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Process Simulation
Using Aspen HYSYS V8

Experience the New Aspen HYSYS'.

The best process simulation software
is now easier to use and faster to
learn than ever!
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Aspen HYSYS is a comprehensive process
modeling system used by the world's
leading oil & gas producers, refineries,
and engineering companies to optimize
process design and operations.

Why Aspen HYSYS?
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Aspen HYSYS is a market-leading process modeling tool for conceptual
design, optimization, business planning, asset management, and
performance monitoring for oil & gas production, gas processing,
petroleum refining, and air separation industries. Aspen HYSYS is a core

element of AspenTech’s aspenONE™ Process Engineering applications.

Obijectives

* Learn to build, navigate and optimize process simulations using Aspen
HYSYS

* Learn the efficient use of different HYSY'S functions to build steady

state process simulations

Who Should Attend

* New engineering graduates/technologists who will be using Aspen
HYSYS in their daily work

* Process engineers doing process design and optimization projects and
studies

* Plant engineers checking plant performance under different operating
conditions

* R&D engineers and researchers using Aspen HYSYS for process

synthesis

Prerequisites

* A background in chemical engineering or industrial chemistry
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Content:

v' Getting Started

v" Propane Refrigeration Loop

v Refrigerated Gas Plant

v Oil Characterization

v Pre-Heat Train

v Atmospheric Towers & Side operations
v Gas Gathering

v' Optimization

v" NGL Fractionation Train

v" Qil Stabilization Optimization
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| Getting Started

Experience the New Aspen HYSYS'".

The best process simulation software
is now easier to use and faster to
learn than ever!

Aspen HYSYS is a comprehensive process
modeling system used by the world's
leading oil & gas producers, refineries,
and engineering companies to optimize
process design and operations.
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Workshop

The Getting Started module introduces you to some of the basic concepts
necessary for creating simulations in HYSYS. You will use

HYSYS to define three gas streams to be used as feeds to a gas plant. In
addition, you will learn how to determine properties of these streams by

using the Phase Envelope and the Property Table utilities.

Learning Objectives

* Define a fluid package (property package, components, hypotheticals).
* Add streams.

* Understand flash calculations.

* Attach stream utilities.

* Customize the Workbook.

Example:
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We have a stream containing 15% ethane, 20% propane, 60% i-butane

and 5% n-butane at 50°F and atmospheric pressure, and a flow rate of

100lbmole/hr. This stream is to be compressed to 50 psia and then

cooled to 32°F. The resulting vapor and liquid are to be separated as

the two product streams. Neglect the pressure drop inside the

condenser.

e Fluid pkg: Peng Robinson

* What are the flow rates and molar compositions of two product

streams?

Component

Vapor

Liquid

Ethane

Propane

I-Butane

N-Butane

Total Flow rate

* Create a case study to see the effect of changing temperature of

the cooler out stream on the molar flow of the liquid product

stream, and write your comment.
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To start the program, From Start Menu, Select All Programs >>

Aspen Tech >> Process Modeling V8.x >>>> Aspen HYSYS >>

Aspen HYSYS

aspen

Aspen HYSYS
V8.0

© 2012 Aspen Technology, Inc. AspenTecn, 35penONE™, and e Aspen k23f o0

aspen

e YIIIMINS O MEQISIEEd TIIEMANS OF ASpan TEchnoiogy, Inc. Al rgms resarved.

Customizi

X H
e |

8 O W @& g *-oF

Get Started o @

What's Ribbon | Examples | Conceptual Design | Exchange Search Aspen HYSYS

New  Mapping Builder ‘ LinkedIn Group | b
Get up to Speed | ‘ | Ask the Community| Support ‘ Help_‘
_ StartPage < |+ =
{.’i g
aspen Aspen HYSYS V8.0
3 New... Product News | My News [
(& Open File... .
Lo meiiinn Tips and Tricks: How to View Preferences in Aspen HYSYS V8.0 (February 15, 2013) =
I Recent Cases ge;v-v-hé’rgtc locate preferences in the new Aspen HYSYS V8.0 user interface,
Ciisa Weibso Chitiyevnribirr Don't Miss It Register Now for OPTIMIZE 2013 -- (February 13, 2013)
| Get § 0 ﬁa;é -)fgd}egistered for the OPTIMIZE 2013 AspenTech Global Conference yet? If not,
et Start click on the link to find out who's already signed up and review all the sessions and
€8 What's New speakers. New this year -- build your own customized agenda!
\ Search Tips and Tricks: Convert an Aspen HYSYS Case to an Aspen HYSYS Petroleum Refining
&3 Animated Tutorials C‘a.s_e‘!ffebrgany 11, 2013)
&% Training Watch this viewlet to learn how to convert an existing Aspen HYSYS Case to an Aspen

€7} Documentation
£ Support Center

HYSYS Petroleum Refining V8.0 case.

Tips and Tricks: Free Training Modules on Getting Started with Energy Analysis in Aspen =
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1- First, Start a new case

Caze

T > Azpen HYSYS
A Cpen » ; Template [ ML
— o New (Ctrl « N felp
. :i' Colusin Creste a new case >
By |
My Reformer
; i u’._ Hydrocracker
, ¢ i ences in Aspen HYSYS VB0 (February 15, 2017)
s '_}p CaCracker
' ﬂ Expoet ' \_' the new Aspen HYSYS VB0 user interface,
_&'ZI Petroleum Distillation TIMIZE X023 - {February 13, 20113)
A it Mansger £ 2013 AspenTech Global Conference yet? I
— 0's already signed up and revew a the sessions
- picd your own customized agendal
=y Funl - HYSYS Case to an Aspen HYSYS Petroleurn Refiming =
=) Prnt Sety, = e —
ey - =51
]
About |
Oations © Exit o e @
2- Add the Components
ENEE Untitled - Aspen HYSYS VB0 - aspenONE (=E] =™
W |17 e Untled - Aspen HYSYS VB0 -35penONE L e B
Home  View  Customize  GetStarted s @
% Cut 2 [ Map Components ‘E 3 2 @ @
E3Copy~ (7 Update Properties
: Navigate Petroleum | Hypotheticals | Oil Aspen PVT Laboratory
(18, Paste Z ' Assays % = ‘ Properties | Measurements
~ Clipboard Components Refining Options PVT Data
Properties < “Start Page - Component Lists « | + b <
Ail items v § =
List Name Source
Component Lists
[ Fluid Packages
[ Petroleum Assays
[& Oil Manager
[C& Reactions
@ Component Maps 2
[C& User Properties 2
et (T )
E— W
_ Properties
[ Import | 'l ‘ Export.. ‘ =
[ Simulation -
‘| n | »
‘9 % Y Messages v 3 %
. || Required Info : Fluid Packages -- S
‘ I ’
0% © I ®
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3- Choose the system components from the databank:

larmoe Get Stacted
Seart Page Compooent List - 1

Select

Source Databank HYSYS Pure (amponeaty Fiker AS familes
Cempenent Type Group Sesrch for; Search by: Fall Name/Synuoyen
Simuletion Name Full Mame | Synooym Formuls
Methane a o
< Aad
Etmane C oo
Propane a =
+Butane -4 (€11
fieplace n-Butane wCa caHl
~Pentane e ] CSHl 5
n-Pentane n~C5 (€115
o Heane 1 CoHR
n-Heptane (o] Hl
n-Octane (e ] [« 134
n-Monane ) MG
m-Oecane 10 Clomg
n-C1i a1 QM
n-C12 (=5} C1H3
s
L
Component Type Group Search for:
Methane Pure Component
Propane Pure Component 2 Simulation Name
Ethane Pure Component 1
i < Add
- | n-Butane
i-Pentane
n-Pentane
Replace n-Hexane
n-Heptane
n-Octane
n-Decane
n-c11
n-c12
n-c13
n-c14
n-C15

Now, select the suitable fluid package

When you have established a component list, you combine the component

list with a property package. The property package is a collection of

methods for calculating the properties of the selected components. The

|
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combination of the component list and the property package, along with

other simulation settings, is called the fluid package.

| H a5 Untitled - Aspen HYSYS V8.0 - aspenONE = >
Home View Customize Get Started v
Properties ¢ _ StartPage Fluid Packages - | + >
All Items X =)l
Fluid Package Component List Property Packac| |

4[5 Component Lists

& Component List - 1 |
["o Fluid Packages ] q'
% Petroleum Assays

[ Oil Manager

m

[[% Reactions
% Component Maps
[@ User Properties

e (N |
das [, =
=, Simulation %’J Add ] [—T— v

| 3

‘(“/’EEESQEZ v 3 x

- ‘ Required Info : Fluid Packages -- Seles
< | " J »

100% @ L) ®

The built-in  property packages in HYSYS provide accurate
thermodynamic, physical and transport property predictions for

hydrocarbon, non-hydrocarbon, petrochemical and chemical fluids.

The database consists of an excess of 1500 components and over 16000
fitted binary coefficients. If a library component cannot be found within the
database, a comprehensive selection of estimation methods is available for

creating fully defined hypothetical components.

There are about 33 property packages inside HYSYS database; the question
now is HOW TO SELECT THE SUITABLE FLUID PACKAGE?

We can select the suitable one by specifying:

1- Process / Application type
2- Temperature and Pressure Range

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com
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x.

Yes

<II gases, or nonpolar? >

lNo

v
< Electrolytes? > et

lNo

Any gases (e.g. NH3, No BIPs all known?>¥e
CO2)? or P>10bars?
No

Try Peng-Robinson,
SRK, APL

Ity NRTL, Pitzer, or Bro-
mley, whichever has all
BIP’s.

Try NRTL, UNIQUAC,
FH, Wilson, or Van Laar,
whichever has all BIPs.

Y
2 Try UNIFAC. If possible,
estimate BIP’s for missing
components only.
. Yecs
< Any polymers? > >| Try SAFT, ESD.
No
\ Yes
P < 10 bars? Try Henry’s Law.
No
Try ESD, SAFT, MHV2,

Wong-Sandler.
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Type of System

TEG Dehydration

Recommended Property Method

PR

' Sour Water

PR. Sour PR

. Cryogenic Gas Processing PR. PRSV
. Air Separation PR, PRSV
| Atm. Crude Towers PR, PR Options, GS
Vacuum Towers PR. PR Options, GS (<10 mmHg). Braun K10,
Esso K
. Ethylene Towers Lee Kesler Plocker
High H, Systems PR. ZJ or GS

| Reservoir Systems

Steam Package, CS or GS

Hydrate Inhibition PR

| Chemical Systems
HF Alkylation

| Activity Models, PRSV
PRSV. NRTL

TEG Dehydration with
Aromatics

PR

Hydrocarbon systems where
H,O solubility m HC 1s
important

Kabadi Danner

Systems with select gases and

light HC

MBWR

ASPEN HYSYS contains an assistant tool to help you in the selection f
the suitable FP, called Methods Assistant:

By: Eng. Ahmed Deyab Fares
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_ <No Document> - Aspen HYSYS V8.0 - aspenONE

&% Cut H_] i " Methods Assistant ‘ﬁ)@ Map Components lC) % 2 o
E3Copy~ . - Fl—i Ip Reactions "% Update Properties otk ¢
omponent ui etroleum | Hypotheticals | Ol As|
33, Paste i Lists Packages -Q User Properties Assays = 4 ~ | Prop
Clipboard | Navigate nents | Refining & | \ ‘ Opt
Properties ¢ SttPage ' FluidPackages = +
All Ttems x - :
;[3_ Eomponesit [its B Fluid Package Compeonent List Property Packac

«

25 Fluid Packages

-

% Detralaiim Aceave

s Nimed Deyan Fares

3

‘|

D{g Simulation Messages

Q Required Info : Fluid Packages -- Select proper AR b sy St
3 . v

‘. Energy Analysis Requgred Info :Components--Empty compor|| § 4 g]regdy ex?stg ¥hg 1 19 cr
Required Info : Master Component List -- Emp|| \Common Files\Hyprotech\COMThermo'
- l | 1.0v.xml will be ignored.

‘ n ’

100% &

In this case, select Peng-Robinson

ﬁ | H -y t" | Untltled Aspen HYSYSV80 aspenONE |‘:’—'E]_'i
- - e M
Home View Customize Get Started 7]
Properties < Srt?rfpage - Basis-1 - [+ 7
Alltems = Set Up | Binary Coeffs l StabTest l Phase Order I Tabular I Notes l -
4 [ZZ Component Lists - )
£& Component List - 1 Package Type: HYSYS Component List £
4 |5 Fluid Packages
|3 Basis-1 | -Property Package Selection - Options =
& Petrol A — Enthal P
.@ ? eI Lee-Kesler-Plocker A il ;
[_Ta Oil M'anager Margules Density
[ Reactions ngws'i Modify Tc, Pc for H2, He Mo
C t eam | 4
B8 Componen 'Maps NRTL Indexed Viscosity
[C& User Properties
— Peng-Reobinson Options
EOS Solution Methods Cubic EC
TL 3 e
s Properties ] Phase Identification
’ ’ Surface Tension Method
D{gs‘mm Tharmaal Candiotiibe A
‘| m | ’
‘9 fnevgy Y Messages v I X
100% © [] @

|
By: Eng. Ahmed Deyab Fares - http://www.adeyab.com

Mobile: 002-01227549943 - Email: eng.a.deab@gmail.com —



Process Simulation using HYSYS V& m E’i%‘men Deyah Fares

Now you can start drawing the flow sheet for the process by clicking the

Simulation button:

.

S0t || Saemme g Untitied - Aspen HYSYSVE.0 - aspenON( X] palette

Home Economics Dynamics View Customize 4! x A7)
Simulation < Start Page - ' Flowsheet Main « | + [EE’ -
All Items \: A Ros -

ni
& Workbook = Pt _"9
(& UnitOps Custom Dynamics
[[@ Streams Common
[ Stream Analysis 5
[C& Equipment Design - ? g' i
& Model Analysis = =
[[% Data Tables " % : 'g')
[@ Strip Charts —
= Yok
[C% Case Studies | L_q B »&1-»
[Cg Data Fits | E
b L g
W (= m— | G
- PAETE =]
= 3 v I %
B o L U

Solver (Main) - Ready e P (]

Now add a material stream to define the composition and the conditions

of the feed stream

|
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From the palette:

ol | K 9 L8 | CASE2.HSC - Aspen Hvsvsﬁ.o-aspeno
Home Economics Dynamics View Customize GetSta

O Zoom -} Zoom to Fit ) 2h 2R | Mes
Quen  Bzenen of R O S
® ZoomIn =] Page Width : - .| Stari
_ Flowsheet | Model Notes =
(2 Zoom Out | Palette | Manager % Plan
Zoom } Show ; |
Shenilation < _ Flowsheet Main « | Case Study1 g
All temns -
£& Workbook E=l
b £@ UnitOps
I [Cg Streams
I:_B Stream Analysis = Double Click
&% Equipment Design

L& Model Analysis
[[& Data Tables
[C& Strip Charts

o Fn

A -
[

~

-r

& Properties

aw%%%;mm

] Simulation

Matenal Stream: 1

Worksheet | Attachments I Dynamics |

as Feed
Petroleurn Assay
K Value

User Variables
MNotes

Cost Parameters
Mormalized Yields

Mole Fractions

0.1500
0.2000
0.6000
0.0500

Total 1

00000

Edit...

]

[ WView Properties... ]

[

| Unknown Temperature

Delete

Define from Other Stream...

- http://www.adeyab.com
- Email: eng.a.deab@gmail.com
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Material Stream: 1

Worksheet | Attachments I Cynamics |

Worksheet

Conditions
Properties
Compaosition

Qil & Gas Feed
Petroleum Assay
K Value

User Variables
Motes

Cost Parameters
Mormalized Yields

Stream MName

Vapour / Phase Fraction
Temperature [C]

Pressure [kPa)

Melar Flow [kgmole/h]

Mass Flow [kg/h]

Std Ideal Lig Vol Flow [m3/h]
Molar Enthalpy [k)kgmale]
Melar Entropy [k)/kgmaole-C]
Heat Flow [kJ/h]

Lig Vol Flow @5td Cond [m3/h]
Fluid Package

Utility Type

4.406
-1.220e+005
168.8
-5.533e+006
4.308
Basis-1

n

~Categories

" Al Unit Ops
" Vessels

IpING £ quIpMen
Solids Handling
Reactors

Prebuilt Columns
Short Cut Columns
Sub-Flowsheets
Loagicals
Extensions

User Ops

TEE R EELE N EE $

Refinery Ops

{* Rotating Equipmen

Electrolyte Equipment

By: Eng. Ahmed Deyab Fares
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Name IKJ 0o

Connections Inlet
Parameters |1 (1 ) :J .
. Fluid Package
ok {Basis-1 |
User Variables
Mates
Energy .

Performance J Dynamics

Unknown Duty I lgnored

Worksheet | |MName . : 2 I - |
| [Vepowr : <empty>
Conditions '_,Tsmeg{ét_'»!@.lﬁl .00 ] <emply>
Properties Pressue(kPa] | 1013
= Molar Flow [kamole/h] 4536
Eomeesgen Mass Flow [ka/h] 2 2318
Molar Enthalpy [ki/kgmole] | 1.220e+005 | cempty> | |'"
| Malar Entropy [k /kgmole-C] 1688 <emphy: mg[%[znl
Heat Flow [kd/h] -5.533e+006 <empty> inHal60F

i Design lRating Worksheet l Performance ] Dynamics |

Delete l | Unknawn Duty ™ lanored

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com
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: Worksheet
Conditions
Properties
Composition
FF Specs

Hame N ——1 a
" |Vapour 1.0000 1.0000 <empty>
Temperature [C] 10, DO ' q | <emply>
Pressure [kPa] 101.3 ' <empty>
Molar Flow [kgmole/h] 45.36 | 45367 <emply>
Mass Flow [kg/h] 2318 | 2318 <emply>
Lighol Flow [m3/h] | 4406 4.406 <empty>
Molar Enthalpy [kJ!kgmoIe] -1. 2_20e+005 i _1$Ue+005 <empty>
Molar Entropy [kd/kgmoleC] | 1688 1718 <emply>
Heat Flow [k,.l.-"h] 5.533e+006 | -5.354e+IJUB“ 1.783e+005

" Design IHating Worksheet l Performance J Dynamics |

- UnitOps - Case (Main)

~LCategories
Al Unit Ops

atating Equipmen
Piping E quipment
Solids Handling
Reactors
Prebuilt Columns
Short Cut Columns
Sub-Flowsheets
Logicals
Estensions
User Ops
Electrolyte Equipment
Refinery Ops

~
~
~
~
~
~
~
~
~
~
~

—1 ~Ayailable Unit Dperations

1

Heat Exchanger
Heater
LNG

By: Eng. Ahmed Deyab Fares
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Design ‘ Name |E'1 oo

Connections

Parameters' 4 ’ \ Inlet Energy
User Variables ‘ @ _'_] I g2 @j

Notes
‘ P QOutlet 2
3
Fluid Package I O ':J
l Basis-1 LJ

~—

Design | Rating J Worksheet J Performance J Dynamics

Delete | I Unknown Delta P [~ lgnored

Design pressure drop inside
Comestions the condenser = 0
 Parameters Delta P Duty
User Variables IO.UUDU,kPa ( l ; I
Notes —

Performance ] Dynamics |

Delete | I Unknawn Duty [~ lgnored

| Rating

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com 19
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~ Worksheet  |Mampe :
| |Vapour 1.0000

Conditions Temperature [C] ] 5759832

 Properties Pressure [kPa] AT AT

| o Molar Flow [kgmole/h] 4536

 Composition Mass_ flpyg [kgfh] = 2318 2318

 PF Specs Std Ideal Liq Vol Flow [m3/h] 4.406 —
Molar Enthalpy [ki/kamole] | -1.180e+005 emply>  <emply>
Molar Entropy [ki/kgmoleC] | 1718 <emply> | <emply>
| Heat Flow [k /h] | 5.354e+006 <emply> | <emply>

Delete

= '
Design |Rating Worksheet

Performance ] Dynamics

|

Unknown Duty

[~ lanored

~

TR R KK KB B E K E CE

~LCategories

All Unit Ops

Vessels

Heat Transfer Equipment
Ratating Equipment
Piping E quipment
Solids Handling
Reactors

Prebuilt Colurmns
Short Cut Columns
Sub-Flowsheets
Logicals

Extensions

User Ops

Electrolyte Equipment
Refinery Ops

1 ~dyvailable Unit Operations

3 Phase Separator

Cont. Stirred Tank Reactor
Conversion Reactor

E quilibrium Reactor
Gibbs Reactor
Separator

Tank

| Add

Cancel

By: Eng. Ahmed Deyab Fares
Mobile: 002-01227549943

- http://www.adeyab.com
- Email: eng.a.deab@gmail.com



ng

Process Simulation using HYSYS V& m Ahmed Deyah Fares

e

_ Design Mame [V-100
Connections Inlets N — o
e
Parameters i <@"$f I_;aazzt:r ul 2 -
Iser Variables - PETOTOIO0T < )
Notes
Yo
I
- —1-
Eneray [Optional) 1 §
| =l
I ool
Fluid Package Liquid Outlet
Bavsr = W—@j
1l . p— ——— e
Design l Reactions ]Flaling J Worksheet ] Dynamics
Detc | | | [ovored

vap

——— V-100

liq

Now you can view the results by double clicking on the separator, in
the worksheet tab:

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com 21
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Separator: V-100

| Design | Reactions | Rating Dynamics
Worksheet B 3
Conditions Ethane 0.1500

ane 0.2000
2
T tane 0.6000

n-Butane 0.0500

m

Delete

I [

Save Your Casel

|
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Mobile: 002-01227549943 - Email: eng.a.deab@gmail.com



Process Simulation using HYSYS V8

Case Study

We need to study the effect of changing the Temperature of the
cooler out stream (stream no 3) on the flow rate of the liquid
product stream.

Use range: from -30 to 30 °C with step size =5 °C

To create a case study in HYSYS you can simply click on Case
Studies button on the Home menu:

I4| Click Here [\ F

Eng
m Ahmed Deyab Fares

CASE2.HSC - Aspen HYSYS V8.0 - Zﬁi lowsheet:
Dynamics View Customiz Started Flowsheet/Modify

.
» Economics
\

NewUserb - ¥ | Active 4 A _Q_:“_ 2 Stream Analysis >
4 Unit Sets % ] On Hold e - ¥ #7 Data Fits =xEquipment Design~ L |
= Summaries | Activate e - :
h “ Analysis [~ Optimizer  [¥Model Analysis ~
Units w | Solver T . Analysis
ation ¢ _ StartPage = ' FlowsheetMain = |+
ms X
Workbook k=l
=
UnitOps 1 E;E 24
Streamc Y K100
'roperties
= | L
o =
- . |
{Main) - Ready 50% @ L |
%  NewUser§ v @ @ Active| A ., 24 (< Case Studies Z'Stream Analysis~ < Depressuring
23~ &= Unit Sets % | 7 On Hold _ A"%’!t- y % Data Fits iExEquipment Design ™ 14, Flare System
@3- | ;@ Sumrfarles Ai\;‘xsies [\_C Optimizer LgModel Analysis™
Clip... Units S.. % | Solver g | Analysis
> Start Page Flowsheet Main
I Case Study Name Status

Navigation Pane

H

Bl

=
Ty ¢

|
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Home Economics Dynamics View Customize Get Started A7)
> Start Page - | Flowsheet Main -~ ' Case Study1 -« |+ v
esults | Plots | Failed States | -

| Object Variable ]

Navigation Pane
m

Click Here

D{g |

State Input Type I Nested v| [T Reset after Run
'S
2 Number of States [T Sten Newemnard )
< n | »
Solver (Main) - Ready 100% © U ®

Add the two variables:

'
ﬁ] Variable Navigator - — - ‘= @ %
Flowsheet Object Variable Varniable Specifics :
Case (Main) ‘1 ‘ Specific Gravity rel Air ~ * i
ftd Gas Flow .
a | Wbtd Ideal Lig Mass Density
-I00 Ktd Ideal Lig Vol Flow -Object Filter ——
FeederBlock_1 Std Lig Vol Flow Spec Al
K-100 Steady State Specs ”
lig Stock Tank Denstty © Streams
ProductBlock lig ) UnitOps
ProductBlock E
i uctBlock_vap © Logicas
Navigator Scope V-100 Total Component quuxd v () ColumnOps

vap Total Component Mass Flc € Custom

© Flowsheet wl Total Component Mole Flc )

) Case Total GOR il Custom..

. Total Liquid Volume Frach

- Basis Total Mass Fractions 1

() Utility L T »

v
‘ [l | »
- J

|
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’ T T
4] Variable Navigator . = B X
Flowsheet Object Variable Variable Specifics £
Case (Main) 1 Master Comp Molar Flow * ]
2 Master Comp Mole Frac @ “
3 Master Comp Volume Floy
E-100 Master Comp Volume Frac ~Object Filter ——
FeederBlock_1 Molar Density @ Al
5 Molar Enthalpy
() Streams
TOGUCIBIOCK 11q 2 ) UnitOps
ProductBlock_vap v D - P E
ql Molar Volume > i
Navigator Scope V-100 Moleculqr Weight . () ColumnOps
X vap Normalized Yields (Fractio &) Custom
@ Flowsheet wl Normalized Yields (Mixed) )
3 Normalized Yields (Percen
) Case Custom..
o Partial Pressure CO2 L———-—————‘
) Basis Petroleum Assay Type ————
) Utility «| In | » - L
4 Close

,
|

Specify the range of the study:

= - - W oA »
H o ‘_l.-‘g il flash sep.hsc - Aspen HYSYS V8.0 - aspenONE =

I Home Economics Dynamics View Customize Get Started
Start Page - | Flowsheet Main - ‘CnseSt_uayl w |+
Setup | Results | Plots | Failed States |

Object Variable Independent Include
3 Temperature Yes 2
liq Molar Flow Ne v
Add | | Remove | | Eat |
State Input Type | Nested v‘ [7] Reset after Run
Number of States 13 [7] Step Downward
Independent Variable Low Bound High Bound Step Size
3 - Temperature| -30.00 30.00 5.000 §f

= 1 eeeeeess—

sin) - Ready 100% © (]

Click run, and then you can view results from the Results tab
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Dynamice View Get Stanted AR
tMain - Case Study1 -+ 24

Variable Independent Incude
3 Ternperature Yeu =2
g Molar Flow No ~
i
g Add Remove | Edi
State Input Type Nested v Reset after Run
Number of States 13 Step Downwad
Independent '4’n;|nble Low ﬁwM High ilound ilep Size
3 - Temperature -30.00 30.00 5.000
a0
x|
I
6
=
]
Soheer (Main) - Ruady 100% & *

Homw Fconomict Dynamics View Ger Staned A
> Start Page Howsheet Main MSM s+ v
Setup  Results | Plots | Failed States

Tabbe n Results Plot (2l seve Resuhs to File

3 « Temperatuen g ~ Molar Flow
3 fgmale/n]

State

State 1 -30 4536

Navigation Fane
£
s
&
&

State 5 -10 4307
State 6 5 3933 =
State 7 0 AN
State 8 5 827
State 8 19 1803
State 10 15 0
= State 11 20 0
4| State 12 25 0
’, State 13 30 0
o
me |
i . - wl 2
Soheer (Main) - Ruady 1008 & )

|
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Click Results Plot to view graph

(T ‘ =
- ——— e CEEEREE L
Case Study 1 B
50.00 -
= lig - Molar Flow
45,00 = =l A
40.00 J\_
' - \
i § 35.00 ] \
| % 30.00 x
i S - \K
3 2500 =
| . d
5 \
| 2w N :
o] i
N 2 5w v
I 1 3 - Temperature; (C) =217
| 10.00 liq = Molar Flow (kgmole/h) = 18.22
\ 5.000
| i \ . .
0.000 T T T T T - T _<J
-30.00 20.00 -10.00 0.000 10.00 20.00 30.00
3 - Temperature (C) v
Comment:

As we see, when the temperature increases the liquid flow rate
decrease, the liquid start to decrease @ -15 °C, and @ 15 °C there will be
no liquid product and all the product will be vapor.

This is a simple case; you can create your own case study with the same
steps.
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You can change the scale of axis & the curve color by right click on the

plot area and click graph control:

ﬁ] w— =_—_‘ W — =D
Case Study 1 0
50.00 - -
= lig- MIar Flow
4500 = 1
i 40.00 ;
I - \
— 3500 -
5 ] Right Click ’\
2 som N
| - ‘
3 200 ' =
W - | Graph Control...
3]
© 2000
| 2. J Reset zoom
| 2 1500 Scooters 3
' -
\ 10.00 Copy »
| 5.000 Print Plot \
| 0.000 r r Print Setup - - - ]
-30.00 20.00 -10.00 0.000 10.00 20.00 3000
i 3 - Temperature (C) v
‘I‘_

ﬁ] Graph Control

|

Data

Axes l Title I Legend I Plot Area l

Vliq - Molar Flow

Type: Line |
Name lig - Molar Flow

gee: I

Symbol ’Square v’ ] Visible
Line Style ’Solid -] [¥] Visible
Thickness 0.0000

[¥| Show in Legend

<

n

] »

m

l

|

|
G
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You can also print this plot from the same menu:

Case Study 1 I
50.00 -
- lig- Mi:ar Flow
4500 =} =
40.00
L . \
— 3500 -
B Right Click \
" % 30.00 -
il € - \N\
3 2500 : — =
i o il Graph Control...
3]
© 2000
| E‘ 1 Reset zoom
| £ 1500 Scooters »
. 4
\ 10.00 Copy R
| s > [\
\ amn y | . l% Print Setup —r - rt ]
-30.00 -20.00 -10.00 0.000 10.00 20.00 3000 -
3 - Temperature (C) - !l

Save Your Case!
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| Refrigerated Gas Plant

Experience the New Aspen HYSYS'".

The best process simulation software
is now easier to use and faster to o e o
learn than ever! e e

Aspen HYSYS is a comprehensive process
modeling system used by the world's
leading oil & gas producers, refineries,
and engineering companies to optimize
process design and operations.
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Workshop

In this simulation, a simplified version of a refrigerated gas plant is going
to be modeled. The purpose is to find the LTS (Low Temperature
Separator) temperature at which the hydrocarbon dew point target is met.
The Sales Gas hydrocarbon dew point should not exceed -15°C at 6000
kPa. The incoming gas is cooled in two stages—first by exchange with
product Sales Gas in a gas-gas exchanger (Gas-Gas) and then in a propane
chiller (Chiller), represented here by a Cooler operation. A Balance
operation will be used to evaluate the hydrocarbon dew point of the product
stream at 6000 kPa.

Learning Objectives

e Add a hypothetical component
¢ |Install and converge heat exchangers.
e Understand logical operations (Balances and Adjusts).

e Use the Case Study tool to perform case studies on your

simulation.
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Example:

The feed stream enters an inlet separator, which removes the free
liquids. Overhead gas from the Separator is fed to the Chiller where it is
cooled to -20°C, which will be modeled simply as a Cooler (Pressure
Drop=35 kPa). The cold stream is then separated in a low-temperature
separator (LTS). Overhead gas from the LTS is fed to the heater
(Pressure drop=5kPa) where it is heated to 10°C to meet Sales Gas
Specifications.

Feed Stream:

Temperature Pressure Molar Flow Rate
15°C 6200 kPa 1440 kgmole/h
Composition:
Component Mole Component Mole
N, 0.0066 n-Butane 0.0101
H,S 0.0003 i-Pentane 0.0028
CcO, 0.0003 n-Pentane 0.0027
Methane 0.7575 n-Hexane 0.0006
Ethane 0.1709 H.O 0.0000
Propane 0.0413 C7+ (NBP=110°C)  0.0001
i-Butane 0.0068

FP: Peng Robinson
- Calculate the duty rejected from the chiller

- Calculate the duty Absorbed inside the Heater
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To start the program, From Start Menu, Select All Programs >>

Aspen Tech >> Process Modeling V8.0 >>>> Aspen HYSYS >>

Aspen HYSYS

aspen

Aspen HYSYS
V8.0

© 2012 Aspen Technology, Inc. AspenTecn, 35penONE™, and e Aspen k23f o0

aspen

e YIIIMINS O MEQISIEEd TIIEMANS OF ASpan TEchnoiogy, Inc. Al rgms resarved.

Customizi

X H
e |

8 O W @& g *-oF

Get Started o @

What's Ribbon | Examples | Conceptual Design | Exchange Search Aspen HYSYS

New  Mapping Builder ‘ LinkedIn Group | b
Get up to Speed | ‘ | Ask the Community| Support ‘ Help_‘
_ StartPage < |+ =
{.’i g
aspen Aspen HYSYS V8.0
3 New... Product News | My News [
(& Open File... .
Lo meiiinn Tips and Tricks: How to View Preferences in Aspen HYSYS V8.0 (February 15, 2013) =
I Recent Cases ge;v-v-hé’rgtc locate preferences in the new Aspen HYSYS V8.0 user interface,
Ciisa Weibso Chitiyevnribirr Don't Miss It Register Now for OPTIMIZE 2013 -- (February 13, 2013)
| Get § 0 ﬁa;é -)fgd}egistered for the OPTIMIZE 2013 AspenTech Global Conference yet? If not,
et Start click on the link to find out who's already signed up and review all the sessions and
€8 What's New speakers. New this year -- build your own customized agenda!
\ Search Tips and Tricks: Convert an Aspen HYSYS Case to an Aspen HYSYS Petroleum Refining
&3 Animated Tutorials C‘a.s_e‘!ffebrgany 11, 2013)
&% Training Watch this viewlet to learn how to convert an existing Aspen HYSYS Case to an Aspen

€7} Documentation
£ Support Center

HYSYS Petroleum Refining V8.0 case.

Tips and Tricks: Free Training Modules on Getting Started with Energy Analysis in Aspen =
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4- First, Start a new case

Caze

T 3 Azpen HYSYS
O » s Template I et
=y P e New (Ctrt + Ny felp
. :i' Colusin Creste a new case >
By |
My Reformer
; i u’._ Hydrocracker
, ¢ i ences in Aspen HYSYS VB0 (February 15, 2017)
s '_}p CaCracker
' ﬂ Expoet ' \_' the new Aspen HYSYS VB0 user interface,
_&'ZI Petroleum Distillation TIMIZE X023 - {February 13, 20113)
A it Mansger £ 2013 AspenTech Global Conference yet? I
— 0's already signed up and revew a the sessions
- picd your own customized agendal
— " - HYSYS Case to an Aspen HYSYS Petroleurn Refiming =
=) Prnt Sety, = e —
ey - =51
]
About |
Oations © Exit o e @
5- Add the Components
EENE Untitled - Aspen HYSYS V8.0 - aspenONE_ (=8|
W |17 e Untled - Aspen HYSYS VB0 -35penONE L e B
Home  View  Customize  GetStarted s @
% Cut 2 [ Map Components ‘E 3 2 @ @
E3Copy~ (7 Update Properties
: Navigate Petroleum | Hypotheticals | Oil Aspen PVT Laboratory
(18, Paste Z ' Assays % = ‘ Properties | Measurements
~ Clipboard Components Refining Options PVT Data
Properties < “Start Page - Component Lists « | + b <
Ail items v § =
List Name Source
Component Lists
[ Fluid Packages
[ Petroleum Assays
[& Oil Manager
[C& Reactions
@ Component Maps 2
[C& User Properties 2
ey [ oo | [ o
E— W
_ Properties
[ Import | 'l ‘ Export.. ‘ )
[ Simulation -
‘| n | »
‘9 % Y Messages v 3 %
. || Required Info : Fluid Packages -- S
‘ I y
0% © I ®
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6- Choose the system components from the databank:

(5 T E Get Stacted
Seart Page Compooent List - 1

Select

Source Databank HYSYS Pore Caomponeaty Fiver A Familles
Cempenent Type oup Sesrch for; Search by: Fall Name/Synuoyen
Simuletion Name Full Mame | Synooym Formuls
Methane a o
< Aad
Etmane Q @,
Propane | =
+Butane ~C4 (€ 1154
fieplace n-Butane wCa caHl
~Pentane -C5 CSHl 5
n-Pentane nC5 (6104
o Heane 1 CoHR
n-Heptane (o] Hl
n-Octane (e ] [« 134
n-Monane ) MG
mn-Decane 10 Clomg
n-C14 a1 QM
n-C12 (=5} C1H3
s
L
Component Type Group Search for:
Methane Pure Component
Propane Pure Component 2 Simulation Name
Ethane Pure Component 1
i < Add

n-Butane

i-Pentane

n-Pentane

feplacs n-Hexane

n-Heptane

n-Octane

n-Decane

n-c11

n-c12

n-c13

n-c14

n-C15

After adding the pure components (N2, H,S, CO,, C1, C2, C3, n-C4, i-C4,
n-C5, i-C5, n-C6, H,0) we have to add the last component (C7*) which is

not a pure component as it represents all components above C7 including

C7 in the feed.

To define C7+ we have to create it as a hypothetical component as the

following:
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From the drop menu select Hypothetical instead of pure components

atabank: HYSYS Eng
m Ahmed Deyahb Fares

Select: I Pure Components

imponent
Methane

Ethane
Propane
i-Butane

n-Butane
i-Pentane

n-Pentane

n-Hevane

Type
Pure Component

Pure Component
Pure Component
Pure Component
Pure Component
Pure Component

Pure Component

Pure Camnnnent

Group

Select create and edit hypos

Search for:

/Simulation Name Full Name / Syr
] n-Heptane
L—<Add—’ n-Octane
n-Nonane
e n-Decane
‘ Replace I n-Cl1

Method: [Create a batch of hypos

Select: ‘ Hypothetical
Hypo Group: ‘ HypoGroupl '|
Initial Boiling Point: ~ 30.00C | Interval ~| 1000C
Final Boiling Point: 900.0C
New Hypo Group l | Generate Hypos |
Name Added ? Normal Beiling Point = Molecular Weight  Liquid Density

Click on New Hypo

—

&

ng
hmed Deyab Fares
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et [Hpothetic | el

Hypo Group: | HypoGroupl '| Type: |Base Properties "’|

Click Here
i Eo2
Mame Added 7 Mormal Boiling Point | Molecular Weight  Liquid Density

After adding a hypo component you can edit the name, add the properties

you have, and estimate the unknown properties as follows:

Select: | Hypothetical v| Method: |Create and Edit Hypos '|
Group Hypo Group: | HypoGroupl v| Type: |Base Properties '|
1ent
1ent
1ent
<< Add All
1ent
1ent [ MNew Hypo Group H MNew Hypo l

1ent
Mormal Boiling Point . Liguid Densi Tc
; aud Dy
1ent 4 - MName ] Molecular Weight [kg/m3] [l
rent ' C7+"I 2 110.00' <empty> <empty> <empty>|
1ent

1ent

1ent

1ent

4 n 3

-I Estimate Unknown I Delete Hypo

[ n b

Finally add the hypo component to the component list
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Properties < Start Page m| +
All Iterns =
4 [ Component Lists Source Databank: HYSYS
& Component List - 1
[. Fluid Packages
£ Petroleumn Assays Compenent Type Group
& Oil Manager Methane Pure Component
@ Reactions Ethane Pure Component
@ Compenent Maps Propane Pure Component
[ User Properties i-Butane Pure Component
n-Butane Pure Component
i-Pentane Pure Component
n-Pentane Pure Component
n-Hexane Pure Component
co2 Pure Component
H25 Pure Component
Mitrogen Pure Component
H20 Pure Component
I C7+* User Defined Hypotheticz HypoGroupl I

Now, select the suitable fluid package

Untitled - Aspen HYSYS V8,0 - aspenONE ‘ EEL

- - e e — -

Home View Customize Get Started v @
Properties < Start Page - Fluid Packages « |+ >

All Items - 5

Fluid Package Component List Property Packac

TICEE

e e e s s

4 [Zg Component Lists
Component List -1

‘T

% Petroleum Assays

& Oil Manager

[C@ Reactions

% Component Maps

[@ User Properties

T 2

Add | Edit..

m

=5{ Simulation !

§" Energy Analysis

Messages v I X

. || Required Info : Fluid Packages -- Seles

« | m | »

100% © L) @

In this case, select Peng-Robinson
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—— — = o — — — T ———— " e
-~ I = PO F Untitled - Aspen HYSYS V8.0 - aspenONE il
Home View Customize Get Started 7]
Properties < Sgrtbage - Basis-1 - [+ 7
Alltems = Set Up | Binary Coeffs l StabTest l Phase Order I Tabular I Notes l -
4 [ZZ Component Lists = )
£& Component List - 1 Package Type: HYSYS Component List £
4 [5G Fluid Packages
|3 Basis-1 -Property Package Selection - Options =
& Petrol A ] Enthal P
[_‘_é ?ro b Lee-Kesler-Plocker A ANy, ;
Oil M i
g oil 'anager Margules Density
£ Reactions xgz"sﬁ; Modify Tc, Pc for H2, He Mox
C t eam | 4
B8 Componen 'Maps NRTL Indexed Viscosity
[C& User Properties X
Peng-Reobinson Options
eng-Robinson
o N\ EOS Solution Methods Cubic EC
U
T A3
s Properties PRSV ol Phase Identification
Surface Tension Method
D{gSi'nm Thavmasl Candisdinb. A A4
‘ I m »
‘9 fnevgy Y Messages v I X
100% © { @®

Now you can start drawing the flow sheet for the process by clicking the

Simulation button:

. [N = S |:_' | 3 ok - % Untitled - Aspen H‘\;{SYS V8.0 - aspenON ﬁ] Paeci
Home Economics Dynamics View Customize (ilr%; . x
Simulation < _ StartPage - FlowsheetMain « |+ | (= .=

]
‘ lé:l

All Items \ U o =
% Workbook 2] ning
(& UnitOps Custom Dynamics
[[@ Streams Common Columns
[§ Stream Analysis =
[£& Equipment Design 2 ‘Lj: Q ’ﬁ: ﬁi g" o
& Model Analysis v l'.—l
[[@ Data Tables @ % *{ﬁ» ﬁ q
[@ Strip Charts ~—¢=
[% Case Studies B Cj B L8 g
[C@ Data Fits v | f’
R A §
F — i§
= (& enel s BT |
— 3 v I %
= go% {E ﬁ ﬂ@
ces LT

Now add a material stream to define the composition and the conditions

of the feed stream
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From the palette:

o | B P LS8 | CASE2.HSC - Aspen Hvsvsﬁ.o-aspeno

Home Economics Dynamics View Customize GetSta

Q Z Gz to Fit =1 2 2 M
) Zoom {5} Zoom to {= Q ! tfjﬂ — | Meg
QZoom In =] Page Width - : M By N .| Stard \
= ocwsheet odel otes 3 stream
(2, Zoom Out ' Palette | Manager ¥ Plan He Relsog
Zoom } Show 7 Custom Dynamics |

Simulation < _ Flowsheet Main - | Case Study 1 Common Columns i
All tems v T g

£& Workbook E=l ’&[ﬁ
b £@ UnitOps

I [Cg Streams
[[% Stream Analysis
& Equipment Design

|

S

tal

v Il ] = ||
Th ||

Z

=

m

Double Click

[C& Strip Charts

o Fn ~

-r

& Properties

] Simulation

@l Material Stream: To Refrig | =RlC. ® |
Workshest | Attachments | Dynamics | W
Worksheet Muole Fractions
Cc:nditiuf:ns Nitrogen
c e Hz25
m::m position co?
Ui e Gas Feed Methane
Petroleurn Assay
Ethane i
K Value
User Variables !Jmpane E I
Notes i-Butane
Cost Parameters _n—Buta L= ]
Mormalized Yields | I-Pentane
n-Pentane |
n-Hexane
CT+*
Total 1.00000 B
Edit... l [ View Properties... ] [ Basis...
F] m J b

|
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@ Material Stream: To Refrig

= @ = )

Worksheet | Attachments | Cynamics |

Worksheet

Froperties
Composition

Chl & Gas Feed
Petroleum Assay
K Value

User Vanables
Motes

Cost Parameters
Mormalized Yields

Stream Mame

Vapour / Phase Fraction
Temperature [C]

Pressure [kPa)

Maolar Flow [kgmalesh]

Mass Flow [kg/h]

Std Ideal Lig Vol Flow [m3/h]
Malar Enthalpy [kl kgmele]
Molar Entropy [kl kgmeole-C]
Heat Flow [kI/h]

Lig Vol Flow @5td Cond [m3/h]
Fluid Package

Utility Type

To Refrig
1.0000
15.00

6200

1440
2.990e+004 o
8331 "
-8.127e+004
1494
-1.170e+008
3.391e+004
Basis 1

Define from Other Stream...

Le ]

i

From the palette select the separator:

.
5 Palette

F@X
| => | => |

Upstream

Refining
Dynamics

Columns

Custom
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f@ Separator: Inet Set Gas | = | B P _|1
Design | Reactions | Rating | Warksheet | Dynamics | -
Desian Name  net Set Gas
S >
User Variables UzHAT Vapaour Outlet I Inlet Sep Vap 'I
Naotes << Stream >>
SCK
>
™ -
- =
Energy (Optional) & |
>
Vessel Fluid Package Liquid Cutlet
| Basis 1 v| I Inlet Sep Lig vﬂ
Eligner,
ol m | )
Add a cooler:
‘ i = 8] = |
~ Cooler: Chiller = |
Design ’ Rating I Worksheet I Performance l Dynamics | "
Design Name Chiller
Energy
| Inlet Sep Vap ~| | Chiller
— > \
Outlet
Gas to LTS -| '
Fluid Package '
l
| Basis 1 - |
l Delete I [
<] m 1 ’
= a3 J
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™

@ooler: Chiller =& %
Design | Rating I Worksheet I Performance I Dynamics I |
Desim | Delta P
I 35 00 kPa I
' Delta T Duty
> I
P
l Delete l I Unknown Duty al
< | m | »
= - )
.
@Cooler: Chiller (=lE] ® |
Design [ Rating ] foce [ Dynamics il
Worksheet  |Name Inlet Sep Vap Gas to LTS Chiller Q
Conditions Vapour 1.0000 L 0.8735 <empty>
Properti§s. Temperature [C] 15.00 z m <empty>
gsr;pos'tlon Pressure [kPa] 6200 ' 6165 <empty>
e Molar Flow [kgmole/h] 1440 1440 <empty>
Mass Flow [kg/h] 2.990e+004 2.990e+004 <empty>
Std Ideal Lig Vol Flow [m3/h] 88.31 8831 <empty> | _
Molar Enthalpy [kJ/kgmole] -8.127e+004 -8417e+004 <empty> |
Molar Entropy [kJ/kgmole-C] 1484 138.6 <empty>
Heat Flow [kJ/h] -1.170e+008 -1.212e+008 4.186e+006
[ o | N -
‘| m | ’
== = —= y

Add the LTS Separator:
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@ Separator: LTS | = = ® )
Design |Raactions | Rating | Worksheet | Dynamics | -
Design Name |75 "
'[p:onnectiu-ns Inlets .
arameters
User Variables Gas to LTS Vapour Outlet | LTS Vap -
Motes << Stream >>
KXAX
>
B s
< - !
Energy (Optional) (‘5
} ]
Vessel Fluid Package et
| Basis 1 -] | LTS Liq -]
Delete =] Igne ™
4 m 2
Add a heater:
fers '
[ Heater: E-100 - —— =B =
Design ’ Rating l Worksheet ] Performance I Dynamics l
Design . Name E-100
Connections | m o
Parameters A
SR BB htimed Deyab Fares
Notes oo duzd) £
—— >
Qutlet
-€ ]
Sales Gas ¥ .
Fluid Package
|
| Basis 1 -
Delete | | Unknown Delta P
¢ | " ] »
- T 1 - S
|
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-
5 Heater: E-

100 3' — — =8| X

Design

'

Design | Rating Performance I Dynamics]

Delta P

DeltaT

7|21

Duty

EE— >
B
Atimed Deyah F
[ Delete J | Unknown Duty
< | 1 | ’
- a3 S
[ Heater: E-100 | o = 2
_ _S— T
sign m Performance | Dynamics | L
orksheet |z LTS Vap Sales Gas
nditions Vap o 1.0000 1.0000
:pertin.f Temperature [C] -EU.D'DE 2 10000
'S"P"S't'““ Pressure [kPa) 6165 5160
pees Molar Flow [kgmole/h] 1258 1258
Mass Flow [kg/h] 24442004 244424004
Std Ideal Lig Vol Flow [m3/h] 74.84 74.84
Meolar Enthalpy [k/kgmale] -8.14%=+004 -7.967e+004 £
Mealar Entropy [kl/kgmaole-C] 14149 1487
Heat Flow [k!/h] -1.025e+008 -1.002e+008
ooce | |
« | m | v

|'\
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heater

Inlet
|ne§ep Chiller tLoTS

Set’ 2P
Gas

To
Refrig

LTS
Lig

Inlet
Sep Liq

- The duty rejected from the chiller = 4.186 e6 (4.186 *10°) kJ/hr
- The duty Absorbed inside the Heater = 2.287 e6 (2.287 *10°) kJ/hr
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Heat Exchanger

The design is modified to reduce the operating cost represented in
Chiller & Heater duties, by adding a Heat Exchanger before the Chiller
where the overhead from the inlet separator is pre-cooled by already

refrigerated gas from LTS.

Heat Exchanger Design Specifications:

- Sales Gas Temperature=10°C

- Tube side Pressure drop=35kPa
- Shell side Pressure drop= 5kPa

- No heat losses inside the heat exchanger.
- Choose Weighted Exchanger as Model

L
inlet sep
lig

LTéTJap

. LTS
inlet sep vap Gas to (Gas to
inlet E-100 Chiller “Chiller LTS
Gas
To Sep
refrig —
Sales Gas -
LTS Liguid

Calculate the duty rejected from the chiller after this modification

Calculate the Overall Heat Transfer Coefficient (UA) for the HX
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Solution:

1- Remove the heater, outlet stream and heater energy stream.

2- Disconnect the chiller inlet from the chiller (cooler).

LTS
hiller Vap

3- Add a heat exchanger from the palette:

— = . LTS
Inlet Sep Gas to
] Vap E-100° chiller LTS
— Inet Set
Gas (-
To
Refrig
LTS
Liq
Inlet Sep
Liq
4- Open the heat exchanger and complete the required data:
rri Heat Exchanger: E-100 = |-E
Design | Rating ] Worksheet ] Performance I Dynamics ] Rigorous Shell&Tube =
Design Tube Side Inlet Name  E-100 Shell Side Inlet
aneens Ilnlet Sep Vap 1 Iﬂ m s vap 3
pecs Wl 5 Atimed Deyab Fares < ——
User Variables) | |
Notes
Tubeside Flowsheet Shellside Flowsheet
Case (Main) Case (Main) L
- o7 T -
[ Tube Side Outlet . Shell Side Outlet
to chiller 2 ll ‘ Switch streams lSaIes Gas iﬂ
Tube Side Fluid Pkg Shell Side Fluid Pkg
' ‘ GasPlant - | GasPlant '
" Delete | [ Unknown Delta P | F [ |
o " J
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p
Lm Heat Exchanger: E- 4

Worksheetl Performance | Dynamics | Rigorous Shell&Tube

Connections
Parameters
Specs

User Variables
MNotes

Design |Ratin
i - Heat Exchanger Model

[ Simple Weighted

—| Rigorous Shell&:Tube

<empty> =
SHELL—S[Dj TUBE-SIDE [ 5]
Specified Pressure Drop [kPa] 3.000 35.00
Pass Mame Intervals Dew/Bubble Pt Step Type Pressure Profile
Inlet Sep Vap-to chill 5 3 Equal Enthalpy Const dPdH
LTS Vap-Sales Gas 5 4 Equal Enthalpy Const dPdH

- Rigorous Model

For a more accurate exchanger rating
click Rigorous Shell&Tube button here

| Size Rigorous Shell&Tube | ~|

[ use Design Template File

1

I

| 3

. =

—

[ &

e Weighted. The heating curves are broken into intervals, which then

exchange energy individually. An LMTD and UA are calculated for

each interval in the heat curve and summed to calculate the overall

exchanger UA. The Weighted method is available only for

Counter-Current exchangers.

e Endpoint. A single LMTD and UA are calculated from the inlet

and outlet conditions. For simple problems where there is no phase

change and Cp is relatively constant, this option may be sufficient.

p
(B Heat Exchanger: E- 1 =
| Design l Rating | Worksheet IPerformance I Dynamics ] Rigorous Shell&Tube | =
Worksheet Name Inlet Sep Vap to chiller LTS Vap
Conditions Vapour 1.0000 <empty> 1.0000
Properties Temperature [C] 15.00 <empty> 20.00
Composition| | Pressure [kPa] 6200 6165 <empty>
PF Specs Molar Flow [kgmole/h] 1440 1440 <empty>
Mass Flow [kg/h] 2.990e+004 2.990e+004 <empty>
Std Ideal Liq Vol Flow [m3/h] 8831 88.31 <empty>
Molar Enthalpy [kl/kgmole] -8.127e+004 <empty> <empty>
Molar Entropy [kl/kgmole-C] 1494 <empty> <empty>
Heat Flow [k)/h] -1.170e+008 <empty> <empty>
< | n | »
_e— — /
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5- Open the chiller and re-connect the tube side outlet to the chiller inlet

Design I Rating I Worksheet I Performance I Dynamics l . |
Design Name Chiller
Connections
Parameters
User Variables Inlet £ |
Notes — nery [
to chiller Chiller Q |
=] ||
EEE—— >
Outlet
| Gasto LTS ~|
Fluid Package ‘
' GasPlant v
[ ooee | |

The duty rejected from the chiller after this modification = 1.878 e6 kJ/hr
The Overall Heat Transfer Coefficient (UA) for the HX= 2.786 e5 kJ/C-h

Before Modification After Modification

4.186 *10° 1.878 *10°
2.287 *10° 0

Chiller Duty
Heater Duty
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Adjust

Adjust the LTS feed temperature to ensure the LTS vapor rate of 1200

kgmole/hr using Adjust operation.
Calculate the temperature of LTS feed ...................

1- Select an adjust operation from the palette:

Common Columns
=3

=T

LN Y |8 B ey

2- Open the adjust operation and select the adjusted variable (LTS
feed Temperature) and the Target variable (LTS Vapor molar flow).

= ADJ-1 >
< -—
Connections ‘ Parameters I Monitor I User Variables | -
Connections Adjust Name ADJ-1
Connections Click Here
Notes -Adjusted Variable 1
Object: ,
Variable: =
-Target Variable ||
Object: | SelectVar.. I
Variable:
-Target Value
~Source ‘
IS | ssssevassithea
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(@ - = N
[ Select Adjusted Variable For ADJ-1 - =& %
Flowsheet Object Variable Variable Specifics =
| I OK 5
Case (Main) 1 Feed Nozzle Elevation - ———
2 Lig Vol Flow @5Std Cond ) ]
Chiller Macrocut Assay Data ~Object Filter
\ Chiller Q MacroCut Data @ All
E-100 Macrocut Gas Composition -
i f N | MacroCut LightEnds B Steams
Gas to LTS Mass Flow {2) UnitOps
1 NET SEt 3as Molar Enthalpy () Logicals =
Inlet Sep Lig Molar Flow Z N
| LTS pHValue © Utilities
LTS Liq Pressure () ColumnOps
I LTS Vap Product Nozzle Elevation ity
. ProductBlock Inlet Sep L| | Std Ideal Lig Vol Flow o \
! ProductBlock LTS Lig Std Lig Vol Flow Spec [
I ProductBlock_sales gas ;
sales gas I =
to chiller ota| e
Total WOR
User Variables
o m | » Vapour Fraction v "
< | (0 | »
" J
5 ADJ-1 —un=
= S
Connections | Parameters I Monitor I User Variables ‘ i
Connections Adjust Name ADJ-1
 Connections |
Notes -Adjusted Variable
Object  GastoLTS | Select Var..
Variable:  Temperature -
A AT |
-Target Variable r
Object: Select Var.., \
Variable: ‘
-Target Value
-Source
@ User Supplied Specified Target Value
() Another Object Y
“ mn ’
. = 7

- :
(B Select Target Variable For ADJ-1 |ﬂi‘
Flowsheet Object Variable Variable Specifics
Case (Main) 3 Master Comp Volume Flow * &
2 Master Comp Volume Frac
i Chiller Molar Density - Object Filter ——
Chiller Q Molar Enthalpy @ All
E-100 s - E
FeederBlock 1 Molar Flow Sl l
Gas to LTS olar Heat Capacity (2} UnitOps
I Inet Set Gas Molar Volume ) Logicals
Inlet Sep Lig Molecular Weight ]?’ Z D%
I LTS Normalized Yields (Fraction! | AL
| Im Normalized Yields (Mixed) ) ColumnOps
Normalized Yields (Percent) o
i L'.I:S ‘.,? v ey Dfmjﬁ....i‘f(g 7e e 1) Custom '
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—] ] b
- ADJ-1 . |
_ - A
Connections Adjust Name ADJ-1
| Connections | )
Notes -Adjusted Variable
Object: Gas to LTS | Select Var..,
Variable: j'ifemPera.ture "
\
-Target Variable
Object LTS Vap | | SelectVar.
Variable: Molar Flow s
-Target Value
@ User Supplied 1 Specified Target Value |
() Another Object IM 1200.0000 I
() SpreadSheetCell Object —
| Unknown Maximum
rw— T Flie -
‘< | m | ’
“ A

You can see the total number of iterations from the monitor tab:

| Connections | Parameters | Maonitor | User Variables | —

Monitor -Jteration History

= | Total Iterations I T I
Plots

Tter Adjusted Value Target Value Residual |I
[C] [kgrnole/h] [kgrnole/h]
1 -20.000 1259.243 509.24
2 -21.000 1247.547 47.55
3 -21.445 1242197 42.20 (=
4 -31.178 1099.027 -101.0
5 -23.008 1222687 2269
6 -24.507 1202.861 2.861

7 -24.723 1199.905 -9471e-002

4 m 3

|
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Propane Refrigeration
Loop

Experience the New Aspen HYSYS'".

The best process simulation software
is now easier to use and faster to
learn than ever!

Aspen HYSYS is a comprehensive process
modeling system used by the world's
leading oil & gas producers, refineries,
and engineering companies to optimize
process design and operations.

COMPRESSOR
CONDENSER
. |
/' \c-o/
REFRIGERANT
VAPOR
WARM ( )
NATURAL GAS SURGE
l TANK
l CHILLER f

REFRIGERANT
COLD GAS LIQUID
AND LIQUIDS
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Workshop

Refrigeration systems are commonly found in the natural gas
processing industry and in processes related to the petroleum
refining, petrochemical, and chemical industries. Refrigeration is
used to cool gas to meet a hydrocarbon dewpoint specification
and to produce a marketable liquid.

In this module you will construct, run, analyze and manipulate a
propane refrigeration loop simulation. You will convert the
completed simulation to a template, making it available to

connect to other simulations.

Learning Objectives

Once you have completed this module, you will be able to:

* Add and connect operations to build a flowsheet.
 Understand how to simulate the vapor compression loop.
 Understand forward-backward information propagation in
HYSYS.

« Using the spread sheet to calculate the COP (Coefficient Of

Performance) for the loop.
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Example:

A Refrigeration cycle utilizes propane as the working fluid is used in
the liguefaction of the NG. Propane is fed to an evaporator (Heater) the
pressure drop=5 kPa, where it absorbed 1.50e+6 kJ/hr from the NG and
leaves at the dew point (Vapor Fraction=1.0) at T= -15°C. The output of
the evaporator is then compressed adiabatically with efficiency of 75%,
and then it's condensed to reject heat. Inside the Condenser there is a
pressure drop of 30 kPa, and leaves as saturated liquid at 45°C. Finally, the

propane passes through a valve to return the pressure of the Evaporator.

Fluid Pkg: Peng Robinson

Calculate:

Pressure of the evaporator fed in kPa.

Flow rate of propane in kmol/hr.

Valve pressure drop in kPa.

Temperature of the valve outlet in °C.

Compressor duty in hp.

Condenser duty in kJ/hr.

* Calculate the COP (Coefficient of Performance) for the cycle
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To start the program, From Start Menu, Select All Programs >>

Aspen Tech >> Process Modeling V8.3 >>>> Aspen HYSYS >>

Aspen HYSYS

aspen

Aspen HYSYS
V8.3

aspen

© 2012 Aspan Tecnnology, In. AspenTech, aspenONE™, and e Aspen 163t i0g0
e YAOSMANS OF RISt YAOEMANS OF ASpan Technology, Inc AN rignis resarved.

. =

Get Started A xg),«
== T Q , 7 £ = D
& = ) g » @ 4 &3
What's Ribbon | Examples | Conceptual Design | Exchange Search Aspen HYSYS :
New  Mapping Builder ‘ LinkedIn Group | <
Get up to Speed | | Ask the Community| Support_‘ Help_‘
_ StartPage « |+ >
aspen Aspen HYSYS V8.0
3 New.. Product News | My News [
ot it Tips and Tricks: How to View Preferences in Aspen HYSYS V8.0 (February 15, 2013)
I Recent Cases éée‘thrgto locate preferences in the new Aspen HYSYS V8.0 user interface.
Conve Winbar Covinmar ber Don't Miss It!: Register Now for OPTIMIZE 2013 -- (February 13, 2013)
I Get Started Have Ay(;u..registered for the OPTIMIZE 2013 AspenTech Global Conference yet? If not,
et Start click on the link to find out who's already signed up and review all the sessions and
8 What's New speakers. New this year -- build your own customized agenda!
\ Search Tips and Tricks: Convert an Aspen HYSYS Case to an Aspen HYSYS Petroleum Refining
&3 Animated Tutorials Case (February 11, 2013)
&% Training Watch this viewlet to learn how to convert an existing Aspen HYSYS Case to an Aspen

€] Documentation

& Support Center

HYSYS Petroleum Refining V8.0 case.

Tips and Tricks: Free Training Modules on Getting Started with Energy Analysis in Aspen

-

|
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1- First, Start a new case

Caze .
~ -
S 0 » ¢ Template —m3 .
=y ~re ] New (Ctrl « Ny felp
. ?J’: Column Creste a new case 'W
(LY T
felommer
“ Hydrocrackes
R v
. rjp ol rences in Aspen HYSYS VB0 (February 15, 2017)
: | CatCracher
3] Export ' 2 the new Aspen HYSYS VB0 user interface,
ﬁ‘zi Petroleusm Diatillation TIMIZE X023 - {February 13, 2013)
A it Manager VIZE 2013 AspenTech Global Conference yet? If
= tho's already signed up and revew 2 the sessions
£ picd your own customized agendal
- " - HYSYS Cate 10 an Aspen HYSYS Petroleumn Refining =
Sk Print Setu = —
e - =
Il
About |
Oations © Exit 308% e @
2- Add the Components
ol —I - 1 i - ' { ‘ @ ‘ 8~‘
% ;.H - |_l g .“ - Untl‘t‘l_ed -fspen HYSYS V8.0 - aspenONE — I
Home View Customize Get Started A7)
# Cut - [ Map Components [ [
c ] = ' ke % Z| [t s,
S3Copy 7y Update Properties
. Navigate Petroleum | Hypotheticals = Oil Aspen PVT Laboratory
(18 Paste & ' Assays % = Properties ‘ Measurements
_ Clipboard Components Refining & Options PVT Data
Properties ¢  StartPage - ‘ComponentLists « |+ -
All items v N A=
List Name Source
Component Lists
[Z3 Fluid Packages
[C& Petroleum Assays
[[& Oil Manager
& Reactions
[& Component Maps =
[[& User Properties 2
l Copy ‘ \ Delete
3‘ F—
[ Import I '; ‘ Export.. ‘ =
[ Simulation v
< ] | »
‘Q 9 y Messages v A x
. || Required Infe : Fluid Packages -- S
] " »
100% @ Lk ®
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Page

aspenONE Exchange

3- Choose the system components from the databank:

Component List-1 |+

e Databank: HYSYS

Tupe

Compopept
Fprapane

Pure Component I

Group

Select: ‘Pure Components

Search for: ‘

4 [ZZ Component Lists
Component List - 1
)
% Petroleum Assays
& Oil Manager

[[& Reactions

& Component Maps
& User Properties

-r

e &

D-[g Simulation

| Edit...

m

Simulation MName A
Methane 1
Ethane
*‘ i-Butane
n-Butane
i-Pentane
n-Dertanse
Now, select the suitable fluid package
— - = — —_———— = =
~ [ = NS Untitled - Aspen HYSYS V8.0 - aspenONE i T e
- - — — - - . . -

Home View Customize Get Started v @
Properties < Start Page - | Fluid Packages -~ | + -
All Items > E

Fluid Package Component List Property Packag

m

In this case, select Peng-Robinson
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—— — = o — — — T ———— " e
-~ I = PO F Untitled - Aspen HYSYS V8.0 - aspenONE il
Home View Customize Get Started 7]
Properties < Sgrtbage - Basis-1 - [+ 7
Alltems = Set Up | Binary Coeffs l StabTest l Phase Order I Tabular I Notes l -
4 [ZZ Component Lists = )
£& Component List - 1 Package Type: HYSYS Component List £
4 [5G Fluid Packages
|3 Basis-1 -Property Package Selection - Options =
& Petrol A ] Enthal P
[_‘_é ?ro b Lee-Kesler-Plocker A ANy, ;
Oil M i
g oil 'anager Margules Density
£ Reactions xgz"sﬁ; Modify Tc, Pc for H2, He Mox
C t eam | 4
B8 Componen 'Maps NRTL Indexed Viscosity
[C& User Properties X
Peng-Reobinson Options
eng-Robinson
o N\ EOS Solution Methods Cubic EC
U
T A3
s Properties PRSV ol Phase Identification
Surface Tension Method
D{gSi'nm Thavmasl Candisdinb. A A4
‘ I m »
‘9 fnevgy Y Messages v I X
100% © { @®

Now you can start drawing the flow sheet for the process by clicking the

Simulation button:

. [N = S |:_' | 3 ok - % Untitled - Aspen H‘\;{SYS V8.0 - aspenON ﬁ] Paeci
Home Economics Dynamics View Customize (ilr%; . x
Simulation < _ StartPage - FlowsheetMain « |+ | (= .=

]
‘ lé:l

All Items \ U o =
% Workbook 2] ning
(& UnitOps Custom Dynamics
[[@ Streams Common Columns
[§ Stream Analysis =
[£& Equipment Design 2 ‘Lj: Q ’ﬁ: ﬁi g" o
& Model Analysis v l'.—l
[[@ Data Tables @ % *{ﬁ» ﬁ q
[@ Strip Charts ~—¢=
[% Case Studies B Cj B L8 g
[C@ Data Fits v | f’
R A §
F — i§
= (& enel s BT |
— 3 v I %
= go% {E ﬁ ﬂ@
ces LT

Now add a material stream to define the composition and the conditions

of the feed stream
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From the palette:

M| 1 PGS | CASE2HSC - Aspen HYSYSE.O-aspenO h
Home Economics Dynamics View Customize GetSta Click Here [
A Z W Z to Fit ) =7 M
) Zoom {5} Zoom to C &3 % @ 1 Mes
QZoom In =] Page Width - 3 M B 5 ] Star
owsheet | Mode otes Seain Refini
(2, Zoom Out Palette | Manager < Plan Ups ng
Zoom - Show Custom Dynamics |
Simulation < _ FlowsheetMain « | CaseStudyl| | Common  Columns r
VAIVI Itemns ] {j ,?: ﬁ g
£& Workbook =
b £@ UnitOps g’ E@z % 24
b [ Streams :’lﬁ»
[[% Stream Analysis = Double Click @ _Q» a’ B
& Equipment Design
& Model Analysis &3 fa_)
[% Data Tables = =] m D 5| PN
Strip Charts
Bl - TR e
1 ¢ 3 + o =
., Properties f Cn(4) -5 :ﬁ!
E : __ [
RE— A=k=h [Eo% Ak

Add the mole fraction for the inlet stream (Propane =1)

r
[ Material Stream: 1

Worksheet | Attachments | Dynamics |

Mole Fractions

sleidatss
Oil & Gas Feed
Petroleum Assay
K Value
User Variables
Notes
Cost Parameters
Normalized Yields

Total 0.00000

|| | | Edit. | | ViewProperties. | | Basis. |
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I\

([ |
@ Input Composition for Stream: Material Stream: 1 o | B %

-Composition Basis

Propane @ Mole Fractions

() Mass Fractions

() Liq Volume Fractions
() Mole Flows
) Mass Flows

) Liq Volume Flows

-Composition Controls

S —

[ Equalize Composition ]

[ Cancel ]

1] ‘
" — d

Then leave the stream not solved till the loop is closed

Add the evaporator (heater)

@IX

| => | => |
Upstream Refining
Custom Dynamics
Common Columns

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com 62
Mobile: 002-01227549943 - Email: eng.a.deab@gmail.com —



Process Simulation using HYSYS V8

Eng
m Ahmed Deyab Fares

Complete the connections and then go to parameters page to add the

pressure drop and the duty rejected

(5 Heater: E-100 o =B8] %

~

: Design ’ Rating ] Worksheet l Performance I Dynamics l

Design Name E-100

. Connectlons

Parameters

User Variables|

Notes Inlet Energy 6‘
—
Outlet

Fluid Package

» Basis-1 ¥

Delete | | Unknown Delta P

»

\ - =

—?

rﬁl-leater: E-100 — =N C)

-
Design ’ Rating I Worksheet ] Performance I Dynamics l
Design | Delta P

| Connections

' 5.000 kPa
User Variables

H || Notes Delta T 7 Du :
| -04941 C 1.50000e+006 ki/h
|
[
I —»> >
|
| -
|

Go to stream 2 and complete the vapor fraction & temperature
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{ - 1 - I = | = B4 P
@ Material Stream: 2 ~‘ ot - | A
Worksheet [ Attachments ] Dynamics l =

" Worksheet | Stream Name 2
Conthions | §Vapour / Phase Fraction
Properties Temperature [C]
Composition : . .
Ot 81.Gas Feed Molar Flow [kgmole/h] <empty>
Petroleum Assay
K Value Mass Flow [kg/h] <empty>
User Variables Std Ideal Lig Vol Flow [m3/h] <empty>
Notes Molar Enthalpy [kJ/kgmole] -1.072e+005 |-
Cost Parameters | | Molar Entropy [kJ/kgmole-C] 1419
Normalized Yields | .ot Flow [k)/h] <empty>
Lig Vol Flow @Std Cond [m3/h] <empty>
Fluid Package Basis-1 “
Utility Type
‘ m
| Unknown Flow Rate L
I Delete l [ Define from Other Stream... I | a -
‘| m | »
— = — J

Then add a compressor to raise the pressure of the vapor out from the

heater

Common Columns

a
S
£}
B
-

|

S
%
X
A
£

&89 )
&= 00 &

|

F
Ahmell Deyabh Fares
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Design \ Rating l Worksheet l Performance I Dynamics l =
De5|gn Name K-100
Connections
Parameters Injet Eng
Links 2 Z Ahmed Deyab Fares
User Variables Fluid Package
Notes
| Basis-1 -|
|
Energy
I wl ‘I >
Outlet
B Ml
Delete | | Unknown Duty o

‘|

n

Then go to parameters to make sure that the adiabatic efficiency is 75%

Design l Rating I Worksheet | Performance | Dynamics ‘

»

Design

- Polytropic Method —
@ Schultz

Parameters fficiency _) Huntington
n 5 Adiabatic Efficiency 75.000 _) Reference
User Variables Pol ic Effici
Notes olytropic Efficiency <empty> =

B

Duty
-Operating Mode
@ Centrifugal ) Reciprocating ‘ - Curve Input Option
@ Single-MW ) Multiple MW

Leave the compressor not solved till the loop is closed then add a cooler

- http://www.adeyab.com
- Email: eng.a.deab@gmail.com
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o

E-101
L
> w1
K-100
P
@
1, 2
E-100

Eng
m Ahmed Deyab Fares

r L ——— | E— | =) 5|
(5= Cooler: E-101 G P |

—

| Design \ Rating l Worksheet l Performance | Dynamics !

Design I Name E-101

1
Inlet EnerI I I

’ Outlet

Unknown Delta P

Parameters
D

Fluid Package

| Basis-1 -

| Delete |

‘| m |

\_ =

Complete the connections and then go to parameters page to add the
pressure drop =30 kPa

|
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& = — ~—  Ee—— || = v
B Cooler: £-101 PERER -
Design [Rating I Worksheet I Performance l Dynamics l
Design | Delta P
_______ I
g
User Variables
P Delta T Duty.
———— >
l Delete ] [ Unknown Duty
¢ | n | »
A = —

Go to stream 4 and complete the vapor fraction (Saturated liquid=0.0) &

temperature (45°C)

g v
[ Material Stream: :l PR Pr— =@ % |
Worksheet | Attachments l Dynamics I =
|
Worksheet [Stream Name 4
Conditions Vapour / Phase Fraction 0.0000
Properties Temperature [C 45.00
Composition Pressure [kPa] 1539
SR Gashend Molar Flow [kgmole/h] <empty>
Petroleum Assay
K Value Mass Flow [kg/h] <empty>
User Variables Std Ideal Liq Vol Flow [m3/h] <empty> |-
Notes Molar Enthalpy [kJ/kgmole] -1.174e+005
Cost Parameters | | Molar Entropy [kJ/kgmole-C] 98.88
Normalized Yields. | 4ozt Flow [ki/h] <empty>
Liq Vol Flow @Std Cond [m3/h] <empty>
Fluid Package Basis-1
Utility Type
< m
Unknown Flow Rate -
‘< | " | »
= = _ o

Then add a valve to close the loop

|
By: Eng. Ahmed Deyab Fares
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Design | Rating | Worksheet | Dynamics | l
Design
Connections Mame VLV-100
Parameters
ser Variables
Motes
> >
Inlet Cutlet =
4 v| | 1 T|
Fluid Package
|Basr'5-1 v|
[ Delete | )
‘| L[] | .

Eng
m Ahmed Deyab Fares

14 ‘3
E-101
q2
1
VLV-10 w
K-100
X - q1
2

14 el

E-100

You can adjust the Flowsheet and rotate the streams and equipment from
the above menu (Flowsheet/Modify)
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| BN = GG E ST Uintitled - ASpen HVSYS VBZ = azpenoNE Y [ Tres ——
Home Economics Dynamics View Customize Get Started | Flowsheet/Modify
Q%} “hRotate~ {i] Attach 742 Auto Position All ] Size 02! o Name Move to Parent [ Workt
4\ Flip Horizontal 7”@ Auto Attach ..;)- Break Connection Q Zoom }} -‘5 Temperature Move into Subflowsheet " Hide C
[ Mgtcriee;smasnd =3 Flip Vertical Da Auto Position £.* Swap Connection ﬁ",;. Pan oFg?edd Eﬁf,’(s‘{'f, Pressure lgnore ™ Table \
Palette Flowsheet I Tools Stream Label = Hierarchy Display
Simulation _ StartPage - Flowsheet Main - Solver Active | +
All Items
& Workbook
I @ UnitOps 2
b [ Streams
[ Stream Analysis
[ Equipment Design

& Model Analysis
[Cg Data Tables
[ Strip Charts
[[§ Case Studies

[ Data Fits

Results:

Pressure of the evaporator fed in kPa. 296.1

Flow rate of propane in kmol/hr. 146.4

Valve pressure drop in kPa.

1243.34

Temperature of the valve outlet in °C.

-14.51

Compressor duty in hp.

252.8

Condenser duty in kJ/hr.

2.179 e+6

M

=
(®)

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com
Mobile: 002-01227549943 - Email: eng.a.deab@gmail.com

69



Process Simulation US/hg HYSYS V8 iﬁgmeu Deyab Fares

Coefficient of Performance (COP)

Is a measure of the efficiency of a refrigeration cycle is the coefficient of
performance, COP

It is the ratio of desired output divided by the required input.

In the vapor-compression system, the net power input is equal to the
compressor power, since the expansion valve involves no power input or
output.

COP= Evaporator Duty/ Compressor Power

We can use the spreadsheet operation in HYSY'S to calculate the COP of the
cycle:

Common Columns

Spreadsheet

&
@ |7

&)= |0 e,

@]

n(A)

NIY BB
NI
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g — — = r = ™
[ Spreadsheet: SPRDSHT-1 [ESEENT=
I Connections l Parameters l Formulas | Spreadsheet §Calculation Order | User Variables I Notes l ‘—I'
|
-Current Cell
Exportable [ |
Variable: | Angles in: ‘ '|
A B C D

1
‘ N
2 |

3

Now we can calculate the COP by importing the two variables;
Evaporator duty & Compressor power

ng

Eng
Ahmed Deyab Fares

- — S : ——
(> Spreadsheet: SPRDS_HT;l ==
Exportable | -
Variable: | Angles in: ‘ 'I
A B & D

Evaporator duty

Compressor power

cop

|
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p — .
(5 Spreadsheet: SPRDSHT-1 - po (Bl

| Bl |Variable: | | Angles in: ‘ v|

N

Right Click
A gh B C D
1 Evaporator duty
ect All

2 Compressor power

Copy Ctrl+C E
3 cop

Paste Ctrl+V Il
4 |
5 Send To »
9 View Associated Object
7

Import Variable @

[ Delete ] [ Function Help.. Export Formula Result

crovnnect 1 103t S Fvn $
Z ! m Disconnect import/export

Right click on the cell B1 and select import variable to import the duty of
the evaporator

[ Select Import for cell - e e e S|
Flowsheet Object | Variablejﬂ | Variable Specifics | I OK i 3 il
Case (Main) 1 | [Heat Flow 2 P
2 ‘eat Flow.
K Mass Flow
4 Overall UA -Object Filter ——— =
E-100 Power @ All
E-101 Power2
K-100 Properties g ) Streams
gl 1 Temperature Approach |~ ) UnitOps 4
[74 User Variables P )
VLV-100 Utility flow rate O Logicals
I Navigator Scope wl Utility Fluid Cp ) ColumnOps
[ Utility Fluid Holdup &) Costom d
1@ Flowsheet Utility Heat Flow
|| I L ility Inlet Termn = = [
‘| n | »
\= E— 4

Right click on the cell B2 and select import variable to import the power
of the Compressor
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A B C )]
1 Evaporator d e
2 Compressor power J|
3 COP Select All 3 )
4 Copy Ctrl+C |
5 Paste Ctrl+V
b Send To ’
7
View Associated Object
[ Delete ] [ Function Hs I Import Variable I j
a I Fvrinrt Fnrminla Recnlt .

Note that the 2 variables must be in the same units (kJ/hr or KW)
(15 Setct Import for cell 10— ]l |

Flowsheet Object Variable Variable Specifics ma -
Case (Main) 1 ‘ I;H;;eat FI;:OW s |
2 eat Flow.

|3 Mass Flow
Overall UA -Object Filter )
Power @

@ Al

Power2 =
Properties () Streams
Temperature Approach - ) UnitOps
User Variables 7 =S
Utility flow rate Cfogicals
Utility Fluid Cp () ColumnOps
Utility Fluid Holdup = e

| - Navigator Scope

-

Now, divide the two variables in the cells bl & b2 to calculate the COP in

b3
(15 Spreadsheet: spRDSHT-L T =] 6 [
Variable Type: | *| Exportable [7] |
Van'able: Angles in: ‘ Rad '|
A B C D

1 Evaporator duty 1.500e+006 kJ/h

2 | Compressor power 6.787e+005 kJ/h )

4 |

The result will be 2.2
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Exportable - |y
1'."ari.':|l':||r|3: Angles in: -
A B C D
1 Evaporator duty 1.500e+006 kJ/h
2 Compressor power 6.787e+005 kJ/h
4 1
5

Challenge:

Now change the duty of the evaporator to 3 e6 kJ/hr (in the evaporator not
in the spreadsheet), then open the spreadsheet to calculate the COP &
explain the results.

.......................................................................................

....................................................

ENg
Ahmed Deyab Fares
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Distillation Column

Experience the New Aspen HYSYS'".

The best process simulation software
is now easier to use and faster to g
learn than ever! =

Aspen HYSYS is a comprehensive process
modeling system used by the world's
leading oil & gas producers, refineries,
and engineering companies to optimize
process design and operations.
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Workshop

Separation of light products is present in any Hydrocarbons
operations. In this module, a column will be modeled to separate
Light and heavy components from each other using a distillation

column with 12 trays.

Learning Objectives
Once you have completed this section, you will be able to:

* Add columns using the Input Experts.

* Add extra specifications to columns.
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Example:

We need to separate a mixture of five paraffins into light and heavy fraction
by using a distillation column with 12 trays, a full reflux condenser, and a

Kettle reboiler.

The feed stream (1000 Ibmol/hr) consists of 3% (mole %) ethane, 20%
propane, 37% n-butane, 35% n-pentane and 5% n-hexane at 225 °F and
250 psia, which enters the column on the sixth tray, counting from the top.
The condenser and reboiler pressures are 248 and 252 psia, respectively.
The preliminary design specifications require a reflux ratio of 6.06 and a
vapor overhead product of 226 Ibmol/hr. Subsequently, the design is
modified to ensure propane overhead flow of 191 Ibyo/hr and n-butane
bottom flow of 365 lbye/hr.

Use SRK Fluid Pkg
Calculate:

The Condenser, the Reboiler Temperatures & the Reflux Ratio after

modification
Condenser Temp  ireeieeeeeae. °C
Reboiler Temp °C
Reflux Ratio

|
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To start the program, From Start Menu, Select All Programs >>

Aspen Tech >> Process Modeling V8.3 >>>> Aspen HYSYS >>

Aspen HYSYS

aspen

Aspen HYSYS
V8.3

aspen

© 2012 Aspan Tecnnology, In. AspenTech, aspenONE™, and e Aspen 163t i0g0
e YAOSMANS OF RISt YAOEMANS OF ASpan Technology, Inc AN rignis resarved.

. =

Get Started A xg),«
== T Q , 7 £ = D
& = ) g » @ 4 &3
What's Ribbon | Examples | Conceptual Design | Exchange Search Aspen HYSYS :
New  Mapping Builder ‘ LinkedIn Group | <
Get up to Speed | | Ask the Community| Support_‘ Help_‘
_ StartPage « |+ >
aspen Aspen HYSYS V8.0
3 New.. Product News | My News [
ot it Tips and Tricks: How to View Preferences in Aspen HYSYS V8.0 (February 15, 2013)
I Recent Cases éée‘thrgto locate preferences in the new Aspen HYSYS V8.0 user interface.
Conve Winbar Covinmar ber Don't Miss It!: Register Now for OPTIMIZE 2013 -- (February 13, 2013)
I Get Started Have Ay(;u..registered for the OPTIMIZE 2013 AspenTech Global Conference yet? If not,
et Start click on the link to find out who's already signed up and review all the sessions and
8 What's New speakers. New this year -- build your own customized agenda!
\ Search Tips and Tricks: Convert an Aspen HYSYS Case to an Aspen HYSYS Petroleum Refining
&3 Animated Tutorials Case (February 11, 2013)
&% Training Watch this viewlet to learn how to convert an existing Aspen HYSYS Case to an Aspen

€] Documentation

& Support Center

HYSYS Petroleum Refining V8.0 case.

Tips and Tricks: Free Training Modules on Getting Started with Energy Analysis in Aspen

-

|
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7- First, Start a new case

Caze .
~ -
S 0 » ¢ Template —m3 .
=y ~re ] New (Ctrl « Ny felp
. ?J’: Column Creste a new case 'W
(LY T
felommer
“ Hydrocrackes
R v
. rjp ol rences in Aspen HYSYS VB0 (February 15, 2017)
: | CatCracher
3] Export ' 2 the new Aspen HYSYS VB0 user interface,
ﬁ‘zi Petroleusm Diatillation TIMIZE X023 - {February 13, 2013)
A it Manager VIZE 2013 AspenTech Global Conference yet? If
= tho's already signed up and revew 2 the sessions
£ picd your own customized agendal
- " - HYSYS Cate 10 an Aspen HYSYS Petroleumn Refining =
Sk Print Setu = —
e - =
Il
About |
Oations © Exit 308% e @
8- Add the Components
ol —I - 1 i - ' { ‘ @ ‘ 8~‘
% ;.H - |_l g .“ - Untl‘t‘l_ed -fspen HYSYS V8.0 - aspenONE — I
Home View Customize Get Started A7)
# Cut - [ Map Components [ [
c ] = ' ke % Z| [t s,
S3Copy 7y Update Properties
. Navigate Petroleum | Hypotheticals = Oil Aspen PVT Laboratory
(18 Paste & ' Assays % = Properties ‘ Measurements
_ Clipboard Components Refining & Options PVT Data
Properties ¢  StartPage - ‘ComponentLists « |+ -
All items v N A=
List Name Source
Component Lists
[Z3 Fluid Packages
[C& Petroleum Assays
[[& Oil Manager
& Reactions
[& Component Maps =
[[& User Properties 2
l Copy ‘ \ Delete
3‘ F—
[ Import I '; ‘ Export.. ‘ =
[ Simulation v
< ] | »
‘Q 9 y Messages v A x
. || Required Infe : Fluid Packages -- S
] " »
100% @ Lk ®
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9- Choose the system components from the databank:

source Databank: HYSYS Select: Pure Components
CDmEunent Type Group Search for.
Ethane Pure Compenent
Propane Pure Companent Simulation Name
n-Butane Pure Compenent Methane
n-Pentane Pure Companent e
n-Hexane Pure Compenent i-Pentane
——
Now, select the suitable fluid package
N H T .‘Un:itled 2 Aspé Hl/_s,;s‘xsk ool (P e
Home View Customize Get Started v @
Properties < Start Page - Fll_nzl_i’;kages -t -
All Items =2
Fluid Package Component List Property Packac

4 23 Component Lists
Component List -1

_% Petroleum Assays

& Oil Manager

[[% Reactions

& Component Maps
& User Properties

w7 |

m

[IER ;

D{? Simulation

l Edit...

In this case, select SRK

By: Eng. Ahmed Deyab Fares
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All Tterns -
4 | Component Lists : ~Property Package Selection ~Options
L& Component List - 1 ‘
3 Fluid Packages a Lee-Kesler-Plocker ‘ Enthalpy
. ) Margules -
L Basis-1 ¥ MEWR Density
C& Petroleurn Assays 3 NES Steam Modify Tc, Pc for H2, He
L& 0il Manager NRTL . .
£ Reactions OL{ Electrolyte Indexed Viscosity
Peng-Robinson EOS Solution Methods
L& Component Maps PR-Tww
2 llear Dremarbior - PRSI Phasze Identification
T Sour SRE Surface Tension Method
: Plnperlies Ty e D0 ..
L5
SRK Thermal Conductivity
{= Simulation SRy
‘|

Now you can start drawing the flow sheet for the process by clicking the

Simulation button:

S0 bt [ | Saemmm W Untitled - Aspen HYSYS V8.0 - aspenON X palette
Home Economics Dynamics View Customize du Cﬁ’ [@ x @
Shntiation < S'trar'tvl-’ag_e;rr"ﬁowshee_t Main « |+ E’ %

All Items N 0 R 2
& Workbook = " nfng
£8 UnitOps Custom Dynamics
[C@ Streams Common Columns
[ Stream Analysis =\
s, | Ti5eis|| |
l:—'g quipmen e'5|gn = "ﬁ: B
[[% Model Analysis i R 2
[[% Data Tables % *[ﬁ* ﬁ 'g')
[@ Strip Charts 1—
[[& Case Studies | : I "m" "D" ’%
[Cg Data Fits | f
s | ||| DB || -
—3 Click Here 14 y Cn(A) .(\5 5 ;HEI: K
- — v . -5 B
= Simulation ¢1essages — | v I X
\ul “3{8 (=
. BT T MU U
‘? Energy Analysis e
w17
Solver (Main) - Ready L —— - B ]

Now add a material stream to define the composition and the conditions

of the feed stream

|
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From the palette:

t_.a’aa

~ =

-

| CASE2.HSC - Aspen HYSYS%O aspen(

) Zoom
@, ZoomIn
(=) Zoom Out

Zoom

=] Page Wi

Simulation
All Items

{5 Zoom to Fit

dth

c\;

Flowsheet |

<  Flowsheet Main ~ | Case Study 1

Model

Palette

=

@

]
Notes
Manager

Show

TMes

1 Star
%% Plan

£& Workbook

b £@ UnitOps

[ Streams
[[% Stream Analysis
& Equipment Design
L& Model Analysis
[[& Data Tables
[C& Strip Charts

. Fn ~ {

-

JL =
o~ Properties

- Simulation

Double Click

A -
s

Add the mole fraction for the inlet stream

&

' I ‘ : |‘
@ Input Composition for Stream: Material Stream: 1 = | B ¥
MaleFiction - C.omposmon Basis
Ethane © Mole Fractions
Prapane () Mass Fractions
n-Butane =4 .
n-Pentane ) Lig Volume Fractions
s ) Mole Flows
) Mass Flows
) Liq Volume Flows
-Composition Controls
l Erase ]
N
[ Equalize Composition ]
I Cancel ]
e oo a2}
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Then go to the conditions page to complete the feed stream conditions:

v

Properties

Composition

Oil & Gas Feed
Petroleum Assay
K Value

Il User Variables
Notes

Cost Parameters
Normalized Yields

225 °F
Pressure [kPa] 250 psia
Molar Flow [kgmole/h] 1000 Ibmole/ hr
Mass Flow [kg/h]

Std Ideal Lig Vol Flow [m3/h]

Molar Enthalpy [kJ/kgmole]

Molar Entropy [kJ/kgmole-C]

Heat Flow [kW]

Liq Vol Flow @Std Cond [m3/d]

Fluid Package

Utility Type

Temperature [C]

I ‘ | B
b Material Stream: 1 5 L= B 2 |
Worksheet lAttachmenis l Dynamics ] -
Stream Name 1 "
Vapour / Phase Fraction 0.2340

2.757e+004
4691
-1.353e+005
1285
-1.705e+004
1112

g
e
iy

m

‘|

-

Add a distillation tower (with condenser & Reboiler):

[ 2] Palette

senE)

&+ @]X
| => | =

Upstream Refining
Custom Dynamics

Columns

Common

NN

ation Column Sub-Flowsheet

Now, start building the

By: Eng. Ahmed Deyab Fares
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P

p
[ Distillation Column Input Expert IEEIES

: IR | e,
Condenser Energy Stream m 7 [ Condence — ﬁ
. ! Total : |
Column Name  T-100 - 0 () Partial v Vapoir Quitet
Q) Full Rflx E : i
1
Inlet Streams
# Stages Optional Side Draws
- . 6=Main B n= 12 1 s Stream Type Draw Stage
s << Stream >>

n-1 Reboiler Energy Stream
n
I b i }
’ i b 6 Bottoms Liquid Outlet
-<
-Stage Numbering ke —
‘ 9 Top Down ) Bottom Up

x a | Connections (page 1 of 5) \ Cancel |
¢ y

Select Regular Hysys Reboiler in the reboiler configuration page for Kettle

Reboiler as follows:

ﬁ Distillation Column Input Expert =R &

-
IS
e [y SE O
., L,

@ Once-through _) Circulation without baffle _ Circulation with baffle

il |

=

-~

-Reboiler Type Selaction

@ Regular Hysys rebaoiler ! Heater _ Heat exchanger ‘ ‘ Tube Shell ‘

Click Here i
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3 Condenser Pressure
@ | 1710 kPa (D 248 psia

Condenser Pressure Drop

>

0.0000 kPa

m Ena Reboiler Pressure Drop
Ahmed Deyah Fares e
Reboiler Pressure

I 1737 kPa @ 252 psia
-«

Iv < Prev ’ I Next > 3 Pressure Profile (page 3 of 5) ] Cancel ’

[ Distillation Column Input Expert (=]

Optional Condenser

<
@ Temperature Estimate

Optional Top Stage
Temperature Estimate

Optional

Optional Reboiler
Temperature Estimate

-

Click Here

l < Prev I Next > E Optional Estimates (page 4 of 5) l Cancel ’

¢ )

The target is to run the column with 2 specifications:

1- Reflux Ratio = 6.06
2- Overhead vapor rate (Vent rate) =226 lbyoe/hr

|
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r o
- @ Vapour Rate 102.513 @
> Reflux Ratio
6.060 Flow Basis Molar -
-

I < Prey l I Done... t’é:i} Side Ops > Specifications (page 3 of 3) Cancel =
4 m | »
BB Column: T-100/ COLL Fluid Pkg: Basis-1/ SRK = B X |

Design l Parameters l Side Ops l Rating l Worksheet l Performance l Flowsheet l Reactions l Dynamics ‘ ;f

Design Column Name  T-100 Sub-Flowsheet Tag coL1 [ Condenser I
Connections ‘ ) Total _ Partial @ Full Reflux |
Monitor ), I
Specs Condenser Energy Stream l
Specs Summary < Delta P Ovhd
Subcooling q cond 5
Notes /’:’ 0.0000 kPa Ovhd Vapour Outlet

m Ahmed Deyab Fares 1
> 2 P cond Optional Side Draws
Inlet Streams Num of 1710 kPa = - — o
Stream Inlet Stage Stages bt yee Lol
6_Main TS n= 12 5.< Stream >
P reb
P
3 AR Reboiler Energy Stream
n < qreb v
e Delta P Py
@ Top Down n+l Bottoms Liquid Outlet
0.0000 kPa Btmm -
Edit Trays...
| ys >
Delete ” Column Environment... Run I[ Reset | _ 7] Update Outiets I
« | " B J »

"

The column statues bar (Red bar) is now unconverged till clicking the RUN
button to converge the column.
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L - — Delta ¥ e
Subcoaling q cond
Notes /? 0 0.0000 kPa Ovhd Vapour Quilet
1 d
> 2 P cond Optional Side Draws
Inlet Streams Num of 1710 kPa - = S -
Stream Inlet Stage Stages ream ype raw stage A
<< Stream >> =
1 6 MainTs n= 12 =
<< Stream > Ph
1737 kP
n-1 2 Reboiler Energy Stream
n < qreb -
-Stage Numbering ——————————
~ ~ 1 Delta P Bottoms Liquid Outlet
@ Top Down ) Bottom Up \I-/M eldutle AR
0.0000 kPa bttm -
[ Edit Trays... l *
=

[ Delete ][ Column Environment... l [ Run ] [ Reset ] - Update Outlets [ ] 1|

Let's go to the monitor page and see the current specifications:

Monitor | | 3 Tomberathre =
Pﬁ @ Temp 1200 E _'.JA;—-'}_AF{F
Specs Summary | Tter Step Equilibriur Heat / Spec | ©) Press 1000 B
Subcooling R 3 /E/
Notes ) Flows 3 r/ﬁ/
60.00 =
40,00 T T T T T T T
o 2 4 6 8 o 12 1
-Specifications
Specified Value Current Value Wt. Error Estimate Current =|
Reflux Ratio 6.060 6061 0.0002 W ¥
Reflux Rate <empty> B2L5 <empty> W~ r
Btms Pred Rate <empty> 35& <em 74 (]
Vent Rate 102.5 kgmole/h 102.5 0.0001) 3 v
S— N
Degree of Freedom=# of unkown variables - # of equations
2 active specifications to acheive the DOF =0
[ View.. ] [ Add Spec... l [ Group Active l [ Update Inactive ]l Degrees of Freedom 4]
[ Delete H Column Environment... ] [ Run ] [ Reset l _ Update Outlets  [[]1 .
4 m | »

We must make 2 specifications active to make the DOF=0.0 and to
converge the column.

The two specifications are the target that you want to achieve from the
column.

Although the column is converged, it is not always practical to have vapor
rate & reflux ratio specifications. These specifications can result in
columns which cannot be converged or that produce product streams with

undesirable properties if the column feed conditions change.
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An alternative approach is to specify either component fractions or
component flow rates for the column product streams.
Now we have to give the column another 2 new specifications to run with
(more practical)

1- Propane overhead flow of 191 Ibma/hr

2- Butane bottom flow of 365 Ibye/hr.

Specifications

Specified Value Current Value Wt. Error Active  Estimate Current
Reflux Ratio 6.060 6.061 ooooz M 3 13
Reflux Rate <empty> 6217 <empty> [ M r
Btms Prod Rate <empty> 3510 <empty> [ 3 r
Vent Rate 102.5 kgmole/h 1026 00006 T3 W

| Click Here i
I Add Spec.. ; i [ Group Active ] [ Update Inactive ] Degrees of Freedom 0

Column Environment.. ] [ Run l [ Reset ] _ Update Outlets  [| 1

Colurmn Specification Types

TR AT RS Ts L Ta T Tt I S e E ARl
Column Component Ratio
Column Component Recovery *
Column Cut Potnt
Column Draw Rate
Column DT (Heater/Cooler) Spec
Column Dt Spec
Column Duty
Column Duty Ratio
Column Feed Ratio
Column Gap Cut Point
Column Liguid Flow
Column Physical Properties Spec
Column Pump Around
Column Reboil Ratio Spec
Column Recovery
Column Reflux Feed Ratio Spec
Column Reflux Fraction Spec
Column Reflux Ratio
Column Strearm Property Spec
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-
(F Comp Flow Spec: Comp Flow — L= I =) 2
Parameters | Summary l Spec Typel -
Name
Draw Overhead stream
Flow Basis
Spec Value 191 Ibmol/hr
Components:
Target Type © Stage
l Delete | —

"

Add the other specification:

Column Specification Types

TR AT RS Ts e Ta T T I S e Ca ARl
Column Component Ratio
Column Component Recovery
Column Cut Potnt
Column Draw Rate
Column DT (Heater/Cooler) Spec
Column Dt Spec
Column Duty
Column Duty Ratio
Column Feed Ratio
Column Gap Cut Point
Column Liguid Flow
Column Physical Properties Spec
Column Pump Around
Column Rebeil Ratio Spec
Column Recovery
Column Reflux Feed Ratio Spec
Column Reflux Fraction Spec
Column Reflux Ratio
Column Strearm Property Spec

Add Spec(s)...
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. —
[F Comp Flow Spec: Comp Flow - 2 . = ‘@ |
Parameters | Summary I Spec Type I -
Name
Draw bttm @COL1 J| Bottom stream
Flow Basis
Spec Value 165.6 kgmole/h 365 Ibmot/ hr
Components:
<< Component >>
Target Type ) Stage "
| Deete | m Ahmed Deyah Fares

\

>

You can change the specifications by marking the Active check box on the

2 new specifications

~Specifications

m nl’lmﬂd Deyah Fares CurrentValue Wt. Error IActivell | Estimate  Current
Reflux Ratio 6.060 8.546 oa102f ~ r
Reflux Rate <empty> 875.8 <empty> | T W r
Btms Prod Rate <empty> 3511 <empty> | T W r
Vent Rate 102.5 kgmole/h 102.5 00004 T W r
Comp Flow 86.64 kgmole/h 86.60 00002 ¥ | 3 v
Comp Flow - 2 165.6 kgmole/h 165.6 ooooo | W W v
make the two new specifications active
[ View... ] [ Add Spec... l [ Group Active ] [ Update Inactive ] Degrees of Freedom 0
J[ coumnenvironment..  |[Run ][ Reset | | ¥ Upcerc Outets [ Igno

The Results is always inside the performance page:

r : R
B Column: T-100 / COL1 Fluid Pkg: Basis-1/ SRK = B X |
\ Design I Parameters l Side Ops l Rating l Worksheet Flowsheet | Reactions I Dynamics l =
Performance [ Feeds
: 1 E
a low Rate (kgmole/h) 453.5970
Plots |
Cond./Reboiler Ethane 0.0300 —
Propane 0.2000
n-Pentane 0.3500
n-Hexane 0.0500
n-Butane 0.3700
Eng
m Ahmed Deyab Fares
| ~Products I
By: Eng. Ahmed Deyab Fares - http://www.adeyab.com
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Go to column profile to see the temperature & Pressure profile across the

tower.
| Design | Parameters | Side Ops | Rating | Worksheet | Performance | Flowsheet | Reactions | Cynamics |
Performance  Jp_f.ix Ratio 8546 | Basts o Motar
man Eohip Ratio 2121 | | @ Flows () Energy o
\ ) Lig Vol @5
eeds [ Froducts
Plots Temperature Pressure Met Liquid Met Vapour
Cond./Reboiler [C] [kPa] [kgmole/h] [kgmale/h]
Condenser 46.06 1710 75775
1_Main TS 3163 1710 854,449 978.252
2_Main T% 5772 1712 816478 956,925
3_Main TS 65.82 1715 772,861 918.954
4_Main TS 7583 1717 733714 875.337
5_Main TS 87.10 1720 B608.895 836,190
6_ Main TS 98.81 1722 1044.86 801372
7_Main TS 103.5 1725 1064.36 683,744
8_ Main TS 107.6 1727 1081.04 713.240
9_Main TS 1111 1730 1054.06 729,924
10__Main T5 1144 1732 1102.07 742942
11_Main TS 117.8 1735 1103.22 750.946
12_Main T5 1223 1737 1095.84 752,095
Rebailer 1288 1737 744,719
Condenser Temp 46 °C
Reboiler Temp 128.8°C
Reflux Ratio 8.54

- http://www.adeyab.com
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| Oil Characterization

Experience the New Aspen HYSYS'".

The best process simulation software
is now easier to use and faster to
learn than ever!

P

(. S B L see

. S— s
_____

Aspen HYSYS is a comprehensive process
modeling system used by the world's
leading oil & gas producers, refineries,
and engineering companies to optimize
process design and operations.
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Workshop

The petroleum characterization method in HYSYS will convert laboratory
analyses of condensates, crude oils, petroleum cuts and coaltar liquids into
a series of discrete hypothetical components. These petroleum hypo
components provide the basis for the property package to predict the
remaining thermodynamic and transport properties necessary for fluid
modeling.

HYSYS will produce a complete set of physical and critical properties for
the petroleum hypo components with a minimal amount of information.
However, the more information you can supply about the fluid, the more
accurate these properties will be, and the better HYSYS will predict the
fluid's actual behavior.

In this example, the Oil Characterization option in HYSYS is used to model
a crude oil. The crude is the feed stock to a Pre-heat Train, followed by the
Atmospheric Crude Column, which will be modelled in a subsequent

module.

Learning Objectives

Once you have completed, you will be able to use the Oil Characterization
option in HYSYS.

Oil Characterization
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The petroleum characterization method in HYSYS will convert laboratory analyses
of condensates, crude oils, petroleum cuts and coal-tar liquids into a series of
discrete hypothetical components. These petroleum hypocomponents provide the
basis for the property package to predict the remaining thermodynamic and
transport properties necessary for fluid modeling.
In this example, the Oil Characterization option in HYSYS is used to model a
crude oil. The crude is the feed stock to oil refining process. (FPkg=PR)
Bulk Properties of the crude:

API Gravity of 29 for the crude
Light Ends (Liguid VVolume):

Light Ends Liquid Vol %
Methane 0.0065
Ethane 0.0225
Propane 0.3200
I-butane 0.2400
n-butane 1.7500
i-pentane 1.6500
n-pentane 2.2500

TBP distillation data (Liquid Volume %):

Assay Percent Temperature (°C)
0 -12
4 32
9 74
14 116

20 154
30 224
40 273
50 327
60 393
70 450
76 490
80 516
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To start the program, From Start Menu, Select All Programs >>

Aspen Tech >> Process Modeling V8.0 >>>> Aspen HYSYS >>

Aspen HYSYS

aspen

Aspen HYSYS
V8.0

© 2012 Aspen Technology, Inc. AspenTecn, 35penONE™, and e Aspen k23f o0

aspen

e YIIIMINS O MEQISIEEd TIIEMANS OF ASpan TEchnoiogy, Inc. Al rgms resarved.

Customizi

X H
e |

8 O W @& g *-oF

Get Started o @

What's Ribbon | Examples | Conceptual Design | Exchange Search Aspen HYSYS

New  Mapping Builder ‘ LinkedIn Group | b
Get up to Speed | ‘ | Ask the Community| Support ‘ Help_‘
_ StartPage < |+ =
{.’i g
aspen Aspen HYSYS V8.0
3 New... Product News | My News [
(& Open File... .
Lo meiiinn Tips and Tricks: How to View Preferences in Aspen HYSYS V8.0 (February 15, 2013) =
I Recent Cases ge;v-v-hé’rgtc locate preferences in the new Aspen HYSYS V8.0 user interface,
Ciisa Weibso Chitiyevnribirr Don't Miss It Register Now for OPTIMIZE 2013 -- (February 13, 2013)
| Get § 0 ﬁa;é -)fgd}egistered for the OPTIMIZE 2013 AspenTech Global Conference yet? If not,
et Start click on the link to find out who's already signed up and review all the sessions and
€8 What's New speakers. New this year -- build your own customized agenda!
\ Search Tips and Tricks: Convert an Aspen HYSYS Case to an Aspen HYSYS Petroleum Refining
&3 Animated Tutorials C‘a.s_e‘!ffebrgany 11, 2013)
&% Training Watch this viewlet to learn how to convert an existing Aspen HYSYS Case to an Aspen

€7} Documentation
£ Support Center

HYSYS Petroleum Refining V8.0 case.

Tips and Tricks: Free Training Modules on Getting Started with Energy Analysis in Aspen =
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n

Eng
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1- First, Start a new case

Casze

= Template
Column
felormer

Hydrocracker

CatCrachnr

Eport g l‘_;_'
.83 Petrclewsm Datillation
Scrpt Manager
;_‘; " ,
N
cah Pont Setup
About

nked
New (Ctrl « N)

Creste a new case

ences in Aspen HYSYS VB0 (February 15, 2017)
the new Aspen HYSYS VB0 user interface,
TIMIZE X023 - {February 13, 20113)

E 2013 AspenTech Global Conference yet? If
0's already signed up and revew a the sessions
picd your own customized agendal

HYSYS Cate 10 an Aspen HYSYS Petroleum Refining =

=5

|

2- Add the Components

@

Oations © Exit o e L

- — = — — T 5
a ;.H o) |__| il T T Untitled - Aspen HYSYS V8.0 - aspenONE . li_g‘_ix_
Home  View  Customize  GetStarted & @
% Cut [ Map Components [EZ [
: 2| |2 sl = ¥ 2| (% o
53Copy~ £y Update Properties
: Navigate Petroleum | Hypotheticals | Oil Aspen PVT Laboratory
‘B Paste 2 ' Assays % = ‘ Properties | Measurements
~ Clipboard Components Refining Options PVT Data
el < i Page % ) Covpanet e ool + ~
Ail items v . =
List Name Source
Component Lists
[ Fluid Packages
[ Petroleum Assays
[& Oil Manager
[C& Reactions
@ Component Maps 2
[C& User Properties 2
] [ o | [ oee
Ca— ¥
_ Properties.
D{g [ Import | 'l ‘ Export.. ‘ j
‘| n | »
‘9 % Y Messages v 3 %
. || Required Info : Fluid Packages -- S
‘ " ’
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3- Choose the system components from the databank:

4- First we should add the pure components first (Light Ends)

Light Ends are defined as pure components with low boiling points.

Components in the boiling range of C1 to n-C5 are most commonly of

interest.

utamoe Gt Staned
SeartPage  Compooent List - 1 +

Source Databank HYSYS Sefect Pure (omponents Firer AS Famibies
Cempenent Type cup Semch for Search by: Full Name/Synsoyen
Simuletion Name Full Mame | Syncoym Formuls
Methane Q o
< Aga
. Etrane C &,
Propane a C3+
+Butane »Ca (€111
feplace o Butane mee caHl
Pentane ~C5 (ST
n-Pentane ~CS (€105
o Heante L] CoHR
n-Heptane o M
n-Octane e ] Ml
n Monane o CoHE
m-Decane 10 clome
n-C1l i CIHE
n-C12 (=5} C1H3
L
L
Component Type Group Search for:
Methane Pure Component
Propane Pure Component 2 Sirnulation Name
Ethane Pure Component 1 TBUtane
i < Add

: | n-Butane

i-Pentane

n-Pentane

- Hexane

n-Heptane

n-Octane

n-Decane

n-C11

n-C12

n-C13

n-C14

n-C15

Status:

Add the pure components (C1, C2, C3, n-C4, i-C4, n-C5, i-C5, H,0)
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Now, select the suitable fluid package

—— - —_—— = = -
~- W PO  Untitled - Aspen HYSYS V8.0 - aspenONE = O
Home View | Customize Get Started v @
Propcaties < StartPage - ' Fluid Packages « |+ >
All tems v )
« B ComponentLists Fluid Package Component List Property Packac
Component List - 1.
_% Petroleum Assays
[C& Oil Manager =
[C@ Reactions
[£% Component Maps
[@ User Properties
'T- ¢ W
=] Simulation v
»
‘v Encegy Audly Messages v I X
. || Required Info : Fluid Packages -- Seles
« | [ | »
100% © 1 ®
In this case, select Peng-Robinson
— - —_——  —— = - ——
~ I = R ST i Untitled - Aspen HYSYS V8.0 - aspenONE [=E e
o . - L i S
Home View Customize Get Started 7]
Properties < Srt?rfpage - Basis-1 - [+ 7
Alltems = Set Up | Binary Coeffs l StabTest l Phase Order I Tabular I Notes l -
4 [ZZ Component Lists - )
£& Component List - 1 Package Type: HYSYS Component List £
4 |5 Fluid Packages
|3 Basis-1 | -Property Package Selection - Options =
& Petrol A — Enthal Pi
.@ ?ro b Lee-Kesler-Plocker A f é'pr ;
[_Ta Oil M'anager Margules Density
E{% Reactiofis ngws'i Modify Tc, Pc for H2, He Mo
Component Maps eam : 5 £
B8 User groperties B NRTL Indexed Viscosity
e Peng-Robinson Options
Robi
— I\ EOS Solution Methods Cubic EC
Tt 3 < \ 3
___l“ Properties PRSV ' ol Phase Identification
’ ’ Surface Tension Method
D{gs‘mm Tharmaal Candiotiibe A
‘ I m »
‘9 Enexgy Snalysis Messages v I X
100% © [ )
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Characterize the Assay

The assay contains all of the petroleum laboratory data, boiling point
curves, light ends, property curves and bulk properties. HYSYS uses the
supplied Assay data to generate internal TBP, molecular weight, density

and viscosity curves, referred to as Working Curves.
To characterize the assay follow the following steps:

1-  Go to Oil Manager.

Home iew Customize et Starte
[ Hypothetical Manag

# Cut = i | L Methods Assistant [ Map Components L/ﬁ

53Copy~ ‘ =) Ap Reactions i Update Properties _£ : Convert

(% Paste Cong)stt)?ent paELuaiges _g'. User Properties Pf&;‘s’g‘;’" . Remove Duplicates
Clipboard Navigate Components Refining '«

Properties < StartPage - | aspenONE Exchange Oil Manager - | +

Allitems s Oil Manager | Correlation Sets | Oil Qutput Settings |

4[5 Component Lists Oil Installation Information

[[% Component List - 1
4 (£ Fluid Packages
[@ Basis-1
[£% Petroleum Assays
0il Manager

Oil Name Ready Install

[ Component
[ User Properties Click on the small arrow

beside Oil Manager

2-  Click on Input Assay & then Click Add button:

< Start Page aspenONE Exchange - h;thssay X

Properties

All tems v

4 5% Component Lists | Assay

& Component List - 1
4 |13 Fluid Packages
[ Basis-1
|- Petroleum Assays
@ E& Oil Manager
[L@ Output Blend =
[C&% Reactions
[ Component Maps
[Z% User Properties

3 Add..

[ Import |
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Sl HavigaLc i SR L= Y o} L= RUN LN LY
Properties < Start Page aspenOME Exchange '#ﬁsesa]r-l = [
ALl - Input Data | Calculation Defaults I Working Curves |
4 |5 Component Lists ~Azsay Definition

L& Component List - 1
4[5 Fluid Packages Bulk Properties ||"‘|“'-lt Used -

[ Basis-1

Aszzay Data Type | Mone A

|55 Petroleumn Assays
< il Manager

[ Output Elend
& Reactions

L% Component Maps
[ User Properties

Bulk Properties
Bulk Properties for the sample may also be supplied. The bulk properties

are optional if a distillation curve or chromatograph have been supplied
Change the bulk properties from Not used to Used and add the value for
standard Density = 29 APl _60

Note:
Properties ¢ StartPage aspenONE Exchange - A;—l* nx
M " InputDate | Calcuistion Defauits | Working Curves | Plots | User Curves | Notes
o yEchpmwﬂ Lists Assay Definigion ~Input Datz
g Component List -1
4 |55 Flid Packages Bulk Properties Mcleculzr Weight <
£ Bl — | Standard Density 3 2 kaim3
15 Petroleum Assays Aoy = ype None ¥ Wiatson UOPK <MD | i3
4 %08 Mana Viscosity Type Dynamic | g/1
4 5% Input Assay - Viscosty 1 Temp 37.78C| gfem3
02 Assay1 I Viscosity 1 <empty> | /mL
Lg Uutpuf Viscosty 2 Temp 98.89C Aﬂ
[ Reactions Viscosity 2 <emgty>
BC ent Maps
e | SG_15/4
L User Properties i
Molecular Weight of Sghtest component

Select the Assay Data Type >> TBP

|
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start Mage aspenUME Exchange

 Assay-1 % | T+

Input Data | Calculation Defaults | Working Curves | Plots | User Curves | MNotes |

~Assay Definition | |--Ir1put Data
Bulk Properties Click Here Molecular Weight <empty>
Standard Density 879.8 kg/m3
Assay Data Type Watson UOPK <empty>
Viscosity Type Dynamic
AS TITTIED Viscosity 1 Temp 37.78C
g:: 3113;531150 Viscosity 1 <empty>
Chromatograph Viscosity 2 <empty>
EFV
None
Meolecular Weight of lightest cormponent

e Select the Distillation radio button in the Input Data group box.

e Select the Assay Basis as Liquid Volume (use the drop-down menu).

e Click the Edit Assay button; this will allow you to enter the assay
information below.

Aszzay Definition

~Input Data

Liquid Volume B =

Assay Basis

Bulk Properties |Used "| ) Bulk Props

Assay Data Type TEBP E Assay Percent TemTaature
Light Ends |anore -

Molecular Wt, Curve |Not Used v|

Density Curve |Not Used '|

Viscosity Curves |Not Used "|

~TBP Distillation Conditions

@ Atmospheric ) Vacuum

v,

I Edit Assay... l4 ||

At least 5 points are reguired

Add the assay data:
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p
f; Assay Input Table . F=TR=E
i
- Assay Input Data A
Assay Percent Temperature

%] [C]

m

Eng
m Ahmed Deyab Fares |

Num of Points to Add | Add Data Points | |

| All input curves except distillation are on midpoint
basis. Dependent curves will be shifted to middle.

L' | Cancel l

Use the drop-down lists to select Input Composition for Light Ends

Input Data | Calculation Defaults I Working Curves I Flots I User Curves I Motes |
~Assay Definition ~Input Data
Bulk Properties |Llsed '| ) Bulk Props Assay
Assay Data Type |TBP v| ® Distillation Ass
Light Ends
Molecular Wt. Curve
Density Curve
Viscosity Curves
TOMO Mirkillatimm T amadibiame
Select the Light Ends radio button and enter the data given from Input
Data
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put Data | Calculation Defaults | Working Curves | Plots | User Curves | Motes |

Assay Definition -Input Data
Bulk Properties |Used ") | pmaRilibrop: Light Ends Basis liquid Volume %~
Assay Data Type TBP - —_— |
| ‘ © Distillation Light Ends Composition TE;’
Light Ends |Limeut Compasiton '{ Methane | 6.500e-003 1615
Ethane ] 2.250e-002 -88.60
Molecular Wt. Curve |th Used "‘ Propane 0.3200 4210
. i-Butane 0.2400 -11.73
Density Curve | Not Used " n-Butane 1750 -0.5020
]l.lriSCDSit_'f Curves | Mot Used \r‘ i-Pentane 1.650 27.88
n-Pentane 2.250 36,06
l-TBP Distillation Conditions | H20 0,0000 100.0

Once you have entered all of the data, click the Calculate button. The status
message at the bottom of the Assay view will display Assay Was Calculated.

- |
‘ ‘ @ Light Ends
TEP hd e e
) Distillation Light Ends Compaosition TE?
|Input Composition | Methane  6.500e-003 -161.5
Ethane  2.250e-002 -88.60
ve |NotUsed "] Propane 0.3200 4210
‘ Not Used " i-Butane 0.2400 -11.73
n-Butane 1750 -0.5020
‘ Mot Used - ‘ i-Pentane 1.650 27.88
n-Pentane 2.250 36,06
onditions H20 0.0000 1000
' Wacuum
-
g I Calculate Assay Wa

Once the Assay is calculated, the working curves are displayed on the Plots and
Working Curves tabs. The working curves are regressed and extrapolated
from the Assay input. From the user-supplied data, HYSYS generates curves
for NBP, molecular weight, mass density, and viscosity. These working curves
are used in determining the properties of the hypo components generated in
the Blend step.
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Input Data | Calculation Defaults § Working Curves Jf Plots | User Curves | Motes |
~Assay Working Curves
. MNEP Mass Density Viscosity 1 Viscosity 2
#
Point Moles Cum. Moles (] Mole Wt [ke/m3] [cP] [cP]
0 0.00000 0.00000 47.57 71.49 7247 0.407 0.210
1 0.02524 0.02524 5542 74.83 7306 0.404 0.214
2 0.02436 0.04960 63.01 7813 736.2 0311 0.188
3 0.02355 0.07315 7044 8143 7416 0.3286 0.197
4 0.02274 0.09589 78.20 54,93 7471 0.345 0.207
3 0.02214 0.11803 84.24 81,77 7515 0.362 0.216
6 0.02161 0.13964 89.76 90.35 755.2 0.377 0.224
7 0.02103 0.16067 95.80 93,37 7594 0.396 0.234
g 0.02032 0.18099 1034 97.27 764.5 0421 0.246
] 0.01965 0.20064 1111 1012 T09.8 0.450 0.261
10 0.01907 0.21971 118.3 1050 745 0.479 0.275
11 0.04478 0.26446 1341 1133 TJ84.8 0.550 0.309
12 0.04236 0.30682 1483 1211 T93.8 0.623 0.343
13 0.03994 0.34676 163.7 1300 8033 0.714 0.385
14 0.03748 0.38424 180.5 1403 8135 0.842 0.441
15 0.03521 0.41945 197.2 151.2 8234 1.024 0.505
1o 0.03313 0.45258 2137 162.5 8329 1.252 0.580
Properties < Start Page - | aspenONE Exchange - ' Assay-1 - | +
A” It ware 'UPLI e I Uscu I LA Ll 'UPH
ems v =~
@ Light Ends
4 [ZZ Component Lists Assay Data Type |TBP 'I © Distillation
& Component List - 1 =
4 [ Fluid Packages Light Ends |lnput Composition 'I
@ Basis-1
(5% Petroleum Assays Molecular Wt. Curve | Not Used '|
4 [ Oil Manager .
= Density Curve | Not Used 'l
4 |5% Input Assay
BSS gV~ - '|
Click on Output
% Output Blend
¢ Reactions Blend
[[§ Component Maps @ Atmospheric
[ User Properties
Eng
llllllﬂﬂ IIBUaII fal'es Percent o
q P tie
S
{2 Simulation | Handling & Fitting | | Calculate =

The Output Blend characterization in HYSYS splits the internal working curves

for one or more assays into hypo components. The Blend tab of the Oil

Characterization view provides two functions, cutting the Oil into Hypo

components and Blending two or more Assays into one set of hypo

components.
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Properties < Start Page aspenOME Exchange hutput Blend - &
All Tterns =
4 5% Component Lists Blend Correlation et

L& Component List - 1
4[5 Fluid Packages
L& Basis-1
[£§ Petroleumn Assays
4[5 0il Manager
4 [F Input Assay

ary L -

|[& Output Blend !

& Reactions

L& Compoenent Map\
C& User Properties f

Il .
o Properties

All Items v

4 |53 Component Lists Blend Correlation Set
[ Component List - 1 Blend-1 Default Set
4 (53 Fluid Packages
[[@ Basis-1
[£@ Petroleum Assays
4 |2 Oil Manager
4 % Input Assay
[ Assay-1
1 4 -3 Output Blend
[ Rd8

‘EiBlend1 |
£ Component Maps

[C& User Properties I Add.., Copy
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" oE e meer —_—

All Ttems -

Data | Tables I Property Plot | Distribution Plot | Compe

4 [£% Component Lists
& Component List - 1
4 |F Fluid Packages
L& Basis-1 oil Flow Units
L% Petroleum Assays
4[5 Oil Manager /
4 [5F Input Assay /
C§ Assay-1
4 |57 Cutput Blend
[ Reactions
L& Component Maps
L& User Properties

~#ssay Selection and Ol Information

Available Assays Oil Flow Information

Click Here

[ -

The results of the calculation can be viewed on the Tables tab

Data | Tables | Property Plot | Distribution Plot | Composite Plot | Plot Summary | Correlations | Motes |

~Table Typg ———— ~Component Physical Properties

|Component Properties "| MBP Density Yiscos
Comp Name [C] Mole Wt. [hegym3] [cP
~Table Control ————— MEP_57 56.57 7371 J28.7 [
e e MEP_GE 68.42 7892 73715 [
© Other P ) MBP_83 #3.35 8595 1487 [
-/ Uther Froperties NEP_96 9596 91 89 7574 (
il: MEP_111 1111 99,31 J67.2 [
Blend-1 - MBP_125 1244 105.8 J75.5 [
MEP_140 1399 112.3 J83.5 [
MEP_153 1527 1196 7921 [
MEP_167 1669 127.2 800.5 [
MEP_181 1811 1355 8089 [
MEBP_195 1951 144.3 817.3 [

MEP_209 2093 1538 8257

MBP_224 2235 164.3 8344

MBP_237 2375 1755 g43.0

Install il
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Data | Tables | Property Plot | Distribution Plot | Compaosite Plot | Plat Summary | Correlations | Motes |

-Table Typg ——— - Cut Input Information —————— - Cut Distributions
0il Distributions Name ErEg]T Narme Ee[gClTT ErEg]T Fraction
Off Gas 10.00 Off Gas -19.54 10.00 0.021
Lt 5t Run 70.00 LobBun 2.00 J0.00
Naphtha 180.0 Maphtha 70.00 180.0
Kerosene 240.0 Kerosene 130.0 240.0
Light Diesel 290.0 Light Diesel 240.0
Heavy Diesel 340.0 Heawy Diesel
Atm Gas Qil 370.0 Atm Gas Oi
Rezidue 1200
<<New>»> <<New>>

The final step of the characterization is to transfer the hypo

component information into the Flowsheet.

~Assay Selection and Oil Information -Bulk Data ——————

Available Assays Oil Flow Information

Qil Flow Units Flow Rate
Assay-1 Liquid Vol <empty>

m Ahmed Deyah Fares

Hypocomponent Ideal Liquid [

| Default Method

‘ <---Remove l

Install Oil i

In the Stream Name column, enter the name Raw Crude to which the oil

composition will be transferred.
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f R
5 Blend-1: Install Oil - - E=EE

Qil Name Instal Stream Name Flowsheet

T 1 Cse i

Type any stream name

2 e T

HYSYS will assign the composition of your calculated Oil and Light Ends
into this stream, completing the characterization process.
Now you can return to the Simulation environment to see the stream (Raw

Crude) with a full composition:

rl L=l ) Data | Tables | Property Plot | Distribution Plot | Com
4 [ig Component Lists -Table Type -Cut Input Informi
@ Component List -1
4 [[F Fluid Packages |'D“ Distributions '| MName
[ Basis-1
% Petroleurn Assays Lel = e LA
. Lt St Ru
4[5 0il Manager e |L' 4 Vol '| Naohth
P E’a Input Assay asis: | Liquid Volume o apht
erosen
£g Assay-l Oil: Light Diess
4 5§ Output Blend | H Diess
N Blend-1 )
[ Reactions Residu
L& Component Maps s eNews
C& User Properties
@ Straight Run
| Cyele Oil
Vacuurm il
I User Custom

Install Oil
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| Tools | Stream Label & | Hierarchy | D

{5 Material Stream: Raw Crude - . _g —.l;a
Worksheet | Attachments | Dynamics g
; Mole Fractions —‘“
Methane 0.0003 )
Ethane 0.0006
Propane 0.0086
5 3 i-Butane 0.0054
| Petroleum Assay 3
||| xvalue n-Butane 0.0410
User Variables i-Pentane 0.0333
" Nomas n-Pentane 0.0458
! Cost Parameters | | H20 0.0000
! Normalized Yields | NBP[0]57* 0.0282
| NBP[0]68* 0.0380 =
| NBP[0]83* 0.0445
| NBP[0]96* 0.0371
NBP[0]111* 0.0319
Total 1.00000
| Edit. | | ViewProperties.. | | Basis. |
l Unknown Temperature
| Detete || Define from Other Stream... | [ @] » .
4 m ’
—
Save Your Case!
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| Atmospheric Distillation

Experience the New Aspen HYSYS'. o

The best process simulation software
is now easier to use and faster to
learn than ever!

P
RS S L sesuie e &
— e —

o

Aspen HYSYS is a comprehensive process
modeling system used by the world's
leading oil & gas producers, refineries,
and engineering companies to optimize
process design and operations.
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Workshop

Atmospheric Crude Columns are one of the most important pieces of
equipment in the petroleum refining industry. Typically located after the
Desalter and the Crude Furnace, the Atmospheric Tower serves to distil
the crude oil into several different cuts. These include naphtha, kerosene,
light diesel, heavy diesel and AGO.

In this module, you will construct, run, analyze and manipulate an
Atmospheric Crude Column simulation. You will begin by building a

simple column and continue by adding side operations to the column,

Learning Objectives

= Build and converge an Atmospheric Crude Column.

= Use HYSYS to analyze and predict the behavior of a simulated
column.

= Add side operations to a column to improve operation and
efficiency.
Add cut point specifications to increase side product quality and
quantity.

Pre-Heat Train
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A crude stream at 15°C, 1000 kPa and flowrate of 6x10° kg/hr is mixed
with a stream of water at 15°C, 1000 kPa and flowrate of 21600 kg/hr
using a Mixer, the outlet from the mixer is then heated to 65°C through a
Heater (Ap=50 kPa), the heater outlet is fed to the tube side of a Shell &
Tube Heat Exchanger, where it's heated using a Shell inlet stream having
the same composition as the crude feed stream and enters the shell of the
heat exchanger at 180°C, 200 kPa and flowrate of 175m®/hr. The pressure
drops for the Tube and Shell sides, will be 35 kPa and 5 kPa, respectively.
The tube outlet from the HX is then sent to a desalter which is simply
modeled as Three Phase Separator where desalted water, oil and gas is
separated. The oil stream (light liquid) from the desalter is then heated to
175°C through a Heater (Pressure drop=375 kPa) and then sent to a
Preflash (Separator) to reduce the light components in the feed. The liquid
product from the separator is then heated to 400°C inside a Heater (Pressure

drop=250 kPa) before entering the Atmospheric Column.

Heat Exchanger Specification:
- Use Simple weighted model
- Min Approach = 30°C (54°F). This is the minimum temperature

difference between the hot and the cold stream.

Calculate:
- The vapor fraction of the product stream before entering the
Atmospheric column.
- The Shell side outlet Temperature.

- The vapor molar flow rate from the Preflash.

Atmospheric Distillation
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A feed stream from the pre-heat train is fed to the 28" tray of a Refluxed
Absorber with 29 trays and a partial condenser to separate Off Gases,
Naphtha and Bottom Residue. A steam stream (vapor fraction =1.0,
pressure =1380 kPa and flowrate=3400 kg/hr) is fed to the bottom of the
tower to provide the necessary heat. A water draw stream is required to
remove the condensed steam from the overhead condenser. The tower is

operated with the following conditions:

Condenser Pressure 140 kPa Condenser Temperature 40 °C
Condenser Pressure Drop | 60 kPa Top Stage Temperature 120°C
Bottom Stage Pressure 230 kPa Bottom Stage Temperature | 340 °C

Specifications:

Overhead vapor rate 0.0 kgmole/hr

Distillate rate (Naphtharate) | ...

What is the flow rate of?
Naphtha Residue

Wastewater
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Side Strippers & Pump Arounds

Side Strippers are added to the column in order to improve the quality of

the three main products (Kerosene, Diesel, and AGO). There are two types
of side strippers available in HYSYS: Reboiled and Steam Stripped. We

will install one reboiled side stripper and two steam stripped.

AGO SS Diesel SS Kerosene SS

Draw Stage 22 17 9
Return Stage 21 16 8
Configuration Steam Stripped | Steam Stripped Reboiled
Product flow | ... | |

Temperature Pressure Flowrate
AGO Steam 150 °C 350 kPa 1150 kg/hr
Diesel Steam 150 °C 350 kPa 1350 kg/hr

Pump Arounds help to improve the column’s efficiency. They operate by

drawing a liquid stream from one stage cooling it, and pumping it into a

higher stage. In effect, this process adds to the reflux between these two

stages.
AGO PA Diesel PA Kerosene PA
Draw Stage 22 17 9
Return Stage 21 16 8
Flowrate 200 m3/h 200 m3/h 330 m¥h
Duty -3.7e7 kJ/h -3.7e7 kd/h -4.5e7 kJ/h
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Load your Pre-Heat Train case from the Pre-Heat Train

module.

Raw
Crude

¥ To Heat
To Sumple Exchanger
Meater ?‘"’l"'

Exchanger

Pre-Flash

MiX-100

Cokd
Woler Pumgaround

Desator
Water

Add a steam stream to provide the heating effect to the bottom of the
tower instead of using a reboiler:

Vapor fraction =1.0, pressure =1380 kPa and flowrate=3400 kg/hr

Composition (100% water)

Worksheet | Attachments | Crynamics | i
Worksheet Stream Mame Bottom Steam
Conditions Vapour / Phase Fraction 1.0000
Properties Temperature [C] 194.6
Compasition Pressure [kPa] 1380
E’;L 5‘;335 F;:; Molar Flow [kgmole/h] 1887
roleum ¥
K Value Mass Flow [kg/h] 3400
User Variables Std Ideal Lig Vol Flow [m3/h] 3407 E
Motes Malar Enthalpy [k)/kgrnole] -2.358e+005
Cost Parameters | | Molar Entropy [kl/kgmaole-C] 166.3
Normalized Yields| | st Flow [ki/h] -4.453e+007
Lig Vol Flow @5td Cond [m3/h] 3,350
Fluid Package Refinery
Utility Type
L) E—T—
‘| m | C
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ADDING THE ATMOSPHERIC COLUMN

The atmospheric column is modeled as a refluxed absorber,

- Double-click on the Refluxed Absorber icon on the Object Palette.

Custom Dynamics

Common Columns

1L
/ \
Refluxed e ﬁ
Absorber o bs‘ﬁhﬁ ,1
m ‘;‘@._

The tower (29 trays) is operated with the following conditions:

Condenser Pressure 140 kPa Condenser Temperature 40 °C
Condenser Pressure Drop | 60 kPa Top Stage Temperature 120 °C
Bottom Stage Pressure 230 kPa Bottom Stage Temperature | 340 °C

Specifications:

Overhead vapor rate 0.0 kgmole/hr
Distillate rate (Naphtha rate) 0.153 x 681.9 m3/hr = 104.3 m3/hr
- Cut Input Information ———— - Cut Distributions

Mame Er[lg]T Mame EE[":!CI?T Er[lg]T Fraction
Off Gas 10.00 Off Gas -19.54 10,00 0021
Lt St Run 70.00 Lt St Run 10,00 70,00 0,064
Naphtha 180.0 70,00 180.0 0.153
Kerosene 240.0 Kerosene 1800 2400 0,094
Light Diesel 290.0 Light Diesel 240.0 290.0 0.102
Heavy Diesel 340.0 Heavy Diesel 290.0 340.0 0,087
Atm Gas Oil 370.0 At Gas Oil 340.0 370.0 0,045
Residue 1200 Residue 370.0 §25.2 0.434
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Condenser Energy Stream | q cond '|

Condenser

— >
‘T'Total l|0ffgases I 6 "

o ‘
Column Name  T-100 @ ‘OvthutIets
7 | ) Full Rflx

Q) Partial
Naphtha [ Z b I
>

Optional Inlet Streams =~ — — — — — > 2 ‘ 5 I [¥] Water Draw I Wastewater I' 8 '1

[ Stream Inlet Stage e
t
2 | ATMFeed 28_MainTs I # Stages oot et
| < Stream >> s - Stream Type Draw Stage

<< Stream >>

n-1
Bottom Stage Inlet Ahmed neyan Fares
| Bottom Steam 3] Bottoms Liquid Outlet__

| ATM Residue

9
~

- Stage Numbering ‘
‘ 9 Top Down ! Bottom Up ‘

I et > I Connections (page 1 of 4) ‘ Cancel

The Water Draw checkbox must be checked to prevent two liquid

phases being formed in the column.

>
- Condenser Pressure
/? @ I 140.0 kPa I
-€ >
Condenser Pressure Drop
Bottom Stage Pressure
> I|23-::o.u |
>
< Prev l I Next > Pressure Profile (page 2 of 4)
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Optional Condenser

Temperature Estimate
-
€

Optional Top Stage

Temperature Estimate

120.0 C

Optional Bottom Stage

Temperature Estimate
> Iaem.n I

T :

Optional Estimates (page 3 of 4) E

< Prev | [I Mext > I

Vapour Rate 0.0000 @

Ping @\r, wiorwe [oo 13N ]

<€ >

Reflux Ratio Flow Basis

foeme (2

A

T :

H
< Prev | Done.. I [ Side Ops > Specifications (page 4 of 4) Cancel |
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Design |Parameters | Side Ops | Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics |
Design ~Optional Checks ~Profile
Connections [ Input Summary l [ View Initial Estimates... l Temperature VS, Tray Po
Monitor l i ' 0
Specs @ Temp ST |FEEE
Specs Sljlmmary | Iter Step Equilibrium Heat / Spec ‘ © Press &0 3
Subcooling 6,000 -
Notes ) Flows arEs
2,000 E
LN L | rTrrrrrrTT L
o 5 10 15 20
~ Specifications [ 2 1
Specified Value Current Value Wht. Error Active Q§ Estimate Curre
Reflux Ratio <empty> <empty> <empty> [ v r
Distillate Rate 104.3 m3/h Zempty> Zempty> Iv ~ =
Reflux Rate <empty> <empty> <empty> I v r
Vap Prod Rate 0.0000 m3/h <emphy> <empty=fl W v W
Btms Prod Rate <empty> <empty> <empty>f] | v r
[ Update Inactive ] Degrees of Freedorr
| peee || TN

Run the column
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Adding Side Strippers

Side Strippers are added to the column in order to improve the quality of

the three main products (Kerosene, Diesel, and AGO). There are two types

of side strippers available in HYSYS: Reboiled and Steam Stripped. We

will install one reboiled side stripper and two steam stripped.

AGO SS Diesel SS Kerosene SS
Draw Stage 22 17 9
Return Stage 21 16 8
Configuration Steam Stripped Steam Stripped Reboiled

Product flow

0.045x 681.9 mé/hr

(0.102+0.087)x 681.9

0.094x 681.9 méhr

= 30.69 m3/hr = 128.88 m¥/hr = 64.1 m¥hr
Cut Input Information Cut Distributions
End T Begin T End T .
Mame C] Mame [C] [C] Fraction
Off Gas 10.00 Off Gas -19.54 10.00 0.021
Lt 5t Run 70.00 Lt 5t Run 10.00 70,00 0.064
Maphtha 180.0 Maphtha 70,00 180.0
Kerosene 240.0 Kerosene 180.0 2400
Light Diesel 290.0 Light Diesel 240.0 290.0
Heavy Diesel 340.0 Heawy Diesel 290.0 340.0
Atm Gas Oil 370.0 Atm Gas Ol 340.0 370.0
Residue 1200 Residue 3.0 825.2
Temperature Pressure Flowrate
AGO Steam 150 °C 350 kPa 1150 kg/hr
Diesel Steam 150 °C 350 kPa 1350 kg/hr
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First we need to add two steam streams to provide the heating effect for
both AGO & Diesel Side Strippers

Temperature Pressure Flowrate
AGO Steam 150 °C 350 kPa 1150 kg/hr
Diesel Steam 150 °C 350 kPa 1350 kg/hr
Worksheet Stream Mame
Conditions Vapour / Phase Fraction 1.0000
Properties Temperature [C] 150.0
Composition Pressure [kPa]
Oil & Gas Feed | b1t Flow [kgmole/h] £3.84
Petroleum Assay Mass Flow [kg/h]
K Value
User Variables Std Ideal Lig Vol Flow [m3/h] 1152
Motes Molar Enthalpy [klfkgmale] -2.370e+005
Cost Parameters | | Molar Entropy [kJ/kgmole-C] 175.0
Normalized Yields | Heat Fiow [i)/h] -1513e+007
Lig Vol Flow @5td Cond [m3/h] 1133
Fluid Package Refinery
Utility Type
‘| m

rksheet | Attachments | Dynamics |
Worksheet Strearmn Mame Diesel Steam
Conditions Vapour / Phaze Fracticn 1.0000
Properties Temperature [C] 150.0
Compaosition Pressure [kPa] 350.0
Oil & GasFeed | | p101ar Flow [kgmole/h] 74.94
E;TE'“ ASS3Y ||\ tass Flow [kg/h] 1350
User Variables Std Ideal Lig Vol Flow [m3/h] 1353
Motes Mealar Enthalpy [k)kgrmole] -2.370=+005
Cost Parameters | | Molar Entropy [k)/kgmole-C] 175.0
Normalized Yields | yeat Flow [kifh] -1.776e+007
Lig Vol Flow @5td Cond [m3/h] 1.330
Fluid Package Refinery
Utility Type
“ | m
I ———————
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Go to the Side Ops tab inside the atmospheric tower to add the three side

stripers:

l Design I Parametefsl Side Ops IRatingJ Worksheet l Performance l Flowsheet l Reactions l Dynamics ’ =

Side Op _.Sid er Summary
Sxie Shppee l' # Stages  Liq Draw Stage Vap Return Stage Qutlet Flow
e Rectiiers

Te
Pump Arounds
Vap Bypasses
Side Draws

m

mf
Ahmed Deyab F

-Flow Basis ‘ -
@ Molar  ©) Mass ) Volume vie m 2 s

o] m | ’

First add the AGO Side Stripper

.
(B Side Stripper - AGO S S
Neme Jacoss |4 E

-

Return Stage

21 MainTs | 2] ~|

> 1 -Configuration
Draw Stage 2 ‘ , I Reboiled
= © Steam Stripped
22 Maints | 3] ~ m
k = 3
Steam Feed =
k-1 AGO STEAM ‘.1 =

-Flow Basis ————— k -C

) Molar I

) Mass

© Std Ideal Vol 1 >

) Vol @ Std Cond ‘ Product Stream Specs = [y

A~ Product Stream AGO Product "
l Delete ’ L) Draw Spec 30.69 m3/h { :] _—
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T N
(B Side Stripper - AGO S [=Er=
Name AGO SS i
-
Return Stage
21 MainTS |
1.1
Draw Stage 2
122 Main TS v|
k = 3
Steam Feed Name =
k-1 AGO STEAM
k<
>
Calculated Product Information |u
Name AGO Product
Delete l | 2
Draw Rate <empty> -
— — — e—— ————

Close the window and run the column

Make sure that the column is converged

ide Strippers
ide Rectifiers #5tages  Lig Draw Stage Vap Return Stage ?k!;t:zlﬂfol-:}l
ump Arounds i .
ap Bypasses AGO S5 3 22_Main TS 21_Main TS 1966 | |
ide Draws
~Flow Basis
@ Molar ) Mass ) Volume ‘ [ View l [ Add... ] [ Delete l E
Delete ] [ Column Environment... ] [ Run ] [ Reset l _ -
| m | »
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Add the Diesel Side stripper:

Side Shippersl
SI0e Rectners # 5tages = Lig Draw Stage Wap Return Stage ([)kl;l!:;:?hv]‘l
Pump Arcunds . .
Vap Bypasses AGO 5§ 3 22_Main TS 21_Main TS 19.
Side Draws
Click Here
~ Flow Basis
@ Molar ) Mass ) Volume ‘ Add...
[ Delete H Column Environment.., l [ Run ] [ Reset ] _ ?
4 | m | b
i et G v— - - | ]‘
" Side Stripper - Diesel 5§ = | B X
Name JDiesel SS =
<
Retumn Stage
16 Main TS |
= -Configuration
Draw Stage 2 ‘ ‘-:' Reboiled
' © St Stripped
k = 3
Steam Feed =
1
-Flow Basis —————— k -
) Molar
) Mass
© Std Ideal Vol >
*) Vol @ Std Cond Product Stream Specs
Product Stream Diesel Product
l Delete ‘ Install Draw Spec 128.9 m3/h ?
\
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Name |Diesel 55 | -
-€
Return Stage
16 MainTs -| N
> 1
Draw Stage 2
|1}' Main T5 "’|
T E
Steam Feed Name =
k-1 Diesel 5team
k -

=
Calculated Product Information
[ —— l Mame Diesel Product L
e
Draw Rate <empty> -

Close the window and run the column

Make sure that the column is converged

Side Strippers
Side Rectifiers #Stages  Liq Draw Stage Vap Return Stage ([:::;t:;::;’hv;
Pump Arounds 5 5
Vap Bypasses AGO SS 3 22 _MainTS 21_Main TS 129.“
Side Draws Diesel SS 3 17_Main TS 16_Main TS 697.
m Ahmed Deyab Fares
Flow Basis :
@ Molar ) Mass ) Volume ‘ l View I | Add... l I Delete |
Delete || Column Environment... I [ Run ] l Reset | _ =

| m | »

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com
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Add the Kerosene Side stripper:

Side Strippers

m

Side Rectifiers #Stages  Liq Draw Stage Vap Return Stage Quilet Flow
[kgmole/h]
Pump Arounds . .
- AGO SS 3 22_Main TS 21_Main TS 129,
Side Draws Diesel SS 3 17_Main TS 16_ Main TS 697,
Click Here
-Flow Basis ‘
@ Molar ) Mass ) Volume ‘ View I Add.. Delete
| Deete || CoumnEmvionment. || R ||  reset | [
. » T ™,
5 Side Stripper - Kerofene SS =B8] X |
Name =
-
Retumn Stage
8 Main TS >
S
Draw Stage 2 -
) St Stripped
9 Main TS - i
k - 3
k-1
. Boil Up Ratio
-Flow Basis ———— k
) Molar 0.75
) Mass »
@ Std Ideal Vol — o
© Vol @ Std Cond Product Stream Specs
Product Stream Kerosene Product
L [ Delete J l Install Draw Spec 64.10 m3/h [
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Mame |Kerosene 55
-€
Return Stage
'8 Main TS -| N
> 1
Draw Stage 2
|‘J Main TS "’|
~ E
k-1
k
N
—>
Delete |

Active Reboiler Spec

Kerosene 55 BeilUp Ratio
0.7500

.
>
Calculated Product Information
Mame Kerosene Product
Draw Rate

<empiy> -

Close the window and run the column

Make sure that the column is converged

Mobile: 002-01227549943

- Email: eng.a.deab@gmail.com

Side Strippers -
Side Rectifiers #5tages | Lig Draw Stage Vap Return Stage ?Q:;IZ(:T REb;:!;LFUty
Pump Arounds . .
Vap Bypasses AGOD 55 3 22_MainT5 ~ 21_Main TS 107.9 | ]
Side Draws Diesel 55 3 17_Main TS 16_Main TS 569.0
Kerosene 55 3 9_Main TS &_Main TS 386.2 1.2177e+007
 Flow Basis
@ Malar () Mass ) Volume ‘ [ View l [ Add... l [ Delete l [ Side Ops Input Exps
Delete H Column Environment... ] [ l [ Reset ] _ Update Outlets ||
| | r
I ———————
By: Eng. Ahmed Deyab Fares - http://www.adeyab.com

127




Process Simulation using HYSYS V&

Eng
m Ahmed Deyah Fares

Adding Pump Arounds

Pump Arounds help to improve the column’s efficiency. They operate by

drawing a liquid stream from one stage cooling it, and pumping it into a

higher stage. In effect, this process adds to the reflux between these two

stages.
AGO PA Diesel PA Kerosene PA
Draw Stage 22 17 9
Return Stage 21 16 8
Flowrate 200 m¥/h 200 m¥/h 330 m¥h
Duty -3.7e7 kJ/h -3.7e7 kJ/h -4.5e7 kJ/h

Go to the Side Ops tab inside the atmospheric tower to add the three Pump

Arounds:

pu
r‘ Column: T-100 / COL1 Fluid Pkg: Refinery / Peng Robinson

Side Ops
Side Strippers
ide Rectific

| Vap Bypasses
Side Draws

2)

Liq

| Design I Parametersl Side OPSI Rating I Worksheet | Performance | Flowsheet | Reactions | Dynamics |

p Around Summary

Draw Stage

Return Stage

Flow Duty

m Ahmed Deyab Fares

Draw T

- Flow Basis

@ Molar () Mass €

'Volume

By: Eng. Ahmed Deyab Fares
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Add the AGO Pump Around (PA)

' N
{5 Pump Around - AGO PA ’ o8 ® |
Name JAGO PA Pump dP =

Return Stage | <empty>
21 MainTS ﬂ
Cooler dP
=< 0.00 kPa
S
["| Add Pump
Add Valve
Draw Stage
22 MainTS E) v
l Cancel | =

- 4

(5 Pump Around - AGO PA =@ = |
kil i Double
Double Click
1st 2nd Active Spec
AGO P AGO PA_[}{(Pa)

P

Return Stage

21 MainTs -|

S
Calculated Information

| | Agueous
Draw Temp. 3260 C

Draw Stage dr Glol s e
Return Temp. <empty>

22 Main TS vl Flow Rate <empty>
Duty <empty>
AGO PA

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com 129
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B Pump Around SpectAGO PA RatePa) | = | B | R |15 pymp Around Spec AGO PA DutyPa) | = | &1 B
— ‘ — -

Parameters | Summary | Spec Type | Parameters ‘ Summary | Spec Type |

~Spec Type ~Spec Type

o 1 e O
Mame AGO PA_Rate(Pa) F Mame AGO PA_Duty(Pa)
Pump Arcund ACO PA ||| |Pump Around AGOD PA
Flow Basis i 5td Ideal Vol . || Spec Value -3.700e+007 kJ/h
SpecValue ——Rf ______ 200.0m3/h

15t Active Spec

' T ™
5 Pump Around - AGO PA =B %
1st Active Spec 2nd Active Spec
AGO PA_Rate(Pa) AGO PA_Duty(Pa)
200.0 m3/h -3.700e+007 kJ/h
-
Return Stage
21 MainTs -|
>
Calculated Information
| | Agueous
Draw Temp. 3260C
Draw Stage di Ry
Return Temp. <empty>
22 MainTS 'l Flow Rate <empty>
Duty -3.700e+007 ki/h
AGO PA
- S

Close the window and run the column

Make sure that the column is converged
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Add the Diesel Pump Around

| Design I Parameters| Side Ops | Rating | Worksheet | Performance | Flowsheet I Reactions I Dynamics |
Side Ops ~ Liquid Pump Around Summary
Side Strippers Flow Duty DrawT R
Side Rectifiers Draw Stage RSusSlas Tkamole/h] [ki/h] [c1
Pump Arounds - .
Vap Bypasses AGO PA 22_Main TS 21_Main TS 7313 -3.700e+007 3227
Side Draws
Click Here
~ Flow Basis
@ Molar () Mass 2 Wolume
[ Delete ] [ Column Environment... ] [ Run l [ Reset ] _
{5 Pump Around - Diesel PA s =z )
Name Diesel PA
Pump dP
Return Stage | <empty>
| 16 MainTS AT
Cooler dP
S 0.00 kPa
[ Add Pump
Add Valve
Draw Stage Aqueous
117 MainTs -|
| cancel | Install

By: Eng. Ahmed Deyab Fares
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o a —— P )
(5 Pump Around - Diesel PA e | Elfzz.
Double Click
Return Stage
116 Main TS -|
5=
Calculated Information
| | Agueous
Draw Temp. 2638C
Draw Stage dr ety
Return Temp. <empty>
17 Main TS 'l Flow Rate <empty>
Duty <empty>

Parameters

-

i

u Pump Around Spec: Diesel PA_Rate(Pa) |'=’—@—§2‘I (F\ Pump Around Spec: Diesel PA_Duty(Pa) [ﬂ’

Summary | Spec Type ] @ Parameters | Summary I Spec Type ]
-Spec Type -Spec Type
Name Diesel PA_Rate(Pa) £ Name Diesel PA_Duty(Pa)
Pump Around Diesel PA ‘|| Pump Around Diesel PA
Flow Basis Std Ideal Vol Spec Value -3.700e+007 kJ/h
Spec Value 200.0 m3/h
D st - = Delete nd =
elete 15t Active Spec ) m 2" Active Spec
1st Active Spec 2nd Active Spec
Diesel PA_Rate(Pa) Diesel PA_Duty{Pa)
200.0 m3/h -3.700e+007 kJ/h
B |
Return Stage -
| 16 Main TS "’|
e
Calculated Information
Aqueous
Draw Temp. 2638 C
Draw Stage dT <empty> —
Return Temp. <empty>
|1? Main TS 1lr| Flow Rate <empty>
Duty -3.700e+007 k)/h

Close the window and run the column
Make sure that the column is converged
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Add the Kerosene Pump Around

neters i Side Ops l Rating l Worksheet l Performance I Flowsheet l Reactions l Dynamics I
-Liquid Pump Around Summary
Flow Duty DrawT | ReturnT
Draw Stage Return Stage [kgmole/h] (kiZh] Q ) Expor
AGO PA 22_Main TS 21_Main TS <empty> -3.700e+007 3227 <empty> |
Diesel PA 17_Main TS 16_Main TS <empty> -3.700e+007 263.8 <empty> O
Click Here
- Flow Basis -
© Molar ) Mass ) Volume ’ | View ] [ Add.. ’ Delete ’ I Side Ops Input Expert... l
MName | Kerosene PA |
Pump dP
Return Stage <empty>
_ Cooler dP
3 ‘ 0.00 kPa
] Add Pump
Add Valve
Draw Stage Aqueous
o |

m

- http://www.adeyab.com
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Return Stage
'8 Main TS -|
-
= Calculated Information
| | Aqueous
Draw Temp. 185.0C
Draw Stage A of Py
Return Temp. <empty>
9 Main TS 't Flow Rate <empty>
Duty <empty>

Il

(2 Pump Around Spec: Kerosene PA_Rate(...‘ ﬂ \I B Pump Around Spec: Kerosene PA_Duty... ‘EE X3
It

Parameters | Summary I Spec Type l Parameters l Summary l Spec Type l
-Spec Type -Spec Type
o) | E—
Name Kerosene PA_Rate(Pa) Name Kerosene PA_Duty(Pa)
Pump Around Kerosene PA Pump Around Kerosene PA
Flow Basis Spec Value -4.500e+007 id/h
Spec Value

| Delete | 1st Active Spec [ Delete | 2" Active Spec

1st Active Spec 2nd Active Spec
Kerosene PA_Rate(Pa) | | Kerosene PA_Duty(Pa]
330.0 m3/h -4.500e+007 kJ/h
-
Return Stage
|B Main T5 -
=
Calculated Information
Aqueous
Draw Temp. 1850 C
Draw Stage dt <empty>
Return Temp. <empty>
9 Main TS - Flow Rate <empty>
Duty -4.500e+007 k/h
By: Eng. Ahmed Deyab Fares - http://www.adeyab.com 134
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Close the window and run the column

Make sure that the column is converged

You can find the detailed flow sheet by entering the Column

| Design | Parameters | Side Ops | Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics |
Side Ops ~ Liquid Pump Around Summary
Side Strippers Flow Duty Draw T  Return’
Side Rectifiers Draw Stage Return Stage R [ki/h] ] ]
Pump Arcunds - . .
Vap Bypasses AGO PA 22_Main TS 21_Main TS 7313 -3.700e+007 322.7 24!
Side Draws Diesal PA 17__Main TS 16_ Main TS 904.8 -3.700e+007 2624 18
Kerosene P2 9 Main TS & MainTS 2056 -4.500e+007 1839 11
~Flow Basis
@ Molar ) Mass ) Volume ‘ [ View l [ Add.. ] [ Delete ] [ Side |
[ Delete H Column Environment... ] Run Reset - Ug

Environment
-Flow Basis
@ Molar ) ‘ l View | ‘ Add... ] ‘ Delete I I Side Ops
C —| Click Here
Delete JI Column Environment... Run ’ | Reset l _ ¥ Updat
I ——————————
By: Eng. Ahmed Deyab Fares - http://www.adeyab.com
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To return to the main environment:

Flowsheet “

Format Runner

‘omize Resources Flowsheet/Modify
mAll JT Size 3 = * Name & o Move to Parent @W
i | fa s &l = E ..
ection Q::%Zoom Temperature — = Move into Subflowsheet | { P'Hi
. Find Recycle Go to Enter -
ection ¥4 Pan Object  Advisor Pressure parent PRubflowshest 7 lanare {Tal
I Tools | Stream Label v % Hierarchy Dis
tive « |+ \
Ooff
- 03S€S
T qcogd Wastewater
0
Condenser —
I Naphtha
Cendenser
=
rosene PA_Q-Cpoler
p =5 |
Kerosene
A_Cooler PA_Return i Kerosene
SS_Return
—-
el - Watnoar
-
an
Reoes
—
Napniha
Raw ‘\'a-:nln'
Coute
hlm[n)lﬂ% . —
Lo !1
‘, .“ P = com
; - Q‘r%—_ i I’_‘Am..m
_9' )m gl:r:::lqv Mgt :Linu’w — = P
e von “"mnn o Excnanpes l'v—H [
‘“' Diss e Ulom(l
V'-’." Eurgmrou\z - ._ 7400 "’9‘:’:“"1
AR
Q= L
s mimacs ¥%0 T:.

Save Your Case!
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Optimization

Optimization

Economical Production

Max.
Productivity

|
1 1
l Max. Profit \ l Min. Cost \

S
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Workshop

In this example, a simple distillation column to separate Tetrahydrofuran
(THF) from Toluene is simulated. The object of the exercise is to select
the product specifications such that profit is maximized. A special tool in
HYSYS, the Optimizer, will be used to find the optimum operating
conditions.

HYSYS includes additional modelling and decision support tools that can
be used to enhance the usability of your models. In this module, you will
use the HYSYS optimization tool available in HYSYS to investigate the

debottlenecking and optimization of a crude column.

Learning Objectives

Once you have completed this section, you will be able to:
* Use the Optimizer tool in HYSY'S to optimize flowsheets

* Use the Spreadsheet to perform calculations

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com 139
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Example:

3700 kg/hr mixture of tetrahydrofuran & toluene (44 mass?% THF) at 10°C
and 140 kPa is to be separated by distillation to get each of them with
purity of 99.5 mass% of THF & 94 mass% of Toluene (THF is the more
volatile component).

e Use Wilson fluid package

The column specifications are:

J The condenser & reboiler pressure are 103 kPa & 107 kPa.
J The condenser works on total condensation conditions.
J Number of stages = 10.
. Feed enters from the 5% tray.

Calculate:

The reflux ratio and the distillate rate under the specified

conditions.

Reflux Ratio

Distillate Rate veeerrnieeennneeen s Kgmol/Nr

Data:
e Feed price= 0.05 $/kg.
e Pure toluene selling price= 0.136 $/kg
e Pure THF selling price= 0.333 $/ kg
e Cooling Cost=0.471 $/ kw.hr
e Heating Cost=0.737 $/kw.hr
Note:
Profit = (Total Toluene selling price + Total THF selling price) - (Feed
cost + Heating cost + Cooling Cost)
eUse arange of 0.99 to 0.999 for THF limit & 0.9 to 0.99 for the

toluene.

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com 140
Mobile: 002-01227549943 - Email: eng.a.deab@gmail.com



Process Simulation using HYSYS V& m Ahmed Deyah Fares

To start the program, From Start Menu, Select All Programs >>
Aspen Tech >> Process Modeling V8.0 >>>> Aspen HYSYS >>
Aspen HYSYS

aspen

Aspen HYSYS
V8.0

dSpen
© 2012 Aspen Technology, Inc. AspenTecn, 35penONE™, and e Aspen k23f o0 p
e YIIIMINS O MEQISIEEd TIIEMANS OF ASpan TEchnoiogy, Inc. Al rgms resarved.

E |

e

Customizi Get Started o @

N

What's Ribbon | Examples | Conceptual Design | Exchange Search Aspen HYSYS

New  Mapping Builder ‘ LinkedIn Group | b

Get up to Speed | | ‘ | Ask the Community| Support ‘ Help_‘

_ StartPage < |+ =
{.’i g
aspen Aspen HYSYS V8.0

3 New... Product News | My News [

(& Open File... .

Lo meiiinn Tips and Tricks: How to View Preferences in Aspen HYSYS V8.0 (February 15, 2013) =

I Recent Cases ge;v-v-hé’rgtc locate preferences in the new Aspen HYSYS V8.0 user interface,

Ciisa Weibso Chitiyevnribirr Don't Miss It Register Now for OPTIMIZE 2013 -- (February 13, 2013)

| Get § 0 ﬁa;é -)fgd}egistered for the OPTIMIZE 2013 AspenTech Global Conference yet? If not,

et Start click on the link to find out who's already signed up and review all the sessions and
€8 What's New speakers. New this year -- build your own customized agenda!
\ Search Tips and Tricks: Convert an Aspen HYSYS Case to an Aspen HYSYS Petroleum Refining

&3 Animated Tutorials C‘a.s_e‘!ffebrgany 11, 2013)

&% Training Watch this viewlet to learn how to convert an existing Aspen HYSYS Case to an Aspen

€] Documentation HYSYS Petroleum Refining V8.0 case.

& Support Center Tips and Tricks: Free Training Modules on Getting Started with Energy Analysis in Aspen =

____________________________________________________________________________________________|
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5- First, Start a new case

Casze

= Template
Column
felormer

Hydrocracker

CatCrachnr

Eport g l‘_;_'
.83 Petrclewsm Datillation
Scrpt Manager
;_‘; " ,
N
cah Pont Setup
About

nked
New (Ctrl « N)

Creste a new case

ences in Aspen HYSYS VB0 (February 15, 2017)
the new Aspen HYSYS VB0 user interface,
TIMIZE X023 - {February 13, 20113)

E 2013 AspenTech Global Conference yet? If
0's already signed up and revew a the sessions
picd your own customized agendal

HYSYS Cate 10 an Aspen HYSYS Petroleum Refining =

=5

|

6- Add the Components

@

Oations © Exit o e L

- — = — — T 5
a ;.H o) |__| il T T Untitled - Aspen HYSYS V8.0 - aspenONE . li_g‘_ix_
Home  View  Customize  GetStarted & @
% Cut [ Map Components [EZ [
: 2| |2 sl = ¥ 2| (% o
53Copy~ £y Update Properties
: Navigate Petroleum | Hypotheticals | Oil Aspen PVT Laboratory
‘B Paste 2 ' Assays % = ‘ Properties | Measurements
~ Clipboard Components Refining Options PVT Data
el < i Page % ) Covpanet e ool + ~
Ail items v . =
List Name Source
Component Lists
[ Fluid Packages
[ Petroleum Assays
[& Oil Manager
[C& Reactions
@ Component Maps 2
[C& User Properties 2
] [ o | [ oee
Ca— ¥
_ Properties.
D{g [ Import | 'l ‘ Export.. ‘ j
‘| n | »
‘9 % Y Messages v 3 %
. || Required Info : Fluid Packages -- S
‘ " ’
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7- Choose the system components from the databank:

utamoe Get Staded e 4
SartPoge  Compooentlist-1 + + -
|/ Sousce Databiank Hysvs Select Pure Campaneats . Eien A famlics
Compenant Type Group Sesrch for; Search by: Fall Name/Synuoyen
Simuletion Name Full Mame | Syronym Formula
<Add Methsne a o
e Etmane Q o
Propane a =
+Butane (4 (€11
feplce | n Butane NI caml
+-Pertane -5 CsHlg
n-Pentane nC5 (6104
o Heane (=] CoH2
n-Heptane (=} H
n-Octane e ] G
n-Monane (o] CoHG
~-Oecane c10 C1oHe
n-C1 ai Qe
n-C12 o2 (bl

O

Now, select the suitable fluid package

= ——— " Unti en HYSYS VB0 - aspenONE '] =
5&] H - I _l il Untitled - Aspen HYSYS V8.0 - aspenONE it W i
- - — e e - - e . -

Home View Customize Get Started 7]
Properties < Start Page - ' Fluid Packages - |+ -
All Items =

Fluid Package Component List Property Packac

4 (% Component Lists
Component List - 1

L5 Fluid Packages | q

% Petroleum Assays
[ Oil Manager

& Reactions

% Component Maps
[@ User Properties

T -
L o Add Edit.. |
D-[g Simulation v

‘ ] m »

‘® Enexyy faysls Messages v & x

Required Info : Fluid Packages -- Sele)
« mn |

»

100% © L) ®

In this case, select Wilson
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4 |3 Component Lists
[ Component List - 1
4 (£ Fluid Packages

|C& Basis-1

@ Petroleum Assays
% Oil Manager

[C@ Reactions

% Component Maps
[@ User Properties

Y.
'_-‘

S

Package Type:  Hysys

-Property Package Selection

Lee-Kesler-Plocker
Margules

MBWR

NBS Steam

NRTL
OLI_Electrolyte
Peng-Robinson
PR-Twu

PRSV

Sour SRK

Sour PR

SRK

SRK-Twu
Twu-Sim-Tassone
UNIQUAC

.

Compotl

- Activity Model Specifications

Vapour Model

Density Method

UNIFAC Estimation Temp
Use Poynting Correction

Eng
Ahmed Deyah Fares

Now you can start drawing the flow sheet for the process by clicking the

Simulation button:

Sy o ] Sk

% Untitled - Aspen HXSYS V8.0 - aspenONi gj Palette

-

Home

Simulation <
All Items X

Economics

Dynamics View Customize

[+ BIX

Start Page - Flowsheet Main - | +

| => | = ]

& Workbook =
& UnitOps

[ Streams

[C@ Stream Analysis
[[& Equipment Design
& Model Analysis
[[@ Data Tables

[ Strip Charts

[[& Case Studies

m

[Cg Data Fits v |

Upstream Refining
Custom Dynamics

Columns

&

Common

=

N D‘i

E;:‘

UL

ol
o
i)

=90

£ e
Ee =
ik

Solver (Main) - Ready ——— b [

Now add a material stream to define the composition and the conditions

of the feed stream
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From the palette:

Home Economics Dynamics View Customize GetStal Click Here [
A Z W Z to Fit =0 e M
) Zoom {5} Zoom to C{J % é‘fg—lﬂ 1 Mes
@ ZoomIn =] Page Width G M B N' ] Star
owsheet | Mode otes Seanh Refini
(=) Zoom Out ‘ Palette | Manager - Plan Up g
Zoom ’ o Show : Custom Dynamics
Simulation < _ FlowsheetMain « | CaseStudyl| | Common  Columns
All Itemns -
£& Workbook =
b £@ UnitOps
b [ Streams
[[% Stream Analysis = Double Click
& Equipment Design

]

L& Model Analysis
[[& Data Tables = =]
[C& Strip Charts 1 I}

o Fn ~ .

. Properties

T
s
- Simulation

WINIY BB,

Add a distillation tower:

( ﬁ] Palette e ]
£ @aJX

(=] =]
Upstream Refining

Custom Dynamics
Commeon

)

dlation Column Sub-Fowsheet
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p
4] Distillation Column Input Expert ;i_J‘:’ |5
Condenser Energy Stream q cond '| -Condenser ——
|
‘ 9 Total [
Column Name  T-100 0 _ Partia | Ovhd Liquid QOutlet
O Full Rfix | ovhd 4 v;
1 B3
> 2 [] Water Draw
Inlet Streams
Stream Inlet Stage # Stages Optional Side Draws
1 3 MainTS n= 10 p=———-— > Stream Type Draw Stage

<< Stream >>
<< Stream >>

n-1 Reboiler Energy Stream
n e - =
b -
‘—q—re— ——t Bottoms Liquid Outlet
PR—
-Stage Numbering n+l l bttm ')
‘ © Top Down _) Bottom Up ’
- Connections (page 1 of 5) l Cancel ’
" e —  — J
i) pistillation Column Input Expert SRS

- Reboiler Configuration

5 |

RS
Y, O,

@ Once-through () Circulation without baffle () Circulation with baffle

e

— 57

I

- Reboiler Type Selection
(@ Regular Hysys reboiler ) Heater () Heat exchanger ‘

[ 1L
| Click Here |

")
[_te [N Rebeier Configuraton (page 2 o1 5)

W, e -l r

‘ Tube Shell ‘
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( ;‘J Distillation Column Input Expert lM

< Condenser Pressure
:’ @ 103.0 kPa m
s ==
Condenser Pressure Dro
> :

0.0000 kPa

Reboiler Pressure Drop

0.0000 kPa

Reboiler Pressure

>

Pressure Profile (page 3 of 5) l

-
‘[E Distillation Column Input Expert li. ] X
M >

Optional Condenser

<
@ Temperature Estimate

Optional Top Stage
Temperature Estimate

Optional

Optional Reboiler
Temperature Estimate

S S

Click Here

Optional Estimates (page 4 of 5) l Cancel |

! ‘ )

|
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Vapour Rate

&

> Reflux Ratio
Flow Basis Molar -
-
Click Here
[ Side Ops > Specifications (page 5 of 3) Cancel =
= m | b
Column: T-100 / COLL Fluid Pkg; Basis-1 / Wilson - Ideal o= =]
Design |Parameters | Side Ops | Rating | Worksheet | Performance | Flowsheet | Reactions | Dynamics | —
Design Column Name T-100 Sub-Flowsheet Tag coul -Cendenser
cocsion @ Total ©) Partial © Full Refluy
W ondenser Energy Stream
Specs Summary - ” ™ Delta P
Subcooling q cond - o :
Notes 0 | 00000 kPa Ovhd Liquid Outlet
\I-/ ovhd
1 < >
> 2 P cond Optional Side Draws
Inlet Streams Num of 103.0 kPa - - — 2
Stream Inlet Stage Stages ream MEc L
1 5 MainTs n= 10 << Stream >>
<< Stream >> Pot
107.0 kP:
n-1 a Reboiler Energy Stream
n % qreb -
-Stage Numbering
1 Defta P Bottoms Liquid Outlet
@ Top Down () Bottom Up ne ottoms Liqul Y
[ * 0.0000 kPa bttm -
Edit Trays...
=
[ Delete H Column Environment.., l [ Run l [ Reset l _ Update Outlets  []: .
< | m | »
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. | | s | L 1 1
65.00 'f'_ﬁ'_rﬁ l T I T I T { T I|
0 2 4 & B 10 12
-Specifications
Specified Value Current Value Wt. Error Active | Estimate | Current
Reflux Ratio <empty> 1.208 <empty> r 73 r
Distillate Rate <empty> 2083 <empty> [ 13 r
Reflux Rate <empty> 25.18 <empty> [ ¥ r
Btms Prod Rate <empty> 2423 <empty> [ 3 r
Click Here
Group Active ] [ Update Inactive ] Degrees of Freedom 2

CoumnEnvironment.. || Run [ Reset | [N 7 pceteOutes [ ignore:

. ,
(> Add Specs - T-100 (coLy = | B |

Column Specification Types

| Column Cold Properties Spec =

Column Component Recovery
Column Cut Point

Column Draw Rate

Column DT (Heater/Cooler) Spec
Column Dt Spec

Column Duty

Column Duty Ratio

Column Feed Ratio

Column Gap Cut Point

Column Liquid Flow

Column Physical Properties Spec
Column Pump Around

Column Reboil Ratio Spec

!l | Column Recovery

Column Reflux Feed Ratio Spec
” Column Reflux Fraction Spec

Column Reflux Ratio
(Calitmn Stream Dranerhe Sner

| AddSpecs. (2

m

-

“

|
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¥ %
@ Comp Frac Spec: THF Purity |ﬂl @I Comp Frac Spec: Toluene purity | = E = |
Parameters | Summary | Spec Type | Parameters | Summary | Spec Type |
MName THF Purity MName Toluene purity
Stage Londenser Stage Reboiler
Flow Basis Mass Fraction Flow Basis Mass Fraction
Phase Liquid Phase Liquid
Spec Value 0.9950 Spec Value 0.9400
Components: TetraHyFuran || Components: Toluene ||
<< Component > > << Component >>
Target Type () Stream @ Stage T e ) Stream @ Stage
Ahmed Deyab Fares
~ Specifications
Specified Value Current Value Wt. Error Active | Estimate Current
Reflux Ratio <empty> 1.209 <empty> r 9 r
Distillate Rate <empty> 20,83 <empty> [ ¥ r
Reflux Rate <empty> 2518 <empty> r i r
Btms Prod Rate <empty> 24,23 <empty>
THF Purity 0.9950 0.9950 -poooll] W
Toluene purity 0.9400 0.9400 o005 M
[ View.. ] [ Add Spec... l [ Group Active ] [ Update Inactive II Degrees of Freedom 0 I

l cmumnEnvironmeni 2. ] e | SR (7 oo ovies

[] Ign
b
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Optimization

We need to check if the operating conditions are optimum or not.
The Variables to check are: THF Purity & Toluene Purity

Using the Optimizer tool:

| H9 & =8 - opt.hsc - Aspen HYSYS V8.0 - aspenONE wsheet |‘:'_@ | %
i Economics Dynamics View Customize Get Started Flowsheet/Modify o 1Y)
- @ | Active I A _Q_i [ Case Studies Z'Stream Analysis~ % Depressuring 1|

=2 B2 ] On Hold |:+* Data Fits ExEquipment Design~ L Flare System | £%
@ " S [ Model Analysis~ @
Cli.. | : Solver [ Analysis W
>  Start| # .= i Flowsheet Main -«  + Optimizer -
Display optimizer settings. »
: §
c |
§
=
Cl
6« = c
. 1 ;
< il ’ _l

Solver (Main) - Ready 1% @ (| @ 3

Optimizer

Configuration Functions | Parameters | Meonitor |

- Optimizer Configuration

) Hyprotech 5QP
) MDC Optim

() Selection Optimization

[Z] Online

B R ——————————

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com

151
Mobile: 002-01227549943 - Email: eng.a.deab@gmail.com



Process Simulation using HYSYS V8 Alimed Deyab Fares

Optimizer

Click Here
EETE)
[ oeee | [ spresssheer. | |

< | 1 |

Object Yariable Specifics

S| Btms Prod Rate
Condenser Duty
Distillate R ate

: Yariable
| K =
Cond

R
o ~Object Filter——

THF Feboiler Duty
Toluene Stage Pressure Reflux Rate o Al
W= g | Temperature Est Befle Batio
— User Yariables AT i ((: 3:3;'22
MNavigator Scope—— | ProductBlock_THF " Logicals
{* Elowshast ProductBlock_Toluene " ColumnOps
(" Case " Custom
(" Basis Custom...
O Utility —I
{5 2| e

Variable Description: ~ {Spec Value (THF Puity Spec] Concel |

And do the same steps to add the other variable

Use a range of 0.99 to 0.999 for THF limit & 0.9 to 0.99 for the toluene.
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{5~ Optimizer 4 %

Configuration | Variables I Functions I Parametersl Monihorl
-Adjusted (Primary) Variables

Obiject Variable Description Low Bound Current Value High Bound Reset Value Enabled
T-100 Spec Value (Thf purity) 0.9900 0.9950 0.9990 <empty> 14
T-100 Spec Value (Tol purity) 0.9000 0.9400 0.9900 <empty> v

[ Ak [[ et ~yiek Here | | saveCument | [ ResetCurent |

oo | o N s |

Now we have to start building the profit module using the spreadsheet

operation:

K@ Spreadsheet: SPROSHT-1 _._i Click Here
'| | Connections | Parameters I Formulas k alculation Order | User Variables l—‘~
Spreadsheet Name a;kDSHT-l -
” -Imported Variables =
Cell Object Variable Description .k
sl
‘" Exported Variables : II
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Profit= Income - Cost

Profit = (Total Toluene selling price + Total THF selling price) - (Feed

cost + Heating cost + Cooling Cost)

—Current Cell

Exportable

@

| Ce  Marable dngles i I
| s .

-

S
. 2 : 0
1 and Lty Coaling Cozt _|
2 Feb Dty Heating Cost
3 ovhd production ral
4 THF purity FPure THF Frice
] Ettrn Production rat
B toluene purity Fure Toluene Price
¥ feed flow rate Feed Price
3 Profit
9 -

l Connections I Parameters I Formulas | Spreadsheet | Calculation Order I User Variable:
-Current Cell
Imported From: lq cond l Exportable |
Variable: IPower I Angles in;
]
|
|
A C \
i cond duty -im i
2 ey Copy Ctrl+C
3 ovhd prod rate Paste Ctel+V
4 thf purity
5 bttm prod rate send Yo !
6 tol purity View Associated Object
7 feed flowrate Import Variable a I
m 8 Export Formula Result
Disconnect Import/Export

Function Heupr—r—[—spvmmv—m
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- — -
{b- Select Import for cell Power @ﬁg
Flowsheet Object Variable Variable Specifics ;
I Case (Main) 1 Heat Flow =L
bttm Heat Flow2
FeederBlock_1 Mass Flow
ovhd product Ouero A -Object Filter =
ProductBlock_brtm @ All
SRS POWET. =
Properties J ) Streams
\ q Temperature Approach |~ ) UnitOps L
SPRDSHT 1 User Variables .
i 7-100 Utility flow rate Cilfogicals
|| ~Navigator Scope Utility Fluid Cp ) ColumnOps
Utility Fluid Holdup &) Custom
|| | @ Flowsheet Utility Heat Flow - "
=~ Ltilitw Inlet Temn = A |

'(;\ Select Import for ol pw_w
Flowsheet Object Variable Variable Specifics oK I
I Case (Main) 1 Heat Flow o 7
bttm Heat Flow2
FeederBlock_1 Mass Flow
ovhd product Overall UA -Object Filter —— |=
ProductBiock_bttm Power @ All
ProductBlock_ovhd product Power2
g cond Properties 3 () Streams
! greb Temperature Approach |~ ) UnitOps -
SPRDSHT-1 User Variables A ;
[ 7-100 Utility flow rate Edfonicats
|| -Navigator Scope Utility Fluid Cp () ColumnOps
Utility Fluid Holdup © Custom
|| | © Flowsheet Utility Heat Flow -
o L Itilitwr Inlet Tormn = ETTpmrm—— |2
|| mn | »
E s 3 = J
( AR O A A AL - y)
* Select Import for cell ;
Flowsheet Object Yariable 4
' Lower Heating Value A, |
lﬁU,W 1 "’!U L1} | Mass Density -
G Mass Enthalpy o
~[bject Filter——
(e Al
Wl HEA Al )
! " Steams
Feflux Mass Heat Of Vapou ~ Uri0
\ To Condenser Mass Higher Heating "‘t. ps
~Navigator Scope—— | To Reboiler Mass Lower Heating’ (" Logicals
&5 Floisheet Condenser Molar Density " ColumnOps
~ Main TS Molar Enthalpy e
Case Rebailer Molar Entrapy
{" Basis Molar Flow Custom..
¢ Utiity Molar Heat Capacity
Molar Yolume
Molecular \Weight {'v]
Partizl Prassira M7
Variable Description: Mass Flow Cancel
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| Connections | Parameters | Formulas | Spreadsheet | Calculation Order | User Variables | Motes |

~Current Cell
Variable Type: | ‘| Exportable
"h"ariable: Angles in: | Rad o [
[ | (1
i I =(d4*b#4*b3+d6*b6*b5)-(d7*b7 +d1*b1+d2*b2) I i
L]
A B c D |
i 1 cond duty 378.9 kW cooling cost 0.4710
2 reb duty 548.4 kW heating cost 0.7370
3 ovhd prod rate 1504 kg/'h
4 thf purity 0.9950 thf sp 0.3330
5 bttm prod rate 2196 kg/h
B tol purity 0.8400 tol sp 0.1360
7 feed flowrate 3700 kg/h feed price 5.000e-002 |
HE profit | 1135 |
| [ Functicn Help... l l Spreadsheet Only... ]
Il |
The profit formula will be in D8:
= (d3*b3*b4+d5*b5*b6)-(d1*b1+d2*b2+d7*b7)
Optimizer =3 =

| Configuration | Vanabl

_) Minimize

~ Constraint Functions

Mur | LHS Cell Current Value  Cond | RHS Cell Current Value = Penal

ty Value Add

e | [ e |

B
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o =
| Configuration | Variables | Functions | Parameters | Maonitar | -
Cell D8 | ) Minimize

Current Value 65.6926863 @ Maximize

- Constraint Functions

Mur | LHS Cell Current Value | Cond | RHS Cell Current Value | Penalty Value Add

L e —

4 n | b

Now you can go to the monitor tab inside the column to see the

optimum values for the THF & Toluene purities.

-
Iter Step Equilibrium Heat / Spec © Press 35.00 -
85.00 —
I} Flows _
75.00 3 H/ri
65.00 —-#I__T
0 2 4
-Specifications
Specified Value Current Value Wt. Error Active
Reflux Ratio <empty> 09303 <empty> [
Reflux Rate <empty> 19.48 <empty> r
Btms Prof Egte. H = H pty= 2412 <empty> r
o Alter Optimizatiolf”>” 0% <oty T
Thf purity 0.9900 0.9900 00000 M
Tol purity 0.9407 0.9407 00003 WM
[ View... l [ Add Spec... l [ Group Active l [ Update Inactive l Degr
:][ Column Environment... ] [ Run ] [ Reset ] _ b
P | m

Save Your Case!
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| Gas Gathering

Experience the New Aspen HYSYS'".

The best process simulation software
is now easier to use and faster to e =
learn than ever! - x

Aspen HYSYS is a comprehensive process
modeling system used by the world's
leading oil & gas producers, refineries,
and engineering companies to optimize
process design and operations.
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Workshop

In this example, a gas gathering system located on varied terrain is
simulated using the steady state capabilities of HYSYS. The following
figure shows the physical configuration of this system superimposed on a
topographic map. The system consists of four wells distributed over an
area of approximately 2.0 square km, connected to a gas plant via a

network of pipelines.

Learning Objectives

Once you have completed this module, you will be able to use the Pipe

Segment in HYSYS to model pipelines.

Example:
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There are 4 gas wells, we need to gather the gas from the wells and

transfer it to the plant through pipe lines shown below:

/’,,/ '/ / //_/f
s [WellE /,/ 3 O Pupeline elevation

Elevation in metets}

The composition of the four wells is the same:

Component | Mole Fraction Component Mole Fraction
Methane 0.6230 n-pentane 0.00405
Ethane 0.2800 n-hexane 0.00659
Propane 0.0163 C7+ 0.00992
I-butane 0.00433 N2 0.00554
n-butane 0.00821 CO: 0.0225
I-pentane 0.00416 H2S 0.0154

C7+: MW=122, p=47.45 Ib/ft3

GasWell 1

Temperature °C (°F)

40 (105)

GasWell 2
45 (115)

GasWell 3 GasWell 4

45 (115)

35 (95)

Pressure kPa (psia)

4135 (600)

3450 (500)

<empty=>

<empty>

Flow kgmole/h

425 (935)

375 (825)

575 (1270)

545 (1200)

(lbmole/hr)

The pipe segments data are given below:
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Branch Elevation Elevation
meters Change
meters
Branch 1 GasWell 1 639
1 150 645 6
2 125 636.5 -8.5
3 100 637 0.5
Branch 2 GasWell 2 614
1 200 : 637 23
Branch 3 GasWell 3 635.5
1 160 648 12.5
2 100 634 -14
3 205 633 -1
Branch 4 Branch 1 & 2 637
1 355 633 -4
Branch § Branch 3 & 4 633 633
1 300 617 -16
Branch § GasWell 4 632.5
1 180 625 -7.5
2 165 617 -8
Branch 7 Branch5 & 6 617
1 340 604 -13
Branch 1 76.2 mm (3°)
Branch 2 101.6 mm (47)
Branch 3 76.2 mm {3°)
Branch 4 101.6 mm (47)
Branch 5 152 mm (6")
Branch 6 76.2 mm (3")
Branch 7 152 mm (6")

Schedule 40 steel pipes is used throughout and all branches are buried at
a depth of 1 m (3 ft). All pipes are uninsulated

Consider inner and outer HTC and the pipe wall in heat transfer
estimation. (Ambient Temperature=5°C)

- Calculate the pressure drop and the heat loses inside each branch.
I ———————
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To start the program, From Start Menu, Select All Programs >>
Aspen Tech >> Process Modeling V8.x >>>> Aspen HYSYS >>
Aspen HYSYS

aspen

Aspen HYSYS
V8.0

dSpen
© 2012 Aspen Technology, Inc. AspenTecn, 35penONE™, and e Aspen k23f o0 p
e YIIIMINS O MEQISIEEd TIIEMANS OF ASpan TEchnoiogy, Inc. Al rgms resarved.

E |

e

Customizi Get Started o @

N

What's Ribbon | Examples | Conceptual Design | Exchange Search Aspen HYSYS

New  Mapping Builder ‘ LinkedIn Group | b

Get up to Speed | | ‘ | Ask the Community| Support ‘ Help_‘

_ StartPage < |+ =
{.’i g
aspen Aspen HYSYS V8.0

3 New... Product News | My News [

(& Open File... .

Lo meiiinn Tips and Tricks: How to View Preferences in Aspen HYSYS V8.0 (February 15, 2013) =

I Recent Cases ge;v-v-hé’rgtc locate preferences in the new Aspen HYSYS V8.0 user interface,

Ciisa Weibso Chitiyevnribirr Don't Miss It Register Now for OPTIMIZE 2013 -- (February 13, 2013)

| Get § 0 ﬁa;é -)fgd}egistered for the OPTIMIZE 2013 AspenTech Global Conference yet? If not,

et Start click on the link to find out who's already signed up and review all the sessions and
€8 What's New speakers. New this year -- build your own customized agenda!
\ Search Tips and Tricks: Convert an Aspen HYSYS Case to an Aspen HYSYS Petroleum Refining

&3 Animated Tutorials C‘a.s_e‘!ffebrgany 11, 2013)

&% Training Watch this viewlet to learn how to convert an existing Aspen HYSYS Case to an Aspen

€] Documentation HYSYS Petroleum Refining V8.0 case.

& Support Center Tips and Tricks: Free Training Modules on Getting Started with Energy Analysis in Aspen =

____________________________________________________________________________________________|
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8- First, Start a new case

> Template [ —
New (Ctrl « N)

=
_/ Open » | e
. :i' Colusin Creste a new case >
H uj‘.}j felormer
fve A
|
T
u Hyorocracker
rd >
. }ﬁ o ences in Aspen HYSYS V8.0 (February 15, 201)
. | CatCracher
ﬂ Expoet ' \_' the new Aspen HYSYS VB0 user interface,
| o
_;33 Petrcleum Ditillation TIMIZE X023 - {Februacy 13, 2013)
A = ‘
i Script Manager E 2013 AspenTech Global Conference yet? If
0's already signed up and revew a the sessions
\ picd your own customized agendal
— " - HYSYS Case to an Aspen HYSYS Petroleurn Refiming =
N\ Print Setup
. = ————— —
" v 3 x|
Il
About |
Oations © Exit o e i @

9- Add the Components

= — = — — T 5
a ;.H o) |__| il T T Untitled - Aspen HYSYS V8.0 - aspenONE . li_g‘_ix_
Home  View  Customize  GetStarted ©
% Cut [ Map Components [EZ [
: 2| |2 sl = » 2| |3 o
53Copy~ £y Update Properties
: Navigate Petroleum | Hypotheticals | Oil Aspen PVT Laboratory
‘B Paste 2 ' Assays % = ‘ Properties ‘ Measurements ‘
~ Clipboard Components Refining Options PVT Data
el < Siart Page x ) Campanea iz nl] + ~
Ail items v . =
List Name Source
Component Lists
[ Fluid Packages
[ Petroleum Assays
[& Oil Manager
[C& Reactions
@ Component Maps 2
[C& User Properties 2
e [ cn ] [ oo
Ca— e
_ Properties.
D{g [ Import | 'l ‘ Export.. =
‘| n | »
‘9 Eaa R Messages v 3 %
. || Required Info : Fluid Packages -- S
‘ " ’
0% © I ®
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10-

Choose the system components from the databank:

(5 T E Get Stacted
Sart Page Component List - 1 +

Source Databank HYSYS

Cempenant Type

< Aoa
feploce
O
Component Group
Methane Pure Cornponent
Propane Pure Cornponent
Ethane Pure Cormponent

Select: Pure Components

Seawch for:

Simuletion Name
Methane
Ethane
Propane
+Butane
o Butane
wPentane
n-Pentane
o Heane
n-Heptane
n-Octane
n-Monane
m-Decane
n-C1d
n-C12

p

Firen AR FamiBies

Search by:

Fuil Mame | Syrenym

Formuls

After adding the pure components (N2, H,S, CO,, C1, C2, C3, n-C4, i-C4,
n-C5, i-C5, n-C6, H,0) we have to add the last component (C7*) which is

not a pure component as it represents all components above C7 including

C7 in the feed.

To define C7+ we have to create it as a hypothetical component as the

following:

By: Eng. Ahmed Deyab Fares
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3 C3
ca can
ca caHl
o5 CSHl 5

™S sh

(< coHl

[} cHl

(e} S 10

s CoHE

10 (8 [ [3%

a1 CIHE

(=) (ST

L
Search for:
Sirgulation Mame

1
n-Butane
i-Pentane
n-Pentane
n-Hexane
n-Heptane
n-Octane
n-Monane
n-Decane
n-c11
n-c12
n-c13
n-c14
n-C15
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From the drop menu select Hypothetical instead of pure components

atabank: HYSYS E ng Select: Pure Components ’
mnnmed Deyah Fares ——— El'\Jf

ymponent Type Group Search for:
Methane Pure Component
Ethane Pure Component #Z*Simulation Name Full Name / Syr
Propane Pure Component —_—— n-Heptane 4
i-Butane Pure Component [__<ﬁL[ n-Octane I
n-Butane Pure Component n-Nonane
i-Pentane Pure Component n-Decane
n-Pentane Pure Component [ Replace l n-Cl11
n-Hevans Diire Carmnanent ==

Select create and edit hypos

Select: | Hypothetical 'l [Create a batch of hypos
Hypo Group: | HypoGroupl '|
Initial Boiling Point; ~ 30.00C | Interval ~| 1000C

Final Boiling Point: 900.0C

New Hypo Group | | Generate Hypos |
Name Added ? Normal Beiling Point = Molecular Weight  Liquid Density
Eng
Ahmed Deyah Fares

Click on New Hypo

|
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et [Hpotheia S 1 | TR

Hypo Group: | HypoGroupl "'| Type: |Base Properties "’|

Click Here
e g2
Mame Added 7 Mormal Boiling Point  Molecular Weight  Liquid Density

After adding a hypo component you can edit the name, add the properties

you have, and estimate the unknown properties as follows:

Select: | Hypothetical v| Method: |Create and Edit Hypos '|
Group Hypo Group: | HypoGroupl v| Type: |Base Properties '|
1ent
1ent
1ent
<< Add All
1ent
1ent [ MNew Hypo Group H MNew Hypo l

1ent
Mormal Boiling Point . Liguid Densi Tc
; aud Dy
1ent 4 - MName ] Molecular Weight [kg/m3] [l
rent ' C7+"I 2 110.00' <empty> <empty> <empty>|
1ent

1ent

1ent

1ent

4 n 3

-I Estimate Unknown I Delete Hypo

[ n b

Finally add the hypo component to the component list
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Properties < Start Page - W| +
All Tterns =
4 (&g Component Lists Source Databank: HYSYS
L& Component List - 1
[_g Fluid Packages
£ Petroleurn Assays Component Type Group
& Oil Manager Methane Pure Compeonent
@ Reactions Ethane Pure Component
@ Component Maps Propane Pure Component
(g User Properties i-Butane Pure Component
n-Butane Pure Compeonent
i-Pentane Pure Compeonent
n-Pentane Pure Component
n-Hexane Pure Component
co2 Pure Component
H25 Pure Compeonent
Mitrogen Pure Compeonent
H20 Pure Component
I C7+* User Defined Hypotheticz HypoGroupl I

Now, select the suitable fluid package

— = ——— = o =

Untitled - Aspen HYSYS V8.0 - aspenONE ‘ EL‘E"L
- - e — -

€
-

“ICDER"
Home View Customize Get Started v @

Properties <  StartPage - ' Fluid Packages « |+ B
All Items - -

Fluid Package Component List Property Packac

4 [Zg Component Lists
Component List -1

"

% Petroleum Assays

& Oil Manager

[C& Reactions

[ Component Maps

m

[@ User Properties

T— 2

Add | Edit..

o{i Simulation |

4 \ m »

§" Energy Analysis

Messages v 1 X

- || Required Info : Fluid Packages -- Seles

<« | " | »

100% © L) ©)

In this case, select Peng-Robinson
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ﬁ = | ;I 71 Untitled - Aspen HYSYS V8.0 - aspenONE it et
- - e e - N e e -

Home View Customize Get Started (VI7 ]
Properties < Srt?rfbage - Basis-1 - |+ >
Allltems = Set Up | Binary Coeffs I StabTest l Phase Order l Tabular I Notes i -
4 (% Component Lists = )

£& Component List - 1 Package Type: HYSYS Component List £
4 |2 Fluid Packages
| Basis-1 | -Property Package Selection - Options =
[ Petroleum A - ! Enthal P
_@ ? MR Lee-Kesler-Plocker A il ;
g oil M.anager Margules Density
£ Reactions xgg Modify Tc, Pc for H2, He Mo
C t eam |4
@8 Companen .Maps NRTL Indexed Viscosity
[Z& User Properties b
— Peng-Robinson Options
[Peng-Robinson ] . )
i NS EOS Solution Methods Cubic EC
b X \ 5
., Properties PRSV v Phase Identification
i3
Sour SRK :
: Sour PR Surface Tension Method
D‘@SMW SRY Thavmasl Tanmdisdinb. A Y
‘| m | ’
‘Q Inevgy Y Messages v & X

100% © {] @

Now you can start drawing the flow sheet for the process by clicking the

Simulation button:

e ok |j[ 5 o - W Untitled - Aspen H_XSYS V8.0 - aspenONE 3] palette
Home Economics Dynamics View Customize élrrgz x
Simulation < _ StartPage - 'FlowsheetMain = |+ | E]E] =

3
I§:|

All Ttems > a s =
& Workbook [ %] I'ling
[ UnitOps Sistom o
[ Streams Common Columns
[ Stream Analysis
[:‘5 Equipment De'sign = ﬂ i : (ﬁ ﬁ“ g’ 1
L% Model Analysis AR
- S a
[ Strip Charts =
[% Case Studies B ﬁ B m D %
[C@ Data Fits | {
. | LD e 5
A ol [ [
iMessages = lQ—{E v I %
Q—ﬁ% Eo ’QI ﬂ@

=

Solver (Main) - Ready & — i) [

Now add a material stream to define the composition and the conditions

of the feed stream
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From the palette:

) Zoom {5 Zoom to Fit C—iﬂ E%‘T gl i Mes
Q ZoomIn =] Page Width e ;Vlodel l%;;'es ] Star Al ‘
& Zoom Out ‘ Palette | Manager *< Plan Histba Reting
Zoom o Show i Custom Dynamics

Simulation < _ FlowsheetMain « | CaseStudyl| | Common  Columns
All temns

£& Workbook | =
I C@ UnitOps
I @ Streams

[[@ Stream Analysis = Double Click

[& Equipment Design
C& Model Analysis
[[& Data Tables

[C& Strip Charts

. Fn ~ '

. Properties

!
Y
D{gm

A -
s

ﬂ Input Com -"":T«“‘ \ for Strez
MoleFract -Composition B asis-
Methane 0.6230 ¢ Moale Fractions
| Ethane 0.2800 C Mass Fract
 Propane 0.0163 S aciony
I-Butane 0.0043 " Lig Yolume Fractions
n-Butane 0.0082 ¢ MoleFl
-Pentane I 0.0042 SR
 h-Pentane 0.0040 " Mass Flows
Egze Lt ggggg " Lig¥olume Flows
H25 0.0154 3
Nitrogen 0.0055 l-Composnllon Eohtrols———
" H20 0.0000 :
C7+* 0.0093 ' 1938
MNormalize
Cancel

By: Eng. Ahmed Deyab Fares
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After adding the compositions and the conditions for the first well, add

another stream for well 2 and define the composition from the first stream

as follows:

> GasWell 2

o |[E ][]

o)

Gaswell 2

<emply> |

<empty>.

<emply>

<empty>

<emply>

<empty>

<emphy>

Worksheet ] Stream Name
B ' ¥apour / Phase Fraction
- Properties i Temperature ]
- Composition || Pressure [kPa]

Ky T ‘| Molar Flow [kamole/h]
2 at‘f. o ||Mass Flow [ka/h]
 UserVaiables |Gt Idsal Lig Vol Flow [m3/h]
Emef: || Molar Enthalpy [kiZkgmole]
~ Lost Parameters |

Molar Entropy [kJ/kagmole-C]

<emply>

‘ Heat Flow [kJ /h]

<empty>

'| Lig Vol Flow @Std Cond [m3/h]

| Fluid Packege

Basis-1

<emply>

% Uhllly Type

|

\

o —— .
Worksheet | Attachments | Dynamics |

\ Unknown Compositions

Delete | Define from Dther Stream...

Gaswell 4

~Copy Stream Conditions i

[~ Molar Enthalpy
[ Molar Entropy

'~ Vapour Fraction

[~ Temperature

[~ Pressure

)~ Conelations
I~ Flow

[~ Cost Parameters

~Chosen Stream Conditions-

Yap Phase Fraction 0.97523 |
Temperature 40.000 |
Pressure 41350 |
Molar Flows 192.78 |
Mass Flow [ 4607.9 |
Std I_dea[ qu Vol Flow 1 25Z i
[ Molar Enthalpy -8.862e+004
M olar Entropy 162.25
Mole Fractions E Al
Methane 0.623000
Ethane 10.280000 | —
Propane 0016300 |
1-Butane 0.004330 ]\
n-Butane 0.008210
i-Pentane 0.004160 |
n-Pentane 0.004050 |
n-Hexane 0.006530
C02 0.022500 |
H25 0.015400
Nitrogen 0.005540 |_¥

i Cancel I

e
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Add the conditions for the second stream

=* GasWell 2 [SifE]E=]
Worksheet Stream Name Gaswell 2
= "% apour / Phase Fraction 0.9803
{ L
g:d;:;:: Temperature [C] 4500
Bl Pressure [kPa] 3450
Caootoft || Molar Flow [kamole/h] 1707
TINE A Mass Flow [ka/h] 4066
- User Variables §E|g§§! Liq ol Flow [m3".’_h] .W-.il;qg, ]
" Notes Molar Enthalpy [ki/kgmole -8.807e+004
- Cost Parameters || Molar Entropy [kJ/kgmole-C] 165.3
Heat Flow [kl/h] 1.438e+007 |
Lig Vol Flow @Std Cond [m3/h] <emply>
Fluid Package Basis-1
Utility Type
< 3
o ——
Worksheet | Attachments | Dynamics |
_—------ e
Delete | Define from Other Stream... | €«

Add the conditions & Compositions for the other two streams as
above

Now, Add a Pipe Segment from the palette

s ST
[ Palette LE]M

i @)X
[=> | => |

Upstream Refining

Custom Dynamics

Common Columns

=
5
)
]

Pipe Segment | ﬁ‘ ﬁ :% *

14

3
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The pipe segment is used to simulate a wide variety of piping situations
ranging from single/multiphase plant piping with rigorous heat transfer

estimation, to large capacity looped pipeline problems

( T m
(5 Pipe Se 5 ranch 1 & - - p aiE 3
Design f§ Rating | Worksheet | Performance | Flow Assurance I Dynamics ’
Design Name: lBranchl
Connections
"
Parameters
Calculation Inlet Outlet
Emulsions | I 2 l
User Variables| Gas well 1 B1 out 3
Notes
—_—————
Fluid Package Energy
e —
v Delete | l No Segment Added

On the Sizing page, you construct the length-elevation profile for the Pipe
Segment. Each pipe section and fitting is labeled as a segment. To fully
define the pipe sections segments, you must also specify pipe schedule,
diameters, pipe material and a number of increments.

- The first pipe, Branch 1 is broken into three segments.

» Desigr_\Worksheet I Performance I Flow Assurance I Dynamics

Rating -Length - Elevation Profile
Siﬁng ' Segment
Heat Transfer| Fitting/Pipe

Length/Equivalent Length
Elevation Change

Outer Diameter

Inner Diameter

Material

Roughness

Pipe Wall Conductivity
Increments

FittingNo

Click Here

Append Segment l Insert Segment |

l Delete Segment I | Clone Segment J l Clear Pr¢
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- Add the first segment to the pipe unit operation by clicking the Append Segment

button. Specify the following information for the segment.

- To specify the diameter, click the View Segment button.

-~

& Branch1 = |[®&]==]
Rating ; -Length - Elevation Profile — ﬂ ‘

I~ — _~
Sizing Fitting/Pipe ]
Heat Transfer Length

Elevation Change
Outer Diameter ~ <emply> |
Inner Diameter ____<empty> |
Material Mild Steel |
Roughness : 45722005 |
Pipe ‘W all Conductivity | 45.00 | —
| {Increments 5| d
Append Segment Insert Seament
| Delete Segment Clone Seagment Clear Profile I
—_— T —
Design Rating lWorksheet J Performance J Dynamics J Depaosition |
Delete l [ Unknown Pipe Diameter I~ lgnored

- Select Schedule 40 as the Pipe Schedule.

- From the Available Nominal Diameters group, select 76.20 mm (3 inch) diameter
pipe and click the Specify button. The Outer and Inner Diameter will be calculated by

HYSYS.
- Use the default Pipe Material, Mild Steel

31 Pipe Info: Branch 1

~Pipe Parameters-

Pipe Schedule

Nominal Diameter

1 Schedule 40

Inner Diameter
Pipe Material
Roughness

Pipe Wall Conductivity |
—Available Nominal Diameters

| 2 e
#oreeUy |

B I I D 4

T 2540 1524 | 4064

| 3810 2032 | 457.2 -Specifg
g S0CL 2540 5080

P Peo0 ) 048 s095

e 3555

By: Eng. Ahmed Deyab Fares
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- Two more segments are needed to complete the branch.

In this cell...
Segment 2 3
Fitting/Pipe Pipe Pipe
Length 125 m (410 ft) 100 m (325 ft)
Elevation -6.5 m (-21 ft) 0.5m (1 ft)
~ Schedule 40 40
Nominal Diameter 76.2 mm (3 inch) 76.2 mm (3 inch)

(= Pipe Segment: Branch 1 PENRCH
| Design | Rating |Worksheet Performance | Flow Assurance | Dynarnics |
Rating -Length - Elevation Profile
- Segment 1 2 3
Fitting/Pipe Pipe Pipe Pipe
Length/Equivalent Length 150.0 125.0 100.0
Elevation Change 6.000 -8.500 0.5000
Outer Diameter 88.90 88.90 88.90
Inner Diameter 77.93 7783 77.93
Material Mild Steel Mild Steel Mild Steel
Roughness 4.572e-005 4.572e-005 4.572e-005
Pipe Wall Conductivity 45.00 45,00 45.00
Increments 5 5 5
FittingMa <empty> <empty> <empty>
[ Append Segment l [ Insert Segment ] [ View Segment... ]
[ Delete Segment l [ Clone Segment ] [ Clear Profile ]
[ Delete l | Heat transfer information under specified | [] 1gn

The Pipe Segment is not yet able to solve because we have not specified

any information about the heat transfer properties of the pipe.

Heat Transfer page

On this page, you select the method that HYSY'S will use for the heat transfer

calculations.

For all pipes in this simulation, use the Estimate HTC method.

By: Eng. Ahmed Deyab Fares
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p
8 Branch1 (= ==
. ~Specify By : =
Rat
‘S.%a'"!!i (" HeatLoss ¢ OveralHTC ¢ Segment HTC J* Estimate HTC
izing 2
~Heat Transfer Coefficient Estimation————————————— .-
; | aabient Temperature: [§15.0000 C
v Bhclude Pipe ' all: t+ Global " By Segment [
v Bnclude Inner HTC: | Correlation | Profes |
[ fhclude Insulation: | Insulation Type _ Urethane Foam |
Thermal Conductivity | 1.8000e-002'W /m- |
Thickness <emphy> |
v Bhclude Outer HTC: | Ambient Medium Ground
| GroundType | DwPeat |
Ground Conductivity | 0.17000 W/mK |
Buried Depth 1.0000 m |
—
Design Rating lWorksheet J Performance J Dynamics J Deposition |
Delete | [ lgnored
Now add the remaining unit operations to your case.
7 ™
8 pIPE-100 o |[& ]2
Design Name: [PIPE-100
Connections
Parameters Irget Olitiet
3 Gaswell 2 v B2 Dut »
Calculation I —J l —J
User Variables
Notes 4{) )—)—
—ta—
Fluid Package Energy
| Basis-1 | |B20 x|
Design | Rating J Worksheet J Performance J Dynamics J Deposition |
Delete I No Segment Added ™ lgnored

By: Eng. Ahmed Deyab Fares
Mobile: 002-01227549943

- http://www.adeyab.com
- Email: eng.a.deab@gmail.com

175



Process Simulation using HYSYS V8

Eng
m Ahmed Deyab Fares

Pe

88 pIpE-100

Rating

Sizing

Heat Transfer

1

||

=

™
===
-Length - Elevation Profile -
j 3|
= Bl
Pipe Wall Conductivity fdll
) tnset Segmert | [ iew Segmen @
| Delete Segment | Clone Segment Clear Profile

m Worksheet J Performance J Dynarmics J Depasition |

Delete I [ Unknown Pipe Diameter ™ lgnored
54 Pipe Info: PIPE-100 B
~Pipe Parameters- = ]
Pipe Schedule Schedule 40
Nominal Diameter empiy> |
Inner Diameter ___<emply> |
Pipe Material Mild Steel |
Roughress | 4.572e-05 |
Pipe Wall Conductivity 45.000 |
~Available Nominal Diameters
[mm] [rm] [rmn]
2540 1524 | 4064
3810 | 2032 | 457.2 -Specify
5080 2540 5080
el gnd048 | B09E | (]
' 2 )3 |
[
By: Eng. Ahmed Deyab Fares - http://www.adeyab.com
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P

&% pIpE-100

~Specify By ——

Ratin
= (" Heat Loss

‘ Sizing

Heat Transfer

Individual Heat Transfer Coefficient

Internal Film [based on 0.D)

External Film (based on 0.D]}
| Pipe Wall (based on O. 1.D)
| Ext.Insulation (based on 0.0]

<emply>
<empty>
<empty>
<empty>

Design Rating [ Worksheet J Performance J Dynamics J Deposition |

Heat Transfer Coefficient E stimation
Heat Transfer

Delete I Heat transfer information under specified [~ lgnored
- ™
88 pIPE-100 S=E=
Rating -Specify By - =
= - (" HeatLoss ¢ OverallHTC ¢ SegmentHTC (¢ Estimate HTC |
izing - '

Ambient Temperature: |5- 0ooo C

v Include Pipe Wall: (¢ Global " By Seament

¥ Include Inner HTC: | Correlation 1 Profes |

I Include Insulation: | Insulation Type _ Urethane Foam
Thermal Conductivity | 1.8000e-002 W /m- |
Thickness <emply> |

¥ Include Outer HTC: | Ambient Medium Ground
GroundType | _ DipPeat |
Ground Conductivity 0.17000 W /m-K |
Buried Depth 1.0000 m |

O — e g -
Design Rating [Worksheet J Performance J Dynamics J Deposition |

Delete

| O | lgnored

By: Eng. Ahmed Deyab Fares
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8 pipe_101 [E=]E=]
Rating ~Length - Elevation Profile 1 [
—_— |a
s Segment 1 2 &
Heat Transfer Fitting/Pipe Pipe Fipe Pipe |
Lengh 1600 | 1000 2050
Elevation Change 1250 14.00 || -1 OD_QI
Duter Diameter 88.90 88.90 88.90 |
Inner Diameter 77.93 77.93 77.93 ]
Material Mild Steel Mild Steel Mild Steel | |
Roughness 4.572e-005 4.572e-005 4572e-005 ¥
<« F | o
Append SegmentJ Insert Segment I Wiew Seament... |
Delete Segment I Clone Segment | Clear Profile |

i —

Design Rating l Worksheet J Performance J Dynamics ] Deposition |

Delete I { Heat transfer information under specified [~ lagnored

S PIPE-101 [=l[=]E=]
Rating ~Specify By .
———————————| | {" HeatLoss (" OveralHTC ¢ SegmentHTC (¢ Estimate HTC
e Heat Transfer Coefficient E stimati
~Heat Transfer Coefficient E stimation
Heat Transfer Ambient Tempe[atwe: |SUUDU C
v Include Pipe Wall + Global " By Segment
¥ Include Inner HTC: | Correlation | Prafes |
I™ Include Insulation: | Insulation Type Urethane Foam
Thermal Conductivity | 1.8000e-002 'W/m-
Thickness <emply>
¥ Include Outer HTC: | Ambient Medium Ground
GroundType Dry Peat
Ground Conductivity 0.17000 W /m-K
Buried Depth 1.0000 m |
m—
Design Raling[Worksheet J Performance J Dynamics J Deposition I
Delete I [ Mot Enough Information for the Pipe Calculation [~ lanored

Now, add a mixer operation to mix the outlet streams from both
branch 1 & branch 2
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P- Junction1 |E] |E] Eg_@;Y
Design Name [Junction 1
Connections
Parameters
Jser Variables
MNotes
Inlets Outlet
Blowt | 1 Out ]
. B20ut | ;
<< Steam>> | Fluid Package
‘ [ Basis1 |

Design [Rating J Worksheet J Dynamics |

Delte | I [ lonored

g

P- Junction1

Jser Variables

MNotes

y Automatic Pressure Assignment

L qualize &
+ Set Outlet to Lowest Inlet 2

===

=

Design [Rating J Worksheet J Dynamics |

Delte | I [ lonored

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com
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-

& Branch 4 = ===
Desi_c_:_jlji_ Name: IBranch 4
Connections
Parameters et Oiitiet
Calculation |J1 L L’ '84 L L"
User Yariables
Notes %) 4)*
| -
Fluid Package Energy
| Basis-1 ~ | B4 O ~|
S Design [Flating J Worksheet J Performance J Dynamics J Deposition |
Delete I [ Mo Segment Added I lgnored
’”~ N
8 Branch 4 o |[E= 2]
Rating ; -Length - Elevation Profile —

o : | -
g Segment 1] |
Heat Transfer fratat= : : I 1

Length %0
Elevation Change -4.000
Inner Diameter __ <emply> |
Material Mild Steel |
FRoughness ! 4.572e-005 | :
' | Pipe Wall Conductivity 45.00 | 4 fd
"l Append Segment Insert Segment
Delete Segment Clone Seament Clear Profile I
m Worksheet J Performance J Dynamics J Depaosition J
Delete I Unknhown Pipe Diameter [~ lgnored
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Pipe Parameters- — |

—

Design Rating

Delete

Pipe Schedule Schedule 40
Nominal Diameter | — Cemp
Inner Diameter : _ <empty> |
Pipe Material Mild Steel |
Roughness | 4.572e-05 |
Pipe Wall Conductivity 45.000 |
~Available Mominal Diameters
l o] | [mm] | [mm) 3
2540 1524 | 4064 | :
3810 2032 | 4572 _Specif_-g
5080 2540 5080
: 048 | 6036
2 5.6 | \
\ N
’”~ ™
88 pranch4 o |[&][=]
Rating ~Specify By - ‘ 1l
‘ - " HeatLoss (" OveralHTC (" SegmentHTC (¢ Estimate HTC |
Sizing L |

~Heat Transfer Coefficient E stimalj ;
| | Ambient Temperature: [5.0000C
{v Bnclude Pipe ‘Wall (¢ [aloba £gmen l

v @nclude Inner HTC: | Correlation | Profes |
[~ @nclude Insulation: | Insulation Type _ Urethane Foam
Thermal Conductivity | 1.8000e-002 W /m- |
Thickness <emply> |
v Wnclude Outer HTC: | Ambient Medium Ground
GroundType | DiyPeat |
Ground Conductivity | 0.17000W/m-K |
Buried Depth 1.0000 m |

|

Worksheet J Performance J Dynamics J Depositionj

| I | (grored
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P- Junction 2 =@z
Desig_n Name [Junction 2
Connections
Parameters
Jser Variables
Notes
Inlets Outlet
B40u | 12 Out Ra
B30ut | ;
| Sieam»> | Fhid Package
e * I Basis-1 L]
Design IHating J Worksheet J Dynamics |
Delete | ] Not Solved [~ lagnored

g N

P- Junction 2 = ”—@—H—g@_f

Design

{ Connections
1
User Variables ‘

Nates

Automatic Pressure Assignment
¢ Equalize Al
5

| Jutlet to Cowest Inlet

€

. —
Design lHaling J Worksheet J Dynamics |

Delte | I | /oored

|
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S Branch 5 (===
Design MName: IBranch 5
Connections
Parameters Injet Outiet
Calculation IJ2 L ':J |B5 L L‘
User Yariables
Notes 4{) )—)—
| "
Fluid Package Energy
| Basis-1 ~1 [B5Q ~|
S Design [Flating ] Worksheet J Performance J Dynarmics ] Deposition |
Delete I | Mo Segment Added I~ lgnored
- — - ™
s ‘ = |[&]==]
»3J Pipe Info: Branch 5 |LI]
L
~q ~Pipe Parameters |
1| | |Pipe Schedule Schedule 40 ]
k Nominal Diameter GO |
Inner Diameter ~ <empty> | |
Pipe Material Mild Steel | | |
Roughness 4572605 | |
Pipe W all Conductivity 45.000 | !
~Available Nominal Diameters - 5_?2:3_005_ \
45.00 Ll
- 2540 ~ 406.4 | Begment Wiew Segment...
38107 1327 457.2 i
|| soe0 2540 sos0 peament Clear Profe
= —?ééﬁ_3ﬂz}§ -]—Sﬁﬁﬁ_‘sﬂi (nics ] Depositionj d
101.6 355.6 | [
Eter [~ lgnored

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com 183
Mobile: 002-01227549943 - Email: eng.a.deab@gmail.com



Process Simulation using HYSYS V8

Eng
Ahmed Deyab Fares

&8 Branch 6 (===
Desigp Name: IBranch B
Connections
Parameters Ijet Oidtiet
Gt o IGasWeII D _v_J lBS Out L’
User Variables
Notes —{) J—)—
Fluid Package Energy
I Basis-1 __v_] IBS 8] _‘LI
. ——1
Design [Raling J Worksheet J Performance J Dynamics J Deposition |
Delete | I No Seament Added I~ lanored
R SIEE]
:ﬂ Pipe Info: Branch 6 ]l]
~Pipe Parameters: T =
 Pipe Schedule M Schedule 40_~ | Pipe W
 Nominal Diameter ¥6.2000 1650 | |
Inner Diameter 77972 -8.000 !
| Pipe Material Mild Steel 88.90 \
Roughness | 457205 | R - .
Pipe Wall Conductivity 45.000 |  MidSteel | |
=Awvailable Nominal Diameters 4.:5,729 005 4! 5723 005 ;
45.00 4500 |
5 5[ =
[ram] [rm] [ram]
25.40 152.4 406.4 sert Se ;
: : ament Wiew Segment...
| 3810 2032 457.2 N Specify [ l |
I =l 2540 | 508.0 {Eone Segment I Clear Profile I
3048 603.6
e 3556 S Dynamics J Deposition |
— == jation under specified I lgnored
e —
B8 Branch 6 (===
- -Specify By
Rat
Is“iamgi ’ (" HeatlLoss (¢ OveralHTC ¢ SegmentHTC ¢+ Estimate HTC
izing
i ~Heat Transfer Coefficient Estim3
Ambient Temperature:  {5.0000 C
v Enclude Pipe Wall: (s Globa eqgmen
v fnclude Inner HTC: | Correlation | Profes |
[T fnclude Insulation: Insulation Type _ Urethane Foam |
Thermal Conductivity | 1.8000e-002 '/ /m- |
Thickness <empty> |
¥ fnclude Outer HTC:  [Ambient Medium Ground
GroundType Dy Peat ]
Ground Conductivity | 0.17000 W /m-K |
Buried Depth 1.0000 m | .
it Design Rating [ Worksheet J Performance J Dynamics J Deposition |
Mot Enough Information for the Pipe Calculation I lanored

Delete | [
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Mix the outlet from both branch 5 & branch 6

e ™

®- junction 3 |_‘:'_||IE':”jg___|

Design Name IJ unction 3
Connections
Parameters

User Variables

Notes
Inlets Outlet
BSOut 3 ow ~1
. BeOw | ;
<< Stream >> Fluid Package
| Basis-1 ~ |

_—
Design [Flating J Worksheet J Dynamics |

Delete | ‘ Mot Solved I lgnored

o

P junction 3 (= [= =]

User Variables

MNotes

| —Automatic Pressure Assignment-
N & Equalize All
et Uutlet to Lowest Inlet

Design [Rating J Worksheet J Dynamics |

Delet= | I | onored

The last branch

6 ™
SiEnc e ==
~ Design Name: IBranch 7
Connections
Parameters Inlet Outlet
Calculation |93 Out =1 |B7 Dut ~1

User Yariables

Notes —t) )

-

Fluid Package Energy

| B asis-1 LI IB? aQ _V__l

o ——

Design [Rating ] Worksheet J Performance J Dynamics J Deposition |

Delete | T No Segment Added I~ lanored
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T [=EfE=]
;ﬂ Pipe Info: Branch 7 ’A[

-Pipe Parameters g
Pipe Schedule Schedule 40 1 :
Nominal Diameter 152.4000 | Pipe | }
Inner Diameter 1540510 | | (f 3400
Pipe Material Mild Steel -13.00
Floughness ] 4572e-05 1683
Pipe Wall Conductivity | 45.000 1541

=Available Nominal Diameters—————

45722005
45.00 v|
[mm] [rmm] [rom] I
2540 152.4 406.4 =I{ Segment | View Seagment... I
- 3810 2032 457.2 | [ specit =
5080 2540 5080 4ESegment ] Clear Profie |
- 76.20 304.8 6096 =
1016 3556 alamics | Depasition |
— === der specified [~ lgnored
PU———
8 Branch1 [==EE=

~Specify By

Ratin
’S—gi (" HeatLoss (" OwveralHTC ¢ SegmentHTC @‘¢" Estimate HTC
izing :
~Heat Transfer Coefficient E stimation
Heat Transfer | bcbiont Temperature: [f5.0000C | ‘
iv Bhclude Pipe Wall ¢ Global " By egment

v phclude Inner HTC: | Correlation | Prafes |

I~ ghclude Insulation: | Insulation Type Urethane Foam
Thermal Conductivity | 1.8000e-002 W/m-
Thickness <emply>

v Bhclude Outer HTC: | Ambient Medium Ground
(GroundType | DmPeat
Ground Conductivity | 0.17000W/m-K
Buried Depth 1.0000 m

m—

Design Rating | Worksheet J Performance J Dynamics J Deposition |

Delete I

[ lgnored
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You can go to the performance tab inside each segment to view the

profile

@l Pipe Segment: branch 1

= @] = |

|'\

| Design | Rating | Wurksheetl Performance QFlow Assurance | Dynamics |

Performance | Pipe Network
Profiles Distance Elevation
Increments
[m] [m]

0.0000 0.0000 5

1500 6.000 5

2750 -2.500 5

3750 -2.000

.I View Profile... I

-

Elevation Profile

6.000
() Pressure =
_) Vapour Fraction 2]
¢ : ) Heat Trans Ao
() Gradients R
*) Liq Holdup q
0 Lig Re E 1
= c 2000
) Vap Re S 4
') Liq Velocity % =1
~) Vap Veloci L i
= P ty 0.000
() Deposit Thickness il
) Deposit Volume - \

2o o [

T L\l T L) L) L) L] L)
0.000 50.00 100.0 1500 200.0 2500 3000 3500
Profile (m)
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Table | Plot

) Elevation

(@ Temperature 4000

') Pressure —
{2) Vapour Fraction 3350 ‘E\“\
'3: ! Heat Trans T

') Gradients - \"\n
@) Liq Haldup 2850

Temperature-Pipe Length

i ) i
) Lig Re =
S 3200
) Vap Re = A \3\
() Lig Velocity "é.’ 3750
) Vap Veloci T T \
© Depost Tht'yk T ~
€ eposit Thickness | N
') Deposit Volume 3650 AT

Pl]_n:l. |lg“'| f) =245
Tempekature (C) 36.?2\3\\3\_

36.00 -
3550 T L Ll T T T L] 1
0.000 50.00 1000 150.0 2000 2500 3000 3500 4000
Pipe Length (m)
Table | Plot
- Elevation Pressure-Pipe Length
4200

) Vapour Fraction 1 \H\

) Heat Trans . \H\\ Pipe Length (m) = 178.7

©) Gradients SEL = Pressure (kPa] | = 4078
©) Liq Holdup 1 \\

@ Lig Re g | ‘\\

) Vap Re g 1800

() Lig Velocity % . \\I
& i

) Vap Velocity
12) Deposit Thickness .

3600 -

) Deposit Volume ‘H\

3400 T T T T T T T

0.000 50.00 1000 150.0 20000 25000 300.0 3500 4000
Fipe Length (m)

You can also go to the parameters page to see the pressure drop &
heat losses inside each branch:

|
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gment: branch 1 | o B 2 |
Rating | Worksheet | Performance | Flow Assurance | Dynamics | B
Design ~Horizental Pipe Flow Correlation
nas and Brill (1979) "
Emulsions ~Vertical Pipe Flow Correlation
User Variables
Notes | Beaas and Brill (1979) -
~Inclined Pipe Flow Comrelation
| Beaas and Brill (1979) - B
~Additional Parameters
Include Accl. Pr. Drop
Pressurirnp (Beggs/Brill only) Heat Losses
DeltaP 6575 | Duty 8731 I =
Gravitation Energy Change
4 1] b

Save Your Case!
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| NGL Fractionation

Experience the New Aspen HYSYS'".

The best process simulation software
is now easier to use and faster to e =
learn than ever! - x

Aspen HYSYS is a comprehensive process
modeling system used by the world's
leading oil & gas producers, refineries,
and engineering companies to optimize
process design and operations.
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Workshop

Recovery of natural-gas liquids (NGL) from natural gas is quite common
in natural gas processing. Recovery is usually done to:
- Produce transportable gas (free from heavier hydrocarbons which
may condense in the pipeline).
- Meet a sales gas specification.
- Maximize liquid recovery (when liquid products are more valuable
than gas).
Aspen HYSYS can model a wide range of different column configurations.
In this simulation, an NGL Plant will be constructed, consisting of three
columns:
» De-Methanizer (operated and modeled as a Reboiled Absorber column)
* De-Ethanizer (Distillation column)

* De-Propanizer (Distillation column)

Learning Objectives

Once you have completed this section, you will be able to:
» Add columns using the Input Experts.

* Add extra specifications to columns.
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NGL Fractionation Train

It's required to process a crude natural gas to remove the heavier hydrocarbons from it
thus the composition of it would be suitable for transportation by passing the crude gas
which comes from two different wells to three towers: De-Methanizer, De-Ethanizer
and De-Propanizer.

The first well at (-140 oF, 330 psia and flow rate of 3575 Ibmol/hr) have the following

conditions and compositions: (Fluid Package: Peng Robinson)

Component Mol frac Component Mol frac

N2 0.0025 n-C4 0.0085
CO2 0.0048 I-C5 0.0036
C1 0.7041 n-C5 0.002
C2 0.1921 n-C6 0.0003
C3 0.0706 n-C7 0.0002
I-C4 0.0112 n-C8 0.0001

The second one at (-120 °F, 332 psia and flow rate of 475 Ibmol/hr) have the following
conditions and composition

Component Mol frac Component Mol frac

N2 0.0057 n-C4 0.0197
CO2 0.0029 I-C5 0.0147
C1 0.7227 n-C5 0.0102
C2 0.1176 n-C6 0.0037
C3 0.075 n-C7 0.0047
I-C4 0.0204 n-C8 0.0027

There's also an energy supplied to the De-Methanizer of (2e6 BTU/hr) which is used to
improve the efficiency of the separation.
The De-Methanizer (reboiled absorber) has the following specifications:

- Feed 1 Material Stream enters the column from the top stage inlet
- Feed 2 Material stream enters from the 2nd stage

- Ex-duty Energy Stream enters from the 4th stage

- Number of stages = 10

- Top Stage pressure = 330 psia & Reboiler pressure = 335 psia

- Top Stage temperature = -125°F & Reboiler temperature = 80 °F

- Ovhd Prod Rate = 2950 Ibmole/hr (1338 Kg/hr)

After running the column with the above specifications, the design is
then modified to ensure that the overhead molar fraction of the
methane is 0.96
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Most of methane is removed from the top of the tower and the bottom
stream is pumped to 2790 kpa then it enters to the De-Ethanizer (distillation
Column) where most of the ethane in the crude is taken as an overhead
product then it is processed to use in different applications.

The de-ethanizer has the following specifications:

Connections

Name DC2

No. of Stages 14

Inlet Stream/Stage DC2 Feed/6
Condenser Type Partial
Overhead Vapour Product DC2 Ovhd
Overhead Liquid Product DC2 Dist
Bottoms Liquid Outlet DC2 Btm
Reboiler Duty Energy Stream DC2 Reb Q
Condenser Duty Energy Stream DC2 Cond Q
Pressures

Condenser 2725 kPa (395 psia)

Condenser Delta P

35 kPa (5 psi)

Reboiler

2792 kPa (405 psia)

Temperature Estimates

Condenser -4°C (25°F)
Reboiler 95°C (200°F)
Specifications

Overhead Vapour Rate

320 kgmole/h (700 Ibmole/hr)

Distillate Rate

0 kgmole/h

Reflux Ratio

2.5 (Molar)

After running the column with the above specifications, the design is
modified to ensure that the bottom stream has ratio between C,/C3 =
0.01
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Then the bottom product is sent to a valve where the pressure of it decrease
to 1690 kpa, the outlet flow from the valve is sent to a de-propanizer
(distillation Column) where most of propane is removed from the top and
the heavier hydrocarbons is removed from the bottom

The specifications of the de-propanizer are:

In this cell... Enter...

Connections

Name DC3

No. of Stages 24

Inlet Streams/Stage DC3 Feed/11
Condenser Type Total

Ovhd Liquid Outlet DC3 Dist

Bottom Liguid Qutlet DC3 Btm

Reboiler Duty Energy Stream DC3 Reb Q
Condenser Duty Energy Stream DC3 Cond Q
Pressures

Condenser 1585 kPa (230 psia)
Condenser Delta P 35 kPa (5 psi)
Reboiler 1655 kPa (240 psia)
Temperature Estimates

Condenser 38°C (100°F)
Reboiler 120°C (250°F)
Specifications

Liquid Rate 110 kgmole/h (240 Ibmole/hr)
Reflux Ratio 1.0 Molar

After running the column with the above specifications, the design is
modified to ensure that the overhead molar fraction of the i-C4 & n-
C4 =0.15 AND propane bottom product molar fraction = 0.02
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To start the program, From Start Menu, Select All Programs >>
Aspen Tech >> Process Modeling V8.x >>>> Aspen HYSYS >>
Aspen HYSYS

aspen

Aspen HYSYS

8.4

www.aspeedech com

g U - A0 e “034*)"0

Whety Domaks  mpenONE  Modelr Tiveng s Conmrty Cheatar Lt Sendto el
Parw Coantent itzdates het  Seppent

. ’ s (IRE llu\ui

,‘ Opar Recent Models
| rao Vou hars 20 eecent modek to wew,
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First, Start a new case

r Template

O 0 i =
=y P e New (Ctrt + Ny felp
s .’.T‘j Column Creste a new case '
a0 il
My Reformer
a Hydrocracker =
ird =
, }p g ences in Aspen HYSYS VB0 (February 15, 2017)
3 | CatCracher
‘ ﬂ Expoet ' ‘_\_. the new Aspen HYSYS VB0 user interface,
_8‘3 Petrcleum Ditillation TIMIZE X023 - {Februacy 13, 2013)
A it Mansger £ 2013 AspenTech Global Conference yet? I
— 0's already signed up and revew a the sessions
\ picd your own customized agendal
- " - HYSYS Case to an Aspen HYSYS Petroleumn Refimng =
ik Print Setu —
ey - =51
avoun _
Oations © Exit o e @
12- Add the Components
J|_:|., : . T —— l:’@\ X3
ht;l [.H Rl | = - . “ - UntlA‘t{ed -f\spen HYSYS V8.0 - aspenONE - : el = [ S
Home  View  Customize  GetStarted & @
% Cut 2 [ Map Components ‘E 3 2 @ @
E3Copy~ (7 Update Properties
- | Navigate Petroleum | Hypotheticals |  Oil Aspen PVT Laboratory
(18, Paste Z ’ Assays % = ‘ Properties ‘ Measurements ‘
~ Clipboard Components Refining Options PVT Data
Propertics < i Page % K ermen G+ -
Ail items v § =
List Name Source
Component Lists
[ Fluid Packages
[ Petroleum Assays
[& Oil Manager
[C& Reactions
[& Component Maps =
[C& User Properties 2
—re
-1 SN | b’
__ Properties
[ Import | 'l Ext =
[ Simulation -
‘| n | »
‘9 % Y Messages v 3 %
. || Required Info : Fluid Packages -- S
‘ " »
100% © - ®
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13- Choose the system components from the databank:

utamoe Get Stared
ot Page  Compooent List - 1

Source Databank HYSYS

Select Pure (omponenty Firer AS families
Cempanant Type Sesrch for; Search by: Full Name/Synuoyen
Simuletion Name Full Mame | Syncoym Formuls
Methane a o
< Add
e Etrane Q O
Propane a 3
+Butane ~Ca (€ [T
feplce | o Butane e canl
Pentane -C5 CSHl 5
n-Pentane 5 [&]115
o Heane [ ] coH
n-Heptane [} cHl
n-Octane e ] ama
n-Monane (] oG
m-Decane clo Clome
n-Cil i CIHE
n-CL2 (=) ShI
e
L
Component Type Group Search for:
Methane Pure Cornponent
Propane Pure Cornponent 2 Sirulation Name
Ethane Pure Cormponent 1 | i-Butane]
i < Add
- | n-Butane
i-Pentane
n-Pentane
n-Heptane
n-Octane
n-Decane
n-c11
n-c12
n-c13
n-c14
n-C15

After adding the pure components (N, CO,, C1, C2, C3, n-C4, i-C4, n-
C5, i-C5, n-C6, C7, C8)

Now, select the suitable fluid package
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= — - . e e = —— s rEel =
& H Al Untitled - Aspen HYSYS V8.0 - aspenONE SlE T
Home View  Customize Get Started LV}

Properties < Start Page -~ ' Fluid Packages « | + -

All Items v &

4 B8 Component Lists Fluid Package Component List Property Packac

Component List - 1
o Fluid Packages d
_ Petroleum Assays
& Oil Manager =
[[& Reactions
[ Component Maps
[@ User Properties
" Properties ﬂ =
"3 I———
i T | Edit.. [
| Simulation . 1] =
< | m | »
‘v Enexyy y Messages v 1 X
- || Required Info : Fluid PaIckaqes -- Sele
«| 1 »
100% © (] @
In this case, select Peng-Robinson
— — —— -
o | H s Untitled - Aspen HYSYS V8.0 - aspenONE (= E e
- - e e - N e i -

Home View Customize Get Started v @
Properties < Start Page - ' Basis-1 « |+ -
Al = Set Up l Binary Coeffs I StabTest I Phase Order I Tabular I Notes i R
4 (% Component Lists .

[% Component List - 1 Package Type:  Hysys Component List ¢
4 |5 Fluid Packages
|C Basis-1 -Property Package Selection -Options -
Petrol As - Enthal P
e 5 o R Lee-Kesler-Plocker i ?py '
[ oil M-anager Margules Density
[ Reactions xgx Modify Tc, Pc for H2, He Mo
eam 4
l;é Component.Maps NRTL Indexed Viscosity
[-% User Properties i
v Peng-Robinson Options
Peng-Robinson I - -
= i N EOS Solution Methods Cubic EC
& . ase Identification
_ Properties PRSV Phase Identif
Sour SRK :
: Sour PR Surface Tension Method
D-[gsm‘m CRY Thmvmaal Tamdidiib. A Y
‘| m »
‘9 Faeyy ysi Messages v I X
100% © D ®

Now you can start drawing the flow sheet for the process by clicking the

Simulation button:

|
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=1 R

S [ B R ljlﬁiﬂ- ~ % Untitled - Aspen HxSYS V8.0 - aspenON[ﬁ] Palette

Home Economics Din{mics View Customize dilfﬁﬂ ‘ x v @
Simalation < Start Page - ' Flowsheet Main « | + [E 7
All Items : s A

& Workbook = ' nfng
& UnitOps Custom Dynamics
[ Streams Common Columns
[ Stream Analysis -
& Equipment Design o ’[j Q‘ﬁ g“' g' o
& Model Analysis = = L
[[@ Data Tables 3 :% w{% & g
@ Strip Charts _;_
[ Case Studies R ﬁ B ’m' *D* %
[C@ Data Fits - | .
LoD e 7
F — [§
P
= |1 > I %
B T R U
ks LT
Solver (Main) - Ready S — J @

Now add a material stream to define the composition and the conditions

of the feed stream

From the palette:

8 | EH P Ul | CASE2HSC - Aspen HYSYSE.O-aspenO h
Home Economics Dynamics View Customize GetStaj Click Here [

O Zoom {54 Zoom to Fit C—iﬂ % gl [ Mes
@ ZoomIn =] Page Width i M d : E“J ] Star
o owsheet ode! otes re. i
(2 Zoom Out Palette | Manager *< Plan it Refing
Zoom . Show Custom Dynamics |

Simulation <  Flowsheet Main - | Case Studyl Common | Columns :
All items _ g

& Workbook k=
I [& UnitOps 44
I g Streams

[[@ Stream Analysis = Double Click

[& Equipment Design

C& Model Analysis
[[& Data Tables = =]

[C& Strip Charts

[ ) ~ [

VB BeS
IS 209 &4
ool b @) 35 . Gy

15
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541 Input Composition for Stream: feed 1.
~Composition Basis—————
Methane ¢ Mole Fractions
gtcrléne " Mass Fractions
Propane 0706 ¢~ LigVolume Fractions
[ Bome — | okrion
i-Pentane 0.0036 (" Mass Flows
n-Pentane 0.0020 :
o 00003 " Lig Yolume Flows
n-Heptane 0.0002
Nitros'en 0.0025 ~Composition Controls-
n-Octane ; —
| Erase
Normalize
Cancel

oKk
Equalize Composilionl Total |1.0000

After adding the compositions and the conditions for the first stream, add

another stream for feed 2:

‘Composition Basis
Methane f+ Mole Fractions
%azane " Mass Fractions
Propane " Liq Yolume Fractions
i-Butane 0.0204
n-Butane 0.0197 € -Mole Flows
-Pentane 0.0147 " Mass Flows
-Pent 0102 A
:-Heepifnnee 11%%3%~ " LigYolume Flows
n-Heptane 0.0047 =
Nitrogen 0.0057  Composition Controls- 1
n-Octane 0.0027 '
Erase
Normalize
Cancel
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PART 1: DE- METHANIZER COLUMN

The De-Methanizer is modeled as a reboiled absorber operation, with two feed streams
and an energy stream feed, which represents a side heater on the column.

Add an Energy stream with the duty = 2.1 e6 kJ/hr

Double-click on the Reboiled Absorber icon on the Object Palette.

r'; Palette | = B | X
F X
= | =p> |

Upstream Refining

Reboiled Custom  Dynamics
Absorber Common  Columns

L
i)

I

|
1

- A

De-Methanizer Specs:

- Feed 1 Material Stream enters the column from the top stage inlet
- Feed 2 Material stream enters from the 2nd stage

- Ex-duty Energy Stream enters from the 4th stage

- Number of stages = 10

- Top Stage pressure = 330 psia

- Reboiler pressure = 335 psia

- Top Stage temperature = -125°F

- Reboiler temperature = 80 °F

- Ovhd Prod Rate = 2950 Ibmole/hr (1338 Kg/hr)

- C1 fraction in the Ovhd stream = 0.96
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Top Stg. Reflux
(+ Liquid miet
" Pump-around

—— —— = Optional Side Drgws

Stream [ Type Draw Stage |
[_[ << Stream >:

Stage Numbenng
« Top Down " Bottom Up

®

" Once-through ¢ Circulation without baffle ¢ Circulation with baffle
Reboiler Type Selection Hol ¢
i Regular Hysys reboiler " Heater " Heat exchanger € Tut o

< Prev ' Rebaoiler Configuration (page 2 of 5)

-
Top Stage Pressure
o |2275 kPa
Reboiler Pressure Drop
ID.OOOO kPa
e Reboiler Pressure

|231 0 kPa

o
[ < pI—O7 l Next > I Pressure Profile (page 3 of 5) Cancel I
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~] Reboiled Absorber Column_

Optional Top Stage
Temperature E stimate

I-B?. 22C

Optional Reboiler
Temperature E stimate

|28.87 C

-t

Optional Estimates [page 4 of 5]

Boil-up Ratio

p—
-

Specifications [page 5 of 5]

®, Column: T-103 / COLS Fluid Pkg: Basis-1 / Peng-Robinson
Design Optional Checks A - ~Profile T — ——
Input Summary View Initial Estimates... l ;"cm
@ & Temp g
iibrium | 7000
m— Step ‘\ E quilibriurm ‘ Heat / Spec A  Press :2
[ " Flows €000
Specs Summary [ 2000
Subcooling l = YWe—+ 2 3 4 56 7 8 s
Notes
Specifications
il i Current Value ‘Wit. Error Active | Estimate Current
Ovhd Frod Rate 3 <emply> | <emplys | IV [~
Btms Prod Rate 7 o <empty> | <empty> | [ |2
Boilup Ratio <empty> | <empty> | <empty> | | 2
1 View... | Add Spec... | Group Active I Update Inactive I Dearees of Freedom IU
] m Parameters J Side Ops ]Flating ] W 4 et | Performance J Flowsheet J Reactions ] Dynamics |
Delete I Column Environment. .. [ Run | Reset l [ Unconverged | [V Update Outlets [ Ignored
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Although the column is converged, it is not always practical to have

flow rate specifications. These specifications can result in columns

which cannot be converged or that produce product streams with

undesirable properties if the column feed conditions change.

An alternative approach is to specify either component fractions or

component recoveries for the column product streams.

~Specifications
Specified Value | Current Value Wt E ive Fstimate| Current
Ovhd Prod Rate 2350 bmole/hr | 2.95e+003 | - i N
Btms Prod Rate <empty> | 1.10e+003 | < r Vv | I
Boilup Ratio <empty> | 190 <empty> [T @ W Il
View... | Add Spec... Group Active | Update Inactive l Degrees of Freedom

~

2] Add Specs - T-100 (C... L

™

X

Column Specification Types

Column Dt S

Column Rec
Column
4

Reflux

Column Cold Properties Spec -
Column Component Flow =
|
Column Component R atio
Column Component Recovery
Column Cut Point

Colurmn Draw Rate
Column DT [Heater/Cooler] Spe:

pec

Column Duty

Column Duty Ratio
Column Feed Ratio
Column Gap Cut Foint
Column Liquid Flow
Column Physical Properties Spec
Column Pump &round
Column Reboil Ratio Spec

overy

Feed. Ratio Spec

m

l Add Spec(s)... I
il )
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7~ N\
p Comp Frac Spec: Clinovhd [ | @ [ 53 |
Name Clinovhd

Stage 1_Main TS
Flow Basis , Mole Fraction
Phase apour
Spec Value 0.9600
Components: J_ _____ Methane
<< Component >> |
Target Type " Stream (¢ Stage
. —— —_
Parameters | Summary J Spec Type |

Run the column:

~Specificghons
Speced Ve
Ovhd Prod Rate 1338 kgmole/h |
Bims Prod Rate cemply) |
Bodup Ratio : emphy> |
ovhd <emply>
Clinovhd 09800
Vew. | AddSpec. | Gowhoive | Upddtelnacive fDogees ofFieedom 0 |
™ Design [ Paametets | 5ide Ops | Rating | Workshest | Pedomance | Flowsheet | Reactons ] Dynamics
Deite | CobmErvionwent. | R | et | [SSENENEEE O Upcxe Outets [ loweed

After running the column, add a pump to transfer the bottom liquid to the

De-ethanizer:
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ot N
% pam =@ [=]
Design Name [P-100
Connectlions
Parameters Outlet
D Il |Dc24eed -
Links |De1-bottom -
User Vanables ’.,)
Notes
Energy Fluid Package
[P-100-hp | [ Basis-1 -
—_— —
Design | Rating | Worksheet | Pedormance | Dynamics |
Delete Unknown Duty ¥ On [ lgnored

The pump outlet pressure is 2790 kPa (from Worksheet)

# p-100
Worksheet Name Decl-bottom |
= Vapour 0.0000 |
Consitone Temperature [C] 2006
Properties Pressure [kPa] 2310
% Molar Flow [kamole/h] 4850
ETe T Mass Flow [kg/h] - 1.837e+004 |
PF Specs Std |deal Liq Vol Flow [m3/h] 4285
Molar Enthalpy [kJ/kgmole] 1.104e+005
Molar Entropy [kJ/kagmole-C] 7 120.7 | 1208 <empty>
Heat Flow [kJ/h] 5.353e+007  -5.350e+007 Oe+004

A Design lRating Worksheell Performance J Dynamics |

Deite | | O [ lonored
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PART 2: DE- ETHANIZER COLUMN

The outlet from the pump is then fed to the de-ethanizer:

'{h 5| X

[ => | =>|
Upstream Refining
Custom Dynamics |*

Distillation
Column

Common Columns

944
]S

&

1 Distillation Column Inp

Condenser Energy Stream |De2 cond O > “Condenser -
- O Total |DC2 Ovhd |
Column Name 0 & Patial Ovhd Outlets
" FulRflx | |Dc2 Dist |
I - e
e 2 [T Water Draw
Inlet Streams
Dggel’a;d 1 |2"'e;d5‘. 1 # Stages Optional Side Draws
air
B2 ko, N (B2 ! A — —— —— Stream Type | Draw Stage
Seii b s N | ] << Steam>: | I |
|
n-l Reboiler Energy Stream ’
n v
D2 Reb =1 Botoms Liguid Outet

~Stage Numbering ot s IDOZ liq _'_J \

& TopDown " BottomUp | 2o |

Next > Connections [page 1 of 5) Cancel I \

+ Once-through " Circulation without baffle ¢ Circulation with baffle
-Reboiler Type Selection Hot Side
‘ (¢ Regular Hysys reboiler " Heater " Heat exchanger ¢ Tube & Shell
< Prev I I Next > I Reboiler Configuration (page 2 of 5) Cancel
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-
- Capdenser Pressure
[2725 kPa
- -
. Condenser Pressure Diop
|35.00 kPa
Feboller Pressure Drop
|0 0000 kPa
Feboiler Pressure
|2792 kPa
-
< Prev l I Neyt > I Prassure Profile (page 3 of 5) Cancel I

~1 Distillation Column Input Exp

Optional Condenser
Temperature Estimate

F4.UOD C

Optional Top Stage
Temperature E stimate

Optional Reboiler
Temperature Estimate

95.00C

Optional E stimates [page 4 of 5)

T

- Vapour Rate l320000
Liguid Rate |0.000000

- T
Reflux Ratio

Con I
|2.500 Elow Basis I Molar v l

g

_ —
< Prev | Dorne... l Side Ops > l Specifications (page 5 of 5] Cancel I
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" W Column: DC2/ COL2 Fluid Pkg: Basis-1 / Peng-Robinson == pom| >
; Column Name  [OE2 Sub-Flowsheet Tag [COLZ Condenzer
Rawgn  Total @ Patisl " Full Aol |
Connections —
2 Condenser Energy Steam —
Monit -
i [De2 cond @ -] - Delta P |DC2 Ovhd ~]
Specs 0 ) 5 Oyerhead Outlets
Spece Summary [De2 Dist =1
Subcooling 1 - -
Notes W) 2 | Poond Optional Side Draws
Injet St I—'—
L. L Num of | [2725 kPa Stre. Type | Draw Stage
%ti%m |_Inlet Stage Stages Teoatan s !
eed [2_ Mar | n= fiT] feamle | | !
<< Sueam>: | | P reb |
: nl TP Reboilet Energy Stream
n |De2 AebQ |
Stage Numbering Deka P o
+1 ora Bottoms Liguid Outlet
@ TopLown " Bottom Up 12
lD 0000 kPa Iocz Ia L'
Edit Trays,, I o
-
Design [ Patameters ]Snde Ops ]Raﬁng ] Warksheet ] Performance I Flowsheet ] Reactions ] Dynamics |
Delete | Column Environment . ]I Aun | Beset | DN  © Update Outlets [ lonored

Add the Column component ratio from the monitor page as follows:

Design | Parameters | Side Ops | Rating | Worksheet I Performance | Flowsheet | Reactions | Dynamics |
Design ~Optional Checks - Profile
' | InputSummary | [ Viewlnitial Estimates.. | Temperature vs. Tray Position 1
I Monitor =TT
DECS @ Temp T Tempersture] = -
Specs Summary| | ter | Step Equilibrium Heat / Spec © Press 160.0 =
Subcaoling 1 10000 0.000000 0.000066 1200 3 —
MNotes ) Flows 3 =
20.00 /a"‘
40.00 = T T T T T T T T
] 2 4 ] g8 10 12 14 16
~Specifications
Specified Value Current Value Wt. Error Active | Estimate Current
Reflux Ratio 2.500 2.500 -00000 M W 2
Ovhd Vap Rate 705.5 Ibmole/hr 676.4 0413 [0 W r
Distillate Rate 0.0000 Ibmole/hr 1.069e-005 ooooo W W vl
Reflux Rate <empty> 1691 <empty> [ T3 r
Btms Prod Rate <empty> 3928 <empty> [ W O
I Addspec. || Groupacive ||  Updatelnactive | pegrees of Freedom 1
Delete H Column Environment... ] [ Run ] [ Reset ] _ Update Outlets ]| Ignored

|
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‘ Column Specification Types

Column Cold

Column Gap

Column Component Ratio

Column Cut Point
Column Draw Rate
Column DT [Heater/Cooler) Spe:
Column Dt Spec J
Column Duty
I Column Duty
Column Feed Ratio =

Column Liquid Flow
Column Physical Properties Spec

Properties Spec -

zCovery

m

Ratio

Cut Point

| | Column Pump Around
| Column Reboil Ratio Spec
N Column Recovery
Column Reflux Feed Ratio Spec
| el imms 2 abh Erascmbimmn Sm o
: | Add Spec(s)... |
pd Comp Ratio Spec: C2/C3 o || = [ E3]
Mame C2/C3
Stage Reboiler
Flow Basis Mole Fraction
Phase Liquid
Spec Value 1.000e-002
5 - |
Mumerator: i Ethane =
Denaminator: _ Propane -
Target Type " Stream (¢ Stage
—
Parameters | Summary J Spec Type |
Delete
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Specifications
Specified Value Current Value Wt Emor | Active | E stimate Current

Reflux Ratio 2.500 2.50 00000 v v v
|Ovhd Vap Rate 320.0 kgmole/h 306 00445 [ | & L
Distilate Riate | 00000kgmoleh |~ 471e006| 00000 W | W | M |
Reflux Rate 1 <empty> | 764 <empp | [] | & [ [
Btms Prod Rate __<empty> | 1781 cempty e
C2/C3 1.000e-002 | 9.99e-003 00005 v | M v

View... I Add Spec... I Group Active l Update Inactive lIDegleeS of Freedom E I

é —
Design[ Parameters J Side Ops JF{a(ing J Worksheet J Performance J Flowsheet J Reactions J Dynamics |

Dekte | ColmEmioment. [[TFun ] Beset | NSSSSSSSNNN v Updse Outets [ lonored

Add a valve on the bottom liquid stream:

Custom Dynamics

Columns
35S

%%-\ ﬂ Control Valve

e

Q50
yil

r
(b Valve: VLV-100 =
i ;
Design
| Design
Connections Name VLV-100
Parameters
User Variables
Notes
> >
Inlet Qutlet
DC2 Btm -| | DC3 Feed -]
Fluid Package
| Basis-1 -
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Outlet pressure from the valve = 1690 kPa (from the Worksheet tab)

¥ VLV-100 [F=8(ECR 5
Worksheet Name Dc2liq | DC3Feed |
Conditons | [Vapou o000 03210
. Temperature [C] 91.16 67.39
Properties Pressure [kPa] 2792 1690
Composition Molar Flow [kgmole/h] B 1792 179.2 |
Std Ideal Liq Vol Flow [m3/h] 4 1678 1678
Molar Enthalpy [kJ/kgmole] 1.233e+005 | -1.233e+005 |
Molar Entropy [kJ /kgmole-C] 1215 - 1223
Heat Flow [kJ/h] 2.211e+007 | -2.211e+007 |
|
|
\

a/ Design JRating Worksheell Dynamics |
Delte | N | onored

|
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PART 3: DE- PROPANIZER COLUMN
Add a distillation column (De-propanizer):

I Condenser Energy Stream IDC3 Cond O L] Condenser—
- * Total
Column Name l T-10M1 0 " Partial Ovhd Liquid Outlet
" Full Rflx [DC3 dist LI
I e
ey 2 [T Water Draw
Inlet Streams =
DggeFa:ed :”1"'3‘ S: #f Stages Optional Side Draws
: € {1l Ma | _ B = Stream Type | Draw St |
<<Steam>> | | n= ] - T Btieam s: e =
- 5 cecnabonnh bk & ! 4
| |
n-1 Reboiler Energy Stream
n
IDEB hebil Ll Bottoms Liguid Dutlet
-Stage Numbering ! n+1 |DC3 btm ~|
* Top Down " BottomUp | -

£
e

Nexzt >

Connections [page 1 of 5]

I ~Reboiler Configuration-

1 R

A

e

(¢ Once-through " Circulation without baffle " Circulation with baffle
Reboiler Type Selection Hot Side
(¢ Regular Hysys reboiler " Heater " Heat exchanger C Tube & Shell

Copdenser Pressure
|1 585 kPa

-

Condenser Pressure Drop

et TPS ]

Heboller Pressure Drop
In 0000 kPa

Feaboiler Pressure
|1 655 kPa

-

-

Pressure Profile (page 3 of 5) ng’:‘«gl |
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= Distillation Column 1

Optional Condenser
Temperature E stimate

[EoC

Optional Top Stage
Temperature E stimate

I

Optional Reboiler
Temperature Estimate

1200C

Optional E stimates [page 4 of 5]

Liguid Rate I" 10.000

- -
Reflux Ratio

W Flow Basis

Specifications [page 5 of 5)

Monito‘ LWNIUTHIRTI LHISIyy Juoain
|pC3cCond0 =] - Delta P
ety 0 |EEaokra Dyhd Liquid Outlet
Specs Summary |DC3 dist :_J
Subcooling =) o —
Notes »=1 2 | Pcond Optional Side Draws
o Num of | [1585 kPa ‘
Steam [ inlet Stage Stages - Si"e_a"";_j Type | Draw Stage
T Be3Feed T Ma n= ] 18 Sl - !
<< Stream > [ Preb
‘ “nl l1 gokrs Reboiler Energy Stream
n |DC3Reb O -
—Stage Numbering Delta P
elta Bottoms Liguid Outlet
* TopDown (¢ BottomUp el 00000 KPa
: DC3 bt M
Edit Trays... ] I - ;‘l
— — —
De:ign' Parameters ] Side Ops ]Rating ] ‘Worksheet ] Performance ] Flowsheet J Reactions ] Dynamics |
Delete I Column Environment. .. l Run s Beset I [ Uriconveiged | [V Update Dutlets [~ Ignored
LB
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Now, let's add a new 2 specifications instead of the current:

, e -
P rrecions Input Summary | View Initial Estimates... | : g
- | & Tem
Step | Equibrum | _Heal 7 Spec S
Sosti ~ 1 1.000 028713 002839 | ¢ Press mo
B 2 10000 00007 OO0BN7E | Flows  saf I
Specs Summary 3 00001 0.000003 | 0.000271 55,00 4wt
500
Subcooling f I i i i s 10 15
Notes ' '
-Specifications
Specified Value | Current Value Wt Emmor | Active | Estimate
Reeflux Ratio 1.000 1.00 00000 | v |
Distilate Rate 110.0 kgmole/h | 10, 00005 M @ W
Reflux Rate <empty> | M0, <empty> [T
Btms Prod Rate , <emply> | 692  <empty> [T | W
View... Group Active I Update Inactive I Degrees of Free
-=n__:__ ' | RSS! S I Qb A . FEOX In-c__ I LY S BN e = I TS TSSS I | o RESO Ferats I Lo FERS L SR I | ISSUORSIRL BTG |

[ 1 Add Specs - T-101 (C... S

Column Specification Types

Column Cold Plopemes Spec .

Column Comoonent Fractlon

piLUMmn Lomponent Hatio
Column Component Recovery
Column Cut Point
Column Draw Rate
Column DT [Heater/Cooler) Spe
Column Dt Spec
Column Duty
Column Duty Ratio
| | Column Feed Ratio -
Column Gap Cut Point
{i| | Column Liquid Flow |
Caolumn Physical Properties Spec
Column Pump Around
Column Reboil Ratio Spec
Column Recovery
Column Reflux Feed Ratio Spec ‘

Add Spec[s]

m
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(e ~ — T (e = = o : A =)
w2 Comp Frac Spec: C3 fo] @ ) » Comp Frac Spec:iCd and n... | | = s
Name £3 Name I iC4 and nC4
Stage I ___Reboier_~ | Stage Condenser
Flow Basis Mole Fracton Flow Basis Mole Fraction
Spec Value i 2.000e-002 Spec Value i 1.500e-002
Components: Propa Components +Butane
{|__<< Component>> | r-Butane
33 >
Target Type " Stream (¢ Stage Target Type " Steam (+ Stage
— <-—
Parameters | Summary | Spec Type | Parameters | Summay | Spec Type |
Delste Delete
Specs Summary | 37 1.0000 0.000016 0.015867 ;;| _,!.,i' I I |
. 4 | 1.0000 0.000001 0.002043 om
| Subcooing ~ 5 10000 0000000  0.000228 o s w8 2 =
Notes
‘ - Specifications
Specified Value Current Value ‘Wt Error | Active | Estimate’ Curent |
Refiux Ratio | weoo| @ 1/ om0 | MO L
Distillate Rate _ 1100kgmole/h 12| otoes| [ | W | [
Refiux Rate <emply> 213 <emply | BV TR
Btms Prod Rate <empty> | 573 cempty )
iC4 and nC4 1.500e-002 | 1.50e-002 | 0.0001 T
3 2.000e-002 2.00-002 | 0.0004 v | F
! l l |
View... I Add Spec... I Group Active I Update Inactive ]
= L = 3 2 |
Design I Parameters J Side Ops JRating J Performance J Flowsheet J Reactions J Dynarnics |
Delete I Column Environment... l m Reset | I ¢ Update Outlets [ Ignored

After running the column, you can view the results from the Performance

page (for any column)
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|ﬁ(idumn: DC3 / COL3 Fluid Pkg: Basis-1 / Peng Robinson

Click Here

| Design | Parameters | Side Ops | Rating | Worksheet Jf Performance eet | Reactions | Dynamics |
Performance -Feeds
Hm‘ DC3 Feed
olumn Protiles
Flow Rate (kgmole/h 178.1833
'| || Feeds / Products kg )
Plots -
Cond./Reboiler Nitrogen 0.0000
co2 0.0000
Methane 0.0000
Ethane 0.0067
Propane 0.6666
i-Butane 0.1260
-Products
DC3 Dist DC3 Btm
Flow Rate (kgmole/h) 120.6237 57.5596
Nitrogen 0.0000 0.0000
co2 0.0000 0.0000
Methane 0.0000 0.0000
Ethane 0.0098 0.0000
Propane 0.9752 0.0200
i-Butane 0.0138 0.3613
[ Column: DC3 / COL3 Fluid Pkg: Basis-1 / Peng Rabinson (==
[ Design l Parameters I Side Ops l Rating | Worksheet| Performance | Flowsheet I Reactions I Dynamics l =
' " - Basis
B Pexfonmascn | Reflux Ratio 1.817 ST @ Molar ) Mass ) Ideal
Boilup Ratio 4204 | | @Flows O Energy - i
| Column Profiles . ) Lig Vol @Std Cond ) Act. V
' eeds / Products
|| Plots Temperature Pressure Net Liquid Net Vapour Net Feed Net Dray
Cond./Reboiler [€ [kPa] [kgmole/h] [kgmole/h] [kgmole/h] [kgmole/
Condenser 4583 1585 219135 15
1_Main TS 47.83 1620 220.901 339.759
2_Main TS 48.58 1622 219,835 341,525
3_Main TS 4934 1623 218431 340458
4 MainTS 50.20 1625 216.760 339.055
5_Main TS 51.20 1626 214,845 337384
6_ Main TS 52.33 1628 212,688 335.469 g
7_Main TS 53.61 1629 210.236 333311
8_Main TS 55.04 1631 207.290 330.860
9_Main TS 56.71 1632 203.256 327914
10_Main TS 58.85 1634 196.071 323.879
11_Main TS 62.32 1635 311.932 316.695 178.18
12 Main TS A212 8 | 1R27 211 A5R 2542772 %
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@Columm DC3 / COL3 Fluid Pkg: Basis-1 / Peng Robinson

[ Design I Parameters l Side Ops I Rating I Worksheet Flowsheet l Reactions I Dynamics |
Performance -Tray by Tray Properties
Summary ﬂ ‘ e b E] olumn Tray Ranges —————————
Column Profiles e — @ Al
i : Flow -
Transport Properties l View Table... J _
Composition _! Single Tower
K Values [T Live Updates
Light/Heavy Key ) From/To
- Assay Curves
Boiling Point Assay | ViewGraph.. |
Molecular Wt Assay
Py l View Table... J
(IP Temperature Profile -— EMP

Temperature vs. Tray Position from Top

110

Temperature (C)
b=}
(=]
1L

50.0 = .
l | ’/d.,—»:""a'
400 T T T T T T T T T T T T T T T T T T T T u
0 5 10 15 20 25
" - —

Save Your Case!
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"

DC3 Cond

DC3

Dist

-
DC3

oot | DC1 Ovhd
Feed2 =
o 3%
V
EX m DC2 Cond
uty .
DC1 Reb Q —_ b R N
DCA DC2 Feed |mmm
P-100-HP
L
DC2
DC2 > DC3

pa,
DC3
Btm
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Oil
Stabilization
Optimization
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Workshop

A poor-boy stabilization scheme is used to separate an oil and gas mixture
into a stabilized oil and a saleable gas. A simple three-stage separation with
heating between each stage is used and the object of the exercise is to select
the let-down pressure and temperatures such that the products revenue less
the utilities cost is maximized. A special tool in HYSYS, the Optimizer,
will be used to find the optimum operating conditions.
HYSYS includes additional modelling and decision support tools that can
be used to enhance the usability of your models. In this module, you will
use the HYSYS optimization tool available in HYSYS to investigate the

debottlenecking and  optimization of a crude column.

Learning Objectives

Once you have completed this section, you will be able to:
* Use the Optimizer tool in HYSY'S to optimize flowsheets

* Use the Spreadsheet to perform calculations
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Oil Stabilization

A feed stream @ 10°C, 4125 kPa with a flowrate of 1t MMSCFD is fed to a
heater (duty=4.25*10° kJ/hr) before entering the first separator where
the separated liquid is heated in a second heater (duty=3.15*10% kJ/hr).
The outlet from the heater is then sent to a letdown valve in order to
decrease the pressure to 2050 kPa before entering the second separator
where the separated liquid is heated through a third heater
(duty=1.13*10% kJ/hr). The outlet from the third heater is then throttled
through a valve (outlet pressure = 350 kPa) and then fed to a third
separator to obtain the final liquid oil product.

Each gas stream from the 2" & 3™ separators is fed to a separate
compressor to raise the pressure to 4125 kPa and then mixed (using a
mixer) with the gas stream from the 1** separator to get the final gas
product stream.

Notes:

- Pressure drop across all heaters and separators are 0.0.

Comp Mol frac Comp Mol frac
(& 0. 316 n-C5 0.053
Q 0.158 Cc6 0.027
G 0.105 7 0.026
i-C4 0.105 Cc8 0.026
n-C4 0.105 Q9 0.026
i-C5 0.053
Calculate:
- The total liquid product = ........................ barrel/hr
- Thetotal gas product =..................... m?_gas/hr

|
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Oil Stabilization Optimization

In this case, we want to maximize the total operating profit while
achieving an RVP of Liquid Product less than 96.5 kPa. The incomes from
the Plant are both the Gas and Liquid Products. The operating costs are
the Steam Costs for each Heater plus the Power Cost for each
Compressor.

Profit = Income - Cost

Profit= (Gas Product + Liquid Product) — (Steam Costs + Compression Cost)

Prices & costs:

Oil Price= 15 $/bbl

Gas Price =0.106 $/m>_gas
Steam Cost= 0.682 $/kW-h

Compression Cost=0.1 $/kW-h

The variables to be adjusted:

- Heater duties (for the 3 heaters). Use range of 0 -1e6 kJ/hr
- Valves outlet pressures.
- Use range of 650 — 3500 kPa for the first valve

- Use range of 70 — 1000 kPa for the second valve

Calculate:

- The optimum values for the adjusted variables
- The maximum profit ................. $/hr

|
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To start the program, From Start Menu, Select All Programs >>

Aspen Tech >> Process Modeling V8 >>>> Aspen HYSYS >>

Aspen HYSYS

(waspentech

Aspen HYSYS

Q O
0.0

www.aspeetech.com

B HoaEws

Customize
$ @ o

Resources

B i 9° @

<No Document> - Aspen HYSYS V8

i & O

What's Examples | aspenONE | Training Models Events Announcements All Community | Support Checkfor Live Sendto
New Drive Content Center Updates Chat Support
aspenONE Exchange
Start Using Aspen HYSYS
t_} Open Recent Models
|_J New @ random flow.hsc
August 13 2015
@ Crude7.hsc
October 12 2015
@ pump cost test.hsc
July 07 2015
@ HX.hsc
September 02 2015
. @ Case 4 - MPA 600.hsc
October 04 2015
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10- First, Start a new case

7
Case 3&
> - Azpen HYSYS
A Cpen ’ % Template e EaSOakis
4 i ‘4 |
— . New (Ctrt « N) felp
. _-E‘|=.j Columin \ Creste a new case '
11 U% felommer |
I;Tw due 2 v
e
1 “ Hydrocrackes 3
b »~
LIn\! e -~
. - LG Jrences in Aspen HYSYS VB0 (February 15, 2013)
3 J’ CarCrachnr
»1 Export ' % the new Aspen HYSYS VB0 user interface,
| ™ B
- _Ltzi Petroleusm Diatillation TIMIZE X023 - {February 13, 2013)
‘f Seript Manager VILZE 2013 AspenTech Global Conference yet? If
S tho's already signed up and revew 2 the sessions
| picd your own customized agendal
-z o - HYSYS Cate 10 an Aspen HYSYS Petroleumn Refining =
N\ Print Setu :
T  — =}
‘da P v ) x|
]
About |
Cc;t;oni Exit i e A @

11- Add the Components

= x ——— —— | |
%l \.H - |_I’ . % & % »  Untitled - Aspen HYSYSVB0 - aspenONE . (S]] ™=
Home  View  Customize  Get Started o @
P 2 [
& Cut 2 _,\I;] Map Components ;B 3 @ @ W
Z3Copy~ L7y Update Properties
. Navigate Petroleum | Hypotheticals = Oil Aspen PVT Laboratory
(18 Paste 5 Assays % s ‘ Properties = Measurements
_ Clipboard Components Refining & Options PVT Data
Properties ¢  StartPage - ' Component Lists « |+ S
Allterns x - =
= List Name Source
Component Lists
[Z3 Fluid Packages
[C& Petroleum Assays
[[& Oil Manager
& Reactions
[& Component Maps =
[[& User Properties 2
add gl | Cop
_ Properties. l 7
[ Import |'| \ Export.. ‘ =
[ Simulation v
< | n ’
‘9 Eey e Messages v A x
. || Required Info _: Fluid Packages -- S
] " | »
10% © 0 ®
12- Choose the system components from the databank:

|
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Get Stactesd
SatPoge  Compooentlist-1  +

utamoe

|/ Souce Databanks HYSYS Select Pure Components Fiker AS famiBles
Compenant Type Group Search for: Search by: Full Name/Synuoyem
Simuletion Name Full Mame | Symonym Formuls
<Al Methane a o
e Etrane Q @
Propane a =
Flutane -C4 (€111
Replace ' n-Butane wea caml
«-Pentane +C3 CsHlg
n-Pentane ~C5 (&1
o Heane e coH
n-Heptane [ W
n-Octane e} [e. 10
n-Monane (] CoHG
~-Oecane 10 1M
n-C1i a1 QM
n-C12 o2 Qs
e

Now, select the suitable fluid package

e

_— — — —
Untitled - Aspen HYSYS V8.0 - aspenONE
_ e i i i

=S

Sl

SIEEY

- - L
Home View Customize Get Started v @
Properties < Start Page - Fluid Packages - |+ -
All Items - - .
4 B% Component Lists Fluid Package Component List Property Packac
Component List - 1

L Fluid Packages i q

% Petroleum Assays

% Oil Manager =

[[% Reactions

% Component Maps

[ User Properties
— B

L b Add Edit... ‘
D-[g Simulation v
‘| mn »
‘e Encray Y Messages v i x
- || Required Info : Fluid Patckaqes -- Sele
« | n »
100% © { ®

In this case, select Peng-Robinson

|
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Now you can start drawing the flow sheet for the process by clicking the

Simulation button:

.

S0t || Saemme g Untitied - Aspen HYSYSVE.0 - aspenON( X] palette

Home Economics Dynamics View Customize 4! x A7)
Simulation < Start Page - ' Flowsheet Main « | + [EE’ -
All Items \: A Ros -

ni
& Workbook = Pt _"9
(& UnitOps Custom Dynamics
[[@ Streams Common
[ Stream Analysis 5
[C& Equipment Design - ? g' i
& Model Analysis = =
[[% Data Tables " % : 'g')
[@ Strip Charts —
= Yok
[C% Case Studies | L_q B »&1-»
[Cg Data Fits | E
b L g
W (= m— | G
- PAETE =]
= 3 v I %
B o L U

Solver (Main) - Ready e P (]

Now add a material stream to define the feed stream composition and

conditions
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From the palette:

5] B 9 38 | CASE2.HSC - Aspen HYSYSEO aspenQ, .
Home Economics Dynamics View Customize GetStal Click Here
Z W Z to Fit I : 2 M
Q) Zoom {5} Zoom to C C{J % é’fjﬂ ~ 1 Mes
Q ZoomIn =] Page Width g : .| Star

Flowsheet | Model Notes =
(2 Zoom Out ’ Palette | Manager ¥ Plan

Zoom | ) Show Custom
Gemeilateon <  Flowsheet Main u:aseStud 1 Common

All temns -
£& Workbook 2

b £@ UnitOps

b [ Streams

(g Stream Analysis Double Click
& Equipment Design

L& Model Analysis
[[& Data Tables = =]
[C& Strip Charts 1

L P~ .

%E@J‘Qﬁl

JL =
L_;Properbes

+

A

- Simulation

= Material Stream: 1 - O X

Worksheet | Attachments | Cynamics |

Worksheet Stream Name 1 Vay
[ Conditions | | Vapour / Phase Fraction 01941
Properties Temperature [C] 10.00
Composition Pressure [kPa] 4125
E;'t f;IS:;FE Molar Flow [kgmole/h] 49.69
Vol Y1 | Mass Flow [kg/h] 2263
User Variables 5Std Ideal Lig Vol Flow [m3/h] 4428
Motes Molar Enthalpy [k//kgmale] -1.285e+005 -8
Cost Parameters | | Molar Entropy [k)/kgmole-C] 115.2
Normalized Vields| | Heas Fiow [ic/h] -6.3832+006 7
Lig Vol Flow @5Std Cond [m3/h] 4513
Fluid Package Basis-1
Utility Type

&
-

[ Delete ] [ Define from Stream... l ew Assa) EI]
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Add a heater with a duty of 4.25 * 10> kJ/hr and pressure drop of 0.0

Design | Rating | Worksheet | Performance | Dynamics |

Design MName E-100
Connections

Parameters
User Variables
MNotes

Fluid Package

| Basis- 1

Unknown Duty
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(= Heater: E-100 - O
Design | Rating | Worksheet | Performance | Dynamics |
Design Delta P
Connections 0.0000 kPa
Parameters
User Variables Delta T Duty
Notes
57.89C 425000 kJ/h
—_—

Add the first separator

’ Common Columns
5/
- 1 2
| =T E-100
Name  y.qpp
Inlets o
2 Vapour Qutle Vi -
<< Stream >> /]\ ’ =
SN,
>
L.
-« =
Energy (Cptional) (:
~ g
Vessel Fluid Package Liquid Cutlet
Basis-1 - 1 M
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The liquid stream is then heated, add a second heater with a pressure

drop of 0.0 & duty of 3.15 * 10%

Design | Rating | Worksheet | Performance | Dynamics |

Design Delta P
Connections 0.0000 kPa
Uzer Variables DeltaT Duty
Motes
56.02 C | 315000 ki/h .
—_—

Add a valve with outlet pressure of 2050 kPa
> Valve: VLV-100 - B
Design | Rating | Worksheet | Dynamics - |
Worksheet Name heat2 out sep 2 feed
Conditions Vapour 0.0697 0.2839
Properties Ternperature [C] 80.07 7817
Composition Pressure [kPa] 41125 2050
PF Specs Malar Flow [kgmole/h] 27.84 27.84
Mass Flow [kg/h] 1649 1649
Std Ideal Lig Vol Flow [m3/h] 2.889 2.889
Malar Enthalpy [k)/kgmale] -1.410e+005 -1.410e+005 3
Malar Entropy [kl/kgmole-C] 138.3 139.8
Heat Flow [k)/h] -3.925=+006 -3.925=+000

I

“ | n | C
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Add the second separator

Name  y.1p1
Inlets =
sep 2 feed Vapour Qutlet | W2 -
<< Stream >>
=
N
- =
Energy (Optional) (\"
L
v }
Vessel Fluid Package Liquid Cutlet
Basiz-T - L2 -

The liquid from the second separator is now fed to a third heater with a

pressure drop of 0.0 & duty of 1.13 * 10°

- Heater: E-102 - B
Design | Rating | Worksheet I Performance I Cynamics |
Design Delta P
| Connections . 0.0000 kPa .
Parameters I
User Variables Delta T Duty
Motes IS
28.03C 113000 kJ/h
—_— v
~=
[ Celete l
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Add a second valve with an outlet pressure of 350 kPa

- oI

0 Valve: VLV-101
Design | Rating | Worksheet | Dynamics |~ |
Worksheet MName heat 3 out sep 3 feed
Conditions Vapour 0.1788 0.6399
Properties Temperature [C] 1347 838.00
Compaosition Pressure [kPa] 2050 350.0
PF Specs Malar Flow [kgmale/h] 14.02 14.02
Mass Flow [kg/h] 1038 1038
Std Ideal Lig Vol Flow [m3/h] 1.666 1.666
Maolar Enthalpy [k)/kgmaole] -1.547e+005 -1.547=+005 3
Molar Entrepy [kl/kgmole-C] 164.7 171.0
Heat Flow [k)/h] -2.169=+006 -2.169e+00a
[ e | I
‘| n | v
Add the third separator
Name  y.1p2
Inlets ——
sep 3 feed /J\ Vapour Outlet V3 -
<< Stream >>
AT
>
-
- =
Energy (Optional) (\;
.Y
~ g
Vessel Fluid Package Liquid Cutlet
Beeie-1 - L3 -
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The vapor from the second separator is fed to a compressor to raise the

pressure to 4125 kPa

Add a compressor from the palette

Common

Columns

o

HJI ’

=
H
&

dEILTS

| Design | Rating [Worksheet | Performance | Dynamics |

Worksheet

Conditions
Properties
Compaosition
PF Specs

The vapor from the third separator is fed to a second compressor to raise the

MName

Vapour

Ternperature [C]

Prezsure [kFa]

Molar Flow [kgmale/h]

Mass Flow [kag/h]

LigWol Flow [m3/h]

Molar Enthalpy [k)/kgmale]
Molar Entropy [kl/kgmole-C]
Heat Flow [kJ/h]

V2 comp 1 out

1.0000 1.0000

106.7 145.9

13.82 13.82

6114 B11.4

1.223 1.223

-1.043e+005 -1.019e+005

175.2 176.6
-1441e+006 -1.4082+006 3.

pressure to 4125 kPa

comp pl
<empty =
“empty >
<empty =
<empty >
<empty >
<empty>
<empty >
<empty>
313e+004

Add a second compressor with an outlet pressure of 4125kPa

Design | Rating

Worksheet | Performance | Dynamics |

Worksheet Ma V3 comp 2 out comp p2
Conditions Vap 1.0000 1.0000 <empty>
Properties Temperature [C] 88.00 191.0 <empty>
Compasition | | Pressure [kPa] 350.0 . <empty>
PF Specs Molar Flow [kgmole/h] 8.970 8.970 <empty>
Mass Flow [kg/h] 540.9 540.9 <empty>
LigVol Flow [m3/h] 09460 09460 <empty>
Molar Enthalpy [k)/kgmole] -1.270e+005 -1.183e+005 <empty>
Moalar Entropy [kl/kgmele-C] 1831 187.8 <empty>
Heat Flow [k)/h] -1.130=+006 -1.061e+006 7.753e+004
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The three vapor streams will be mixed using a mixer

Common Columns

-—.

g H— cnmpﬁ1 out
-0—*@— v-100 i
1 » 2 comg pl
E-100 K-100
— :
' ‘_l 2 van
L ;g sep 2 feed

heat2
E101 o VLV-100

The RVP of the Liquid Product stream should be about 96.5 kPa to satisfy the

pipeline criterion.

Use cold properties analysis to see the current Reid Vapor Pressure for the

liquid product from the third separator:

From the attachments tab, select Analysis and then Create:
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=

Material Stream: L3

- OIS

€am Analysis

- Available Stream Analysis = &

Boiling Point Curves
(2 Freeze

Cold Properties

Critical Properties .
Envelope

Hydrate Formation

Petroleum Assay

Pipe Sizing

Property Table

User Property

m

Cold Properties: Cold Properties-L3

Design | Performance | Dynamics |

Design

Connections
Motes

MName Cold Properties-L3
Stream |L3 | [ Select Stream...
~ View Picker
@ Values (@) Options ‘
~ Properties

121.3846 kPa

True VP at 37.8 C
Reid VP at 37.8 C

97.9741 kPa

El 1 =3 TarsT
ASTM D97 Pour Point <empty=
Refractive Index 13833
Cetane Index <emphy>
Research Octane Num. 491917
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Changing the Units

We need to change the default unit set to fit this case

Change the units as follows:
Molar flow: m3_gas/hr
Lig. Vol. Flow: barrel/hr

Std. Vol. Flow: barrel/hr

S5-m2/kgmole

z

= K (] |7 s oil stabopthsc - Aspen HYSYS V838 - aspe
Home mics Dynamics View Customize Resot
$at fsi ¥ Process Utility Manager |\ Active | =
E3Copy __ﬁ: Adjust Manager \'r On Hold —
LﬁPaste > R r"'g Fluid Package Associations Work‘]
Clipboard Units Simulation I Solver '
Simulation . .
5et defaults options for units of measurement
Reports
Equipment Display Units
Units Of Measure -
Unit View

Molar Concentr: ppmmol -m

Malar Density kgmole/m3

Muolar Electrical

BAAlzr Waliimna

m 2 Mramanla =

Simulation 5et defaults options for units of measurem
Reports
Equipment Display Units
Units Of Measure i
Unit
Lead Level in Gz kgPb/m3 -
Length m
Lig. Vol. Flow barrel/hr
Liguid Specific F sm3/fs/Fa
Mass kg
Mass Concentra wt % [
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Optimization

HYSYS contains a multi-variable Steady State Optimizer. Once your flowsheet has
been built and converged, you can use the Optimizer tool to find the operating
conditions which minimize or maximize an Objective Function. The Optimizer owns
its own Spreadsheet for defining the Objective Functions as well as any constraint
expressions to be used. This allows you to construct Objective Functions which

maximize profit, minimize utilities or minimize exchanger UA.

In this case, we want to maximize the total operating profit while achieving an RVP
of Liquid Product less than 96.5 kPa. The incomes from the Plant are both the Gas
and Liquid Products. The operating costs are the Steam Costs for each Heater plus
the Power Cost for each Compressor.

Profit = Income - Cost

Profit= (Gas Product + Liquid Product) - (Steam Costs + Compression Cost)

Use the Optimizer tool:

| H9 & =38 - opt.hsc - Aspen HYSYS V8.0 - aspenONE ) ‘3“@ |
Economics Dynamics View Customize Get Started Flowsheet/Modify [ARL7)
- @ [ Active| # &% [ CaseStudies ZStream Analysis® % Depressuring ]
23~ g2uUnitse | B2 7 OnHold 5”- |:#7 Data Fits ExEquipment Design ™ Lfj Flare System | £%

< S . i 2o | .
- S . § — (2 Model Analysis @
Cli... U Solver 1 Analysis i P
> Starth Flowsheet Main | + Optimizer d
| Display optimizer settings. -

wvigation Pane

|
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Optimizer =5 E=R <=

Configuration Functions | Parameters | Manitor |

-Optimizer Configuration

) Hyprotech SQP
©) MDC Optim

() Selection Optimization

[7] Online

Lo | [ wesvee. | S

< | m | 3

4

The variables to be optimized in order to maximize the profit should be

added now, these variables are:

The 3 Heaters’ duties and Valves outlet pressures

Optimizer

Click Here

[ o | [ pevee |

< | m |
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= Edit Variable For Optimizer - o IEN
Flowsheet Object Variable Variable Specif :'
Cose e o ‘ |
L1 Heat riow
L2 Mass Flow 3 :
3 Dower -Object Filter
MiX-100 Power2 ‘ © Al
ProductBlock_Gas Product User Variables ") Streams
| : s s B () UnitOps
Z _) Logicals
i Navigator Scope - |93 5 e eaunitps
® Flowsheet sep 2 r_eea _) Custom
sep 3 feed e
' Case vi = | Custom... |
) Basis V-100 I
) Analysis v-101 X P
l Disconnect I

Variable Description: Heat Flow Cancel ||

After adding all the 5 variables, set the upper and lower ranges for each

variable as follows:

onfiguration | Variables | Functions | Parameters I Monitor |

Adjusted (Primary) Variables

Object Variable Description Low Bound Current Value High Bound Reset Value Enable
gl Heat Flow 0.0000 4.250e+005 1.000e+006 sempty> v
gd Heat Flow 0.0000 3.150e+005 1.000e+006 <empty> I
g3 Heat Flow 0.0000 1.120e+005 1.000e+ 006 <empty> W
sep 2 feed Pressure 650.0 2050 3500 sempty> M
sep 3 feed Pressure 70.00 350.0 1000 <empty> v

The Optimizer has its own Spreadsheet for defining the Objective and

Constraint functions.

Now we have to start building the profit module using the spreadsheet

operation:
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| Add. ||  Edit. || Delete | |  SaveCurent | | ResetCurr

- = . ™\
- Spreadsheet: SPROSHT-1 Click Here [ESECE

'| | Connections | Parameters | Formulas f§ Spreadsheet| \Calculation Order l User Variables J =
Spreadsheet Name SPRDSHT-1
-Imported Variables =l
Cell Object Variable Description

Exported Variables Il
I i
‘| mn »
— —— 2

Profit= Income - Cost

Profit= (Gas Product + Liquid Product) — (Steam Costs + Compression Cost)

Prices & costs:
Oil Price= 15 $/bbl

Gas Price =0.106 $/m3_gas
Steam Cost= 0.682 $/kW-h

Compression Cost=0.1 $/kW-h
|
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The RVP spec for the liquid should be added in the spread sheet in order to use it
as a constraint.

RVP spec= 96.5 kPa

First we need to increase the number of rows in the spread sheet to be 20 from
the parameters tab:

- Spreadsheet Parameters - Dynamic Execution —

Spread:

Parameters | Formulas | Spreadsheet | Calculation Order I L

Mumber of Columns Before Pressure-Flor

4
MNumber of Rows m After Pressure-Flow

Units Set Each Composition &
Alway Update Expol

~ Exportable Cells (Visible in Spreadsheet’'s Yariable List)

Now return to the spreadsheet tab again and add all the profit equation
parameters & variables.

A B & D
1 Heater 1 duty Steam Cost
2 Heater 2 duty
3 Heater 3 duty
4 Comp 1 power Compression Cost
5 Comp 2 power
6
7 0il production Qil Price
& Gas Production Gas Price
9
10 RVP current RVF Spec
11
12 Income
13 Cost
14 Profit

After adding the labels, import the variables in each labeled cell:

|
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=

Spreadsheet: OptimizerSpreads!

| Connections | Parameters | Formulas | Spreadsheet | Calculation Order | User Variables | Mates |

~Current Cell
Exportable
1'."ari.':|l':||v|3: | | Angles in: | -
A B C D
1 Heater 1 duty Right Clﬁk - t All
2 Heater 2 duty Copy CirleC
3 Heater 3 duty Paste Ctrl+V
4 Comp 1 power
Send To b
5 Comp 2 power
6 View Aszociated Objec
7 0il production Import [ 1able .
g Gas Production Export Formula Result
o] Disconnect Import/Export
10 RVP current RVP Spec
11
> Select Import for cell - o
Flowsheet Object Variable Variable Specifics
Case (Main) ProductBlock_Gas Product * | | Heat Flow = :
| ProductBlock L3 Heat Flow?2
|— [} || s Fow i
- Object Filt
q. Overall UA ) Ject rilter
@ Fore | o
sep 2 feed POWEY: () Streams
sep 3 feed Properties 3 ) UnitOps
Vi Temperature Approach D Logical
v-100 User Variables = RO
Vv-101 Utility flow rate ) ColumnOps
-Navigator Scope v-102 Utility Fluid Cp ) Custom
© Flowshest vz = Utility Fluid Holdup
o e V3 Utility Heat Flow Custom...
G VLV-100 Utility Inlet Temp = i
() Basis VLV-101 || | titity maximum flow rate
() Analysis ¥ Utility minimum flow rate \

Add all duties for heaters & compressors the same way as we did in the

previous step.
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Do the same for Oil & gas production flow rates

= Select Import for cell = =
Flowsheet Object Variable Variable Specifics
Case (Main) heat 3 out = Properties ‘
heat2 out Specific Gravity
K-100 Specific Gravity rel Air - ;
- Object Filt
K-101 Std Gas Flow LSy
L1 Std Ideal Lig Mass Densi @ Al
| Std Ideal Lig Vol Flow I ) Streams
| L3 td Lig Vol Flow Spec © UnitOps
= Steady State Specs ~ .
3 - ) Logicals
ProductBlock_Gas Product |E|| | Stock Tank Density -
ProductBlock L3 Surface Tension U ColumnOps
~Navigator Scope ———— | g7 Temperature ) Custom
@ Flowsheet qe Thermal Conductivity
O c q3 Total Component Liguid VoiwD
ase sep 2 feed Total Component Mass Flows —
) Basis sep 3 feed Total Component Mole Flows ~
) Analysis Wi & <me I
Variable Description: Std Ideal Lig Vol Flow
= Select Import for cell = =
Flowsheet Object Varnable Variable Specifics
Case (Main) - MMass Flow “
Mass Heat Capacity
Mass Heat Of Vapourization . .
- Object Filt:
Mass Higher Heating Value L
Mass Lower Heating Value © Al
heat 3 out Master Comp Mass Flow () Streams
heat? out Master Comp Mass Frac © UnitOps
K-100 Master Comp Molar Flow D . .
) Logicals
K-101 Master Comp Mole Frac B
L1 Master Comp Volume Flow ) ColumnCps
~Navigator Scope ————— [ 12 Master Comp Volume Frac (0 Custom
@ Flowsheet L3 Molar Density _
oc Mix-160 Molar Enthalpy Custom...
a5 ProductBlock_Gas Product Molar Entrop, ——
© Basis Productsioct L3
Analysis gl o Violar Heat Copocr
Variable Description: Molar Flow

The RVP current value should be imported from the Analysis:

By: Eng. Ahmed Deyab Fares - http://www.adeyab.com 245
Mobile: 002-01227549943 - Email: eng.a.deab@gmail.com



Process Simulation using HYSYS V&

Eng
m Ahmed Deyah Fares

Select Import for cell

- o

i Case
|

- Navigator Scope
) Flowsheet

_) Case ‘

.| Basis

l‘

Object

Cold Properties-L3

Variable

Aromatic Mole%

ASTM D86 Cut Pt

ASTM D97 Pour Pt
ASTMDS86 Curve Options
Cetane Index

Cetane Index Options
Flash Point Options
Flash Pt

Napthene Mole%
Paraffin Mole%

etrochive Inge

Research Octane Number
True VP ot 100 F

User Variables

.‘.‘ariab‘e El;i‘:‘f":g

n

| Variable Description: Reid VP | cancel
The Prices should now added manually without importing it

A E C ]
1 Heater 1 duty 118.1 kW Steamn Cost (5/kW-h) 0.6820
2 Heater 2 duty 87.50 kW
3 Heater 3 duty 31.39 kW
4 Comp 1 power 9.203 kW Compression Cost ($/kW-h) 0.1000
5 Comp 2 power 21.54 kW
B
T Oil production 4,530 barrel/hr Qil Price (3/bbl) 15.00
8 Gas Production 1056 m3/h_(gas) Gas Price ($/m3_gas) 0.1060
9
10 RVP current 97.97 kPa RVP Spec (kPa) 96.50
1
12 Income
13 Cost
14 Profit

Calculate the Income, Cost & Profit using the current formulas:

Income: =d7*b7+d8*b8

Cost: =(b1+b2+b3)*d1+(b4+b5)*d4

Profit: =d12-d13

By: Eng. Ahmed Deyab Fares
Mobile: 002-01227549943

- http://www.adeyab.com
- Email: eng.a.deab@gmail.com

246



Process Simulation using HYSYS V8

Eng
Ahmed Deyab Fares

A

—

Heater 1 duty

2 Heater 2 duty
3 Heater 3 duty
4 Comp 1 power
5 Comp 2 power
6

7 Oil production
8 Gas Production
9

10 RVP current
11

12

13

14

B
118.1 kW
87.50 kw
31.39 kW
0.203 kW
21.54 kW

4,530 barrel/hr
1056 m3/h_{gas)

97.97 kPa

C

Steam Cost ($/KW-h)

Compression Cost ($/kW-h)

Oil Price (S/bbl)

Gas Price ($/m3_gas)

RVP Spec (kPa)

Income ($/hr)

Cost ($/hr)
Profit ($/hr)

0.6820

0.1000

15.00

0.1060

96.50

179.9

1647 KW
15.18 KW

After calculating the operating profit @ current conditions, use the

optimizer to maximize the profit by changing the 5 variables which we

added before

Open the optimizer and go to Functions tab:

- Optimizer = =
| Configuration I \«"ariables| Functions | Parameters | Maonitor |
call | Di14fl| © Minimize
Current Value 151840054
- Constraint Functions
Nur  LHS Cell Current Value d | RHS Cell Current Value | Penalty Value I Add -
] T 97.974 [ Di0] 96,500 1.0000
T [wese |
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You may need to press the Start button 2 or 3 times to ensure reaching

the optimum solution as follows:

= Optimizer - TERE

| Configuration \J'ariables| Functions | Parameters | Monitar |

Cell D14 © Minimize
Current Value 76.2468474 @ Maximize

- Constraint Functions

Mur | LHS Cell Current Value | Cond | RHS Cell Current Value | Penalty Value Add
1 B10 06.474 < D10 96.500 1.0000

You may see the new values for the variables from the Variables tab:

Configuration | Variables | Functions | Parameters | Monitor |

- Adjusted (Primary) Variables

By: Eng. Ahmed Deyab Fares
Mobile: 002-01227549943

Cbject Variable Description Low Bound Current Value High Bound
ql Heat Flow 0.0000 0.0000 1.000e+006
g2 Heat Flow 0.0000 7406 1.000e+006
q3 Heat Flow 0.0000 53.357e+005 1.000e+006
sep 2 feed Pressure 650.0 2055 3500
sep 3 feed Pressure 70.00 70.78 1000

Double Click

OptimizerSpreadsheet

- http://www.adeyab.com
- Email: eng.a.deab@gmail.com

Now you can return back to the spreadsheet to observe the results:
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A B C b
1 Heater 1 duty 0.0000 kW  Steam Cost (3/kW... 0.6820
2 Heater 2 duty 2.057 kW
3 Heater 3 duty 148.8 kW
4 Comp 1 power 3.797 kW  Compression Cost... 0.1000
5 Comp 2 power 1094 kW
B
T 0il production 5.403 barrel/hr 0il Price ($/bbl) 15.00
] Gas Production 1032 m3/h_{gas) Gas Price ($/m3_g... 0.1060
9
10 RVP current 96.47 kPa RVP Spec (kPa) 96.50
11
12 Income (5/hr) 190.5
13 Cost (5/hr) 114.2 kW
14 Profit ($/hr) 76.25 kW

Save Your Case!
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Exercise:

One thing you may notice with the Optimized solution is that the
Pressure of V3 has been decreased to 70 kPa (10 psia) which is less than
atmospheric. This is not a desired condition for the inlet of a compressor.
Theinlet of the second compressor, cannot be less than 125 kPa (19 psia).

What is the maximum profit if you adhere to this guideline?

|
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You may check the website for more data &
courses

http://www.adeyab.com

If you have any inquiry:
eng.a.deab@gmail.com

adeyab@adeyab.com

002 01227549943
00966544390045
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