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p(t.y) = po= (pi(t)= po)(1- y/1) (5)
(0 (1, y) AT Taipa T
s(t), ( (1)
)
)

[781 A= a/l, a

el k

= QlU/(KT), = L/(e(Ta= Te)),
k/(K LQ)L), qr = (Tr— T{)/(Ta— Tc)

=t/ , = (r= a)/s(t), s= s(t)/l,
(. )=(T=T)/(Ta=Te), G( )= (pi(t)= po)/po,
(1

1 L+{ [s( ) + A} V- 4
2 2
()

Lol )}_
[s( ) + A] s( ) s( ) ’
Yt [ =cu- - o)
(0, )= 0 s(0)= 1, 5(0) = 0, 8(1)—L—01= (.0
(71) 173() 07[(71)_1]3()=07
=012 . G( )(G( )
(2) (3) (8) [0, 1]
s () s()
<1 () 0
) ;
s()
= (T= TJ)/(Ty= To), (2)
(LU L dm (1=
s( ) 0. Go( )

(9)

(6)

(7)

(8)

(9)



168

= exp[- (1= )],
N
Tl 1+ A (10)
1 1
- eXp[ A’ 1+ A~ + A]]’
= Cp( ),
(T,— Ty)/(Ty- T.) ( ),
G( )= (1)
(1+ 1/A)  (T,- Ty)/(Tv- T  ( )
{ (Ti= Ta)/(Tu= T ()
Cp‘ = (12)
(1+ 1VA)  (T,- T.)/(Ta- T.) ( )s
» CpCl
Cp CpCl (13)
, (3)
sC ) s, s( )=s (14)
C( ) }ims( )=s5 0 tlims( )
=0, (1)
L=y 1.~ (.y1=0
( (10) (11)),
C= (1l+s/A) (T,— T)/(Tua— T.) ( ) (15)
( )
Ca= (T,— T,)/(Ta— T.) ( ) (16)
P CpCZ , CpC2< CpCl
CGca 6 Ge (17)
Crank_Nichelson R
4 Runge Kutta
( (9). (11),(14), (1)) , 2

9,10
Volterra 19,10 , ,



169

1.00-
O2RDORT g ® ®
0.80—_
EO.ED{
L 040 © C=0.00 @ ¢=0.005
] @ c=0.010 @ C,=0.01%

@ =000 @ C,=0.25
@ ¢ =0.00 @ G =0.05
®C =000 @ E=0085

0.00]

TIIIIT'\\I\I\‘I\\I‘
0.00 100 200 3.00 4.00 5.00
T
(a) Ty (b)
o 100, 2200 )
OOOD o) ] D G, =000 @ ¢, =0.00
0.30 0.80- @ C,=0.000 @ C,=0.050
1 @ C,=0.000 @ C,=0.020 ] ®
7 0.60 @ £,=0.00 @ C,=0.050 - 0.60
T ® €,=0.052 ® C,=0.060 s ©G-002 @ =000
= 0.40 2 0.404 D €,=0.00
] ®
0.20% 0.20
o-m T T 1 |11l|.\|l\||ll| 0.mlllll||||l||| |‘
0.00 5.00 10.00 15.00 20.00 25.00 0.00 5.00 1000 1500
T
() (d)
2
K LoLpi(t) — po L
- sCs l ’ - 2 ’
(18)
kTa _gd(1-TJT:)
2 - L 2
= y/l = /1% s( )= s( )/, o
. )= [- 1+ T(l 1>/ )]exp( + > )/T, (D)
u 2u
- 4 (20a)
(u+ u)l o= (T/Tu= 1)2 exp( > ), (20b)
wl -y )= 0, (20c)
s( )= Crep~ (s)= F)7| =€ s(0)= 1, (20d)
=s()

ul o= (= 1+ f (1l )/Ta)exp( ),

(20e)



170

S(y)=T(y,0) (20) , Stefan

o )= R )= w0 ) e =

s( )= espl s( ), 1)
()= ulco= (= 1+ f(1)/Tespl( ).

g( )= (TS/Ta= 1)2 exp(Cs),
(20) Volterra

v(S) = 2[ <(0) - gf—o%@]ms(sb S:0,0) +
S

%);q-,(MN(s(S), S: NOJAN= 3y w( X)N(s(S). $:0. %) d X+

S
Dy CN (). Sis(X). X)dX

w(S) = {%O%dx 'ﬁ%d)ﬁ (2)
S_dx

JS__AQOM( X)GNX0, X: s( X), X)d%+
1 . ! . _dX
J_IQOT«(Z)NNO, X:1,0) = o <l NNNO, X 1\;0)01@ =

* 5 C * S _ s
R(S) =~ @ w(X)dX+ e+ CCi, w(S)e ““dX,
G(IN S GX) N(NS;GX)

1 (N-_G)
K(N S; G X) = 2Jmexp[ 4S- X)i| (23)
GINS: GX) = K(NS GX - K(- NS:G X, 9
N(NSGX) = K(NS:G )+ K(- NS G X), (2
GNNNG$ #
(20) (22)#
1)
5 2)
#
#
, (20) # .
Volterra ; 4 Runge_Kutta
# Dirac R S=0

#



171

[1]

21Rm T('l Tw_ Ta
o = A{po ’\j1+ Kp% {“ : KT, )(G_ exp(— K))J - pif (25)
? ’ (25)
# 1#

L \Ilrl\lrl;l T 1

T
3 go = af1l+ Ol 25sin(5P¢) ]

()
(H, - S )

# , #

Q= 2707 kg/m’, ¢, = 938 Wis/kghK, T.= 9BI3K, k= 238 W/ m#K,
T.= 88K, Q= 0119 6 kg/m’, po= 11013 25 N/,

e = 512 @10° Wits/ kg#K, <= 011, go= 11884 @10" W/ ",

K= 41277 @10 *m?, T,= 14 00K, /= 0102 m#

[ ]

Cuwry D M, Cox J E. Transient, compressible heat and mass transfer in porous media using the

strongly implicit iteration procedure[ Z] . AIAA No 72 23, 1972.

[J. ,1993,14(11) : 993) 1001.
. 7. ,1996, 26
( ):218) 222
[J. ,1996,5(2) : 29) 34.
[J]1- ,1994,7(3):259) 264.
M]. , , ,1984.
[J1.



172

,1993, 15(10):75) 8I.

[8] , , .- [J1- ,
1995, 12(1) : 71) 78.
[9] , , . Volerra [Ja.

,1993, 23(3) : 100) 107.
[10] XU Yang hou, YANG Zhao_ji. Numerical analysis for heat shield ablation law in transpiration cooling
system[ J]. J Thermal Science, 1993,2(4): 260) 265.

The Study on a Kind of Control System W ith Nonlinear

Parabolic Distributed Parameters

ZHOU Jian_jun', XU Yan_hou’
(11 State Key Laboratory of Fire Science, University of Science
and Technology of China, Hefei 230026, P R China;
21 Department of Mechanic Engineering, University of Science and Technology of
China , Hefei 230026, PR China)

Abstract: The modelling of one kind of nonlinear parabolic distributed parameter control system with
moving boundary, which had extensive applications w as presented. Two methods were used to inves-
tigate the basic characteristics of the system: 1) transforming the system in the variable domain into
that in the fixed domain; 2) transforming the distributed parameter system into the lumped parameter
system. It is found that there are two critical values for the control variable: the larger one determines
whether or not the boundary would move, while the smaller one determines whether or not the
boundary would stop automatically. For one dimensional system of planar, cylindrical and spherical
cases the definite solution problem can be expressed as a unified form. By means of the computer
simulation the open_loop control system and close_cycle feedback control system have been investigat
ed. Numerical results agree well with theoretical results. The computer simulation show s that the sy s

tem is well posed, stable, measurable and controllable.

Key words: distributed parameter control system; nonlinear; moving boundary; stability; measura-

bility; controllability



