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Design and test of scalable chemical process simulation software

MENG Pingwei, LI Wei, CAO Zhikai”

(College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract : [ Objective] Chemical process simulation software is a computer program used to simulate and analyze chemical production
processes. It is an essential tool for modern chemical process design, optimization, and control. In this study,a design approach is
proposed for enhancing the functionality of software to address the shortcomings of complex extended operation, challenging coding
languages,and low interpretability in commercial process simulation software. [ Methods] In this study, the Lua extended module is
integrated into the chemical process simulation software framework as components during the design phase. It utilizes the C #
language to implement the interpretation and execution of Lua language through the NLua library in a.NET environment. Then, with
the support of the solver and physical property library, the extended model can be solved using the open interface of physical property
data and solving methods. Finally, the calculation of the six-lumped model for heavy oil catalytic cracking is taken as an example to
verify the scalability of the software. This test uses 14 data sets to solve the parameters of the six-lumped dynamics model,and 5 data
sets to verify the accuracy of the model. A code is developed to implement the particle swarm optimization algorithm and Runge-Kutta
algorithm to solve a multi value solution problem. The code can solve the parameters of the equation system, substitute these
parameters into the differential equation system to compute simulated values,and then compare these values with the actual values to
validate the software’s scalability. The complexity of extended operation in this simulation software is compared with that of other
software to verify the efficiency of the software’s extended operations. [ Results] Firstly, the test results show that the average
relative error between the simulated and actual values of key components in heavy oil catalytic cracking is relatively small. The
average relative errors for diesel, gasoline, liquefied gas,and dry gas are 3% ,14% ,4% ,and 5%, respectively. The test proves that the
extended technology can be effectively applied. Secondly, compared to Aspen Plus, the developed simulation software based on this
design scheme has fewer operation steps, lower process complexity,and a reduced number of operation for extended functions. The
complexity of extended operation is simplified by 54%. [ Conclusion] The above tests and comparison results indicate that the

developed simulation software on the basis of this design scheme is scalable and more efficient in extended operations compared to

i BEHI.2023-12-18  RFAHEH:2024-03-06
* BIS51E#E  zhikai@xmu. edu. cn
B30 A8 . i Vi - 250 ARSI AT R AL TR A T S KL . TR E 2 E i CA AR BRI £ 2025, 64 (1) : 186-192.
Citation; MENG P W, L1 W,CAO Z K. Design and test of scalable chemical process simulation software[ ] . ] Xiamen Univ Nat
Sci, 2025,64(1):186-192. (in Chinese)




14 A P A AT R AL TR R A B . 187 -

Aspen Plus. This study offers an efficient solution for designing scalable chemical process simulation software. The research methods

and conclusions of this study hold important reference value for the design and optimization of scalable chemical process simulation

software.
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Fig. 1 MVC framework for scalable chemical process simulation software
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Fig. 3 Architecture of module setting

3) AT AL AR AN 4 BRI AR B
AR PR SR i 1 R RV Ol L B oo b i
2RIl 2 Sy 38 FH A2 B A O A it AR BB v,
FAEM R KRR EHEE X RE R G
PRI HEAT AT M. B Ah 3 T i AR B B A
JEVE(E vl 9 i He AR S il & CoolProp '™ 9 1 1
FSK i 7 1 2 SR, O #% oK i 235 2R e o 7 fan i
.

2 FRERNZITSFX

NS BRAERBAUR AR ] 5 FEPE R Lua 37 AR
DA A IR AR FRE S, ST R ] 5 ()
JIe7s . AR A 1) 47 FR AR SR IT TR i o S Wy 1 g 4 11
PERTP S I8 T 3 R A bl 1) 530 58 B aod e e S B
l 5(b) P,

LM | KA
Math () (SAGE()
R e = ( . el
P fokadoha sy fores il Z‘fli‘)ﬁfi
[ e ||| [ mbes | it
el | O ol I — Mysdl
...... |CO0I Prop(&#I12:MET) |
P | | @ SR
Hufy gk Huty I
| | - > b | [ s
TR EEENINET
1 T VR SRR
T < R RIEEZZNIEEES
gm0 pr—

4 iR

Fig. 4 Architecture of analytical computing



TV TR TR BN S

+ 189 -

i

(b) R
|
ol b
||| || K
Lua | | 2 @ e
AR RN
w1 [ om
Dol e || 2| |«
@ || Dy
| |
| |

K5 P RBIE A BT R () RIS IR (D)
Fig. 5 Design ideas (a) and implementation steps (b) for

extended module

PRIRER LB R R E R

D) EPRITHCHE 1T 2 2 BRA AL R A % 1) 2 2 oK i
A BV 5 s AR MR W R Lua pRER AR ]
FAOARICH PSRN PSR A 2 e 1. i aD
A state. (“A”, obj, obj. GetType (). GetMethod
C“B”)) s F = Gt i 3 2o 30 ] A7 11 58 BB A P 7
1B I kD fe. AR B o L ANk 1 FR.

2) AL AWy KA < AR BN AR S 1) iy A ) B AR
B H DA SRR S AL 25 Lua VA, AERAEERIA
Y RS HE A 3k & Function ScriptFunc(val) ,
Hrr val B S AT IR AP BTH Lua 9. 25
L) 0 4 SRy B ) o D B D L P R
vall KEY JIf RIS AR val 78l KEY 19 )& HE5L
4B FARN 0,1, 2 WX B & o3 32 P T
T L ).

3) BRI L E5H T2 R R RS 4 I R
TEE R E 2 I 2 R AT ) i B . AU R
Rl AT Lua FCADAR B B2 o A 48 o 9 3
BB it A A 2L

R BAIRREE

Tab. 1

Parts of the open interfaces of software
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Fig. 6 Reaction network of six-lumped model
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Tab. 2 Operating conditions of six-lumped model

e p/kPa @elo t/s wa /%
1 240. 00 8. 06 1. 57 22
2 240. 86 8.16 1.53 22
3 265. 71 8.51 1.52 22
4 241. 71 8.23 1. 50 22
5 264. 86 8. 45 1. 53 22
6 242,57 8. 26 1. 49 22

2025 4E
a3k
P45 p/kPa @/ t/s wa/ %
7 264. 00 8. 42 1.53 22
8 243. 43 8. 27 1.48 22
9 244. 57 10. 03 1.47 22
10 246. 00 8.12 1.54 22
11 245. 14 8.15 1.53 22
12 246. 86 8.18 1.52 22
13 247.71 8.08 1.55 22
14 248. 57 8. 26 1. 49 22
15 249. 43 8. 23 1. 50 22
16 250. 29 8. 22 1.50 22
17 251. 14 8. 30 1. 47 22
18 255. 43 8.33 1. 48 22
19 252. 00 8. 11 1.54 22
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Tab. 3 Mass fraction of each component at a distance of

40 m from the reactor inlet %

Fe dEmm sl R Wi TR Bk
1 22.88  22.70 29.72 17.75 3. 85 3. 10
2 20.85 22.44  30.66  18.53 4. 01 3.51
3 13.84 21.02 34.05 21.57 4.63 4. 89
4 19.28 22.24  31.38 19. 13 4.13 3. 84
5 15.11  21.21  33.49 21.06 4.52 4. 61
6 18.71 22.16 31.64  19.36 4,17 3. 96
7 15.69 21.32 33.22  20.81 4.47 4,49
8 18.34 22.11 31.82 19.49 4.19 4,05
9 20.05  22.31 31.04  18.85 4.07 3. 68
10 21.62  22.48  30.34 18. 27 3.95 3. 34
11 21.01  22.41  30.62 18.50 4. 00 3. 46
12 20.33  22.32  30.93 18.76 4.05 3.61
13 22.25 22,55 30.07 18.04 3.90 3.19
14 18.71 22.13 31.65 19.36 4.17 3.98
15 19.27 22.19 31.40 19.16 4. 13 3. 85
16 19.55  22.21  31.29 19. 06 4. 11 3.78
17 17.77  22.00 32.07 19.73 4. 25 4.18
18 17.19 21.82 32.39  20.03 4. 31 4. 26
19 21.69  22.46  30.32 18.26 3.95 3.32
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Tab. 4 Parameters of six-lumped model

240 HfH 28 Kl
Kip/(107° m® « kg™ !« s 1) 1 389. 93 Ko /(107° m® « kg™ ! e s 1) 8.75
Ki;/(107° m® « kg™« s 1) 1 000. 39 Ko /(107 m® e kg ' e s™h) 73. 46
Ki /(10 2 m® « kg '+ s h) 405. 75 Kg /(10 * m® e kg ' e s D) 111. 00
Kis /(107 m® « kg™' »s71) 90. 05 Ky /(107 m® « kg™! = s71) 15. 98
Ky /(1077 m* « kg™« s 22.37 K /(1077 m® « kg™ = s71) 135. 35
Ky /(107 m® e kg™! «s71) 200. 39 a 7.53
Ko /(107 m? « kg™' = s71) 7.80 ka 4. 03
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Fig. 7 Variation of each component mass fraction with

the position inside the reactor
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Tab.5 Complexity index of extension operation for
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