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Flowsheet simulation é?

* What is flowsheet simulation?
- Use of computer program to quantitatively model the characteristic equations
of a chemical process

* Uses physical relationships
- Mass & energy balance
- Equilibrium relationships
- Rate correlations (reaction and mass/heat transfer)

* Predicts
- Process stream data (flowrate, composition, properties...)
- Operating conditions (pressure, temperature, geometry...)

* Advantages
- Plant design time
- Improve current process / predict new process
- Assist plant operation
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User interface — environment (simulation environment)
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User interface — status indicators

On a(n)
Input form or sheet

Input form or sheet

Q] Input form

a Mixed form

) Results form

s Results form

3 A Results form or
flowsheet

D9 Results form or
flowsheet

2] Results form

[ |} Input folder

R Input folder

Y Input folder
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e & Results folder
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Simulation sequence éf)

1. Property environment
- component, properties, EOS selection

2. Simulation environment
- streams, blocks (unit operations) setting

3. Simulation
- control panel : converge the simulation by calculating in sequence

4. Analysis
- sensitivity, cost estimation, energy, EDR, design specification results...

Property environment é?

All steps needed to fully define the physical properties before the simulation
- component selection and characterization

- property methods and databases

- property estimation / structure drawing

- property analysis / data regression




Property environment — component selection

* Component selection
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Property environment — physical methods

*  Physical methods

® oW s Simulation 1 - Aspen Plus V8.8 - aspenONE -
Home  View  Customize  Resources Search aspenONE Exchange
METCBAR -| [ Setup Na Chemistry & Methods Assistant ~ JRENIST (%3 Analysis\ N‘* L, I‘ j [ Input pure /A Terary Diag
2  Unit Sets @ Components & Customize 4 Clean Parameters (2 DECHEMA | @) Estimation 1@ History esidue Curves
- raw Next Run Reset Control
A Paste 4 Methods GiyProp Sets | Structure 3 Retrieve Parameters |4 Regression panel | [£] Report | T Envelope
Clipboard| __Units Navigate | Tools Data Source | Run Mode Run 5 | Summary | Analysis
Poretics ¢ Methods < + =
All tems - ||| @Giobal | Flowsneet sections | Referenced | information
> (@ Setup
- Ty o Method name
4 [z Components
@] Specifications b todlit=y Methods Assista
> (3 Molecular Structure Base method
(3 Assay/Blend Henry components L
[@]Light End Properties N £0S =
» (3 Petro Characterization esktcctatorioaions = Method
D pseudocomponents |4 Free-water method  STEAM-TA ~||| | Dataset 1 < avi
[@] Component Attributes Water solubility 3 . Liquid gamma - aavice
(23 Henry Comps Data set 1 =
E UNIFAC Groups Electrolyte calculation options. T e
v g Polymers Chemistry ID - o
» (BB Methods iquid molar volume
o Use true components
(3 Chemistry Heat of mixing
(3 Property Sets Poynting correction
(3 Data
> @ Estimation Use liquid reference state enthalpy
. Properties
{] simulation
@J Safety Analysis
&Y Energy Analysis
REGUENRRUMAGOMPIE | Check Status 100% © ®




User interface — properties environment
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Simulation environment - Stream

e Stream
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User interface — mouse buttons é?

* Tips for mouse buttons

» Left-click » Selects a block, stream, object
ID, or annotation

* Right-click » Brings up context menu for
the selected stream, block,
or flowsheet

» Cancels placement of streams
or blocks on the flowsheet

v

* Double-left-click Opens the stream or block
Input form, or Results form

s for intermediate streams
» Edits text

Simulation environment — Unit operations é?

* Unit operation (block) model types
- mixers/splitters
- separators
- exchangers
- columns
- reactors
- pressure changers
- manipulators
- solids
- solid separators
- user models
- batch models




Simulation environment — Mixer / Splitter

<p

Description

Mixers/Splitters

Model

Mixer

Mixer

Combines multiple streams

Fsplit
Splitter

Separates one (or more)
streams into a number of

Ssplit

Sub-stream splitter

Solids from liquid. Separates
one (or more) streams into a

Purpose together. Adiabatic, can : : number of outlets. Give flow
outlets. Give flow or fraction .
change perssure for each outlet or fraction for each sub-
' stream.

Simulation environment — Separators

e Separators

Model Flash2 Flash3 Decanter Sep
Description Two-outlet flash Three-outlet flash Liquid-liquid Component
decanter separator

Purpose

Separate feed into
two outlet streams,
using rigorous
vapor-liquid or
vapor-liquid-liquid
equilibrium

23

v
(optional)

is

e

Material |
(any number)

Water (optional)
Heat Liquid
(optional)

Separate feed into
three outlet streams,
using rigorous
vapor-liquid or
vapor-liquid-liquid
equilibrium

Vapor
Heat (optional)

Material |
(any number)

1st Liquid

Heat 2nd Liquid
(optional)

Separate feed into
two liquid outlet
streams

Material st Liquid
feny.oumber) 2nd Liquid | Material —]
Heat———\ leaf

feat H
(optional) (opti

Separates inlet
stream components
into multiple outlet
streams, based on
specified flow or split
fractions

[ Material
[—— Material

| Heat
(optional)

|
(any number)

t
jonal)

16




Simulation environment — Heat exchanger

* Heat exchanger

Model

Description

Purpose

Heater
Heater, Cooler

Determines thermal and
phase conditions

Heat (optional)

Material Material
(any number)

Heat Water (optional)
(optional)

HeatX
Two-stream heat exchanger

Exchange heat between two
streams

— Cold Outlet

Water (optional)

Hot Hot Outlet
Inlet

» Water

Cold Inlet

MHeatX
Multi-stream heat exchanger

Exchange heat between any
number of streams

Cold Inlets
(any number)

—> Hot Outlets

Hot Inlets N\ :
(any number) Water (optional)

—> V Hot Outlets

Water (optional)

Cold  Water
Outlets  (optional)
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Simulation environment — Distillation
* Distillation
Model DSTWU Distl RadFrac MultiFrac
Shochut d'.St'"atlon Shortcut distillation ; Rigorous
e design using the . : Rigorous . .
Description ) rating using the ; . fractionation for
Winn-Underwood- . fractionation
- Edmister method complex columns
Gilliland method
Determines
minimum reflux ratio, Determines . Performs rigorous
. : Performs rigorous : ;
minimum number of | separation based on . : rating and design
, . rating and design .
Purpose stages and either reflux ratio, number ; calculations for
calculations for

actual reflux ratio or
actual number of

of stages, and
distillate-to-feed ratio

single columns

multiple columns of
any complexity

o aop Stage KI\—'Vzpcr Distillate
Heat Dut
. DA ) > Heat
Heat Heat Heat Heat ’“"“1 Liquid Distillate (optional)
(optional) (optional) : (optional) (optional) : 1o, Sudge Vapor Distillate Water Distillate (optional)
s e or Condenser, Heat (optional Feed " 2
Distillate o Distillate  foat Duty ¥V quu"} s.""a"e s—>| f—> side Products (optional)
Water Water [Renux ::Wzlev Distillate (optional)
(optional) - (optional) Feeds > ¢ "
Heat | Products (optiona) Heat—»| Interconnecting Streams
Feed Feed (optional) Decantais (Heater Optional)
(optional) =TT PP
(optional) it and Bypasses E (Heater Optional)
Bottoms Bottom Stage e (optional) (Heater Optionaly
or Reboiler [~ Heat (optional)
Heat Heat Heat Heat Heat Duty Bottoms
(optional) (optional) (optional) (optional) Bottom Stage or-A\- INstage] (optional)

Reboiler Heat Duty

(optional) Bottoms
(or Interconnecting
Stream)




Simulation environment - Reactor

* Reactors

Model RStoic

Stoichiometric

Description
reactor

Stoichiometric
reactor with
specified reaction
extent or conversion

Purpose

Material Material
(any number) (any number)

—> i Heat
(op(iglneaﬁ“ Heat (optional) (optigtei —>

Water (optional)
Material

RYield

Yield reactor

Reactor with
specified yield

REquil

equilibrium by
stoichiometric
calculations

(any nimben |

Heat (optional)
Heat |
[oplioneaa\)
Water (optional)
Material

Equilibrium reactor

Chemical and phase

Material (vapor phase] | (any number)
Material (liquid phase)

Heat (optional) Heat

RGibbs

Equilibrium reactor

Chemical and phase
equilibrium by Gibbs
energy minimization

Material

Material
(any number)

Heat

(optional) (optional)
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Simulation environment — Pressure changer

* Pressure changers

Model Pump
Description Pump, Hydraulic turbine
Change stream pressure
when the pressure, power
Purpose .
requirement or performance

curve is known

Work (optional)

Material

Material

(any number)
Water (optional)

Work
(optional)

Compr

Compressor, Turbine

Change stream pressure
when the pressure, power
requirement or performance
curve is known

Material
(any number)

( op[i‘é\’r?;h —>| Work (optional)

Water (optional)

Material

MCompr

Multi-stage compressor,
Turbine

Change stream pressure
across multiple stages with
inter-coolers. Allows for
liquid knock-out streams
from inter-coolers

Feed to

Heat
(any number) |Stage

Work (amy numb 2
any number,
(any number) fany, ) Sstage
K+1
From Cooler
Stage ot
s ?1 S—y Compressor| sStage K| (optional)
Stage K.
Work
Knockout
Stage K ~'h/_|:: Water
(optional)

20




1. Mixers/Splitters exercise

* IN: CH4+H2(mole fraction: 0.5), 20°C, 100psia, 15kg/h

» Split fraction : 0.33, 0.33, 0.34

® W
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[ Blocks
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[@] Dynamic
[@]Block Options.
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(i Results
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¥ summary
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R Results
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9 Summary
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(3 Reactions
» [ Convergence
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S

S

x

Control Panel | MIXER (Mixer) - Results - | Results Summa

SPLITTER

- Streams (All) |+

MIXER

B

Flash Type.

‘ A) Specifications

Temperature ~ Pressure -

|0M-xed |C\Sahd NCSolid | Flash Options | EO Options | Costing | Comments

~Composition

Mole-Frac -

State variables

Temperature
Pressure
Vapor fraction
Total flow basis
Total flow rate

Solvent

20 c -
100 psia -

15 kg/hr -

- Reference Temperature

Component

Total

[<§

Flash Options | Comments.

Pressure

Valid phases Vapor-Liquid

~Temperature estimate
c -

0 bar -

- Convergence parameters
308
0.0001

Maximum iterations

Error tolerance

| @specifications | Flash Options | ey Components | Comments

Pressure

0 bar M

T 5
. Properties

&

Valid phases Vapor-Liquid M

308
00001

Maximun iterations

Error tolerance

L ——

Model Palette
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Separstors  Exchengers  Columns

R ERd

MATERIAL Mixer

SSplit

FSplit

Reactors  Pressure Changers

Manipulators

Solids.

Solids Separators  UserModels  Batch Models

Results Available | Check Status

301% © U

2. Separators & Heat exchanger exercise

Feed

CCOOLER

O>—

FEED

T=1000°F
P = 550 psia
Hydrogen: 405 Ibmol/hr

T= 200°F
Pdrop = 0

Methane:
Benzene:

95 Ibmol/hr.
95 Ibmol/hr

Toluene: 5 Ibmol/hr

COoOoL

VAP1

oy

FL1|| T=100°F

P = 500 psia

LIQ1

FL2

LIQ2




2. Separators & Heat exchanger exercise

® H9-c

Economics

ENE ) & Is

Batch

Dynamics

Plant Data

Equation Oriented

View

Customize

[T Simulation 1 - Aspen Plus V11 - aspenONE

Resources  Modify  Format

| Search Exchange

%t [ENG -
3 Copy = 2 Unit Sets
24 Paste

Clipboard Units ‘

N»
Next

Run

b D W | B

Run Step Stop Reset

3 Reconcile
#¥ settings

Summary

PAModel Summary [ Input
%) Stream Summary ~ &)
4] Utility Costs

tream Analysis
History |7 Sensitivity
eport | | Data Fit

% Heat Exchanger
12 Azeotrope Search
[ Distillation Synthesis

Analysis

140 Pressure Relief
$% PRD Rating

) Flar

Datasheets

Safety Analysis

Simulation
Allltems.

I Capital: _USD Utilties: __UsD/Year (Il “ Energy Savings: ___ MW (__%)

<

a» || Exchangers - Unknown: 0 OK: 0 Riski 0 @/ ¥

b [ Setup
b [ Property Sets
(3 Analysis
b [ Flowsheet
4 Ry Streams
» & cooL
4 [ FEED
@linput
TlResults
A EO Variables
b BUQl
b Bue2
b E3VAPY
b B3 vap2

| COOLER (Heater) - Input | Control Panel | Results Summary - Streams (All

|+

COOLER

4 [E7Blocks
4 [ COOLER

@linput

(3 HCurves

[@] Dynamic
[@]Block Options
L& EO Modeling
[JResults

[Tl stream Results.
4 Summary

4 By

@linput

(3 HCurves

[@] bynamic
[@]Block Options
L& EO Modeling
[ZJResults

(] stream Results.
A summary

4 ByR2

@Specifications | Flash Options | Utility | Comments |

~Flash

Flash Type

VAT

11 (Flash?) =B

@specifications | Flash Options | Entrainment | PSD | utiity | ¢ +|*]

Flash Type Temperature  ~ Pressure -

Temperature 100 F -
Pressure 500 psia -
Duty Btu/hr -

Vapor fraction

o
Vapor-Liquid ~

12 (Flash?) =@ 5

FEED

MATER

ptions | Entrainment | pSD_| utiity |1« *

Flash Type

| @wies [cisoia | e sola [ Fiash Options | €0 Options | Costing | Comments

) Specifications

Temperature -

Flash specifications
Flash Type ~ Pressure -
Composition
Mole-Flow

Pressure - Temperature F

~ Ibmol/hr - Pressure 1 atm -

Temperature

Pressure

Vapor fraction

T z
. Properties

~Valid phases

Total flow basi
‘ Vapor-Liquid

is Mole -

Temperature -

Pressure -
Temperature 200 F -
Temperature change F -
Degrees of superheating F
Degrees of subcoaling F
Pressure 0 psia -
Duty Btu/hr
Vapor fraction
Pressure drop correlation parameter
[7] Always calculate pressure drop correlation parameter

Total flow rate

==

[4T

Solvent

1000
550

Duty.

Vapor fraction

0 Btu/hr -
F =i Component Value
psia = H2 405

METHANE 9% VERTEES
BENZENE

b TOLUENE 5

s Vapor-Liquid ~

Lomol/hr =

)

a3}

) safety Analysis
69 Energy Analysis

>
H- : =
L

Total

2(—)E

Flash2 Flash3 Decanter

Sep

Input Changed [ Check status |

178% @ 9]

3. Distillation exercise

Mass fractions

63.2 wt% Water

36.8 wt% Methanol
Mass Flow = 120000 Ib/
Pressure 18 psia
Saturated liquid

DIST

38 trays (40 stages)

o>—|

FEED

-

COLUMN

Feed tray = 23 (stage 24)

Total condenser

Top stage pressure =16.1 psia
Pressure drop per stage = 0.1 psi
Distillate flowrate = 1245 Ibmol/hr
Molar reflux ratio =1.3

BTMS

—o




3. Distillation exercise
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3 G Unit Sets. o = ST 3 Reconcile (2] Stream Summary ~ @] History | [/ Sensitivity 2 Azeotrope Search % PRO Ratinf{ -
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Glinput Reflux ratio - Mole - 13
[ Results
O Varizbles Free water reflux ratio [)
4 [tBlocks
4 R COLUMN Design and specify column internals
g Specifications
(& Configuration b
3 Column Intenals [coLuMN RadFrac) cma
iy | @configuration | @stresms | @pressure | @Condenser | GReboiler | 3-Phase | Comments
b Co Analf FEeD (VATERIA
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L Dyn: Name Stage Convention
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Flash Type Pressure ~ Vapor Fraction v Composition
(il streg Mass-Frac M
4 sum|
3 utities Temperature F Component s
. z“““”“ preure 16fp - WATER Neme Phase Basis Fiow Units Fiow
o ] Vepotfraction L METHANOL DIsT Mole omol/hr
(3 Model Ana Torlflow bass o — BTMS Mole Ibmolh
£ £O Confiy Total flow rate 120000 1b/hr -
4 [ Results Sur Solvent e
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3. Distillation exercise

* Warning: BN lue

Mass fractions

FEED stream pressure

18 psia

COLUMN stage 24 pressure

18.4 psia

19psia

63.2 wt% Water

36.8 wt% Methanol
Mass Flow = 120000 Ib/hr
Pressure[18 psia|

Saturated liquid

o reE}—>

COLUMN

DIST

38 trays (40 stages)

Feed tray = 23 (stage 24)

Total condenser

Top stage pressure =16.1 psia
Pressure drop per stage = 0.1 psi
Distillate flowrate = 1245 Ibmol/hr
Molar reflux ratio =1.3

BTMS

—




3. Distillation exercise é?

v “COLUMN (RadFrac) - Temp. -Plot « | Main Flowsheet ~ | COLUMN Analysis - | Control Panel ~ | COLUMN (RadFrac) - Profiles - | FEED (MATERIAL) - | COLUMN (RadFrac) ~ + ¥

20 Block COLUMN: Temperature Profile
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Stage

4. Reactors exercise éf)

70% conversion
of ethanol
F-STOIC —H P-STOIC 0>
RSTOIC
Feed: , F-GIBBS HP> P-GIBBS |’
Tomp = 70°C 0— FEED PP e
Pres = 1 atm DUPL
Water: 8.892 kmol/hr
ko o
cetic ACIa: .0 Kmol/nr
— F-PLUG | ><| Hi P-PLUG T

RPLUG [pi &
Use the NRTL-HOC property method F-CSTR lameter = 0.3 m
_(accounts for dimerization of acetic acid [ > Ipve=ii
in vapor phase)

Volume = 0.14 m®




4. Reactors exercise

* For all reactors : temperature 70, pressure 1 atm
* Make sure to set valid phases option to vapor-liquid
* Rstoic reactor : Ethanol + acid -> water + Ethyl Acetate
* RGIBBS reactor : no reactions needed, 2 fluid phases
* Reaction model for Rplug, RCSTR:
- reversible reaction

- kinetics for forward reaction : k, E
- driving force with equilibrium constant

4. Reactors exercise

e 1. Rstoic reactor
® Ho- € N @ 4= [ simuiation 1 - Aspen Plus V11 - aspenONE
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4. Reactors exercise

1. Rstoic reactor

€ N3

Economics

® W 4=

Home Batch  Dynamics Equation Oriented

Plant Data View  Customize  Resources

Simulation 1 - Aspen Plus V11 - aspenONE

| %
[SearchBhange o @ =
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METCBAR  ~ m E; D ] I‘ :Cumm\Pint\ PAModel Summary [ ] Input

& Cut
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2 Paste
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4 (&g Blocks @ Edit Stoichiometry
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[ RGIBBS. Reactants

(3 RPLUG
[gRsTOIC
@] Setup
[@] Convergence
[@] Dynamic
[@] Block Options
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O Results
[} Stream Results
4 summary

Component Coefficient
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.
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Component Coefficient
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WATER 1
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4. Reactors exercise

2. RGibbs reactor

€ N @ b

Economics

4=
Batch

® Ho -

Home Dynamics  PlantData  EquationOriented  View  Customize  Resources | Modify | Format
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4. Reactors exercise

* 3. Rplug reactor — reaction
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4. Reactors exercise
* 3.Rpl tor — t
. ug reactor — reaction
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4.

Reactors exercise

® W

3. Rplug reactor
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4. Reactors exercise
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5. Pressure changers exercise

* IN: Water + Methanol (mole fraction: 0.5), 20°C, 1 atm, 15kg/h
* Discharge pressure : 0.9 atm
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