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Numerical Method for Violent Change of Temperature
and Application to a Simple Model

Koichi HANASAKI, Jun-ichi KokaDO, and Natsuo HATTA

Synopsis :

In order to improve the accuracy and computing time of the numerical simulation for a heat transfer
problem where the rate of temperature change is extremely high, the authors have developed a unique

method which is proposed in this paper.

The method, for a non-steady heat transfer equation, has a distinctive feature that two fundamental

equations on the heat transfer phenomena, that is,

g=—2grad g,
and
a6 1 .
' _—PC div ¢

are utilized respectively in computation.

In this way, it mainly becomes much easier to determine the

increment time of computing cycle, 4¢ which considerably affects to the accuracy as well as computing

time of the numerical simulation.

The detail of the method and discussion on results of some simulations are described here.
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Fig. 2. - Outline of the computational flow.
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Fig. 5. Lattice model set up for the calculation
of temperature.

Table 1. Thermal properties of the steel applied
in the calculation.

Temperature [Specific heat| Thermal conductivity
°C) (kcal/kg °C) (kcal/m-h°C)

0- 50 0.118 13.7
50-100 0.122 13.7
100-150 0.126 14.0
150-200 0.128 14 .4
200-250 0.128 14.8
250-300 0.132 15.1
300-350 0.132 15.8
350-400 0.136 16.6
400-450 0.140 17.3
450-500 0.142 18.0
500-550 0.150 18.7
550-600 0.156 19.8
600-650 0.150 20.5
650-700 0.150 21.2
700-750 0.148 22.0
750-800 0.154 22,7
800-850 0.154 23.0
850-900 0.154 22.7
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maximum change of temperature every computing

-~

cycle, #=1°C as well as the experimental results
reproduced from Fig. 4.
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Fig. 7. The same as Fig. 6 excepting §=10°C.
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Table 2.

Calculated temperature, § at each cooling time and number of computing cycles, N

required to get it under various computational conditions.

Proposed method in this paper Explicit type method
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Condition 6=10°C §=>5°C §=1°C 4t=1.0s 4t=0.1s 4t=0.005s
Cooling Temp. |Cycle| Temp. |Cycle| Temp. | Cycle| Temp. | Cycle| Temp. |Cycle| Temp. | Cycle
Time (s) occ)y| N laccy| N lacey| N jeccyl] N |o¢cc)y| N jeccy| N

0.0 900 0 900 0 900 0 900 0 900 0 900 0

0.1 880 2 880 4 880 20 879 1} 880 20

0.2 861 3 861 7 861 39 859 2| 861 40

0.3 842 5 842 11 843 57 841 3 843 60

0.5 808 9 809 18 809 91 807 5| 809 100

1.0 736 16 736 32 737 164 695 1 734 10 737 200

2.0 631 27 632 53 633 267 588 2 630 - 20, 633 400

3.0 565 34 567 66 568 332 533 3 565 30, 568 600

5.0 490 42 491 82 492 408 472 5 490 50; 492 1000

10.0 411 50 412 99 413 490 408 10 412 100 413 2 000

20.0 341 59 342 118 343 584 340 20 343 200 343 | 4000

30.0 302 65 303 130 304 645 302 30 304 300 304 | 6000

60.0 241 77 242 152 243 755 242 60 243 600 243 |12000

120.0 188 92 187 175 187 872 187 120 187 1200{ 187 |24000
300.0 128 142 133 223 131 | 1040 130 300 131 3000
600.0 96 226 94 308 93 1223 93 600 93 6 000
1200.0 59 398 58 480 58 11471 58 1200 58 112000

L Fig. 7 ZHELTH L BENTERH LT,
¥, 6=20°C DHBAROWTH F—DFHEH ATL
THhIeh, BHBBEOBRCET OTREZERRIEAL
B, REBFCHEY 1 228 Thesl B#dbed,
1000 41 7 VREE L7c2T, HEDSHENRTLZ EN
bt bbb, ZOFEDIGHAITIRRAR O
b /N DT, OB ED b OBRERE LN
{, BHEELIRIRIKRVWOT, ZoOFEECLD
T, BE#BOY . I v—va vyBRTORBETTLS
L oFEECIRE AL, HREROREYR T S
FDIFFIER LT EERLB.

L2, RE 900°Cic—igiemEIhic S 10
cm OERFAR DA HE IR hic o TG THHED
—RITCEMEERED STEE T4 oW T B2 LTAL
V. ek, SHEETLOBTER 42 % 1.0em KRRE
Ui, BMEoBEBuL, &flE Ak, Tablel iR
SfEE v, FDEER p1X 7800 kgf/md, K& DOBME
B4 10000 kcal/m2h°C F LCW 5.

Table 2 13 = DEFHEE F 4122 TC, BHIFERE] 20 min
DOREHBY Va2 I L—F LEBEREYFR LTS,
CRENTVD OFAKEELTWAHEERORBRETH
D, NZFE+ A 7 A BERL TV, FARECEWT,
Case 1 7n6 Case 3 [ ZARYOHBEZIALDOTH
n, Case 4 A5 Case 6 3. Explicit BEHSHET L5
LOTHY, IRIV 4t Oz rhrThFCRTER

=
[

HhChsb. ek, Case 1, 2, 3 oW TIIAEXDOELA
DOEH & — KT B ER—FREBEBRIVWOT, ZT DK
R AL X Ty 2 D DX T OED HERLLIC X b KD
LDTHAD.

ZOHEEFAMREBS UL (20) X TRINDRES
b, SEEER 4802 1.4s DR el hugis bise.
Li=hioC, Case 6 OB X L DOfED 280 53 1 Dff
AR Jt KRV TWBZ el h, FEBI LS
HRFEECRERAT SEEN VWO ETHhE, —R
dt FAPRFNEPSIVCEREL I WEEZLRDDT,
Case 6 ORIV ALV IDOLELTLEL
FTxiebs, KL, ZOHADOFHER, ELLLHL.
ek, FHESA 7 VENOBHANE LD, ¥a
Iv—va v A sk 2.0min TR BTV B,

DX IsHEEE D, Case 6 LB LD, Th
Fhoyr — AORKEE R X UGHERRICR T 5B Einz
T &,

Case 1 } Case 2 TIX&HWHTO FE1L Case b5
% Case 6 WL LTk b, WHEEBEE & bETRE
&L LD, T OFEH TlRichHIEL 0FEXE 3°C
AT ERDTWAS, LEbEEY 1 7 L8Oy — A
CHANTIRE Aoy, Case3 (3 Case 6 DFEREZ D
KTRELT —HKLTED, +ToLBETHETET
WEZ EMbrL. b, Yall—¥avadah
1.0min [J) Fiw/cn t,Case 5 2 Case 6 Lo EtE VA
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