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[2~4]

M= - Ax + f(t).
(1 M M ).
w=- M '"Ax+ M 'f:
(2,
x(t)= x(tr)+ f(- M 'Ax+ M 'f)de;
(3) M,

Mx(t) = Mx(t;) - AJ‘:x( 3)d i+ ff(é)dé.
Lk , x(tr) , t= .+ T x(u+ T),
(4) t= tu+ T
Mx(t+ T) = Mx(t) - AJ.Itk+Tx(Z..)dC+ ij”f( ¢)de.

(5) x(8) (tr ST<py+ T) , 4

x(t) = x(th)+ XXth)(t— th) + X(tp)(t— tr) 72+
as(t— )76+ O(t— )"

x(tr) X¥Xir) x(tk) Lk . t= tr+ T,

as= %[x(t;ﬁ T— x(t)- &u)T- (1) %Z]
© (5 . 5 (et U,

Mx(t+ T) = Mx(t) -
3

A[x(m)T+ X k) %2+ X(tr) %+ a’ ;—jﬁ 0(15)]+ f}(c)dc,-

Bfu)= M '[- Ax(u)+ f(u)]. X(ti)= M [ A i)+ fu)]

.+T
E*x(tr+ T)= Rex(u)+ Fr+ l" f(Yde
k

3T

E= M+ ~A R= M- A leM‘lA 13AM‘AM‘A
= M A = M Aty T 24 ’

2 3
Fi = Ml[%fk+ 214+f%— ;L‘M”AM”fk,
k Ui -(8) . (10)

(8a)
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, LDL' .
, R , . AM 'Ax =
A[M '(Ax)], ,
R.
1.2
n (8), Mx=- Ax , n
17, , (8b) ,
, M= 1L,A=- A (8h)
W+ T) = [[1- s %zxz- 21: 3]\[“ %%]‘x(tk)
1+ %x‘> ‘1- s %8_ ;—jﬁ ,
0< X< 55 0< T< 15
, [1] Euler
1.2.1 :
o3t A
0 L|a> - 1 - xa|
:21(0) = 1, x20) = 0.
PR B
M= L A= .
0 1 -
1 Runge_Kutta s , A s
Int ) R Runge Kutta ) ,
0.6 0.3
e
'\ *R. 0.2}
0.4F
P §o.1- :5;
NOX -
0.2—\\ o-xé
e '\é‘{f\ws B TR YR T ot :oilioiz;ofg'of‘;
t t t
1 2 y(2h)
( T= 0.8) ( T=0.003)
1.2.2 .
y//=y>, 0< x< 1, t> 0,
y(0,1)=1, ¥ (1,1) = 0, t> 0,
y(0,1) = 0, 0<x <1
[0,1] 6 , 3 , oyl oy2 y/l ylz
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v(2h) , T= 0. 003. s
0.04 s ) Runge Kutta
Runge_Kutta , , Runge_Kut
ta
1.3
] 2 (8)
tk+T
f(&x(¢))da
I
, f(t,x(t)) L=t St Sp+ T
tk+T
CFax(Y)des Tf (L x(n) (1)
t’;}T T
Cfesx(e))de= S (e x(w) + flu+ Tx(u+ Y)J, (12)
k
x(t+ ) x(+ V= x(u)+ TxxXu) (12)
2
A 3, &y ) L(x ) : (0.0)
, x Reynold
Re = ‘%9 =~ 20< 25,
I\ >
x ; y
y
vy , vy , =0,
5| ¢ > 2
' et Qe 1T Taf (13)
3 at b a - axz ayZ Tis
, Uy X jci 1 ;D 5T
, i
2.1
1 A BRS
1_ ( ) ( ) s

:A+ B R;B+ R”'S, (13)
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{rA= kicacs, rg= kicacs+ kacper,

(14)
R = — kchCB+ kchCR, rs = — kZCBCR,
> kv ko . (D3
oC: oc  2%C a Ci .
or T YWox T o2t oy MR i= ABRS (15)
Ra= Beico Ro= BCiCar Cocn
ko )
RR=— Z_;CACB-F CBCR, Rs= - CBCR.
T= 1D/ 52; Ci= ci/ CBO, Vy =
& D; X=x/6Y=y/6§ m = kacpo&/D.
v,’( 2 2
X = V- X, (16a)
Y = Y, (16b)
aC 0C: ox’ aC,- _ v 0GCi aﬁ 17
aT X = const a aX aT aT XJ= (',nnst_ XaX/ * aT )(: cunsi’ ( a)
0C; 0C;
Vx s Vx W ( 17b)
(17) (15)
oc, e 0 .
7 = aX,—2+ 8?_ mRi, i= A,B,R,S.
, X
oc;  0*C; 0% .
o7 = 5X2+ PEC mR;, i= A,B,R,S. (18)
2.2
Galerkin' (18). , X Y
’ X Y 5 ,A
CAa(X,Y)= N(X, Y)*a, (19)
a' = al, a2, --- an Ca n ,N(X,Y)
Galerkin (18), Ca(X, Y) :
0°Cy  0°Ca J:[
ffocass [lo[52+ 52 oo [amnae (2
w € W= {wECO,wlaQZ @ ( 20b)
(20b), , :

M+@= E*a- F,, (21)
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M= IIQNNdQ’ Ez‘.”Q[aX oX* oy aY]dQ’

F, = J.J.Qer‘mRAdQ: mJ.J‘QNT(aTN'[‘Nb)dQ
Gauss . Cg Cr Cs,
M E , : (21)  (8h)
(T=0):
X=00<YKI1, a= 1; 1 SYK2 bo= 1;
X> 0 ao= bo= ro= so= 0.
X=0(X = VT), 0SYKI, a= ao; 1 SY K2, b=
0 t=20
(17) .
. , 4. (X )
T=dX/ W%. 0< T< T | ( X )
T 0<T<2xT |
, 2 , 27T, 1
T. O< T<jxT ,

> »

T,27T

5 y e

jT. T=16T,T= 20T

(a) T= 16T (b 7= 20T

2.3
, 199 % 12

0. 4, 79.6; Y 0. 166 7, 2. Vx = 100;

k1= 3800, k2= 1.56. (X = 79.6)

5 , , R X

B

|—<— Ly= VT —>| X

, X

brs

M = 02,
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Effective Solution Method of Chemical
R eaction Kinetics With Diffuse

LUHe xiang, QIUKunyu', CHEN Jian feng’
(1. Department of Engineering Mechanics, Key Laboratory of Structural Analysis
for Industrial Equipment, Dalian University of Technology , Dalian 116023, P. R. China;
2. Research Center of the Ministry of Education for High Gravity Engineering and Techn ology ,
Beijing University of Chemical Technology, Beijing 100020,P.R . China)

Abstract: The time integration method with four_order accuracy, self starting and implicit for the dif
fuse chemical reaction kinetics equation or the transient instantaneous temperature filed equation was
presented. The examples show that both accuracy and stability are better than Runge_Kutta method
with four_order. The coeffidents of the equation are stored with sparse matrix pattern, so an algorithm
is presented which combines a compact storage scheme with reduced computation cost. The compu

tation of the competitive and conseautitive reaction in the rotating padked bed is taken as examples
which shows that the method is effective.

Key words: step by step integration; diffuse; chemicl reaction kinetics rotating packed bed;

miao mixing



