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Various methods are known for finding the numerical solution of unsteady

heat conduction problems.
computers and analog simulators.

These methods use digital and universal analog

The direct analog simulator of the heat conduction system is superior to

the others because the size of the simulator is easily enlarged and the computa-
tional time is made rapid. As an example, an imaginary resistance furnace was
analyzed by our direct analog simulator. This furnace was assumed to be
empty, long and either rectangular or cylindrical. The outer surface was
assumed to be perfectly insulated, and the inner surface, to be supplied with a
constant heat flow. Then we examined in detail the lumping error and the
errors of the value of the C and R established from the direct analog simulator

by a digital computer.
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Fig. 1 Cross section of rectangular
cylindrical furnace.

BRI\ T, WNEERERL, 4X=4Y ik
KR#ED Do
o1, 3, xr1=(1—40)%:, 5, rti(bi 11, sk
+pic1, g, wtda v 1, kFGn o1, k) e (16
i=1, 1LjLM+1 \
i=2, 1L

1£jLM+2

i=N+1, 1LiAN+M+1
I, A=40/(4X)2 T b



FEBTHAEH  H23% (1971) 229

(12, 13Xe2n B, MNEERET S 2, ),
8% 5 %o

Bo, i, ¥=02, j, k24X at X =0 ceeeerienne 1w
(ALjLN+1)
dxr2, 5, k=0N, j & al X =1eeerrerevraniennns 18

(LjLN+M+1)
X BT, FRERES RO D,

i, 2, k=04, 0, & Gt Y =0 ceeereereniecuninins (19
(1LiLN+1)

B1, si2, k=92, Mi1, k

P2, 48, EZPS, MiZy B poeeeeeeeeninisenee @

BN MAL, K= PN L N4, J

x5 %o
4. EPEHRE

PRSI M B, S BRR T L EOREN
HLrz i3, bbAATHIN, BONGREI LD
AL LICESER A ENI T, BOBEILS
BLELT, 7 a2 VEHEEEACURSEEOHE
MR & C R [ CERgT 28B40 C, R OFRFHEMN
IR T Do T, BEEHBROESHEA

-

—x-x—N=3 ,M=5

B HRBEEXERPRET 52 LY, FBCEE
Thbo

10~C0x, #1E7 1+ VX NVEHERBERCT d1,1
GRMBER.OER) & ¢1, w1 (APEEREER) OBEEY
BHL, ThEThORBEELYSSER N, M 237
A=Z=r LTHRTHE, H£ 2K, £ 3XK»N2zbI
%,

pMN e D\ TN =00, M=co (Explicit ¥kic k5
BER, 4X=4Y=1/24, 47=0.00042) DB ED 7T
R L, shuckd s oY Vo sdEgd g
HERT AL, HAXKED B, H2K, F4HELY, A
BELOEOBEE L RS BEE, N=6, M=10 Tx4
ThbZLHBHEbN D, NEEREEIC R\ TIL, #APUR
PEMEN D, ZHIE 6 ETHRAS L DI, BEEicEy
C, BUCESHERLBIETIVE, PBERLEBOPUR
M A EREEL, N=6, M=10 THH /%,
8, B WIBEESFEREbDWIeT ¥V Z
MEL—E (N=3, M=5) IUR#H (N=9,
M=15) TRL T\ %,

1 L 1 L

L
0.04 0.08

Fig. 2 Dimensionless temperature vs. time curves computed by digital
computer for node (1, 1) as parameters of N and M.
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Fig. 3 Dimensionless temperature vs. time curves computed by digital
computer for node (1, M+1) as parameters of N and M.
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Fig. 4 Lumping error at node (1, 1) as parameters of N and M.
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Fig. 5 Influence upon solution produced by percent error

of R established, 4R.
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Fig. 9 Circuit of direct analog simulator.
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Fig. 10 Dimensionless temperature rising curves computed by digital
computer and direct analog simulator.
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Fig. 11 Dimensionless temperature rising curves, here heat property is
independent or depend upon temperature.

BEROTRTD/ - FEkid 5/ - FOEF B LU [HTEHRD b S,
J - FOREM@EL, /-F (1, 1) OB LERLF @R L, TRNCOBERICET BEMLBREEHEX



234 Bulletin of Nagoya Institute of Technology Vol. 23 (1971)

&b, CREEMEIEBRINS,

s N=6, M=10 © C REKE (& 9 EZR)
& - T, JEPIBEFRDIES & JRPBERER o FHR R I & FI
L, 7« Y2 VETEME L HBMET T 500, $H10
2, Vo L ZERLTCND, ZDOXH B, Simulator
HORBEIFECR N EMbs,

7. BEMDPBEEICEKETIHE

BUERT Isb b, BRHEE K, (RRELE sp nNREIC
BETH RITCBGEMEL, T CREESE)N—RITR
GEMEOREOBICHE LI LS, /- FOEEE
B L T, FgElLicC, REThEThELZ &
Ariwwkh, EEHEEBY 2D ENTE Do

BEFCIR, N=6, M=10 DBFEHITOWT, BEHK
—EDERE L BEENREKET 2B 6 ONEHLE
DF 4+ T ZNVEEREYEIIRIORLTH L,

8. & & M 2

SRITCEBMEEIE Y, BRAMGE LT, RNEE—EE
mEAHS, NEEETLEE A EE LT, Direct
Analog Simulator KX D%, BIF/AHEOIEE
BERAY D 5T LNTEI, O ZRITBRERE S FH
BRIZLTHEE S %,

$ £ X K

(1) W. Ames: Nonlinear Partial Differential
Equations in Engineering 315, 345 (1965)
(2 MR- A% GITAEH vol. 22 (1970)

@ # 4 :®%i vol. 91 No. 9



