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Synthesis of distillation system considering no-sharp separation

LI Yugang, WANG Xiaohong, ZHENG Shiqing, HAN Fangyu
(Qingdao University of Science and Technology, Qingdao 266042, Shandong., China)

Abstract: The synthesis of a distillation system including no-sharp separations was studied with emphasis
on the coding and flowsheet multiformity caused by no-sharp separation. The same streams composed of
the same components appeared in the flowsheet, and had three kinds of relationships, i.e. , independent,
united, and thermally-coupled. In the genetic programming coding, an integer array was used to denote the
relationships for these same streams so as to describe the distillation flowsheet with no-sharp
separations. There was an equivalent simple column flowsheet for a complex flowsheet and the maximum
number of simple columns (MNSC) in one flowsheet was used to describe the scale of problem. The
relationship between MNSC and middle component number (MCN) that was between two key components
was presented. As MCN was 2, MNSC was 4N—9, and it meant that the best result would be searched in
the space that could include 4N—9 columns instead of N—1. The searching scope was enlarged and better

results could be obtained in comparison with only considering sharp separations.
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Fig. 1 Multiformity of flowsheet caused

by no-sharp separation

WFIE R, R S 0 A A (i R = A T
Z AR A5y I . IE S X B AT A A B SR [ 5
BT AR RR AR AL . XA [ 20 40 i Ak B
KPR 3 F. sy [ 2 (] 53F (K 2
(] #EE [E2 (o], ATRLEH. EMEY

Wﬁﬂ‘jﬁéﬂﬁ%‘ﬁﬁ? @2 (8)\ (b) éﬁ%*ﬁlﬁjv Jﬂ:
REW M4 Mz (B2 (] il 4
(K2 ()],

A
A
A|BC B A|BC
C
B
A|BC|D B|C A|BC|D _33@
C
B
BC|D C
b BC|D ID
(b
L A

(a)
B|C B
c

Db,
(©)

A|BC

A|BC|D

BC|D

B2 AHFEWRN 3 Fhab 3y
Fig. 2 Three handle types of streams

with same components
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Table 1 Combination for same streams of one component

No. Combination
1 no coupling
2 G1-PL; G2 |%Le
3 Gi-L: Ga. Ly
4 Gi-Li Go-Ls
5 Gi-Ly  Gy-1,
6 G L Ge-L,
7 GilL:  Go-Ly

(D Streams are coupled; @ Streams are not coupled.
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Fig. 3 GP code and corresponding simple flowsheet

h T REMFAYR AT, R GP AR
PR i BB — RO . B AR
BOREM . /T N— 3 A0 2 Fm WAL 5 ) i 15 O
Ji N=2 AT EZFon LA P imtEol . By —
AT I — FhRE [RI 0 s 0 2 i P 4 U 1) 45 D i
o XX 73 Py B 2 1~3 I A I 3 Ffad
2O, BASWRBUERE 1~7 (£ D. #1HEf
A B, XA BRI A0 s IR AR 2
LR #1E .

By Crygted, R, HCH A 0T
SR TR FEINLE , EATR AR A A BE AL R
. ARG BAIAR . RoRIEM o E, A0 AR
T8 431



e 418 - k. T

F [

%559 &

4 EAfm AR

% R ARV WIS S A 15 B0 0 S AR A AR T
TEIe, el UENEEE RAFEHRFD, HH
R4S . A 1N 2 R SR T AT A4S B H
P (B R 55 R R
4.1 HEMAR

TR P MA RS, A ik T3 I i 4544
PR, MR R AR I R AL B
i, S EGE DI Rl BRI ATT Y
B AT DL REAR IR R A
4.2 ETREUE

TETTBRBOE RN L BVl A DL SRR A i
— B N TR . XTI T R .
B T A 3 ) BRC RAE S A T BE L T A b 1
ATy iR T A — 2 oY .

5 KL

LA Rathore 551 0 4 43 43 8 g il . SR FI AR C
P AL . SRR AR W IR A AR R A . AR
WL 2. FFRRASCHR [12] a1 TR

= B

ABC [T A
9LIBIC 1g BIC
A|BC|DE

I

BIC|D C 6

(a

5 C
B|CDE 7
D] b a7,
caoell)? D
4

HLMA% . WA 907. 20 kmol « b, ZH AL
(mol) k: A, propane (0.05); B, isobutane
(0.15); C, mn-butane (0.25); D,
(0.2); E, n-pentane (0.35),

IR FRAE R 80, &l I 1000, MR
602, RSN . i Pentium 4/3.0 G it
LA, T8 28 AU KRB, Fril CPU I
[6] 2524 500 s,

K4 (a) Z5H 74 10 A (oK
BEBOE 114 WL faf SIS e, & ARy 2 55
Mg, %1 58 2, 3, 4 ARIBELAIFNIE T
MR BC Bl & . 15 8 MR 10, XAE, 859
56, 2 iEmEB S I NI MEY I CD K
Ba, B AURR S, B3 MIEBR S 6 RMEKS
JEREIN; &a. MREYW C. DRMEE, B8 h
BT VLIS A MORSIRBE I IR . AR B K
4 (b) Fr7s iy XF N A2 A s i #E . AR R (B AR
) &£ 1.9X10° %,

AR L R W I, R L i AR an 1A
5 (a) FiaR. AEWRA N 2.6X10°$ . W LIH
AN EARTE WS . A2 G 36 %,

isopentane

(b)

4 Bl B A RS 1R R

Fig. 4

ABCDE

Optimal distillation flowsheet of example

(I IR f R bk

Example results after being simplified

Fig. 5



%2 W ZENSE: TR MR IR R S LGS © 419 -
2 HlFHIMRULER
Table 2 Optimal results for example
Column
Parameter Fig. 4(b) Fig. 5(a) Fig. 5(0)
1 Il 1 I\ 1 2 3 1 1 2 3 4 5 6
p/MPa 1.7 1.7 1.7 1.7 1.7 1.7 1.2 1.7 1.67 1.67 1.08 1.67 1.02 1.67
R 1.93 19 0 37.4 12.2 3.1 15.1 13.2 11.9 2.02 13.9 0.95 3.77 14.7
N’ 121 47 16 125 109 20 94 52 142 16 98 98 40 52
Q. X103 /kW 2.28 3.17 0 8. 39 2.2 5.8 9.25 1.09 2.16 3.98 8.6 0.54 0.68 0.84
Q. X103 /kW 16. 3 0 0 0 20.5 0 0 0 18.1 0 0 0 0.74 0
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