553 % 5 4 0] AEHA TR 24 (A AR R Vol. 53, No.4
2026 4 Journal of Beijing University of Chemical Technology (Natural Science ) 2026

SRR IMNGE S B, % . JE T G Edmister B8 CAEMD (14 2 PEAG 1R BE B 20 AR W BEREAY [T ], bt b TR %254

CHRBIEMRD ,2026,53(4) :41-53.

ZHAOQO Jun, SUN XiaoYan, TAO ShaoHui, et al. A shortcut digital twin model for flexible distillation towers based on the
adapted Edmister model (AEM) [J]. Journal of Beijing University of Chemical Technology (Natural Science) , 2026, 53

(4):41-53.

EF i Edmister 22! (AEM ) B £ A5 B B £ =
A4 EEEE

ROFE FwmE' MU AXET RER"

(1. HRBHICE L TR, i 266042; 2. JLRTfL TR 4b2y TAEYBE, b 100029)

& BT AR Y R PR IR A T 2R MESH AR AL 777 (1 R e S5 %o ) (B A% AR VR D48 o) 5
FIH R AR ), 76 B Edmister BRI (AEM) AYFERH L, 48 1 —Fh A0 4512 S48 5 P06 2% 00 Bl ilE AEM 23 fry 4
RER (MAEM) K RS (U2 2610 Z2 MR i . MAEM B BLE Ve e 2 TR 2% 5 BRI 09 ™ k% MESH Jr FRé 5
BB AEM A G S 6] — 5 R A A 85080 TR, FE BT i USSR M L b, RS I ARIRE R
E T 08 2 DXL O SR AR LA B 5 A/ e 9 B AR B AT P TR A , BT T ARFR MR T Y B e
VAT I A7 B RS T 5 Wl A AR 2R B SR A IR i R e 8 O WA 451 4 P 488 1 1) MAEM A7 5 50 AEM A5 Aspen
Plus #X/4-H 1 RadFrac AR 70 FLAr AT . 25530 - 55 AEM ASTRUM L, MAEM ASE R ] 3 i BB R TG R B AR
FUERVERLE TEA T3 RT3, R O S AEM — 3009 3155085 B R 5 5 RadFrac AU AH HE , MAEM #5705 A
SRR R 22 /N T 5% , TR AR T 2931, 6%~51%. MAEM KT Sy 5 KOs 184 T 4 45 S 28 A 3 B it 7

TR R R A AL S R A, BRI TR AR A B KR
RERIA: RIS s Moy s BRI s BOH Edmister SR8 (AEM) 5 XUZ K

FES S TQ546

B 5 807 2R A R AR Tl FH TP AN B R AL
TR M T -5 DG A X 1R B A 2 ) S ) P 5
PEVESR T R A 2R TS AR 1 P A B
[ A5 3R i K AL MESH (material, equilibrium, sum-
mation, enthalpy) 75 F22H , TH THEL E H X)L
S BT AR R s h  AEE A B RE IC B ARAR
HESR AR RLRE (5] 40 26 18 7™ i 3l J3E A2 Y V)

Wk H 391 :2026-02-01

FHETH . FRH KRR S (22178190/22408195) 5 ILARE
S &1 (2024CXGC010405) 5 1L 244 Ak T3l FR 48l 5
PEAl Tl 1 8 A 5286 25551 H (PKL2024F23)

B B 1979448

LRI EYN

E-mail : xsg@qust. edu. cn

DOI: 10. 13543/j. bhxbzr. 2026. 04. 005

), iX 25 P BORG RIS & AR B, NS i T 72
SEHLR S AR T AR AR L B P S

i 1R B T BER AL 4 Tz N T R 2R A
ALASE PR B B 7E 2 AR Al RN S A R
Edmister'® 1 Marchetti 2573 15 W YA PR ¥ 5 i I
X 3 B R AT T AR ERAE K B o
B A Ry 3 BOR A, T R0CHE v A 1R B A R 0 1 5
A . Kamath 55 HE— 250 SR EE m7 PR A
Edmister H£ 42 , 42 & 1 85 T80 i B2 A6 11 0 o 6 4
Ecker 2 & 1 T ok #F B9 Edmister £ %Y (adapted
Edmister model , AEM ) , 6] 587 1k 11 75 3 L 17 i it
JBEJIT A 85 A v 1N A% 1 A P S RE P
P, HAR AR TH A SR, JF 38 i ¥ A5/ R Y
WA T B AR B A T BE T o T AEM Y A
AR R EL AT v Y T B ASCR AN R A ) BB AR E
P 3E A AR B B 2R AR HEZR v ok H AT
AH G 450 1 AF 58 R R . (H AEM 78 T[] $5 7 2R A



$42- JeEE TR22AAR (A SR B2 D)

2026 4F

R EHBAEAE AT AL 1) AEM 3 %2R ] 43 Br
T 5 5K figk SEL IS o ) o R R B S AR B R AT AL PR
M LUE B SE — () 438 7 BRAE 2R 5 2) A S HrlE M
FUE S 0 3 T AR, A fg o 4 Ry 15 T R S
B, BR TSR R P 5 3) B WSS X 1
T, AR b v R RE T TR St M A K
BEXT_ AR ), AR T AEM 32 i T — Rk
PEGE— 41 T HER R (MAEM ) | 38 b B v Bk o F
#5552 B A R —F ) R, S —
()& REHESL . RIS, BLE T & T RUZ R 3
KA BT T N 2= WA B A W PR - SR+ A
J2 B G A 1R L2 2 AR Al SR g, R S B S A
FRUX A& AR S 0 S R B AR S e w1 L 1
SURAE . BT, W 328 Tl SE PR R 56 E T 2
A AR AR G SR AR M T RS B TR AL

1 AEM .MAEM F W 2% K K 5

1.1 AEM

Edmister'® >R F W B 5 A W R - 38 B A%
Jo R AT AR RAE K 22 L A RS TR R B AT
M BRI REE R . AEM 7E L% B3 v [|] B4
ST LR T, B AR E BRSSP A R S G
RO T RIA AR KRR HELE . & 1 35 ik
FER Ko AEM, Horp LRV 43 5] 36 7 G 06 v 38 A i) i
AHEE IR ALt ARAH BE K Wi i, AR O, 1, -+, N, N+1
FEIRRE L 53 B 2

XIS B, 7 SCLLT AR i DL ST R

/I O T

=1 j=1
v, L v, L,
=2 =2 =
j l L J
L E2bessy
N-1HER
V“\—l
j=N-1 j=N-1
L N-1 VW Le\ 1 V\'
Jj=N J=N
V\ 1 lL\ Vc‘w] l L'\
(a) PSR GLRAL Y (b) AEM

1 BEREGIRAE T 2 AEM
Fig. 1 Tower plate cascade model and the AEM

PR DXl g B B A 2

S, =K VL =v,l .je{l,2,-,N},ieC(1)

A, =US,;=1,b,jell,2,-,N},ieC (2)
XS, 5 A, 00 RN R - SR,
FH T 5 i FRAE 73 B A o b W S5 e M A I g )
A% TSR B s K 3R A A R 0 RO A A3V
JEE IR Uit ik 5 1 67 AL 2 WROAH R ZR i i 5 € ROR AL o3>
B TR 4 BSR4 3 RS ART5

HT 55 B 9 25 2 38 B 1 YRR T 1 0 A B A
SR BE TR AR, DR A R 20 (D) R (2) SR B MR
W S, 5 A, A2 1TH . Edmister $2 H 20
(3)F1(4) BT AL FRIB K, K Ak 0 DR -1 55 W Wi PR 1
Ry HAF A, 3 5eE S, 5 A, .

S..= [S.(S.,+1)+025 -05icC  (3)

A= JAL(A,+ 1) +025 -05icC  (4)

KRS RN b 5 ARXT R T ¢, 53
I R A2 G Mk v A B S M A R A R T R A TR
W
S..—1

d)s.i:‘s;;ili_l,iec (5)
A -1
b =A;:17_1,i eC (6)

Ecker % 5 1 B9 18 FH TRG R 09 AEM BRI 36
KN (7)~(14) s .

7' -Tr=0,j={1,2,,N} (7)

H. +H" -H -H"=0,j={1,2,---,N} (8)
Vi ¥l v, =1, =0,5={1,2,,N} (9)

2y

v, = Sl =0,j=1{1,2,-,N} (10)
Vi, = Ui,e\fd)A.i + li.l(l - d)sl) (11>
Liyvoi =l + o= v, (12)
Ty, =Ty (13)
T, =T (14)

Ko THRORIREE , H &R BB, EAR V RL Y52
TRUGARFIA, T, F7m 585 2 BRI VAR, T %
TRE 2RI BR IR T, RN - 18R
VAR IR, T R N — 1 HRR A YA T A
.

2 (10) R L) S5 A, 0T 4% A Wk - 165 7
TR A B 1 S A7 5 R T L 5 4 VA 443 F
PRI T HE AR N3 B (15)



541 B FEEE L JETMOH Edmister BT (AEM ) () 22 VS 188 5 - 25 A fRi e p <43 -
d)S,i -1 (1 - d)A,i)Si,W' ! Bk L
(d)S,i + Si,l) 0 b,.Siy : |:lm‘ 1j| = w L,
=1
0 (S, +1) | bl T "
0 =
Wit B
li,O (15) j:N—l
o l/‘|7
“UiN+ 1 J=N i
R AT FIORAT 43 51X I T35 R0 3508 S 4 202 1) v, Ly
HE SR 5 A, v )47 3 v [a] X B G S £ F RE
T, —HE KWW EF(S,,5S,,)# . 7
SE 5 SR A A =X (15) BV AT 6 52 BT A R 240 i Ve AR =
. L3
Aoy - Vs !
1.2 MAEM e
MAEM 7 7E AEM JEAll I, B3RS 1S R 40 SN ~
(fU 5B BEeS  HERIR B T3 5 ) 5 7 B — AR R =N ; L
ZN LA 2B . Horh, bR D RS S S R - p— 5
EX A48 B, Top . F R B 4 9 671 BE T R A IS o

TS ,j 27N 53 BRI ) 555 j B

T AEM 3¢ Z 2O SOR 20 43 T i 2R 58 VA
4 43U A PR, 4238 B R 1T 2K (16) %
TN o HiH RFTR ML, f 3R UL EE IR i, b, 5%
IR NCR R R it . 5B G0 B K 1R S 8
FHE , MAEM BRI AR & Bk 4 P00 2% L E M7 D
R AL R B WRL ST A I M e o3 B8 B Ak B
A BB XS R 3N, X Fi%
Ty R, AUHE 320 A 46 B AR AR A B A7 AR AEF T

[1+1/R  -S", 0 0 0

L (S} +d5) 0 S) i, 0

0 $s. 1 SH(1-é7) O

0 0 1 (S’ +1) Sir

0 0 0 1 ~(Sip +1)

0 0 0 0 1

0 0 0 0 0

0 0 0 0 0
0 0 0 0 0

B B PR S JB0E  A AT LE T e R R BEER 1 HeA
AR R 6 W, Rk BB AR b — B AR A A
VAR L, A B i A 2, 3 S SR80 7 T 2 1 A T
SERCTL R EAR W AE o THR R VRO RO 2 o 1 BE

K2 MAEMEE
Fig. 2 MAEM model

25, DR IH T SR P 3k 285 2R A e A o ik 12 (LU 43
it ) HEAT SR g, DT R MR B AR T P Ak <7 8 B2 1Y
TR IR @ T N2 RALR ek, — B
B 5 R0 L 5 A R R Rl e ] 338 4 4 Il P
T, WA YRORH 2 3 1) JBE I Bk it T R A, A
I (10) A (1) HHEETT AR & , DI 58 RS
TR 0 P BT Al A

0 0 0 0
0 0 0 0 _ o
Lo 0
0 0 0 0 ) 0
0 0 0 0 liz;;—l 8
. iN
S?,l 0 0 0 l“: =|-f
_(Sfl +¢§l) 0 S?,\d);, 0 l:' 0
v S V S ' ' g liz\"—l 0
(;bé.i -1 S:\(l _qbﬁ,i) 0 l?/\ 0
0 1 _(S:\ +1) S L b 1 Lo
0 0 1 —(SLB +1)_
(16)

SRV L FTT 52 15 500 AR A e g 2
) VA U8 SRR A 2 H R 10 M R SR
T I8 N—1 YW ORI AR FE Tl 4
A 4 A A LR 3 K I 9 T



il JEEL T2 (FLRBL 2R

2026 4F

T3 AR AT LA A R 8 6 ke R 2 2 SN T A 1
AL

P 2 P iR DX I TR 5 A P b - ] ey 3 (17)
Fon IR R 7Y

H, (Ty) + H,(T?) = H, (TP) + H,(T))  (17)
T Ty FRs v B A sONG 18 BE 15 M2 5k Hh H A TL
JE T, F T, 73 5 2278 5% 1 HORIER 2 BRI AR AL, T
R VORI LD 2350 27 A 15 B A8 PR RIBUA

KRR DX IR R S5 AR A 77 R AR A T T
DA K R4 DI TP 5 Al ) ik 75 o ok BB <7 R i
K (18)~(20)4535],

H, (Ty_)+ H, (Ty)=H,(Ty)+ H,,(T7) (18)

H,(TY)+ H(T})=H, (T;)+ H, (T,)  (19)

H, (Ty) + H(T7) = H(T7) + H.(T}) (20)
AP AR VAL 23 3 R R T 1 55 A ) R
AHFIVAH

PR DXl RS AR BB AR B I T3 n] 2 (21) 2K A5

Hy (Ty,)+H, (Ty_,)=H.(Ty)+ H,(Ty)

(21)
Ao Ty, kP 2% SRR R BT O M 2R AR 1Y
T

B BT AT A R S TR RS L A
A5 R AH Y- 80, RIS R R

FHVHHEZL J5 , T itk HM MR E S B &
HAEH T A IR AR — B iR I
77 A AR R B A S A T A R B R AL B
A R — YRS Re i A 5 2, X AR s
RUSHL 03 PR AL T SRl
1.3 MEERFMHKRBEE

G5 — 4 B TR RE RS A 25 78 1) 2 S5 el e
G5 R SRR B E R R S 5 A ST A R B K
(R A A AR AT M AR R AR B R AL . Sy et
TELIH R AR 5SS B, AR5 R HIUZ 248
WG B PR R W R (N R 5
“TETHRLE T 27 (SN2 ) AT A

13 M AR VR R R . H LAk
SRR B AR A B AR AR R L YRR V.
VAR T, W BE A IR T, PR Wh 2R T, 2R IR
JE T SRR EE IR 5350 () 5 ()20 B30T A 0 A
TS, s R IE A SN E PRI il = (16) TR AR 2
Sy TBE IR A 1, 45 A 2R (1) A5 3 AR 40 19 BE K
T, 0 GIE T SO0 BR A IR AR IR EE T 5 A0

B TR W ROK, I SRR 7 8] FIBE
WIRFRZ [ B, JE 0 R N R 2 &, IEEDK
G 2R AT S5 R FH v st BRI gt W82 TR O E AT A o
WIEWCSR  EASNETERS . NIRRT 5T,
(o ZEmf a2 TOARE kAU &, il aX(22) 208
BAEHLE AL A B BTSN E A, 15 B SNZE Sk 22
i K, FIBTE, 150 R SNE R 6, BFIECE
S A S i 25 R A U R AN Z AR

VI LT 11, T LV,
SR TS,

)

| RO AL LR 0, |

SR TR

J

AT 2K

—— St BT
WAE S B ﬂ%{;ﬂ&%"sﬁj

T(I’TB’TS

[t s, |

)b e ekl

IE. lI<e
in in

K3 RUZBACTE MR AR L

Fig. 3 Flowchart of the dual - layer iterative flexible solution

algorithm
E cale __ spec
Enut(T(l’ TB): |: l} = |:BIL‘AIL Bl ec] (22)
E, Bz - sz
B B T RS BRAE R E A8 1 1 R TS AN

VOEH B By 3 W An A ML e A8 2 1 EE
s E(H

2 S EE

2.1 WIEARR

VEH 2 RGBS A R e i F
T B2, DLSS UE T $ MAEM A5 (1 3158085 1
BORM R TEE . A R B T2 05 ¥R A
Peng-Robinson(PR)ARZA 2, T8 MAEM A5 784 il Ji
I AEM A HITE Visual Studio2022 FREE N 5% C++iE
OO, T A I & 0 R AL
OPEN #FA7 i fR a5t . B M2 25 R FH LT



54

B ZEAE LT Edmister B (AEM ) 18 22 MRS 1R HE 80728 A faj Sl Ak Y <45 -

A T S AT SIE

T4

TEARERRAERLE T Ll 5 %) e MAEM B 5 4%
45 AEM AT Aspen Plus H7 A% RadFrac A& 5 7 (AR
B ) JHE 25 R AR 22 S 3T AE I, B0k MAEM
BRI TR B SRR

2) T2

RAEARRHERRAERUE Y 5, F S50 UE MAEM 45
R R GV, W5 AR BERLAY TR 45 R AT X 1,
FEUESE MAEM A5 80 $8VE SR 3 PR ) S5 aih |, i — 20 R
U SEE BE 09 AT S AR M
2.2 BUERG
2.2.1 BRERHKEN

R RGBT R E T T8 1,424
AR IBOEVE IR B . 100 1 ARk DL
KB ENE 2, TH29EREES TH1
FHFE (R D) ERERE WK 3, ARBIALEZETHL1 T
AL VIR 1, 4-Z ORI 4l B IR S IR
ML LAY o

F1 FRAE R TN M2 IR E
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Table 2 Operation regulations for case 1 in the aromatic device
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Table 3 Operation regulations for case 2 in the aromatic device
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Table 4 Feed settings for cases 1 and 2 in the catalytic crack-

ing device
T H ol
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Table 5 Operation regulations for case 1 in the catalytic

cracking device
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Fig. 4 Distillation curve of the crude oil feed (in accordance

with ASTM D86 standard )
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Table 6  Operation regulations for case 2 in the catalytic crack-

ing device
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Fig. 5 Process flow of the gas fractionation device
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Table 7 The composition of the feed stream for cases 1 and 2

in the gas fractionation device
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Table 9 Operation regulations for case 2 in the gas

fractionation device
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Table 8 Operation regulations for case 1 in the gas

fractionation device
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Table 10 Comparison of calculation results of different models for case 1 in the aromatic device
WH Gl 81/% 82/%
AR AEM MAEM
SR A/ (kg-h™) 64 133 64 133 64 133 0 0
[l i 2.26 2.26 2.26 0 0
ES ORI /K 416.47 415.86 416.03 0.11 0.04
B TOUFH 2R R IR 43K 0.046 4 0.048 5 0.048 0 3.45 1.03
BTN — HOR Y IR 438K 0.949 7 0.939 1 0.9395 1.07 0.04
P /K 477.2 480.6 480.1 0.61 0.10
PSR F7/kPa 171.32 171.32 171.32 0 0
BT R BE IR 43 0.0326 0.0340 0.033 7 3.37 0.88
IR 1,4- 20 oR M BEIR 518K 0.950 0 0.940 0 0.9432 0.72 0.34
81 /8 MAEM AN T AR 4 22 ,62 278 MAEM AT AEM 94 2
FL AS[FVBRXTE Ab Ak 256 B b 00 1 AT S R L
Table 11 Comparison of calculation results of different models for case 1 in the catalytic cracking device
WiH il 81/% 82/%
AR AEM MAEM
TR H 1/ (kgeh™) 34 000 34 000 34 000 0
[l L 0.23 0.23 0.23 0 0
P& T /K 323.13 322.87 322.82 0.1 0.02
x(FThE) 0.0103 0.010 7 0.0106 2.91 0.93
w(M-2-T 45 ) 0.016 3 0.016 9 0.016 7 2.45 1.18
w(SL-2-T 45 ) 0.0125 0.0122 0.012 1 3.20 0.82
(S TH) 0.0103 0.0106 0.0107 3.88 0.85
x(2-FIEET %) 0.109 4 0.103 7 0.1040 4.94 0.29
x(IECHE) 0.104 0 0.106 5 0.106 2 2.12 0.28
x(PC26 °C) 0.5186 0.527 1 0.5259 1.41 0.23
x(PC59 °C) 0.0917 0.095 0 0.094 3 2.84 0.74
x(PC72°C) 0.059 8 0.056 1 0.057 0 4.68 1.60
x(PC86 °C) 0.0316 0.030 5 0.030 8 2.53 0.98
x(PC100 °C) 0.0147 0.0129 0.0132 10.20 2.33
IR /K 413.85 415.74 415.68 0.44 0.01
B/ (kg-h ") 58 067 58 067 58 067 0 0
y(IECH8) 0.0723 0.070 0 0.070 3 2.77 0.43
y(PC59 °C) 0.030 0 0.026 9 0.0277 7.67 2.97
y(PC72 °C) 0.059 2 0.0570 0.056 3 4.90 1.23
y(PC86 °C) 0.0773 0.080 3 0.079 8 3.23 0.62
y(PC100 °C) 0.088 3 0.093 8 0.0920 4.19 1.92
y(PC114 °C) 0.090 1 0.093 3 0.092 9 3.11 0.43
y(PC128 °C) 0.0916 0.092 2 0.092 1 0.55 0.11
y(PC142 °C) 0.090 2 0.090 3 0.091 3 1.22 1.11
y(PC156 °C) 0.088 4 0.086 0 0.086 2 2.49 0.23
y(PC170 °C) 0.087 0 0.088 6 0.088 3 1.49 0.34
y(PC184 °C) 0.086 3 0.084 2 0.083 3 3.48 1.07
y(PC198 °C) 0.0856 0.0826 0.083 6 234 121
y(PC210 °C) 0.0523 0.054 3 0.053 8 2.87 0.92

IR i A1 A LU, R A M 581 2678 MAEM AHXT T AR F9 i 2% , 62 2678 MAEM AHXT T AEM 8 22 ; LL“PC” 2R I 2H 43 i 5 B0 50 5
P RE UL 43, HLR AT A 2R 2E G 1R 8 A 5 o0 87 1 TR 43 PR R OR A0 B30,y s S I AL 40 I JEE R 4 88
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Fig. 6 Distillation curves of the products of different models (in accordance with ASTM D86 standard)
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Table 12 Comparison of calculation results of different models for case 1 in the gas fractionation device

Ky
i TiH 81/% 82/%
AR AEM MAEM

SETOURL B2 /K 322.12 322.1 322.3 0.06 0.06

AR 5/ (kg-h™) 33 600 33579 33579 0.06 0

Tl R R/ (kg-h™) 54 000 54021 54021 0.04 0
PE TR e i B IR 43 8 0.2357 0.2256 0.2223 5.69 1.46
TE TN 4 1) B OR 3 4 0.759 7 0.768 6 0.773 1 1.76 0.59
B TR /K 332.29 332.21 332.19 0.03 0.01

ETCR H &/ (kgeh™) 168.25 168.09 168.09 0.10 0

T2 B it/ (kg-h™) 42998 42998 42 998 0 0
P& IR BE A B IR 434K 0.274 5 0.2756 0.2757 0.44 0.04
G TR 1) P 7R 43 0.721 1 0.720 2 0.720 6 0.07 0.06

PE TR /K 318.48 318.39 318.40 0.03 0

AR 8/ (kg-h™) 27 700 27 696 27 696 0.01 0

BEIRA hit/ (kg-h™") 15 349 15 353 15 353 0.03 0
B TE 00PN 445 1) BB OR 3 4K 0.995 7 0.997 9 0.998 6 0.29 0.07
RS TR ot ) PR JR 435X 0.784 3 0.789 7 0.787 2 0.37 0.32
G T s T PR 7 43 0213 6 0.208 2 0.209 8 1.78 0.77
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Fig. 7 Comparison of calculation time of different models for case 1 and 2
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Table 13 Comparison of calculation results of AR and MAEM models for case 2

B fE
ESV) e il 51%
AR MAEM
e — BB 1,4- T LR MY BE IR S0 B 0.98 0.98 0
e B0 37 b 2.26 2.26 0
R/ (kg-h™) 62 471.34 62 569.50 0.16
TR E
BT /K 416.55 415.96 0.14
BT 2 B4 B8 R A 0.044 329 0.045 94 3.63
SETIO — H R B IR 438K 0.951 765 0.950 100 0.17
E— FEICF= I8 T,y C 468.15 468.15 0
e — Al 9t L 0.23 0.23 0
EETICR 4/ (kg-h™") 35 068.29 35 020.00 0.14
fEfe 2 P TR /K 323.76 323.59 0.05
SETO 2-H T he I EE IR 434K 0.106 8 0.107 0 0.19
T O e Y EE IR 438K 0.1100 0.114 8 436
EETH R AU 2H 53 PC26 “CIEE/RATEK 0.506 3 0.506 9 0.12
e — SRS T RE Ry BE IR 438K 0.000 6 0.000 6 0
e — IR BE R B IR 48K 0.000 2 0.000 2 0
Al 9t Lt 1.95 231 18.46
SRR E T
DIF 0.57 0.57 0
SE TR ot () B IR A 0.275 0.274 0.36
BT PN s 1) B R 2 B 0.721 0.722 0.14
o — IR S e BE IR 438K 0.000 1 0.000 1 0
L~ DIF 0.003 96 0.003 96 0
5197 He 228.80 218.55 4.48
SO T2 I
TR /K 278.41 279.53 0.40
BB R N e i BE IR 2 B 0.275 6 0.275 6 0
SRR I B IR 438K 0.723 5 0.7235 0
g — PR TV s 1) B R 4345 0.996 0 0.996 0 0
e — SR N e B IR A8 0.9850 0.985 1 0
5] 37 b 18.98 22.15 16.70
SO E T3 S
DIF 0.723 0.723 0
B TR e 1) B IR 438K 0.003 86 0.003 83 0.78
SEJECTR 0 B IR A B 0.012 4 0.0123 0.81

8 F/R MAEM X T AR (R 22

(3) Tl ZE (RS SRR W] MAEM BRI AE RS AEM AH [R] 19 1 5508 B2 F0SK 8 2508 5 A4 T Aspen
SEMARBR R E TN AT R R N RFFS RadFrac /™A% A8, MAEM A5 5 5C 8 2 B0 1) fi 22 45
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Fig. 8 Sensitivity analysis results for the T1 and T3 towers in

the gas fractionation device

# 14 AR5 MAEMERITEARWIE T ST ik

Table 14 The number of iterations required for convergence of

AR and MAEM models for different initial values

ARV
ESY| T /K T,/K
AR MAEM

416 479 5 27

400 500 4 23

FFRERe 380 520 5 19
300 500 e 35

200 600 e 31

323 413 14 45

380 520 23 44

ML 300 550 38 37
250 650 A 51

200 600 N & 58

IIN 5 R NI 22 A 88 35 5% , I HL 34 s a] R g o
D TRRCRIEE T 431, 6%~51%.
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A shortcut digital twin model for flexible distillation towers based on
the adapted Edmister model (AEM )

ZHAO Jun' SUN XiaoYan' TAO ShaoHui' DU ZengZhi* XIANG ShuGuang"

(1. College of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 266042 ;

2. College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The strict plate MESH model of the distillation column in the digital twin scenario suffers from problems
such as large scale, sensitivity of convergence to initial values, and the need to reconstruct the equation system
when switching operation regulations. In light of these problems, a modified AEM full - tower shortcut model
(MAEM) including a condenser and a reboiler, along with its corresponding double-layer iterative flexible solution
algorithm, is proposed based on the adapted Edmister model (AEM). The MAEM model explicitly incorporates the
strict MESH equations for the condenser, reboiler and feed plate, as well as the AEM model for the tower section,
into a single equation set, effectively reducing the model size. In our double-layer solution algorithm, the inner
layer updates the desorption factor and solves the material balance for the given tower plate temperature. The outer
layer adjusts the tower plate temperature to meet any two specified requirements, thereby enhancing the numerical
robustness under non-standard conditions. Using the aromatic hydrocarbon separation device, the wide boiling
range system, and the gas fractionation process level device as typical examples, our MAEM model was compared
with the original AEM model and the RadFrac strict model in Aspen Plus. The results show that the MAEM model
can perform internal tower calculations by directly and flexibly setting unconventional operation parameters, while
maintaining the same calculation accuracy and efficiency as the AEM model. Compared with the RadFrac model,
the relative deviations of the key operational parameters of the MAEM model are all less than 5%, and the calcula-
tion time has been reduced by approximately 31. 6% to 51%. Our MAEM model provides an efficient and robust
framework for the deployment of digital twins in distillation processes, significantly enhancing the application
potential of these digital twins.

Key words: distillation tower; digital twin; shortcut model; adapted Edmister model (AEM) ; two-layer solution
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