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Partial Condensers McSH pp 674-675

* Atotal condenser converts the total vapor flow to liquid flow

» Therefore the entering vapor and exiting liquid have the
same composition

Xp=Xo=Y1

* Apartial condenser only converts a portion of the vapor flow to
liquid
« The composition of the vapor and liquid exiting are in

equilibrium with one another and differ from the
composition of the entering vapor.

Y =Y (Xg) =Xp#F Y,

« A secondary condenser then converts the rest of the
vapor to a liquid
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Partial Condensers and McCabe-Thiele

* Because of the equilibrium relationship between the vapor and liquid
exiting the partial condenser there is separation being accomplished
* The first step on the McCabe-Thiele is the partial condenser
* This step does NOT count as a stage
« Stages are actual trays in the column
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* Make sure you know whether the condenser is a Total Condenser or a
Partial Condenser
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Minimum Number of Plates mcsH pp 687-688
e Occurswhen R — oo, or “Total Reflux”

* L=R*D
* B and D are set by the initial mass balance with F, X¢, X, and Xg
* R does not affect them

* AsRincreases, L increases. There is more liquid to do the absorption B,z
and therefore less stages are required

 L,V,andV are also increased. These increased flows lead to increased
duties (energy requirements) in the condenser and reboiler. This adds
expense. (Particularly in the Reboller)

 The column diameter must increase to accommodate the increased
flows, particularly the vapor flow (due to high volumetric flow of the
vapor) "

* Again, D and B do not increase but the internal flows in the column do
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Minimum Plates and McCabe-Thiele

XD
= — X, + -2
Ynt1 = 7 *n T 25

* As R — oo Operating Line becomes y,,,1 = X,
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« Each step covers more space as the OP Line is as far from the EQ curve as it can get

* The number of steps on right diagram is N, +1 .
* One cannot operate here because you have infinitely large flows in the tower
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Analytical Approach to Minimum Number of Plates

Y1 y
 Relative Volatility a= [y _ £ L A Jnel

2y V) 1-x) , N ]
*  For stage n+1: T —
Yn+1
o = " / Xn+1 Xny Unsa
(1 o yn+1)/
(1 o xn+1)
* This can be rearranged to:
Yn+1 e Xn+1
1 - Yn+1 1 - Xn+1

* Because we have total reflux the operating line has collapsed to be y,,.1 = x,

* Substitute into previous equation:
Xn a Xn+1

1 - x, 1 — xXp41 *

* This relates one stage to the next
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Analytical Approach to Minimum Number of Plates
* Ifais aconstant...
° — X0 X1 X1 X2
n=0 T T but note that il
° X0 __ X2 _ 2 X2 X2 X3
So... 1—x0_“(“1—x2)_ . but note that - %1
o Xo _ 2 X3\ — 3_2%3
So... 1_x0—a (a1—x3) T-m
*  Which finally leads to:
X0 _ oNmint+1 N imin+1
1-x 1-xn,,;.+1
after N.;,+1 steps (which is N,;, stages plus reboiler)
* This assumes a total condenser
q\
7 . X
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Analytical Approach to Minimum Number of Plates

* Notethatx, = xpandxy . .1 = Xxp

e Therefore: D _ qNmintl 2B
1-xp 1—xp

* Do some rearranging to obtain:

loglxD(l_xB)]
* Nin+1= xp(1-xp) Fenske Equation eq21.45

* Applies only if you have constant or near constant relative volatility, o
* If o is not constant, use McCabe-Thiele graphical method

* Can use natural logarithm or base 10 logarithm
* Need to be consistent and use same type in both numerator and denominator
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Minimum Reflux Ratio mMcsH pp 688-691
* As the reflux ratio decreases: the intercept of the R OP Line, %,
Increases. This drives the Operating Lines closer to the EQ Curve and
Increases the number of steps required.
- When R =R, the OP Lines touch the EQ Curve, the steps become
Infinitely small and an infinite number of steps are required
R=4 R=15 R = Rmin
Q\
9  « 3 4
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Pinch Point aka Invariant Zone

* IfR>R,;, by a small amount you will not have an infinite number of
stages, but the change in composition from one stage to the next will be

very small
* These stages are not being well used

R OP

S oP
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How to Determine R,

Plot EQ curve
Plot (Xp, Xp) and (Xg, Xg)
Plot Feed Line

Place ruler on (X, Xp) and rotate it until it first contacts the EQ Curve in
the region between Feed Line / EQ Curve Intersection and (Xp, Xp)

Read off the value of the intercept
« Designated as # here

X
Rmi:+1 =# Solve for R,
Note that Stripping Operating Line is not involved in this calculation
11 o« X
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How to Determine R,

* In previous example we had an ideal EQ Curve and
first contact occurred right at the intersection of the
Feed Line and the EQ Curve, that is not always the
case

* With this non-ideal EQ Curve the R OP Line
tangentially contacts the EQ Curve to the right of the
Intersection

* NEVER do this!

 If one just assumes that the R OP Line will cross : ot yive Cross B
the intersection and it actually crosses the EQ ' \
curve then your work will be just meaningless P

« Dr. Courtemanche may cry 7

* After you have determined Rmin you will want to start a Fk— Q
new diagram with the actual Operating Lines, etc

 If you continue to use the original diagram it will 12 3
become too cluttered to be of use X
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Alternate Method to Determine R,
* [For anideal curve, there is another method for — N
o quilibrium Curve Binary Mixture of Benzene and Toluene at
determ|n|ng Rmin 10 Atmospheric Pressure
* Find the intersection of the Feed Line and the 05
VLE curve, (X, Y) Ny
xp=y’ .
* R, = y‘,’_x, Eq. 21-47
* This can sometimes lead to a more accurate . )
value if you use your VLE calculationto geta  £*
precise location of this point s
» As opposed to reading the y intercept of o
a line which goes from (xp, Xp) through B
this point
01 Q\
13 = b4
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Optlmum (Operating) Reflux Ratio

Cost Optimization

* Equipment Cost/Capital Cost
« Annual Cost of Tower = Depreciation = (Capital Cost) / (# years useful life)

* Operating Expenses are somewhat linear to R because the flows are proportion to R and energy

use in the Reboiler and Condenser are roughly proportlonal to the flow rates internal to the column
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Reoptimcd

* Optimal R is near R,,,.. because the depreciation curve is so steep in that region

min
* | R=13*R,[is atypical result, it depends on materials of construction, etc Q

* This is just a guideline, you may choose to run a higher R in order to assure meeting specs  ™._

* In an actual plant design you would do an actual cost estimation for more accuracy 14 &
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Stage Efficiency mcsH pp 712-722

What if X, and y,, leaving each stage have not actually reached equilibrium?
« Due to low residence time or less than perfect mixing, etc...

First define Overall Efficiency no = % or N = Nj;’e“’
0
» |t's logical and easy to understand
* It's not very useful, because you need to know the answer to the number of
stages before you can use it

* Itis not useful in predicting the effect of any changes you may want to make

Murphree (Plate) Efficiency o U
¢y = 222 where y;, =y (x,) n

Yn— Yn+1 I—T
« This acknowledges that you are falling short of X e

reaching the equilibrium value of y at each stage ( =;,$? &

* Not as straightforward as overall efficiency but much

more useful % 15
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Murphree Efficiency, continued

Yn—Yn+1 __ Change in Vapor Composition Actually Achieved

m = Yn— Yn+1 Change inVapor Composition Possible if Equilibrium Achieved

Could have been defined in terms of liquid phase composition but it is traditionally done with vapor
compositions

We will discuss how to determine a value for iy, later in the course 15 TF_
Graphical Method 3 ;a.-f j/’
Create Effective Equilibrium Curve ff —
EffEQ=y+ Q" =nu=nuy "+ 1 —my i . -y

Where y* is the equilibrium value of y for a given value of x and y is the OP Line value of y for that
same value of x

Generate values of effective EQ for a series of values of x and plot that curve
Put another way, say that 1, is 0.75. The effective EQ Curve is composed of points that =~ %+,

are ¥ of the way up from the operating line to the actual EQ Curve
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Murphree Efficiency, continued

* Now one can do the McCabe-Thiele Method
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Overall Efficiency is NOT Equal to Murphree Efficiency in

General

 Diagramshowsany = 0.5

* There are 2.6 stages required to accomplish the same
change in composition as one ideal stage

#ideal 1
No = #actual 2.6 0.38 #0.5

* Relative value of 5, to i, depends on the relative
slopes of the EQ Curve and Operating Lines

,.-...-——— ENE B8 Nn:0.S
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/ 2 Shoes- Stes a2 03
LOEALSTAGE or ~2.b EFP<TIVE STAGES
n=0S
Q\
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Reboller

* Notice that the last step (the Reboiler) is drawn going to the actual EQ
Curve and not to the effective curve

« The reboiler is not a tray or stage, it does not have the non-
ideality of the trays and the vapor and liquid leaving the reboiler
will be in equilibrium with one another

ReBOILER

1 oP
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Condenser

* |f atotal condenser is used then it does not appear on the McCabe-Thiele diagram and is

Irrelevant to the effective efficiency

* |f a partial condenser is used then it shows up as the first step in the McCabe-Thiele diagram
» Like the reboiler it will still behave in an ideal fashion and should be drawn in contact

with the actual EQ Curve, not the effective one

* You WILL lose points if you draw the reboiler or partial condenser step as contacting the
effective EQ Curve and not the actual EQ Curve (even though it will not necessarily change

the answer)

[’ PART/AL COVDENSER.
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Reboller Step Caution

Notice that on right hand diagram the person doing this analysis drew
step 13 as going to the effective EQ Curve and then correctly drew their
reboiler step as going all the way to the actual EQ Curve

However, as you can see on the left hand diagram: if step 13 had been
recognized as the reboiler and drawn reaching all the way to the actual
EQ Curve, then it would have reached past x5 and been the final step

Use caution to make sure you don't include an unnecessary step!
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Continuous Distillation — Tower Design ',

McSH pp 701-712

Design of Sieve Plate Trays AR

* Pressure increases as you progress down the tower > 4 . : '*,"‘;:-['.ﬁ‘——
| | | i o AW
* The pressure is needed to motivate the vapor through the holes in the S L
tray and through the liquid held up on the tray ) V=+‘

* Due to the AP, a column of liquid is held up in the downcomer (similar to
a monometer) of height Z

* The text discusses methods for calculating Z, but we won't touch on it at
this point

* The important point is that if Z exceeds the distance to the weir on the :
plate immediately above then the column experiences FLOODING and b T
the plates won't function properly

* The diameter of the column must be specified such that the vapor
velocity does not exceed the “Flooding Velocity” %
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O
~looding
* Figure 21.26 in McSH: Note that this is a log-log graph!
* Choose curve corresponding to your tray spacing
L 07 I Plate s;:’cicingv
e Calculate -™=/Pv/, 0s —3sim LT TT
Vmass « 04 24'in. "“~~__‘~
5 18 in, B 5 ol e
* Note that L and V are MASS flow rates S [ izm S—_—
- Note that py and p,, are MASS densities 5 ____Zlg____dh__._____\SQ‘:\:?\
i & 1 11 LUIRET™A R WO
 L/V we have used in the past were molar flows 3 o \5 N
; f 0.07 \‘\§§\\\
* Find Ky from chart 060 -{ I— TSN
0.04 =
* Use equatlon 2168 to CaICUIate ﬂOOdIng VeIOCIty 0.0:(3).03 0.02 003 005007 0.1 0.2 03 05 07 1.0 2.0
L/ Vipy/p)*3
"= _ K PL—PV(U)O'Z
C flooding % oy 20
. - - - . - Q\

* o s the surface tension in dyn/cm, u is in ft/s on this graph
* Agiven chart will correspond to u in ft/s or m/s: be sure you know which 23 4

it is! // “x
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O
~looding
L
« Calculate == /Pv/,
Vmass
 Note that L and V are MASS flow rates -
. 0.7 I Plate spacing
* Note that py and p; are MASS flow densities os [—3¢in LT TT
. o 04 24'in. i =
 L/V we have used in the past were molar flows % ,,[__1sn -—-\gt .
S 12 in. — B |
B: 0.2 9 in. \\\QQ\ N
- & 6i"'—.-.-—-.4 ——— By, i \\\
o lmass _ LMW, B Tk
— — S o1 i, N
|4 VMW - NN O
mass |4 . :: 007 ~\§§\\\
« When we are evaluating at the top of the tower  « 3% i i 0 TN
the flows are often close to pure light o
MATYA7 ~ MIAT 0.0 0.02 003 0.05007 0.1 02 03 05 07 1.0 2.0
component and MW; ~ MWy, P
L L
 Therefore /= = p
mass
L R L
e — = ——can be used for /= as long as we are Q
|4 R+1 mass N
aware that it only applies when MW; ~ MWy
24 1 K
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~looding, Continued

* Now we have a value for the a vapor velocity that will cause flooding.

* We will add a safety factor because we don't want to operate on the
edge of flooding conditions
* Various sources use different factors, let's choose u =~ 0.7uf;04

* Most of the plate is covered by holes

2
e A =Total Area = %

 Downcomer, etc cover 15% of total area ﬂ‘e‘;\,)
 Net area for flow = 0.85A
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~looding, Continued

V=ud,—

Molar vapor flow = (volumetric flow) * (moles/volume)

From ideal gas law PV = nRT you get I:;T _ n_ moles

%4 Volume
In this context V is just a volume
nD?
e A,=0. BST net area for flow

 Steps
 Calculate uy;404 and apply safety factor
» Use molar flow rate V to calculate A,
» Calculate required column diameter

* Note: Column is most susceptible to flooding at the top A
of the tower. Use conditions corresponding to the top
of the tower in this evaluation! 26 7 A



