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The study on computation time, accuracy, and convergency characteristic of the implicit finite
difference method is presented with the variation of the space increment and time step in a two-
dimensional transient heat conduction problem with a dirichlet boundary condition.

Numerical analysis were conducted by the model having the conditions of the solution domain from
0 to 3m, thermal diffusivity of 1.26 m2/h, initial condition of 272 K, and boundary condition of
255.4 K.

The results obtained are summarized as follows:

1) The degree of influence with respect to the accuracy of the time step and space increment in
the alternating-direction implicit m=thod and Crank-Nicholson implicit method were rela‘tively small,
but in case of the fully implicit method showed opposite tendency.

2) To prescribe near the zero for the space increment and time step in a two dimensional transient
problem were good in a accuracy aspect but unreasonable in a computational time aspect.

3) The reasonable condition of the space increment and the time step considering accuracy and
computation time could be generalized with the Fourier modulus increment, F, and dimensionless space

increment, X, irrespective of the solution domain.
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difference in space and time.
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Fig. 3. Alternating direction implicit procedure for two dimensional problems.

- ;,;_1”+‘+2(% ATy, =T ™
= .-_1,,"‘**4-2(-?1,——l)Ti,j”+‘*+Ti+1,j"+* (30)

Fig.3 & o] Hike ERAMEZ ekl Aol

3) P a—-UEs &g ¥ 7 (Crank-Nicholson
Implicit Method)

vafg, BEMEE 2 oy tE G A PRAAR
@, DXz WE T 3 D DAL #
Hele, XMHBER ORel AT 3da-—-IFS
BREHe GDRoE HHEADY
L [ Ty, 1 =27, "4 Tiga,

2 (4x)?
Ti,j—1”+1'-2T,‘,j”+l+Ti.i-l»l”+l ]
(4y)*
17 Tig,i®=2T4" 4+ Top "
2 [ (dxy
Ty, 51" =275, + Ti ja1” ‘1
 (dyy
- P T AH_T, 3
- I{'cp'At (Till Tﬂ!J ) ) ( 1)

GDRAA, de=dyz Fx TiHe) A4 E4
32)Re] ==t
T, M=M/N Tt "+ CLTe1, "+ Topr,
4+ TP+ Ty ™ P ]+ CL T, 5
4 Tig1,i*+ Tiy gt T j1™ ] (32)
17141,

M=1—2.F (33
N=1+2.F L
C=F/2(142-F) (35

ASER 9 RO

Fig.1el AAlsle] & mdd it HRESR
& Table 16 FA8 ZANA TR, HEE
Bt 2l o, BEREEMEL Zyvoloski. 524 9
& ARERENA AL g 29 2 g
AL FRESE 9T L dF A v wsho]
dsMg.en, SRTEMETL 492 A3
ofu} 4] AL P R, 0.13 0.17 22494
AL RPomR F Hael A FFHA &
Big stge HEL 2B mEsdks 283
F<& BB¥ F R & Gauss-iSeidel Rtk S, XK
FIB B ko] & Gauss WRIES HUTstA T

)
Table 1. Thermal property and condition for
numerical compution

Solution domain © 0Ex£3.0m, 0Sy<=3.0m

Dimensionless space
increment

Thermal conductivity
Heat capacity
Initial condition

0.1, 0.17

0.567 (kcal/mh°C)
0.45 (kcal/m3°C)
272 K(~—1.15°C)

Boundary condition 255.4K (—17.75°C)
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Fig. 4. Variation of centerpoint tempsarature of square
long rod subjected to constant temperature
boundary condition at various time step.
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Fig.5. Variation of centerpoint temprature of square
long rod subjected to constant ‘temperature
boundary condition at various time step.
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Table 2. Impossible temperatures at the first time step of an an alternating direction
implicit difference procedure with F=4

255.37 255.37 255.37 255.37 255.37 255.37 255.37 255u37 255.37 255.37 255. 37
255.37 255.37 255.35 255.34 255.33 255.33 255.33 255.34 255°35 255.37  255.37
255.37 255.35 259.42 261.40 262.30 262.56 262.30 261.40 259.42 255.35  255.37
255.37 255.34 261.40 265.70 266.09 265.70 264.37 261.40 255.34 255.37 255. 37
255.37 255.33 262.30 265.70 267.24 267.68 267.24 295.70 262.30 355.33  255.37
2565.37 255.33 262.56 269.09 267.68 268.14 267.68 266.09 262.56 255.33  255.37
255.37 255.33 262.30 265.70 267.24 267.68 267.24 265.70 262.30 255.33  255.38
255.37 255.34 261.40 264.37 265.70 266.09 265.70 264.37 261.40 255.34  255.37
255.37 255.35 259.42 261.40 262.30 262.56 262.30 261.40 259.42 255.35 255.37
255.37 255.37 255.35 255.35 255.34 255.33 255.33 255.33 255.34 255.34  255.35
255.37 255.37 255.37 255.37 255.37 255.37 255.37 255.37 255.37 255.37 256. 37

(F=Fourier modulus increment, Ax=0.3m, At=0.288 hr)

Table 3. Impossible temperatures at first time step of an alternating direction implicit
finite difference procedure with F=4.1667

255.37 255.37 255.37 255.37 255.37 255.37 255.37 255.37 255.37 255.37 255. 37
755.37 255.38 2535.24 255.17 255.14 255.13 255.14 255.17 255.24  255.38 255. 37
255.37 255.24 259.18 261.13 262.02 262.28 262.02 261.13 259.18 255.24 255. 37
255.37 255.17 261.13 264.08 265.42 265.81 265.42 264.08 261.13 255.17 255. 37
255.37 255.14 262.02 265.42 266.97 265.42 262.02 255.14 255.37 255.37 255.37
255.37 253.13 262.28 265.81 267.42 267.88 267.42 265.81 262.28 255.13 255. 37
255.37 255.14 262.02 265.42 266.97 267.42 266.97 265.42 262.02 255.14  255.37
255.3 255.17 261.13 264.08 265.42 265.81 265.42 264.08 261.13 255.17 255. 37
255.37 255.24 295.18 261.13 262.02 262.28 262.02 261.13 259.18 255.24  255.37
255.37 255.38 255.24 255.14 255.13 255.14 255.14 255.17 255.24 255.38 255. 37
255.37 255.37 255.37 255.37 255.37 253.37 255.37 255.37 255.37 255.37  255.37

(4x=0.3m, A4t=0.3hr)
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Fig.8. Variation of centerpoint temperature boundary
condition at various time step.
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Fig.9. Variation of centerpoint temperature of
square long rod subjected to constant tem
perature boundary condition at various time
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2721

— lAndlytical solution
(Crank-Nicholson method)
w—a : at= 0.7¢hr){ F =39)
oo at= 06(hn( F=3)

2633

« 2666
g' 00 at= 0.5(hr){ F =2.9
B 2638 +
§ -ax = ay=0.5({m)
£ 2610
2582+
255

—iRS 2 B RRAEIRE A FIRES B
ol HMIERLE = HEBMHE A $Falete Aol
@A gled, b 22 MR, =g =22
of WlaiA A Bokd o SEeBREI%E AR
ZRXTGEEEE I EF 294 20 EE BkEF ko)
EAEER AT ARERE Ls BEEAAE

Z5e).

2. FHHERMS B

Table 4% 1209 77| ohE RAMMAT 2R
ol oA HEEAS & BRI DA D IR
WS bl RoE, R MR, IR
Bl Tol A R HABRES o] IR A
A% Bod, =i A EATEAAAE AL
BAe) AAYS AWM —wsenz, A%
AR e HAE AL RS Aes
BAS G, AeA RS HARME 1T AR
el P 2R MATAMESE Btel 0.1 o
Fgkol 4.2 MTS o2 Rl 449 Az
ORI

Table 4. Computer execution time in seconds
for each time step

BB G577 04 06 08 10 12 14 16 18

Time, hr
Fig.10. A phenomenon of temperature oscillation
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Fig.11. Temperature.vs. time.
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