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Theoretical Performance:
Lewis Case Il Analogy
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Theoretical Performance:
Lewis Case Il Analogy
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e (Convenience of) realization:
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“... (Lewis’ case lll) .... is probably the most common
in conventional operation because of designers’ understandable
reluctance to install downcomers in the configuration of case II”
(Sommerfeld et al., 1966)
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Theoretical Performance:

" Lewis Case Il Analogy;
i\; Conventional Operation with Downcomers

- Liquid in down-

. . comer from n+1
A ANANANANANAAANAANA 2 horizontal tray position

x,(0) = X (Zo) z,: length of liquid flow %,(0) = x..+(z0)
JnalZ0) e ,
fyn-l(z) || - No liquid back-
z=0 w1272 mixing; progressive

depletion of volatile
component by
contact with vapor
from platen-1

Xq(2)
x
5)

n
X
—
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2> z=24 X,(z,) is

\ \ discharged ton -1
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enters platenatz=0:
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Theoretical Performance:

Lewis Case Il Analogy;
Cyclic Operation without downcomers

A ANANANANANAAAAAN_ Independent variable: t

-> No liquid phase
enrichment on plate n
by liquid flowing down

X L= X V= i . =
X” y —— X” L Time length: VFP =7 - No liquid back-mixing
AR S S in time domain
Yn-1(t) - Depletion of volatile
t=0 t=t

component occurs
monotonically with time

Xq(t)

- Perfectly mixed plate
- Amount of material
dropped during LFP is
exactly equal to one
plate holdup

IO 0 t

— Xn(O) = xn+1(zo)

Xn(2)

z: horizontal
tray position

x,(2,) = x,,4(0)

\

- Sommerfeld (1966)

X, (t)

Theoretical Performance
Lewis Case Il analogy

t: time of vapor
flow period of
durationt
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Early realizations; Simultaneous

Dralnlng Condenser
 Three 1961 papers (Cannon) —
e Exactly one plate holdup must
be dropped during LFP Ve
e Basis of the generation: I

Simultaneous Draining ~ —  F---1
« TP =VFP +LFP

* Modeling:
O McWhirter (1963)

O Sommerfeld et al. (1966)
Q Chien et al. (1966) Bottom Product

O Robinson/Engel (1967) MaporElowiEeriodi{VERY:

Vg, Vg, V; and Vg are closed. V, is open.

Liquid Flow Period (LFP):

l )A Vy Vg, Vi Vg are opened. V, is closed. g
Simultaneous Draining; Problems
e Back-Mixing
* Non-uniform draining of trays
Schrodt V. N. et al., 1967. Chem. Eng. Sci., 22, 759
QGerster J.A., Scull H.M., 1970. AIChE J., 16, 108.
ULarsen J., Kimmel M., 1979. Chem. Eng. Sci., 34, 455.
* Pressure Dynamics
e Liquid oscillations on trays
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Approaches to Theoretical Performance
- Improved Liquid Flow Control

Matsubara

e Collect liquid in a store, prior to transfer to the tray below.
e Vapor transferred in tubes from tray to tray

Furzer (TD) Time delay trays

e Gutter channels to delay the liquid draining
» Baffles to avoid oscillations

Hentrich/Vogelpohl (1980)

e 1stapproach: Liquid was led into a storage tube; when all trays were
empty, the liquid was released into the next tray. This was accomplished
using a central rod in the column (EXPENSIVE).

» 2" approach: Sieve tray with packing material below, to make the liquid
drain more slowly during the LFP

Baron: Stepwise Periodic Operations

aleta CD (21st century): Sluice chambers

WE

New Principles of Design/Operation

P JAN

Tray Design Principle:
The periodic cycled separation tray should be constructed such that:

1) All the liquid leaves the tray and enters the tray below without
being mixed with any other liquid during the liquid drainage
2) Vapor flow can continue during liquid drainage

Operational Principle for Sequential Tray Draining:
To minimize mixing with liquid from other trays enforce a special
operational principle for Sequential Tray Draining:

The trays are emptied sequentially rather than
simultaneously, while the vapor flow is maintained
throughout
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New Realization; Trays

Cyclically Operated Perforated Sheets (COPS)

Layer of structured packing for liquid oscillation damping

Sulzer Mellapak
Packing

Pressure Control

Sheets

When tray is closed:

Free area due to
perforation is 6%
When tray is open:

Valves Free area near 100%
DTU
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New Realization; Sequential Tray Draining
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(a) (k) (c) (d) (e)
Sequential tray drainage operation for a column with three trays. When the top tray is
empty (d) a load of liquid is fed to the top tray (e). The column remains in state (e) for
the remainder (if any) of the cycling period time until a new liquid drainage sequence
is initiated at the start of the next period (a) — (c).
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Measurements

Water o
Feed Ventilation T1,T3: dry thermomenter
Column temperature
— ‘ (€] On/off valve T2, T4: wet thermometer
oa _ temperature
Product -1 T6 =  Manual valve T5: humidifier temperature
oduc (@) PHL (3= Automaticvalve  T6: column temperature
Tank O T+ P1, P2: pressure difference
(o) across orifice
” ) P3, P4: pressure difference
I P across top tray
o PH1, PH2, PH3: places for pH
(@) measurements
Feed |/ N\
Tank PH3| Gl-l-sream
- 13 T4 T inlet
| PH2 = 3
\J drain 1] I o
Pumps .
Y Side stream N (e}
( 9_ o outlet T5 = “EJ’ 5 Throttle
roduct -
Reservoir % ‘% =<
& S
Outlet Outlet %’ g :'3:
T
Water
Control: outlet
<- <- . Pum,
- - ascade - i : t
Orifice \—H_/—
T1T2
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Results; point Efficiency, &,

e Strip NH, from water (Gerster/Scull, 1970) | {G’yout ()

e Tray molar balance + Murphree expression:
—> Slope of pH versus t gives ¢,

dx H, x(t)
e B N I ................................
G,y (t
dx G dx Yin(t)
—=-g,—m-Xx = —+g—m-x=0
dt d
H oge(t = 0) - loge(t)]In10 Efficiency vs. Hold up/Vapor Flow
= g, =——1logc(t=0)-logc(t)|In
' Gmt[ & 8 ] - y =0.0295x + 0.7588 .
3.0
2H *
= ="_[pH(t = 0)- pH(t)]In10 25 pr
Gmt v //,/“ /
W & Efficiency vs. Hold up/Vapor
e Assume: Only NH, transfer R Flow
1.0 L 4 —— Linear (Efficiency vs. Hold
* (O, Controversy N up/Vapor Flow)
0.0 T T T T ]
00 20 40 60 80 100

NE
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Results; Column Efficiency,

Experimental Procedure
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Obtain Measure T
; X (1-x
Set (L,G) [—> Fp= L [Po || Stationary f_ ] () | ) g0
G\ p, Periodic by xp(l-xf)
State titration
In{(1-)1\ X +u v
X _1665
CE :% CE :ﬁ < Nid: InA ° P m=0073)<106 ’ T
p 7
3 3 mG (Gerster,1958)
, )\ =__
L

M=

=

IOA

Results; Separation Factors
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@ Sieve Trays M Periodic Trays Packings (Sulzer BX gauze)
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Results; Column Efficiencies
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Results; Influence on Tray Efficiency of Flows
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Column Efficiency, CE,
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CE, vs. H/G
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Resu |tS,' Influence on Column Efficiency of Period Lengths

 Maximum?

TP: Total Period Duration

CE, vs. TP
1.4
. 1 x. 1
1.2 ‘v0 3 In (1_7 f 4+
Q 1.0 . : N = A X, A
o0 * id ~
Sos * + In—(A)
< M= mG/L
W, Experimental data make N,
© go thru extremum
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Blue: oo
G=7 5.6-04 :/ Xy N Nig ™
dP = 50 4.E-04 / . .
/ y This may compensate, if x,
Red: > 380 - gets sufficiently low. This
G = 8 3 2604 / --- seems to be the case at low TP
dp = éO Leon A7 values, but only up to 80
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Further Work

e Operation at H/G beyond 70 seconds?
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Conclusions

Presented:

— New Tray Design (Principle): COPS
— New Operational Principle: Sequential Draining

— Steady Operation: Avoiding Pressure Dynamics
and Liquid (Back) Mixing

e Future Directions:

P JAN

— Operation at higher (periodic) tray efficiencies
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