5.10

1-D TRANSIENT CONDUCTION

FINITE-DIFFERENCE METHOD

EXPLICIT METHOD

) aZT 1 aT x, =m-Ax m=0,1,2,..M AX:L step in space
Heat Equation: z s = 277 0<x<L " M
ox’ a ox
t,=p- At p=0,12,.. At step in space
Initial Condition: T(x,O) = ]: (x) 0<x<L
T (x,1)
Boundary Conditions: oT
' —k—| = h[T.-T(01)] >0 - -
x|, - T/ =T(x,.1,) .
oT
_kg“: W[ T(Lt)-T.]  ¢>0 //,, — ot
The nodal network: temperature field T! = T(x,,,,tp) will be determined only 70
. . initial temperature distribution " t=0
at the finite number of points (nodes) x,, and )
" T, =T(x,,0)=T(x) Ax
at discrete values of time 1, x
Yoo X X Xu

m=12,...M p=012,.

Explicit Method :
central-difference approximation: Sforward-difference approximation:
Fo= 24 Bi = 1A a=t A N 1 Y o’ m-1y
Ax’ k pc, ox’ | Ax? ot |, At
Interior Nodes (temperature at the next time level is calculated explicitly):
p+l P P P < 1 (5 79)
7" = Fo(T?, + T7,) + (I-2Fo)T] (5.78) stable for: Fo < — '
Boundary Nodes:
T/" = 2Fo(T + Bi-T,) + (I-2Fo—2BiFo)T} (5.82)
. . 1
stable for: Fo-(1+Bi) < 5 (5.84)
Ty = 2Fo(Ty., + Bi-T.) + (I-2Fo—2BiFo)Ty | (552)
Solution Procedure: @  Set initial temeperature distribution: T, =T (x,,0) m=0,12,..M
check for stability
@  Start the marching solution for p=1,2,... :
1) T, T,
p=0 X
@  calculate at endpoints:
T, T) by (5.82,5.82b) T, T, T
P [oF—{6] for—tot—to] for—fol
o X p+1 (@ 3 o
@  calculate the rest of: 7" T T
77 m=12,...M-1 by (5.78)
t
@  go to the next time level




