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‘
Alter studying this moduic, the student shontd fre atte |J||
1
* Develop the dynamic modeling ennations fur idag! binary dislillation Ir||
* Solve for the steady-siate i
* Linearize mind fnd the state space modcl i!
* Understand the dynamic behavior of distitfation colnmms y
* Use MATLARB for steady-state and dynanmie sknmlation
The major sections of his modyie ale: .
MIGT  Backgrousd
MIL2  Concepruai Bescaiption of Distillution i
M3 Dynamic Muserial Balances "
M1G4  Solving the Steady-State Fguations
MIDS  Solving the Nomdinear [¥ynamic Fguations
WMis  Srate-Space Linear Dissilation htoedels
Mi1E7 Multiglicity Behavior
11
M10.1 BACKGROUND
Distillation is & common separation technique for liuiet streams COMTEEniit (Wo 0T hinore
componenks and i one of the mope iportant ke opeestions in chemicat tranufactaring
processes, Desien and countral of distiltation i imposiant in order to produce product
stieams of renuived purity, either [or sale or far se in other chemiva] procesges,
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Drstillalion is based on the separation of compogents of a Fiogejct ntixtare by virtee
of the dilterences in boifing points of the components, For iTustiagion purpases, we wifl
base mur discnssion on e sepicetion of ouid stropms CONLAHNIT WD Components (hi-
_aary mixmrc;._Wc witl rofer to the pme conmponedt that boils at & lownr lemperstie ag
'?E?"ﬁgﬁu'unmpunem 4nd the pure component thar boils s a higher tempersiore a5 fhe
Reavy conmpmend. For exaiamte, in & mixtre of benzene amd tlcae, henrene is e lighe
component and tolurne is e heavy componesnt.
A saturated Bguid mixtmre of two COIRPOICALS &k & given cancenlration is in egilih-
TN with s vapor phase gt has 4 Lipher concentration of the light compoment than the
Liquid phase. !,e{_:_f:gepmﬂam ihe mobe fraction of the light compouent in the Bk phase
G| prresent e inode Fraction of the Light component in the vapor phase, Consider Fip-
e MIGT a5 4 conceptrat representation of phase (vapourtiquid) equitibricn, The Aty
rated liguid i I equiiibrivm with a saturated vapurr, The comemtration of he light com-
{p:}ncm will b Barger in the vapor phase than the liquid phiise,
Figure M10.2 iz an exarple of an equiliboumg dingram that represents the rebation.
ship boiween e bk and vapor phase CEnpasitions fmaole fractiom} For exmpke, i e
liquid compesition is 05 moke fraction of the light componant, we lind fiom Figere
M2 theat the vapor composition is (7,
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Fw ideqi :11E=x[}i__rﬁ'._s_~__i= Is common i mmodet ge pliase eqrilifrium relitinnship basad

UM COMS{ERE rolatve volarility
i‘ . [5 3y
I i_ f?mti}_r : (AE0.1)

where « is knowa 2z Lhe relative volutility, Fipnre M 102 wus generaled bused an cqua-

tiom (MO} with o = 2 5,

M10.2 CONCEPTUAL BESCRIPTION OF DISTILLATION

The ftlowing iz a conceptanl description of the aperation of a binary (twi-componanty
distitlation colunu, The Teed typically cnters close 1o the middic of the colnmnn (ahorve the
teed stage), us showe o Figure M I3, Vapor fluws from SkAge 10 stage up the colagmm,
while Tiquid Thrws from stage o stage down the columy. Tix VT Framt the top tey s
condensed to Henid in the overbiead eondenser and « portion of that liquid is relrmed ag
J eetlix, The rese of that vapor ks withdrawn as the overiesd praduct stream; this overhieud
product streain contming g euncentralod amount ol the fight compunens. 4 Deation of the

| toguid at the bolton: of the crdumn i withdrawn as 4 Brtoms product (eanlaining a con-
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FIGURE MI8.2  Schormmic diagram for & distifsion colurmn,
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FIGIREMIOd  Schematic disgran
oy distilfaifon columm way.

centrated amonet of the heavy component), while the rest s vaparieed i the rehodler amg
retamed to the column.

The lignid from onc fray goes over a weit and cascades down to the noxt tray
throurgh a downcomer, As the liguid woves aceoss a tEAY, 1t COMmes i Coatact with (he
vapar from the tray bebow, The schematie diagram for & sieve f1ay is shown in Flgure
MI10.4.

Generatly, as the vapor from tie ray below comes in contact with the Hequid, turhn-
tenl wiking is promated, Assuming that the mixiseg is perfecl, allows ane to moded e
stagr as & fumped para:ﬂ'ufer_sjrswm, as shown in Figure M10.5, Nolice that thi: vipor

“fram slage i'% modsled as wsinple slmam with molar Aowrate Vi and lght componen
vapor componttion {mole fraction) ¥ The beuid leaving stage § tlacigh the downcomer is
tnodeled s a sinple stream with malar flowrate I, and tight enmpient Hanid composi-
ten {mole: fraction) x,. ST T

The ennceptual diagram For the feed skage is shown In Fipne MI0.6. 1L differs Irom
Yigure M10.5 in that an additionat mput o the stage ix from the feed o the cofumm,

LN Vi

FIGUREMILS Concepiual materiaj
L Vi %e:  bofance diagrsm for a |ypical stage.

Laet Xor t Vr¥or

Fap ; nt

FICURE MI0.6  Cunceprual materisl
Lordr Vars ¥arer bisbance diggram for the feet SiupL.
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Sec, M10.3 Prynamnic Materiz| Balancos 601
DYNAMIC MATERIAL BALANCES
M10.3.1  All Stages Except Feed, Condenser, and Rehoilar

‘The component batance for the yuid phise of o typical stagc as shown in Figmere
MAILS a:

aceemylation lavid from vapor from |iguid vapmr
tray abowe  tiay below  leaviag boaviseg

— T T T L, — Vi (il 2y

where M is the liutd molar hobdup on stase 7.
For this stple binary distillation modet, we will make the common asvumption uf

coitmolsl gverifow (King, 1980). For any stape except the feed stage, we assume that the
vapor fleweate from one stage is equal to the vapor mobar flowrate of e stage below:

Vi— Vig ade {M10.3}
and hat g Hepnld loaving the stage i3 aipeal 1o the Hquid flowing from one slage aboye:
Li=4; (MAG.4)
.-'._lﬁ. V‘
M10.3.2 Fged Stage 3; Lt
i

Tt g represend the gueality of the - feedsiroam, il the feed is a saturated liguid, e gqp= 1,
while gp = & for a samgted vapor. The vapor molay fowrate leaving the feed stugre is
{where M = number uﬁe fued stage)

T
L V= Vo L g) (MI0.5)

Simnilarty, the Iéquid iodat flowrate of the strearn teaving the food stage in:

Lyp = Lypy ¥ Fyp (M1e.6)

.?p‘ 1

M19.3.32 Condenser

A el condenser removes cretpy frum the overhesd vapor, resulting in a satoraged lig-
uid. Assuming 3 constant podar haldup in the distiliale receiver, the total liguid [Fonwrate
from the distiliate Teceiver (reflux + distilate flows) iz equal to the flowrate of the vapor
frome the top ray:

Lot D=V, (MI0T)

where L, and T sepresent Gu reflus and distiltale molar flowrates, respeetively,
s 2

Lo T g o
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M1G.3.4 Reboiley

A total ardciial bakance armound the reboiler viglds: T ;j;'n
B = Lver = Vieoaier {(Mi0.8) ‘]*:
where V. B e reboiler motar flowrate and B i5 the bottoms product molar flowrate.
M10.3.5 Summary of the Modeling Equations
‘Lhe rectifying seclion {top scotion of colunn, above the foed stape) Houid mobsr Aowrates
" are:
Le=Ly, (M10.9)
The stripping scetion (holtom section of coltenm, bebwy the feed stage) Benid molar
- Howrales are
L= iﬁ + Py, (M0 B
The stripping section vupor molar Bowntes are:
Vs = Votuiier {MEDLED)
The rectifying scction vapor inolsr flowrates are: _
Vie= Vg + F(L - 4,) EMEHDL 12}
In tite Joklowing we assine a constant Frquid phase mobar hnIdup (dM;dr} =) f-q’ - i)
The overhead receiver eomponent balance ja: / A L YRS
x f L Vit ‘
: i
d—;-— -—[V (p, | xi}] L ¢ . U1 K
The rectifying section componest belance is (from i = 2 bt M1
tix; N3
i M, ELﬂxr—t + Vades, — Lp¥— Voud (hi10.14)
The feed stape balanes is;
ir:w.- I. .
C o = o [l F VeVunsy + Fep— Lso - Vivind {MI.15)
it My
The rectifying section corpanent balazce ix (o f = WA+l e NS 1
e, .
_d;' il M { g, + VaVin) — Lz, - Vard (M10.16)
.
And the rebotler counpanent balanee is:
idx
d’:rj K M ”-a»‘m 1~ By~ Vevgd (MG LT}
_ ! __-r"‘ﬁ-r-w-amwr—

I—rﬂ'
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EQUILIBRIUM RELATIONSHIP

1t is assumed thit the vapur leaving a srage i in equilibrinme with the liquid on the stage.
The relationship Briween the Bgnid and vipor phase costeostizalions on a particaiar siage
DR can be caleulaled using the constant relative volatility eXpression

JWEale. oy,

YTk Gt (M10.18)

owrates M10.4 SOLVING THE STEADY-STATE EQUATIONS

To obtain the steady-state concentialions we musi solve {he system ol cquations, ) =0,

M16.9) From dke overhead receiver conponent balanoe:
4
3 molar H=m-x =0 ERUNELTS ;
416,10y From the recBfying scotion component balsncs (i =250 A% I
fi—Lpty b Vv - Lgy Ve =0 (M10:20) I
A10.11) Feum the feed stage halance: :
For = Lgkge; + Vivwp o + Fogp- LXpp— Vpyye = € {18k 24}
110.12) From the siripping section component balance £ = NF+E o NS-10:
fo= P + Vi - Lgx; - Ve, =10 (M16:22)

And frean the reboiler component batance:

SITLEKY Tis = Ly - Bye — Vevus = 0 _ (MT023)

whepa It = Fo- Vo
We st realive thar (MBI M 22} constitate a set of nonbinear algebrsic
equations, since the relative volatility relationship (M. 8) is nonlinear in the slate vari-
LEth 14} ahle. Digustions (M0, F9{MI0.T3) arc NS equations in M5 srknowns. A Newmon-hused
techinigue will be used to sobve the equations,

A =T e e e e

M0.15} EXAMULE Mi6.1  Steady-State Operation of a 41-Stage Colun

Consider @ 41-slage colummn with the overbead condenser ss stage |, the Feed way as stage 2F
and the reboiler av slage 47, The following perameters snd Inguls apply

[0 L&} a = 15
F o= | modfmin '
g = LI mole fraclion of fight compoienl I

ks
1l

2700 ol min
0= 0.5 el
(5ot Bgaeeist feed)

E-*.Ts.} -

(10,173

\
=
I

m A L T T T e T T T e T e TRy S T e o
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:'; | Feom sn overall materin] babgnce, he botloms pEncdued flowre s

= =D b — 0.5 modfmin

N

(JZ— Fg, =j)<i + L - 3706 mod )/ nin

Derler yiedds;

B
¢
&

L)

undf 8 adieece arcar the 53

Vor F2ZB - 3706- 0.5 = 3206 mol/min
The m-fite A1 st 5. m (shawn in the Appendi} is used o solve fur the steady stite compog-
tions,

X o= faolvoltdist ss0, %)

The resulting compositions sre shown in Figure M7, Notice the sirang sensitivity s reflax
flowreate,
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FIGURE MIRT  Liquid phase cumposition (el fraction of lipht compronenry

s i Fumclion of stage oeetber, Solid — pamina roffux, deshed — £3% reflex, -—
jL/' shpttod = - 150 reffag,

; The overhwad compositiog (stape 1) is 99 and the hotoms compositon (stage 417 15 .01 For
L the noetiral rediux re £ T modimain),

B .

_%’, Steady-State Diput-Onigat Refutionshins

: The sensitvity to refux mic i alse shown by the plot in Figime MI0S. The stoady-slate pain

{changs in owtpdcharge in in [} for disiitlate compasition is lavge when vellux ix fess than 2.7,

R T
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bul small wien the reflun is greater (han 2.71 molimin. The opposite relationship holds lor bot
Eens compisition, Whers (ke gain is smalt when mflux is legs flien 27 mebmin, bt large fur e
fux geeaier than 2.7] molfmie. This seisHivily bas bmpodlant cawifiations o canteed system

design.
1~ T : — - o il — .. ==
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264 2048 237 I 274
raflen
T 1 T T r
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265 288 a7 272 274
ToLN

FIGURE M08 Sieady state mput {allex) —oaipet (distillate or hattoms
CoRsHion) retationship.

M10.5 SOLVING THE NONLINEAR DYNAMIC EQUATIONS

Equations (MEQ.13) (M10.17) are a sel of initiat valne ordinary squations, which can be

solved nsing mncericat integration techintques. ‘e next example uses the variable sie
stze MATLAD rontine 0ded 5 to perfunn the infepration,

FXAMPERMIN2 Bynamie Responsc

Consitet now the previons problem, with fhe indtial conditons of the lupge comnnsilions el

fo the stemby-state solution of Taample MU0
e simukation yre the mobse boldups ue cach

The: additionesl parameters nesded For the dy-
stuge. Here we ore the Botlnwing Parareters:

My =My = overbead receiver swlar holdup = 5 sped
My = feed tray modar koldup =05 maod
My=5 = Hholioms (reboiler) mofar huldip =5 mnl

Ay

=== T
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To Hlustrnie the nonlinear hehaviar we comgars the resofts of + 1% siep clienges i ihe etlng
Tatc At Enme t = 5 iRiRntes.

[t,w]l=culagsirdi st dyn' , 0,400,207

Nuee ehat Ihe carrent version of oded s does not aow modef pArGNEtezs B b passed throush
the argument Jisl, so gobyl parameiers are defined in (he m-Tite st dys. mshown i the Ap-
panelis,

T'he Fulfowing rosalts are shown in Figure MY, A positive 1% stop ciiege in the tefluy
Fate yiekts & sinall increase in the disifilae crnnpositien; this imakes shive because the muxtmem
possible increase in distitlate purity fs 000 fihe cottposition canrat be grealer than | mete ke
iiom} while it can decrense mech mare thiee EhzE. A nogative 19 slep chimge in reflux couses a
targer clanpe o the distitlae punity. T opgasile offects ae chserved Top botloms composition,
where & pusttive reflux change yiekts & larpe bomoesy composition chunge, A regalive retlyx
change yiclds 2 smail Baliums ceuntposition change.

1r— T T T T T | : -
-.-:_—':~_-
08 | e
T
R e
.06 "-m_hh_h“.
—_—
0_94 1 I3 1 - A 1 1 1
4] HLH 100 a0 04 260 06 350 450
fine, mir
0.08 T r T T T T |
- _H"_ﬂ----
X1z L
2 -
a.07 -_{f},_,«,_—-—”"
GE -\__h — T T Y L e e
4] 50 [iu] 18] 20065 250 303 asn 0
tirries, mier

FIGURE MDY Hlustration in noabinesr responze ol -distillzie and st
CHRPBSItURS to ftep changes in reflng, Solid line = 1 1 G, Bashud fine = —19,

M10.6 STATE-SPACE LINEAR DISTILLATION MODELS
Lincur state space mndels are nseful tor stability anslysis amd contred system dustpn, Ilere
we develup models ol the form:
X —AX FBu' (v FLE24)
y—-Cx (M10.25}
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Soc, Mies State-Space Lincar Distillation Models GG7

where * b5 used o represent the devinrion visliabics, x" = x X, 0= u— H, (ihe subscript s
indieukes the steady-siate vatues), Lizhining

K- e (MEC.26)
Todn 1+ for — Dx® ’

and linearizing the dynamic equations (ML F (M0, T

Ay = 3{1 - ——; i (M 10.27)
Apy = % = %f” (M10.28)

Tori =2 1 NF -1
Age = ai% i;;_i £V HOH 290
A, = ;i: = (é’* ;TTVRK) EADRD)
Ay = afiﬂ — V’f;;‘ (M)

For the fred slage:
Aprar ~ i}ﬁ*—l = ;ﬁ (M10.32)
Az = i{:: (ﬂ L‘: Ko (M10.33)
F p— K&T! h 'VS%H (MA0.34)

For f = NPy E to N5—1-

Ay afj;, 1% (MI0.35)
Ay = ;{— = —(5-* L%K‘J (M10.36)
A = H?L Y ﬁ;—* (MI0.37)

and for the rebotler {siage N5}

.—_.:'.f--.._..'......'__..; B el AL A

I
!
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-
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df; I
Angis = - M_; (M10.38}
af, (B + Vva)
Aoy = —L — _]: — )
AR NS é_lrl. .EHE {Mlﬂ%f}}
Now, for the derivatives with respect to the inpuls; My =lp=Lyandy, = Vo=V, .
df i
By ; i, 2= 5, H MDD
Fori=1 1o N¥-|:
df] X~ & df; Yier— ¥
oo 2L T S H, ., =—£ _ Ji+l 75 i 100
bl =178 P 2 thag, M, (M1D.41)
sncd for the hotom stage:
d _ X 9h _ N Vs
N = & B FERNL S 3 Ehl ] 3
YA e, Mg e o, My {MER42)
Y the cmipat variables are the overhead acd hottons erpositions, then;
= Lwhile C, = 0fori+ 1 (MIO4Ty
Cops = 1owihile €, — Ofurf - 1 L FIHERY]

M10.6.1 Transforming the State Space Linear Madeis
te Transter Function Form

The malrx ransfer function s
G{s) = Cisf — AY '8 {(M10.45)

It is casy to gererate MATLAB m-fies to caleolate ench of the state-space matrices
(A.5.L] for & particuiar set ol parameters (and steady-slate composttions]. For a colomn of
reasomable sixg (sny the 41-stape examplic} the denomhnator polynomial in (Mi45)
would be quite large {(say 41% order). Wihat i often more usefil is i be able to directly
calegate the steady -stafe gain matix, ax shown helow,

The sleaddy-stalc gain matox is:

- —CA™'B A410.48)

where, again, it is easy to genesate 2 MATLAB m-fife (o perform this caleulativn,

M10.7 MULTIPLICITY BEHAVIOR

Lven stinple #leal binary distittation columns have been shown recently #r have Enloresl-
ing steady-stale and dynamic befwvior, including multiple siaady-stutes, Mice exnmples
are shown by Jacohsen and Skogestud (190F, 1994}, The by wesumption thal most he
nrade for this bebavior o occur is that mass fows, tather Mg mesla flows, ace manips-

e TREESSRImIo s Lt L e
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Roferences and Furthar Readipg 805

tated, ‘The reader is enconcaged o read Wicse papers and mndity the MATLAB mn-files
prexcibed it this chapter (o fllustrate the hahavior showit by Tacobsesn and Skagestad.

SUMMARY

In this chapter we have developed modeling equations o deseribe the steady-srte and dy

nnic hehlavior of ideal, binary distillaton columms, The di-stage cofumm example shows
1t stesdy-grate distitete and hotcn COMRISHIGN: Jke 1 nontinear [nnction of the T -
daeed inpues {distibiate and vapor boil-up flows). Adso, the dynamic responsey of thase com-
nesilions depeads o the mapnitude and direction of changes in the enurminabated fnpaes.

REFERENCES AND FURTHER READING

il following underprudnate chemical engincering texts develug the steady-stale moded-
ing cquations For idea) bisrary distilbation:

King, C.E (1980). Separations Processes, Zod ad. New Yorl: McGraw-111L

MeCabe, Wi, & 10 Smith, CEFPG). it Operurions af Clrermefeaf Engineering,
Frd ed. New York: MoGraw-Hill,

The dymamic nrodelimg eguations for distillation are presenled by:

Luyher, WL, {1990, frocesy Modeline, Sianduiton and Comtrel fur Cheminaf fon-
" gineers, 2nd ed. New York: MeGraw Hifl,

More advanced treatments of steady-state and dynamic distitalion modeks are presented by

Holland, C.13. ($931Y. Fundamentals of Multicomponent Bisiillation, New Yurk:
MeGraw-FLiE

Hollaid, C.D, & AL Tiapis. {19%3), Compater Meitinds Jor Solving Dyneitic Sap-
ardlion Froblems, Now York: Moliepw-HilL,

‘The parstneters for Bxample M10.] e presended in the following bwo welerences:

Skogestad, 8., & 0, Morari, (1988}, Understanding the dynamic hehaviar of dsdi-
tation coburmnns, fnd. Eng. Chem. Res., ZTC1Gy: 1348 1852,

Meorart, M., & F. Fafinon, (1488), Kebust Process Connol, Enplewood CRIs, -
Prentice-Halk,

Fhe possibilily of mubliple sendy-state behavior in jdeat birary distitbation 1% presented by:

Jacobsen, LW, & 8. Skogessad. (15917, Mulliple steady-stutes in ideal lwo-prodoct
distillation. AFCRE F, 37¢4); 499, 511,

Tacobsen, LW, & 5, Shopestad. ([904). Tnstability of distittation columms, AlCRE
S HHSY 14661473,
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STUDENT EXERCISES

1. Comsider a simple 1 ey (3 stage} column with the averfiead condenger as stape |
the Jeed tray ax stage 2 and the reboiter as stage 3. Use the following parameiers and

i inpres:
o o= 5
£ = 3mobmin
¥ qp =
F o= I molhwin
§ b = 05 molmis
: 7p = 0.5 mole fraction of light component

Find the bottoms product flawrate, the stripping section Aowraie and the vapor bl

W mete (SEOpplog scetion vapor ﬂuwram}dﬁse faolve snd dist_ s .mto find
the resniting composilions:

: 0.7t |

E distillate compasition
k- X = | 0486 1 = composilion of stage 2 (1he feed Iray)
i 0.297 bottoms product compesition

Coustder now the dynamic behavior, with the initial contditions of fhe stape compo-
sTlions eynal 1o the steady-state solution, The additonat paramnoters necedsd for the
dynaric simulation sre the molar boldups on each stage. Use:

PR e ey

My = Mp = overhead receiver molar koldap = 5 mol
M, = fecd fray modur holdup = {lamol
c My o= 5 = bottoms (reboiler} molar koldop = 5l

At time vezo, the reflux s changed From 3.0 mobnin to 3.2 mok/nrie. tse odoas
diul dist_dyn.m o sinmlate the dynamic bebavior shown in the fipures helow,

i e e e i e S

0.78 | Steprhangsin Freftux a.08 Step changen Fefiuy
0.76 e == w008 Pt .
. P Ay
= G| - 11004 v
s = ¥2le kidov
oz b | Gost -
) / / "
oy Lo . | _ _ i
& 3 w5 s " G 5 T 5 do 7
tmo B

d?d'PHPn‘P:‘Jr":’#-&\Jdﬂdﬁd‘?#d?:‘##ﬁdFd‘FdFﬁP:WL‘?aﬁﬁPdP

of 27 g8 g3

Tire Reflux is step changed from 30032 2t 1 = | minulc.
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APPENDIX !

dist _pa.m
4% gtage 1,

uelers snd funotion £ - dist_ssix):

solve for the steady-state stage compositons i oan idcal
binary distillarion column using fsolve.

{ch 1333 B, Wayne Begqueotte — 21 june 93
revisad 31 Doc 96

A1l flowrates aro molar guantities, Ltagos are numberad
i from the Lop dorm. A toial condeneer is asstined.

The overhead receiver ig glage 1. The partial rebeiler
is stage ng (Lhe oumbor of eguilibrium “Lrays® iz Ehen
ng-11. The column paramcters should bo specified in the
DLET PAR array.

capor Lol
LT bo Fin

to nge Ehis funckion, enter tha Faliowing In bthe commarul
window, or from a sovipl file (after definimg paramcters
in the |MET_PAR array:

dA a7 of O R of e g g 87 47 GP dP 0P o0 oF o 0P o P o oP oF

2e Compi- #x = feolve('dist_ss', =0}
tedt for the where x0 is a vector of inilial guesses [or the iiguid
phase stage conpositions (fengthi{xd) — ns)
glehal PIST PAR
%
% DIST_PAR im a vector of diztillatlon colums paramcters
) % used by both dist_ss.m and dist dvm.m
2 ledh %
< helow. if length{3I5T PAR} < 8:
disp{'not enouyh paramelers given in DIST FAR'}
drzp(" ")
disp('chack Lo see that glubal DIST 1"AR has heen definod®}
relurn
onhek i
- S, % i
e alpha = DIST_PAR(%); % rclative volatilikby (2.5} ¢
I no = DEST_PAR(Z}: % botal vunber of stages (3}
- nf = DIST_PAR(3}; % fecd stage (2} !
Eeed — DEST_PRR(4}; % Leed flowrale (1} :
ufpad = NIST_PAR(5)}; % [eed composition, lighl comp (0.5) I
gk - DIST_PAR{GB}; % [eed quality {i = =mat'd ligd, ;
% B - msat'd vapor] {1} )
sn ds relilux = DIST PARIY): % reflux flowrateo (3] ;
Vapos = PTEY PAR{48); % reboiler wapaor [lowrste {3.5) i
% 1
% BYSE PAR(%:19) uzmed by diat dyn.m {(distillabicon rhyramiozl :
% dist = digtillate producl [lowrake

T = I TP A iy T HH S el -y e — e b oy pro ST P P o o i, ST
o————— TR LT M T T T T R iy T T T L TN,

A L T L e R %
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I
% lbot
% 1r
% 1=
% W
% wvs
% (1}
B oyii}
%
% rectifving
%
Ir =
iz =
%
% rootifying
%
Vo =
v =
%

% disitillate

de=l Binary Distilation Mierdide 10

ik comp mat bal equation

bottoms product [lowrate

Liguid flow in rectifyving secticn [Eop)

Tiguid t1ew in stripplng =ecticon Lot tom)

vapur £low - rectifving sec (= wvapor feod (1 gf}
vapor Elow - slripping section (- vapor}

mole [rac light componant on Alage 1, lig

mole frac light component on Bhage i, wap

and stripping seotion liemid ElowralLes

rellux;
rallux + Fesdrgf;

and sbtripping section vapor flowratos

VapOr
ve +  fTeed*{1-g[);

and bottoms ratos

Alst - vy - reflux:
1l = s - wa;
&
if dist «
dispd'orvar in specifications, diaslLillate Flow < ory
reLurn
Gk
if Thoab < 13
thiap{ errar In spoecillcations, stripping zaction ']
digp(" ")
diap('liguirt [lowrare s acgatlive'}
e turT
el
&
% zero the function vector
%
£f = mavosins, ):
%
# calealate the equid librium vapor compaslibions
%
Lor i=1:ng:;
¥ilil—talpha*x (113 / (1. ¢ talpha-3 . ) %x{i}];
end
%

% material halances

% oveorhcad recciyver

o

E{1)-{wrey(2) fdist+rallox) *x(1)};

n
n
n
-]

rectifying {Loap) section

W

“f gr

25 2 3

33 o g

dﬁd’?ﬁF‘dePWu’-F’:’F..“\-ﬂ';’Fc@d‘ﬁ'@d?d?ﬁﬁ-ﬁ.’u‘ﬂd‘i‘d‘?ﬂpd?
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Appnadix

for i=Z:nf-1;
E{i}flr*x{i-l}+vr*yfi+lj—lr*xfi}-vr*y{i};
. endd
foed stage

tinf} = !r*x{nfnl}+v5*y{nf1l]—Is*x{nf}—
wrtyinf] 1 Fecdy s Fand;

SEripping {(hattom) scotion
for i=nf+1:n=-1;
f{i]:ls*x{i—1]!vs*y[i+l}—1s*xti]—v5*yt{};
el

rehoi lar

f{ﬂ&]=tie*x{ns—lj—1but*x{ns}—v5*ytna]};

dist _din.n
fimetion xdoh = dist_dyniL, =) ;

selve for Lhe pLransient stagc aommpesilions in an ideal
binary dizlillation columm usitmg adedb,

{] 1397 B, Wayne DBogustte - 24 Jan 1907
revised 11 lec 96

All flowrates are molar quantitics. Shages are ramberad
from the top down. A tofal coendoenser ts asswmert,

The vverhead recciver is staga L. I'he partial reboilar
i= siage ns (the nunber of equilibrium "trays" iz Lhon
as-11. The cehumn parameters should e snpecified itn the
PIST_ VAR Aavroy.

Lo use this Fungllien, entar Lhe following in the cowmand
window, or from a scripk file {after defintrur paramalers
in the oIST pAR Array:

[t,=x] = 0&045{’di$t_dvn',tﬂ,t[,xﬁ}

where 0 Iz & vector of initigl vatues for bhe }iguid
rhase stane compositions flonglhf{x}] — ngl

global DTS Pag

DISGT_PAR 15 a vector of distillation oIl paramelers
uszed by bobh dist ss.m oand elint_ddyn.m

L
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614 Idwat Binary Distiflation Module 10

if length (BIST PARY = 1];
disp('voet encugh puramcters given in DIgw PRR'}

Aiapi{' *}
disp{'chack to see that glabml MEL PAR has hesn detined'}
Telbrn
cnd
alpha T DEST_PAR{L}; % relative wvolakility {1.5%
s - WEST_PAR{2]; % talal mumber of skEagqons {41)
1l = DIST PAR(3): % teed stage {21)
tead, — BIZ® PAR(4);: % initLlal feed Flowrate (1)
rfeedi = DIS™ PAR{IS}:; % initial food compxsition, light comp
(G.5]
af = DIST TPAR{E); % fecd guality (1 = zai'd Figd,
0 = sab'd vapor) (1)
refluxi — LDIST PAR(T); % initiat reflux Flowraie (2706
waporl = TAST PAR(S}; % initial rebeoiler vapntT Flowvate
[3.20&8)
Tl = DEST _PAR{S}; % diptillabe meolar hold-up {4
mts — DIST PAR{I0}; % bolLoms molar holfi-up (5]
mk — BTE PAR(I1L); % =stage molar bodd-ug (0.5)
if length(DTST_pary —= 19;
stopnr = DIST PAR(IZ): % magnilude slep in reflux (0%
tastoeprr = DIST_PAR(IZ):; % time of ratiux step changs {0)
stepv = DIST _TaAR{14}; % magniluwde step in Vapor {0
EzbEepvy = DIST PFaAR{14}: % time of vapor skop change (0]
stepzf - DIST_PaAR{16]: % magni bude of fesd capp chatge {4)
Lilepaf — OIST PAKIIT); % Limc of feed ey change [0}
shepl = NIET PAR{LS) ; % magnitude of feed £low change [0}
Letepf = DT _PAR{L%Y; % Lime of [esad tleow chatige (0]
nlsa
stepr = 0; faslepr — 0; stopy = 0; fslepw — 0:

;
steprt = G; fziepzf = 0; skept — 0 tskept = G;
end

DEST_PAR{S:123) used by dist_dyni.m {diskillation dynamlios)

disl distillabte produck flowrate

Thal — bottoms producl Flowrabe

Ir — ligquid low in rectifying soction (top)

1= = liguid Flow in slripping section {bot Lom)

vr = vapor flow - rooLifying sec {— voapor + Eecd®{]1-gf}
igs) = vapor flow - skripping =ection f= vapor)

xfi} — mole frac light component on stage i, Elig

xdotii) = ligh: campanent ibth stage mar bal equation

w{i} = mole frac llght component on stage i, vap

check disturbances in rellasx, vapor boll-up, [eed cowposition
and feed +lowrate

it L = Estepr;

o of @F

&P of of

5



Uk 10 Appendix
refluy = vef [uxi;
e2lso
reflux = rofluxi + sbonr:
=

r} %
it 1L = Labeapnwr;
VAPOTY - vapari;

else
Vapor = wapord o+ oatepy;
eng
%
ir t o= tatepzd:
iy zfoed = wfcedi;
o fge
wlfecd — sfecd] + shopaef;
endd
%
if £ < tatenf:
feed - Fondi;
alan
fead = feedi + sEopi;
arnd
%
% rectitying and stvripping section iiguid tlovratos
1 = ralluw:
In T refiuw b feedtgf;
%
% roclifving and stripping meckion vapor Flowrates
%
vy = wapor;
N = oyEs 4 feed*tl—qu;
[1

% distillate ana holbeons rates

&
dial = yr rallux;
ibnt. - 15 - Vi
£
il dimt <
dispi‘error in specificalions, dlstillate tlow < (7]
TeELTE
end
1f 1bok = 0
21 displ ' errar in sheciticablions, Stripping
digp{* *}
Fisp('liguid flowrarao ils negativar)
ke
el
%
i ¥ zevo Ehe function vecbor
%
nEoh - rerasing, 1) ;
%

sectlion
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GiG ldeal Binary Oislitation Madule 10
caloculate the egueilibrium vapor compusitians

four i-=l:n=;

yfi}f{alpha*xfi}inT.F{alpha-l.!*x{i}!:

el
material balances
avarhead receiyvepr

xdut:l}:{ifmd}*{vr*y{zh—tdistireflux}*x{1]};
rectitying {Lop) seckion

for i=Zinf-1;
xdot{i}f{lfmtjﬁflr*x:i~1]+vr*y(i+l}—lr*x{i}—vr*y{i]};
end

fead stage

ot (nty = LLimEy* {le*x{nf-1) +vs*y(nf+l} la*x{nk) -
r*yint) tfoadtefondd ; :

stripping (hobbiom) sectine
for i-—nf+t:ns-1;
xdut{i]f{lfmt}*{ls*x[i-1]+v5*y[i+l]-ls*x[il—vs*y{i}l;

efct

rebollor

ndot (ned={i/mbl*{is*xina-1} 1bot*w {as) —vs*y(ns) t;




