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ntroduction.

his paper we consider the drying process of a homogeneous infinite

of an absorbent (Malto-dextrin) which contains initially about T0%

r and 1% acetone.

aim is to calculate the concentrations of water and acetone, ¢ and

respectively, as functions of time t and the depth x.

bractical purposes we are interested in quantities that can be measured
1ysical experiments, such as the average concentrations of water and

ne, as functions of t.

1e initial state the water concentration CO and the acetone concen=-
Lon c, are assumed to be uniform throughout the slab. The thickness

1e 0 slab in the initial state will be 21.

11s paper the subscript A will always indicate that the quantity

.oned is related with the acetone.

;atement of the problem.

.ew of the apparent symmetry of the model with respect to the central
: of the slab, we will restrict our considerations to the left half

le slab and take x = 0 at the surface and x = 1 at the middle of the

11 be assumed that the drying process is a diffusion process satisfying

'ollowing system of partial differential equations

de _ 5 ac
5t = ox (2le)l 3 ),
ac ac
A_ 9 _A
5t - ox (aled 3 )




D and DA are the diffusion coefficients of water and acetone,

tively, which are both functions of the waterconcentration c.
1itial conditions are

c(0,x) = cq >

1e boundary conditions are

ac _ _

) vl 0 for x = 1,
ac

) peenlh 0 forx=1,

ac _ _
) Do = N for x =0 ,
ac

) D A N for x = 0

A ox A ?

N and NA are the mass-fluxes at the surface of water and acetone,
ctively. The behaviour of D, DA’ N and NA as functions of c has
determined empirically by L.C. Menting of the Unilever Research
atory Duiven.

alculations resulted in the following functions.

D= a,, exp (—a12 / e) ,

D, = 8, €Xp (-a22 / Ve) ,
a,, = .018 , 8y, = 2100 ,
a.21 = 20 > 8o = 300

urse all these quantities depend on the the unities of length and

mtration we use.




) N =1k {.01888 - .02357 exp (- .00678 c(t,0))
6
- r [.0088 exp .0L5L5 (T + 2.146 ;-10 N,
- .004]} ,
) N, = k,c,(t,0) ,

e k, kA’ r, h and T are parameters defining the drying circumstances.

Jmerical approach to the problem.

oroblem has been solved numerically on the EL.X8 computer of the

smatical Centre, Amsterdam.

juation (2.1) with initial condition (2.3a) and boundary conditions
1) and (2.5a) is independent of the acetone concentration, we first

stigate the problem for the waterconcentration alone.

tain difficulty is that %% is large in the neighbourhood of the boundary
), inducing a still much larger spatial derivative for the diffusion
"icent D. This feature of the problem forces us to use a very dense

in this region of the slab. In order to allow suitable time steps

1ose the standard implicit difference-scheme for the numerical cal-
'ions. The problem being only one-dimensional, implicit methods have
'rious disadvantage, compared to explicit methods, as far as computing

is concerned.

ifferential equation (2.6) can be written in the form

Qo

) £L = p(

(o34

which the following difference analogue may be derived

n+1 n n+1 n+1 n+1
c. - C. c. - 2c. + c.
J_J_n J+1 J J=1
= D. {( )
dt J (dx)2
a cn - e cn+1 _ cn+1
(cn)e 2dx 2dx ?

J




shere dt and dx are the time- and the space step of the grid and where
the subscripts indicate the place in the spatial grid and the super-

scripts the place 1n the time grid.

Application of (3.1) gives a set of linear algebraic equations for the
n+1
c.

5 j=0,...,N, that can be solved by the double-sweep method.

b
The calculations have been preformed with a spatial step of length 1/100.

Tt turned out that with this grid the accuracy at x = 0 was not sufficient
as the waterconcentration showed a jump up to about 70% of the local value,

over the first spatial step.

Therefore, a still much finer grid is required at x = 0. To save computing-

time a non-uniform grid is used, constructed in the following manner.

The slab is divided into two regions. The first region (region I) contains
the smaller values of x, where the waterconcentration varies rapidly. The
second region (region II) contains the larger x-values, where the water-

concentration has only small variations.

In region I we use a non-uniform grid. At x = 0 we take a sufficiently
small steplength dxo ; the next steps dxn are defined by dxn = adxn . 9

=1
n=1,2,...k , a and k being suitable numbers.

In region II we use a uniform grid with a steplength that equals approx-
imately dxk. The choice of the "growing parameter" o and the number k 1is
rather arbitrary. o must be taken so that the growth of the steplengths
approximately fits the growth of the diffusioncoefficient D. Both o and
k were determined by experiment. It turned out that the choice of these

parameters is not very critical.

In the region of the non-uniform grid the derivatives are approximated by

1

ac 0. a=1

3¢ (=20,  +E—c. +——TcC.

dx ( 1+ Cj=1 s %5 7 al1+a) CJ+1) /ax o,
2 2c.

9¢c (-2 o 2 2
> 555 %o T o Y aliv cipp) /(A




the lefthand step is taken to be dx and the righthand step

approximations are of second-order accuracy.

his way we obtain in region I the following difference analo
tion (2.1)

n+] n n+1 n+1
c. - C. 2c. 2c.
) L d-pt 2 __ o) il
at J a(l+a) ~j+1 a 140
a t
+ 12 Jj+1 + a=1 PR . )
(cn)2 ala+1) a g 1+a —j=1
J
n+1
J+1 o=1 n+l _ _a  n+l
Gy + 5 < T i)/ (ax

sgion II difference scheme (3.1) is used.

reasons of completeness we shall now investigate whether the
) and (3.2) are convenient for application of the double-swet

method operates as follows.

lifference schemes are of the form

+ + + + + +
) BT T ontT kDo andl kD el
J J=1 J J J J+1 J
ne that
+ +
) c?+] = mO? ! ? 1 + m1?+] .
J J J+1 J

ning (3.3) and (3.L4) yields

n+1
mon+1 L l3i
. — + ’
J LA PL LAy
J J J=1
+
LI RL L tLy
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J n+1 n+l n+1 °
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. . . + .
undary conditions make it possible to solve the ch ! , J =0,1,2,.
. . . +1 +
st establishing all values for the mog and m]? ! and after=—=

substituting these values into (3.L4).

ethod is stable if

+ + +
11? "<o, 12? .o, 13? <o,

+ +1 + .
—1g2H 13? < 12? V' for all j .

easily seen that for difference scheme (3.1) as well as for differ

: (3.2) condition (3.8) is always fulfilled.

ion (3.7) gives rise to the following stability criterions.

fferencescheme (3.1)

a =t
(cn)2 N ’
J
v differencescheme (3.2)
a h
1 1+ 1 -
) o« s (e 4 2 L2 - ~9—-cg_ ) < 2
n2 ‘a(a+?) o J T+a J=1 o
(cj)

-ual computations a check on these stability criterions has been

borated.

tain a convenient boundary condition at x = 0 it is necessary to
te N from the implicit equation (2.8), in which cg is substituted
(t,0).

transcendental equation is solved by Newtons method.
21 ong mi™!
0 0

+ +
sary to calculate all other mO? 1 and m]? ! from formulas (3.5)

ary condition (2.5) provides the startingvalues mO

3.6). Boundary condition (2.4) provides the startingvalue c§+

+1
sary to calculate all other cj from formula (3.k4).




methods described allow us to compute the waterconcentration as a

tion of t and x.

acetone equation (2.2) is taken into account by a completely analo
oach.

the non-uniform grid is prescribed by the expected variation of th
usioncoefficient of acetone, since this coefficient varies more

dly than the diffusioncoefficient of water.

difference analogue of the boundary condition at x = 0 for acetone

s out to be quite simple
o n+l _ o n+1

=]

stability criterions that have to be fulfilled for correct applic:
ne double=-sweep method turns out to be

a Cn - Cn
22 "3+ J=1
l n r—ﬁ‘ ( h ) ‘ < 1 'y
2¢c. Ve,
dJ J

the uniform grid region and

v
~

n
a c.
22 J+1 a=1 n _ _a n 2
3) 2 < 5ol én ( al 1+a) * o Cj 1+a cj-] ) < a ’

J
she non-uniform grid region.

lgure 1 some results of the computations are given.
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L. The shrinking effect.

The results obtained by the computational methods described above did not
agree very well with the empirical results. A reason for this discrepancy
is that in reality the slab is shrinking during the drying process which

causes higher concentrations. Therefore the shrinkingeffect will be taken

into account.

We shall assume the shrinking to be one-dimensional, i.e. only the thickness
of the slab reduces during the drying process. To deal with the reducing
thickness we replace x by a new coordinate x . As new unity of length the
amount of slabthickness containing a fixed quantity of absorbent is chosen.
We teke this standard quantity to be equal to the amount of absorbent that
is contained in 1 cm slabthickness per cm2 surface at the start of the
drying process.

Clearly this change of coordinate not only affects the x, but also the

concentrations C and CA and the diffusioncoefficients D and DA'




‘elations between the new functions and the original values e

dx =—_—'dx,
o)

% T—CO

(¢] —1-C c

% 1-cO

A T 7=¢ Ca >
1=c . 2

* 0

D= (=) D,
1=c. 2

> 0

Dy = G=5) Dy -

we express the old values as functions of the new ones we ge

) ax = (1=-cy+c) ax,
) c=c/ (1 = cy * ) ’
> >

) cy = ¢, / (1 = ¢, +c ),

s 1—c0+c.x~ D
) D = a,, exp (—a12 — )/ (1 = cy *t e )7,

1=c . +c

> = - 0 - * 2

) DA = a,, exp ( a5, C*_ ) / (1 cy * e )<,

is formulas the effect of the changing acetone concentration

aickness is neglected.

not difficult to show (see [1} chapter XI) that the form of
sion differential equations (2.1) and (2.2) can be maintainec
>ordinate system.

can use as differential equations

=—— (D D)

0xX 9X
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and
: dc. 9 N
[¢] (]
A _ * A
(2.2a) T - = (D, —% )
9X 0X

Of course, the boundary conditions have to be

transformed correctly into

the new coordinate system, but no essential difficulty is encountered here.

After computing the concentrations c*' A

> . >
and ¢, as funtions of t and x the

original values c and c, have to be calculated from (k.1), (4.2) and (L4.3).

In fig. 2 the results of the calculations are
At the end of the paper ALGOL 60 program with

preformed is given.

shown.

which the calculations were
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L alternative sapproach.

also possible to deal with the large coefficients of the differentisal

ions by introducing a coordinate transformation.

all sketch this method for the water equation alone. First we intro-
dimensionless variables in such a way that thecboundary conditions
mposed at x = 0 and x = 1, and that the diffusion coefficient D becomes
orm: _2

D= e °© .
is dimensionless equation we introduce the following coordinate

formation.

—
]
—
ct

g
—
-

ct
~
o}

o

:ransformation maps the interval 0 <x<lon0O<g <1

ve substitute these new variables in the boundary value problem
), (2.4a), (2.5a) we yield
=1

oc _ 1 8?0 + £ §__[ aC1 + 1__((3c—1)2 + (82c-1)
= s
ot T aE2 o0& ot T2 o0& ag2

youndary conditions

Voo 2< - .
DD1 £ = N at £ =0 ,
ac _

5 = 0 at £ =1




]2

=1
‘e observe that ng is negative and, therefore, the coefficients of

quation (5.2) are not large.

'hough the differential equation has been transformed to a suitable form

‘or numerical treatment, one encounters in this method two basic difficul

. The first one is caused by the fact that the steepness of the con-
sentrationcurve near the boundary x = 0 (£ = 0) is not only due to the
.arge coefficients in the differential equation, but is also influenced
5y the boundary condition at x = 0 (& = 0) ; when the drying process proc
-his influence increases and in the later stage of the process the bound:
sondition even overshadows the differential equation.

{ow in condition (5.3) we still have a factor\fﬁ ; thus the boundary

sondition still causes a very large spatial gradient for the concentrati

2. The second difficulty arises when we take the acetone equation into
account. Then we have to preform transformation (5.1) with the diffusion
coefficient that changes most rapidly with changing waterconcentration.
This will be D,. In this way we can transform the acetone equation quite

A
easily, but now the water equation becomes very complicated.

As transformation (5.1) complicates the calculations and the difficultie
mentioned make it very difficult to perform the numerical calculations

straight-forward, this approach was rejected.
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tin comment Opdrachtnr, 8169 , codenr., GJRF240268/VIIa. Impliciet

schema op ongetransformeerde coordinaten , met verlopend rooster,

later en aceton beide , Correcties voor het krimpen van de slab

langebracht, Nieuwe diffusiecoeff, en nieuwe randvoorwaarde, ;

nteger K;

(= READ; -

egin integer n, nl1, n2, K1, K2, I, I1, 12, i, j, J, itereer,
itereerT, s, pl, P2, D3, D4;
real alfa, alfal, beta, betal, cO, c1, c2, cvl, ca0, cal, ca2,
cval, cv2, cva2, cK, cKa, K1, cmin, cmax, r, 1, tijd, plaats,
all, al2, a21, a22, D, DA, 41, dx1, dt, dt1, 4t2, dt3, dtmin,
dtmax, dtmaxt, dx, 42, 43, d0, lambda, draaitijd, tijdmax,
fluxO, flux1, fluxaO, fluxal, integraalO, integraalil,
integraalal, integraalal, lambdal, 11, 12, 13, lal, la2, la3,
ml0, m1, m20, m21, mal0, mall, ma20, ma2l, flux, fluxa,
integraal, integraala, epsl, eps2, eps3, fluxmaat, s1, s2, s3,
sk, sal, sa2, sa3, di, 45, lengte, ka, kw, h, gamma, delta,
tijdmaat, tijdmaatl, tijdmaat2, tijdmaatmin, tijdmaatmax, int1,
int2, intal, inta2;
array stap, c, cv, cvv, ca, cva, cvva, ml, m2, ml, ma2[0:K];

procedure LT(r, s); real r; string s;
begin ri;= READ; NLCR; PRINTTEXT(s); FLOT(5, 1, r); NLCR end;

procedure Input;
begin PRINTTEXT(4 resultaten gjrf2lo0268/viia 3$); NLCR; NLCR;
RUNOUT; PUTEXT(
esultaten GJRF2L0268/VIla, De waarden van de flux en de integraal,
); PUNLCR; PUNLCR; PRINTTEXT({ k = %); PRINT(K); NLCR; LT(K1,
im =3); LT(I1, ¢ 11 =3); LT(I2, ¢ i2 = }); LT(p3,
p3 = 3); LTépL“ ph = }); LT{alfa, { alfa = });
LT(itereerl, ¢ aantal iteraties = 3}); LT%l, 41 =3%); L1(r,
r = }); LT(lanbdal, ¢ lambdal = 3); LT(cK,
beginconc,water = }); LT(cKa, ¢ beginconc.aceton = 3});
LT(all, ¢ all = }); LT(al2, ¢ al2 = }); LT(a21, ¢ a21 = 3});
LT(a22, ¢ @22 = }); LT(epsl, ¢ epsl = 3}); LT(eps2,
eps2 = 3}); LT{eps3, ¢ eps3 = }); LT(at, ¢ at = }); Lr(at1,
at1 = 3); LT(dtmax, ¢ dtmax = 3}); LT(dtmax1,
dtmaxl = }); .LT(dtmin, i dtmin = 3}); LT{ax, ¢ dx = });
LT(ka, 4 ka = 3}); LT(kw, § kw = 3}); LT(h, ¢ h = 3});
LT(tijdmax, 4 tijdmax =3); LT(J, ¢ J = }); LT(camme,
gamma, = }); ‘if J < O then
for n:= O step 1 until K do
begin c[n]:= cvln]:= cvv[n]:= cK;
calnl:= cva[n]:= cvva[n]l:= cKa
end; ,
if J > 0 then
for n:i= O step 1 until K do
begin c[n]:= cvin]:= cvvln]:= READ;
caln]:= cvalnl:= cvva[n]:= READ
end :
end Input ;




14
icedure Output;
Tn RONOUT; PUNLCR; PUNCH(K2); PUNCH(K1); PUNCH(3); PUNCH(I2);
TONCH(p3); PUNCH(p4); FLOP(S, 1, alfa); PUNCH(itereerl);
FLOP(5, 1, 1); FLOP(5, 1, r); FLOP(5, 1, lambdal);
FLOP(5, 1, cK); FLOP(5, 1, cKa); FLOP(5, 1, all);
FLOP(5, 1, al2); FLOP(5, 1, a21);
FLOP(5, 1, a22 X sqrt(1000)); FLOP(5, 1, epsl);
FLOP(5, 1, eps2); FLOP(S5, 1, eps3); FLOP(5, 1, dt);
FLOP(5, 1, dat1); FLOP(5, 1, dtmax); FLOP(5, 1, dtmax1);
FLOP(5, 1, dtmin); FLOP(S5, 1, dx); FLOP(5, 1, ka);
FLOP(5, 1, kw); FLOP(5, 1, h); FLOP(5, 1, tijdmax); PUNCH(1);
FLOP(5, 1, gamma); RUNOUT;
for n:= 0 step 1 until K2 do
begin FLOP(13, 3, clnl); FLOP(13, 3, calnl) end;
RONOUT; FLOP(5, 1, draaitijd); PUNLCR; -
FLOP(13, 3, tijdmaatmin); FLOP(13, 3, tijdmeatmax); PUNLCR
1 Output ;

11 procedure f(c); value c; real c;
EEE integer n;
Teal k1, k2, k3, kb, k5, k6, k7, f1, f2, N1, N2;

KT:= kw X .01888; k2:= = kw X ,02357; k3:= = ,00678;

kbhe= — kw X r X ,0088; k53= ,045L5 X 21,53

k6:= Lshs5 x 24,45 / h; k7:= ,004 X kw X r; Ni:= 0; ni= 0;
ni=n + 1; f2:= kb X k6 x exp(k5 + k6 X N1) = 13

fle= k1 + k2 X exp(k3 X ¢) + kb x exp(k5 + k6 X N1) + k7 = N1;
N2:= N1 — f1 / £2;

if abs(N2 — N1) > = 3 X abs(N2) + , — 10 A n < 4O then
begin N1:= N2; goto B end;
iT n = LO then PRINTTEXT(4 convergeert niet 3}); fi= N2

3

ccedure Beginrooster;

’in plaats:= 0; d3:= dx / alfa;

Tor n:= 1 step 1 until K1 do

Degin d3:= d3 X alfa; stapln]:= d3; plaats:= plaats + 43 end;
= entier((1l — plaats) / d3); daxi:= (1 - plaats) / K25 =

lambdaz= dt / (dx1 X dx1); alfal:= alfa + 1; betas= dx1 / a3;

betal:= beta + 1; K2:= K2 + K13

for n:= K1 + 1 step 1 until K2 do stapln]:= ax1; NLCR;

PRINTTEXT(4 aantal netpunten =}); PRINT(K2); NLCR; PRINTTEXT(

4 ax1 = }); FLOT(5, 1, dx1); NLCR

d Beginrooster ;

ocedure Schemelt;
gin tijd:= tijd + dt; NLCR; PRINTTEXT({ tijd = 3);
“FTOT(5, 1, tijd); NLCR; PUNLCR; PUTEXT({ tijd = 3});
FLOP(5, 1, tijd); PUNLCR;
ER: cl:= c[0]; c2:= c[1]; cKli= 1 = cK + c1;

D= all X exp( — 212 X (K1 / c1) A gamma) / (K1 X cK1);
cal:= cal0]; ca2:= cal1];
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21 X exp( = a22 / sqrt(cl-/ cK1)) / (K1 X cK1);
dx; flux:= £(p3 X c1 / K1) / D; if pl < O then
miOs= 1; m203= - d2 X flux end

3in

5e

tin m10:= 0; m20:= cmin; PRINTTEXT({ randcorrectie}); NLCR

15

U < 0 then

tin ma10s=1 / (1 + dx X ka / (DA x cK1)); ma20:= 0 end

e

tin mal0:= 0; ma20:= O end;

0]s= m10; m2[0]:= m20; ma1[0]:= ma10; ma2[0]:= ma20;

:reer:= itereer — 1; PRINITEXT({ iteratie no.});

NT(itereer! — itereer); NLCR; comment Hierna BLANK ;

*ni= 1 step 1 until K1 = 1 do

‘in cO:= ci1; cl3= ¢2; c2i= c[m + 1]; cal:= cal; cali= ca2;

a2:= caln + 1]; d1:= d2; d2:= A1 X alfa; cKli= 1 — cK + o1}

leltas= (K1 / c1) A gamma;

2= all X exp( = al2 X delta) / (cK1 X cK1);

Az= a2l X exp( — a22 / sqrt(el / cK1)) / (cK1 X cK1);

1:= (212 X gamma X delta X (1 — cK) / (c1 X K1) = 2 /

K1) X ( = alfa / alfal X cO + c2 / (alfa X alfal) + (alfa

1) / alfa X c1); s3:= dt X D / (d1 X 41);

a3:= dt X DA / (d1 X a1);

al:= (.5 X a22 X (1 = cK) / (c1 X sqrt(cl X cK1)) = 2 /

K1) x ( = alfa / alfal X cO + c@ / (alfa X alfal) + (alfa

1) / alfa X c1); 11:= s3 X (2 = s1 X alfa) / alfal;

f 11 < O then

egin PRINTIEXT(4 verraad water 3); PRINT(n); NLCR end;
i==1-53X(2~s1x (alfa— 1)) / alfa; -

= 83 X (2 + s1) / (alfa x alfal);

:= sa3 X (2 = sal X alfa) / alfal; if lal < O then

in PRINTTEXT(4 verraad aceton %); PRINT(n); NLCR end;

i= =1 - sa3 X (2 - sal x (alfa - 1)) / alfa; -

:= sa3 X (2 + sal) / (alfa X alfal);

=1/ (11 Xm0 + 12); sa2:= 1 / (lal X mal10 + 1a2);

3= = 13 X 825 m21:= — (cv[n] + 11 X m20) x s2;

= ml0:= ml1; m2[n]:= m20s= m21; mall:= — 1a3 X sa2;

— (cvaln] + 1al X ma20) x sa2; malln):= mal0:= mall;

= ma20:= ma2l

e

gwl\)

(]
0R

- = jup @
I\

’

nent Hierna BLANK ;

= cl; cla= c2; c2:= c[K1 + 1]; caO:= cal; cali= ca2;
:= calK1 + 1]; di:= d2; d2:= dx1; cKl:= 1 = cK + c1;
tas= (K1 / c1) A gamma;

all X exp( = a12 X delta) / (cK1 X cK1);

a2l x exp( = a22 / sqrt(cl / cK1)) / (cK1 x cK1);

(a12 X gamma X delta X (1 = cK) / (c1 X K1) = 2 / K1)
— beta / betal X cO + c2 / (beta X betal) + (beta — 1) /
a1 X c1); s33= dt x D / (a1 x d1);

;= dt X DA / (41 X da1);
t= (.5 X a22 X (1 = &K) / (el X sqrt(el X cK1)) = 2 / K1)

— beta / betal X cO + c2 / (beta X betal) + (beta — 1) /

1 X ¢1); 11:= 83 X (2 = s1 X beta) / betal;
.1 < 0 then
.n PRINTTEXT({ verraad water 3}); PRINT(K1); NLCR end;
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2:=—1=12583x% (2 =151 x (beta — 1)) / beta;
33= 83 X (2 + s1) / (beta X betal);
al:= sa3 x (2 — sal X beta) / betal; if lal < O then
yegin PRINTTEXT({ verraad aceton 3}); PRINT(K1); NLCR end;
B2i= — 1 = sa3 X (2 = sal X (beta — 1)) / beta; -
a3:= sa3 X (2 + sal) / (beta X betal);
2= 1 / (11 X ml0 + 12); sa2:= 1 / (lal X ma10 + 1a2);
M= = 13 X 825 m21:= = (cv[K1] + 11 X m20) X s2;
1n[K1]:= ml0:= m1; m2[K1]:= m20:= m21; malli= = la3 X sa2;
121:= — (cvalK1] + lal X ma20) x sa2; mal[K1]:= ma10:= mall;
122[K1]:= ma20:= ma21; comment Hierna BLANK ;
or n:= K1 + 1 step 1 until K2 = 1 do
Segin cO:= cl; cli= c23 c2:= c[n + T]; Kli=1 = K + cl;
ca0:= cal; cal:= ca2; ca2:= caln + 1];
delta:= (cK1 / c1) A gamma;
D:= all X exp( = a12 X delta) / (cK1 X cK1);
DA:= a21 X exp( — a22 / sqrt(cl / cK1)) / (cK1 X cK1);
1:= .25 X (a12 X gamma X delta X (1 — cK) / (c1 X cK1) =2
x (c2 = c0);
ali= .25 X (.5 X a22 X (1 = cK) / (c1 x sqrt{cl x cK1)) -
/ cK1) x (c2 — c0); s3:= lambda X D; sa3:= lambda X DA;
11:= s3 X (1 = s1); if 11 < O then
begin PRINTTEXT(4 verraad water.¥); PRINT(n); NLCR end;
Tapi= — 1 — 2 X sa3; la3:= sa3 x (1 + sal); -
12:= — 1 = 2 X 83; 13:= 83 X (1 + s1);
lal:= sa3 X {1 — sal); if lal < O then
begin PRINTTEXT({ verraad aceton 373 PRINT(n); NLCR end;
s2:= 1 / (11 x ml0 + 12); sa2:= 1 / (lal X ma10 + la2];
mile= = 13 X 825 m213:= — (cvin] + 11 X m20) X s2;
mi[nl:= mO:= m1; m2[n]s= m20:= m21; mall:= — la3 X sa2;
ma21:= — (cvaln] + lal X ma20) x sa2; malln]l:= ma10:= mall;
ma2[n]:= ma20:= mal1
end;
comment Hierna BLANK ;
D= cr:=mel / (1 = m1); c[Kels= clk2 = 1]:= c1;
ca2:= cal:= ma2l / (1 — mal1); calk2]:= ca[K2 = 1]:= cal;
plaats:= 1 — dx1; FLOT(5, 1, 1); FLOT(5, 1, c2);
FLOT(5, 1, ca2); SPACE(35; FLOT(5, 1, plaats); FLOT(5, 1, c1);
FLOT(5, 1, cal); SPACE(3); integrasl:= O; integraalai= O;
int2:= 2 X ¢l X dx1; inta2:= 2 X cal X dx1;
if itereer > O then
Pegin for n:= K2 — 2 step — 1 until 1 do
begin c2:= cl; cl:=mln] X ¢2 + m2[n]; c[n]:= cl; ca2:= cal;
cal:= malln] X ca2 + m2[n]; caln]:= cal;
d0:= stapln + 1]; plaats:= plaats — d0; intl:= int2;
int2:= (c1 + c2) X d0; intal:= inta2;
inta2:= (cal + ca2) X dO;
if ((K2 = n) : 2) x 2 = K2 — n then
Begin integraal:= integrasl + (Intl + int2 + 2 X d0 X c2)
/ 3;
integraalai= integraala + (intal + inta2 + 2 X 40 X
ca2) / 3
end;
FTOT(5, 1, plaats); FLOT(S5, 1, c1); FLOT(5, 1, cal);
SPACE(3); if (n : 4) X 4 = n then NLCR

oo es |

1

D n~~n
=




17
end;
ni= n— 1; cOt= mi[0] x c1 + m2[0];
caO:= mal[0] X cal + ma2[0]; cvi:= cv[0];
if cO < cmin + epsl + abs(cvl = cO) then
oegin COs= cmin; pli= 1 end;
cl0]s= c0; cal0]:= ca0; FLOT(5, 1, 0); FLOT(5, 1, c0);
TLOT(5, 1, cal); NLCR; intl:= int2; int2:= (c1 + c0) X dx;
intal:= inta2; inta2:= (cal + cad) X ax;
if ((K2=n):2)X2=K2~n then
cegin integraal:= integrasl + (Intl + int2 + 2 X dx X cl) /
35
irtegraslat= integraala + (intal + inta2 + 2 X dx X cal)
3
ené
s1se
regin integraalé= integraasl + .5 X int2;
integrazlat= integraala + .5 X inta?
2nd;
RINTTEXT(4 integraal water = 3}); FLOT(5, 1, integraal);
LCR; PRINTTEXT(4 integraal aceton = %);
LOT(5, 1, integrasla); NLCR; FLOP(5, 1, integraal);
USPACE(5); FLOP(5, 1, integraala); PUNLCR; goto ITER;
:omment Na volgende else ELANK ;
i
je
fin cv2:= cvv[K2 = 1]; cvis= ov[K2 = 11; cwlK2 = 1]:= cvi;
[K2 — 1]3= ¢l cvalk2 = 1]:= cal; if s < O then
regin tijdmeats= 2 X abs(cv2 / (dt2 X dt1 + dT2 X dt2) — cvi
7 (dt2 X dt1) + el / (dt2 x ati + atl x at1));
tijdmaat2:= tijdmaat
nd;
Or ni= K2 — 2 step — 1 until 1 do
legin c23= cl; Cl:= m[nT X c2 + m2lnl; cv2:= cvvinl;
evli= cvlnl; cvvlnl:i= evi; c[nli= cv[nl:i= c1;
if s < 0 then
begin tijdmeat:= 2 X abs(cv2 / (dt2 X At + At2 X dt2) —
cvl / (at2 x at1) + e1 / (at2 x dat1 + dt1 x dat1));
if tijdmaat2 < tijdmaat then tijdmeat2:= tijdmaat
enﬁ?
caZ:= cal; cal:= malln] x ca? + ma2[nl;
ca[n]s= cvalnl:= cal; d0:= stapln + 1];
plasts:= plaats — d0; FLOT(5, 1, plaats); FLOT(5, 1, c1);
FLOT(5, 1, cal); SPACE(3); if (n : 4) x I = n then NLCR;
int1:= int2; int2:= (c2 + c1) x d0; intal:= intal;
inta2:= (cal + ca2) x d0;
if ((K2 = n) : 2) X 2 = K2 = n then
begin integraal:= integraal + (ImT] + int2 + 2 X 40 X c2)
7 3;
integrasla:= integraala + (intal + inta2 + 2 X dO X
ca2) / 3
end;
nd;
omment Hierna BLANK H
O:= mi[0] X c1 + m2[0]; cal:= mai[0] X cal + ma2[0];
viz:= cv[0]; if <O < cmin + epsi + abs(cvi = cO) then
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begin cO:= cmin; ple= 1; J:= J + 1 end;
FLOT(5, 1, 0); FLOT(S5, 1, c0); FLOT(5, 1, ca0); NLCR;
c[0]:= cO; cv2i= cvv[0]; cvis= cv[0]; cv[0]:= cO;
cvwl[0]:= evl; cal[0]:= cal; cva[0]:= ca0; if s < O then
begin tijdmaat:= 2 x abs(cve / (dt2 X dt1 + dt2 x dt2) — c
7 (dt2 X dt1) + c0 / (dt2 X atl + dtl x dt1));
if tijdmeat? < tijdmaat then tijdmaat2:= tijdmeat
enﬁ?
n:i= n — 1; integraalO:= integraall;
integraala0:= integraalal; fluxO:= fluxl; fluxaO:= fluxal;
int1:= int2; int2:= (cO + 1) X dx; intal:= inta2;
inta2:= (ca0 + cal) X dx;
if ((K2 = n) : 2) Xx 2 = K2 — n then
begin integraall:= integraal + (intl + int2 + 2 X dx X c1)
7 3-
integraalal:= integraala + (intal + inta2 + 2 X dx X cal.
3
ené.
else
begin integraall:= integraal + .5 X int2;
integraalals= integraala + .5 X inta2
end;
PRINTTEXT (4 gemiddelde waarde water = 3});
FLOT(5, 1, integraall / 1); NLCR; PRINTTEXT(
4 gemiddelde waarde aceton = 3});
FLOT(5, 1, integraalal / 1); NLCR;
FLOP(5, 1, integraall / 1); PUSPACE(5):
FLOP(5, 1, integraalal / 1); PUNLCR; cKi:= 1 — cK + cO;
fluxli= p = 3 X al1 X exp( = a12 X (cK1 / c0) A gamma) X
(c1 = c0) / (dx x cK1 X cK1);
fluxals= p — 3 X 821 X exp( — a22 / sqrt(cO / cK1)) X (cal
— ca0) / (dx X cK1 X cK1); PRINTTEXT(4 flux water =});
FLOT(5, 1, flux1): NLCR; PRINTTEXT(4 flux aceton = 3}):
FLOT(5, 1, fluxal); NLCR; PRINTTEXT({ controle water 3});
SPACE(5); FLOT(5, 1, .5 X dt X (fluxO + flux1)); SPACE(3);
FLOT(5, 1, integraalO — integraall); NLCR; PRINTTEXT(
4 controle aceton 3}); SPACE(5);
FLOT(5, 1, -5 X dt X (fluxaO + fluxal)); SPACE(3);
FLOT(5, 1, integraalaO — integraalal); NLCR;
FLOP(5, 1, flux1); PUSPACE(5); FLOP(5, 1, fluxal); PUNLCR
and

“Schemel ;

1t; a223= a22 / sqrt(1000); Beginrooster; tijd:= O3 s:= 1;

= = 1; LT(dreaitijd, ¢ draaitijd = });

k12= £(p3 X cK) X p = 33 fluxal:= y = 3 X ka X cKa;
sgraall:= 1 X cK; integraalal:= 1 X cKa:

2= = 5 =1 X 1n((,1888 + r X ,0k = r X ,088 x exp(.U545 X
5)) / .2357) / .678; PRINTTEXT({ cmin = 3}); FLOT(5, 1, cmin)
R; js= 0; cmini= cmin X (1 — cK) / (1 = cmin); PRINTTEXT(
min gecorrigeerd = *); FLOT(5, 1, cmin); itereer:= itereerl;
emel; fluxmaat:= fluxal;

i:= 1 step 1 until I1 do

in itereer:= itereerl; Schemel end;

Tmast:= tijdmmatl:= abs(cv2 + c0 = 2 X cv1) / (dt X dat);
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dt; dt:= dt1; NLCR; if J < O then

tijdmeatmini= tijdmaat X dt2 7 dtmax;
jdmeatmaxs= tijdmaat X dt2 / dtmin

tijdmaatmin:= READ; tlgdmaatmax READ end;

IEXT(4 tijdmaatl = 4), FLOT(5, 1, tijdmaatl); NLCR; s:= — 1;

eri= itereer!; Schemel; dt2:= dt; itereer:= itereeri;

sli; if p3 < O then

NLCR PRINTTEXT i% zelfzoekende tijdstap begonnen, #): NLCR;

rois= step 1 until I2 do

zin at3:= dt X Tambaal X ©ijdmaat / tijdmaat2;

Lf J =10 then

>egin tijdmaatmini= tijdmaatmin X dtmax / dtmaxi;

T dtmax:= dtmax!

>nd; ‘

{LCR; PRINTTEXT({ tijdmaat = 3); FLOT(5, 1, tijdmaat2); NLCR;

Lf dt3 > dtmax then dt:= dtmax else

>eg1n if dt3 < dtmin then
begln NLCR; PRINTTEXT(4 gevaar 3); NLCR; dt:= dtmin end
else dts= dt3 -

=Pd,

ambda:= lambda X dt / dtl1; dt2:= dt1; atl:= dt;

f tijdmaeat2 < tijdmeatmex A tijdmeatmin < tlgdmaatE then

,1Jamaat1,— tijdmaat2;

T tijdmeat2 < tijdmaatmin then tijdmaatl:= tijdmaatmin;

T tijdmaatmax < tijdmaat2 then tijdmaatl := tijdmaatmax;

Tereer:= 1tereer1, Schemeh 1f tijdmax < tijd then

legln Outputs; EXIT end

f fluxal < eps3 X Tluxmaat then

regln Cutput; EXIT end;

f time > draaltlgd then

egln Output; EXIT end,

a

= 1 step 1 until I2 do

itereer:= itereerl; Schemel; if tijdmex < tijd then
in Output; EXIT end; ‘“ - )
fluxal < eps3 X Tluxmaat then

1n Output; EXIT end;
tTime > draaltlgd then
iﬂ Output; EXIT 229’

T







