators.

Andrej V. Cherkaev and Thomas C. Robbins [20] studied optimization
of heat conducting structures they considered various structures designed
to shield temperature sensitive devices from the heat generated by a given
distributed source. These structures should redistribute the heat and
control the total heat dissipation, in order to maintain a prescribed
temperature profile in a certain region of the domain. They assume there
are several materials available, each with different constants of heat
conductivity, and that they are allowed to mix them arbitrarily. It is
known that optimal structures consist of laminate composites that are
allowed to vary within the design domain. The paper discusses optimal

distributions of these composites for different settings of the problem that



include: prescribed volume fractions and various types of boundary
conditions. They solve the problem numerically using the method of

finite elements.

Manfred Gilli and Evis.Kéllezi [21] they investigate computational and
implementation issues for the valuation of options on three underlying
assets, focusing on the use of the Finite difference methods. They
demonstrate that implicit methods, which have good convergence and
stability properties, can now be implemented efficiently due to the recent
development of techniques that allow the efficient solution of large and
sparse linear systems. In the trivariate option valuation problem, they use
nonstationary iterative methods (also called Krylov methods) for the
solution of the large and sparse linear systems arising while using implicit
methods. Krylov methods are investigated both in serial and in parallel
implementations. Computational results show that the parallel
implementation is particularly efficient if a fine spatial grid is needed.

It 1s generally accepted that the dimensionality of the problem is a
nontrivial issue. Up to a dimension of three, methods like the finite
differences or the finite elements can still be used. With a greater number
of state variables, Monte Carlo (one of the optimization method) is
thought to be the only way out. For bivariate problems finite difference
methods, both explicit and implicit have been successfully implemented.
A.N. Pavlov and S.S. Sazhin [22] They carried out a conservative finite
difference method and its application for the analysis of a transient flow
around a square prism

Detailed results of numerical calculations of transient, 2D incompressible

flow around and in the wake of a square prism at Re = 100, 200 and 500
are presented. An implicit finite difference Operator -splitting method, a

version of the known simplec-like method on a staggered grid, is



described. Appropriate theoretical results are presented. The method has
second-order accuracy in space, conserving mass, momentum and kinetic
energy. A new modification of the multi grid method is employed to
solve the elliptic pressure problem. Calculations are performed on a
sequence of spatial grids with up to 401* 321 grid points, at sequentially
halved time steps to ensure grid-independent results. Three types of flow
are shown to exist at Re = 500: a steady-state unstable flow and two
which are transient, fully periodic and asymmetric about the center line
but mirror symmetric to each other. Discrete frequency spectra of drag
and lift coefficients are presented.

Dr. Jalal M. Jaleel [23] studied body — fitted coordinate system in
solving temperature distribution problem in cooling turbine blade. In
finite difference formulation, introduction of the body — fitted coordinate
system has made it possible by using finite difference method in many
situations with complicated geometry. The method of body fitted
coordinate system was used in predicting the temperature distribution in
complicated shapes such as a turbine blade. The method shows excellent
agreement compared with finite elements results. It seems an efficient,
flexible tool for solving partial differential equation in complicated
geometry in fluid and solid mediums.

David R Buttsworth [24] studied a Finite Difference Routine for the
Solution of Transient One Dimensional Heat Conduction Problems with
Curvature and Varying Thermal Properties.

The implicit finite difference routine was developed for the solution of
transient heat flux problems that are encountered using thin film heat
transfer gauges in aerodynamic testing. The routine allows for curvature
and varying thermal properties within the substrate material. The routine

was written using MATLAB script. It has been found that errors, which

10



arise due to the finite difference approximations, are likely to represent
less than 1% of the inferred heat flux for typical transient test conditions.
He was concluding the finite difference routine provides a convenient
way of accounting for influence of curvature and temperature-dependent
thermal properties within the substrate used for transient heat flux
experiments.

Heat flux errors, which arise due to the finite difference approximations,
are likely to represent less than 1% of the inferred heat flux for typical
transient test conditions. This is an acceptable level of accuracy since
uncertainties in the temperature measurements and the actual thermal
properties of the substrate are likely to represent a far greater contribution
to the overall accuracy of the heat flux measurements.

From the previous researchers it was seen that Battacharya, Lick and
Dr.Jalal used finite difference method for solving their heat conduction
problems at different boundary conditions while Carson and Visser,
Zbynek Svoboda used finite element method also there is other
researchers used another numerical technique mentioned above.

In this thesis it is used transient finite difference method for solving the

temperature distribution on different type of finned plate structure.
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Abstract

The present study has been carried out to investigate numerical study of
temperature profile for finned plate with different boundary conditions.
For many practical heat transfer problems it is not possible to obtain a
solution by means of analytical techniques. Instead, Solving them
requires the use of numerical methods, which in many cases allow such
problems to be solved quickly. Often an engineer can easily see the effect
of changes in parameter when modeling a problem numerically.

The numerical techniques used in the present study are based on
transient finite difference. An advantage of this method is that it provides
a good physical understanding and allows for simple incorporation of
modification such as heat source. Explicit method of finite difference is
simple and straightforward approach and resulting system of algebraic
equations is very easy to solve.

The transient surface temperature distribution is determined for different
types of structures subjected to convection and conduction.

The radiation effect is neglected. Taylor series was used to solve the
partial differential equation obtained from energy balance.

Different types of structures (flat plate, T-element, stiffened structure
plate) were taken to find the temperature distribution.

The coupling mesh developed in this thesis in T-element and stiffened
structure plate to know the effect of temperature distribution on these
structures that may cause a thermal stress and may lead to a failure of the

structure.



Computer program (Matlab6.1) was used to calculate the temperature
distribution on these structures.

It is found that the variation of thermal conductivity has an effect on the
shape of the concaveness of the temperature profile and the global

minimum of the curve varied with the increasing of the time increment.
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Symbol
A
Bi

Nomenclature

Definition

Cross section Area

Biot number

Specific heat

Thickness of the plate

Energy

Fourier number

Convection heat transfer coefficient
Convection heat transfer coefficient for the
upper surfaces of the plate

Convection heat transfer coefficient for the
lower surfaces of the plate

Length of the plate

Heat transfer rate

Denotes nodal position in numerical solution
Ratio

Temperature

Fluid temperature

Time

Thermal diffusivity
Stefan- Boltzman constant
Density

Emissivity

Small increment

W/m?. C°
W/m?. C°

W/m?. C°

=



( MATLAB 6.1)
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