ASPEN Steam Table and Simple Heater Simulation
Robert P. Hesketh
Chemical Engineering, Rowan University (Revised 3/27/09)

In this exercise you will use a steam table thermodynamics package in ASPEN to simulate the
heating and mixing of 2 input streams containing only water. This exercise will also introduce
you to the concept of specifying an outlet condition and solving for an inlet condition. This
tutorial is suitable for new users of ASPEN that have the ability to solve problems given in the
chapter on energy balances (Chapter 7) of Felder and Rousseau’.

Instructional Objectives: By completing this tutorial you will be able to

1. Change and use the default set of units

2. Select chemical species

3. Use a steam table thermodynamics package.

4. Install a simple heater

5. Fully specify the variables of temperature, pressure, flowrate and composition for a feed
stream and for a heater the heat duty and pressure to calculate the outlet stream
properties.

6. Specify all but one of the feed stream variables (e.g. temperature), the heat duty and
pressure drop in the heater, and specify an outlet stream variable such as temperature.
With these specifications use the Flowsheeting Options, Design Spec to calculate the
temperature of a feed stream given the outlet stream temperature specification.

You will perform a hand calculation and simulation for all of the cases given below.

Case 1 a&b: Feed Fully Specified
Two feed streams and one outlet stream are connected to a heater. The first feed stream contains
liquid water at 100°C and 10 Bar and has a mass flowrate of 2 kg/s. The second feed stream
contains saturated steam (water vapor) at 8 Bar and a flowrate of 1 kg/s. The outlet stream is
also at 8 bar. Determine the outlet temperature of the stream if

a. The heater were adiabatic (heater acting as a mixer)

b. The Heat Duty of the heater is 8400 kJ/s. (The heater is adding 8,400 kJ/s to the

fluid streams)

Perform these 2 hand calculations to determine the temperature of the outlet stream for
both cases using the steam tables in your text. After completing these hand calculations
follow the steps given below to perform a simulation.

Case 2: Feed not fully specified

For the second simulation, instead of specifying the temperature of stream 2 you will specify the
outlet temperature of stream 3. For this simulation you have been requested to achieve a
temperature in stream 3 of 700°C at 8 bar using a lower heat duty than in case 1b on the heater of
7236 kJ/s. You have the same feed stream 1 at 100°C and 10 Bar and a mass flowrate of 2 kg/s.
For this problem you must determine the temperature of the second feed stream which will be at
a new pressure of 10 Bar and mass flow rate of 1 kg/s.

! Elementary Principles of Chemical Processes of Chemical Processes Student Workbook, 2005 Ed, R.M. Felder, R.W.
Rousseau, G.S. Huvard, John Wiley & Sons, 2005.
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This problem will be more difficult for ASPEN since it solves each unit operation (block) in
a sequential manner. It always takes the input streams and input specifications and solves

for the output conditions. In this case we will install a Design Specification operation from

the Flowsheeting options. You will provide an initial guess and ASPEN will iterate using a

convergence method to solve the system of equations until it finds a suitable answer.

Before proceeding you must have performed 3 hand calculations.

Case la T3=
Case 1b T3=
Case 2 T2=

Next follow the steps given to perform a simulation.

The overall process for the first simulation is the following:

e Setup the system of units that will be used in the simulation (you will use a modified metric
system)

e Select the chemical component for this simulation: water
Select a thermodynamics package that describes the physical and chemical properties of the
chosen chemicals — Steam Tables.

e Select the unit operations (a simple Heater)
Define all required inputs and the heat duty of the heater.

e Run the program and examine the results

Procedure to Create a Simple Heater Model:

1. Start Aspen Plus User Interface by going through the start menu, Chemical Engineering,
AzgenTech Aspen Engineering Suite, Aspen Plus 2006, Aspen Plus User Interface

[ network Applications »

[ Wetwork Applications {Currently NOT availale)

il
Wi [ Russel, Michael 1

() Accessories
Internet Software

»
»

Jr— Media Software »
LaMarca, Conce Microsoft Offics b
Multimedia Design »

»

»

»

»

Aspen Batch Plus 2006
Aspen Custom Modsler 2006
[T MWetwork Associates
@ Internet

& miermet Explorer Sassafras K2

J E-mail Startup

ZENworks Deskkop Management

Aspen Dynamics 2006
Aspen Hy-Net 2006
Aspen HYSYS 2006

"L
2
&

Ecaireeent

[ Interactive Chemical Fracess Frindples Aspen Icarus 2006

) Files and Settings Tr| & Internet Explorer Palymath Software »
heard &) Windows Media Player SciFinder Scholar 2007 Aspen Plus Registry Fix Utility ri; Aspen 3
@ ‘windows Media Plays #dobe SimaPro 7.1 Muli user #spen Plus Smulation Engine ) Aspen Praperties 2006 »

Autodesk SIMSCI

B spen Plus User Interface

) Mozilla Firefox [ = X
e Catalyst Contral Center STATGRAPHICS Plus 5.1 Aspen Phus Lser I ey Tterfae
Y Chemical Engineering [ SuperPro Designer 6.0 #spen Properties Database Manager
/L Adobe Acrobat & = = = l 4 " o
Professional ¢ Civil Engineering Aspen Properties Database Selector

B3 Configuration Editor for User Models

¢ Electrical Engineering &8 Detherm Server Setup Uity

E Intervideo WinDVD Mathsmatics Select Compilsr For Aspen Plus
¢ Mechanical Enginsering

E‘ Log OFf @| Shut Down
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2. Create a new simulation using a blank simulation and server type Local PC

Aspen Plus Startup 5:<| Connect to Engine rg|
Create a Mew Simulation Using

al o Choose
Blank User Info

Server type :

i O Template
A . ) _
- Simulation | M| | / Choose OK
User name : | |
é? () Dpen an Existing Simulation
Password : | /T
More Files.

E:“PrinciplesChemProclhLabs\flash simulation. apw
G:MHeskethDrive\Courses\PrinciplesChemProcl 1S Labs\lagh ¢
C:\Documents and Settingshall Users\Application D ata\Aspe

Wiarking direchary : | |

< 3 [] Save as Default Connection

0K ] [ Exit ] [ Help [ 0K ]‘r Exit ][ Help ]

3. One way to proceed through the setup screens is to click to take you to next action. Do
this at the start and you will get the following summary of steps:

Flowsheet Definition

\i‘) The first step in a Flowsheet simulation is ko define your process flowsheet connectivity by placing your unit operations ¢blocks) and their connecting streams,

To define a process flowsheet block, select a model from the Model Library and insert it inko the workspace,
To define a process stream, select Streams from the Model Library and click to establish each end of the stream connection on the available inlet and outlet locations of the existing blocks.
To connect a feed stream, click one end ko an empty space in the workspace, and click the other end on an inlet location of an existing block,

To connect a product stream, click one end to an outlet location of an existing block, and click the other end on an empty area in the workspace,

4. Choose Data, Setup from the main menu or use | EECERRESUEEIEUCI

File Edit View Tools Run  Flowsheet  Library  Window Help

Data

Browser from the eyeglass icon, and select pzu S . v =
Setu p . &l Properties

e Flowsheet:

F’ -ﬂ:ljl G Streams j j

Elocks

Ltilities
Reactions

del Analysis Tools

EO Configuration »
Results Summary 3
1
Eyeglass
Icon
Data Browser... F&
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.Aspen Plus - Simulation 1 - [Data Browser]
T Fle Edit View Data Tools Run Plot Library Window Help

(e =[] B@| W] |6l v @
B[S | 5]a(w]EH =
\ 1 Eol e e R e B

Data Setup

[o ] =] 5 s B

Setup
Components
Properties
Flowsheet
Streams
Utilities
Blocks
Reactions
Convergence

Ec e

Flowsheeting Options
Mode! Analysis Tools
EO Configuration
Results Summary

DROCRODO D kel

o G ([

5. We will now define a unique unit set that is in the metric system with units of Temperature

of Celsius and pressure in Bar. Go to Setup, Units-Sets and then press the New... button.
@ Simulation 1 - Aspen Plus 2006 - aspeptHE

BB W Avamda » T oo HoaF B eCe @

Obrect manager

€ stowem s e
T
1 Sevam e P

okt Conglets

6. Choose Sl and C for Celsius. You can always go back and adjust the units to what you
would like them to be.

Ml Setup Units-Sets US-1 - Data Browser.

@ Us-1 Ml=lES ] << an v[>> B4 N>
-] Setup JSlandaldl Heat ] Transport ] Concentration Size e SI
@ specifications
0 Sirmulation Options Cop fram:
0 Stream Class Temperature related
£ Substreams
T tuire:
B oo omsons 2
£ Stream Price Delta T: b C
=] m Uniks-Sets Flow related Inverse temperature: ¥
@ EnNG
& MET Mazs flow: w Fressure related
@ sl Maole flow: he Pressure: V‘
/] US—l. Wolume flow: v Delta P: v\
@ Custom Units bar
@) Report Options Flowr: v Delta F / Height: v
&| Components Flus: b Head: w
Ll Properties Masz flux: v Irverse pressure: v
&| Flowsheet
£ Streams
£ Uilities
£ Blocks

ASPEN steam table tutorial.docx




7. Next choose bar for Pressure. You can always go back and adjust the units to what you
would like them to be.

8. Go back to Specifications and give this tutorial a title and add a description.

Uitz of measurement

JEIobaI|JDescription] Accounting ] Diagnostics

Title: Stearn Table Tutorial

Global zettings

o Global Jnegcnptinn] Accounting | Diagnostics |

Description

Instructional Objectives: By completing this tutorial youw will be able

to

1 Change and use the default set of units

z. Select chemical species

3. Use a stean table thermodynanics package.

4. Install a simple heater

5. Fully specify feed stream varisbles of teuperature, pressure,

flowrate and compesition and snd heat duty on the heater to caleulate
the outlet stream properties
6. Partislly specify feed stresm variables and hest duty on the

9.

Input data: us-1 £

Output results: | LUS-1 L

Fiun type: Flowmshest
Input mode:
Sheam class:

Flow basis:

L)< ]4]%

Ambient prezsure; psi

“Valid phases:

4

Free water:

hester snd use the Flowsheeting Options, Design Spec to calculate the
temperature of an inlet streaw giwven the ocutlet stream temperature
specification.

Text to appear on each page of the report file. See Help.

Eehu b0 move text.

’Any number of lines of text, to be printed at the beginning of the report file, Use Copy and Paste from the Edit pulldown
m

Before proceeding, move to Report Options where you can specify the information that will
be printed in a final report. Under the Stream tab, select both mole and mass in the flow

basis field as well as the fraction basis field.
Close the Setup section by pressing the dash in
the box next to setup or the windows close

B simulation 1 - Aspen Plus 2006 - aspenONE - [Setup Report Options - Data Browser]

T Ele Edt View Data Tools Run Plot Library Window Help

screen .

Stream Tab

Flow Basis:
Mole & Mass

. Simulation 1 - Aspen Plus 200

"] File Edit Wiew Data Tools Run
=y = B K
B &

Fraction

@) Report Options w &)

Basis: Mole

Setup
Specifications

& Specfications

£ Assayjslend

) Uight-End Properties
* m Petro Characterization

) Pseudocampanents

) Attr-Comps

& Mass

mulation Options

£ Henry Comps
7} Moisture Comps

(/]
=R |
@)  Costing Options
w7  Stream Price H
(g Close by pressing the dash
L g e Optons or the windows & for the
b Specifications data brOWSGr

Campenents with zera flow or fraction

D& H Bl W T dw N TE H £ H eC
® B
@ Fieport Options v B & << [l «| > N>
=l -{¥] Setup A | Gereral | Flowshest | B K.’SI'Eamw Property 1 ADA I
@ Seechications J =
@  Simulation Options .
@ ctreamClose [#] Generate a standard stream report [#] Include stream descriptions
- Substraams ltems to be included in stieam r=port
ing-Cipt 3 Flow basis Fraction basis Stream fomat
2D g
& Custom Units [ Mass [V Mass (%) Standard (80 column)
ptions [J5tdligvalume [ Stdligwolume () wide [132 column)
EEr Tmponents

Sort streams alphanumericall

[Include Stieams| [Exclude $treas] [ Propety Sets | [Companent Atiutes

[ steam Names

| [ BatchOpersion | [ supplementar Steam |

10. Click to take you to next Input step. Using the Next button will help guide you to each

step that needs to be performed.
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11. If you didn’t click next then, choose the
Components option in the data browser
window to start adding chemical
components, and select Specifications.

12. Next select the chemicals for your reaction system. For this simulation just type water and

press enter.

[ ] WaterHeater 7.4 3designspec.apw - Aspen Plus 2006 - aspenONE
File Edit Yiew Data Tools

(== Bz §
& B

Run Flot Library ‘Window Help

2 Era s G W

) Specifications - |£‘ L]

DeH
=Ry |

@ K a0 R WS N

e Gdt wew Data Took Run Bkt Ubrery Windw beb

0| " F

= < m

w2 O S N

) asssyjniend

axtr-Comps

51 Herey Comgs
Mok Comps
LRGIF A Groups
Comp-Groups

£ CRDCODEE - .
H

# |#Seinction| Felickus

Lighe-Lnd Properties
#® (] Petro Characterization
Papiscomponents

Dinfire: components

| Eomporentin | Tyoe

| Databanks |

| Comporent o | Formas |

> |

[ Fmd | [Ewcwiwd ] |

Uses Dfned | [ Boorer | [ Beview |

Component I, IF cdaka ane o be retrieved biom databanks. entes eithes Component Name oo Fomuls See Help

e Pt Incomplat
| Sepaotoes | e Columes | Reactors | Pinssse Changers | Maripulstors | Solide | Lls @ @
O
Matgrid T e h h
STREAMS Mies Foplt S5k
For Help, press F1 2. AspanTechlaspen Flus 2006 M Flowesheet Not Complete

D\|

<< [ vl > M

N>

B eCcd &

M Setup

Components

@) Specifications
AssayiBlend

Define components

Component D Type

JSeIeclion} Petroleum ] Maonconventional ]JDatabanks]

Component name

Farmula

Light-End Properties
ro Charackerization 4

'ATER Carventional
A <

ATER Hz20

PseUNQromponents 3

Muoisture Comps
LNIFAC Groups
Camp-Graups
Camp-Lists

Type water

-
DRD OO0

Palymers
() Akbr-Scaling
Properties
Flowsheet

-

Strearns
Litilities
Blocks

Close by pressing the dash

Reactions
Convergence
Flowsheeting Options

Model Analysis Tools Find

] [EIechzald] [UserDehned] l Reorder ] [ Review ]

E Configuration
Results Summary

RPRCURIDDD e

] ] ] -

Dynaric Configuration

Input Complete

13. Next, select as base method for system properties, by selecting Properties, Specifications.
Since is water you will use the steam tables. Choose STEAMNBS under the Base method
tab. This is an equation of state that was developed for water. The other option is the
ASME steam table correlations. Close the Properties section and the Data Browser (and all

other windows) revealing the blank Process Flow Window.
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M Properties Specifications - Data Browser

@ Specifications w |£| &+ << [ w| > [ N>
M seup Uﬁloball Flowsheet Sections ] Referenced ]
m Components
=[] Properties Property methods & models Froperty method
@ Specifications Flarmass e 3 3
g E:;eartt:;:lethods Baze method: w [ Madify property models
1 Molecular Structure Henry components: BK'IU_
% ;ZL:mEtErs Petroleum calculatiol %Eﬁ‘]iﬁ?-
£ Analysis Free-water method: | AT
g i:jnvpa’:::; Water solubility: EéE\ENF::\DT?-
) 1 CAPE-OPEN Packages Electrolpte calculatid 50LIDS
g :L?:;;ier Chemistry 10 soK
5 e s woconpa' s ~ | STEAMNBS stands for National
T Comeraence AL Bureau of Standards Steam Tables
(*] Flowshesting Options
£ Modsl Analysis Tools
4] EO Configuration
£ Resuls Summary
m Crynamic Configuration B e .
NES/NRE stearm tables, D@ |¥ &
I
s fnru:lPeml , .*
Required Input Incomplete .
14. You are now ready to setup your flowsheet. Close the data browser menu
screen by clicking on the [EBl. You should see the blank Process Flow O
Window. You will now create a simple heater simulation. Note there are |, |_|
many very complicated types of heat exchangers in this menu and it is B=== ... ... —
not recommended that you use other models until you learn more about e th
this type of equipment. Click on the Heat Exchangers tab and you will — [ow
see a number of heat exchangers. If you don’t see the model library then click on View,
MOde| leral’y. |?| Minars/S plitters ] Separators HealExchangels] Co\umns] Reactors] Preszure Changers
i Jd
aterial @ % ﬁ pom e
ST Heater Heal MHeaM Helran Aeratran HxFlux HTREAST

Heater frsm===

CI iCk Once On Heater and Thermal and phase state

s, and so forth

release \

Click Heat Exchanger Tab

Click with the left mouse button on Heater and then release the
left mouse button. Next move cursor onto the Process Flow
Window and then press left mouse button only once. Select the
arrow in the very left corner of the model library taskbar.

15.

Move cursor to PFD section i
(you will see a black cross)
and then click on the left
mouse button and the heater
will appear

Mimeu/titers | Sepasions Weat Exchangers | Cotaes | Rascin | Posssan Changers

@Qﬂﬂﬁﬁm

s ms [ Wi Hatan  hssckan ks WTRBIST
For ik, prss 1

To finish adding equipment
press this arrow or press Esc

Sl AsenTochidopen Mas 006 M.

B simutation 1 - Aspen Plus 2006 - aspenONE

e cde [CER Dats Tock Run Flowshest Lbrary window Hek
Texsbu ..

w Satus far

16. To see a larger image go to the view menu and adjust the size. B
Zoom Full (Ctrl+End) will zoom and center the object. Pan |7 ===~
performs a similar function. e

(b~

Cusrent Section Crly AEeFLL
PFD Mode

v ool Dk
v Annatation
» DUE Dbjects

Clirl et
AL
CrlaReF
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17.

18.

19.

20.

Rename the separator using a descriptive name by right clicking and selecting Rename
Block.

Enter the Black (D
HEATER

[ Ok ] [ Canicel ]

To add feed and effluent streams, use the Model Library to select the Material STREAMS
tab in the lower left-hand corner and click once. This will allow you to place multiple
streams as needed. Move the cursor, now a crosshair, onto the process flowsheet. Notice that
ports on the flash drum are either red or blue. Ports that must have at least one stream
connected are shown in red. Other optional ports are shown in blue. If you position the
mouse over a displayed port, the arrow is highlighted and a text box with the description of
the port appears.

Click once on the feed port and release. Then click to the left of the heater. You will have
added the feed stream 1. Repeat to add Feed Stream 2.

Now add the outlet stream by clicking on the outlet and releasing. Next click to the right of
the heater and release. Press the black arrow next to the material stream block (bottom left
corner) or press ESC or right click.

2. Click and release the HEATER

left mouse button on the
feed port marked with a

Feed Required

red arrow. Required
/ Outlet
/ +
3. Click next
to the left of
the port. \

4. When finished Water Decant for Free
adding streams water only — Do not use
click on this arrow
or press Esc, or
right click

£ >

L Finer * ' * * Changers M anipulators ] Solids ] zer 4
1. Click once and release on Material

;FH Stream. When finished adding streams U~

STREAMS click on this arrow or press ESC T

For Help, press F1 006 TR Flowsheet Mok Complete
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21. You will need to modify the streams by dragging the lines so that they look like the figure

below.

If the streams did not attach then, right click on the stream in question and select

Reconnect Source or Reconnect Destination. Rename streams by right clicking on them so
that you have a the feed streams labeled 1 and 2 and the outlet 3.

File Edt View Data Tools Run Flowsheet Library Window Help

[] WaterHeater7.43designspec.apw - Aspen Plus 2006 - aspenONE

D SR B R (A7 &m-dda N (R ] Br H eCo @
&l - B
F" [+ e 01 v DEEES &

Heater Heatx, MHaaIX Hetian

STREAMS

Aerotian

|:|l> ’1_|

R

»
> B
v
3 »
L3 Misers/Spliters | Sapalatnls Heat Exchangers | Colmrs | Resstors | Presours Changers | Manipuistors | Solids | User Modeks
J

-1 A= =. =1
Material ' @ % M )

HXFqu

HTRIXIST

HEATER

Far Help, press F1

Ci\...AspenTechiAspen Plus 2006 NUM Required Input Incomplete

22. Specify the conditions of the

feed stream 1 (Double click g v@E s v e <u > [ W

on the stream or right click % izt;sﬂnm || /Specifications| Flash Options | | | EOOptions | Casting |
on it and then choose input). | & & rewes S W

The inlet pressure is P= 10 | = 2 %™ Tenrtae | |[peere:

bar, T=100°C, the total mass —
flowrate is 2kg/s and the i 0 o v

mass fraction of water is 1. iow [ -

Yes it is silly to need to type 2 o v

this in but the program needs - Streams without full

this specification.  Another e specifications are in red.
way to do this is to specify a | 0 yme \

mass flow in the composition = e After completion the Input
and leave the Total flow g oow o™ =™ for stream 1 turns blue and
blank. Notice that the Input fe = | » has a white check mark in it.

is completed as marked by a

Ml Stream 1 (MATERIAL) Input - Data Browser

blue circle with a white check mark in it.

specified next and it is still red.
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23. Specify the conditions of the feed |
stream 2 (Double click on the |- & e o b wn fo ooy wodew psb _ —
. . . gy ] BE N A& m-dd N TR M i Heod &
stream or right click on it and then S
choose input). The inlet pressure is [4: SEE s e <a g O "
P = 8 bar, and the stream is a |3 .. & [gomotiomons| PahOpins | 10 | SR
saturated vapor. The total mass | :3 =i e LN |
flowrate is 1kg/s and the mass I e — ‘Mm’:;m;‘ s
fraction of water is 1. What value E b Ve i
must the vapor fraction be to A
specify a saturated water vapor at E o .
its dewpoint (saturated steam as o=,
opposed to saturated liquid water)? 3 Fovee -
Notice that the Input is completed [ o usr ©7™, feromrmmsiam
as marked by a blue circle with a :;:t?m.,.eteﬂ = _—

white check mark in it.

24. Now specify the heat duty and the pressure in the heat exchanger. Set the pressure of the
heater to 8 bar and the heat duty to zero.

M Block HEATER (Heater) - Data Browser,

EEX

A HEATER =1 E=NEY v & << [a v|[>» [ N2
M Setup JSpeciﬁcations] Flazh Options ] Itiliby ]
M Components
¥ Properties Flazh specifications
E Flawsshest Prossure v H bar 7
m Streams
£ Utilties Heat duty || watt v
=¥ Blocks
=3 Yalid phazes
& Input v|
£ Hourves
&) Dynamic
@)  Block Options
[ Resuls
(4§ EO Variables
&) EOInput
®) SpecGroups
£ Ports
[ stream Results
[ Custom Stream Results
Reactions
Convergence

Flewssheeting Options
Model Analysis Tools
EC Configuration
Results Summary
Dwnamic Configuration

B R
REKDLILL

Lets pou type the pressure, Absolute units: outlet pressure if value » 0; pregsure drop if value <= 0. Gauge units; outlet
prezsure for all values. See Help.

Input Complete

25. Press the button and it should give you a pop up screen that everything is complete and
would you like to run the simulation. Press the OK button.

Required Input Complete

<P All required input is complete, You can run the simulation now, or you can enter more input, To enter more input, select Cancel, then select the options you want from the Data pulldown menu.,

Run the simulation now?

[ ok | [ Cancel
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M Control Panel T@@

W [sohe v F o .
e & b S
= [@ Calulation Sequence [+= Loading Simulation Engine ]
B orRum

-»Processing imput specifications ...

gﬁfﬁggﬂmns PEKIT (DATA SET 1) FOR MODEL ESPRSTD Click blue folder With Check
APRE RETRIEVED FROM SDF TABLE. TABLE MNAME = ESPRSTD

Pt Amaiyis - mark to see results

DEUM

-=Caleulations begin ...

Elock: DRUM Model: FLASHZ

-»8imulation caleulations completed ...

Hore¥y

Al biocks have been executed

26. Now you need to look at the results. Click on the blue folder with a check mark Eon it to
see the results. Other options are to click on the eye glasses and choose Results Summary
and then streams, or from the menu Data, Results Summary, Streams.

Bl Waterteater 7.4 3desigmspec. apw - Aspen Plus 2006 - aspenONE [l WatorHloator 74 3designs pec.apw - Aspen Plus 2006 - asponONE

Fle Edt View (B0 Took Run Flowshest Lbwary Window Help Ble [dt Yew Dats Took RBun Pt Lbrary Wndow Helo
DE@ ¢ =° BEe NS SR 8 W COras<dag O L ¥ EeCce @
B e - ® ..l |
e Flomsheet o
TR aen T3 ——— — Eye Glasses for Data Browser
thacks
-
Anections N I Fesids ~ @B ] w7 Ofh 2 w
Csmeregeren b ® ) Sew Matesial | | |
P # 0 Componerts
Fodd i N # () Propeites
by Tocks -
€6 Confiurstion 8 ﬁ Plhest Doy | ST | Fomat N ETTr
I Run Status =& L
. ETTEE e v v
ot = o % s Eiean WL ~
b nos. bR h Cursboem Sream Ress ks Flow bmallzee.
Custon Stream Rssuts... CuHO & g 2 T 1] T
+ @A 8
N o i
Dt Browser... Fi ) g e — - —
[— o3 s WATEH —
# 1 Resctons +iod
L 3 e > Results |
% ) Fowsheeting Cptions cl I
B ] Model anolyses Tooks 344 F
# ) EOCondiguation WATER T 000000
=& “."‘“;‘x“' Tomel Flow kmolraee. | 1110169
e ToaFion b | 200000
OO conwergence Torl Flow cumviec [ZOGAIES
O ieieies =
Bl Custom Stresm Summary
Gf| Ermam Confiuration
|

27. Save the file on your galaxy drive. File, Save as, and change the path to your personal
galaxy drive. | would suggest always saving your files with a unique descriptor (your
name). The files are always printed with your filename showing on the page.

28. Compare your hand calculations with the results. Fill out the following table. (See next
step for a method to cut and paste from ASPEN).
Table 1: Case 1 a ""Adiabatic Heater" with Feed Fully Specified

Stream Name 1 2 3
ASPEN Temperature (°C)

Hand Calculation Temperature (°C)
ASPEN Vapor Fraction

Hand Calculation
Vapor Fraction

ASPEN Enthalpy (kJ/kg)
Hand Calculation Enthalpy (kl/kg)
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Il Results Summary Streams - Data Browser

Streams “ |£|

A << |Results | 2>

N>

@ Streams
¥ Blocks
=3 Results Summary

Run Status

Streams

[ convergence

[ utilities

Cuskom Skrearn Summary

4]

Material ] ] ]

l

l

DiSVm

 [Substream: MIXED

tole Flow kmaol/sec

WATER

Mole Frac

WATER

b azs Flow kglzec

Click on this bar to copy results.
I suggest putting them into a
spreadsheet to remove some of
the digits and then placing them
into a word document to be

turned in.

WATER

2.000000

1.000000

3.000000

Mass Frac

WATER

1.000000

1.000000

1.000000

Soaco

nnnnnnn

:::::::

<

29. Compare your numbers and make a comment on the reference state used by ASPEN for the
steam tables in the STEAMNBS package. Explain the differences between values of
enthalpies. What is the reference state for the NBS table? To determine the reference state
compare the heat of formation value of liquid water at 25°C and latm given in your
textbook with the enthalpy value of a stream of liquid water at the same conditions. (e.g. do

another run on ASPEN)

CASE 1b:

30. Run Case 1b by adding a heat duty of 8400 kJ/s to the heater. Compare your ASPEN outlet
stream temperature to the temperature calculated by hand. Comment on the difference
between these answers.

CASE 2: Using Flowsheeting, Design Spec to solve for an inlet condition

The overall process for the third simulation will start by first getting the Flowsheeting Design
Specification tool to work on the case you have just completed (Case 1b). Then you will modify
your stream conditions to those of Case 2.

The following is the current Case 1b:

T1=100°C, P1=10 Bar, m=2kg/s

=

[}
L]

)

]

T2=we know this, but we will test the flowsheeting

tool by solving for it, P2=8 Bar, m=1kg/s

ASPEN steam table tutorial.docx

HEATER

T3=734.15°C we specify this in
Flowsheeting Design Spec — not
in flowsheet stream for stream 3,
These numbers are still
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31.

For this practice simulation

M Stream 2 (MATERIAL) Input - Data Browser

we will repeat case 1b. You [{ @ VB[ v e «<[a v» D@ @ e

WI” specify the Outlet % iz:sﬂnents Js.mciricauuns] Flash ptions | | | EOOptions | Casting |
temperature to that obtained B i L

in the last simulation. Since | =% &™ |Bp.m | [Messree [

we didn’t specify the % ek lT—|h|::
temperature initially, you L gy B Csmmentesis | [y o v

should change the inlet G o rogton [ -

specification from vapor e femts | [ o=

fraction to temperature. e

Check to see that a temperature specification of 170.4°C will give the same answer as the
previous solution. Comment on the outlet temperature that was obtained. Why was this
temperature lower than the previous specification? Look at all the conditions of stream 2
and compare it to the specification of pressure and vapor fraction.

32. The Flowsheeting Options, Design Spec is a tool that will use a root finding method such as
Secant, Wegstein, or Newton (See Felder & Rousseau’ Appendix A.2). You can
approximate this by guessing an inlet temperature of stream 2 and calculating an outlet
temperature. Try values of 150°C and 200°C.

33. Go to Data, Flowsheeting Options, Design Spec. Next press the New... button and rename
this CASE?2 and press OK

B waterHeater tutorial Case 1b.apw - Aspen Plus 2006 - aspenONE Ll El |
File Edit Wew Data Tools Run Plot Library Window Help
D&l BE KN [47& %5 e N TE " EF M H @O0 &
Gl 2L
u;; ’- Design Spec - Data Browser r__\@\g‘
Corpass : 23 Desian Spec Ml=1E2 << [an v|>» N2
T
msmwﬁum;‘ods )| ot G Components Objsct manager
- B Srewn ey {M] Properties ‘ Mame ‘ Status ‘
Rois Surmmary - ] Flowshest ‘ | |
Hesgament A Streams
:;;w"" £ Uillies
G Blocks
] Reactions
{M] Convergence
Dot frowser.. e =] Flowshesting Gptions
&
£ Caleulator
£ Transfer
() Strsam Library
£ Balance
= e
S i Select New
£ Model Analysis Tools
¥ EC Configuration
4 Results Summary
¥ Dynamic Configuration
Create new ID PE|
MHew.
Enter |D:
\CASEZ |
I 0K l Cancel Separators Heat Exchangers | Columns | zeauturs | Pressus Changers | Manipulators | Solids | User Modsls
’ ] -!isi!,m-ﬁ- | =, )
jatx MHeatx Hetran Aerotran HixFlux HTRI=IST
Tror P prese T Cth...AspenTechifspen Flus 2006 UM Results fvalable ||

ASPEN steam table tutorial.docx
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34. Press the New Button.

T1=100°C, P1=10 Bar, m=2kg/s

|::/ o,
=
|:|l> E

T2= first guess that will be varied,
P2=8 Bar, m=1kg/s

=D S | = Vomy | Fisnam | Doconiorn | L0 Do |

i st

Select New

Iterate on T2 to find
=l TEMP3=T3 = 734.15°C,
P2=8 Bar, m=3kg/s

Create new variable

36. Give the variable a name TEMP3 which will be the S
s - AET waraole name:
specified variable.
37. Then specify Type — stream variable from stream 3 | TEMP3 |
and the variable is temperature.
[ Q. ] [ Caticel ]
Eﬁ Yariahle Definition M Variable Definition [z|
Select a variable category and referenc; 7 Select a variable category and referenca "
Wariable name: T;:ence Sheamiar r Wariable name: T};:ence Shreamar 3
Category Strean: 3 “ Category Shieam: 3 »
®al Substream: | MIXED v @4 Substieam: | MIXED v
) Blocks “ariable: TEMP v |M ) Blacks “ariable: TEMP w |M
(O Streams Unitg: MOLE-ENTHALP O Streams Units: C
MASS-ENTHALP
) Model Utiity MOLE-ENTROPY ) Model Uity

() Physical Property Parameters

MASS-ENTROPY
MOLE-DENSITY
MASS-DENSITY

() Physical Property Parameters

() Reactions TEME () Reactions
PRES
YFRALC :
ED input LFRAC ED input
Open variable: | MOLE-FLOW Open variable: |
. MASS-FLOW - .
Drescription: | STOVOL-FLOW Drescription: |
N> | Cloze N> Clase
Temperature

ASPEN steam table tutorial.docx
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38. Press the close button and then go to the Spec tab

M Design Spec CASEZ? - Data Browser

[iaa cosEz v|E [ [us v| « << al v > N>
4 sstup vaefine]iSpec Y any ] Fartran ] Declarations ] EO Options ]
¥ Components |
(M) Properties
B4 Flowsheet Flowisheet variable |efiniian
g Shans TEWP3 Ereanvvar Stream=3 Subsieam—MIXED Varisble=TEMP Urils—C Spec Tab
@ Blocks * I
{1 Reactions 1| S
¥ Convergence - -
(] Flowsheeting Options
=[] Desian Spec

39. In the §pec—'§ﬁeet right click in the Spec: box to drag in the exact variable defined in the
previous step, or just type the variable.

o | G esign Spec nput - Data Browser =13
RS MEIE] e Design Spec CASEZ Input - Data B M{=1E3
@ Input v B[ usa v| &= << [an v >» (@ N>
M Setup + Define @5 pec ]'G\u"ary I Fortran] Declarations I EO Options ]
M Components
m Properties Diesign specification expressions
(¥ Flowshest e
@ Streams —
£ Utiities Target:
(#q Blocks Tolerance:
1 Reactions Paste
@ Conwergence .
- . . Paste Special
=-(&] Flowshesting Options
=-{g| Design Spec
(&) CASE2
@ Input
[A] Results
[A] EOvariables
&) EOInput

+f Define w5 pec ]G'\u"ary } Fartran ] Declarations | EO Options

Design specification expressions

Spec: 4
Target: T
Talerance: I

17— | Drag TEMP3

Deffred Variable | Paih :
Team-ar Stream=3 Substream=MI<ED Varable=TEMP Units= |nt0 Spec bOX

40. Then fill in the numerical value for the specification and a Tolerance between the calculated
value and the specified value.

M Setup JDefine @5 pec ]'-i\p"ary ] Fortran I Declarations } EOD Options I
(M Components
E Properties Design specilication expressions
4] Flowsheet Spec TEMF3
@ Streams
£ Utiities Target: 415
{75 Blocks Tolerance: 0.4
1 Reactions
{f@ Convergence
=-{g] Flowsheeting Options
[=-{&] Design Spec
B CASEZ
@ Input
[A] Resulks
[&] EOvariables
@ EOInput
1 Caleulator
1 Transfer
(") Stream Library
) Balance
£ Measurement
"1 Pres Relief
(7 Add Input
£ Wodel Analysis Tools
¥ ED Configuration
g E;;:I:;cslg::;;agrjratinn Abso\uletolglancebetween Spec and Targetexprgssions._[ﬁonstant, or Fortran expression in terms of Flowshest vars on Define/Fortran sheets. Right-click to
select War List, then use drag-and-drop to copy defined variables.
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41. Select the Vary Tab and specify that you want the program to vary the temperature in stream
2 until the temperature in stream 3 is equal to 734.15°C+0.2°C.

Y
C)

T1=100°C, P1=10 Bar, m=2kg/s

HEATER

a

(2]

T2= first guess that will be varied,
P2=8 Bar, m=1kg/s

42. To find lower and upper limit values a few trials could be | =
conducted to make sure that you are in range. To do this | =
you must first turn off the flowsheeting specification. Go

Iterate on T2 to find
TEMP3=T3 =734.15°C,
P2=8 Bar, m=3kg/s

)

=BBD

to Flowsheeting Options and right click on Design Spec.
Choose deactivate and this will deactivate the
Flowsheeting tool. Perform several trials by manually
varying the temperature in stream 2 to find an upper and
lower bound. Then place a new initial guess in the stream
2 temperature space and then reactivate Design Spec and
type in appropriate bounds on the temperature 2 for this

<

-;

M aterial

new problems

Right click on

ASPEN steam table tutorial.docx

Design Spec
& Input v il [usa v| &
# | | /5 pecifications
[A] Results
[A] EO Variables Substream name
[A] Custorn Stream Result Sl werEbizs
+ 3
£ Uiities Temperature
= {75] Blocks 400
= [ HEATER
@ Input Pressure
1 Heurves 10
@ Dynamic
@) Block Options
[A] Results Tatal flow:
[A] EOwariables 1
@ EOInput
@ Spec Groups
£ Ports
[A] Stream Resulks
[A] Custom Stream Result .
-] Reactions / ChOOSG Deactivate
+(f§] Convergence
- HowshW and agreend
H[Fd D pec
£ Caleulator appears-
7 Transfer
() Stream Library
(] Balance
71 Measiirement ¥
< >

STREAMS

pa—

[&A]  Stream Results

[AA] Custom Stream Result
Reactions
Convergence
Flowsheeting Options

Diesign Spec
Calculator
Transfer
Skream Library
Balance
Measurement
Fres Relief
Add Input

Mnelel Anabssis Tanl

Mew...

oprronle

Mixers/Splittel

-

b imer Deactivate

For Helps/press F1

[Tt

angers Colu

/
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B waterHeater tutorial Case 2.apw - Aspen Plus 2006 - aspenONE - [Design Spec CASEZ Input - Data Browser]
: File Edit Yew Data Tools Run Plokb  Library ‘Window Help

- 8 x

= = K2 id & N ) F MHR @O0 &
& %5 =
& Irput v Bl [us v| & << fal v|>» [t N>
#-(] Setup JDelina]JSpec ary 1 Fortran] Declarations ] EO Options ]
# (] Components
+ m Properties M anipulated variable M anipulated variable limits
-] Fowsheet Type: Ll | Lower 90
oG] Streams
0 uuiliies Shrzam 2 ~ Upper:| 300
-] Blocks Substream: | MIXED w Step size:
-] Reactions Wariable: @ | TEMP - Maximum step size:
+ ] Convergence i
=& FIowsheeF\ng Options Wi c Riepart labsls
=] Design Spec Line 1: Line 2: Line 3: Line 4:
o-Gf CASEZ
@ Input
Results ED input
(W EO variables Open variablel
& EOInput .
£ Caleulator D escription: |
1 Transfer
(") stream Library
7 Balance
] Measurement
1 Pres Relisf
() Add Input
#-[7] Model Analysis Tools
#-(¥] EC Configuration
Results S
® m asus. ummfary . Wocess a non-component-dependent stieam variable, such as temperature or total flaw.
#-(¥  Dynamic Configuration
Results Available
L4 Mixmsfﬁplilwlsl Separators ] Heat Exchangers Colurnz | Reactors Fressure Changers Manipulators ] So\ids] User Models
b - b
Material ’
STREAMS Mixer FSpiit S5 plit
F:\PrinciplesChemProclTiLabs HUM Results Available

For Help, press F1

43.

Now we are ready to solve. Press the next button and run the solver. You should now have

the solution that you found for Case 1b in which the temperature of stream 3 is 734.14°C
and the temperature of stream 2 is 170.4°C. To improve the accuracy you could run this
again, but let’s move on to solve the problem in Case 2.

ASPEN steam table tutorial.docx

aa w k= v & << [Resut: ~ | 2> 71 N>
=@ Streams Material l ] ] ] ]
-8R 1
Results
Egs:oa;a::re:am Results Dizplay: [K w | Format: * | |Stream Table
+ @ z
L @I k53 v W W
B
o[ Bloc WATER 1.000000 1.000000 1.000000 7
+- (3 Conwergence
+ E Flowsheeting Options Mass Flow kadsec
=¥ ﬁs'-”ts Summaty WATER 2.000000 1.000000 3.000000
Ml FRun Sktatus
Streams Mazz Frac
Convergance WATER 1.000000 1.000000 7.000000
D Ukilities Total Flow kmol/zec 110169 0555084 J1BERZ53
Custom Stream Summary Total Flow kg/sec Z.000000 1.000000 3.000000
Total Flow cumdsec 2.03591E-3 2406281 1.739832
Temperature C 100.0000 170.8055 TI41447
Pressure bar 10.00000 8.000000 8.000000
apor Frac 0o 1.000000 1.000000
Liquid Frac 1.000000 0o 0.0 v
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44. CASE 2: For this problem we will go back to our heater in case 1b. For this simulation you
have been requested to achieve a temperature in stream 3 of 700°C at 8 bar using a lower
heat duty on the heat exchanger of 7236 kJ/s. You have the same feed stream 1 at 100°C
and 10 Bar and a mass flowrate of 2 kg/s. For this problem you must determine the
temperature of the second feed stream which will be at a new pressure of 10 Bar and mass
flow rate of 1 kg/s. Determine the inlet stream temperature of stream 2. To run this
simulation change the values of stream 2 and change the specification of TEMP3.

45. To create a report file for the case you will perform a hand calculation of the heat duty for
printing, select the File menu & Export. Under the Export screen choose Report Files
(*.rep) as your file type and save.

At the end of this exercise submit a printout of the following:
e Submit on Blackboard
Two aspen files from the case 2 simulation:
o filename.apw (the case file for running Aspen)
o0 and the report file filename.rep. This file should contain the case for your hand
calculation.
Word document containing answers to the questions
1. Summary table of Case la (See page 11)
2. Comparison of values for Case 1a between hand calculation and ASPEN. (See
page 12 number 29)
3. For Case 1b, compare your ASPEN outlet stream temperature to the temperature
calculated by hand. Comment on the difference between these answers.
4. Comparison of using a temperature specification of 170.4°C for case 1b compared
to specifying the vapor fraction. Explain findings. (see page 13 Number 0).
e Submit the hand calculations as instructed
o Case la&b
o Case?2
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