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Lecture schedule

5. Introduction to solve engineering problems with finite-difference method

- Taylor series expansion, Approximation of the second derivative, Initial condition and 

Boundary conditions

6 – 7

4. Introduction to numerical methods 

- Finite different method, Finite volume method, Finite element method, etc.

5 

3. Overviews of  governing equations for flow and heat transfer

-Elliptic, Parabolic and Hyperbolic equations

4

2. Introduction to Fortran programming

- Basic commands in Fortran programming 

2 - 3

1.Overviews of computational fluid dynamics

- Overviews and importance of heat transfer in real applications
1
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Iterative method: Gauss-Seidel Method
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Iterative method: Gauss-Seidel Method
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Iterative method: Gauss-Seidel Method

2nd Step: Trail with x2 = x3 = 0
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3rd Step: Trail with x3 = 0 and employ x1 from 1st step
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4th Step: Trail with employ x1 from 1st step and x2 from 2nd step
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5th step: Control error
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Iterative method: Gauss-Seidel Method
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6th step: Repeat from 1st to 5th step



program gaussseidel

parameter (n=20)

real*8 x1(0:n),x2(0:n),x3(0:n)

open(1000,file='Gauss-seidel',status='unknown')

x1(0) = 0.d0

x2(0) = 0.d0

x3(0) = 0.d0

error1 = 100.d0

error2 = 100.d0

error3 = 100.d0

write(1000,1001) i,x1(0),x2(0),x3(0),error1,error2,error3

do 10 i = 1,n

x1(i) = (7.85+0.1d0*x2(i-1)+0.2d0*x3(i-1))/3.d0

x2(i) = (-19.3d0-0.1d0*x1(i)+0.3d0*x3(i-1))/7.d0

x3(i) = (71.4d0-0.3d0*x1(i)+0.2d0*x2(i))/10.d0

error1 = dabs((x1(i)-x1(i-1))/x1(i))*100.d0

error2 = dabs((x2(i)-x2(i-1))/x2(i))*100.d0

error3 = dabs((x3(i)-x3(i-1))/x3(i))*100.d0

write(1000,1001) i,x1(i),x2(i),x3(i),error1,error2,error3

1001 format(i2,2x,3e15.7,2x,3e15.7)

10 continue

close(1000)

stop
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Successive Over Relaxation method (SOR)
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Iterative method: Gauss-Seidel Method

2nd Step: Trail with x2 = x3 = 0

( ) ( )
1

7.85 0.1 0 0.2 0
2.616666667

3
x

+ +
= =

3rd Step: find new x1

( )( ) ( )( )1 1.0005 2.616666667 1 1.0005 0 2.617975x = + − =

( )1new new old
i i ix x xλ λ= + −

1.0005λ =
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4th Step: substitute x1 and Trail with x3 = 0

( ) ( )
2

19.3 0.1 2.617975 0.3 0
-2.7945425

7
x

− − +
= =

5th Step: find new x2

( )( ) ( )( )2 1.0005 -2.7945425 1 1.0005 0 -2.79594x = + − =

( )1new new old
i i ix x xλ λ= + −

1.0005λ =

Iterative method: Gauss-Seidel Method



13Chainarong Chaktranond, Thammasat University

6th Step: substitute x1 and  x2

7th Step: find new x2

( )( ) ( )( )2 1.0005 7.00554195 1 1.0005 0 7.009044x = + − =

( )1new new old
i i ix x xλ λ= + −

1.0005λ =

Iterative method: Gauss-Seidel Method
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8th step: Repeat from 1st to 7th step



program sor

parameter (n=20)

real*8 x1(0:n),x2(0:n),x3(0:n)

open(1000,file='SOR-output',status='unknown')

x1(0) = 0.d0

x2(0) = 0.d0

x3(0) = 0.d0

error1 = 100.d0

error2 = 100.d0

error3 = 100.d0

ramda = 1.0005d0

write(1000,1001) i,x1(0),x2(0),x3(0),error1,error2,error3

do 10 i = 1,n

x1(i) = (7.85+0.1d0*x2(i-1)+0.2d0*x3(i-1))/3.d0

x1(i) = ramda*x1(i)+(1.d0-ramda)*x1(i-1)

x2(i) = (-19.3d0-0.1d0*x1(i)+0.3d0*x3(i-1))/7.d0

x2(i) = ramda*x2(i)+(1.d0-ramda)*x2(i-1)

x3(i) = (71.4d0-0.3d0*x1(i)+0.2d0*x2(i))/10.d0

x3(i) = ramda*x3(i)+(1.d0-ramda)*x3(i-1)

error1 = dabs((x1(i)-x1(i-1))/x1(i))*100.d0

error2 = dabs((x2(i)-x2(i-1))/x2(i))*100.d0

error3 = dabs((x3(i)-x3(i-1))/x3(i))*100.d0

write(1000,1001) i,x1(i),x2(i),x3(i),error1,error2,error3

1001 format(i2,2x,3e15.7,2x,3e15.7)

10 continue

close(1000)

stop

end
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Solving the fluid dynamic equations
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SOR
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SOR
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program flowsor

parameter(n=21,m =21,ntime=100)

real*8 unew(n,m),uold(n,m),a,b,c,d,e

open(1000,file='FlowSOR',status='unknown')

do 10 j = 1,m

do 20 i = 1,n

unew(i,j) = 0.d0

uold(i,j) = 0.d0

unew(1,j) = 1.d0

uold(1,j) = 1.d0

unew(i,1) = 0.d0

uold(i,m) = 0.d0

unew(n,j) = 0.d0

20 continue

10 continue

dx = 10.d0/dble(n-1)

dy = 10.d0/dble(m-1)

dt = 0.001d0

a = -1.d0*dt/dx/dx

b = 1.d0+2.d0/dx/dx+2.d0/dy/dy

c = -1.d0*dt/dx/dx

d = -1.d0*dt/dy/dy

e = -1.d0*dt/dy/dy

ramda = 1.5d0

do 100 nt = 1,ntime

do 110 j = 2,m-1

do 120 i = 2,n-1

unew(1,j) = 1.d0

uold(i,j) = unew(i,j)

unew(n,j) = 0.d0

unew(i,1) = 0.d0

unew(i,m) = 0.d0

unew(i,j) = ramda*(uold(i,j)-d*unew(i,j-1)-e*unew(i,j+1)

# -a*unew(i-1,j)-c*unew(i+1,j))/b+(1.d0-ramda)*uold(i,j)

120 continue

110 continue

100 continue 

do 200 i = 1,n

do 210 j = 1,m

unew(i,1) = 0.d0

unew(i,m) = 0.d0

write(1000,1001) i,j,unew(i,j)

1001 format(2i2,2x,e15.8)

210 continue

200 continue

close(1000)

stop

end
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