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' Abstract

Shortcut Methods for Complex Distillation Colums:
Part 2 ~ Nunber of Stages and Feed Tray Location

This paper is the second part of a two-part paper on shortcut nethods

for ordinary and conpl ex colums. The shortcut nethod to estimte the num:
ber of stages is based on Edmister's method. The nethod includes a new
appr oach which locates feed trays to ninimze the total nunber of stages

wi thin the col um.

exanpl e probl ens denonstrate the nmethod and show, where com

Sever al
it conpares favorably with other approaches.

pari sons are avail able, that
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(1) Conventional distillation colums:

By introducing the notion of an effective absorption factor;Ae,

Edm ster (1957) developed the following expression (see Figure 1),

(38) - ray, 4o W
d j e’) 1

whi ch relates the anpunts of jth-conponent contained in the vapor stream
comng up ffomthe feed plate and in the top product, through variables
like the reflux ratio (R), the nunmber of ideal stages in the rectifying
section section (Ik) énd the effective absorption factor @Ag o

As stated in Part |, the rectifying section of a conventional distilla-
tion colum serves to renpbve the heavy key from the vapor stream so that the
fraction of the anount of heavy key in the feed present in the top product

is (l-r..”), where_r_ is the fraction of the heavy key in the feed to be
Hs. HK

recovered in the bottom product B. Equation (1) can be used as the recti-

fying section design equation when witten for the heavy key. By rearranging

equation (1), one canwite

H (Ae- 1) (Verl d) 1

Using the rectifying section design specification

dHK = (1" "HK) FHK

and the definition of R, the ratio (v d) can be expressed as

Ut

() - wpom (9
HK T HK
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Figure 1. Conventional distillation column




wher e Xy is the heavy key nole fraction in the feed, while yt is its nole
fraction in the vapor leaving the feed plate. Equation (3) assumes constant

nol ar overflow in each section of the colum. Substituting (3) into (2)

gives 1+(A_~1) (R+1) (D/F) (y o /%p) (L-x ) -11
In " RAe_ 1) +Ae JHK |
. - (4)
In(A Yux

Edm ster (1957) derived an anal ogous equation to (1) for the exhausting
section too, which is
Ik+1
Vv X <>l !
(T)j 6365 += 5)

wher e (S%)j is the effective stripping factor for the jth-conponent and (So)J

is its stripping factor at the reboiler:

'
<Vj " FT(Kj>R9b. . <>
As the heavy key is the design conponent for the rectifying section,
the light key is the design conponent for the exhausting section. From
equation (5), one can wite

1+(s, -1) (sz/b')}
S (5 =1)45
o' e e LK
= , (7)
% In(S )¢ :

but

(‘zx) _ (R'm‘|'1)(B/F) (xf)

erg)  xg/ i ©®

wher e (Xf)LK is the light key nole fraction in the liquid comng down

fromthe feed plate. Replacing equation (8) in (7) gives

145 _-1) R'_+1) B/F) (x /xp) [P
xnf s (s-IN%

T e LK




For sharp separations between the keys, the recovery ‘fractions TuR and

IR are close to 1. In such cases, design equations (4) and (9) can be
simplified to eliminate either (yf/xF)HK or (xf/gF)LK, whose evaluation is
difficult. A simple order of magnitude analysis will help us to achieve this

simplification. Typical values for the variables present in equation (4) are

shown in Table 1. From them it can be concluded that
v
- >>
[(Ae)HK 1] CBR/Q) > 1

for sharp separations. Ignoring the term 'l', equation (4) can be written

-1 @) 24
fn(l-r,.. ) -fn[R+ ——S—B—E—] +4nl (RH1 )-I-)-] +4n £
) HK (Ae)HK-l F (XF>HK (10)
"R ' Ln@Ae)HK

Characteristic values for each term in the numerator of equation (10)
are shown in Table 2. For any type of separation, difficult or not, the
typical value of the last term is much smaller than the other ones and may
be neglectéd. In most cases, this éimplification causes an error of less
than one ideal stage.

Therefore, for sharp separations, the simplified version of Edmister's

rectifying section design equation is given by

-1
(R+1)(D/F)(1-rHK)
Ln{ Ae }
. R +~Ae_1 ’ HK
= (11)
® Le(Ae)HK '

where “; represents a good approximatioq to ;he variable np- In order
to compute the value of (Ae)Hk later in this paper,-an optimal criterion
for feed tray location will be derived.

A similar typical value analysis can be made for the exhausting sec-

tion (see Tables 1 and 2) to simplify equation (9), yielding




Typi cal val ues for each termIn the nunerators of equations (10) and

Tabl

e 2

of the sinmlar one for the exhausting section

Terns ta(l-r, )"t Laq, Izg-a—-—-——Ae)HK 3 gal (R+1)2] BNy F e 5
HK R T F TR Rp ik
Qdinary
Separ at i ons 4.60 1.61 0.22 -0. 105
Dfficult
Separ at i ons 4.60 2.83 1.25 0.182
1
-1 Se
- ]
Ter s In(l-t ) zn[s°4;;T]LK In(R'+1) (B/F) "“_‘"f”‘p)m
QO di nary
Separ at i ons 4. 60 2.14 0.56 0.182
Dfficult
Separ ati ons 4. 60 3.21 1.38 0.182




« Table 1

Characteristic values for the variables in equations (4) and (9),

for mul ticonponent,

sharp separations

Vari abl es

<VHK R (0F) KV  <VVHK WHK "HK *)
Ordinary ‘
Separati ons 1.40 1.50 0.50 0.60 1.50 0.90 0.99 45
Dfficult
Separations 1.10 6.0 0.50 0.80 1.50 1.20 0.99 42
Vari abl es SesLK R (B/F) B ix  Fe/rpdix LK (**)
Odinary
Separ at i ons 1. 40 2.5 0.50 5 1.20 0.99 84
Difficult
Separations 1.10 7.0 0.50 14 1.20 0. 99 48

(*) Characteristic values for [ (Ae)urI] (Ver! <*)

(**) Characteristic values for [ (Se) k'l (J'b.m/b)LK

o-g-



(R'41) (B/F) (1~ )"}

24 5. K}

- R+g-fj- LK

“; - l.n(se) (12)
e’LK

Eval uation of the effective stripping and absorption factors (A )___

e HK
and (Se) LK~

Assuming that the effective factors are functions of terninal condi-
tions (e.i. top and bottomplates in each section), Edmster (1946) derived
the follow ng expressions:

Ag = A(VD+0AS!* -0.50 (13)

Se = t Sy(Sgtl ) +0 251~ -0.50 (14)

which result fromanalyzing a two theoretical plate-colum. Wen the

val ue of A‘3 (or Se) is close to unity, this effective factor short-cut )
procedure provides very accurate results even for many plates (Edmster,
1948). In the above expressions, the subscripts T and B stand for top and

bottomtrays in the section.

Horton and Franklin (1940) al so assuned that Ae (or Se) is a function

of the termnal conditions and proposed

Ae - 0.7 Aj +0.3Ar (15)

Se* o_7S-|—I-o*SSB <16>
when A (or S") is between 1.0 and 4.0, which is al nost always the range
for the values of (A¢)rrand (Se)ir- As Edmister (1957) rmentioned,

equéti ons (15) and (16) give essentially the sane VvE ues for A and S that
e e

are found by equations (17) and (18). FEquations (15) and (16) nay then be
used to devel op an optimal feed tray location criterion. By replacing the

definitions of the absorption and stripping factors in equations (15) and

(16), it follows that




(R) (r1

A
®e Hk ( foug Brr)ug

a17)

(% g (Kpy)
(Se>LK = 2.7 —LEKW%Tw o1 30 (S K a8

where the superscripts and subscripts Rand X stand for rectifying and

exhausting sections, respectively. By defining the factor Fx

K ' (19)
VHK '
. . (R |
both design effective factors (A )... and (S )_, can be expressed in terns
e HK e LK
of (l%ﬁ?Fﬂa by replacing equation (19) in (18)
<Se>m noo 10 —“'i( JT—V/\-—-—‘— + 030 <SBX>| % <20 »

Where sharp separations are considered between two adjacent conponents,
the conpositions of the products are readily determned and so are the val ues

of (Aﬁk'kK‘ and (%meK" In this situation, they can be considered as con-

stants, i.e. independent of the location of the feed tray.
When the sharp separation is between two non-adjacent keys with one or

nore distributed conponents, the split of the distributed conponents between

However, even in this case, one can assume that the product conpositions are
a weak function of the feed tray location (within a certain span of possible

locations not far fromthe optimal one), without making a significant error.

(R
Therefore, equations (17) and (20) show the design effective factors (A),,
e HK

and (Sezfé? as functions of the feed tray location, through the variable

(KggJ".;, assuming that the factor'FRdefined by (19) to be approxi mately
constant.
As the operating cost continues to soar, the optinal flow conditions

approach the limting ones. Moreover, the tenperatures at both extrene




sections of a distillation colum change rather slightly (because of the
di stributed conponents) as the reflux ratio increases fromits m ninal
value to the optimal one. Thus, one can propose for a fast estimation of

F~A the follow ng expression:

(\t fD 4-i'VEP' 417
- = —TXbK - ael (),
K (KBR'HK @ LKRnR*m

which holds at minimumreflux when the pinch zones occur at the trays
right above and bel ow the feed plate (see Part 1).
In order to evaluate the design effective factors, we nust now devel op

a criterion to choose (K™ )uy-.
DK HK

Criterion for Optinmal Feed Tray Location:

The location of the feed tray should be selected to mininize the tota

number of theoretical stages n, required for a given separation, which is

t
gi ven by

ng - th +iM + 1 (22)

where the last termon the R H S. corresponds to the feed stage. Accouhting

for equations (11) and (12), it follows that IL is a function of (Kggr) nk»
i.e. the feed tray location, through the variables (A )..- and (S )"_:

e HK e LK
Therefore, the optimality condition can be so expressed '

da, bn, d(Ae)}(lE) én, d(s )1(.}1?
I I " eI &, TFE® T, S0
Ker’mk e HK KR 1K 1K " NHK

Al t hough (A ) .." shows up in both the nunerator and the denom nator
e nK

of equation (11), its strong influence on the val ue of s mai nl y achi eved
t hrough the denom nator. Thus, a good approximation to (6n /6(A ) ) is

t e HK
_ S (R
still obtained if the dependency between IL and (A )”r, in the numerator
R e HK

is ignored:
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] 0,
= y T . ' 24)
O T ST ‘

where TL gives the value of the nunerator at (A) \‘EE = (A )(E), near the

(
R : e K e nss.
sought optinal val ue

1
(RH1) (D/F) (1-1,5)
e = "“[ 5 l (25)
N IK
R +
A° -1
e

Similarly

&n
t = .
T T IR (29

'!‘n[(R-+1f)(B/F)(1_,LK}"I i
S 'JLK

SD + Oe

Séll

(27)

Fromequations (17) and (20)

d(A )(R)

HKm__ | _

as Y X w0 70%F-
O e ) 29
By substituting equations (24), (26), (28) and (29) into (23) and

rearranging the optimality condition takes the followng form

{Ln @) (R) 2

_ T |
tn(S)"" V w® RN YA <
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However, from equations (17) and (20)

T ) @
0.70 ——Kﬁlz—R*)L = 1 -0.30 —T—R-(% (31)
CAe) HK OAe)
( ) '
(s ) (SBX)LK
— = 1 - 0.30 ——— (32)
LKFK<KBR> - )
Defining
Ll
I = _IS (33)
T]X
and replacing equations (31), (32) and (33) in (30), it follows that
A..)
[1-0.30 —RHK
{Ln(A )(R) 2 (Ae)(fni
) (X)} (S..) (34)
n(s )k [1-0.30 ~BX_LKj
. )
(Se) LK

' . T (R) (X)
In most cases, the ratios L(ATR)/Ae ]HK and [(SBX) /(Se) )JLK
are not so different, especially when (ATR/ABR) for the heavy key and

(SBX/STX) for the light key are close. Therefore, the R.H.S. of equation
(30) will usually be around 1 when $imilar recovery fractions for the keys

are considered.

In other words, an approximate solution to equation (30) can be obtained

by solving a much simpler equation:

@R = tn(sH®)

or

@H®) = H® (35)




where the superscript (°) neans that they are approximate-.solutions to

: : . RY (X2
(30). By introducing the correction terns A(AE)K il and A [xe

the exact solutions to (30) can be witten

(®) _ ,,0,(R) (R)

A g = B g -A(Ae) HK . (36)
X) _ ,.0.(X) (X)

(B g = G g * Mse) LK (37)

where the correction terns are usually snall.

Anal ytical expressions for the approxi mate sol utions jAéﬁﬁ{E and

o, (X) ) '
(Se) LK

Fromsubstituting equations (17) and (20) into (35), it follows

t hat

o Tl Thf 0330 (AAA= 0 YOI?a:]fff inu-t_o_30 5y

*“BR7HK

which leads to a quadratic equation in ("R)HK given by

( o )2 ) 0.428(L'/V‘)L(ATR)HK"(SBX)LK] ( o y - (L) L' /V') -0
KBR HR uLKF K KBR HK aLKF X

whose anal ytical solution is

ffSAHK-1 +47) *V (%)

wher e
17 &k >
N HAMTOATAAD)] _ 40
L “

Finally, the approxinmate solutions can be eval uated by
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(KBR
(s;)(’l‘l)( - 00 WK 0.30(Sexik “2)

Analytical expressions for the correction terms A(A')tTTr and A(s )LK

Optimality condition (30) can also_be written

: )2
cl (KBR)HK] = [1-0,30 ILG(se) LK]

“V LK < \Y, HK
| =0 (43)
where the error function Gis equal to zero for the optinal value of the
variable C”~ ) ~ . Taking into account that (KIL) m s> *." npst cases, a

good estimation of the optinmal value, we can use the first termof a Tayl or

series to get

' * _ - d¢
6L (R i) = SL (R )] +[d(KBR)HK] By
0
(KBRW

where the asterisk stands for optimal value. Therefore

A (K2
[d(KBR)HK )

BR

By replacing equality (35) into equation (43), the follow ng expression
for GUKJ™) ™ is derived:

* o
ARk = (Rgplug = Kppdix (44)

]} (2n(a )HK]

o o
el (Kgpdpg) = {(I-T)(Ae)m( +0.30 [TA_)mm ¢ o

BKLK

(45)
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Oh the ot her hand,

(R) (X)
56 d(A) "ux 4 86 , 46 )

d(Kgp ok 6(Az<*zy “BRPHK  »<§) i () d(RKgplyy

(46)

The derivatives in equation (46) can be obtained fromequations (43),
(17) and (20). By replacing equality (35) in them equation (46) leads to

thi s expression:

(L/V)B1 *
=0, 70 B 47)
d(KBR K {[(KBR)HKJ (L'/v") 2}
wher e
(Snx)u(]
= 0, 30F(A,m) - 2[1~0.30 -—-—&3- z° (48)
(A )
B, = 0.30(Sex) (29 %or[1-0.30 A1 f] Z° (49)
a’ l_K
o, (R)
7° Ln(Ae) HK
(Ag)(R) (50)

Finally, the optimal value (K;-)™ can be evaluated fromequation (44).
Its substitution into the equations(17) and (20) gives the sought val ues

* (R)
<>SK*E S
for (&) g ana IX
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Algorithm

1. Use the product conpositions at mininumreflux to get the val ues

of (A~)~and (S~)”". Then, evaluate Fr by equation (21).

2. Calculate the first approxinmation to the optinmal design effective
factors, (A;)W and (Seoi)iK’f through equations (38), (39), (40), (41)
and (42). '

3. Evaluate the variables TI[g* Tk, and T by equations (25), (27) and
(33), respectively. )

4. Get the optimal values for the design effective factors using
equations (45), (47), (48), (49), (50), (44), (17) and (20).

5. Determine the nunber of theoretical stages required in each colum
section, n? and hx, by equations (11) and (12), respectively.

6. Evaluate the total number of theoretical stages required, nm,

by means of equation (22).

(Il) Distillation systemw th a side-stream stripping section

Every distillation system can be regarded as conprising a set of frac--
tionators, each of t hemyi el di ng tmb, one- or zero products. Such fraction--
ators acconplish the task of separating two of the keys. Thus in Figure 2
{he fractionator (1,2) carries out the separation (LK/MK) while (3,4) does
(MK/HK). \When the analysis is restricted to sharp separations, all non-
recovered light key conponent is supposed to cone out of the systemin the
m ddl e product P as al so does the non-recovered heavy key. In turn, the
non-recovered m ddl e key distributes between the products D and B

The three key conponent recovery fractiohs gi ven as design specifica-
tions are not enough to set the design of this distillation system The
nunber of ideal stages required in colum sections i and 4, whose design
conponent is MK, depends on how the non-recovered niddle key distributes
between the products D and B. The additional design speciffcation can be

given through the paraneter §, defined by:
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@WHK -4 0 0<2<] . (5D
8 is then a design paraneter whose val ue should be appropriately chosen.

When the volatilities or...  and or.. are relatively nmuch closer, it is
VK LK ’

quite obvious that nearly all non-recovered nmiddl e key should go up in

the product D. In other words, the parameter § should tend to unity. The

T™rr

other extreme case is reached when otm and <¢ are quite simlar, for which
MK. ills.

8§ should take very small values. Fromthese considerations, the follow ng
criterion was sel ected ao ec\’/‘al uate §:
£ = /g
o o fo
(R A )

However, a nore precise criterion should account for the effective design
absorption and stripping factor values in each fractionator rather than
volatility values. The next step is to develop sinplified design equations

for each of the columm sections, especially for the new type CS 3.

Desi gn equation for CS-3:

The goal for CS3 is to wash the heavy key fromthe vapor stream The
derivation of its design equation, giving explicitly the nunber of ideal

stages n requires one to have a relationship between the internal vapor

31

and liquid conpositions at the top.d CS- 3, i.e. between (y*-J™and (X_o) s,
U Hs. 13 H'

(see Figure 2). Although it is an approximation, the feed tray of frac-
tionator (1,2) can be thought of assumng the role of partial condenser for
the fractionator (3,4). For such a case, Edmister (1957) derived the fol-

| owi ng desi gn equati on:

,_‘4 1+( R3+1)(V83/VT3>\

(52)

xn(Ag  3>HK
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Figure 2. Dstillation systemwith a side-streamstripping section
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vhere
[.3 - R3
<®0, 3>HK™ ' L4) Rpadyp (Kr3)ux

Simplified versions of the columm section design equations for sharp

separations:

(i) CS-1's design equation

' CS-1 is a rectifying section whose design conponent is MK It

fol | ows fromequation (11) that

: (R,+1) ( 1~x 4n
174, LZS ME
"n{ Rl“e 1

nt « Ae, | (53)
!'n(Ae,l)Iﬂ(
wher e R = _1
! D

and the value of (A -).,. should be obtained by an additional criterion

e, |l M

(ii) CS-2Ys design equation

CS-2 is an exhausting section having LK as its design conponent.

Then, fromequation (12 -1
i)( T ey
. 0,2 __Lg T Lk
2 © 5., 2! (54)
"’“(Se,z)u(

wher e
v

Ripg = pand (5, ))ix = R'y(Kpep, 201k

(iii) CS-3's design equation

{(R3+1) 3213 (a1 ) -

o o, 3-|1A 3

"3 T Ay a7t | (55)
I'n(Ae,a)HK
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(iv) CS-4's design equation

where

1- -1
] + -
zn{(R G/ L-re )7
s 15 J
. 0,4 “e,b MK
“2 = Se 4-1 (56)
Ln(se,4)MK
v
4
R =3

Evaluation of the design effective factors:

In order to find the optimal locations of the feed trays of both

fractionators (1,2) and (3,4), a similar analysis to that shown for a con-

ventional column should be made. Equations almost equivalent to (38), (39),

(40), (47), (48), (49) and (50) are obtained with small differences. Thus,

for fractionator (1,2):

Use Instead of
Ao, i a)f
e, 1k ¢ R
(g1 vk ®prux
(@, /v)) (L/V)

(L, /7,) L'/v')
Gk e
g2k Gpx)1x
Cx/ “Lk

R, R,

®R' D, R'

The modifications described in the table are indeed only a matter of changing

nomenclature.
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(I'rr)y Arbitrary thermally coupled distillation cplunn

Because of its conplexity, Petlyuk's thérnally coupled distillation
system shown in Figure 3 can serve to generalize the proposed design
approach already applied to a conventional colum and to a distillation
systemwi th a side-stream exhausting section. Design equations for colum
sections CS-3 and CS-6 can be readily derived from equations (11) and (12)
because they are a rectifying and an exhausting section, respectively. In
turn, colum sections CS-1 and CS-5 can be regarded as being rectifying
sections provided with partial condensers. This approximation is quite
good for CS-5. Their design equations are anal ogous to equation (52).

Finally, colum sections CS-2 and CS-4 |look |ike exhausting sections
equi pped with partial reboilers, especially CS-4. Then, their design
equations can be derived fromequation (12). |

In each case, it is inmportant to identify the design conponent of the
colum 'section (which is one of the keys) befbre witing its design equation.
When they are available for the entire distillation system a mathenmatica
derivation simlar to that shown for a conventional colum should be carried
out for each of the three fractionators so as to get the optinal |ocations
for the feed and side-streamtrays.

In addition to the three key recovery fractions in each product, three
nmore specifications should be given to set the design of a Pet | yuk's distilla=-
tion system That is so because each key is involved in two consecutive
separations as the design conponent, i.e. key HK in the separations (LK HK)
and (MK/HK) in fractionators (1,2) and (5,6), réspectively. Recovery frac-
tions for HK should be chosen in both fractiohators in such a way that their
product is equal to the overall recovery fraction t..... Since r_ < 1, the

HK HK
partial recovery fractions are always greater than the overall one. This is
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Figure 3: Petlyuk's therml I‘y coupled distillation system
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an undesirable feature of this conplex unit because these recovery fractions
are central to the calculation of the total nunber of ideal stages required
for the separation. In other distillation schenes, only MK acts as the
design conponent in two successive fractionators. As stated before,
selection of the partial recovery fractions for the keys should be nade
accounting for the values of the design absorption and stripping factors in
each fractionator. The larger the design factor is, the greater the partia
recovery fraction should be. This has especially to do with Petlyuk's
distillation system where one of the fractionators is operated fairly well

beyond its limting conditions.

(1'V) Results and discussion

In the Appendi x three exanples are included to illustrate the accuracy
of the proposed shortcut nethod when applied to the design of conventiona
colums. Exanple A. 1.l was solved step by step in Table 3 to clarify the
way the algorithmis applied and show its sinplicity. The agreenment the
resulté have with the ones provided by nore rigorous techniques is satisfac-
tory, especially where key recovery fractions are high and the operating
conditions are not far fromthe I}niting flow situation, as happens in
Exanple A. | . 1.

On the other hand, Exanple A.ll, serves to conpare the nunber of .idea
stages required for conventional and thermally coupled schemes for a given
separation. Operating paraneters were chosen 1.3 tines their limting val ues
in each case so that the conparison makes sense. Because of the symmetry of
the volatilities, the partial recovery fractions were all selected equal to
0.995. For Petlyuk's distillation unit this was not a clever decision be-
cause fractionator (3,4) is operated well beyond limting flow conditions,

as shown by the values of its design effective factors, (A _)-__ and (S ),
e, 3 KK e, ** LK
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equal to 1.97 and 1.57, respectively. A though higher partial recovery
fractions in fractionator (3,4) would lead to a snaller total nunber of

ideal stages, Petlyuk's distillation system at least in this exanple

seens to require a larger nunber of ideal stages than the conventional schenes,
but not so nuch as to negate its energy saving. The other thermally coupled
distillation schene anal yzed in Exanple A.11., a distillation systemwith a

si de-stream stripping section, seens also to be a profitable alternative

leading to savings in both fixed and operating costs.
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Appendi x

(1) Exanples related to conventional distillation colums

(1,1.) Exanple proposed by King (1971)

Conponent s i (Vav. g9 bj.
cj 26 . 18. 65 26 -
CH 9 4.75 9 -
G( LK) 25 1.92 24.6 0.4
n- G( HK) 17 1. 00 0.3 16.7
n- G 11 0. 46 - 1
n- Go 12 0.23 - 12
59.9 40.1
Q her_dat a:
g = 0.33; g © 0. 984, Fug = 0. 9823

R

1.50; R* = 2.075

Tabl e 3 shows the sequence of partial results which are obtained when
appl ying the proposed nmethod. Those of special interest are F ¢ 1. 37 that
was supposed to be around 1, and (KJLl)lTM- 0.559 and (R") ™="0.547 whi ch

SK K D HR

were said to be close.

According to King (1971), Underwood's nethod provides the follow ng
results for this exanple:

i~n=71 ; i~"-72 ; .n =153

whil e Edmister's stage-to-stage approach gives n, = 16




Tabl e 3

Detailed illustration of the proposed nethod
when applied to Exanple (Al.1).

From

Ry - 1.03; R - 1.37 and equation (21)

ofx,).

(Ko ki PR

| P |
—r. re— —

kTR

1 A ,

7TT-T -7 «4(X) - and (S.).. - Ra..(K,.).
Liks &S 1

ne=4 [-QV nf i 1% VAJ/U = ~Ad | VATTHI/TEV M T\ My
X DA K. "r 1 ID fl\. DA Lf{ 1 X DA

Equations (38),(39), (40),(41) and (42)
Equations (25),(27) and (33)
Equations (45), (47) ,

(48), (49) , (50) , (44), (17) and (20)

Equations (11),(12) and (22) n_

We obtain

Fr- 1.78

TR K= 21

(S. ke - 6.32°
) t
s
N BVTV * o W\ !
DA Liix

° 3 uo.559; (a%®
(K )y = 0.559; (a2 %) = 1.408

T- 1.37

OANRV' °' 20 (Ag}rIﬂK" b a2s

*
(Se)( ﬁ< n 1x388

- 807 IL.- 6.25 n._- 15.32
i) A t
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(1.2) Exanple proposed by Van Wnkle (1967):

Conponent s i'_ (8 >¢ | 4 oi
v ey 6 2.57 6 -
n- Cy4( LK) 17 2.04 16.81 0.19
i - Cs( HK) 32 + 1.00 0.89 31.11
n- Cs 45 0.84 - 45

23.7 76.3

Ot her dat a:

g = e M~ 0.972; r.. = 01989

R=6.20; R' - 2.236

Resul ts:

(K:R:\riJs =0 817 (A 1 =1 279 w;\(/‘?j‘;(/ - i AQs

in = 7.17; r* = 9.65; ng « 17.82

According to Van Wnkle (1967), the follow ng val ues are obtained using
Lew s- Mat heson' s net hod:
r~ =5 ; r~ =10 ; ng » 16 .

(1.3) Exanple proposed by King (1971):

Conponent s M <Vav. 9 b
Cs( LK) 40 2.45 39,2 0.8
n- Ca( HK) 40 .00 0.8 39.2
. 10 0. 49 - 10
n- Cs 10 0.41 - 10,
| 40 60
Ot her data:

q- 1; TLKZFHKHOI98
R-5 R' -4
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Results: .
. A A
(Rgp) w=0.577; (ANp> = 1.605 (g*) " - 1524

i"=5281 r*"=552 n =12.33
King (1971) reported that Lew s-Matheson's nethod |eads in this case

to the following results:

in- 4 ir=5 n = 10

(1) Exanple related to thermally coupled distillation schenes as

proposed by Stupin and Lockhart (1971):

Conponent s M @ >ay, 9 A bj
A( LK) - 0..333 9 0.3297 0.0033 -
B( MK) 0..334 3 0.00165 0.3307 0.00165
C( HK) 0.. 333 1 - 0.0033 0. 3297
G her data:

W T1UTLKE TMKETHK S 0-99

Val ues for the operating paraneters were chosen as 1.3 times their

limting values already determned in Part |I. Results are shown in Table 4.




Table 4

Conpari son anong the nunber of |deal stages requi red in conventional
and therrmally coupled distillation schenmes, for the Exanple A ll.|l

Type of Nunber of ideal stages required Total nunber of
distillation unit in each fractionator i deal stages
D rect conventi onal First colum: 22.20 (+ reboiler)

schene Second colum: 24.51 (+ reboiler) 46.71
Reverse conventional ~ First colum: 21.07 (+ reboiler)
schene Second col um: 23.40 (+ reboiler) 44.41
Distillation system Fractionator (3,4): 19.79 (+ reboiler)
with a side-stream 40. 65

exhausting section Fractionator (1,2): 20.86 (+ reboiler)

Petlyuk's distillation Fractionator (1,2): 19.64
system Fractionator (3,4): 14.34 52. 88
Fractionator (5,6): 18.90 (+ reboiler)
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Nonencl at ur e

Absorption factor (L/KV), dinensionless

Mlal flowrate of a conponent in the bottom product, nole/h
Bottom product nolal flowrate, nole/h

Mol al flowrate of é'conponent in the top product, mole/h
Top product molal flowrate, mole/h

Mol al flowrate of a conponent in the feed, nole/h

Feed nolal flowrate, nole/h

Paramet er defined by equation (21)

Error function defined by equation (43)

Equi li briumconstant, dimensionless

Mol al flowrate of a conponent in an internal liquid stream
mol e/ h

Mol al flowrate of an internal liquid stream mole/h. Also, the
liquid nolal flowrate in a conventional colum rectifying section

Liquid nolal flowrate in a conventional colum exhausting section,
mol e/ h

Nunmber of ideal stages

Mol al flowrate of a conmponent in the mddle product, nolel/h

M ddl e product nmolal flowrate, mole/h

Liquid reflux ratio in a rectifying section, dinensionless

Vapor reflux ratio in an exhausting section, dimensionless
Stripping factor (KV/L), di nénsi onl ess

Mol al flowrate of a conponent in an internal vapor stream nole/h

Mol al flowrate of an internal vapor stream nole/h. Also, the
vapor nmolal flowrate in a conventional colum rectifying section

Vapor molal flowrate in a conventional colum exhausting section,
mol e/ h _
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Liquid nole fraction, dinensionless
Vapor nole fraction, dinensionless

Paranet er defined by equation (50)

Qeek letters:

d

AI’AZ:

Vol atility of a conponent relative to that of the heavy key,
di mensi onl ess

Parameters defined by equations (39) and (40), respectively.

Subscri pts:

B Refers to either the bottomtray of a colum section or the bottom
pr oduct

BR Ref ers to the bottomtray of a conventional colum rectifying
section

e Denotes an effective val ue

f Refers to the feed tray

F Refers to the feed

HK Refers to the heavy key

] Refers to jth-conponent

LK Refers to the light key

m Denotes linmting val ue

MK Refers to t_he m ddl e key

0 Denot es val ue defi ﬁed at the reboiler of an exhausting section

R Refers to a rectifying section

t Denot es total

T Refers to the top tray of a colum section

X Refers to an exhausting section




-32-

Superscripts:

(0)
(R
(X

Denot es approxi mat e val ue

Refers to the rectifying section of a conventional

Refers to the exhausting section of a conventiona

col um

col um




