CHAPTERSS
DCS: DISTILLATION CONTROL SIMULATION

DCS, developed in this research work, is a simulator for chemical engineering
students to study important aspects 64'/’ “distillation dynamics and control without
spending hours or days in the laboratory -aﬁi%gbout obscurity with would otherwise
result for any real equipmeént, ifit is used and doesmot work quite properly.

DCS is buitby usingthe the! ries describled in the previous chapters. Students

't[ginany* cpmmands to remember. The program provides

e fesults are printed in colorful graphics that let students

aii s et %,rjvill appear as show in Figure
5.1. From this menu, students can specify a distillation COLUMN, input FEED
condition, set CONTROL PARAMETER, and select control STRUCTURE by
moving the amow(to the tappropriatecicans| and «clickythe right mouse. Then the
corresponding submenu will show up.

5.1.1 COLUMN data :

The distillation 'COLUNIN is 'a binafy diSfilIation column. The column
dynamics are simulted using models published by Luyben (1990) and Grassi II (1992).
Students can specify the numbe of trays (not include condenser and reboiler) and the
feed tray. The tray at the bottom is tray 1 and the top is tray NT.

5.1.2 FEED condition

There are 10 components in the program that students can select two of them

to be a feed. Students input the FEED condition by selecting FEED. Flow rate
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(Ibmole/hr), composition (mole fraction), feed temperature (°F) and feed components
(i-Butane, n-Butane, i-Pentane, n-Pentane, n-Hexane, Benzene, i-Heptane, n-Heptane,
Toluene, n-Octane) see figure 5.2. At this menu students may specify the heat duty of
a reboiler (Btu x10%hr) and the reflux rate (Ibmole/hr).

COLUMN data FEED conditions STRUCTURE surMaARY EXIT

AUEINENINYINT
RIAINTUNAIINYINY
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EXIV

FEED condlitions

! f{:- IR | J
S.Z'FEEb conditions menu
pby |
.-;. P rj.:‘-i p;
basi¢ dlstllbgpp column which has five control valves one

5.1.3 Control STRUCTL
Figure 5.3 show tl
on each the following streamb distlllate -téﬂ{fx coolant, bottom, and heating medium.

It is assumed that the feedestream is setﬁyathsupstream unit. So this simple column
are ﬁ”eb_eontr&,}oops possible. Two types of

has five degrees ofi’ree om. Then, t

control are mvent6{:y and quality controls. The inventory controls are the liquid level
in the reflux drum, tﬁe liquid level in the base of the cdlumn, and the column pressure,
i.e. the vapor.content in the column, The-quality.loops are the composition of distillate
and the composition-of ‘the bottoms." The combination' of controlled variables and
mampulated variables results in“120 possnble control structutes to be considered.
Forttnatély, mdst of them are eliminatéd by reahsmg that a-control loop involving -
variables across the column would give a poor performance. Typically, only one
product composition (temperature) is controlled, while the other is in manual.
Students select a control STRUCTUliE by click at the STUCTURE button.

There are four common control structures, shown as figure 5.4-5.7, available for

studying.
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Fig.5.3 The basic distillation column with fives control valves.




COLUMN data FEED conditions

Configuratien § 1
Pistillate composition controller
Mani. var. is reflux rate
KCBD = 0.647 TI = 108.01
RO = 306
Bot ten conpoesition controller is free
Base level centrolled by betton rate
K8 =/ 569 B = 155
Prun leye licontrolled by distillate
Kp = 380 pLa =
xd_set= 0.9
nb_set= 6.83 nel_set=. 6.01

s = 24.7 Pd = 19.7 .

COLUMN data FEED conditions SUMMHARY
S echstbuidihSibuoictsbodBSSRME SRS ue i by 0 U5 e B ERSE

Configuratien # 2

Botten cenposition controller
Mani. var. is heat rate
KCB 9.834 711 = 100.01
Qre = o '
Pistillate compositien controller is free
Base level ceontrelled by betton rate
KB = S00 B8 = 155 g,
Prud laval contralled by distillate

500 BLD = 245

8.1

6.83 nd_set

24.7 Pd

Fig. 5.5 Control Structure 2



COLUMN data

FEED conditions 7 SUMMARY

Configuration § 3
Botton conposition centroller
MHani. var. is heat rate
KCS = 0.834 11 = 100.01

ano = 3

Pistillate compesition contreller is free

Base level coantrolled by Batton rate

Brun leval 'ein'gnxl-d by reflux rate
e o =500 AD = 243
: t xb_set 0.1
¥ Aiset 6.8 ‘nd_sef = 6.81
{ S jrm = 24.7 19.7

¥ ¥ i |
F - B "

F_ig. 56 Cdﬁtrol_ Structure 3
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Canfiguration § 4

Distillate cempesition centroller
MHani. var. is raflux rate
KD = 0.647. Tl = 100.01
"o = 300
Botton cempesition contreller is free
Base level contrelied by heat duty
KB *; 10 QRO = D
Prun level contrelled by distillate
KD = 3500 oLo = 243
xd_set= 0.9
nb_set= 6.83 nd_sat= 6.81

Ph = 24.7 19.7

Fig. 5.7 Control Structure 4
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When a control structure is selected, the structure is displayed. Students can
set the control loops of the selected structure. The control parameters are controller
gain (Kt'), reset rate (R), derivative time constant (7D) and bias term (BO).

The manipulated and controlled variables of the inventory loops and the

composition loop of each structure is presented in Table 5.1

Table 5.1 Control Structures lﬁ‘*t‘u‘ u%/

m

Structure Composition
Remﬁ, /’ olugmn b;?h\ Distillate - Bottom
1 Reﬂux on Manual
2 _ '%n Manual Heat duty
3 '"on Manual Heat duty
4 » Reflux on Manual

are set points anT 43 :
XB _SET = set point of m co ysiti t component)
XD _SET =set ponﬂof the top composmon loop (hgﬂ} component)
- MB_SET = set point 6fithe bottom inve

s U S N 1113
= pressure at colum base

PD’Q Wﬂr@*@ﬁ@xﬁdvﬁa‘%ﬂ NYIRE

5.1.4 Entry SUMMARY

This menu will display all the data input, i.e. column data, control structure,

and controller settings at a glance.




5.2 Simulation
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After all data are entered, the program will be ready to run a simulation by

pushing the RUN button and new interface will appear (See Figure 5.8).

The window in the first quater of the screen is the plot of the column base level

and time. The second window shows the plot of the reflux drum level and time. The

third window displays the plot of the distillate composition and time.

window is the plot of the bottom com § sition and time.
p pqz jop 2
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Fig. 5.8 Window screen of simulation

Also in this menu a user ¢an change some of the column and control data by

selecting the butfons appeared between the ﬁght and the'left window.

- TCL (Top Composition Loop)

- BCL (Bottom Composition Loop)
- TLL (Top Level Loop)

- BLL (Bottom Level Loop)

The composition loop which is in manual will display the manipulated variable

and students can change its value.
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- FEED

- DISTURBANCE

FEED menu includes three submenus: feed flow, feed composition, feed
temperature. A student can change these variables at the feed stream by selecting this
menu (Figure 5.9).

By selecting DISTURBANCE, a student can simulate the occurance of the
disturbance at the feed stream.. E,I%l ﬁf
feed: coiipasition (Hght cquganent) oy

dent must choose among three variables:

re. Figure 5.10 shows this submenu.

After the disturbance i&m ne\@subrﬁéﬁwed in Figure 5.11, appears. Four

“can be introduced"to the column. They are step,

(pure, white noise) signals. A student, then, can

types of input disturbanc
pulse, sinusoidal,
observed the respo

A student

.it.i:tgé.,yzindows‘ -
== L A .
by selecting QUIT. Selecting EXIT means

leaving the program.

FLON 2 403

[0 1 SO I S
TEMP. = 46 .15

Fig. 5.9 Submenu of FEED
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Fig. 5.10 Submenu of DISTURBANCE
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Fig.5.11 Four types of input disturbance
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5.3 Sample Run

5.3.1Casel

Data entry:

Feed: Components : 1. i-Butane

: 2. n-Butane

Flowrate =
Composition
Temperature
Heat Duty
COLUMN Design: I

fintegral time)

XD_SET=0.90 -

iyt L1t ‘wamwmni

PD = 19.7 psia.

Qﬂﬂ%ﬁ:ﬂﬂ‘im ANIAINAY

The simulation result is shown in figure 5.12.
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5.3.2Casell ' ; .

When the results o Case I is at steady state operation, step input of feed
temperature disturbance is /éntne(fby Amjgfinude at 40 °F.

sa-aq;

The responses of snmc.ilatwn to sL,e'p‘-thange in feed temperature is shown in
figure 5.13. . et V-

A
Y
=

Fig.5.13 Case II results of simulation.
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5.3.3 Case Il
When the results of Case I is at steady state operation, sinusoidal input of feed
temperature disturbance is entried by Amplitude at 40 °F and Period at 0.2 hr.

The responses of simulation to sinusoidal change in feed temperature is shown

in figure 5.14.
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