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Lecture schedule

Session Topics
1 1.0verviews of computational fluid dynamics
- Overviews and importance of heat transfer in real applications
2-3 2. Introduction to Fortran programming
- Basic commands in Fortran programming
4 3. Overviews of governing equations for flow and heat transfer
-Elliptic, Parabolic and Hyperbolic equations
3) 4. Introduction to numerical methods
- Finite different method, Finite volume method, Finite element method, etc.
6-7 5. Introduction to solve engineering problems with finite-difference method
- Taylor series expansion, Approximation of the second derivative, Initial condition and
Boundary conditions
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Solving the fluid dynamic equations

Transient —diffusion term
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Explicit Euler method
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Explicit Euler method
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Explicit Euler method

Att=0

0 _

Up =1 U™t =au”, +bu” +cu’,
u =5

u, =5

Att=t+ At

u, =1

Chainarong Chaktranond, Thammasat University 7




Explicit Euler method
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Explicit Euler method
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100
110

1001
210

program diffusion

parameter (n= 10,m=10)

real u(0:n+1,0:m+1)
open(1000,file="OUT-diffusion’,status="unknown")
dt=0.5

RX =10.0

dx = RX/real(m)

dtdx = dt/dx/dx

do 10 i = 0,m

u(0,i) =5.0

u(0,0) = 1.0

u(0,m)=1.0

continue
do 110 j
do 100 i = 1,m-1

u@,0) =1.0

u(j,m)=1.0

u(j,i) = dtdx*u(j-1,i-1)+(1.0-2.0*dtdx)*u(j-1,i)+dtdx*u(j-1,i+1)

1,n

continue

continue

do 210 i =0,m

write(1000,1001) real(i)*dx,(u(j,i),j = 0,n)
format(e8.3,x,11e8.3)

continue

stop

end




Assignment 2
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Implicit Euler method

ou 04U

ot OX?

Chainarong Chaktranond, Thammasat University

_y Muuald =1 u(0,x) =

At At At
un+1 . u_n — n+1 . 2 u_n+1 u_n+1
i [ sz -1 sz [ AXZ 1+1
At A A
uln _ ; in:;l + uln+1 + 2 t2 in+1 . t2
AX AX AX

13




Implicit Euler method
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To solve this problem, need initial and boundary conditions
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Implicit Euler method
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Implicit Euler method
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Implicit Euler method

Know initial and boundary conditions u(O, x) =5 u =1 U, =1
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tridiagonal matrix algorithm (TDMA)
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tridiagonal matrix algorithm (TDMA)
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tridiagonal matrix algorithm (TDMA)
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SUBROUTINE TRDIAQ (N.A:B.C:X:0)

DIMENSION A(1000).B(1000),C(1000), X(1000), (1000}, HB(1000)
THIS SUBROUTIN: SOLVES TRIDIAGONAL SYSTEMES OF EQUAIONS
BY OAUBB ELIMINATION

THE PROBLEM BOLVED I8 MX=Q WHERE M=TRI(A:R.C)

THIS ROUTINE DOES NOT DESTROY THE ORICINAL MATRIX

ANL MAY BE CALLED A NUMBER OF TIMES WITHOUY REDEF IING
THE MATRIX

N = NUMBER OF EQUATIONS SOLVED (UP TO 1000)

FORWARD EL IMINATION

BE IS A SCRATCH ARRAY NEEDED TO AVOID DESTROYING B ARRAY
DO &t I=1:N

BB(I) = B(1)

CONTINUE

DO 2 I=a'N

T = ACI)/BB(I-1)

BB(I) = BBC(I) — C(I-1)#*T

Q(I) = Q(I) = G{I-1)»T

CONTINUE

BACK SUBSTITUTION

X(N) = Q(N)/BB(N)

DO 3 I=l:.N-1

v o= N-I

X(J) = WH)—CIJHX{&UNBB(J)

CONTINUE
RETURN
END
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SUBROUTINE DTRIDG (N.AB. C. X. Q)

ISPFLICIT REAL#8 (a-H. O Z)

DIMENSION AC(1CCO).B(1000),C(1C00}, X(1000),€{1000), RB(1000)
THIS SUBROUIINE SOLVES TRIDIACONAL SYSTEMS OF EQUA: IONS -
BY GAUSS ELIMIMATION

TH-. PROBLEM SOLVED IS MX=3% WH-RE M=TRI(A,B,C)

THIS ROUVINY DOES NOT DESTROY THE ORIGINAL MATRIX

AN MAY BE CALLED A NUMHBER OF TIMES WITHOUT REDEF I«{ING
Tiie MATRIX

N = NUMBER OF EQUATIONS SOLVED (UP TO 1000)

FORWARD EL IMINATION

BB 18 A SCRATCH ARRAY NEEDED TO AVOID DESTROYING B ARRAY
DD 1 I=1:N

BBC(I) = B(I)

CONTINUE

DO 2 I=2:N

T = A(I)/BB(I-1)}

BB(I) = BB(I) - C(I-1)*T

C(I) = Q(I) - GUI-1)+T

CONTINUE

BACK SUBSTITUTION

X{N) = QI(N)/BB(N)

Do 3 I=1,N-1

J = N-1

X(J) = {G(J)=-C(Hax{(J+1 1) /BR(J)

CONTINUE

RETURN

END



ANNADE9 Implicit Euler method
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Other methods

Richardson method

I I 1+1
AX°

u™ —u" | u", -2u" + U
2At

DuFort-Frankel method

n+1 n-1 n n+1 n-1 n
ui _ui _ ui—l_ui _ui +ui+1
2At AX?
iffusion @ 1 1
LNnuwtnad diffusion a8 uin+ 4 uin
2

Truncation error O[(A’[)2 ,(AX)2 ’(At/AX)ZJ
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Other methods

Lassonen method (Euler implicit method)

|

uin+1 . uin |nJ;1 2un+1 ulr:rll
At AX
Truncation error O[(At),(AX)}
Crank-Nicolson method
uin+1 _uin - 1 n+1 2un+l + ulr:rll .\ 1
At 2 AX 2
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Assignment 3

23133 Implicit Euler method et nskaznanTWMTUaswwlas 6N

ALY U T SunLazLIaN6Ng g La At = 0.05 uaz Ax = 0.1, 0.2, 0.4, 1,

2
ou  o°u
— =y —
ot OX°
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Initial condition u(0,x)=>5
Boundary condition  u(t,0)=0
u(t,L)=0
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