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ABSTRACT

LINDE "DOUBLE COLUMN" SIMULATION
by John A, Bazan

June, 1972

The purpose of this thesis 1s to develop a Fortran
Computer Program to simulate the operation of a Linde
"Double Column" for the separation of air into oxygen and
nitrogen. The model outputs the number of contact stages
requiréd, the reflux ratio, the heat loads (condenser and
reboiler, and the five profiles of temperature, pressure,
vapor flow rate, liquid flow rate, and light component
-composition, From this data, the proposed design can be
evaluated, and the effect of varying operating conditions

explored.
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CHAPTER 1

-

THEORY BEHIND THE "DOUBLE COLUMN"

Air separation is an important commercial enterprise
in today's world. From production as a laboratory
cufiosity in the late nineteenth century, the production
of oxygen and nitrogen rose in 1966 to 256 and.91 billion
standard cubic feet respectively.1 Predominant among
separation techniques employed is fractional distillation
utilizing the Linde "Double Column" first developed by
Carl Linde in 1910. Actually consisting of a distillation
- ¢olumn surmounted by a dual feed reboiled absorber; the
"Double Column" when combined with a Joule-Thompson cycle
is essential for the high purity separation of air's bulk
constituents; oxygen, nitrogen and argon. Therefore, the
purpose of this thesis project is to present a mathematical
model to simulate the operation of the "Double Column" for
design purposes. To understand how the model works, however;

it is necessary to describe the evolution of the '"Double

Column'" design. For clarity, air will be treated as a binary

mixture of oxygen and nitrogen in this discussion.

1. Simpson,C.H., Chemicals from the Atmosphere, New York:
Doubleday, Inc., 1969, p.l36.
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The first major use for pure oxygen occurred in 1895
when Henri Louls Le Chatelier demonstrated the oxyacteylene
flame's cutting and welding abilities. The steel industry,
which remains today the largest user of oxygen, began with
the introduction of this essential tool. As the demand
increased for larger and larger amounts of oxygen, a
commercially feasible means of supply had to be developed.
To this end, Carl Linde began operation of his simpliest
cycle for air separation in 1902, 2 This simple cycle,
illustrated in-Figure 1, consists of a heat exchanger,

a strippring column and an expansion valve. Clean,dry,
carbon dioxide free air is compressed to between 3C and 200
atmospheres, and introduced into the heat exchanger at

point B', where 1t 1s cooled by the returning cold products
at A and D, After vassing through the sump coll at E, the
compressed air is expanded isenthalpically in the expansion
valve, V, to atmospheric pressure. The resulting stream ,
mostly liquid, enters the top of the stripper at point L.

As the liquid descends it becomes oxygen enriched until it
is finally evaporated by thermal contact with the compressed
air in the colil, E. At steady state, pure oxygen 1s withdrawn
at A and impure nitrogen, containing approximately seven to

ten percent oxygen, 1s withdrawn at D. If both products are

-

2. Ruhemann,M., The Separation of Gases, Second Edition,
London: Oxford University Press, 1952,p.141,
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FIGURE 1
H = The heat exchanger

v The expansion valve
B',B = Inlet feed air

A, A

Oxygen product
D',D = Nitrogen product

E = Evaporator
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‘to be géseous, both product streams return through the
heat'exchanger precooling the incoming air. If, however,

a liquid oxygen product 1is desired, only the nitrogen is

used to cool the feed air. To compensate for the loss of the
refrigeration provided by the returning liquid oxygen stream,
the entering air must now be compressed to a higher pressure
since the incoming air must be cooled to the same temperature
as when both retﬁrning products are used for cooling. It is
essential that the entering air be dry and free of carbon
dioxide because at the extremely low temperatures used, the
water and éarbon dioxide will freeze on the cold surfaces in

- the plant, "seriously impairing the efficiency or in extreme
case causing blockages."3 Removal of carbon dioxide is usually
achieved by scrubbing with an 8 percent caustic soda solutinn,
water vapor is removed at each compression stage in catchpots
and removed by adsorption on specially prepafed alumina.k In
the latest air separation plants, two exchangers are used
whereby the two stream flow paths can be interchanged by means
of'"reversing valves" thus permitting the solid deposits of
carbon dioxide and water to be purged with the exhaust stream

as it is heated via indirect heat transfer with the incoming feed,

3. Din, F. and A, H, Cockett, Low Temperature Technigues
New York: Interscience Publishers, Inc., 1960, p.161.

4, Ibid.
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The simple Linde cycle is inefficient because it has
two essential disadvantages. First, while 99+ percent
.oxygen can be nroduced, only 90 to 93 percent nitroren
can be obtained. Since nitrogen had no commercial value in
1902, this particular problem was of little consequence.
Today, however, large quantities of nitrogen are used for
"blanketing" purposes, i.e. use as an inert atmésphere, in
the electronics and other industries. Nitrogen is also
used extensively in the production of ammonia and fertillzers
and for its cryogenic characteristids.5 However, in 1902 the
loss of almost twenty percent of the valuable oxygen with the

- nitrogen prompted an improvement in design.

To recover the oxygen; the rising nitrogen wvapors
should be contacted with a liguid stream which is richer in
nitrogen. To this end; the basic stripping column of Figure 1
mus;\be extended above point I, and a rectifying section
complete with its associated reflux generating equipment added.
Theoretically, the tower which is now symmetrical and complete
should negate both drawbacks of the stripping section of
Figure 1. Unfortunately, the inhibiting factor in the design
is the low temperature that wonld be necessary in the condenser.

Fractional distillation above room temperature utilizes

cooling water as the heat sink to provide the reflux stream;

5. Simpson, C.H.,, Chemicals from the Atmosphere, New York:
Doubleday, Inc., 1969, p. 139.




but in air separation a heat sink colder than ambient-
‘pressure boiling nitfogen would be needed, colder than
-320°F. (140°R.)! The Jnly convenient refrigerating

fluids available are air and its products oxyegen and
nitrogen. Liquid nitrogen boiling at a reduced pressure
could be used; but the nitrogen reaches the condenser as

a vapor and would first have to be condensed. The only
‘refrizerant avaiiable is the liquid oxygen boiling in the
reboiler. The bniling point of oxygen is 162°R.; and
nitrogen 139°R. Therefore, the vépor pressure of the oxygen
would have to be reduced to approximately 90 mm. of mercury
(1.741 psia) to lower 1its temperature to 133°R. The nxygen
at this temperature could easily condense the nitrorgen
boiling at 139°R. Since such a low pressure is difficult to
maintain; the alternative is to raise the reflux temperature
'by\fhcreasing the column pressure to 5 atmospheres. The
boiling point of nitrogen is now 169°R., above the 162°R,

of oxygen at one atmosphere., The column,as shown in Figure 2,
utilizes the oxygen at A" to condense the nitrogen in the

condenser at D.
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FIGURE 2

B= Air at 5 atmospheres

’ D= Nitrogen at 5 atmospheres
I= Point where rectifying section was added.
A= Oxygen at 5 atmospheres

Av= Oxygen at 1 atmosphere

C= Bottoms product
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Though the problem of condensing the nitrogen has been
solved, a column as described in Figure 2 will not produce
simultaneocusly both products in the pure state. Assuming -
complete separation of the air into oxygen and nitrogen,6
and assuming a bubble point feed, an enthalpy concentration
diagram gives the amount of heat- which must be withdrawn
from the condenser per mole of nitrogen product'as 873
g-calories per g-mole of N2 produced., Since the product is
pure nitrogen, one mole of entering air produces 0.79 moles
of nitrogen product and the condenser duty is therefore
79 per cent of 873, or 690 g-calories. To absorb this heat
~ there exists the latent heat of oxygen at one atmosphere,
)\==1632 g-calories per g-mole of oxygen. Since every mole
of entering air produces 0.21 moles of oxygen, the
refrigerating capacity 1s therefore twenty-one percent of
the latent heat or 343 g-calories. From this heat balance
7

it can be shqwn that the maximum oxygen purity obtainable,
assuming a 100}percent nitrogen product, with a column as in
Figure 2 1is 60 percent oxXygen. |

To obtain both pure products simultaneously, the impure

oxygen at A must be further purified before entering the

6. Ruhemann, M., The Separation of Gases, Second Edition,
London: Oxford University Press, 1952, p. 156.

7.  Ibid., p. 157,
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condenser, Referring to Figufe 3, a set of plates hetween
the condenser-reboiler and A" will purify the impure oxygen
stream. Pure nitrogen and oxygen of 99+ percent purity may
be simultaneously withdrawn at D and C respectively, however,
valuable oxygen, at least the equilibrium vavor at point A",
will be lost at E., Again a refrigerant is needed to provide
a nitrogen rich stream to absorbd thg oxygen in the vapor at E,
If the column is extended at point E, and liquid nitrogen
withdrawn at D is expanded to one atmosphere pressure in a
valve, and reintroduced at the top of the column extension,
it will absorb the oxygen from stream E which is recovered as
. part of stream C.

The final result (Figure 4) is the Linde "Double Column"
as evolved by Carl Linde in 1910. The column consists of
a distillation column operating at 5 atmospheres pressure
surmounted by a dual feed reboiled absorber operating at
one atmosphere. The filnal cycle is as described by

Ruhemann:8

"Compressed air, precooled in a heat exchanger en-
ters the evavorator coil at P, is expanded to 5
atm. pressure in the valve V and delivered to the
middle of the lower column at B. Here it is
separated into pure liquid nitrogen and a liquid
-containing about 38 per cent of oxygen. The
latter is withdrawn from the lower column at A,

8. Ruhemann, M., The Separation of Gases, Second Edition,
London: Oxford University Press, 1952, p.158.
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expanded to essentially atmospheric pressure

in the valve V5 , and admitted in the middle

of the upper column at (A"). The liquid nitroren
collects in the trough below the cnndenser,

whence it is removed at E, expanded to atmospheric
pressure in the valve Vy, and admitted at the

top of the upper column at E'., Finally gaseous
oxygen is withdrawn immediately above the
condenser at C and gaseous nitrogen at D, "
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B = Air at 5 atmospheres
A%= Oxygen at 1 atmosphere
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A" = Impure oxygen at 1 atmosphere

B = Air at 5 atmospheres

Q
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Pure Oxygen product at 1 atmosphere

D

Pure Nitrogen product at 1 atmosphere

E= 1liquid nitrogen stream at 5 atmospheres

E'= absorber "lean oil feed" stream at 1 atmosphere
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CHAPTER 1II

APPROACH AND METHODS USED
IN DEVELOPING THE MODEL

The purpose of the model 1s to provide design
information; such as, the number of theoretical plates,
temperatures, stream rates and compositional‘prbfiles
for the Linde "Double Column." Since more than 99 percent
of the air consists of oxygen and nitrogen, it is
considered to be a binary mixture of these compounds in
the model. In reality, the approximately 1 percent argon
in the air does not allow absolutely pure products to be
produced, but for 99 percent pure oxygen and nitrogen the
assumption of a binary is adequate., If all the argon is
collected with the oxygen, the latter cannot exceed 95
pércent in purity; if it is extracted with the nitrogen
and the oxygen 1is pure, the purity of the nitrogen cannot
exceed 98,7 percent. Distributed argon will allow approximately
99 percent pure oxygen and nitrogen to bé produced. Future
work could incorporate the effect of argon into the model and
allow for a more accurate design. Further, assumption of a
binary mixture allows use of the Sorel1 method of calculation

which is a rigorous plate to plate method utilizing

k4

1. Sorel, M., "La Rectification de 1l'alcool," Paris, 1893,
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alternating material and enthalpy balances, coupled with the
equilibrium vapor-liquid relationships. The method has been
extended by Lewis and Matheson to multicomponent systems and
a simplified version has been used in a graphical representation

by McCabe and Thiele.

The model itself consists of three sections:
(1) input and preliminary calculatidns, (2) iterative

calculations in each column, and (3) output.

Input and Preliminary Calculations
Input to the model comprises three categories:
(1) system options, (2) tower parameters, and (3) basic

data,

l. System options. The system options are a set of

three codes which specify the distillate and feed thermal
conditions, and the tower configuration used. All thermal
conditions from a subcooled liquid to a superheated vapor

are allowed in the feed. Only a superheated vapor distillate,
which is physically impossible, is prohibited as a

distillate thermal condition. Three tower configurations

are possible within the framework of the model: a single
tower, a double distillation tower with either product

stream of the first tower becoming a feed stream to the

second tower, and the Linde "Double Column."
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2. Tower parameters., Twelve tower parameters are
required to define the problem for each tower:
. A, Feed rate, lb-moles/hour,

B. Feed composition, mole fraction 1ight component.

C. Reflux factor, R(actual)/R(min), dimensionless.

D, Pressure drops across condenser, each plate
and the reboiler, psi. |

E. Equilibrium data reference pressure, psia.

F. Tolerances on bubble~dew point component
summations and overall tolerance on
composition, lb-moles.

G. Initial temperature and pressure estimates at
top and bottom of column, °F. and psia.

H. Minimum product purities distillate and bottoms,
mole fraction light component.

~~ ">~ Note: If the thermal conditions of the feed and
distillate are other than saturated liquid or vapor, the
appropriate feed and/or condenser temperatures must be given
as Input. If a partial condenser is used, the fraction vapor
distillate must be input to the model. A complete input form
appears in Appendix 4.

3. Basic data. The final block of input data consists of
the vapor-liquid equilibrium data and the enthalny data.

The equilibrium constant for each component is computed
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from the equation:
| In(KP) = A+ B/T
where, K=iequilibrium constant, dimensionless.
P= stage pressure, psia.
T= temperature, °R.
A & B = correlation constants defined by:
B= In(K,/K,)*(T, T,/ (T,-T;))
and A ln(KIP )--B/T1

ref
where the subseripts (1) and (2) refer to

two different temperatures and P, ¢ 1is
the equilibrium reference pressure.
This correlation pressure corrects the equilibrium constant

to the pressure at each plate in the column.

Fnthalpy values are calculated from the linear

equations:

and
H=A+B, T
H H
where, h,H = liquid and vapor component enthalpies,
Btu/lb-mole,
T= temperature,°R.
ah,bh, AH,BH = correlation constants,
For each component two vapor-liquid equilibrium values and

four enthalpy points (two liquid, two vapor) are required

as input. Enthalpy values are combined using Kay's rule to
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~ obtain the mixture values:

havg= :E.xihi

or,
Havg™ z yiHy
where, havg’ Havg = average enthalpy (liquid or vapor),
' Btu/l1b-mole,
hi’ H1 = component liquid or vapor enthalpies,

Btu/lb-mole.
Xg0¥y = light component mnle fraction (ligquid

and vapor).

Preliminary Calculations.
Before the 1teratlve procedure can be implemented,

three preliminary calculations are made; namely,

~

-

Zi)nféed condition evaluation, (2) minimum reflux
determination, and (3) condenser duty evaluation.

1. Feed condition evaluaticn. Based on the feed code

entered, the feed temperature is determined by a bubble or
dew point calculation. If a flashed, subcooled, or super-
heated feed is specified, the feed temperature must be
supplied. At this temperature and the average tower pressure,

the feed vapor and liquid compositions, and the fraction
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“~yvaporized are determined as follows:
x = (1-Ky)/ (K;-K,)
y= le
Fraction vapor = (z-x)/(y-x)
where, K, and K

1 2
" of components (1) and (2) at the feed

are the equilibrium constants

temperature and pressure.
z = the bulk feed composition for the light
component.

Using the feed compositions, temperature, and the fraction

vapor, the feed enthalpy is computed.

‘2. Minimum reflux determination. The minimum reflux

ratio 1s determined by linear interpolation between the
minimum reflux based upon a dew and bubble point feed
condition using the fraction feed vaporized as the
correlating factor., Utilizing a concept from the McCabe-
Thiele graphical method for binary systems, the operating
line slope is related to the reflux ratio by:2

Slope = (x-y)/(xp-xz) = R/(R+1) (1)

where, Xy = distillate composition of 1light

component.
y = point where operating line intersects

feed locus line. .

xF = feed composition of 1light component.

2. émith, Buford D.,, Design of Equilibrium Stage Processes,
New York: McGraw-Hill Book Co., 1963, p. 130.
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If the point of intersection of the operating line and the
feed locus line, y, is taken at the intersection of the
operating line and the ?quilibrium curve, the minlmum

reflux ratio can be evaluated by an equation similar to (1):

Slope(min) = Rmin/ Rpip * 1

For a bubble point feed, the slope is given by:

where, K= the equilibrium constant at the feed
temperature and pressure .
For a dew point feed, the slope is given by:

Slope, = (xp=xp)/(xp=(xp/K)) = (Ruy/(Rogn#1.))y

From the above equations, the minimum reflux ratios for a
bubble and dew point feed are evaluated, and the composite
minimum reflux obtained from the equation:
T Bpgn TR ot (L) ¢ Ry
where, f = fraction feed vaporized
RminV’ RminL = the vapor and liquid minimum
refluxes respectively.
Finally, the operating reflux ratio is calculated as the
' product of the reflux factor and the minimum reflux ratio.

3. Condenser duty evaluation. The distillate

drum pressure equals the column top pressure minus the

condenser pressure drop. The distillate rate is fixed for
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the column by the equation:
D=F * (’xF-xB)/(zD-xB)
vhere, F= feed rate, lb-moles/hr.
X~ feed composition, light component
xp= bottoms composition, light component
N distillate composition, light component
Based on the distillate code chosen, the condenser temperature
is obtained by a bubble or dew point calculation. For a
subcooled distillate, this temperature must be supplied.
For a partial condenser, the liquid-vapor split must be
specified so that the flash temperature can be calculated.
- With the temperature and pressure specified, equations
similar to those used in the feed evaluation section are
used to evaluate the vapor and liquid compositions of the
distillate, and the fraction distillate vaporized.
Referring to Figure 5, the following procedure is followed:
A. The composition of the vapor and liquid from

plate 1 are determined:

yp = (Dyyp + Dpx +Lox )/ V)

D
where, LO = RD
vV, = LO +D
T1 = dew point temperature of V,

B. The distillate enthalpy is evaluated:
DH = D_h
L

. * Dvip,
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and by a heat balance, the condenser duty 1is:

Qe=L_h. +DH - Vlﬁ

00 1

Iterative Calculations

The iterative calculations for each column are

divided into three sections; the rectifying section,

the feed zone and the stripping section.

1. High pressure tower-rectifving section. Calculations

for the high pressure tower begin at the condenser and

proceed toward the reboller. Referring to Figure 6, the

following procedure is followed:

A,

F.

The conposition of x, is determined by

1
equilibrium; x, = yllK1

The composition of Yo is assumed.

A dew point calculation determines t

L

2 e
3 and V2 are calculated by material balance

(envelope).

le(DLXD~DLy2+DVyD-DVy2)/(y2-x1)
V2=( DLXD"DLxl +DVYD"DVX1 )/ ( Y2'x1 )

an energy balance determines the criteria for
convergence:
Eqn=V2H2 - Llh

p tee

The value of Eqn is compared with the distillate
enthalpy, and steps A to E repeated until

converged,
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2. High pressure tower-feed zone. The feed zone refers

to that area of the tower where the computed compositions of
the vapor &and liquid approximate those obtained from the
feed flash calculation. The calculations in this region
differ from those in the rectifying section in that the
material and enthalpy balances are performed between stages
and not around the condenser. At the feed zone, the
following procedure is followed (Figure 7):
A, The composition of Xp is calculated by
equilibriumj x, = ye/K,
B. The composition of ypyy is assumed.
C. A dew point calculation determines tp,q .
D. Vf+1 is determined by a material balance
around stages f-1 and f (envelope I).
Bany =Ve 1 =*VeYe-VreoqVreeale-1%r-1
= *(Vpoedtr-1-Ve)xp)/(Ypay ~X¢)
E, vf+l is also determined by an enthalpy balance
around stages f-1 and f(envelope I).
Eqn2=Vf+1=(Vfo°eredered'Lf-1hf-l
. *Lp 1*Veeeq=Veihp)/(Ho g =he)
F. The values of Eqn1 and Eqn, are compared until
converged .,
Steps A to F are repeated for stages f and f+1 (envelope II),
with the 1liquid feed being added to the system.
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3. High pressure tower-stripping section. The

stripping section calculations correspond to those used
in the rectifying section, with only a modification in the
material and enthalpy balances to reflec¢t the addition of
the feed stream to the tower. Referring to Figure 8, the
procedure 1is as follows:
A. The composition of xf+3 is determined by
equilibrium; Xp4q = yf+3/Kf+3
B. The value of Yeay is assumed.
C. A dew point calculation fixes tf+u .
D. Lf+3 and Vf+h are computed from a material
balance around the condenser.(envelope):
Lea3= (P Xp=Dry o o *Dyyp-Dy¥ e, *Fren,
'FZF)/(yf+h'xf+3)
Vo= (DpXp=DpXp 3 #Dyyp=DyXp 4+ FXp o
“F2.)/ (Tp4-%p43)
an energy balance determines the criteria for

convergence:

E. Eqn = V H ~-L h +Qc+H.
| £+45p W THr430 043 T Feed g

The value of Egqn 1is compared with the distillate
enthalpy , and steps A to E repeated until

converged.
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Iterative Calculations- Overall Program Logic

The overall program loglc consists of three separate
calculational blocks: (1) the high pressure tower, (2) the
two isenthalpic valves between columns, and (3) the second
distillation tower or the absorber section. Each column
computational block is further subdivided into two.
separate routines; an initialization routine, and a
convergence routine,

1(a) . High pressure column-initialization routine.

Calculation begins at the condenser and proceeds downward
by repetitive application of the rectifying section procedure
previously outlined. Computations continue until the computed
liquid composition equals or becomes less than the feed 1liquid
- composition. The calculations now shift to the reboiler,
and a procedure similar to that used in the rectifying
~-Sectlon 1s employed except that the material and enthalpy
 balances are performed around the bottoms product stream
and calculations are made from the reboiler upward.
Referring to Figure 9, the procedure is :

A, Thg composition of Yo is calculated by

equilibrium; Yo© K2x2

B. The composition of x3 is assumed. v

C. A bubble point calculation determines th

temperature t

3 *
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» Bot, Xy, h;

FIGURE 9
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D, L3 and. V2 are determined by material balance
(envelope) :
Ly = Bot * (xl“yz)/(x3'y2)
V, = Bot ° (xl-x3)/(x3—y2)
an energy balance determines the criteria for
convergence:
E. Eqn = Lyhy-V,H, +Qq
The value of Eqn is compared with the bottoms
enthalpy, and steps A to E repeated until
converged.
Calculation in the stripping section continues until the
éomputed vapor composition exceeds the feed vapor
composition., At the conclusion Qf‘the first pass, the

number of stages and the feed stage location are fixed.

1(b) . High pressure column-convergence routine, After

pressure corrections have been made to reflect the true
number of stages in the column, the calculations are

repeated starting at the condenser, As before, the

rectifying region series of calculations is repeated

until the feed zone 1s reéched. Computations now proceed
through the feed stage using the feed zone procedure, and

then continue with the stripping section procedure described
for Figure 8. The reflux ratio is now adjusted and the éntire
calculational block repeated until the desired bottoms

composition is attained.

»
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2. Isenthalgié valves. If only a single tower is to
be solved, the calculations cease, However, 1if a second
tower exists, the product streams from the high pressure
tower must be reduced to approximately atmospheric pressure.
Equilibrium and enthalpy data at the lower pressure are
input, and depending upon the toﬁer configuration either
one or both valves are simulated. The valve‘simulation is
a trial and error procedure wherein the constant enthalpy
across the valve is the criteria for convergence. The
.-procedure used 1is as follows:

A, A temperature is assumed between the bubble
and dew points at the lower pressure.

B. A feed flash at this temperature yields the
liquid and vapor compositions.

C. The combined enthalpy of the product liquid
and vapor streams is calculated.

D. The composite enthalpy computed above is
compared with the enthalpy of the stream before
the valve,

E. Steps A to D are repeated until convergence 1is
achieved,

If a double distillation tower configuration is used, only
the boﬁtoms or distillate product 1s pressure reduced, If
the Linde '"Double Column'" is used, both product streams

undergo pressure reduction.



-32-

3. Second distillation tower or absorber., If the

second tower 1s a distillation column, the pressure

reduced product stream (bottoms or distillate) becomes the
feed stream to this low pressure column. The calculational
scheme is exactly the same as in the high pressure column,
aﬁd after the second column bottoms composition is converged
calculations cease. If,however, the second tower is an
absorber, the calculations are somewhat more involved. As
in the high pressure tower, the computational block is
subdivided into an initialization routine and a convergence

routine,

3(a) . Absorber-initialization routine. Since a

condenser does not exist in the reboiled absorber, calculations

cannot begin at the condenser. DBecause the heat to the

reboiler is supplied by the condenser of column one, 1t is

~

ldgical to begin the calculations at this point. Pursuant

to the fact that the vapor products are required, the reboiler
is assumed to be a total reboiler, and the appropriate adjust=
ment to the enthalpy balance for the reboiler calculation is
made., Proceeding up the absorber, calculations similar to
those described for the '"stripping section," Figure 9, are
performed. Calculations proceed until the computed vapor
composition becomes equal to or less than the feed vavor

composition.

Proceeding through the feed stage, a computational
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approach that is similar to the feed zone calculation of
the high pressure tower is utilized except that calculations
are from the bottom up and the liquid composition rather than
the vapor composition is unknown.

After the feed zone, calculations follow the procedure
of the high pressure stripping section with a shift to
bottom up and unknown ligquid composition as 1ﬁ the feed 2zone
calculations above. Calculations continue until the computed
liquid composition equals or exceeds the value of the "lean
oil" feed composition determined by the valve calculation.

3(b) . Absorber-convergence routine. Even though the

liquid composition computed now equals or exceeds the

required value, the computed rate of flow of the 'lean oil"
feed stream will,in general,not match the required value.
Two adjustments must be made for the absorber to be
~Independently balanced. First, the variations in the pressure
of the feed stage must be dampened out, and second, the
computed "lean o0il" feed rate must be adjusted to the value
obtained from the valve calculation,

To achleve the first objective, the initialization
procedure for the absorber is repeated until there is no
variation in the feed stage location. Unfortunately the
second problem 1is more involved. Since there is no
condenser, the reflux ratio does not exist, and another means

of adjusting the "lean o0il" flow rate must be devised. To
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meet the "lean 0il" requirement, the reboiler duty of the
absorber is adjusted until the required rate is obtained.
The absorber is now independently but unfortunately also

arbitrarily converged.

Iterative Calculations-Overall Convergence

The arbitrary value of the reboiler duty as set in
the previous section is now practically approached by
adjusting the number of contact stages in the high pressure
tower by means of the bottoms composition. The bottoms
composition is adjusted, and the entire calculational loop
is repeated until no further adjustment of the absorber
reboiler duty 1is required. An elabération of the problems

encountered in this type of convergence will be made in the

next chapter,

| -~ Qutput

The computer output generated incorporates all the
information necessary to design the Linde "Double Column."
Output is generated as each tower is independently converged,
and 1ntermed1ate-trials indicate only the convergence trend.
The tower parameters and calculated constants are printed
and act as a check on the input data, The initialization
routine, which determines the number of stages required, is
printed in entirety. The first convergence routine pass is

also printed in entirety so that the method of caleculation

'S
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can be illustrated. Subsequent passes are suppressed, and
only the direction of convergence is indicated. The final
converged trial is pringed in its entirety, including the
five profiles of temperéture, pressure, vapor flow rate,
liquid flow rate and light component composition. Lastly,

an enthalpy balance is presented. incorporating all tower
input and output streams. A sample of the output is presented

with the examples of Chapter IV.
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CHAPTER III
CONVERGENCE PROBLEM

As indicated in the previous chapter, the problem of
convergence in a Linde "Double Column " involves
ramifications which are nonexistent in an ordinary dual
column fractional distillation complex. Whereas in a
distillation plant operating above the ambient temperature,
the reflux ratio, and hence the condenser and reboiler heat
loads can be varied within wide limits, the lack of a
condenser on the absorber negates the use of a simple "key"
to control convergence. Unlike the amblient temperature
columns, the heat loads of the high pressure column's
condenser and the absorber's reboller are interdependent

and the entire hish pressure tower must be adjusted to

R

.

 achieve convergence. The method used to}adjust the high
pressure column's condenser duty is to adjust the bottoms
composition, Initially this procedure has the effect of
changing the number of contact stages and therefore
increasing or decreasing the condenser duty. A fine
ad justment is achieved as the number of stages remains
constant and only the bottoms enthalpy varies.

Unlike the reflux ratio which can vary from minimum
to infinity, the variation of the hleh pressure column

bottoms composition, xp; , 1s set between narrow theoretical
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‘and even tighter practical limits, AFigure 10 illustrates
the "Double Column' construction on an enthalpy concentration
diagram.l Line Z'AR' represents the "lean o0il" feed 1in the
absorber, and at a value of xBl approximately equal to 0.67,
it coincides with the "tie line" through 4, i.e. the minimum
reflux ratio the absorber would ‘theoretically have.
Similarly, line RBZ corresponds to the reflux rétio in the
high pressure column, and at a value of XBl equal to
approximately 0.57, the 1line coincides with the "tie 1line"
through B, i.e. the minimum reflux ratio for the high
pressure column. The theoretical limits for the light key
bottoms composition are therefore 0.57 and 0.67. As
Ruhemann states: " Practically X, (xBl) can vary between

60 and 64 per cent." This is a small margin indeed and

indicates just how sensitive the convergence problem can

‘bei—.

During development of the model, another convergence
problem emerged., Unlike the first convergence problem
which 1s a physical limitation of the system, this problem
results from the method of calculafion used. The Sorel method
was originally developed by Sorel in 1896, before the age of
computers, Utilizing graphs of the equilibrium and enthalpy

1. Ruhemann, M., The Separation of Gases, Second Edition,
London: Oxford University Press, 1952, p. 159.

2. . 1Ibid., p. 160.
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s

FIGURE 10
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functions, and designed for hand calculation, the
"tolerances for conVefgence were extremely loose. The feed
stage calculation, especially, was solved by the addition
of the feed stream between two stages with no attempt made
to add the feed 1liquid to one plate and the feed vapor to
another stage. When the former method was applied to a
computer with a tolerance on composition of 1074 or

tighter, the disérepancy caused the enthalpy balance to

fail to converge and a zone of constant composition
appeared., No solution to the problem was possible since

the "pinch point" could not be passéd. Subsequently, the
feed zone equations were rewritten to incorporate the effect
of separate addition of the feed liquid and feed vapor plus
a much more restrictive tolerance on the appropriate
equilibrium calculations. The result of these modifications
to the computational algorithm resulted in a converged solution

to the set of material-equilibrium-enthalpy equations.
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CHAPTER IV
EXAMPLE PROBLEMS

This chapter contains three example problems chosen
to 1llustrate the model's abllity to solve problems of

varying complexity.

Example No, 1 : The design of a Linde "Double Column"

for the separation of air into oxygen and nitrogen.

Example No., 2 : The deslign of a single fractional

distillation column separating benzene and toluene.

Example No. 3 : The design of a dual fractional
distillation complex for the separation of benzene and

toluene.
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A, Example No., 1 - Linde "Double Column,"

The purpose of this example is to solve the problem
for which the model was developed, the design of a Linde

"Double Column." The necessary input data are:

1 (4) Select system options
(a) Tower type code = W
Linde "Double Column."
(b) Feed thermal code = 3
A bubble point feed 1s the most
advantageous cbndition.l
(¢) Distillate thermal code = 3
A bubble point distillate will be the best

"lean o01l" feed to the abhsorbher,

,;~23SA) Set tower parameters

(a) Feed rate = 100 lb-moles/hour
A convenient number was chosen to simplify
the calculational check. The feed rate
should not exceed 100,000 lb-moles/hour
so as to avoid an output format error.

(b) TFeed composition light key = 0.79
Air is considered as a binary containing 79

- percent nitrogen.

1. Ruhemann,M., The Separation of Gases, Second Edition,
London: Oxford University Press, 1952, p. 156.

-
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(¢) Reflux factor = 1.1
Alr plants normally operate close to
miﬁimum reflux.

(d) Pressure drops--stage=0.1 psi.,
condenser= 0.3 psi., reboiler= 0.1 psi.
Pressure drops per stage range from 0.07
to 0.15 psi.2 ‘Condenser and reboiler
pressure drops are generally higher due
to the increased piping associated with
these sectioﬁs.

(e) Equilibrium reference pressure= 73.5 psia.
The suggested pressure for the distillation
tower is 5 atmospheres absolute.

(f) Tolerances = 107 ana 107%

The tolerance on the bubble or dew points

(component summations) = 107° ; Ll.e.

:Eij orZEjy/K =1.0 ¥10°® . The over-

all tolerance , 10”“, is on the bottoms

composition of the light component (x

Bl)'
(g) 1Initial temperature and pressure estimates:

TOP BOTTOM
T, °F, -280.3 -274,0
P, psia 73.8 78.8

2. Peters,M. S, and K.D. Timmerhaus, Plant Design and
Economics for Chemical FEngineers, Second Edition,
New York: Mc Graw-Hill Book Co.,1968, p. 622,
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The initial temperature estimates are used
only for initialization and need not be
very accurate, The pressure estimates are
used in the determination of the number of
stages, and therefore can have an effect

on the tower convergence,

(h) Product purities, light component:
overhead= 0.98 : bottoms= 0.60
The bottoms composition is within the
practical limits discussed in chavter III,
-3 (4) Basic data
(a) Enthalpy data
Liquid and vapor enthalpy values for both
components at -289°F, and -266.1°F. were
S~ estimated from an "Esso Blue Book'" graph
supplied by Dr. Edward C. Roche, Jr., and
input in the order: (1) temperature(°F.),
(2) liquid enthalpies (Btu/lb-mole), and
(3) vapor enthalpies(Btu/lb-mole).
fb) Equilibrium data

Vapor-liquid equilibrium data for each
comnonent3 were entered at temperatures of

~289°F, and -266.1°F. The values were

3. Van Winkle, M., Distillation, New York: Me Graw-Hill

Book Company, 1967, p.2é4.



2 (B)

3 (B)

Absorber

(@)

(e)
()

(g)

(h)

Absorber

(a)

Ll

input in the following order:
(1) temperature (OF.), (2) 1light
component equilibrium constant, and

(3) heavy component equilibrium constant.

tower parameters

Pressure drops--stage=0.1 psi.,
condenser=C.3 psi., reboiler=0C.1 psi.

The same values as were used in the

high pressure column.

Equilivbrium reference pressure=1k,7 psia.

Tolerances = 10-6

and lO'u
The same values as were used in the
high pressure column.

Initial temperature and pressure estimates:

TOP BOTTOM
7, °F. -310.9 -307.7
P, psia. 15.0 20.0

Product purities, light component:

overhead= 0,99 :+ bottoms= 0.01

basic data

Enthalpy data

As in the high pressure column, enthalpy
data at -319.7°F. and -300.0°F. were
supplied to the model from the '"Esso

Blue Book" graph previously mentioned.
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(b) Equilibrium data

As before, vapor-liquid equilibrium

diatak for each component were supvlied

to the model at -319.79F. and -300.0°F,

The above data were inserted into the model and the

results are that the high pressﬁre tower requires 7 stages
plus a reboiler and a condenser, the bottoms composition of
the light key is 0.61, and the reflux ratio is 0.98649.
The condenser and reboiler duties are 203,940 and 204,195
Btu/hour, respectively. The absorber requires 13 stages
plus a total reboller (see attached printout). The hieh
pressure column was checked using DISTL, a rigorous
distillation program developed by Dr. Edward C. Roche, Jr.
The solution checks favorably within the tolerance limits.
A check on the absorber using ABSR , a »igorous absorber
“program developed by Mr. Robert Lukach and Dr. Edward C.

Roche, Jr. also gave favorable results.

L, Van Winkle, M., Distillation, New York: McGraw-Hill
Book Company, 1967, p. 28k,




o o . ~CULUMN_DUMBER-..l----=-PROBLEM NUMBER §
 memmemmememecI0TALCONDENSERz=zALL LIQUID DISTILLATE oo _ ———— i —————

INPUT DATA USED IN CALCULATIONS

. FEED RATE  XF(1)  XB(1)  DIST,RATE  DIST,SPLIT ZD(1)
e MOLS/MOUR CMOLS/HOUR

. 100,00000 790000 ,600000  49,99995  0,00000 ,980000

.. PRESSURE DROP/STAGE=0,1000 CHNDENSER PRESSURE DROP=0,3000 REBQOILER PRESSURE DROP=0,1000

e e e _EEEHACONSTANT S## %% TOKER NUMBER-Lomoeee
_ EQUILIBRIUM  PRESSURE  ENTHALPY=-L1QUID  ENTHALPY=VaAPOR

AL 11.41600 _ 73,50000  =743,70459 4259,03900

Bl =1206,56730 73,50000 17,13020  0,00000

oAz 10,15647 . 73,50000  -=213,52954  4339,14060

13,97386 : C 419216

H
i
H

i

H
- OH=
¢ :
: i H




_ PUBBLE POINT FEED

. _ THE FRACTION FEED VAPORIZED= 0,0001
o XFEED=  0,78999 YFEED= 0,90614  HFEED= 0,22290438E 06

_MINIMUM REFLUX = 0,63588

CREFLUX RATIO=  0,69947

__THE FRACTION DISTILLATE VAPORIZED= 0,0007

e T O RS, L. WO ION. . W, TE_OL . TR . TR I0_ . KR T, TR TN S50 T T M, 00, T A wom WEE. I e e TG o W TN wwer W N TN AW g A D o o W, T ST A e 5 TV S D AR TR we e U DN YR D o Wp S AEN KB W IR GHT W A AR

TEMPERATURES-=-DEGREES FAHRENHEIT

TP ROTTOM  FEED  CONDENSER

_=280,30005 =274,00000 =286,24707 =290,21606

e . PRESSURES==-PSIA
.. PTOP=__ 73,80000 PBOTTOM=  78,80000

TFEED=-286,24707



STAGE

~287,98462

_DEGREES F

=290,21606

=289,067944
~288.76343
~288,35132

TEMPERATURE  LIQUID RATE
 MOLES/HR,

49.99995

34,83177

33,95007

34,46859
34,31805
' 34,11691

. =2B874,66724

=287.39648
~287,17651
-286,99368

10

_ =286,84790

33,87671
.33,61829

 33,56702
33,3%9804
33,47160

 FIRST PASS~--DETERMINATION OF NUMBER OF STAGES
VAPOR RATE
MOLES/HR,

T R

B84,97330

B84.83192
B4,46524

84.31810

_ B4.11673
83,94994
83,87653
 83,.61823

82,5669
83,39790

PRESSURE
PSIA

73,50000

73,80000

- 73,89999
73,99998

74,09998
74,19997

74.296%6

74439995
74449994

- T74,59993
T4,69992

... THE_NET VAPOR ENTERING THE RECTIFYING SECTION IS 83,47151

. STAGE

l

Yo

O8N U e N

X1y

 0.9505086

0,9219195

0.89584541

0,8717471

. 0.8513058

028341948

 0,8091582

0,8004780

_ 0.8201004

0,7940014

iy
. 0,9799908

0,9678836
0,9562954
0,9455838
049360884

009279497
0,92211059

0,9157078
09113712

0,.9081022

 THE NUMBER OF STAGES IN THE RECTIFYING SECTION

ARE 10

; -8ﬁ;



... _STRIPPING SECTION __

TEMPERATURE  LIQUID RATE  VAPOR RATE PRESSURE .
_ DEGREES F MOLES/HRs MOLES/HR, ~  PSIA S

1 -2B5,48438 0 134,2170% . B4,33714  78,59998

12 =2B5,30298 0 133,9%014 2 B84,21704 T8,69%98 e I
13 ~284,82056  133,04175 < 83,99010  78,79999

__REB, 1%  =2B1,67847  50,0000%5 = B83,0416%9 = T78,8%%%% .

 THE NET L10UID ENTERING THE STRIPPING SECTION IS 134,33719

STAGE Xty oyt

il 0,7892518  0,9058817
12 0,7809044  0,9016114
X3 0,7560924  0,8885984
_ REB, 14  0.6000000 = 0.8500769

~ THE NUMBER OF STAGES IN THE STRIPPING SECTION  ARE 4

~ THE TOTAL NUMBER UF STAGES IN TOWER ARE 14

"""""" _ PASS NUMBER 1 IS COMPLETE

°6+(-
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XFEED= 0,78999 YFEED=  0,90603 HFEED= 0,22172456F 06 TFEED=-286,96240
 MINIMUM REFLUX = 0,63745 REFLUX RATIO=  0,70120
B Wi;;;fw fMVTHE FRACTION DISTILLATE VAPORIZED= 0,0007
. TEMPERATURES-~-DEGREES FAHRENHEIT
. T10P __ __ BDTTAM ___ FEED  CONDENSER

_ =289,67944  -284,82056 ~286,96240 =-290,21606

PRESSURES===PSIA
~ PTOP=  73,80000  PROTTOM=  75,00000




MAﬁTAQE; .

o CoND,

~290,21606
. m289,67944

. =289,20972
 =28B,76196

-288,34839

~287,16724
-286,98315

_=286,83618
~286,70%47

. =2B6,60547
. =2B6,26709
 =285,32739

X1

. 495Q598?
. O 9218869
H_@:3?§3539 i
_0.8B715686
0.B510251

Wféﬁﬁééhrgégf ‘ww
_DEGREES F

_-=287,97998

-287,66113
=287,38867

0,833B2658

|

et (s
$us

l
1

~REE.

et lgs
eI

VR

04 aleeazzu,wfm

0.7998692

ffeg7933309‘,w
0.7879876
0,7839639

PASS NUMBER
_ THE VALUE OF THE REFLUX RATIO=

Viléﬁib Réfé
_MOLES/HR,

- 85,08971
34,90472
34,52682

34,39322
34,19337

33,64117
33,47137

33.54501

33,48264
133,55978
133,10303

. 50,00008

i
 0,9799909

De9678T707

f;e 9562870

F

0e70120

 VAPOR RATE

34,02261
33,94830
33,69162

0,9455024

 0.9359576

0,9029832

_ 0:7667707
0s7173564 O

Co.B960374 .
0D.P671048

MOLES/HR,

- 0,00000

B5,08971

B4,52681

84,39325

84,19322

B4,02267
83,94812
83,69150
83,64120
83,47134

83454491
83.47589
83,55968

83,10312

PRESSURE
PSTA

73,50000
73.80000
73,89999
73,99998
74,09998
74419997
74,2999¢
74,39995
74449994
74459993
74,69992
74579991

74.89990

T4,99989

75,09988

C0aR27769T
0.9208828
09154395
09110632
0.9077635
049050432

s

i
|



PASS
2 0,63108
_ 4 . D.77132
- . 0.71207
6 073879
T D,72937
8 073343
9 0.73222
U & ¢ S 0a2132%2% e

 REFLUX RATID  BOTTOMS COMP,
R QeBLA7993

0,.4368704
0,6760874

0,5804196
06110585
0,5988229
0.6027896

0aB000B2 e e e e ————— e

- -26-



FINAL CONVERGENCE ACHIEVED DN BOTTOMS
R _ THE_FEED 1§ INTRODUCED BETWEEN STAGES
o  RLOWE  0,63108  R= 0,73294
STAGE __ TEMPERATURE  PRESSURE
_DEGREES E PSIA
___COND, _ ~290,21606 _ __ 73,50000
1 =289,67944 73.80000 ,
. B ~289,19873 73@89999MWW,WW”W
- =288,7272%9 13,99998
& . =2BB,2B7358 74,09998
B =2B7,88794 T4,19997
. é’ — ,_-287;5_3943{2 — o ?4* a_g 9995
T _=2B7,23877 Ta,39%95
I - B -286,99023 T4,49994
I _ =286,7753%9 74.,558993

10 -286,59912
=286,45898

T4,79991

T4,69992

RHIGH=

LIQUID RATE
MOLES/HR,

COMPOSITION =~==TOWER NUMBER 1

11

AND

0,77132

MD

49,99995
36,44078

36422591

35,78814
35,61053

_VAPOR RATE

LES/HR,

12

0,00000

86,64709

86,44073

BH,22601
85,78525
85,61038

35.36249

34,90157
34,81210

12 T -7B6,34821
13 -285,43994

74,99989%

T4,89990

A aﬁﬂa-lé-;~,_;;.-zaz‘Eaaﬁa_-;;Z;;-zsaﬁaaaa'*”

 ENIWALRY BALANCE.(BIU/HR.).
REBOILER QUTY— 0,18321863F 06

;”f FEED ENTHALPYS 0,22172456F 06

 TOTAL E

_ DISTILLATE ENTHALPY = 0,10823056E 06

TOWER NUMBER 1 IS COMPLETE

- 35.25792
35004657
35,15302
 35,06006

85,36230

85.25794

85,04649

”35,15?92

83,06000

124,46739
1232,94766
.-304000013..

W . A A

ENTHALPY IN = 0,40494319E 06

 TOTAL ENTHALPY DUT = 0,40494319E 06

84,90155

B4, B0545

B4,46738
§2‘ﬁ&252

BOTTOMS ENTHALPY = 0,11386025E 06

CXeenoMPLl)

0297999
0,95051
0,92147
0,89318
" 0,B678B]
0,84546
0,82656
QeB1085
0179835
0,78793
- 0.77981
0,77378

06942378
0.93333

- = o

T 0, 76927
0.72125

Y(COMPL1Y)

. 0,99205
0,9799%

0.96756
098"

0,92426
0,91454

'Q 91029
0,90500
0 gﬁﬁﬁg'

”a8977ﬂ
T n,A9838
 0,86945

482

CONDENSER DUTY s-0,18285238F 04

1
\
(v o]
i




R . -COLUMN.NUMBER...2-----PRUBLEM NUMBER § .
T TR TY e TR T T ET 1T —

e e EEEEECONSTANT Sk kAR TOWER NUMBER -2
_ EQUILIBRIUM  PRESSURE  ENTHALPY=LIQUID  ENTHALPY=VAPOR
AL 12424675 14,70000  =3444,336%0 2182,85660 o

LBl =1330,35910 . 14,70000 _  34,13612  _ 12,80102

A2 10,54674 . 14,70000 ~3149.98040  2393,0l070

14470000 32,48738 16,24368

e o SRR S R S0 TR S . 055, S0 A D ST S0 5.5, SR T TGN o . JU S, RN TR, . T, S80SV, W G o, WY WOy W O, R oy oo 90 FR vt TR WR mer rom SV T AW R e TS, T s o e ey qwr G R o WS T T WY o

B2 =1279.70550

[




o INPUT DATA USED IN CALCULATIONS

... FEED RATE  XF(1)  XB(1)  DIST,RATE  DIST,SPLIT zoty) -
CGMOLS/ZHOUR 0 MOLS/HOUR

o ___THE FRACTION FEED VAPORIZED= 0,2438
. .. . XFEED= 0,53082  YFEED= 0,81494  HFEED= 0,11378713F 06  TFEED==311,45361
- - wm
Nt
]



CTop A7

© 309,

. TEMPERATURE
_ DEGREES F

 =290,58301

_ =291.19800
_..m292,457813

- =295.,40796
.. m299,82837

_ =304,44556

=307,70435

=315,5664]

=31l6,17676
 =316,57935

=316,84912

9043457
=310.72705
=312.13257

- =313,50903

. =314,68335

 =317,03809

o ngaw

20,09999
- 20,00000
19.89%999
19.79999

1969998

19,59998

19,49397

19,39996

;9u;999@1,ww

19.19995

19,09993
18.99994

18.89993

18,69992
18,59991
18,4599]

18,79993

CLIQUID RATE
MOLES/HR,

20,43335%

65422905
64061961
63,82219
62,99931
62,70361
63,42772
64,02824

25 60362
2607591

262,39746
26,926585
27!39900

27.84702

27:93033
28:936&5
28,10562

waAxéféLANfééesgéamﬁ COLUMN=-=ABSORBER SECTION
T

MOLES/HRa

44,T7570

h4,16626

43,36884
42,54596

42,23026

42,97437
43,57489

43,16164
55,62257

55,534418
56,47319
56,94569
57,39255

57,65257
5T7,82890

37.47720
57,58319

.X}Egﬁﬁ;iymwmw«

0,01000

0,01000
0.03006

0,07889

0,17635
0431369

0,43936

0,51679
0,57999
0465617

0,91750

o 04403

0,95981

0,96890

vicome,1y

0,01000
0,N3935

0411139
0.25632

Qg@@ﬂ?ﬁ
q 34‘37{}
W TN

0,.80702
04843364
0.88120
N.91631
0,94455
0,96443

Ne97720

0,9R483

N,98922
5] ?Ql?%

- -95-



CREVISED VALUES BASED DN TRUE PRESSURE PROFILE
) o e e URBER B |
) ) _ THE FEED 1S INTRODUGED BETWEEN S$TAGES g AND 9
o ) INPUT DATA USED IN CALCULATIONS

_ FEED RATE _ XF(1) _ XB(1)  DIST,RATE  DIST,SPLIT ZD(1)
MOLS/ZHDUR . MULS/HOUR | .

50,0 ng@a,w,éégagz L010000 30,10620  0,00000 ,990000

) _ FLASHED FEED
THE FRACTION FEED VAPORIZED= 0,2258
 XFEED=  0,53631 YFEED= 0,81880 HFEED= 0,11379119E 06

TFEED=-309,81860




STAGE

=290,58301
- =292.57813
~295,40796
. m299,82886
 =304,44604
. =307,70483
_.m309,435806
_.=310.73633
=312.14209

~ TEMPERATURE
 DEGREES F

CsREssURE
_PS1A

20,09999
20,00000
19,89999%
19,79999
19,69398
19.59998
19,49997
19,39996

19,19995

18,79992

PRESSURE VARIATIONS HAVE BEEN DAMPED

11 __=313,5]1758 19,09995

12 . =314,69067 18,99994

13 .. m=315,87129 18,89293

14 _»316,18066 N

_ 15 .=3l6,58228 18,69992
- o =316,85107 18,59991
I . =317,04004 18,4999
TOP 18 _=317,18359 18,39990

CLraUto Rate
CMOLES/MR,

19,2999

20,45212
65,22903
64,H51838
63,82159
62,99802
6270303
63,42747
64,02802

- 25,69504
2606569
26,329638

26,92081
27.40129

27.84200

27,9263%9

28,03926
28,10318
28,29810

 AIR PLANT===SECOND CUOLUMN==-ABSORBER SECTION
VAPOR RATE

MOLES/HR,

h4,T7692
44,16626
43,36945
42,545838
42,25092
42,97536
43,57590

43,95508
55,61357

55,94432
56,46870

56,94894

57,39001

57,58716

57,65076

57,84618
57,69617

37,47438

CoxtenMe. )

0,01000
0,01000
0,03006
0,07890
0,17636

0.31370

0,43938
0,51681

0.58051
0,65674

De73922

0uR1561

0487592
0:91792

094427
0,95999
0,96905
0.97425

0.01000
0,03935
0,11135
Ne25632
Qoéé@?l
0,64372
0.75468
7.80703

D,B4364

0,88145

ototess
0,94472

0,96457
097730
N 90489

0498923
N,2917%

- 0,99316




TRIAL

L SIEIENEN)

OVERHEAD FEED

REQUIRED

35,8200070
. 35,8200070
35,8200070
35,.,8200070
35,8200070

OVERHEAD FEED

ACTUAL

28,1484060

 A0D,1277160
35,1592100

36,8414610

36,1804650

CANDENSER DUTY(1)

0,1828524E
0,1828524¢
0,1828524E
0,1828524E

0,1828524E

06

06

06

o

REBDILER QUTY(2)

0.1B28524F

012136609E
0.200754%E

0,2051918E
042030937

06
06
e
NG

06



o .. THE SECOND TOWER IS INDEPEMDENTLY CLOSED

wf;iégiééﬁﬁ;iﬁmiﬁi&ﬂﬁﬁﬁﬁﬁwééfwgﬁﬂwSféﬁﬁéi & AND 9

VAPOR RATE X(COMP, 1) Y(COMP1)
MDLES/HR ,

L1QUID RATE
MOLES/HR,

_STAGE __ TEHPERATURE _ PRESSURE
_ DEGREES F PSIA

..=290,538301
. =291,19800
. m292,03477

_=293,68682

-308,41821
~308,71362

~310.,3732%

- 2
- 3
ST S
. A
— -
3 7
~ 8 .
§ S S
R 1
VNS ¥ T

. =311,73584
__=313,22046
~314,76733

=315,77393
=316,37500

20,09992
20,00000
19.89999 o
19,7999%

19,69998

19, 59993“W 

L? 29??&
19,19993
19,09%95

18,99994

18,89993

72244974
7187450

70488632

69.76250

- 69,88101
“W7Qa77750
7168533

26, 77785

- 27.26418

34.5426%8

 35,09659
35453482 ¢

. =316,7294%
_=316,94751

. =317.09619%
=317421143

-317.311064

18,79993
18,69992
- 18,59991

l8549?91
18,39990

35,958553

20.45212

35,96947

35,87918
38,94066

36,02478

51,99762
51,42238

50,43415

49,31038

49,42889
50,325649

51423323
© 45,03790
56,81207

A4, 09044

64,64423
65,08287
65,50285
65,51746
65,42711
65,48859

65,57368

65,72682

0,01000
,o 01000

QOBE.OO

‘Q ﬂ8439 wH
019408

0,34930

D, 48585
0,56551
0,63753

0472506
0.,82740

0,R9845
0,94074 V
Ay
0497532
0,98107
0,98391
0,28533

Q OLQOQM
0.03935
; 0,1143%‘
- G,27043

1y QBQ@Q

Q 7

iVQ 8724Q
O 91090

0 ?éa76'

n 9?a2@”

;Vﬁ 9%3&6_
- 0,99501
N,.98574

0,99614

";::*-::;-;;,;;;1.-_-__, ...... ENTHALPY BALANCE (BTU/HBa)eve e omeee e e
REFLUX ENTHALPY= 0,51528977¢ 05

'”ﬁﬁéﬁméﬁfﬁghﬁ?éwﬁgff?ﬁéééﬁﬁ 06  REBOILER DUTYs 0,20309369E 06

 TOTAL ENTHALPY IN = 0,36848288F 06

_ BOTTOMS ENTHALPY 0,10506306E 06 TOP PRODUCT ENTHALPY 0,26370438E 06

CTOTAL ENTHALPY OUT = 5,36876744F 06

e R AN 05T W, O AR S P tin T W v W O WD S0 DN s O TSR N g TR oy, o S WA sr 52 0 s W kg 0n RO A o > e om0y TN vy weh RO T WD e S WD e oy S D BN oy WY QO v TR WH W o ot gy o

 TUWER_NUMBER.IWO.IS.CUMBLEIE.




. FEED RATE  XF(1) "ifxa§15ffm"éi§?}éﬁfé77”5i$f§§PL3?”fzbti§” o
MOLS/HOUR . MOLS/HOUR

... 100,00000  ,790000 ,600000  49,99995  0,00000 ,%80000
. PRESSURE DROP/STAGE=0,1000  CONDENSER PRESSURE DROP=0,3000 REROILER PRESSURE OROP=0,1000
o _BUBBLE PUINT FEED
"""""""  THE FRACTION FEED VAPORIZED= 0,0001 .
: XFEED=  0.78999  YFEED= 0,90604  HFEED= 0,221B86631FE 06  TFEED=-286,87842

CMINIMUM REFLUX = 0,63727 REFLUX RATIO=  0,92451

. THE FRACTION DISTILLATE VAPORIZED= 0,0007

~~~~~ R . T G OV TR . DY i WY . R St T, WY W GI e A M sy RO s WD AT Y0 WY T s W AP > W S e TR S s Y D W AP 0 T wad WS BN W% T AR W e W 0P T AR N e e VAP WA SR UM e R s W TR e st

TEMPERATURES==-DEGREES FAHRENHEIT

CTOP. . BOTTOM  FEED  CONDENSER

| =289,67944 =284,62086 -2R6,87842 =290,21606
PRESSURES===PSIA
_PTOP=  72,80000 PROTTAMs  75,00000

e+ D QR TR XD, T VTN S N D A RS T TR SR TW TR U SN S iion. . S A i, ST . R R TN e I G iy VW N W SUR e TR T R w7 ST N TRG ow DET UMY mb ogn SEO AN RN gun AUV SRR ey guw TR UTR W W gl vom T Mw WS TRE wm med R M TR 99T Gms

- 19~



FIRST PASS--~DETERMINATION OF NUMBER OF STAGES
] _RECTIFYING SECTION

.
N 2.
3
A
5

 THE NET VAPOR ENTERING THE RECTIFYING SECTION 1S 94,41357

. STace

~ THE NUMBER OF STAGES IN THE RECTIFYING SECTION

. =290,21606
.=289,67944
. =289,13745
- =288,5432]
=-287,91992 .
=287,30127

X(1)

0.7172261

0,8816244

048433791

. D.8105946

_ TEMPERATURE
 DEGREES F

0.9505087

Touth RaTE
MOLES/HR,

szé;é§§§g»uwmwm

46,03233
45,506006

45,20465 “’“

44,75742

b4,41364

CoYeh

0,9799909
- 0.9658588

0,9500852
0,9332849

Qk?l@é@ﬁﬁwk

_VAPDR RATE
MOLES/HR,

Wuégééébb"

96,22549
96,03291

- 95,50630
95,20457
94.75739

ARE

R

PRESSURE

PSIA

73,50000

73,80000
73,69999
73,99998
74,09998
74,19997

A It



DEGREES F

- e
: T
8

 THE NUMBER OF STAGES IN THE STRIPPING SECTION

. =28B6,55273
. =2B3,69678
_=282,98193

CX(1)

1 0,7809684

o _D,7353791
RER, B D,H000000
_ THE TOTAL NUMBER 0OF STAGES IN TOWER ARE
_ PASS NUMBER 1 1S COMPLETE

 STRIFPING SECTION

_ STAGE  TEMPERATURE  LIQUID RATE

MOLES/HR,

144,08479

1424264242

0,8771416
Q0.8087614

P0,00005

VAPDR RATE
MOLES/HR,

 94,50697

94,08473

92.24237

8

ARE

PRESSURE
PSTA

74,89998

74,99998
75.09999



o .. .. REVISED VALUES BASED ON TRUE PRESSURE PROFILE

 BUBBLE PDINT FEED

THE FRACTION FEED VAPORIZED® 0,0000
_ XFEED= 0,79000  YFEED= 0,90603 HFEED= 0,22166063E 06 TFEED==286,99609

MINIMUM REFLUX =

= 0,63752  REFLUX RATIO=s 0,92487

THE FRACTION DISTILLATE VAPURIZED= 0,0007

. TEMPERATURES-==DEGREES FAHRENMEIT
e..TUP. BOTTOM  FEED S S
e LAY GSTE 3659805 TSETG. FLEGE T e e e e e

CHOMDENSER

- PRESSURES-==PSIA ”
. PTDP= _ 73,80000.  _ PBOTTOM=  74,39999



" PASS NUMBER

LIQUID RATE
MOLES /iR,

45,21733

- A4.T77368
_hb,42981

44,08714

 142,92807

_THE VALUE OF THE REFLUX RATIO=
STAGE  TEMPERATURE
) DEGREES ¢
COND, . =290,21606
1 =289,67%4
. 2 ~289,13745
3 . =288,54297
= A
3.
.5
~ 7 m 1 R
B ~284,39893

i fw:
Lom
Lo
i »;
:

; =
E

Cxely

_ S T
R
e I
- . .
5 dLD%@?ﬁu
- b D.T778B765T
N 027511740

0,6587275

50,00005

Y(l)

4604573
A4B5,52342

2

0,92487

VAPOR RATE
MOLES/HR,

0,00000

 96,24353

28,52313

95.21741Mkw

94,77353
94:42?84
94,08455
92+92810

0,9163826

09002667

. 0,8857007
- 0,B325084

 96,04535

PRESSURE

PSIA

7350000
73,80000

73,89999

1 73,99998

?[&, 09993
74,19997

IS
74 ,39995

74,499%94

Qé?fj(}ﬁ{@g 7{}%97?@?1!{) e e e
: - 0,.9658567
029500784

. 0.9332706

-99..



. PASS  REFLUX RATIO  BOTTOMS COMP,

] 3. 0,83239 . 0,7420707
4 . 1,01736  0,588512] - .
. ..0,96420  0,6281107 L

) -
~ - 099630 0.,6081644
1. 1200486 0.5989576
o B8 1,00202 0,6006418
9

- . 1s00327  0,5998993
Y0 1.00287 0.6001325 o o o , . o - .
. ..-,..-—L—;Ll ...... .—-l»&QQlQQ mmmmmm Q‘éQQQZéﬁ uuuuuuuuuuuuu T B rm - D W e TR W et o PR AN NI AN T W W W O 2w L R K X

.
o))
[0)Y



. THE FEED 1§ INTRODUCED BETWEEN STAGES

0309 RHIGH=

73,8999% 4

MOLES/HR,

 49,78699

48493660

47.82237

47440067

_ FINAL CONVERGENCE ACHIEVED ON BDTTOMS
e __RLOWs 0,83239  R= 1,0
STAGE  TEMPERATURE PRESSURE
e _DEGREES ¢ PSIA
COND. . =290,21606 73,50000
I ~289,67944  73,80000
2 -289,11694 N
3 =2BB,47412 73,99998
A =28T7,77783  T4,09998
. . =287,06323 74419997
B =2BB,3BI3E T4,29796

T .285,76050
_ﬁ-_--,ﬁ=2§3;192§3

mmlééé*,m

 FEED ENTHALPY= 0,2216

T4,39995

24449994

 ENIHALRY.BAL
6063E 06

l45 564588
5000005

ANGE_{BIU/HBL).
REBOILER DUTY=

_LIQUID RATE

49,99995
49,42500
_ 4Be53621

COMPOSITION =-=TOWER NUMBER 1

6 AND
1.01736

VAPOR RATE

X(cuMPe1)

MOLES/HR,

100,15421

98,93628

9B,53607

7 82228

97,39795

33.36448

W o o D

0,21162094E 06

TOTAL ENTHALPY i%.a G,ééﬁzaxﬁﬁéf@@'

_ DISTILLATE ENTHALPY =

0.10823056E 06

CTOWER NUMBER

1 18 COMPLETE

. TOTAL EMTHA;?Y‘QuT = @,4saz$;5§5 06

Wwﬁkﬁbéﬁéf 

- 99.78674
99,42522

ASULETREI

0,83683
0,79676

0476000
0,72784
0.60002 Qs

O e o S

0.97999
0,95051
0,91590

R

F 9@81%”
0,92921
N.90967
0,A9N42
@,87293
79471




 _COLUMN. NUNEER--_M?755~PRBBLFM NUMBER

- _INPUT DATA USED IN CALCULATIONS

e A A _SDDLNR. S_. TN R ISR ot VT 4, w6 TEN WD WD, W TR O R . TR o, . o, THN R WR me T, e WS TG T WOW WY WO g ew W £ e VN W oo e ST M e pw THR A s s TR W e W e e NG ) WD N e WER e e IV W S

_FEED_RATE

CXKECLY XBll)

e MOLS/ZHOUR

. 50.00005

,600024

 1@13669  o

“,,pagssw?g DROP/STAGES0, 1000

 FLASHED FEED

0.53620

DIST,RATE
MOLS/HOUR

30,10229

DIST.SPLIT ZD(1)

0,00000 ,990000

COMDENSER PRESSURE DROP=0,3000

YFEED= 0,81869

 THE FRACTION FEED VAPORIZED= 0,2259

3

HFEED= 0,11362550E 06

TFEED=~309,94897

-89~



STAGE

_ REB,

Oim i~ e N

 TEMPERATURE
 DEGREES F

~290,58301
92.65454

=295.78418
- =300,73657
=305,75342

=309,08%81
u’Bllnlblg’mﬂm,w
_ 10 =313,
11 *315 97559
N V-2 . =316,46706
TOP 13 .=316,75000

91,19800

PRESSURE

CPSIA

19,79999
19.69998

19,59998
19449997

19.39996

19,2999

19,19995

' 19,@@995

18,99994
18,89993

20, 99999

LIQUID RATE
MOLES/HR,

20445505
75,39738

7,74g78745
73,73965

72.6580589
T2+ 73444

 73,89543
3606630

37.,03638

37,832922

38,61220
38,78647
38,98763

_ AIR PLANT=-=SECOND COLUMN---ABSORBER SECTION
VAPOR RATE

MOLES/HR,

54,94234
54,33238
53 28&&2

52.19554

§2.2793?
53,44038
54,31499
66,58156

67, 382399

68,15723
68,33130
68,53201

58,74a55‘

S X(COMPL1)

0,01000
~0,01000
0.,03132

0,08634

0,20064

0,36214%

0,50260
0,63228
0,75947

0, 88873

0,92132

0,9553]

0,97244

vicomp.1y

0401000
He03A9358

ﬂgllﬁéém
De27335

0449992

Ne69116

0,79817
04, BA998

0,92441

N,958912

06 9?R3é“

ﬁ 9@;@@




. 50,00003 ,600024 ,010000

oo .. REVISED VALUES BASED UN TRUE PRESSURE PROFILE

AU NumseR 2
. THE FEED IS INTROUUCED BETWEEN STAGES

~ INPUT DATA USED IN CALCULATIONS

XE{1)

XBL1)

DIST,RATE
MOLS /HOUR

. FELASHED FEED

30510327

DIST,SPLIT

0.00000

_THE FRACTION FEED VAPORIZED= 0,2238

FEED RATE
MOLS /HOUR

o XFEED=z  0,53686

7

ne1)

990000

 YFEED=  0,81915  HFEED= 0,11364594F 06

- TFEED=-309,74146



 PRESSURE

PSTA

20,00969

2000000

STAGE TEMPERATURFE
DEGREES F.
“Rggam . R%?Qgﬁgggl
2 . =2%1,19800
e 2 . .=292,65454
I S _=295,78418
— ;mﬁA . ’390573é32 e
_ =N . .»305,75342
} I _.=309,06006
8 -311.,56177
2 - =312,6481%
10

Y
. Top 13

19,8999%
19.79999
. 19.,69998

19,39998

19,49997

19,399%6

19 19995
19,09995

18,99994

. 18,89993

LTQUID RATE
MOLES/HR,

2045482

75.39738

73;?a?bew

72,65048

72,73460

73.89519
36,05775

37,03995
37:84465

38,61174

- 38,79172
- 38,99133

AIR PLANT===SECOND COLUMN--~ABSNRBER SECTION
VAPUR RATE

MOLES/HR,

54,94257
54,33247

5328482

52,19566
52,27979
53,44037
54,41493
66,5851¢

7 38074

68,15680

6B,33745
 68,53700
- 68,75125

X(enMp, 1)

QDIQOQ
0,01000

N,36214
0e36214__
0,63232

0,75951
0,85877

0,92136

0,95533
0.97246

YicomMp, 1)

WOlOBlB?TWMwwWWH
0,08634
0,20064

0,01000
0,03935

Si1she

G,27536
D,49892

 DL.69116

@éw

').79&16

0.B7000

T 9783?i
0,98800
~N.99270



s ... . . TRIAL  OVERHEAD FEED OVERHEAD FEED

 CONDENSER DUTY(1)  REBOILER DUTY(2)

REQUIRED ACTUAL =
o 2 . 36,0231470 39,2046660  0,2113566E 06 0,2113566F 06
e e B0 36,0231470 .33.9294730 0,2113366E 06 0,1985559¢ 06

e A 36,023)470 36,3501890 0,2113566E 06 002042268E 06

S
~
v



_ THE SECOND TUWER IS INDEPENDENTLY CLOSED

TEMPERATURE
DEGREES F

_=290,58301

_ PRESSURE

PSIA

2009999

__ THE FEED IS INTROUUCED BETWEEN STAGES

7

AND

S

LIQUID RATE

MOLES/HR,

VAPDR RATE

MOLES/HR,.

X(COMP,1)

=291,19800

~308,75610

=310,17188

STAGE
_____ REB,
B
; .3
. 2
I
- b
_ 7
8
S A
10

=313,38911

 =315,028B08

 =315,93335

~316,4628%9

 =311,62891

e e ENTHALBY BALANCE_(BTUZHR,)

FEED ENTHALPY= REBOILER DUTY= 0,20422675E 06

TOTAL ENTHALPY IN = 0,370507T44E 06

20,00000

- =295,69775
9333152@17,,mew
 =305,45898

0,1136943BE 06

19.79999
19,
- 19,599973
19.49997

69998

- 19,39996
- 19,29996
19, 19995

18, aqqea

. BOTTOMS ENTHALPY 0,10507694F 06

CTOTAL ENTHALPY OUT

TOP PRODUCT ENTHALPY 0,26556913F 06

3596489

= 0,37064606E 06

TUMER _NUMHER.IWO_IS_COMBLEIE.

.. 2De4B48B2
- T2.853%94
72423608
7119678
T70,08138
7024922 )
T1ls158440
WZ&.32?2?
2667657
34,32079%
- 35,20125
H35,?3é5L

50,74197
1 69,62656
49, , 79440

65,28133
65,51003
65,5955)

50,69958
44,67940
56,22177
63,86600
64, 74648

52.39912
51,78123

T s AT WO T e AR WD TR T o AR W T T AT A o oy e T g

REFLUX ENTHALPY= 0,52586332F 05

.01000

o AR
0,03104
0,0846]
0,19482
0,35084
0.48788
S eEgTE—
0,63122
0,74974
0,8469]1
0,91124
0.94808

oyeomp,)

1,01000

Q Qaﬁaﬁf

‘;.an%%?”



o ..--m--w,,ﬂ-,.m,m,“,m_-m;-n-_-m,mm_chUMJ NUMBER.~_Llz== %EééﬁLéélﬁuﬁﬁéE-,;lm.;I; o .

" FEED RATE XF(1) X&&Lifﬂm’QZST,anrs/’“@}sv,SéL;T"f;agli“”

_ MOLS/HOUR o . _MDLS/HOUR

100,00000 2790000 ,610000  48,64864  0,00000 ,980000

.. PRESSURE DROP/STAGE=0,1000  CONDENSER PRESSURE DROP=0,3000 REBDILER PRESSURE DROP=0,1000
.~ __BUBBLE POINT FEED

 THE FRACTION FEED VAPORIZED= 0,0000
_ XFEED=_ 0,79000  YFEED= 0,90603  HFEED= 0,22169163F 06 TFEED==~286,97925
MIN;MLﬁ”élﬁLux = 0.63748 REFLUX RATID=  0,92482

o __THE FRACTION DISTILLATE VAPDRIZED= 0,0007

. TEMPERATURES~-=-DEGREES FAHRENHEIT
_TOP. BOYTOM  FEED _ COMDENSER
 =289,67944 =2B5,69678 ~286,97925 =290,21606
 PRESSURES===PSIA

PTOP=  73,80000  PROTTOME  74,39999

-+(L_



”?ﬁméﬁﬁﬁiﬂw
DEGREES F

LX)

WW,OQ§5§§03§MffWW‘
- 0.9172181

0.B816059

0,84526479

0.B105482

Liéﬁia RATE
MOLES/HR,

. =»290,21606
. m289,07%944 ,
_=289,13721
v283 ﬁéZQ?WWW”‘

44, 50084

 44.28228
43,99583

43,5616]

43,22647

Yo
o SRRy

0,9658568
0.9500753
D,93326%90
0,9163834

2 OF STAGES IN THE RECTIFYING SECTION

ECTION 1S

VAPDR RATE
MILES/HR,

UWQ;ébbéé Wi”Hm
93:64000
93;*’*4917,

92,93791
92.64436

9?,21024i 

91.87506

CARE

PRESSURE

PSIA

“93.50000

73,80000
73,89999
73,99998
74,09998

T74,19997

st




. REB, °

_ REB,
. THE NET LIWUID ENTERING THE STRIPPING SECTION IS 143,25438

_ STRIPPING SECTION

_STAGE  TEMPERATURE _ LIAQUID RATE

 DEGREES F  MOLES/HR,

_ =286,76025
. m285,92139

. 141.06412
=283,40308

o 3o~

STAGE. . XUl ..y
i 0.9016141

0.,8777458

0.B0B9H40

6 0,781343)
7T 0.7365482
8 0,6100000

__THE NUMBER OF STAGES IN THE STRIPPING SECTION

. THE TOTAL NUMBER OF STAGES IN TOWER ARE

PASS NUMBER 1 IS CUMPLETE

142,62903

2135136

VAPOR RATE

MOLES/HR,

9190302
9127766

 89.71275

ARE

PRESSURE

PSTA

74,29997

74,399%8

74.49998

~9¢-



o _ REVISED VALUES BASED ON TRUE PRESSURE PROFILE
 BUBBLE POINT FEED |
 THE FRACTION FEED VAPORIZED= 0,0000
~ XFEED=  0,79000  YFEED= 0,90603 HFEED= 0,22166063E 06  TFEED==-286,99609

WINTMUM REELOX =

= .. 0.63752 REFLUX RATID=  0,92487

THE FQACTZ'J\} DISTH,_LATE: VAPQRI???Z)“ O 0007

- TEMPERATURES-==DEGREES FAHRENHEIT
.. TOP BOTTOM. _ FEED

.=289.67944 =285,92139 =286,99609 ~290,21606
... .. PHESSURES---PSIA
_ PTOP=_ 73,80000  PBOTTOM=  74,39999

e SO . N S0, 0, TR O 0D, T SIS T AT TN N 0 SO SISO KD TN O T, et WD 5. SO . WU s PO, T e W) I v O WD W iy W SR D AW v TP WD on rmen DK} W WD e W O oo e ST WD 0 s oo e SR W WRD W G R ey o T dern




_STAGE

PASS NUMBER 2

_THE VALUE OF THE REFLUX RATIO=

TEMPERATURE
DEGREES F

~286,71509

_L1QUID RATE
MOLES/HR,

. m290,21606
»2B9,067944
-289,13745
. =2BB,54297
=287,91943
=287,20054

_ -286,18848
=284,36206

. 0.9799908
. 049658566
049500788

. 93.6424)

44480200
A4 4291467

43,98529

43,56296
 43,22B44
42,89503

141,75359

51,35136

iy

~ VAPDR RATE.

MOLES/HR,

. 0,00000
93,64241
93.45053
92.94026
92.64397
92421156

“91.%7703
91.54105
90,60222

04 9332709
,9163832

'”a 9002675

. STAGE _ _ X(l)
1 0.9505086
- . 0.9172240

. 3 D aﬁlﬁogLWu

- A

B B . B o

b . -778féé4wwm

o 1 VWQ&Zgllség

@&ﬁBl??Z?

0.92487

PRESSURE

PSIA

73,50000

T3,80000
73,89999
73,99998
T4,09998
T4,19997

74,29996

74439995

..84-



. PASS REFLUX RATIN

083239

4 1401738
B 0,98675
S S -1 1YY

- 0.5858468
0.6324053

RPN o P - #1533 3 - FO g Ny

BOTTOMS cOMP,

07813203

64



o FINAL
o . RLOW= 0,83239

___TEMPERATURE __ _ PRE
_DEGREES g P

. COND.  =290,21606
289467944

k~788 48999
. =287,81030
o ~287,11963
=286,45801

7 =288,8%871
 BREBawcBemen 2283440210 o

 FEED ENTHALPY= 0,22166063F 06

_ DISTILLATE ENTHALPY = 0,10520550

TUTAL ENT

CRE

g éé U

0,9

FSSURE

s1n

73.50000

73,.80000

73,89999

 73,99998
T4,09%98

T4.19997

T4,29996

 T4,39995

14049234,

HgLPV

B0

CONVERGENCE ACHIEVED ON BOTTOMS

8648

 LIQUID RATE

CMOLES/HR,

47,62366
47,16379

46,78523

ééazlﬁﬁé

48,46831
o 143.71130
........ .21235136,.

ENIHALEY_BALANCE (BIU/HE,).

REBOILER DUTY=

TTOMS ENTHALPY =

T OWER MU?%ER 115 ﬁlMPLﬁTE

RHIGH=

48,64864

4#5,83182

COMPOSITION

_THE FEED 1S INTRODUCEOD BETWEEN STAGES 6  AND

1,01736

VAPOR RATE

X(eoMP.L)

MOLES/HR,

CQQQéQQ

96,63976
96,27255
95,81218
95,43393
94,96405
94,48053
94411440
92.36002.

0,20419519E 06

TOTAL EMTHALPY IN = 0,42585581F 06

0,11661031F 06

OUT = 0D,42585581E 06

0,97999
0,95051
0D,91619

0127831
0,A83878

0480002
0,76429
0,73298

0460995

~==TOWER NUMBER 1 )
T

Y(Cﬂﬁ? 1)

g 9929&
0N.27999
0,9654]
NeQ4REH
0.93014
” r'9,1,11?

s B8269
u_875?a;
D.80135

CONDENSER DUTY =2=0,203%94000F 06



. -COLUMN_NUMBER...2-----PROBLEM NUMBER @

¥

__INPUT DATA USED IN CALCULATIONS

0L S /HAOUR

MOLS/HOUR

. FEED RATE _ XF(1)  XB(1)  DIST,RATE  DIST,SPLIT ZD(1)

. PRESSURE DROP/STAGE=0,1000

. 51,35135 ,609954  ,010000  31,43719

_ FLASHED FEED

_THE FRACTION FEED VAPORIZED= 0,2261

.. XFEED= 0,54709  YFEED= 0,82510

COMDENSER PRESSURE DROP=0,3000

 0,00000 .9920000

HFEED= 0,116460025E 06

TFEED=-309,98218

-18-

REBDILER PRESSURE DROP=0,1000



STAGE
REB, m290.58301
— e .=291,193800
3 ~292.03672
] ~295,09488
- . =300,.51660
6 - =305,44775
1 ~308,74414
B - =310+84692
9 31276953
10 - =314,36401
11 =315.46899
12 =316,15894
13 »316.,57324
TOP 14 ~316,829¢

— RESSURE
~ PSIA

20,09999
20,00000
19,89999

1979999

19.,69998

19,59998
19,49997
19,39996
19.29996
19,19995

19,09995
18.99994

18,89993

S 18,79993

“L1auID RATE
MOLES/HR,

2045711
T2,75166
- T72.14561

71612080

T0:002486
T0:,158663
T1.08972
32:19862
32,88557
33.78835
34.34436
34,.,81355
A5,06271

35,34328

 AIR PLANT--=SECOND COLUMN---ABSOIRBER SECTION

VARG RAFE
MOLES/HR,

52,29456

51,68851

50,66341
45,54535
49,69952
50,60262
51,48041
63,77982
b4 ,68266
65,23837
65,70796
65,95804
66,2379
66,30322

X(CoMp.1y

0,01000

0,01000
0,03103
D NBA55 N

0,19462
D,35061
0,4873)
0,59143
0,70123
0,80401
0,8808%
0,92964
0D.95738

0,97226

Yeenwr

0,01000
0,03935

0411665
027084

D46%053
N,HR027
0.TBR24
@.84%4?
D.90107
1.,924070
NeFH612
N28072
(1,98887
‘ﬁog%géé

o



 REVISED VALUES BASED 0N TRUE PRESSURE PROFILE
i B T TTe T
THE FEED I8 INTRODUCED BETWEEN STAGES 7 AND 8
 INPUT DATA USED IN CALCULATIONS
_ FEED RATE  XF(1) _ XB(1) _ DIST.RATE  DIST.SPLIT 2Zn(1)
CMOLS/ZHOUR. o ML S /HOUR , ‘
. 51,35133  ,609954 ,010000  31.43718  0,00000 .990000 N

o FLASHED FEED

e THE FRACTION FEED VAPORIZED= 0,2257 oo
. XFEED= 0,54723 _ _ YFEED= 0,82519  HFEED=s 0,11659838F 06  TFEED=-309,94116
e SR _ _ L

- ' o



 STAGE.
__DEGRE

TEMPERATURE

ES F

_r290,58301
=291419800

PRESSURE
PSIA

C20,09999
20,00000

 L1QUID RATE
- MOLES/HR,

 20.45718 ,
72.75166

§$pum

!

]

oj®i~diojm

| =292.63672
 =295,69458

=300,51638

MRPCTIN éh??ﬁ,,fubmw

3,744

uw-312 7&954

-316,82959

19,89999

19.79999

.19,69998
19.59998
19.49997
19,.39996
19,29996

19,19995

- 19,09995

18,99994

 18,89393

18,79993

- PRESSURE VARIATIONS HAVE HEEN

72+14566
71.12056

70400256

70,15652

71.08971

32195587

32.88469
33,78783
34434456
24,1844
 35,06387
_35,34352

DAMPED

AIR PLANT===SECOND COLUMN==--ABSORBER SECTION

VRPOR RATE
MOLES/HR,

52,296448
8l.68848
50,66336

49,54538
49,69934

50,60252

51,50160
63,77882

6468185
65,23860

65,71259
65,95798
66,23743

é&w3geaﬁwgwww;www

0,01000

0,01000
0,03103
0,08455
0,19462

0,35041
048731

0,59142
0,70123
0,80401

D.RBOBS

092962
0,95736 |
0.97224

YVeeone. 1y

0u03935
0411465
0,27084

N,49083

n, éaﬁzg'

050107
Q 94&6@
HeBAAKLN

- 0,98072

ﬁ,ggﬁ5§w
0,99263

8-



e TRIAL . OVERHEAD FEED  OVERHEAD FEED  CMNDENSER DUTY(L1)  REBOILER DUTY(2)
,‘ e REQUIRED ACTUAL
) : S T T 2t T [ (T Ea—— e T T T
,,,,,, O3-
\n
R



- ... THE SECOND TOWER IS INDEPENDENTLY CLOSED
- m;iwléﬁwéﬁﬁgwiﬁ!lﬁiﬁﬂﬁﬁﬁié;ﬁﬁTWEﬁﬁm5fﬁ§§§;mVﬂwwi? _AND 08

VAPOR RATE  X(COMP,1) YecomeLly

MOLES/HR

L1QUID RATE
MOLES/HR,

_STAGE  TEMPERATURE  PRESSURE
- DEGREES F_ . PSIA

_=290,5830]

REB,

e B

3

; _ &
3

|
i
{
1

|
i

m291,19800

. =292.63872

,29§,é9%58

| 2305.44775

©| |30

,~310 84668

~312,76953

_ =314436426

=31 B446889
=316,15869

=316,57300

20,09999

...20,00000

- 19,89999

19,79999
19,69998

1929998

L 19.49997

19.3%9996

1929996

19,19995
19,09995

18,99994
18.89993

20,45718
72,75166

72.14566

. 71.12056

70.00256

70.15652
T1.03971

32,19557

32,88469

33,78783

34,34456

34,81844

35,06387

52,29448

51,68848
50663236
49,54538

49,69934

50,60252
51450160
63,77882

64,68185

65,23860
65,71259
65,95798

66,23743

. 0,01000
0,01000
0,03103

D,08455

| 0{1946? 
0,35041
- 0,48731
0.,59142

0,70123

00,8040}
0.B8084

0.92962
0,95736

R
N Q 03935

211465

'm 27084
0,49053
'a;bSQag
0,78828
o aoaE

Do 901@?
094069

0,946610

0,98072
N.96856

0;9722§21W/H”%' 5 %Qgéaw

_TOP 14 =~316,82959 . 18,79993 35434352 66,30034
-m---u-m—wnn-ﬂn-ﬂ--—‘—w—w-—wmw..mﬁNIJALEX ﬁALA&CE &EIuLHan'”ﬂ-—nn”wﬂwoumm mmmmmmmm T

REFLUX ENTHALPY=s 0,50925895E 05

FEED ENTHALPY= 0,11661031E 06 REROILER NUTY= 0,20394000E 0&

CTOTAL ENTHALPY IN = 0,37147619E 06

Wmégf?ﬁﬁﬁ“éﬁfﬁgg?YWé;iﬁﬁbg§éé§ 06 Y0P PRODUCT ENTHALPY 0,26657800F 06

TUTAL ENTHALPY DUT = o, ,37166706E 06

e RO SR SR W G R Ty R R W v VRS, N S NN D s S e, WP R T o N . e oM W TR e T NN e B A o T R T R v WD NI WS DN G N W e 5D N D s WD RO s wm TG AN s AR ASE TWE SUR W TR WD W b R0 Wy P st S

TOWER _NUMBER.IWO_IS_COMBLEIE.
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z==z=PROBLEN. ﬁuﬁaga,_.l-,n_.; .

_---“-“w;ﬂl,;;;,;;,_,w;;_--_w;_,,,uc&Lu%N NUMBER-._1

XF(L)  XB(1} W‘QJSflﬁﬁféfmwbi§f{SPliTw
. MOLS/HOUR B

f’f ,‘;@ . 03 Q"@Q

FEED RATE
MOLS/HOUR
© L610000  4B,64864

,&Zéééag, £610000
_ COMDENSER PRESSURE DRMOP=0,3000

0,00000 ,980000 B o
R PRESSURE DROP=0,1000

REBOILER

10!3(;3

]ffﬁgéégéfﬁgzwfffgﬁﬁjf
THE FRACTION FEED VAPORIZEDs 0,0002 ; ;
o 0,90602  HFEED= 0,22171769E 06 TEEED=-286,97900

_ XFEED=  0,78998 YFEED=

o 0,924R6

~ MINIMUM REFLUX

0463751 L
N DISTILLATE VAPORIZED= 0,0007

-n
]

“THE FRAQ?I

TEMPERATURES~=~DEGREES FAHRENHEIT |

'mww"mwv;édTTﬁéfﬁuwffEEEQQ . COMDENSER
R L2965 A 1656

e e | A,’ , ****** p R E S q ;JH E S e v - P S I A e
e resess

TOP=  73,80000 PBUTTOM=

-gg-




VAPOR RATE

0,00000
9364157

93.45053

92,93924

92.,64325

 FIRST PASS--=DETERMINATION OF NUMBER OF STAGES
. RECTIFYING SECTION
~ STAGE  TEMPERATURE  LJQUID RATE
DEGREES F MOLES/HR, MOLES/HR,
CCOND.  -290,21606  48,64864
1  -289,67946 44480200
2. »289,13745  44,29053
3 43,99449
. . ! . 4356206 :
- 5 -287,30054 43,22775

_ THE_NET VAPOR ENTERING THE RECTIFYING SECTION IS

'liéiéﬁgﬁﬁ'}ﬁxxiffﬂ;wff;WVY{LiW;W

1 0.9505086
2 0.9172240

09658866
09500791
0,933271¢4
0,9163841

0,8105488

. THE NUMBER OF STAGES IN THE RECTIFYING SECTION

92,21059

. 91.87637

AQ&VV

PRESSUKE

PSIA

73,50000
73,80000
73,89999
73,59998

74,09998 |
74519997

MTQ;é§ééééa;L,ww;wwWWWWW‘UM,HW,WW‘WW S




STRIPPING 5

.. STAGE  TEMPERATURE
I _ DEGREES F

6. -2B6,76050

7 =2BB,92114

ECTION

L19UID RATE
 MULES/HR,

142,.61810
141,05507

y(ly

6 . 0,7813430
L7 0.7365635
8

. THE NUMBER DF STAGES IN THE STRIPPING SECTION

C 0,6100000

0.9015993
08777494
0,8089840

. THE TUTAL NUMBER OF |
. PASS NUMBER 1 IS COMPLETE.

STAGES IN TUWER ARE

51.3B8136

VAPOR RATE
MOLES/HR .

9189395

- 91.26672

_THE NET LI2UID ENTERING THE STRIPPING SECTINN IS 143,24532

8

89,70370

ARE

PRESSURE

FSTA

74429997

74,39998

 T4,49998

-06-



o . REVISED VALUES BASED ON TRUE PRESSURE PROFILE
_ T TE LT I T G TS O —
L THE FRACTION FEED VAPDRIZER= 0,0000
_ XFEED= 0,79000  YFEED=

T . IS, S50, TS T SNy TN, 350, S . 39y R,

Y 0,50603  HFEED= 0,22166063F 06

Q;éé§5affi;wwfiWuﬁﬁﬁgUngAfIQs” ‘b;9248?}

e TOP. B0

TEMPERATURES-=-DEGREES FAHRENHEIT

BOTTOM. . FEED COMDENSER

_ PTOP=  73,80000  PBOTTOMs  74,39999

»285,92114 =286,99609 =290,21606
_ PRESSURES===PSIA

TREED=-286,99609

fI6“}



TEM

- _COND,

{

i

. =290.21606
. =289,67944
_ m289,13745
.m2BB8,54297
__m287,91%43
=287,30054

 REB, 8

i
|
H

!

mh4@iﬁbuﬂm§u

STAGE

. =286,71509

-286,18848

| =2R4,36206

T

R T

cesosone ¢
09172240

0.8816091

 0,84534%6
_ D.8105480
07787664

_ _TEMPERATURE
_DEGREES

 0.7511820
- D+6568806

PASS NUMBER

_THE_VALUE OF THE REFLUX RAT1O0=

-

- 43,99529
42,56296

43,22844

42,89503

141,.75359

51,35136

vy

CLIQUID RATE

93,6424
44,80200
44,29147

VAPOR RATE
HOLES/HR,

93404241

91.87708

91,54105
90.40222

O 965356§m.

QQQBQ&?ﬁg

0,9332709

0.9163832

- 0,9002675
Qg88576l‘5w

0,8313727

i
 93,45053
92,94026

92464397
92421156

092487

PRESSURE

P314A

73,80000

 73,689999

73,999948

74,09998

76,19997
T74,29996
74,399958
T4,49%994

,?31565§é:?w,;ﬂwwuwmwmmw

=26~



. PASS  REFLUX RATIO  BOTTOMS CONMP,

0483239 0,7413213

LCIES WY

: e 1e01736  0,585B468
S . D,98675 0,6324033

-6~



FINAL CONVERGENCE ACHIEVED ON BOTTOMS COMPOSITINON ~==TOWER NUMBER 1

_ THE FEED 1S INTRODUGED BETWEEN STAGES &  AND 7

. RLOW=  0,H3239  R= 0,98648  RHIGH= 1,01736

LIQUID RATE  VAPDR RATE X(COMP,1)  Y(COMP.1)

. STAGE __ TEMPERATURE PRESSURE
| . MOLES/HR, MOLES/HR,

. DEGREES ¢ PSIA

 =290,21606

=289,67544

. =289,12134
- =2B88,48999
=287,81030

~287,11963

-286,45801

73,50000
.73,80000
73,89999
73,99998
74,09998

74,19997
74 ,29996

4B,64864

0,00000

47.62366

47.16379
46,78523
46,315846

45.83182
45,46831

96,63976
96,27255

95,51218

95,43393
94,96405
94,48033

0.97999

0.,95051

0,91619

0,8783]
0,83878
0,80002
0,76429

| 0,99205
DNeQ7999

0.96541

- 0,94858

0.,93014
anlllz
0, 88269

D BTARTH

~285,85571 74,39995 143,71130 94411440 0,73298 5
0,80135

. BEBaceBoccneeo-=283440210 o ... 24249998 e 5124351380 o 92536002 meme 0,60995

. ENTUALRY. BALANCE_L{BIU/ZHR.).
FEED ENTHALPYS 0,22166063F 06 REBOILER DUTY= 0,20419519E 06

CTOTAL ENTHALPY IN = 0,425B85581F 06

~__DISTILLATE ENTHALPY = 0,10530550F 06 BOTTUMS ENTHALPY = 0,11661031E 06 CONDENSER DUTY =-0,20394000E 04

_ TOTAL ENTHALPY OUT = 0,425855B1FE 06

TOWER NUMBER 1 IS COMPLETE

§'ﬁ6;




. .COLUMN_YUMBEB...2---=-PROBLEM NUMBER

. INPUT DATA USED IN CALCULATIONS

_ FEED RATE  XF(l)  XB{1)  DIST,RATE  DIST.SPLIT ZD(1)
MOLS/HOUR MOL S /HOUR
 51,35136  ,609954  ,010000  31.43719  0,00000 ,990000

 PRESSURE DROP/STAGE=0,1000  CUNDENSER PRESSURE DROP=0,3000 REROILER PRESSURE DRUP=0,1000

 FLASHED FEED

_ . _THE FRACTION FEED VAPORIZED= 0,2265 -
- W: _XFEED= 0.54696  YFEED= 0,82501  HFEED= 0,11659275E 06 TFEED=-310,02368




STAGE

TEMPERATURE

DEGREES F

~ =290.5830L
2291419800

2
A 292463672
I . =295,69458 .
- 5 =300,.31636
b :
1 =308, 74414HWM_
- 8 ~310,84668
9. =312,76%53

 =314,36426

=315,46875

 =316,15894
 =316,57300 |
»316,629589 ]

AIR PLANT===SECOND COLUMN=--ABSORBER SECTINN

 PRESSURE

PSIA

20,09999

1979999
19.69998
19,59998

. 19,29996

12,08995

18,.99994

18,89993

19,299296
19,19995

20.00000
19.89999

19,49997

LIQUID RATE

MOLES/HR,

CT2.75166

. 70.00256

20,45718

72014566
71.12056

70;1565?
205971

'32.1933@

32,88261

32,78568
34534291

- 24,81168

18.79993

35.06361

35,33998

VAPNR RATE

MOLES/HR,

 §52,29448

50,60252
51,45917

63,77678

6*9&7992

65,23689
&5.7Oé18‘

25792
6& 23381

§

51,68848
. 50,66330

- 49,54538
49,69934

X(COMP, 1)

Q‘ﬁiQDQ 

0,01000

 0 ey
0.,08455

0,35041

0.48731

0,59142
0,70124
0,80401

0,88084

0,92963
0,95736

66,29770  0,97225 @

Y(COMP 1)

0,01000
2003935

f1a11465

D.2708B4

0,49053
0.68028
0.7BH2S

" DeBATGH

 0,90108

0, Q%ﬁé@
0.96611
0.98072
D,98856
0,99263

-96-



7 AND

. DIST,RATE  DIST,SPLIT ZzD(1)
CMOLS/HOUR

~ 0,00000 ,990000

.. THE FRACTION FEED VAPURIZED= 0,2257 o
] XFEED= _0,56723 _  YFEED= 0,82519 HWFEED= 0,11659819E 06

R~

_ TFEED=-309,94116



. TEMPERATURE
DEGREES F

=300,51636

olele

=310.84668

_ PRESSURE

_ PSIA

=290,58301 -
_.=291,19800

«292.63672
=295,69458

. =305,44775
_=308,74414

20.08999
20400000

_19.,89999
19,79999

. 19,69998
19,29998

 19,49997

1939996

oTop s

{

i

|
PO e 1D D {00 1~

J-";H'
o

I

. =312,76953

. =314,36401
_=315,46875

~316,57300

 PRESSURE VARIATIONS HAVE REEN

~316,82959

19,2999
. 19,19995
19,09995

18,99994
18,689993

18,79993

LIQUID RATE

MOLES/HR,

20645720

. J2,78165
T2.14865
_Tlel2062

70002530

70415657

71.08963

32,19554

L A2.88477
33,78828
- B44344235

34,81401
35,06610

35,34268

NAMPED

_AIR PLANT=-=SECOND COLUMN=--ABSORBER SECTION.

RTTITSTL S
MOLES/HR,

. 52,29445
5),68845
 50,66342
49,54532
49,69937

50,60242

31,50163

63,77888

o leaz40

65,23633
65.70795
65,95979
66,23701

66,30185

XecoWe,1y

0,01000

0,01000

0,03103
- 0,08455
0419462

0435041

0, 48731
0459142 .
0,70123
0,80600

o;ngsa
0,92963

0,95736
0.97224

fwﬁ 01000

03935_

T0.7AN2E
0,B4945

jﬁW@0107w
- 0.94069

0 ?bhly
g @8“71
N.98884

0,99262

-86-



o TRIAL  [VERHEAD FEED
I  REQUIRED

OVERHEAD FEED

ACTUAL

2 _35,0025780_

BT I TS LT U

CONDENSER DUTY(L)  REBUILER DUTY(2)

0,2039400E 06

3_66_
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REn .

__THE FEED 1§ INTRODUCED BETWEEN STAGES

 TEMPERATURE

DEGREES F.

=290,.58301

n

D 4G [

TP 14

‘Fggm ENTHALPY= 0,11661031F 06

~291.19800
=292,63672
. m295,69453
_=300,831636

~305,44775
=308,74414

. =310,84668
m312,76953
=3164,36401
. =315,46875

- =316,15694
. =316,37300
V . mB3l6,82959

o o 5 0t o T e o ENTHALPY_BALANCE _{BIU/HR.)

PRESSURE
PSIA

20,09999

20,00000

19,89999

19.75999
19,59993

19,39996
19.29996

19,19995

19,00995
18,99994

19,69998

19.49997

18,89993

18,79993

CREBDILER DUTY=z 0,20394000F 06

’ ,TaTAL ENTHALPY IN

=

 THE SECOND TOWER IS INDEPEMNDENTLY €LOSED

LIQUID RATE
MILES/HR,

20.48720
72.75165
7214565

7112062

70.00250

70:15657

 71.08963
3219554

32.88477
33,78828
34034425
34.81401
35,06610
35,34268

0,37147863E 06

7
VAPMR RATE

MIOLES/HR,

52,29445

51,68845

50,66342

49,54532

49,69937

50,60242
5150163

63,77888

64,68240
65,23633
65,70795
65,35979
66,23701
66,30185

AND

',QQQ¥?9Quw;

TR A m N W s g SN T WA TS o s SN e T W e O €3 W e e

REFLUX ENTHALPY= 0,350928340F 05

TOP PRODUCT ENTHALPY 0,26658419E 06

X(COMP,1)

QQIQDQ
£ 03103

'o 08455
019462
0,25041

0.48731

0,59142
0,70123

0.80400
0.88083
0,92963
0.95736
0,97224

. 0.78825
Do H4945

Y(COMP 1)

0,01000

n 03%33

11465

0,?7684;
NebB0H3
Uabgﬁ?a

N.90107
0,94069

ND.96611

0,98071
098884

N.99263

CTOTAL ENTHALPY OUT = 0,37167338F 06

“  TUKER _NUMBER.IWJ.1S_COMRLEIE.

=00~



S TFINAL CONVERGENCE HAS BEEN ACHIEVED FOR BOTH TOWERS
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B. Example No. 2 - Single Fractional Distillation

Column

The purpose of thls example 1s to illustrate the use
of the model in designing a single fractional distillation
column to separate a binary mixture (benzene-toluene). Both
this example and example three are bonus calculations since
their solution results as a byproduct of the method used to
calculate the Linde "Double Column" solution., The input

data is as follows:

(1) Select system options

(a) Tower type code =1
A single column is specified.
(b) Feed thermal code = 3
A bubble point feed was arbitrarily chosen.
T A1l other feed conditions have been tried
and verified in separate runs.
(¢) Distillate thermal code = 3

Same as for feed above.

(2) Tower parameters |

(a) Feed rate = 100 lb-moles/hour

(b) Feed composition,lisht key = 0,50
(¢) Reflux factor = 1.5 |

The value 1s usually between 1 and 10.
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(d) Pressure drops--stage=0.1 psi.,
condenser=0,3 psi., reboiler=0.1 psi.
Séme values as in example number 1.

(e) Equilibrium reference pressure=14.7 psia.

Y
6 and 10

(f) Tolerances = 10~
Same values as in example number 1.

(g) Initial temperature and pressure estimatec

TOP BOTTOM
7, °F. 190.0 220.0
P, psia. 14,7 16.9

(h) Product purities, lirht key:
overhead =0,98 : bottoms = 0,10

(3) Basic data

(a) Enthalpy data
Enthalpy data 2 at 176°F. and 230.72°F.
were supplied to the model in the same

» order as in example number 1,

(b) Equilibrium data |
Vapor-liquid equilibrium data calculated
from vapor pressure dat36 were entered at
176°F. and 230.72°F in the same order as

"in example number 1,

5. Maxwell, J.B.,Data Book on Hydrocarbons, First Edition,
Princeton,N.J., D. Van Nostrand Company, 1958.

6., Perry,J.H., Chemical Engineers' Handbook, Fourth Edition
: New York: Mc Graw-Hill Book Co., 1963, Table 13-1.
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The results of the calculation are that the number of
stages equals 12 plis a condenser and a reboller. The feed
enters between.stages 8 and 9, and the condenser and
reboller duties are approximately 1,880,000 Btu/hour each.
The reflux ratio is 2.07455 (see attached printout). As
before, DISTL was used to check the solution with favorabvle

results.



COLUMN.NUMBER. . l==—==PROBLEM NUMBER 1

e W P . N Y g TS W T N G S WS SOW DT W N W re e e ang

emmemmmmmemene LOTAL CONDENSERz=ALL LIQUID.DISTILLATE .
N - INPUT DATA USED IN CALCULATIONS

v R AR S T, o T ST _NOW L_WET W V0D OO T o VG STD NN I oy, A WO AT g, T . O T 7ve, GBS Wy T SHQ fomn WL WS WO TR gy W W Wy N ow WD W e FOD_ TN S WK WO m wm PR TN W WM men W WO RO TWO W WM WY ARG W WS S pon

.. 100,00000 4500000 ,100000  45,45451

e m—————————— e e < EEREECONSTAUT SE A

_ FEED RATE  XF(1)  XB(l)  DIST,RATE

MOLS/ZHQUR

. PRESSURE DROP/STAGE=0,1000 CUMDENSER PRESSURE DRUP=0,3000  REBOILER PRESSURE DROP=0,1000

__EQUILIBRIUM  PRESSURE

 14.70000
o000

. 14,70000

14,70000

DIST.SPLIT
MOLS/HOUR

1 0,00000

 ENTHAL

=14482,75300

N
=17539,39400

47412720

z0t1)

2930000

PVo iGlIR. | ENTRRLPYAVAPGR ~ T
7BT7),65620
25.69080

- 7759,37500



oo ... .. PBUBBLE POINT FEED
... _.THE FRACTION EEED VAPDRIZED==0,0000
| 2 - TFEED= 202,37442

.. XFEED= 0,50000 YFEED= 0,70703 HFEED= 0,12832080¢ 07

CMINIMUM REFLUX = 1,31846  REFLUX RATIN=  1,9776%

TAE rRAchfm strLLLATF VA?ER;ZFﬁ- 0 Oﬁgl

e e O D TN D TR TR S D, 0. S0 SN0 R, (G O 0, IS, S S OO S0 SR oM. AN S0 0, W 0. THR e T CR s, TH T2Y 7005, WD 8BS ST w0, W WO _T e WAR WG xwn coom WAD A S A W T we, ot ST W% G5B sy W WS om WP WK oy SKh T W e

e TEMPERATURES~-==DEGREES FAMRENHEIT

””“”“"*"%ﬂﬁ“fﬁfﬁj]:ﬁgﬁjfﬁg,” . FEED  CONDENSER

19000000 220,00000 202437442 175,49054 - .

fwwff”mmmjiﬁﬂfww' WPéEESQRég;;;?ﬁiAW,MMmm_wmmwmWW‘WWMW‘WWWWMWW,WW;M,Ww
| 16,89999

PTOP=  14,70000 PBOTTOM=




 FIRST PASS=--DETERMINATION OF NUMBER OF STAGES

__RECTIEYING SECTION

 VAPOR RATE PRESSURE

STAGE TEMPERATURE V
MOLES/HR, PSIA

. DEGREES F . MOLES/HR,

3O [ [N e

Fd O 100 I e

175,49084

190,64641
_198,75598

_ STAGE
- SaeeeEs
0,9068618

186445186

19445

179492676
182,79744

Xt

0,6815289

”Qa§994gﬁz

0,8449672
0.7671662

. 0.5305905

89,35740

- BB,63678

B7,32528
B6,22510
85,18283

B84,03435

 83,38620

_ THE NET VAPOR ENTERING THE RECTIFYING SECTION 1S

y(l)

0.9799982
0,9607602
0,93165837

0,8911228

0,8406337

0.7854034
0,7330140

~ THE NUMBER OF STAGES IN THE RECTIFYING SECTION

4548451 -
. 133,34966
- 1353,01279
0 134,09134

0.00000

132.98007

13167961 ”
130.60725

129,49283

128,84074

ARE

14,40000

14,70000
14.80000
14,%0000

15,00000

15.,10000
15,20000
15,320000

-L0T~



 THE NET L1QUID F

 REB,.

mfféfA§£7iﬁf“Xiijﬁmw"ww

 THE MUWBER OF STAGES IN THE STRIPPING SECTION

Al 218,99167
12 . 225.09351
13 232,2351)

 0.4840097
”mﬂ&ﬁ3§7ﬁégm

041940030
- 0,1000000

THE TUTAL NUMBER (OF STAGES

_PASS NUMBER

o _STRIPPING SECTION
STAﬁé TE%?ER&TQ%EWMWW?LiéﬁfﬁwgéTéj:f
. .. DEGREES F MOLES/HR,
.. B 205,98503  1B3,67444
9 20911475  182.78584
0 2130479239 181,71730

180,93781
179,84297
54,545495

NTERING THE STRIPPING SECTIGN

ETIT

 0.6922545
0,6462196

043756449

0.,4776542
0.3584530

042349251

IN TOWER ARE

1 IS COMPLETE

1S

12717192
126439232
125429747

13

129,63266
129.12891
1128,24037

184,17822

 ARE

_ PRESSURE

PSTA

16,49995
16,59996

16,69997

16, f9997
16, 89998
16,99998




.~ .. . REVISED VALUES BASED ON TRUE PRESSURE PROFILE

o _ _BURBLE PDINT FEED
 TFEED= 200,13374

. THE FRACTION FEED VAPORIZED==0,0000 |
. XFEED= 0,50000  YFEED= 0,70786 HFEED= 0,12734510E 07

. REFLUX RATIO=  1,96392

1430928

o
=

 MINIMUM REFLUX =

. TEMPERATURES-=-DEGREES FAHRENHEIT
| CONDENSER

e e e e -
177.82257  225.09351 200413374 175,49057
. PRESSURES§==--PSIA

_PROTTOME

14,70000 15,80000

=601~




 STAGE

_ TEMPERATURE
_DEGREES F

177,82260

. )79,92345
182,78441

. 1B6,.42134
190,59105
_194,83398
_188,65125
- 201.76521

204,13220

20B.28995

. STAGE

. 225,72311

XL

MQ 5

0,767880]

Mwwﬁg@§é2&§3‘QQw
CD.6011286

Os 532é3név

175,49057

181,83028

PASS PLNBERW

 THE VALUE UF THE REFLUX RATIU=

5

L1aU1D RATE

MOLES/HR,

T 5343

89,00259
88,10017

87,00748

“85 69516

B?.?éLBO”'MWW

B2,42809

213,65233 179,568

1.96392

VAPOR RATE

MOLES/HR,

0,00000

136,72343
134,45792
133.55486

132,46196
131,14963
07191
128,97098

13

128,31586
. 127,28359
127.28B484

12601543

219074643

0,9509960
T 0.9069512
0.8452916

’ .
179, 2533O

54454549

WMYil),“Wwww;
MQ,9799982W
B

0,9608008
0, 951&123
0,8915163

0.8413970

0,7866223
0, Ta46873

1o
T
12

0,6911110

0,6582447

0,4986304
9 38137648

0.2557716

1 125,02295

124470741

| ;@ 5922%&3~,ww;wm

meomrnBAS S LUHBER 2 LS COUPLELE o mem o r e e e

PRESSURE

PSIA

14.,40000
lép?QQOO
14,80000
14,90000
15.,00000

215,10000
15,20000
13,30000

15,40000
15,50000
15,59999

15,69999

15,79999
15,89999

- TOTT-



U § 1

 PASS  REFLUX RATIN  BOTTOMS COMP,

0.2336791
0,0828395

3 1,76753
4 2016031
5

. . 203977 . 0.1079320
. 6 2208895 - D.0959462
8 . 0,0989922
9
0

1 2,07384_  0,1002142

0.1004747

mmmemmeo2a07455 . 0al000213 e e

-



COMPDSITION ===TOWER NUMBER 1

. THE FEED 1S INTRODUCED BETWEEN STAGES 8  aNo0 9

RLOWS  1,76753  R= 2,07455  RHIGH= 2,16031

ol s

!

12

215.87860
222.15012

lS VQ?QQWW

 REBacldicemnno 2278 bZZﬁ_;:;;”w~l§;ﬁﬁ§2§

183,94048

183,45955

oo B54a546569_

T o e s mew e P

130,26993
129,39510
128,21383

” o ol A -~

a?éO?@”m

0,17340

Hﬁ’;gbg%mw

~ STAGE  TEMPERATURE  PRESSURE  LIQUID RATE VAPOR RATE X(COMP, 1) Y{COMP,1)
DEGREES F _PSIA MOLES/HR, MOLES/HR,
o _ GOND, 17549087  14,40000 = 45,45451 o  0,00000  0,98000 Ga¥9202
S 177.82260 ~1l4,70000 - 93,95271 139,75225 0493100 _0D,98000
2 179,95355 14.850000 93404195 139,40825 0,90618 0496045
3 182,%00851L Awlaa%GQOOW_ . 91.75182 138,49698 0,842643 Aﬁa93”41,
4 . 1lB86,69380 - 90,48480 137,20638 0,76153 gﬁﬁﬂﬂm
N 5 . 191.0835%1 89,08070 135,93921 0.67197
3 -2 195,54637 BT7.91554 134,53520 058650
B . 199.54027 15, B7,09859 - 133,37007 0 , 51535
... 8 202,75594 .  B6.58336 . 132,55310 , 46235W6w,wm_mf
..... 9 205,16382 1B5.84456 0 132,03882 0,42597
M . 209.87350 1B4,81569 131,29907 0,34957

0,32857
1420446

. FNIHALEY BALANCE . (BIU/HB.1.
CFEED ENTHALPY= 0,12734510E 07 REBOILER DUTY= 0,18966280F 07

7;Qi5?ikgﬁfﬁfE&THAQ?¥ aQé!é?i§3@;3§'Q@WMﬁOTf@MS‘ﬁﬁTHAg?YHé 0480130600F 06 CONDENSER DUTY =-0,18713390F 07

~ TUTAL ENTHALPY 0OUT = 0,31700790F 07

NUMBER 1 IS COMPLETE

-eur-

 TUWER
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c. Example No. 3 - Dual Distillation Column Complex

The purpose of this example 1s to illustrate the
additional feature of the model to solve multiple column
arrangeﬁents. Benzene and toluene are again separated, but
the first column light component purities are set at 0.80
distillate and 0.20 bottoms., The second column, which uses
the distillate of the first column as its feed streanm,
duplicates the separation obtained in example number 2, i.e.
0.98 distillate and 0.10 bottoms (light key compnosition).

The data for the first column of the complex is the same as
in example number 2 except that the'operating pressure of the
column is 5 psi. higher, and a dew point distillate is
specified. The higher operating pressure 1s necessary for
this column so that a pressure inversion at the feed inlet

to the second tower is avoided. The input data to the second
'6biﬁﬁn follows the data for the first column but deletes the
type and feed thermal codes since the former need be set only
once, and the latter is calculated by the program. The
diétillate code for the second tower was set for a dew point
distillate, and all the subsequent data matches the data
-supplied for example number 2, The results of the calculation

appear on the next page.
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TOWER 1 ’ TOWER 2
. .

Stages 5 10
Reflux Ratio 0,.77999 1.07018
Condenser Duty 547,018 : 575,062

(Btu/hr.) _
Reboiler Duty 1,224,696 1,120,673

(Btu/hr.)

* Excluding the condenser and reboiler

Please see the attached printout for further information.
Both columns were checked using DISTL, with favorable

results.



o - _COLUMN.NUMBER. . l=--==PROBLEM NUMEER 3B

_ .. INPUT DATA USED IN CALCULATIONS

. FEED RATE  XF(1)  XB(1) __ DIST,RATE  DIST,SPLIT 2D(1)
MOLS/ZHQUR e MOLS/HOUR L

. 100,00000 500000 ,200000  49,99998  1,00000 ,800000

VVVVVVVVV T RARTIAL CDNDENSER=-oALL VAPDE.DIST TLLATE . o

_ PRESSURE DROP/STAGE=0,1000  CUNDENSER PRESSURE DROP=0,3000  REBOILER PRESSURE DRUP=0,1000

) e EEEEECONSTANTSE%E%%____ _TOWER NUMBER 1 ome -

. EQUILIBRIUM _ PRESSURE  ENTHALPY-LIQUID  ENTHALPY=VAPOR
AL 13,20149  14,70000  =14482,75300 7871,65620 N

Bl =6686,67960  14,70000  39,96346  25,69080

A2 13.49274  14,70000  =17539,39400 - 7759.37500

-GTT-



JBBLE PUINT FEED

__XFEED= 0,50000 YFEED= 0,70170 _

 0,73106

= . REFLUX RATIN=

CMINIMUM REFLUX = 0,48737
 THE FRACTION DISTILLATE VAPURIZED= 1,0000

_ TEMPERATURES==-DEGREES FAHRENHEIT

_.TOoP . BOTTOM  FEED  CONDENSER

. 190,00000 220,00000 _ 217.17380  209,21852 .

o PRESSURES===PSIA

_PTOP=s  19,70000  PBOTTON=  20,00000

T T UNNE FRACTION FEED VAPORIZEDs O.0000
| HFEED= 0,13476670¢ 07

o~

- 91T~



. FIRST PASS---DETERMINATION OF NUMBER OF STAGES

 RECTIFYING SECTION

. STAGE  TEMPERATURE LIQUID RATE VAPOR RATE
- _ DEGREES F _ MOLES/HR,  MOLES/HR,

_COND.,  209.21852  0,00000
1. 215,09871 36,02%91 N - B6,55287

. THE NET VAPOR ENTERING THE RECTIFYING SECTION IS 86,02997

— - T T
. 0.5297618  0,7267326
~ THE NUMBER DF STAGES IN THE RECTIFYING SECTION ARE

49,99998

. PRESSURE

PSTA

19,3999

19:,70000

LT



_ STRIPPING SECTION

_STAGE  TEMPERATURE
_DEGREES F

_ REB,

THE NET L1QUID ENTERING THE STRIPPING SECTION IS 135,94818

217.21938

219.62123

223,38692

228,85904

- 236,19579

2
3

 STAGE

]

”?G,3Q§ﬁg§iMWV

X(l),»f:iwww’wmm

0:4520080

043917152

135,623994

135.,22533

. L1QUID RATE
_MOLES/HR,

134,558545

133,73505

30,00002

vy

0.6930856
0065859699

0,3998561]

. 0,5050818

__REB,.

&

.0.2000000

.. THE NUHBER OF STAGES IN THE STRIPPING SECTION

_VAPOR RATE
MOLES/HR,

B5.94817

85.63994

84,55545
B3,73503

043704036

B5,22531

ARE

PRESSURE

PSIA

19,69997
19479997
19,89998
19,99998
20,09999




REVISED VALUES BASED ON TRUE PRESSURE PROFILE
TFEED= 217,83864

 BUBBLE POINT FEED
”féé”FéAszaﬂ”ﬁgeﬁ VAPORIZED==0,0000
. YFEED=  0,70146 HFEED= 0,13305580F 07

éiéscgaww
102 0,73366

_REFLUX RATIO=
1.0000 o

_ XFEED=.

B 0448911

 MINIMUM REFLUX =
 THE FRACTION DISTILLATE VAPORIZED=

. TEMPERATURES-==DEGREES FAHRENHEIT
© feed coubEnseR N

217,83864

TP BOTTAM
FITRTL T S RI I

215.,09871  228,8;
_PRESSURE§=-=PSIA
T

©19,70000  PBOTTOM=
e o
B

PTOP=
e A TR . W50 ST NP SO SR, M. D TSI T AR TR . A SN M T SR s, 90, S SOW_faw, 70 D e TR DN, WD T vy U O WK 9w hew GO N s, v S0, TR T e WS 0, e oy ST, T S W s i Wy o T 0 T 5 S T R A s




o  PASS NUMBER 2
S _ THE VALUE OF THE REFLUX RATIUS  0,73366
_ STAGE  L1QUID RATE  VAPOR RATE PRESSURE . o
. - MOLES/HR,  MOLES/HR, psta : . B

TR
19,70000
19,79999

49,99998
86,68300
86,30386

209,21852  B6,68300
- 36,30380

_215,10840 .
_21T7.96738 36,18454

3 219,49000 135,49129 86416489 19,89998

& 222,98116  134,59044  85,49135 19.99997
o 5 22B,12146 133,80042 = B4,5%035 ~ 20,09996
REB. 6 _234,87369  50,00002 - 83,80057 20,19995

. sTaGE . xt1) ¥ty

045295762

0,4821521

0,7265821 . | | R
0.6B62466

0,4604177

0.,6663933

0.6127250 e
- D.52833% . o e
. Q.39788%4 o S

 0.4044735
. 0.3239396
L 0.2243565

e -BASS. MUMBER 218 COMBLEIE oo mommm s e m mm———

1

H -
N

o

1



_ PASS  REFLUX RATIO  BOTTOMS COMP,

.. 080703 0.1840401
. 0.73887 . 0.2088265
077231 . 0,1975552
_ 0.77188  0,2018718
QAZZéél QA.LQQQ aﬂan o R TN T TR, W 00, B, W, NN . SO ST pa W, I BAS TR d. 7ern, T AR UED WD GW NN T s, D N O B W Wem VI N ey S e e e e st s e o

i

|
T :
@O

i

§
i
W
{

-Te1~



THE FEED IS INTRODUCED BETWEEN STAGES 2 aNp 3

2
3
4
]

&

223,80082

229443332

 REBara! -;;;gg;g-zaa.ﬁasaz

W« FEED ENTHALPY=s

. DISTILLATE ENTHALPY = 0,12932130F 07

0,1350

19,8%998

19,99997

20,09996
20,132393

CRLOW=  0,66030  Rs 0,77661  RHIGH=
STAGE  TEMPERATURE  PRESSURE LI1QUID ?ATEMUﬁf
B _DEGREES ¢ PSIA  MOLES/HR,
. COND,  209,21852 . 19,39999
3 ... 21B,26318 19,70000 33 41827
) 218427600 (19479999 38,10402

”13?337163

CHMPD

$1TION

AND

0,80703 WW”

VAPDIR RATE

MOLES/HR,

136,54755

: 135,82042
crmmenmnaal0002

CENTHALBY. BALANCE.LBIUZHR,).
REBOILER DUTY= 0,12222970E 07

5580F 07

TOTAL ENTHALPY IN

 TOTAL ENTHALPY OUT =

= 0,25828550F 0

0.25828550F

,T ;ER QLMBER 1 IS CbM?LETF

=

07

88,53038
83,41820

3

=--TOWER NUMBER 1

X(CoMP.1)

49,99998

BA,10423

87,37155
86,54761
aﬁﬁazaaé

e AR

0,62651

0,82662

0.47647

ISR
it Eiec
0,30287 |
0019993

Y(COMP, 1)

- 0,80000

Da72415

0468121
0466008

0.59832
N,50033

036281

BOTTOMS ENTHALPY = 0,74499275F 06 CONDENSER DUTY ==0,54465000E 06

=ccl-



_ ;ff“”,fwm_cuLuam qua&a---;}-——~PaGhLFM NUMBER 3

,@éﬂéﬁémﬁﬁQQM&élCéiéfitxéfé(13;Fééﬁizi

CEQUILIRRIUM. . PRESSURE ~ ENTHALPY=LIQUID  ENTHALPY-VAPOR

’,ng, _13.20149 . 14,70000 =14482,75300 7871,65620

'élf” ,ééa@,ﬁyagﬂﬂw'ngfw L 14470000 39,96346  25,69080

L A2 13,49274. . 14,70000  =17539,39400 7759,37500

‘B;»Z.;,,.,,ww?‘?é?iglf’é?«@_‘_; 14# 70000 47,12720 | : 31,83479

-t
N
- 7

o AEAEECUNSTANT SkxsEs_____ TOWER MUMBER -2 o



CINPUT DATA USED IN CALCULATIONS

2 - —_— W~ 0

DIST,RATE  DIST,SPLIT ZD(1)

MOLS/HOUR

FEED RATE  XF(1)  Xa(l)
MOLS/HOUR

. .50,00000 ,800000 ,100000  39,77271 1,00000 ,980000

’?éﬁﬁSé@é”ééh?zgféss;é;ic@o“ww“ CONDENSER PRESSURE DROP=0,3000

T T T —
_THE FRACTION FEEN VAPORIZED= 0,0000
 XFEFD=  0.80000 YFEED= 0,90828 HFEED= 0,570801

_ REFLUX RATIO=

_ MINIMUM REELUX = 0,66237

i

_THE FRACTIUN DISTILLATE VAPORIZED= 1,0000

] o _ TEMPERATURES---DEGREES FAHRENHEIT

. TOP_ BOTTOM  FEED  _ CONDENSER
“‘Q[iéﬁ;§5§aQJ7f22§:§@§§éw”w1@9;$§543)7”1?@,5?é5? W

e PRESSURES===PSIA o

. PTOP=  14,70000  PROTTOME _ 16,89%99 é;w
- il

0,99356

REROILER PRESSURE DROP=0,1000

50F 06 TEEED= 180,39542




 FIRST PASS---DETERMINATION UF NUMBER OF STAGES

 RECTIFYING SECTION

STAGE  TEMPERATURE  L1QUID RATE  VAPOR RATE PRESSURE
 DEGREES F MOLES/HR , MOLES/HR, PSTA

e COND, 0 17657759 0.000006 ~39,77271 ; 14,40000
oy 1T7%.10801 39,36841  79,28918  14,70000 : e
2 ... 180,.9470) . 39,08357 7914143 14,80000 ; . -

3 182,.86255 38,65633 . 78.,85622 14,90000 e

S 4 184,75107  38.34421 . T8,42892 . 13.00000 , e

_ THE NET VAPOR ENTERING THE RECTIFYING SECTION IS 78,11685

. STAGE  X(1) YL
. 0.9174139  0,9654914
048808656 0,9488668
. 0,8433629 0,9308660
- 0.8074348 0,9126540

;a“lﬂd\),‘l—‘

~ THE NUMBER OF STAGES IN THE RECTIFYING SECTION — ARE 4

- » i
— - - o
N
A
— - - I



 STRIPPING SECTION
_TEMPERATURE

L1QUID RATE

VAPOR RATE

_ PRESSURE

o " DEGREES F____ MOLES/HR, MOLES/HR, PSTA
- 5 . 191,35066 B89, 3998é  79,59860 16039995
6 193.88474 79.17258 16,49995
7. 198,27934 8745 . TBs404T71  16,599986
- B 205,18433 86,09061 77:29576 16,69997
5 214418745 84,96010 75,86333 16,79997
_ 10 | 223,42778. B4,14328 T4,73280 16.89998
_REB. 11 232,23511 . 10622729 73,91599 16,99998
_ THE NET LIQUID ENTERING THE STRIPPING SECTION 1S 89,82590
USTAGE  X(1) . NGLY
~ 5 0,1824071  0,8984956
6 0,732958584 N,8705584 e
T 0,6451916 (,B155196
_ B 0,5137916  0,7173279%
9 . 0,358R8517 N,5695757
.10 0,2185255 043942760
REB, 11 0.,1000000 Q 2349231
. THE NUMBER OF STAGES IN THE STRIPPING SECTION  ARE 7 o

~ THE TOTAL NUMBEK OF STAGES IN TOWER ARE 11

PASS NUMBER 1 IS COMPLETE

- -9eT-




" REVISED VALUES BASED 0N TRUE PRESSURE PROFILE
o ___SUBCOULED FEED
o __THE FRACTION FEED VAPDRIZED= 0,0000
 XFEED= 0,.80000 _ YFEED= 0,90778  HFEED= 0.57080156E 06  TFEED= 180,39543

_ MINIMUM REFLUX = 0,67013  REFLUX RATID=  1,00519

_ THE FRACTION DISTILLATE VAPORIZED= 1,0000

 TEMPERATURES-=-DEGREES FAHRENHEIT

o ToP BOTTOM  FEED  CONDENSER

179.10501  223,42778  180,39543  176,57747
PRESSURES=--=PSIA
~ PTOP=  14,70000  PBOTTOM=  15,60000

-let-




_THE VALUE

OF _THE REFLUX RAT10=

 PASS NUMBER

_ TEMPERATURE

__DEGREES E_

2

L1QUID RATE

REB,.

ll’vw

176457747
. 179,11238
_.1B0,.9%96912

_182,90559

184,82182

186403271

- 188,27635
192,36449

198,94359

. 207.820%92
217424182

225,07204

 STAGE.

|

CX(1)

 0.9172238
 0.8803047
. D,B423044
D.8087379
0.7725309
0, 7433999
 0.6619615
) 0m§399§?gV }
0.3792302

0.2335880
0,1267819

39,78780
39,4

‘HMQL§$/ﬂB@M.

754

39,06155
38,75809

' 8B,59364

. 3B,52681

B7.47702

86414452
- B4,77040
84,10313

YL

Q,&??Qlﬁé
«B279324

 0,9654067

. 0.9486059
0,9303444

- 0,92117733
0,8939947

um73¢?éllf
D,5935447

0,4175403

D,25208]16

 79.75182

10.22729

VAPDR RATE
MOLES/HR,

. 39,77271
 T9,75182
T79.56053

1924034

78,83434

7853072
78:298?4
78.36627
77024968

75,91710

7454292

73.87541

 PRESSURE

PSIA

1¢ 70&00

© 14,80000

14,90000
15,00000
15,10000
15,20000
15,30000

15,40000

15,.,50000
15,5999%

15,69999

1.00819

-gcl-



. PASS  REFLUX RATIG  BOTTOMS COMP,

0.90467 0.2018217

1210871 0,089212]

~1.06582 0,1088366

o 1.07427 0.,0988522

... 1l06332  0,1014912 L . o o ;
nm-um»mal&gzglg mmmmmm G&ﬁEQQZZl-wm—w—N-—ww—w—w ~~~~~~~~~~ fo bk Bk i Ao bl bkl S athad )

N RV E N

- -62T-




_ FINAL CONVERGEMCE ACHIEVED ON BOTTOMS

. THE FEED 1S INTRODUCED BETWEEN STAGES 5

" ERGETT

CRLDOW=  0,90467  R= 1,07018  RHIGH= 1,

TEMPERATURE  PRESSURE  L1QUID RATE vVAPD

o, T

1

MOLES/HR, MO

DEGREES F_ PSIA

000000
42,37041
42,064416
"l ® &4@70
4122600
40,96257
90,83267
B9,72934
88,249066

14,40000
14,70000
14,80000
lé.?QOOQMV
15,00000
15.10000 ,
15.20000
15,30000
15,40000

17657747
179415225
181,09787
183,17255
1B5,26540
187,26007
189,07933
192.97829

201,50391

- 210,90383 15,50000  B7.02B44

1
aﬁﬂa—l

2
3
4
5
. - 6 - e e e
1
8
B
[
d

220,03810 - 15,59999 B6H,52809

“,;;-w,,_ggzgaé;azw,;;-,;,lﬁ*aaaaa,gg,-,;-la.22229~_,;ﬁ,,,

CENIHALBY. BALANCE (BIU/HRa1.

«:7 FEED ENTHALPY= 0,57080156F 06

REBOILER DUTY= 0,11206

TOTAL ENTHALPY IN = 0,169147408 07

LATE ENTHALPY = 0,96654663E 06 BOTTOMS ENTHALPY = 0,14986

o m} fQTé§M§§f§égEX,§QfV¥
- CTOWER NUMBER 2 18 COMPLETE

CAND

10571

R RATE
LES/HR,

- 39,77271

82,33676
82,14288
81,81699
81,41951
80,99861
80,73448
80.,60529
79.50211

73 nzzzzmmWMWWw

T6,50130
16.30081.

730F Q7

531E 06

 COMPOSITION --=TOWER NUMBER 2

6

X(COMP, 1)

a2 - - .

CONDENSER DUTY ==0,57506200E 06

0,16914750€ 07

0,95089
0,9161%9
0,87706
0,83575
0,79514
0,75791
0,72560
0,62753
0,48573

B T
0419204
0.09993

1498000
096495
0.94709
0492710
0.904622
N,88591

Yecampely

0,86732

N.80498

0,69539
0.53629
__D.35750

0,20438

ﬁn
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APPENDIX A
INPUT DATA SHEET

Card No, _Input Column No.

AY

1. Tower Configuration code(integer) 2
1- Single column '
2- Two columns-bottoms(l)=

 feed(2)
3- Two columns-distillate(l)=
feed(2)

4. Linde "Double Column'.

2. - Feed thermal code(integer) 2
O- Superheated feed
1
2

Dew.point feed

Flashed feed
3~ Bubble péint feed
L
3. Distillate thermal code (integer) 2

Sﬁbcooled feed

1- All vapor distillate
2

3
L

L, Fraction vapor distillate (optional) 1-12

Liquid-vapor distillate

All 1liquid distillate
Subcooled distillate

Value between (0-1l)--input only

when distillate code=2,



~132-

Card No. Input Column No,.

5. A, Feed rate,lb-moles/hr. 1-12
B. Feed composition, mole frac, 13-24

6. Reflux factor 1-12
Rfactor= Ractual/Rmin

7. ~ Pressure drops, psi.
A, Stage pressure drop 1-12
B. Condenser pressure drop 13-24
C. Reboiler pressure drop | 25-36
8. Equiiibrium reference pressure 1-12
9. Tolerances
A, Bubble-dew point component 1-12
summations
B. Overall bottoms composition 13-24
5\\10. - Initial temperature and pressure
estimates
A, Temperature (top), °p. - 1e-l2
B. Pressure (top), psia 13-24
C. Temperature (bottom), °F, 25-36

D. Pressure (bottom), psia 37-48



Card No Y

11.

12,

13.

Input

-133-

Column_No,

Product purities, light

A,
B.

component
Distillate composition’

Bottoms composition

Enthalpy data (temperature 1),

A,
B.
C.
D.
E.

Btu/lb-mole
Temperature (1), °F,
Liquid enthalpy-comp. (1)
Liquid enthalpy-comp.(2)
Vapbr enthalpy-comp. (1)
Vapor enthalpy-comp.(2)

Enthalpy data (temperature 2),

UO.CUP

-

Btu/lb-mole
Temperature (2), °F.
Liquid enthalpy-comp. (1)
Liquid enthalpy-comp. (2)
Vapor enthalpy- comp. (1)
Vapor enthalpy-comp, (2)

1-12
13-24

1-12
13-2k
25-36
37-48
4+9-56

1-12
13-2k
25-36
37-48
Lo.56
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_Card No, Input Column No,

1k, Vapor-liquid equilibrium

data (temperature 1)

A. Temperature (1),°F, ' 1-12

B. Equilibrium constant-comp.l 13-24

C. Equilibrium constant-comp.?2 25-36
15, ' Vapor-liquid equilibrium |

data (temperature 2)

A. Temperature (2),°F. 1-12

B. Equilibrium constant-comp.l 13-2k4

C. Equilibrium constant-comp.2 25-36
16, Feed temperature,®F. (optional) 1-12

Required with a flashed,
subcooled or superheated feed.
17. Distillate drum temperature,©°F, 1-12
(optional)
Required with a subcooled
distillate.
* This completes the data for tower configuration code (1).
For a code of (2) or (3), the data for the second tower
follows card number 17, beginning with the distillate thermal
code card, and the feed rate,feed composition card is deleted.
All other cards follow in the order outlined above. For a
Linde "Double Column", the absorber data begins with the

pressure drop card (card 7), deleting cards 1 to 6,

~
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J7 Tt COa7h/fur P Sl
L/ opARAR LTSTeVES, NERUG
/7

“”Q<u:d-pohﬁihﬁ‘,mk

FoVAY ) o
f"i{é’:);”(9};5’(“&‘5‘&(“’}!:‘: ATEs R FACTR DT

GELTAT TIPS T UT -

SRRIET ALz Y BHLI2) s AVV LZ2)Y s PRV (D)
CUME /TslwﬂL/ AL TOLE, TOLUA

CUisptily /v Lo/ 20100 Y (100 )T (L“b))puTh!(7QA)}rATFV(lﬂU§
F}M“‘u/vA7’l3/ Lo B
LM “WPL /Ul e s X e YU O s Cra DTS TH BT THs XPLs XF1s T eFD
FEN, TOLNUs XFET U YFED Do MEEREL VY, 20T

S8/ CuMUPUsRTEPD CORTLT

W s e s FRI 2 e TEMP LY TED(2 )1V (252]

DIMERSTGY S( 7,300

TNPUT SErTI

o> Tt |

15 THE RUNPER TF PRURLTAS TU 8F SUl VEU,

TTThafks]

TTRY=0

TORL=G

TCMNY =D

PEAD 529, I TLTUE

FEAL B2%s IFCTDF

3175 YEAD ;?9,1PCfﬁﬁ S

TECLTUYWEY JFLL2) CU T 2400

DRINT '-'*-U '

PRINT Bofs ITOiFRs IPRME

PRINT 557

CORTTNUE

TOCU™E 1€ A PISTTLLATE LN,
THOOPE=1 FOR AN ALL VATLE DISTTLLATE
WCENE=S FOR A LTQUID=VAPG?  QISTILLATE

i FOlk AN ALL LIOUTD uTSTIVLATE
DOCNE= 4 FuP A SURCOOLED LINUTD DTSTILLATE

o
Il

Ea

r;cguL 1 LorEERD LT e
A BUPERIEA (Fuy FFED

A Ul W H“L“i FFED

i iLﬁ?nﬁw FREED

4 wNBBLE PUOTRTY FREy

FK A 5UBOURLEL FRED

SRS W T GRE o P M TR one W SHD de myfe mer T e can AT ST g o THC SR SOR ot 4N anv SO AR MOD T S5 SR mee T AN A gew O ORS00 men SR S ek fn S O GHE G WEC m B9 ST M e SO TSX py omm O g S oo R S e
TTCUTE (€ A TYPE (NyP
1T ENE 4 BOLT CULuMi=e=SLVED PY SNRFL

FuP A MUBrAL 0DUPLE CulUMi=n(l)=F(2)

ITC 0= FuR A MupsAl uﬁaﬂ‘—’@utUﬂumu{L>arcﬁ)

ITOm o =4 FyuP LIMpFenligle o LN 1Y=REFLIIX(2

s Ia R Ea e Ra Ra e e Bk R ite T Tie Tee e Ne T B/

T an e WAE e oms KR T MG o D TS 0O NI GHS UM WA AT U T KGN gm T THD W GG e S o eI ook GO DN TS YHE AOR e TR W (TR XN W W R s W I WS e D S

(; L2 AN 2 uT D30y s T U L0
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”EAU “'g;,;w\‘%; LT )
TeLv /RIS T=RmACTILN VARG DLSTTLLATE

PePLIT=u.¢
A4 B/
By
PSPLTT=0.0
Cod0 3R
EIORE COMT TR
TECITIVED FGa2) Fi )0 pLs

£

C sk DASTO P AR AMETER 5 ¥oniolion
PEAD 501, FRATES AFL

¢ FRATT Tit LP.=MOLE/Hn, URTTS Onbyts:

PLE  TEAD B30.RFACTR |

PLAE PEAL BO2s UFLTAPsCUNUR G nFED

”d“a #»h L“:TL BRI SATA o

, 14 CEPEFLUK FACTOR==ReRFACTRSFRMTIN
; At nﬁt“a5ﬁ g&u “FROIIEP PRESSURE DRUPS
naqw CTIVEL -

gkt ALl DRESSUPE LPLPh SHOULD RE EYPRESSTO AS ﬁuqiwiv
HYMBTRS--=PSTAS ALL TERPFRATUKES IM DEGRTES FAERFNHETT
wok R VRN AC : Fro SECOND COLUMPB (PTOP+PRUT) /2. MUST
PE LTS PRESSURE NE FIRST COLUMN sk

.

Y I I N I YT Y Y

PEAD BOLSTHLs TOLNA
€ el [OL= T ERANCF==BURPR L F,DEYW BTS
€ sk [OLOa=T 8 UM CuMBOST T Mwwwmu
TOL =000
PEAD 504 TT@%,PIWP,fﬁgT;ﬂgﬂf
FEAL BOL,2D1eXB1
f‘f.rt (F"r ;+ﬂ1("¥}/"}
XTRAsXHL
TEOITLYES JFG.2) R0 TN Se56
plgfﬁfrAT%*(vFl~rﬁl}/(zu1~Xﬁ})
TR ERATE=NTCT

VATINN

LE P”&PTI

e TRPUT D BASTC DATA TTTTTTTTTTTTTm T
9 FRTHALPY IMPUT IM 8TH/0La=MOLE USTTS TNy 1
Bofo  PEAL 54, (TEMP(LYsHL( ], i);“L( P UYL Ys iV (2 IYs 12152
UE AL )“uyfo“(r>,L (1,13,&w(?,1331~;,¢s
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