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Szimmulacié alapjai

Mikor/hol hasznalunk szimulaciot

Milyen modellek vannak

Modell felépitésének lépései

Egyszerl Uzemi modell: GFR 106-112 j. kolonna
PFD (P&l)-bol szim modell
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Mire jo a szimulacio ?

Miceh, mikor?

Egyedi készulékek/egyszeribb rendszerek
- Uzemi problémak megoldasa

- Uj javaslatok vizsgélata

- Mi lenne ha vizsgalatok

- Hogyan csinaljuk, hogy

- Milyen hatasa van ?

- Készulékek mikodésének vizsgalata

Bonyolultabb rendszerek....
Teljes Uzemi modellek
H&integracio
dinamikus modellek
OTS
Tervezési adatszolgaltatas (SCM)
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Mi a szimulacio ?

Process simulation is a model-based
representation of different type of processes.

A model is the
used to

predict system behavior.

Simulation programs perform rigorous mass
and energy balances for wide range of

Mathematical chemical processes.

’F = ma

Not necessarily a one-to-one correspondence between pieces of equipment in

the plant and simulation model
« Always the task determine the depth of the model
« Always has to check the results are consistent and realistic

Papir mindent elbir
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Szimulacio a Finomitoban

« Steady state szimulacié (allanddsult allapot)
* Dinamikus szimulacio

» Hobcserélbk/ hbatadas

« Hobintegracio

 Kemence

« Reaktor modellek

» (Cs6vezetékek/Piping network

» Lefuvatd rendszerek/Safety system
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S simubicis ?

Steady state szimulacié
anyag eés energia mérlegek
kllonb0z6 esetek vizsgalata
szlk keresztmetszetek vizsgalata
nem mérhetd paraméterek meghatarozasa

Dinamikus szimulacio
szabalyoz6 rendszerek modellezése
paraméterek id6beli valtozasanak vizsgalata

Idoben allando

Idoben valtozo
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JA\F=Tol0] ¢

Ot coindlunk?

Folyamat abra/Process flowsheet
P&l /PID

Szimulacios folyamatabra/Simulation flowsheet

- aram parameéterek
- Készllék paraméterek

Equipments

Simulation unit
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Szimulacio |

« Alapmodel épités
PFD *PFD, készulékek, aram kapcsolatok

« Mértéekegysegrendszer meghatarozasa

M.e. = S|/British, eltérések

« Komponensek

Komp »Osszetétel, pseudokomponens, assay data

* Termodinamika
Termo *SRK/NTRL....

Aram adatok/Aram tulajdonsagok

Aram
o * Készllek parameterek
* Model futtatasa
Run
« Eredmények ellenbrzése
Result
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Gazfrakcionaldo uzem

Uzem feladata:

Az Uzem a PB kénmentesitd termékét (az AV-1, AV-2, AV-3 Uzemek valamint a HDS
és BEK-2 Uzemek kénmentesitett PB-jét ), a Reformal6-4 Uzemi PB-t és stabilgazt,
valamint (téli idészakban) a GOK-3 Uzembdl szarmazé PB-t dolgozza fel, ill.
frakcionalja.

A feldolgozas termékei:

Fiitégaz: a fitbgaz gyljtd és elosztd gerincvezetékbe adjak ki.

Propan: a propant PB keveréshez hasznaljak, vagy PAM Uzembe

Butan elegy: a butan elegyet PB, illetve benzinkeveréshez hasznaljak.
Lehet6ség van a vegyipari benzinbe torténd kitarolasra is.

Izobutan: az izobutan a HF Alkilez8be adhaté tovabb vagy a butan elegyhez
hasonldéan hasznalhato.

Normal-butan: a normalbutant az MSA Uzembe adhaté ki vagy a butan
elegyhez hasonldéan hasznalhat6 fel.

Pentan frakcio (maradék): a maradékot motorbenzinbe vagy vegyipari
benzinbe keverik.
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Feladat/gyakorlat

Feladat: GFR uzem els6 két kolonna modellezése

N-butan

- PFD/P&I alapjan rajzoljuk meg a sim, folyamatabrat, hatarozzuk meg mely készUilékeket kell modellezni

- Inditsuk el a Petrosim-et

- Valasszuk ki az alkalmazott mértékegység rendszert (kg/h, C, barg)
- Valasszuk ki az alkalmazott termodinamikat

- Definialjuk a komponenseket (kdvetkezé slide, kuldn lap)
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1. PFD —bol szimulacios folyamatabra

LT

i
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1. PFD —bol szimulacios folyamatabra
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1. PFD —bol szimulacios folyamatabra
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Tobb lehet6ség::

2. Mértekegysegek

FFD

default:
Unit Set EuroSI Field RefineryField |RefineryMetric |SI
Temperature C F F C K
Pressure bar psia psig bar_ kPa
Flow kgmole/h Ibmole/hr MMSCFD kNm3/h kgmole/h
Mass Flow kg/h Ib/hr Ib/hr tonne/hr kg/h
Liquid Volume Flow [m3/h barrel/day [barrel/day m3/h m3/h
Energy kcal/h Btu/hr MMBtu/hr Gceal/hr ki/h
Molar Density kgmole/m3 [Ibmole/ft3 [Ibmole/ft3  |kgmole/m3 kgmole/m3
Heat Capacity kJ/kgmole-C|[Btu/lbmole-F|Btu/Ibmole-F |kcal /kgmol-C kJ/kgmole-C
Actual Liquid Flow m3/s USGPM barrel/day m3/s m3/s
Length m ft ft m m
Length Small mm in in mm mm
Time seconds seconds hours hours seconds

térfogat:

Std m3/h (15 C ,1 bar)
Actual: adott paraméterek (T,p) mellett (altalaban ezt mérik az Gzemek

Minden mértékegység modosithatd, beallithato, egyéni rendszer elmenthetd
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3. Komponensek, aram osszetételek

PFD ME Komp

Komponens
egyedi komponensek
jol definialt, tobbnyire ismert
szénhidrogén és egyeb egyedi
magas szénatomszamu komp (kevesebb)
pseudo(hypo) komponensek/petroleum/assay komponens
desztillacidés gorbe (tobb lehetéséq)
sdriség

Lehetséges problemak:

konnyl anyagaramok: elemzési/mintavételi problémak
nehéz komponensek: nem/nehezen beazonosithaté komponensek,
nincs a rendszerben meglelé komponens

Definialhato:
- név alapjan
- képlet/6sszetétel alapjan
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3. Komponensek, aram osszetételek

Hypo/pseudo/petroleum komponens

Komponensek generalasa:
- slirGség (sliriség gorbe)
- desztillaciés gorbe (ASTM D86,D1160,D2887..)
- kdnnyl komponensek (Lights end)

- viszkozitas(ok)
Fuelgas |C,, C,
Propane |Cy ]
0o . Butane |C, ]
145°C P waK
185°C LI
20240°C e = e
Atmospheric
distillation
F) x £ ES C] £ = T
360-380 °C it i
Vacuum distillation .
because of cracking

550-600 °C
Pszeudokomponensek

Boiling point, °C

Homérseklet °C

Térfogatszazalék %
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4. Termodinamika/fluidpackage

PFD ME Komp Termo

Paraméterek, komponensek alapjan

Peng Robinson az alapértelmezett (HYSYS)

Type of stream Recommended Method
Atmospheric towers PR Options, GS, TST

PR Options, GS, TST, Braun K, Esso
Vacumm towers Tabular
High H2 System PR, ZJ, GS, TST

Steam System NBS Steam, ASME Steam, CS, GS
Compression MBWR

Amine system Amine Pkg, DBR Amine Package
Sour water Sour PR, Sour SRK

Komponens listahoz lehet/kell igazitani
egy modellen belul valthato
hémérséklet és nyomastartomany is befolyasolja
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Aram tipusok:

. Betaplalas

. Termék

. belsé aram

. Cirkulacié

. reference aram

PFD ME Komp Termo Aram
Cirkulacio
Belsb aram

Termék
>

Betaplalas . .

Termék
—

Referencia aram: mas arambdl vagy készulék belsd pontja alapjan definialt aram
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5. Aramok

Aram tulajdonsagok:

homeérseklet

nyomas
mennyiség
Osszetétel

Betaplalas:

Termék/bels6 aram:

Cirkulacios aram

definialni
szamolt
inditd érték

Szamolt paraméterek
fix tulajdonsagok

MW,

Lig. Molar volume
Carbon Number
Chemical formula

Critical p, T

Critical volume

Flash point

Freezing point

GHT (gross heating value)
LHV (lower heating value)
Normal boiling point
Specific gravity

hémérséklet fuggd

Liquid density
Thermal conductivity
Viscosity

Vapor pressure
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Gyakorlat:

“ » Egyszer( folyamatabra vs PFD

v » Mértékegyseégek
“ « Komponensek/Aramok

* Select the thermodynamic method
*SRK/NTRL.... Critical and important step

* Process stream data

*Thermal condition, flowrates, composition...

» Equipment data/Process unit data/Connection

* Run

» Checking the results
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Gyakorlat

PFD

1. PFD - process flows simulation flowsheet

xxxxxxxx

LA

TFL’it(’Sgéz c3
o > E-107 - > £
s O\
106 L5112 g
Gy I E-116

Yo U
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SIMULATION EXCERCISE

TFL’itc'Sgéz c3
106_alapanyag e 107 D E113
i N O

HIDROGEN 0,089 <[ e
METAN 0,206
£ on 3,609 Q @5 106 {112 —>
ETILEN 0,003 o301
PROPAN 35,862 o g, E-116
PROPILEN 0,042 @9 @5
|_BUTAN 20,950 \|/ : | .
N_BUTAN 36,119 '
|_BUTEN 0,100
1_BUTEN 0,037
CIS_2 BUTEN 0,020
TR_2 BUTEN 0,038
| PENTAN 2,134
N PENTAN 0,473 Betaplalas kg/h 11701
C6_ES_NEH_M 0,144 Cfok 15
SZENMONOXID 0,060 barg 28
NITROGEN 0,109
H2S 0,003 Belép6 nyomas barg 32

Szivattyu hatasfok 0,7

106 belép hémérséklet  Cfok 58
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SIMULATION EXCERCISE
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EXCERCISE

Modeling of deethenizer (Column 106) and depropanizer column (Column 112)
of the Danube Refinery’s Gas Fractionation Unit

Fuel gas Propane
A A
gD E-107 e > E-113

P-301

Feed (1) Q 106 112
I—)

O @ U @
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GETTING START WITH ASPEN PLUS

- Open AspenPlus V10
- Start:
-  New simulation
- Aspen Plus templatefiles (categorized by differentapplications)

New Simulation > New Batch Process > New from User Te

Aspen Plus Templates

Category Template English | Metric | Met-C_bar_hr

Batch Polymers with English Units
Chemicals with English Units
{305 Proces g Electrolytes with English Units
Mining and Minerals Polymers with English Units

Refinery

Specialty Chemicals and
Pharmaceuticals

User
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UNIT SETS

e Three default engineering unit sets:
- Sl
— EuroSI (bar,kcal
- Field(English)

e Mostly used units:

— mass: kg/hort/h

- temperature: C

— pressure: barg
- volume: m3/h

e Volume: Std m3/h (15C,1 bar) or actual m3/h (on actual T and p)
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Component selection

Component selection:
* Properties = Components - Find

b Properties

- Simulation
4] safety Analysis

‘i‘ Energy Analysis

e Pure component:
— Search by compound name/alternate name/formula

e Assay/Blend definition:

— Generatingpseudocomponents

Properties .
All Itemns

& Setup

_& Compaonents

_& Methods

 Chemistry

d Property Sets

 Data

_& Estimation

. Analysis

&% Customize
. Results

| Find
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Pure component selection

Search Criteria

Begins with
Name, Alias or CASRN: @ Contains  n-butang [ Find Now |
Equaks New Search
Compound class: | All v | =
Help
Molecular weight: From To
Boiling point: From To | C v |
Compounds found matching the specified critena
Compound name  Alias Databank  Alternate name MW BP <C>  CAS number
BUTYRONITRILE C4H7N APV121.PU N-BUTANENITI 69,10 1176 109-74-0
DECAFLUOROBUT: C4F10 APV121.PU PERFLUORO-N 2380 -1,29999‘ 355-25-9
N-BUTANE C4H10-1 APV121.PU n-Butane 58,12 -05 106-97-8

N-BUTYL-MERCAP C4H10S-D1  APV121.PU n-Butanethiol 90,18 98,46 109-79-5

>4

VALERYL-CHLORID C5HOCLO NISTV121! N-BUTANECAR 1205 122,123 638-29-9
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Pure component selection

Componentlistused in simulation
Component name Alias

HIDROGEN HYDROGEN H2
METAN METHANE CH4
ETAN ETHAME C2Hé
ETILEN ETHYLENE C2H4

PROPANE C3Hs
PROPAN PROPYLENE C3H6-2
PROPILEN ISOBUTAME C4H10-2
I_BUTAN N-BUTANE C4H10-1
N_BUTAN ISOBUTYLENE C4H8-5
[ BUTEN 1-BUTENE C4HB-1
1 BUT EN ClI5-2-BUTENE C4HB-2
CfS 2 BUTEN TRANS-2-BUTENE C4H8-3
TR _2 _BUTEN 2-METHYL-BUTANE C5H12-2
[ PENTAN N-PENTANE C5H12-1
N PENTAN MN-HEXANE CeH14-1
N-HEXAN CARBON-DIOXIDE co2
S7ZENMONOXID CARBON-MONOXIDE co
NITROGEN NITROGEN N2
H 2 S OXYGENM 02
VIZ HYDROGEN-SULFIDE H2s

WATER H20
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THERMODYNAMIC METHODS

Fluid package/thermodynamic method

- to perform flash and physical property calculations

I @ Global |Flowsheet Sections l Referenced |Commen

Property methods & options
Method filter COMMON v

Base method PENG-ROB v

PENG-ROB
Modify

Petroleum calculation options
Free-water method STEAM-TA -

Water solubility 3 v

Electrolyte calculation options

Chemistry ID v

v| Use true components

Thermodynamic method
used in simulation
environment

Method name

Method filter:

narrowing the methods

by grouping

Methods Assistant.. |

>

<
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Specify component type:
Component system type
Chemical systems (low & high pressure)
Hydrocarbon systems

Special (amine, sour water; electrolyte..)

Refrigerants

Specify process type:

Process type

Chemical

Refining
Gas processing

Pharmaceuticals

THERMODYNAMIC METHODS

Select thermodynamic method according to process or component type

& Methods Assistant

Thermodynamic methods

Wong-Sandler; NRTL, Wilson, etc..

Peng-Robinson, Chao-Seader, Grayson-Streed, etc..
Kent-Eisenberg, ELECNRTL, APISOUR, etc..
REFRPOP

Thermodynamic methods
NRTL, Wilson, UNIQUAC

PR, Chao-Seader, Grayson-Streed, etc..
SRK, CPA, PR, etc..

RTL, UNIFAC, NRTL-SAC, COSMOSAC, etc..
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SIMULATION ENVIRONMENT

Run the simulation file Simulation flowsheet

il Data Equation Criented Wi CUstamaze Fesairces il Farmat

Hiairse: Ecancemics Batch

=] Contral Pared [T Mcdel Summary reut B Presmre Roslief

S1-ARON v i ‘
15 ' Recancile % Stream Sumemany - 8 History P Sensitivity ¥ ATeatroge Search ) PRD Rating
[—

'ﬂl::‘

T Uinit S

1 Mext Run Step . . i
I Paste I Settings |7 WHility Costs Ll Repart | Data Fit iy, Distillatian Symthesis raining

| - Stream Results (Baundary] Main Flowsheet 4 v

Simulation £ COL106 Specificabans Vary Re=aits Summary - Bun Stahs HEATER [Heater) PSP (Pump] Coniral Pared 42 (HeatX)

Al Hems
& SEp
A Progeny 5818
A Analysis
& Flowsheet
& Sireams
& Blocks
A Serears
o WHilites
J Reacliors
& Cormergence
& Floewsheetireg Ciplians
4 Medel Analyss Toals
_& B0 Canfiguration

[~

7 Binsults Summany

& Mynamic Contiguratan 2
o Plar Data
4 N

Progert]
| - Samlat
Jq satety 5

9 Energy

Bliwers/S plitters Separsiors Exchangers Codumns Reactars Presmure Changers Manipulatoes Salids Zalids S=paratoes Batch Modsls User Miodels

Mier [__Fspii St § Selecti . .
- - e eCtlng Operatlon units @ @

Checking simulation status
» MOL GROUP
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DEFINING PROCESS STREAMS

Process streams

—{

MATERIAL

e Material stream:

— Temperature, pressure/vapor fraction & composition

-3 o Heatstream

HEAT — Duty, start & end temperature
— = e Workstream

WORK - Power & speed
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MATERIAL STREAM COMPOSITION AND CONDITIONS

~ | Specifications
Flash Type Temperature Pressure - C:;:sl::-j'::z" - Fee d stream Value | UoM
s e Mass flowrate 11701 kg/h
Temperature 15 C - Component Value Temperature 15 oC
Pressure 28 barg v 0,089 Pressure 28 | barg
Vapor fraction 0,206
Total flow basis Mass d 3,609
Total flow rate 11701 kg/hr - 0,003
e 35,862
Reference Temperature 0,042
Volume flow reference temperature [ 20,95
5 - 36,119
Component concentration reference temperature 0,1
- | ! 0,037
0,02
0,038
2,134
0,473
0,144
o
0,06
0,109
0
0,003
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STREAM ANALYISIS

e Choosing mass density of mixture

Enter a search string Limit search to pure components properties

mass den yo Exclude Petroleum correlations
Select Property to include
Property name Alias
Mass density, pure component MASSRHO
L4 Mass density, mixture MASSRHOM

Standard mass liguid density for a petral RHOSTD-R
Standard mass density at 15C, reference RHOST-15
Standard mass density at 0C, reference C RHOST-0
Mass standard liquid density MRHOLSTD

Property Set Contents
Property name Allias

Mass density, mixture MASSRHOM x
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PRESSURE CHANGER UNIT OPERATIONS

e Pressure changers:

- Pump

— Compressor

— Multistage compressor
- Valves

— Pipe (single segment)

— Pipeline (multiple segments)

3 PR~

Pump Compr

-

Pipe

- S

Pipeline

v | B8 -

L

Valve

MCompr |

» MOL GROUP




PUMP

e Stream connection to pump

Reconnect = Destination (for inlet streams) / source (for outlet streams)

2
3

e

B3
N e

Input...

Change Stream Class...

Deactivate

Insert Block

Cut
Copy

Rename Stream

Reconnect > Reconnect Destination

Reconnect Source

Hide »

Stream Color and Style
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PUMP

e Pump outlet specifications & efficiency

Model
@ Pump Turbine

Pump outlet specification

@ Discharge pressure 35 barg v
Pressure increase bar
Pressure ratio
Power required Watt

Use performance curve to determine discharge conditions

Efficiencies
Pump 0,75 Drriver

e Pump operation won't work if the inlet stream has vapor fraction
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PUMP

e Runthe simulation and check the calculated values

PUMP

[Feeo]

ET.\-___
@] Input...

g Results..
‘ﬁ

Reconcile...

Analysis... »
Change Stream Class...

) Deactivate

Insert Block

Cut

b % e

Copy

Rename Stream

Reconnect b
|= Align Blocks

4 Reroute Stream

Hide >

Stream Color and Style
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STREAM ANALYSIS

;jh.’.odel Summary input —Stream Analysis~ &8 Heat Exchanger _13] Pressure Relief

24 Stream Summary ~ 4| History . Sensitivity L2 Azeotrope Search $&¢ PRD Rating

] Utility Costs ] Report  |2* Data Fit &y, Distillation Synthesis (%) Flare System
SUMMary Analysis Safety Analysis

— Stream Analysis~| &z Heat Exct

Stream Properties P

Bubble and Dew Point i

> =

PV Curve

Ri TV Curve
PT Envelope
Point
Component Flow
Compaosition
Petroleum

Distillation
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STREAM ANALYSIS

Stream chosen for analyisis

w Stream Property Analysi ulation Options

Reference stream  FEED

Indenpendent variable

Temperature v
@ Equidistant Logarithmic List of values
Start point 0o C
End point 100 C
@ Number of intervals 20 :
Increment C

Definition of dependent variables

Diagnostics Comments  w
= Properties to Report
New |
Parametric Variable
Pressure v barg v
Enter Values
v 0

» MOL GROUP




STREAM ANALYSIS

e Choosing properties to report

Properties to Report

Mew ltern X
(']

Create a new Item:

> DENSITY

| Cancel

MNew .
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STREAM ANALYSIS

e After running analysis, results will be plotted R Analyes

Mixture Diagram

2025

o
=
=

TOTAL MASSRHOM kg/oum
" . . "
™
b,

&

1625 L L . L L L L . L L s . L . s . L L L . L L . L . L
0.0 25 50 75 10,0 125 150 175 20,0 225 250 27,5 30,0 325 350 375 40,0 425 450 47,5 50,0 52,5 550 57,5 60,0 62,5 85,0 67,5 70,0 725 750 7.5 80,0
Temperature C
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HEAT EXCHANGERS

Exchanger models

Simple heater/cooler

- Simple heat transfer calculation for one stream
- Pressure and outlet temperature, AT, degrees of

superheating /subcooling or heat duty need to be specified

Detailed heat exchanger (HeatX)

- Heattransfer calculations between 2 material streams
- Different types:

- Shortcut (simple calculations)

- Shell & Tube (detailed geometry)

- Kettle reboiler

- Thermosyphon M
. Air Cooled 0 —1 ) Q
- Plate Heat HeatX MHeatX +:D:'-::FFL|LT
eater 2ad 24d LI
- Different calculation modes '
- Design
- Rating
- Simulation
-  Maximum fouling
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HEAT EXCHANGERS

Flash specifications

Flash Type

Temperature

Duty

Simple heater specifications

Pressure
56 C
349 barg

Always calculate pressure drop correlation parameter

Valid phases
Vapor-Liguid
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HEAT EXCHANGERS

Shell & tube heat exchanger sizing (EDR sizing console)
- Specifing detailed geometry

Calculation mode

Configuration
TEMA Type
Tube layout option
Location of hot fluid
Tube OD / Pitch
Tube pattern
Tubes are in baffle window
Baffle type
Baffle cut orientation

Default exchanger material

Shell ID / OD

Tube length

Baffle spacing center-center (Bc)
Number of baffles

Number of tubes / Tube passes
Shells in series

Shells in parallel

Overall Results

Excess surface ()

Dp-ratio Shellside / Tubeside
Total cost (all shells)

Rating / Checking -
B-w E- » M-
New (optimum) layout -
Shell side -
in v 075 / 09375
30-Triangular v
Yes v
Single segmental M
Horizontal -
Carbon Steel -1
ult
in - !
in -
in bt
!
1
1
Dollar(Us) =

Recent

BEM

Shell side
0,75 / 0,9375
30
Yes
Single segmental
H

Carbon Steel

No
807 / 8,625
165,3543
3,5433
42
40 / 2
1

1

2

06978 / 02932

15189

@ Setting Plan Tube Layout

-
(] (]
T s

[N ﬂ]:D

L | U
oo

b4
4 >

Stream Temperatures vs Distance from End

200r

TS Bulk Temp. (F) + SS Bulk Temp (F)
B

< e
120r
- Hr
L—]
100 —
_,..——"'_4
80r —
- ——"'-FF_
|
&0
T T T T T T T T T
0 20 40 &0 80 100 120 140 160

Distance from End (in)

= T5 Bulk Temp. (F) — 55 Bulk Temp (F)
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DISTILLATION COLUMNS

Different column types:

e DSTWU, Distl, SCFrac - shortcut columns with different calculation
methods (Winn-Underwood-Gililand, Edmister...etc)

e RadFrac-rigorous 2 or 3 phase fractionation for single columns

e Extract- rigorousliquid-liquid extractor

e MultiFrac-rigorous fractionation for complex columns

e PetroFrac- rigorous fractionation for petroleum refining applications

e (ConSep - feasibility and design calculations

- [

SCFrac

- 0.0 8.1k

DSTWU Distt | | Radfrac | | Extract MultiFrac

[ =

| PetrofFrac |

K

ConSep
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RADFRAC COLUMN - CONFIGURATION

Distillation column 106 configuration

| @ Configuration [@5treams | @pressure | @Condenser | @ Reboiler

Number of stages: column
tray number + 2
(condenser & reboiler are
defined as trays)

Setup options

Calculation type Equilibrium

Number of stages 34 3 Stage Wizard |

Condenser Partial-Vapor

Reboiler Kettle -

Valid phases Vapor-Liguid -

Convergence Standard -

Operating specifications
Distillate rate * Mass - 3868 kg/hr d
Reflux rate * Stdvol b 3 cumihr b

Free water reflux ratio

- < Condenser type (total,

partial or none)

| Design and specify column internals

Specifing column internals

Operating specifications
(distillate rate, reflux ratio,
boilup, etc) - can be
overwritten by design
specifications

(trays or packing type, tray
spacing, column diameter,
tray geometry details)
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RADFRAC COLUMN - STREAMS

Defining column 106 streams (streams need to be put down to the

flowsheet and connected to the column before defining)

| & Configuration | & Streams IGPressme l & Condenser | & Reboiler | 3-Phase | Comments |

Specifing feed stage number

and feed convention

Feed streams
MName Stage Convention

> 14 Above-Stage

Product streams
Mame Stage Phase Basis Flow Units Flow Ratio

1 Vapor Mole
34 Liquid

Pseudo streams

Mame Pseudo Stream Stage Internal Phase Reboiler Reboiler Pumparound Pumparound
Type itions 1D Conditions
Internal 2 Vapor Cutlet QOutlet
Internal 33 Ligud Qutlet Qutlet
Internal 1 Liguid Cutlet

Eﬂ!/\ 5 Liguid Outlet

Pseudo streams - exported
internal streams (reflux,

Feed Specs
Flow Units
kmol/hr
kmol/hr
kmol/hr

kmol/hr

Specifing product stream
stages and phases

overhead vapors,
pumparounds etc)
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RADFRAC COLUMN - PRESSURE

Defining column 106 pressure

- @Configuration | @ Streams | @pressure | @Condenser | @ Reboiler

View Top / Bottom

Top stage / Condenser pressure

Stage 1/ Condenser pressure 22,37

Stage 2 pressure (optional)
@ Stage 2 pressure 22,47

Condenser pressure drop

Pressure drop for rest of column (optional)

Stage pressure drop

@ Column pressure drop 0,52

e Top/bottom pressure & pressure drop
e Pressureprofile

e Section pressuredrop

-

bar

bar
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RADFRAC COLUMN - CONDENSER

Specifing condenser parameters

& Configuration | & Streams | & Pressure | & Condenser |(’3Rebmler -Phase | Comments
Condenser specification
i fract I L',_:I:

Subcooling specification
Subcooled temperature v 33,7 C l
@ Both reflux and liquid distillate are subcooled

Only reflux is subcooled

Utility specification

Utility -

e In case of choosing Partial-Vapor condenser type in configuration tab, only
subcooled temperature or degrees of subcooling can be specified
e In case on Partial-Vapor-Liquid condenser, temperature or vapor fraction

need to be defined along with subcooling parameters
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RADFRAC COLUMN - CONDENSER

Specifing reboiler parameters

Thermosiphon reboiler options

— e Incaseofchoosing
- Kettle Rebolier;
Flow rate Qutlet condition there’s nO parameter
Maole krmolhir Temperature
to be specified

Optional ° In case of
Reboiler outlet pressure barg

eturn feed convention Above-Stage thermosiphon
Utility -

reboiler, flowrate

L . and/or outlet
h _{ “ condition can be

defined

Reboiler configurations

NT-1

¢l
-1 QR
H \

thout baffle Circulation with baffle Circulation with auxiliary baffle

F
-
—

A
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RADFRAC COLUMN - RESULTS

After defining column specification simulation can run -> results

CcoL106

@] Input..
=
)

Results...

. % Move Selection...

Deactivate

Cost

$ Cut

<a Copy
Rename Block
Rotate lcon
Exchange Icon

Hide

Stream Results...

Change Section...

r
L

Basis Mass b

Condenser / Top stage performance

MName
Temperature
Subcooled temperature
Heat duty
Subcooled duty
* Distillate rate
Reflux rate
Reflux ratio
Free water distillate rate
Free water reflux ratio

Distillate to feed ratio

Reboiler / Bottom stage performance

Name

Temperature
»  Heat duty
Bottoms rate
Boilup rate
Boilup ratio

Bottoms to feed ratio

Value Units

-0,739834 Glfhr
-0.241306 Glfhr
3868 kg/hr
259125  kg/hr
0,66992

Value Units

103823 C
331037 GJ/hr
7833 kg/hr
14364 kg/hr

1,83378
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RADFRAC COLUMN - STREAM RESULTS

Connected stream properties and compositions

COL106 =

@l

-
-4

e o}

Input...

Results...

Stream Results...

Change Section...

Move Selection...

Deactivate

Cost

Cut

Copy
Rename Block
Rotate Icon
Exchange Icon

Hide

Units

Description

From

To

Stream Class

Maximum Relative Error

Cost Flow $/sec
= MIXED Substream
Phase
Temperature [
Pressure barg
Molar Vapor Fraction
Molar Liquid Fraction
Molar Solid Fraction
Mass Vapor Fraction
Mass Liquid Fraction
Mass Solid Fraction
Molar Enthalpy Jfkemol
Mass Enthalpy J/kg
Molar Entropy Jfkmol-K
Mass Entropy J/kg-K
Molar Density kmiel/cum
Mass Density kg/cum
Enthalpy Flow Watt
Average MW
Mole Flows kmol/hr
Mole Fractions

Mass Flows kg/hr

+ + + +

Mass Fractions

Volume Flow cum/hr

TO-COL -

BS
CcoL106
CONVEN

Liguid Phase
53,1641
35

1
0
-1,27326e+08
-2,57285e+06
-350366
-7261,63
9,69643
479,36
-8,36248e+06
49,4883
236,44

11701

24,3842

» MOL GROUP

106-REF

CoL106

CONVEN

Liquid Phase

337
2237

0

1

0

0

1

0
-1,2644e+08
-2,67562e+06
-353306
-7476,35
10,5496
498,539
-1,92580e +06
47,2564
54,8338

2591,25

5,19769




RADFRAC COLUMN - DESIGN SPECIFICATIONS

Distillation parameters (product qualities, component recoveries..etc) can be

defined by design specifications (can be found on item list)

4 [§ Blocks
L@ B2
L§ BS
4 g COL106
4 U@ Specifications
@) Setup
:..ﬂ Specification Summary
& Design Specifications sl
& Vary
@] Efficiencies
Q Properties
‘@) Reactions
@] Block Options
@] User Subroutines
& Configuration
. Column Internals
& Rate-Based Modeling
4 Analysis

& Convergence

MNew

Description is defined by user Specification type

Description  C3 bottom recovery
Design specification

Edit — Type Mass recovery -

Specification

Target 0,65

Specified value

» MOL GROUP



RADFRAC COLUMN - DESIGN SPECIFICATIONS

Available components Selected components

HYDRO-01 PROPA-01
METHA-01 PROPY-01

ETHAMN-01 Product streams

ETHYL-01 106VAP 106BTM
ISOBU-01

N-BUT-01
ISOBU-02

1-BUT-01

CI5-2-01 —

TRANS-01

2-MET-01

N-PEN-01 I.
N-HEX-01

CARBO-01
CARBO-02
NITRO-01

OXYGE-01

HYDRO-02
WATER

g

<

=

Choosing streams for specifications

Choosing components for specifications

» MOL GROUP




RADFRAC COLUMN - DESIGN SPECIFICATIONS

Vary - selecting adjusted variables in order to meet the specified target values

Adjusted variable
Type

Upper and lower bounds
Lower bound

Upper bound

Optional

Maximum step size

Description  Vapor flowrate

Distillate rate

200 |
5000

S

User defined description

Active

<

i Adjusted variable type

Bounds where the variable will
be adjusted

After definition, both design specification and vary have to be set active
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RADFRAC COLUMN - PSEUDO STREAMS

Internal streams from column, which are not presentedin mass balance but

can be used for modeling excercises

Specification of pseudo streams: create a material stream in the simulation

flowsheet by choosingthe lower blue arrow on the column

1M2VAPOR

CoLn
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RADFRAC COLUMN - PSEUDO STREAMS

Go to streams page inside the column block

Pseudo streams

Mame Pseudo Stream Stage Internal Phase Reboiler Phase Rebaoiler Pumparound = Pumparound Flow
Type Conditions (8] Conditions
» Internal 2 Vapor hd Outlet Outlet

Liquid from Stage 2 (column’s top stage) is specified, so after running

simulation we have the column’s overhead vapor as a pseudo stream

Units

kmol/hr

» MOL GROUP




MODELING COLUMN’S OVERHEAD VAPOR SECTION

Buliding cooler heat exchanger and reflux drum in the column’s overhead vapor

section

Creating simple heat exchanger for overhead cooling

Mixers/Splitters Separators Exchangers Columns

=

Heater HeatX

B2
..... EI'/ G

» MOL GROUP
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CASE STUDY

Dependent varible analysis as a function of an independent variable

Case study creation:

_& Convergence
_& Flowsheeting Options
4 ¥ Model Analysis Tools
d sensitivity
 Optimization
 Constraint
. Data Fit
& EO Configuration
& Besults Summary
_& Dynamic Configuration
. Plant Data
—d Al

MNew

@' Create Mew D

Enter ID:
CASET]

ok || Cancel

» MOL GROUP




CASE STUDY

Definition of independent (manipulated variable) - reflux rate of Column 106

| @ Vary l@Deflne | @ Tabulate lOptlons | Cases | Fortran | Declarations |Comments

v Active Case study

~ | Manipulated variables (drag and drop variables from form to the grid below)

Vanable Active Manipulated vanable Units
1 v Block-Var Block=COL106 Variable=STDVOL-L1 Sent... cum/hr
New : Sepd to Aspen Multi-Case ‘

~ | Edit selected variable

Manipulated variable Manipulated variable limits

Variable 1 < @ Equidistant Logarithmic List of values
Type Block-Var - Start point 2

Block: COL106 - End point 30 |

Variable: STDVOL-L1 - A Number of points 29§

Sentence: COL-SPECS Q@ Increment 1

Units: cum/hr -

v ' Report labels
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CASE STUDY

Definition of dependent variable- ethane mass fraction of Column 106 bottom

& Vary | & Define | & Tabulate | Options | Cases | Fortran | Declarations ]Cumments
# | 5ampled variables (drag and drop variables from form to the grid below)

Variable Definition

F PROPAMNE Mass-Frac Stream=1060H Substream=MIXED Component=PROPA-01

Mew Delete Copy

# | Edit selected variable

Variable & PROPANE - Reference
Category Type Mass-Frac -
Stream: 1060H -
All
Substream: MIXED -
Blocks Component: PROPA-D1 -
@ Streams
Model Utility
Property Parameters
Reactions

View Variables
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CASE STUDY

Tabulate - fill variables

| @ Vary | 2 Define [ & Tabulate lehons Cases | Fortran | Declaration

Fill Variables | | Table Format

Column Mo, Tabulated variable or expression

1 PROPANE
2 PROPYLEN

Before running case study, make sure that RadFrac column’s design

specifications can be satisfied
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CASE STUDY RESULTS

Checking case study results after running simulation

4 L& Model Analysis Tools

4 L% Sensitivity

4 [B® CASE —

@] Input

_m Results

Row/Case

10
11
12
13
14
15
16
17

18

oK
oK
OK
oK
oK
oK
OK
oK
oK
oK
OK
oK
oK
oK
oK
oK
oK
oK

VARY 1
COL106
COL-SPEC
STDVOL-L
1
CUM/HR

Status Description

10
11
12
13
14
15
16
17
18
19

» MOL GROUP

PROPANE

0,530119

0,56887
0,617286
0,673925
0,734207
0,788689
0822182
0,836873
0844289
0,848974
0852387
0,855083
0,857314
0859216
0,860869
0862327
0,863627
0.864796




PROPAMNE

CASE STUDY RESULTS

088
0,86
0,84
082
0,80
078

076

074

Casestudyplots — 4]

Custom

CASE1 - Results Summary

VARY 1COL106 COL-5PEC STOVOL-L1

& PROPANE
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