Numerical solution of partial differential equations (Finite

Difference)

Example :
Solve the one dimensional unsteady-state heat conduction equation by finite

differences method with boundary conditions given below:

IC t=0 T =0°C for0<x<10
BC1 x=0 T=100°C for all t
BC2 x=10cm T =0°C for all t
2
ﬂ:ocg a=2cm?/s At=05s AX =2 cm
ot OX
(Solve fort =1.5s)
Solution :
2
ﬂ:ag a=2cm?/s At=05s AX =2 cm
ot OX
IC t=0 T =0°C for0<x<10
BC1 x=0 T=100°C forall t
BC2 x=10cm T=0°C forall t
ui,j+l = rui_l,j +(1—2I’)Ui,j + rui+1,j
c=a=2cm?/s
r= C—l; k=At=05s r= (2()2(())2'5) =0.25
h h=Ax=2cm
B _10_¢
AX 2
i
i 0 1 2 3 4 5 6
t=0 0 100 0 0 0 0 0 0
t=05 | 1 100 25 0 0 0 0 0
t=1.0 | 2 100 375 6.25 0 0 0 0
t=15 | 3 100 50 12.5 1.56 0 0 0
i=0

i=1,..,5

Upy =TUgo +(@—2r)u; g +ru,, =0.25100)+(1—-0.5)0+0=25
Ups =Tl +(1—2r)u,q+ruy, =0.250)+(1-0.5)0+0=0

j=1
i=1,...,5

Upp =Ugy +(1—2r)ugy +ru,, =0.25(100)+(1-0.5)25+0=37.5




Uy, =FUpg +(1—2r)uy, +rug; =0.25(25)+(1-0.5)0+0=6.25
U, =TUyy +(@—2r)ug; +ru,, =0+(1-05)0+0=0
j=2
i=1,...,5
Uys =rUg, +(@—2r)u;, +ru,, =0.25(100)+ (1 - 0.5)37.5+6.25 =50
Ups =TUp, +(1—2r)u,, +ruy, =0.2537.5)+(1-0.5)6.25+0=12.5
Ug3 =rUy, +(1—2r)us, +ru,, =0.25(6.25)+(1-0.5)0+0=1.56
Ugg=TUg, +(L—2r)uy, +rus, =0+(1-05)0+0=0
j=3
i=1,...,4
Upg =TUgg+(1—2r)u;z3+ruy3=05+1-1)0.75+0.25=0.75
Upg=TUgp +(1—2r)up o +ruzp =05%05+(1-1)0.25+0=0.25
U3’3 = ru2’2 +(1—2r)u3,2 + I’U4,2 = 05*025+(1—1p+0 =0.125
U4’3 =r U3,2 + (1— 2r)u4'2 +r U5,2 =0+ (1—1X) +0=0



