Multicomponent distillation: tray-to-tray

Pzat Antoine databank.m

(See posted code.)

Psat;ﬁntuine.m

functicn Psat
§saturated wvap

Psat_Antoine( i, T )

-

fcomponents
¥i = 1: methancl
¥1 = Z: sthancl
%1 = 3: l-propanol
if 1 ==1
ii = 15;
2lzeif 1 == 2
ii = 1&;
glsze
ii = 17;
end
Psat = Psat_Antcine databank{ ii , T ):
end
f dew.m
functiocn T, x ] = f dew( B, ¥ )
focutputs: dew point temperature (degl),
finputs:  FESIUTE (mm Hg),

T = faclve(8dew,100.0);
for i = 1 : length(vy)

¥(i) = (i) * P / Psat_Antoine(i,T):
end

functicn [ lhs ] = dew( T )

1hs = -1;

for ii =1 length(v)

lhs = lhs + w(ii)

and

pressures from Antoine's equation for pure

calculations

fractions
fractions

* P / Psat_Antoine(ii,T);



end

end

f rop.m

function [ v ] = £ _rop( %, XD, R )

$vapor-phase composition entering stage from liguid-phase composition
%leaving stage, distillate compositicn and reflux ratic by mass balances
5("RB-cp line equaticn™) assuming constant molar flows

vo= (B *x +xIl / (R+ 1);

end

f tray to tray r.m

function [ ¥r, ¥r ] = £ tray to _tray r( F, xD, E, nr )
ftray-to-tray calculaticon for rectifving section of column

(xr(:,n) = liquid-phase composition leaving tray n
(5yr(:,n) = vapor-phase composition entering tray n
xr = zeros(length(xD),nr):

yr = zeros(length(xD),nr);

¥y = xD;
forn=1: nr
[T, ] = £ dew( B, v ):
¥=¢% rop( %, 0, R )2
Xr{:,n) = x;
yri:,n) = W
end
f bubble.m
function [ I, ¥ ] = £ bubble{ P, x )
fcutputs: bubble point temperature (degC), vapor-phase mole fractions
$inputs: pressure {mm Hg), ligquid-phase mole fractions

T = fsolwve (8bubble,100.0);
for 1 =1 @ length(x)
¥{i) = x(i) * Psat_&ntoine(i,T) /[ P:

=nd

functicn [ lhs ] = bubbkle (| T )



lhs = -1;
for ii = 1 : length(x)
lhs = 1hs + x(ii) * Psat_Antoin=(ii,T} [ E:
end
end

end

f sop.m

function [ x ] = £ sopi v, ®xB, 5 )

(liguid-phase composition entering stage from vapor-phase composition
(leaving stage, bottom product compositicon and reboil ratioc by mass
fbalances ("S-op line equation™) assuming constant molar flows

x=(3*y+xB) /(5+1);

and

f tray to tray s.m

function [ %3, ¥8 ] = £ _tray to_tray s( P, xB, 5, ns )
f(tray-to-tray calculaticn for rectifving section of column
§x3(:,n) = liquid-phass composition leaving tray n
$ys(:,n) = vapor-phase composition entering tray n

X3 = zeros(length(xB) ,ns+l);

v3 = zeros(length (xB) ,n3+l);

[ T, ¥ = f bubble{ B, =B )

x = f_sﬁpt v, ¥B, 3 );

xs(:,1) = x;

for m=1 : ns
[ T, ¥ ] = £ bubble{ P, x }:
x=f sopl ¥, ¥B, 3 ):
va{:,n+l) = w;
¥3(:,n+l) = =:

end

({Hot reguired)

$(boiling points

Fsat_Aantoine(l,64.8)
Psat_Antoine(2,78.3)
Faat_Antoine(3,97.2)



(plots of relative wvolatility as a function of temperature
T = linspace(60.0,100.0,9);

fori=11: 32
for =1 : &
Psat(i,j) = Psat _Antoin=(i,T(J)):
end
=nd

fori=11: 2
for =1 : 8
alpha({i,j) = Psat(i,]) / Psat(3,]j):
end
end

plot(T,alpha(l,:),'-r."',
T,alpha(2,:),"'-b."}
xlabel (" [%itc T} / degC')
¥label (' {\color{red} “alpha {L1,3}}, {‘color{blus} “alpha {Z,3}1"]
axis([&e0 100 1 5])

TEEREEERRRY

552 E%%%%%%gpecify distillation
EEERERERERE

(ipressurs

P = T760.0;

($fe=d

q=1;

xF = [ 0.30, 0.25, 0.45 1;

fdistillate

xD1 = 0.98; (choice
x03 = 5.0=-4; f(choice wvaries
xD = [ xD1, 1 - xD1 - xD3, xD3 ]:

(bottom product

XBl = 0.02; f(choice wvaries

D= (xF({l) - xB1 )} / (xD(1l) - =xBl}:
B = (xD(1) - xF{l)) / (xD(1l) - xBl):
xB3 = (xF(3) - D * xD(3)) / B:

xB = [ xBl, 1 - xBl - xB3, xB3 ]:
(reflux and rekoil ratics

E = 10.0; $choice wvaries
S=D/B* (R+4qg) +g-1;

EEREEEERERE



tray-to tray-calculations

nr = 20;
[ &r, yr ] = L_tray to _tray r( P, =D, R, nr };
ns = 20;
[ 23, v8 ] = L_tray to_tray s( P, ®xB, 5, ns };

EEEREEEERRE
EEEEEEEEEERdisplay
EEETTEEEREE

plot (tmp, tmpl, "-k', ...
XF (1), xXF(2),"rx’
xD(1y,=D(2),"3",
xB (1) ,=B(2), "+,
xr(l,:),xc{2,:),"-ka',
}ISI:l;:],KS{Z;::I,"—]-C—'}
Xxlabel('methancl mole fracticon')
wvlabel( 'ethancl mcle fracticn')
axis({[0 1 0 17])



Session:

>>» test Psat Antoins
ans =
T6Z2.6743
ans =
758.9120
ans =
759.6616
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»» distillation
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