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Chapter I1: Simulation of reactions and chemical
reactors/bioreactors

11-1- Introduction

In the world of chemistry and biology, understanding and improving different
types of reactors is crucial. These reactors can be quite diverse, and they include
single conversion reactions (conversion reactor), multiple conversion reactions
(conversion reactor), balanced reactions (equilibrium reactor), perfectly stirred
reactors (PSR), plug reactors (PR), and catalytic reactors. Each of these has its
unique characteristics and complexities, making it a challenge to optimize their
performance.

Aspen HYSYS, a powerful simulation tool, is a valuable resource for tackling
these challenges. It helps scientists and engineers predict what will happen in these
reactors, understand the reactions, and make these systems work better.

This Chapter will explain why Aspen HYSYS is vital for simulating these diverse
types of reactors. We'll explore how this software can help us understand and
Improve these different reactor systems, from making sure single reactions go well
to handling more complex reactions and even bioreactors used in pharmaceuticals
and other fields. Aspen HYSYS provides the tools and knowledge to make these
reactors perform better.

By the end of this chapter, you will have the knowledge and skills to simulate
various types of reactors using Aspen HYSYS. This understanding will enable you
to model different reactors effectively, making informed decisions, saving time and
resources, and ensuring that your work is safer and more efficient. Aspen HYSYS,
as a versatile tool, equips you with the capability to employ computer simulations
for optimizing the performance of different reactor types, ultimately contributing to
a cleaner and more sustainable future across diverse industries.

11-2- Why Simulation of different reactors

The simulation of different reactors using Aspen HYSYS allows engineers and
scientists to model and understand a wide range of reactor types and processes.
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Aspen HYSYS is a powerful tool that enables the simulation of diverse reactors,
including single conversion reactions, multiple conversion reactions, balanced
reactions, perfectly stirred reactors (PSR), plug reactors (PR), and catalytic
reactors.

Through Aspen HYSYS, users can explore the behavior of these reactors, predict
outcomes, and optimize their performance. This versatility empowers individuals
to make informed decisions, save time and resources, and enhance safety and
efficiency across various industries. The ability to simulate different reactors
makes Aspen HYSYS a valuable asset in research, development, and process
optimization, ultimately contributing to a cleaner and more sustainable future.

I1-3- Simulation of various Reactors using Aspen Hysys

As mentioned in the previous sections, the next points will give a perfect guide for
the users of Aspen Hysys in order to simulate and assess the performances of
various types of reactors

11-3-1- Conversion Reactors

Conversion reactors are devices used to change one substance into another through
a chemical reaction. They are crucial in various industries, from petrochemicals to
pharmaceuticals. Aspen HYSYS is a helpful tool for simulating and optimizing
conversion reactors. It allows engineers and scientists to understand and predict
how these reactors work, making it easier to design efficient processes. Aspen
HYSYS aids in improving conversion reactor performance, ensuring that chemical
transformations are carried out effectively and yielding desired products. This
makes it an invaluable resource for industries that rely on conversion reactors to
produce the substances they need.

In order to simulate the conversion reactors, there are numerous steps that should
be followed using Aspen Hysys, they can be presented as points as follows:

» Launch Aspen HYSYS: Open the Aspen HYSYS software on your
computer.
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B‘ = ) m s <No Document> - Aspen HYSYS V8.8 - aspenONE — O X
Customize Resources ‘Seurch aspenONE Exchange ‘E o ©
L o BRME g @ W § [0
What's Examples | aspenONE | Training Models Events Announcements All Community | Support Checkfor Live Sendto Help
New Drive Content Center Updates Chat Support

aspenONE Exchange

Start Using Aspen HYSYS

~~
./ Open Recent Models

New @ simulated le procede de production cyclohexane.hsc

May 16 2023

4.5911535236084142032.bin
October 31 2023

our projethsc

April 18 2023

4.5906735086144851610.hsc

9 § @

w0 @ b @
Figure 1. Launch Aspen HYSYS

» Create a New Project: Start a new project (case) or open an existing one if
you have it. Projects help you organize and save your simulation work.

B‘ T H» m LR <No Document> - Aspen HYSYS V8.8 - aspenONE — O pd
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New Drive Content Center Updates Chat Support
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Start Using Aspen HYSYS

KDL—QDE”\ Recent Models
New @ simulated le procede de production cyclohexane.hsc

May 16 2023

4.5911535236084142032.bin
October 31 2023

our projet.hsc
April 18 2023

4_5906735086144851610.hsc

V9 @ ©

w0 ©@ U@
Figure 2. Open a new case
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Figure 3. Appeared window after opening a new case or project

» Define Component list and Fluid Package: Specify the chemical
substances that will take place in the reactor. Also you have to choose the
suitable fluid package in order to perform the different associated

(51 | H . || = Untitled - Aspen HYSYS V8.8 - aspenONE — ] X
J p P
Home View Customize Resources Search aspenONE Exchange E o ©
# Cut | 'T 1 Methods Assistant [ Map Components P (7 Hypotheticals Manager B ;-H %) =
53Copy~ 7_0 3 Q-B Reactions L34 Update Properties :—i; Convert i~ ﬂ'
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|4 Paste Lists Packages £ User Properties Assays @ Remove Duplicates |
Clipboard ‘ Navigate Components | Refining & Hypotheticals Qil ‘Options| PVT Data‘
Properties < | ‘Component List - 1 1 &= =
All lte s ‘
—( 4 | gComponent Lists ‘ Simulation Name Full Name / Synonym Formu
(€ t List - 1 -
- = Methane a
[ Fluid Packages
[ Petroleum Assays - Ethane c2
Propane a3 g
T "
., Properties i-Butane i-C4
. . n-Butane n-C4
D-[g Simulation
i-Pentane i-C5
@J Safety Analysis n-Pentane n-C5
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‘ \' Energy Analysis . = ] R
Messages - B x
100% © U @

Figure 4. Adding the component list
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D‘E Simulation Clean Fuels Pkg =
CPA
@j Safety Analysis Esso Tabular
Extended NRTL .
‘@ Energy Analysis < T R
- Messages >3 x
120% © U ®

Figure 5. Choose the fluid package

» Define Reactions: Specify the chemical reactions that will take place in the
reactor. You can input reactants, products, stoichiometry, and kinetics. If
you're unsure about the reaction parameters, you may need to consult
chemical engineering references or conduct laboratory experiments to gather
the necessary data.
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Figure 6. Setting up the reactions
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4 [ Reactions
[£2 set-1
& Component Maps Active Reactions Type Configured Operations Attached
(3. lser Pranerties M
‘ :; Properties ‘
D-[g Simulation
&j Safety Analysis
o —
‘9 Energy Analysis [ <Add Rea‘cg‘l/ ] M
E Messages - ax
100% @ {J @
Figure 7. Add reactions
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Figure 8. Choose the reaction type
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"
[FD Conversion Reaction: Rxn-1 — 0 K
~ Stoichiometry Info - Basis
Component Mole Weight Stoich Coeff Base Component <empty>
**Add Comp** Rxn Phase Qverall
Co <empty>
&y <empty>
o <empty>

Conversion (%) = Co + C1*T + C2*TA2

(T in Kelvin)

Balance Error 0.00000
Reaction Heat (25 C) <empty>

« " ‘ »

Figure 9. Insert the different parameters of the reaction

» Go to simulation environment: by clicking on the simulation icon on the

B Ho €= Untitled - Aspen HYSYS V8.8 - aspenONE | - O %
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—_— . s
?3 Streams ) ‘Flowsheet Case (Main) - Solver Active ] + Refining =
[g stream Analysis = Dynamics Upstream
[ Equipment Design o
Common Columns Custom

& Model Analysis

(& Strip Charts

Properties

— L
s [
G e e

Solver (Main) - Ready 76% © U @ [
Figure 10. clicking on Simulation Icon

-
x

» Add Reactor: from the Palette, add a reactor by selecting the reactor type
you want to simulate, in our case conversion reactor.
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Figure 11. Conversion reaction from the palette

@
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Figure 12. Add the reactor to the PFD

» Set Operating Conditions: Define the operating conditions of the reactor,
such as temperature, pressure, and flow rates. These conditions significantly
Impact the reaction rate and product formation.
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@ Conversion Reactor: CRV-100 - O X

Design | Reactions | Rating | Worksheet | Dynamics

Design Name  CRV-100

Connections

Parameters
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>
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Figure 13. Setting the streams in the reactor

@ Conversion Reactor: CRV-100 - O X

‘ Design | Reactions | Rating| Worksheet |Dynamics

Worksheet Name 1 Liq Vap
Conditions Vapour <empty:> <empty> <empty>
Properties Temperature [C] <empty> <empty> <empty>
Composition | |Pressure [bar] <empty> <empty> <empty>
PF Specs Molar Flow [kgmole/h] <empty> <empty> <empty>
Mass Flow [kg/s] <empty> <empty> <empty>
Std Ideal Lig Vol Flow [USGPM] <empty> <empty> <empty>
Molar Enthalpy [Btu/lbmole] <empty> <empty> <empty>
Molar Entropy [Btu/lbmole-F] <empty> <empty> <empty>
Heat Flow [kW] <empty> <empty> <empty>

Figure 14. Insert the different parameters of the fluxes

Dr. Redjeb 9
redjeb-youcef@univ-eloued.dz



mailto:redjeb-youcef@univ-eloued.dz

E 3%

uX  Process Engineering Simulators M1: Chemical Engineering
ki 3 University of El Oued 2023/2024
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Reactions -~ Conversion Reactio _,\
Detail
erars Reaction Set Set-1 ) '] Reaction Rxn-1
Results
@ Stoichiometry © Basis © Conversion % ‘ l ‘

~ Stoichiometry Info

Component Mole Wat. Stoich Coeff
Propane 44,097 -1.000
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Balance Error 0.00000
Reaction Heat (25 C) 7.1e+03 Btu/lbmole

Delete ‘ Not Solved | ["] 1gnored

Figure 15. Adding reaction set
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Figure 16. Getting the results

These steps provide a general guideline for simulating conversion reactors in
Aspen HYSYS. However, the specific details and nuances can vary depending on
the type of reactor and the complexity of the chemical reactions involved. It's
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essential to consult Aspen HYSYS documentation and resources for more in-depth
guidance on using the software effectively.

However, more details will be discussed and be practiced in the PW sessions, in
which numerous examples of this type of reactors will be studied.

11-3-2- Equilibrium Reactors

Equilibrium reactors are a specific type of chemical reactor that operate under
conditions where the reactants and products are in a state of chemical equilibrium.
In chemical equilibrium, the forward and reverse reactions occur at the same rate,
and there is no net change in the concentrations of the reactants and products over
time. This type of reactor is commonly used in processes where it's necessary to
maintain a particular chemical composition.

In order to simulate the equilibrium reactors, there are numerous steps that should
be followed using Aspen Hysys, they can be presented as points as follows:

» Launch Aspen HYSYS: Open the Aspen HYSYS software on your

L3} 0= <No Document> - Aspen HYSYS V8.8 - aspenONE — ] X
Customize Resources Search aspenONE Exchange m & @
€L o BEHE 9 @ W & (O
What's Examples | aspenONE | Training Models Events Announcements All Community | Support Checkfor Live Sendto Help
New Drive Content Center Updates Chat Support
aspenONE Exchange
Start Using Aspen HYSYS X
“
Open Recent Models
New @ simulated le procede de production cyclohexane.hsc
4 May 16 2023
@ 4 5911535236084142032.bin
4 October 31 2023
@ our projethsc
4 April 18 2023
F \ 4.5906735086144851610.hsc
- -
o &
Figure 17. Launch Aspen HYSYS
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» Create a New Project: Start a new project (case) or open an existing one if
you have it. Projects help you organize and save your simulation work.
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Figure 18. Open a new case
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Figure 19. Appeared window after opening a new case or project
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» Define Component list and Fluid Package: Specify the chemical
substances that will take place in the reactor. Also you have to choose the
suitable fluid package in order to perform the different associated
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Figure 20. Adding the component list
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Figure 21. Choose the fluid package
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» Define Reactions: Specify the chemical reactions that will take place in the
reactor. You can input reactants, products, stoichiometry, and kinetics. If
you're unsure about the reaction parameters, you may need to consult
chemical engineering references or conduct laboratory experiments to gather
the necessary data.
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Figure 22. Setting up the reactions
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Figure 23. Add reactions
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Figure 24. Choose the reaction type
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Figure 25. Insert the different parameters of the reaction
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» Go to simulation environment: by clicking on the simulation icon on the
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Figure 26. clicking on Simulation Icon

» Add Reactor: from the Palette, add a reactor by selecting the reactor type
you want to simulate, in our case equilibrium reactor.

B Ho o \] 0w Untitled - Aspen HYSYS V8.8 - aspenONE ‘ | - O X
Home Economics Dynamics View Customize Resources Flowsheet/Modify Format | Search aspenONE Exchange v @
Simulation < | Capital: USD Utilities: USD/Year O | Energy Savings: MW (] (D Palette - O X P

All ltems M B Flowsheet Case (Main) - Solver Active - 1 + E!_I; x P -
% Workbook ‘ = | = A

’:6 UnitOps

[g Streams Refining

& Stream Analysis = Dynanmics Upstream

(g Equipment Design Common Custom

& Model Analysis
[g Data Tables
& Strip Charts

5. Case Studies M | : ’

L Properties

‘ ] Simulation ‘

Ja safety Analysis

§9 Energy Analysis = v

" [ Messages i x
Solver (Main) - Ready 191% © U a6
Figure 27. Equilibrium reactor from the palette
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Case (Main) - Solver Active ‘ £ =

[ Stream Analysis

m
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[& Model Analysis
[ Data Tables E RV_ 1 00
(& strip Charts
"5, Caca Shudise

* Properties
‘ D-[g Simulation ‘

@J Safety Analysis

‘@ Energy Analysis

Messages - x

Solver (Main) - Ready 191% © U @ £

Figure 28. Add the reactor to the PFD

» Set Operating Conditions: Define the operating conditions of the reactor,
such as temperature, pressure, and flow rates. These conditions significantly
impact the reaction rate and product formation.

[F) Equilibrium Reactor: ERV-100

Design ‘ Reactions | Rating | Worksheet | Dynamics ‘
Design Name  ERV-100
Connections )
Parameters Inlets Vapour Qutlet
User Variables p
Notes 1 ‘ Vap vJ
<< Stream >>
==
-« p
¢ Lo
_______ L Liquid Outlet
Energy (Optional) - q
| .J \l_/ l Liq ']
.
Fluid Package ‘Bas{sf‘f 'J

Figure 29. Setting the streams in the reactor
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[FD Equilibrium Reactor: ERV-100 - O X
‘ Design | Reactions | Rating ‘ Worksheet | Dynamics -
Worksheet Name 1 Lig Vap
Conditions Vapour <empty> <empty> <empty>
Properties Temperature [C] <empty> <empty> <empty>
Composition | |Pressure [bar] <empty> <empty> <empty>
PF Specs Molar Flow [kgmole/h] <empty> <empty> <empty>
Mass Flow [kg/s] <empty> <empty> <empty>
Std Ideal Lig Vol Flow [USGPM] <empty> <empty> <empty>
Molar Enthalpy [Btu/lbmole] <empty> <empty> <empty>
Molar Entropy [Btu/lbmole-F] <empty> <empty> <empty> A
Heat Flow [kW] <empty> <empty> <empty> 1
Delete [ Ignored S
P ‘ i | L4
Figure 30. Insert the different parameters of the fluxes
@ Equilibrium Reactor: ERV-100 - Set-1 - | X
Design | Reactions | Rating | Worksheet | Dynamics | =
Reactions  Equillibrium Reaction Details
: ——— .
Details Reaction Set: C Set-1/ 'J Reaction: Rxn-1 / ']
Results ~—
@ Stoichiometry © Basis © Keq © Approach
~ Stoichiometry Info
Component Mole Wt. Stoich Coeff
Propane 44,097 -1.000 1
i-Butane 58.124 -1.000
n-Butane 58.124 1.759
**Add Comp**
Balance Error 0.00000
Reaction Heat (25 C) 7.1e+03 Btu/lbmole
Delete [ Nt Salvad | M1 1anared -
4 | m »
Figure 31. Adding reaction set
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All Items N Flowsheet Case (Main) - Solver Active + -
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[ Streams
[2@ Stream Analysis = Va p
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& Model Analysis
[ Data Tables H E RV_ 1 00
[2& Strip Charts 1
[ Caco Shudiec -
-', Properties
H; j Simulation
) —
@J Safety Analysis L I q
v
‘(‘ Energy Analysis < > |
Messages ~ 3 X
Solver (Main) - Ready 191% & @ .‘E\

Figure 32. Getting the results

Please note that equilibrium reactors are typically used for reactions where the
composition of reactants and products needs to be precisely controlled. Aspen
HYSYS provides a platform for modeling and understanding these reactors,
ensuring that chemical processes are maintained at equilibrium, as required for
various industrial applications.

However, more details will be discussed and be practiced in the PW sessions, in
which numerous examples of this type of reactor will be studied.

11-3-3- Perfectly Stirred Reactors (RPR)

Stirred reactors, often referred to as Continuous Stirred-Tank Reactors (CSTR), are
a type of chemical reactor used in various industries to mix and react substances
continuously. These reactors maintain a well-mixed environment where reactants
are continuously fed, and products are continuously withdrawn. Aspen HYSYS
can be employed to simulate stirred reactors, helping engineers and scientists
understand and optimize their performance.

In order to simulate the equilibrium reactors, there are numerous steps that should
be followed using Aspen Hysys, they can be presented as points as follows:

For the first steps, starting by lunching Aspen Hysys, Selecting the component list,
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and the fluid package, the same previous steps should be followed, as illustrated in
Figures 1 to 7, then, for the type of reaction, it should be chosen according to your
target and objective, for example it could be a Kinetic type

B H o ” 0= Untitled - Aspen HYSYS V8.8 - aspenONE — [} X
Home View Customize Resources Search aspenONE Exchange m v @
Properties < |, Reaction Set: Set-1 < \ 1+ h
All 1t M
= ems Set Info 7

[___Q Component List - 1 Set Type Unknown

4 [£g Fluid Packages Detach from FP

|- Basis-1
[g Petroleum Assays

[Tt Reactions

[ Set-1

1Y

[& Component Maps Active Reactions Type Configured Operations Attached
3.1 lzar Pranartias M
; Properties
D{g Simulation
@j Safety Analysis
‘Q‘ Energy Analysis | \Add Reaciion/- M
” iMessages > X
100% © U ®
Figure 33. Add reactions
EFl\ Reactions — Ol X
~Reactant Source
@ Hysys
© AspenProperties
Conversion
Equilibrium
Heterogeneous Catalytic
Kinetic
Simple Rate
[ Add Reaction
Figure 34. Choose the reaction type
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@ Kinetic Reaction: Rxn-1 - O X
~Stoichiometry and Rate Info + Basis
Component Mole Wt. Stoich Coeff Fwd Order Rev Order Basis Molar Concn
**Add Comp** Base Component <empty>
Rxn Phase LiquidPhase
Min. Temperature -273.1C
Max Temperature 3000 C
Basis Units I{bmo[e/ﬁi’ ']
Rate Units I(bmo[e/fr}hr ']
-Forward Reaction — -Reverse Reaction
A <empty> A <empty>
E <empty> E' <empty>
b <empty> b’ <empty>
~Equation Help
r = k*f(Basis) - k'*f'(Basis)
k= A*exp{-E/RT}*T4b
k' = A'"exp{-E'/RT}*TAb'
T in Kelvin
Balance Error 0.00000
Reaction Heat (25 C) <empty>

4| " |>

Figure 35. Insert the different parameters of the reaction

» Go to simulation environment: by clicking on the simulation icon on the
down left.

’FJ‘ CH 9 & ‘ J] 05| Untitled - Aspen HYSYS V8.8 - aspenONE | — O X

Home Economics Dynamics View Customize Resources Flowsheet/Modify Format Search aspenONE Exchange v @

Simulation < | Economics Energy D Palette — O X | @

All ltems - Capital Cost Utility Cost Available Energy Savi I{L x
|
& Workbook - — —_— R —
£ UnitOps usD USD/Year 0 MW % of AE@
£ Streams ) Flowsheet Case (Main) - Solver Active * |+ Eeliing

Ea Stream Analysis | [r——————————————————— Dynamics Upstream
[ Equipment Design
& Model Analysis
[ Data Tables

[ Strip Charts

5. Cace Studiec

m

Common Columns Custom

T .
Properties

@J Safety Analysis

m‘%ﬂ([

-
x

Messages

1

@Ener Analysis
’ ay ys!

Solver (Main) - Ready 76% © {} @ [
Figure 36. clicking on Simulation Icon
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» Add Reactor: from the Palette, add a reactor by selecting the reactor type
you want to simulate, in our case equilibrium reactor.

B Ho ¢[Ho - Untitled - Aspen HYSYS V8.8 - aspenONE | ‘ - O %
Home Economics Dynamics View Customize Resources Flowsheet/Modify Format Search aspenONE Exchange ﬁ v @
Simulation < | Capital: USD Utilities: USD/Year B || Energy Savings: mw (| B palette - ] x|

I

All Items M Flowsheet Case (Main) - Solver Active « | + E!-I; [_‘?‘]_J x
& Workbook |+ | =2 | = A

[—Q‘. UnitOps

E& Streams Refining

[—Q‘. Stream Analysis = Dynamics Upstream

£ Equipment Design Common Columns Custom

& Model Analysis

e
Ea o ebles
& Strip Charts
5. Case Studiss M
& Properties

‘ - Simulation ‘ (

&)

o
) °
ol Tl (T

q
)

N B

5| Safety Analysi f
lysis
@ Continuously Stirred Tank Re: [ :"Ej
l. 0 v
‘e ey e -
E Messages : X
Solver (Main) - Ready 191% & U @ ()
Figure 37. Stirred reactor from the palette
B Ho €E)o - Untitled - Aspen HYSYS V8.8 - aspenONE ‘ | - O %
Home Economics Dynamics View Customize Resources Flowsheet/Madify Format | Search aspenONE Exchange m v @
Simulation < | Capital: USD Utilities: USD/Year () Energy Savings: MW %) O | Exchangers - Unkn: # ¥
All ltems T B fl heet Case (Main) - Solver Active ] -+ S
[C& Workbook -
- A
b L& UnitOps
[Lg Streams
[0& Stream Analysis =

F_E. Equipment Design
& Model Analysis
[[g Data Tables

[2& Strip Charts

5. Cace Stidies

e CSTR-100
| Simulation

@J Safety Analysis

‘9 Energy Analysis

Messages

Solver (Main) - Ready 191% © U @® E]

Figure 38. Add the reactor to the PFD

» Set Operating Conditions: Define the operating conditions of the reactor,
such as temperature, pressure, and flow rates. These conditions significantly
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Impact the reaction rate and product formation.

[FD Cont. Stirred Tank Reactor: CSTR-100 — O X
Design | Reactions | Rating | Worksheet | Dynamics
Design Name CSTR-100
Connections
Parameters
User Variables
Inlets
Notes
1
<< Stream >>
>
/J\ Vapour Outlet
e ]
o
- I ==
Energy (Optional) < Liquid Outlet
I -] \l./ Lia -]
==
Fluid Package [80555—1 ']

S
Figure 39. Setting the streams in the reactor

m Cont. Stirred Tank Reactor: CSTR-100 - O X

‘ Design | Reactions | Rating | Worksheet | Dynamics ‘

Worksheet Name 1 Liq Vap
Conditions Vapour <empty> <empty> <empty>
Properties Temperature [C] <empty> <empty> <empty>
Composition Pressure [bar] <empty> <empty> <empty>
PF Specs Molar Flow [kgmole/h] <empty> <empty> <empty>
Mass Flow [kg/s] <empty> <empty> <empty>
Std Ideal Lig Vol Flow [USGPM] <empty> <empty> <empty>
Molar Enthalpy [Btu/Ibmole] <empty> <empty> <empty>
Molar Entropy [Btu/lbmole-F] <empty> <empty> <empty>
Heat Flow [kW] <empty> <empty> <empty>

. JE

Figure 40. Insert the different parameters of the fluxes
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(_F_T:- Cont. Stirred Tank Reactor: CSTR-100 - Set-1 - O X

Design | Reactions | Rating | Worksheet | Dynamics |

Reactions - Reaction Information \ )
Details Reaction Set / Set-1 ‘) '] Reactioy<['Rxn-1 ) 'I

Results —______/
Specifics @ Stoichiometry © Basis View Reaction...
~ Stoichiometry
Component Mole Wt. Stoich Coeff
Propane 44.097 -1.000
i-Butane 58.124 -1.000
n-Butane 58.124 1.759

**Add Comp**

Balance Error 0.00000
Reaction Heat (25 C) 7.1e+03 Btu/lbmole

Figure 41. Adding reaction set

After adding the reaction set and the different conditions, it is necessary to add
some associated parameters such as volume of the reactor, as a means to calculate
the different related parameters, this will be discussed in the PW sessions.

B Ho €)= Untitled - Aspen HYSYS V8.8 - aspenONE ‘ ‘ — O X
Home Economics Dynamics View Customize Resources Flowsheet/Modify Format | Search aspenONE Exchange m v @
Simulation < ‘ Capital: USD Utilities: USD/Year (, Energy Savings: MW %) a | Exchangers - Unkn: 2
All Items M|§ Flowsheet Case (Main) - Solver Active \ + =
& Workbook = ~
p [—Q'.UnitOps
b [ Streams
(& Stream Analysis = ——}

LL'Q Equipment Design

& Model Analysis Vap
[ Data Tables

[ Strip Charts 1

5. Caca Studies -

A Bl CSTR-100 y
‘ ] simulation

?J Safety Analysis

‘@ Energy Analysis

: Messages ~1 X‘
Solver (Main) - Ready 191% © {J @ [
Figure 42. Getting the results
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These steps offer a simplified guide to simulating stirred reactors using Aspen
HYSYS. Keep in mind that the specifics can vary based on your specific reactor
and reaction requirements. Aspen HYSYS serves as a valuable tool for
understanding and optimizing the performance of stirred reactors, making it an
essential resource in various industries where these reactors are used for chemical
processing and production.

However, more details will be discussed and be practiced in the PW sessions, in
which numerous examples of this type of reactor will be studied.

I1-3-4- Plug Reactors (RP)

Plug reactors, also known as Plug Flow Reactors (PFR), are a type of chemical
reactor used in various industrial processes to facilitate continuous and controlled
chemical reactions. Unlike stirred reactors, where the contents are thoroughly
mixed, plug reactors allow reactants to flow through the reactor without significant
mixing, creating a "plug" of reactants that move through the reactor in a straight,
continuous path. Aspen HYSYS can be employed to simulate plug reactors, aiding
engineers and scientists in understanding and optimizing their behavior.

In order to simulate the Plug reactors, there are numerous steps that should be
followed using Aspen Hysys, they can be presented as points as follows:

To initiate the process, begin by launching Aspen Hysys and selecting the
component list and fluid package, following the same sequence as depicted in
Figures 1 to 7. Subsequently, when determining the type of reaction, it should align
with your specific goals and objectives; for instance, you may opt for a kinetic
reaction type.
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B Ho[]os, Untitled - Aspen HYSYS V8.8 - aspenONE - O X
Home View Customize Resources Search aspenONE Exchange v @
Properties < |, Reaction Set: Set-1 l 1+ =i
All ltems - et Info .
4 [ Component Lists . _
Unknown

& Component List - 1 Set Type

4 [[%Fluid Packages Detach from FP

[[& Basis-1
[g Petroleum Assays 3
4 [[7{ Reactions
(55 set-1
[& Component Maps Active Reactions Type Configured Operations Attached

. | leor Pronartiac

T -
* Properties

D-[S Simulation

?J Safety Analysis
F e —

JRya— [ rasreso -

Messages

100% © 0 @
Figure 43. Add reactions

@ Reactions — O X

~Reactant Source

@ Hysys
© AspenProperties

Conversion

Equilibrium
Heterogeneous Catalytic
Kinetic

Simple Rate

[ Add Reaction

Figure 44. Choose the reaction type
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@ Kinetic Reaction: Rxn-1 - O X
~Stoichiometry and Rate Info + Basis
Component Mole Wt. Stoich Coeff Fwd Order Rev Order Basis Molar Concn
**Add Comp** Base Component <empty>
Rxn Phase LiquidPhase
Min. Temperature -273.1C
Max Temperature 3000 C
Basis Units I{bmo[e/ﬁi’ ']
Rate Units I(bmo[e/fr}hr ']
-Forward Reaction — -Reverse Reaction
A <empty> A <empty>
E <empty> E' <empty>
b <empty> b’ <empty>
~Equation Help
r = k*f(Basis) - k'*f'(Basis)
k= A*exp{-E/RT}*T4b
k' = A'"exp{-E'/RT}*TAb'
T in Kelvin
Balance Error 0.00000
Reaction Heat (25 C) <empty>

4| " |>

Figure 45. Insert the different parameters of the reaction

» Go to simulation environment: by clicking on the simulation icon on the
down left.

’FJ‘ CH 9 & ‘ J] 05| Untitled - Aspen HYSYS V8.8 - aspenONE | — O X

Home Economics Dynamics View Customize Resources Flowsheet/Modify Format Search aspenONE Exchange v @

Simulation < | Economics Energy D Palette — O X | @

All ltems - Capital Cost Utility Cost Available Energy Savi I{L x
|
& Workbook - — —_— R —
£ UnitOps usD USD/Year 0 MW % of AE@
£ Streams ) Flowsheet Case (Main) - Solver Active * |+ Eeliing
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m
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T .
Properties
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m‘%ﬂ([

-
x
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Figure 46. clicking on Simulation Icon
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» Add Reactor: from the Palette, add a reactor by selecting the reactor type
you want to simulate, in our case equilibrium reactor.

B Ho @E)w - Untitled - Aspen HYSYS V8.8 - aspenONE | | _ O %
Home Economics Dynamics View Customize Resources Flowsheet/Modify Format @ baletic — - “>< | (7
Simulation < Capital: __ USD Utilities: ___ USD/Year a Energy Savings: MW (| : 3 3
All ltems M Flowsheet Case (Main) - Solver Active * 1 ) E:_I; x Z
E&Workbook = ( E]E} A
& Unitops Refining
@Streams . Dynamics Upstream
=@ Stream Analysis 3 Common Columns Custom

E& Equipment Design
& Model Analysis
& Data Tables

& Strip Charts

5. Casa Studiag

~ Properties

‘ D@ Simulation
@j Safety Analysis Plug

‘@ Energy Analysis <

Messages

Solver (Main) - Ready 191% @ U @ £
Figure 47. Plug flow reactor from the palette

B HJo £E)o- Untitled - Aspen HYSYS V8.8 - aspenONE | | _ O %
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[£& Workbook Al
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‘ DE Simulation
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Solver (Main) - Ready 191% & {J @ [
Figure 48. Add the reactor to the PFD

» Set Operating Conditions: Define the operating conditions of the reactor,
such as temperature, pressure, and flow rates. These conditions significantly
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Impact the reaction rate and product formation.

@ Plug Flow Reactor: PFR-100 — O X

Design | Reactions | Rating | Worksheet | Performance | Dynamics

Design Name  PFR-100

Connections

Parameters Inlets
Heat Transfer In
User Variables <empty> Outlet
Notes
\ [ Out v
e >

j

Energy (Optional) Fluid Package

l ) [pass d

Figure 49. Setting the streams in the reactor

@ Plug Flow Reactor: PFR-100 - O X

| Design | Reactions | Rating ‘ Worksheet | Performance | Dynamics |

Worksheet Name In Out
Conditions Vapour <empty> <empty>
Properties Temperature [C] <empty> <empty>
Composition Pressure [bar] <empty> <empty>
PF Specs Molar Flow [kgmole/h] <empty> <empty>
Mass Flow [kg/s] <empty> <empty>
Std Ideal Lig Vol Flow [USGPM] <empty> <emptys
Molar Enthalpy [Btu/lbmole] <empty> <empty>
Molar Entropy [Btu/lbmole-F] <empty> <empty>
Heat Flow [kW] <empty> <empty>

Figure 50. Insert the different parameters of the fluxes
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[F) Plug Flow Reactor: PFR-100 - Set-1

Design | Reactions ‘ Rating | Worksheet | Performance | Dynamics |

Reactions -Reaction Info N\
Overall Reaction Set Set-1 \ IEI
Details 1
Results Initialize segment ‘ = ,}
p P e
@) Current ©) Previous ©) Re-init

~Integration Information

Number of Segments 20
Minimum Step Fraction 1.0e-06
Minimum Step Length <empty>

~Catalyst Data

Void Fraction is specified as 1.000

(no catalyst information is needed)

Figure 51. Adding reaction set

After adding the reaction set, it is necessary to add some associated parameters
such as the length of the plug flow reactor, its diameter, and the pressure drops, in

order to calculate the different related parameters, this could be discussed in details
in the PW sessions.

B H #EE® - Untitled - Aspen HYSYS V8.8 - aspenONE ‘ — 0 X
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L& Workbook -
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[2& Stream Analysis
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‘ D-[g Simulation ‘
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191% © U @ [

Solver (Main) - Ready

Figure 52. Getting the results
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These steps provide a streamlined overview of simulating plug reactors within
Aspen HYSYS. The precise procedures can differ depending on the unique
characteristics of the reactor and the particular demands of the reaction. Aspen
HYSYS proves to be a valuable resource for understanding and enhancing the
efficiency of plug reactors, especially in scenarios where precise control and
limited mixing are crucial for specific chemical reactions.

However, more details will be discussed and be practiced in the PW sessions, in
which numerous examples of this type of reactor will be studied.

11-3-5- Catalytic reactors

Catalytic reactors are essential in many chemical processes where catalysts are
used to facilitate chemical reactions, making them happen more efficiently and at
lower temperatures. These reactors play a crucial role in industries such as
petrochemicals, chemicals, and environmental engineering. Simulating catalytic
reactors in Aspen HYSYS can help engineers and scientists understand and
optimize these complex systems.

To simulate Catalytic reactors using Aspen Hysys, a series of steps must be
adhered to, commence by initiating Aspen Hysys and choosing the component list
and fluid package, following the prescribed sequence detailed in Figures 1 to 7.
Following this, when defining the reaction type, ensure it corresponds to your
distinct objectives and goals. For example, you might consider selecting a catalytic
reaction type.
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(22 set-i
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Figure 53. Add reactions
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Figure 54. Choose the reaction type
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@ Heterogeneous Catalytic Reaction: Rxn-1 - O X
\ StoicWeaction Rm
" ——
~Stoichiometry -Basis
Component Mole Wt. Stoich Coeff Basis Molar Concn
**Add Comp** Base Component <empty>
Rxn Phase LiquidPhase
Min. Temperature -273.1C
Max Temperature 3000 C
Basis Units [lbmofe/ft&’ 7
Rate Units [[bmo!e/ft}hr M

Balance Error 0.00000
Reaction Heat (25 C) <empty>

Figure 55. Insert the different parameters of the reaction

» Go to simulation environment: by clicking on the simulation icon on the

B Ho @[o= Untitled - Aspen HYSYS V8.8 - aspenONE - O w
Home Economics Dynamics View Customize Resources Flowsheet/Modify Format | Search aspenONE Exchange m v @
Simulation ¢ | Economics Energy (D Palette — O X
= Capital Cost Utility Cost i i a
Al lterme p ty Available Energy Savi E:'Ir_ x
[ Workbook ‘ — — — —E]@
; usD USD/Year 0 MW % of A
l:aUnltOps o I
(g streams __Flowsheet Case (Main) - Solver Active |+ elining o
E Stream Analysis = | —————————————————— Dynamics Upstream
[[& Equipment Design A
Common Columns Custom
& Model Analysis
[[g Data Tables

[ Strip Charts
"% Cace Studiss

1 Properties
gg Simulation i a K
&J Safety Analysis Messages ll:x
‘@' Energy Analysis
Solver (Main) - Ready 6% © U ® @
Figure 56. clicking on Simulation Icon
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It is necessary to mention that a Plug Flow Reactor (PFR) is often chosen to
simulate catalytic reactions in Aspen Hysys and other chemical engineering
simulations for several reasons:

v Realistic Representation: PFR models provide a more realistic
representation of the actual flow and behavior in a catalytic reactor. In a
PFR, reactants flow through the reactor in a continuous, streamlined manner,
which is often the case in real-world catalytic reactors.

v’ Suitable for Complex Reactions: PFRs can handle complex catalytic
reactions involving multiple reactants and intermediates, making them
versatile for a wide range of industrial applications.

v" Improved Mass and Heat Transfer: PFRs promote better mass and heat
transfer due to the one-dimensional flow, allowing for more precise
modeling of reaction kinetics and heat exchange in catalytic systems.

v' Enhanced Residence Time Control: PFRs enable precise control of
reactant residence time, which is crucial in catalytic reactions to optimize
conversion and selectivity.

v' Easy Implementation: Aspen Hysys and similar simulation software
typically offer built-in models for PFRs, making it relatively straightforward
to set up and analyze catalytic reactions in a PFR configuration.

v’ Effective Parameter Tuning: PFR models allow for the adjustment of key
parameters like reactor length, flow rates, and reaction Kinetics to optimize
reactor performance and meet specific process goals.

In summary, the choice of a Plug Flow Reactor in Aspen Hysys for simulating
catalytic reactions is driven by its ability to provide a realistic representation of
catalytic systems, enable complex reaction modeling, offer control over residence
time, and facilitate parameter tuning for process optimization.

» Add Reactor: from the Palette, add a reactor by selecting the reactor type
you want to simulate, in our case equilibrium reactor.
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Figure 57. Plug flow reactor from the palette
B Wl EEws Untitled - Aspen HYSYS V8.8 - aspenONE | | R
Home Economics Dynamics View Customize Resources Flowsheet/Modify Format | Search aspenONE Exchange E v @
Simulation < | Capital: USD Utilities: USD/Year a Energy Savings: MW %) a | Exchangers - Unkni » 7
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[£& Workbook j+ "
> & UnitOps
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[& Model Analysis
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["5. Cace Studisg

n,

- Properties

‘ D-[S Simulation
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Messages >3 x
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Figure 58. Add the reactor to the PFD

» Set Operating Conditions: Define the operating conditions of the reactor,
such as temperature, pressure, and flow rates. These conditions significantly
Impact the reaction rate and product formation.
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@ Plug Flow Reactor: PFR-100 — O X

Design | Reactions | Rating | Worksheet | Performance | Dynamics

Desi
esign Name PFR-100
Connections
Parameters Inlets
Heat Transfer In
User Variables <empty> Outlet
Notes
\ [Out v
e >

j

Energy (Optional) Fluid Package

l ) [pass d

Figure 59. Setting the streams in the reactor

@ Plug Flow Reactor: PFR-100 — O X

| Design | Reactions | Rating ‘ Worksheet | Performance | Dynamics

Worksheet Name In Out
Conditions Vapour <empty> <empty>
Properties Temperature [C] <empty> <empty>
Composition Pressure [bar] <empty> <empty>
PF Specs Molar Flow [kgmole/h] <empty> <empty>
Mass Flow [kg/s] <empty> <empty>
Std Ideal Lig Vol Flow [USGPM] <empty> <empty>
Molar Enthalpy [Btu/Ibmole] <empty> <empty>
Molar Entropy [Btu/lbmole-F] <empty> <empty>
Heat Flow [kW] <empty> <empty>

Figure 60. Insert the different parameters of the fluxes
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[F) Plug Flow Reactor: PFR-100 - Set-1

Design | Reactions ‘ Rating | Worksheet | Performance | Dynamics |

Reactions -Reaction Info N\
Overall Reaction Set Set-1 \ IEI
Details 1
Results Initialize segment ‘ = ,}
p P e
@) Current ©) Previous ©) Re-init

~Integration Information

Number of Segments 20
Minimum Step Fraction 1.0e-06
Minimum Step Length <empty>

~Catalyst Data

Void Fraction is specified as 1.000

(no catalyst information is needed)

Figure 61. Adding reaction set

After adding the reaction set, it is necessary to add some associated parameters
such as the length of the plug flow reactor, its diameter, and the pressure drops, in

order to calculate the different related parameters, this could be discussed in details
in the PW sessions.

B H #EE® - Untitled - Aspen HYSYS V8.8 - aspenONE ‘ — 0 X
Home Economics Dynamics View Customize Resources Flowsheet/Modify Format | Search aspenONE Exchange E v @
Simulation < | Capital: USD Utilities: USD/Year B || Energy Savings: MW %) (@ ] | Exchangers - Unkni P £
All Items - Fl Case (Main) - Solver Active | + e
L& Workbook -
> [& UnitOps

1> [@ Streams
[2& Stream Analysis

£ Eaulpment esign PFR-100

& Model Analysis
[& Strip Charts I O t
["5. Cace Studies - n U
* Properties

‘ D-[g Simulation ‘

@J Safety Analysis

‘(‘ Energy Analysis

Messages -1 X‘

191% © U @ [

Solver (Main) - Ready

Figure 62. Getting the results
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These steps offer a simplified guide to simulating catalytic reactors using Aspen
HYSYS. Keep in mind that the specifics can vary based on the particular reactor
and catalytic reactions you are working with. Aspen HYSYS serves as a valuable
tool for understanding and optimizing the performance of catalytic reactors,
ensuring that chemical processes are carried out efficiently and cost-effectively in
various industries.

However, more details will be discussed and be practiced in the PW sessions, in
which numerous examples of this type of reactor will be studied.
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