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ABSTRACT

The traditional HSC Chemistry software was desigimed/arious simulation and modeling
applications based on independent chemical reactod process units. The new HSC-Sim
module expands the possibilities for applying HS@®istry to a whole process made up of
several process units and streams.

The HSC-Sim module consists of graphical flowshest spreadsheet type process unit
models. The custom-made variable list makes itipesso create many different types of

process models in chemistry, metallurgy, mineralapgonomics, etc. Each process unit is
actually one Excel file. The HSC AddIn functionsynize used to turn these independent
calculation units into small HSC engines for thedyrmamic applications.

The process model created using the HSC-Sim flogtsh®dule consists of one FLS file
with a graphical flowsheet and one XLS file for legarocess unit. These process files are
always saved in the same file folder. The XLS fiestain the calculation model of the unit,
and these XLS-models may be reused in the otheepses.

The target in HSC-Sim development has been toeeatmple but still powerful simulation
tool for the ordinary process engineer. If the usan use traditional HSC Chemistry and
Excel software then he/she should be able to wsethé new HSC-Sim module. The HSC-
Sim module also has high quality and versatile lgicgcapabilities and visualization. For
example, HSC-Sim module has built-in "Sankey diaggato visualize the distribution of
the elements and process variables.

The HSC-Sim module also contains other sub modoéssdes the HSC-Sim Flowsheet
module: however, this manual focuses only on th€+$8n Flowsheet module.
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40.

HSC-Sim Flowsheet module

Figure 1: HSC-Sim main user interface with flowsheet drawarg process calculation
tools.

Most of the HSC Chemistry modules have been madetife simulation of chemical
reactions in a single process unit. The new HSC+3imdule extends the scope to a whole
process made up of several process units. The Sidule uses two main user interfaces: a
graphical flowsheet interface (Figure 1) and beh&agth process unit a spreadsheet-type
Model Editor interface (Figure 2). The basic idefthe Sim module are quite simple:
The process consists of process units, which haes ltonnected to each other with
streams, Figure 1. The flowsheet is saved in ort fite.
Behind each process unit there is a "small HSCrefighade of an Excel emulator with
HSC AddIn functions or other DLL-based tools, Fig®. Nearly any types of model
may be created using the Excel emulator, such esiiclal, economic, biological, etc.
These models may be reused because they are sawvelbpendent XLS files.
The process unit calculation models are indeperafezd.ch other.
The streams on the graphical flowsheet specifyniagerial (= data and information)
transfer and data exchange between the process(Ehib file).
There are two modes in the HSC-Sim modDlesigner ModeandRun Mode.
The user draws and edits the flowsheet in the Desighode, which is very similar to
any other vector drawing program. In the Run (dakoon) mode, the graphical
flowsheet is locked.
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Figure 2: HSC-Sim Calculation Model Editor. Output sheetwgfdhe Output streams of
Process Unit 2. A short list of variables has bggercified.Sync modes: A)Green: variable
list synchronized within all units; B) : variable list synchronized within one unit; C)
Red: synchronization OFF.

The Calculation Module consists at least of thautn@utput, Dist, Controls, Model and
Wizard sheets, Figure 2. The Input sheet contai@snput streams, the Output sheet the
output streams, the Dist sheet possible distributialues, the Controls sheet possible
controls, the Model sheet possible calculation n®aed the Wizard sheet possible
Excel wizard models. One stream always takes upcohenn. The users can also add
250 sheets of their own if necessary, but thesd brubbcated after the model sheet. The
format and syntax of the first four default shastpartially fixed. The formats of your
own sheets are free.

In Run mode, the calculation procedure recalculatets one by one downstream and
after each calculation transfers the data from gbarce unit Output sheet to the
destination unit Input sheet, according to theastr® on the graphical flowsheet, see
Figure 1. The calculation procedure transfers thkies into the Input sheet stream
columns, therefore you cannot use formulas in thesemns, and the calculation
procedure cuts any possible circular referencaesdest the units.

The free-form and adaptable variable list makedHBE-Sim module extremely flexible
for any kind of simulation models in chemistry, a@tenics, economics, biology, etc.,
see Figure 3.

The user models may be created using familiar Ebaccetulas and cell references. It is
not necessary to learn some cumbersome macro lgegu@he HSC AddIn functions
bring thermodynamics to these models. In futurertéimge of AddIn functions and other
DLL-tools will be expanded.

The Template Model.XLS file contains a copy of défainit, Figure 2.
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40.1.Brief Step-by-Step Start-up

Figure 3: Variable Type Editor. Variable type A has beerestdd for the active row.

The Sim module consists of versatile flowsheet dngvand process calculation tools. The
use of the HSC-Sim module should be relatively dsssause A) the drawing tools are quite
similar to any other vector drawing program, B) taéculation model tools are quite similar
to the Excel spreadsheet program procedures, farsyitax and options. The HSC-Sim
development target has been to create a simplgoyedrful simulation tool for the ordinary
process engineer.

The HSC-Sim process model consists of the flowsla@et model files. These files are
always saved in the same file folder, usually wfith same name as the name of the process,
see Chapter 40.2.7 Saving Files.

The following brief step-by-step list gives an idefathe main working procedures when a
new process model is created using the HSC-Sim lapdu

1. Draw one unit on the flowsheet, Figure 1, usingtWool, Figure 4, and open Model
Editor by double clicking this unit, Figure 2, Sebapter 40.5 Drawing Flowsheets.

2. Select default measurement units using Global Mreasent Units dialog, see Chapter
40.6, Figure 41.
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Specify the process Variable list either on thautror Output sheet, Figure 2. The Sync
option at the bottom must be o@reen’, because it will transfer this list to all units
and sheets. See Chapter 40.6, Creating VariableTtie Sync mode " " means
that the variable list is synchronized only wittonme unit. The Sync modeRkéd!
switches the synchronization off totally.

Specify the type of variable using the Variablgp@yeditor, Figure 3. You may open
Type editor by clicking the Type label at the boitoFigure 2. Variable Type in
column A is needed only by the model and formulaands but not by the calculation
procedure. In principle, if you do not use theseands, then you do not need to specify
variable types. Note that you may also manuallyenttie type flag in column A. Please
see Figure 2.

Figure 4: The most important drawing toolSelect Edit Stream Points, Unit, Stream,
Table and at the bottom the most important drawing aystiof the Flowsheet form, Figure

1.

5.

10.

11.

When you have specified all the variables andgytpen you may press the "Create All
Formulas" button in Type Editor, Figure 3. Thislwileate default formulas in column

D, Figure 2. See Chapter 40.6, Creating Variabde. Li

Draw the units and streams using the Unit anda8trdrawing tools in the Designer
mode, see Chapter 40.5. The icons of the most i@pbdrawing tools are shown in
Figure 4. They are usually located in the topdefiner of the user interface, Figure 1.

Note that the most important option tools may batmdled at the bottom of the
flowsheet form, Figure 1. The&nap to Grid option makes it easier to draw
professional-looking flowsheetBersist Toolremembers the last used drawing tool.

Save the flowsheet using the File, Save As diakigure 1.It is recommended to
create a separate file folder for each prac8ee Chapter 40.2.7 for details. It is a good
idea to use the process name also as the foldez.nidre Sim module saves all the files
in this same folder. This file-set consists of ¢HeS file with graphics and one XLS

file of each unit.

XLS files use the Excel 2000 (Excel 97) file formBLS files can only be opened with
the Sim module, but you may export these in otlbeméts. Note: Save the process
regularly using a different folder name or using trackup tool. This makes it possible
to recover the process if there is an error. Sespten 40.2.7.

Create the process models using the HSC-Sim Exiireand wizards on the Model

sheet. These wizards automatically connect thetlsfpaams with the Output Streams
using some Excel-type formulas and cell referenbkde that you may also create
these models manually. See Chapter 40.7, Creaatgulation Models.

Start Run mode and carry out the simulation, deagp€er 40.9, Running Simulation.

In Run mode if you select a variable, it will beosn in graphical format. Chapter
40.9.

Draw, print or copy-paste the results to other 8ims applications using Run mode
tools. Chapter 40.10.
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The following chapters will give a more detailedsdeption of these steps. If you are
planning to use HSC-Sim, please read at least €wg0.1, 40.2.7, 40.5, 40.6, 40.7, 40.8
and 40.9. But of course reading all the chaptellswéike your life easier in the long run!

40.2.HSC-Sim Basic Settings and Operations

This chapter gives information about the genertings of the Sim module. Usually you
may start using Sim without changing the defaulues, but gradually you may want to
change the default settings. HSC-Sim rememberashselected settings using the files:

HSCY7 installation folder\Sim_FlowSheet1.INI Drawisettings
HSC?7 installation folder\Sim_FlowSheet2.INI Drawiimgerface settings

You may delete these files if you want to recover original settings. If you have some
problems with HSC-Sim operation then deleting esthfiles and restarting may help.

40.2.1. HSC-Sim Specifications

The HSC-Sim Flowsheet module works on Windows 200®,and Vista. The processor
requirement for this module is not high so evenomputer that is a few years old can
calculate the process smoothly.

The maximum drawing area is currently limited t®QG 1000 mm, because some bitmap
saving routines may become slow with large drawifigee dimensions and location units
are always in millimeters.

The X- and Y- coordinates start from the top leftner and end at the bottom right corner of
the drawing area. The printing area does not deparitie size of the drawing area, and any
selection may be printed and zoomed freely torfidd, A3, etc.

The maximum number of drawing objects depends enntemory and processor capacity
available. A normal PC can easily handle some 1@)€cts. Note that gradient-based object
fill styles consume a lot of processor capacitystime cases, speed may be improved by
replacing vector-based (EMF) unit objects with gead fill style with bitmap unit objects
(JPG).

Up to 32000 variables and data may be connecteddio drawing object.

Flowsheet uses its own file format which uses thi&xs*.FLS. This format saves all the
available flowsheet properties. However, many oflieture file formats may also be used to
export and import pictures into the Flowsheet medul

Export file formats: Import File Formats:

AutoCAD DXF Interchange R14 (*.DXF) AutoCAD DXF Interchange R12-14 (*.DXF)
Windows Enhanced Metafile (*.EMF) Windows Enhanced Metafile (*.EMF)
Windows Metafile (*.WMF) Windows Metafile (*.WMF)

CompuServe PNG (*.PNG) CompuServe PNG (*.PNG)

JPEG bitmap (*.JPG) CompuServe bitmap (*.GIF)

(Not Progressive JPEG) JPEG bitmap (*.JPG)

Windows bitmap (*.BMP) Windows bitmap (*.BMP)

Windows DIB (*.DIB)

The calculation unit model limits are the same asiMS Excel 2000:
- Sheets 256

- Columns 256
- Rows 65536
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HSC-Sim usually retains VBA macros in XLS files,thti does not run these macros.
However, if you insert/delete sheets or renametstiben VBA macros will be deleted.

40.2.2. Graphical Flowsheet Settings

Figure 5: Flowsheet settings dialog. Open this dialog usithg "View, Options..."
selection.

The Flowsheet module automatically saves some @fvidg settings, i.e. the program
remembers the last settings you have used. Howenttr the View, Options selection you
may manually change some of these default settonggeet your needs and preferences, see
Figure 5. These settings can also be saved froetbpjoperties (Figure 16) on the drawing
toolbar when the stream or unit is selected, sempteh 40.3.3. The following settings are
available:

General Settings:

Marker Size  Selection handle size (default 4 points)
HitSensitivity  Mouse pointer object detection distance (defaploihts)

Repaint Buffered (hidden refresh, smoother, slow)
Normal (visible refresh, flicker, fast)
MoveMode Real Time (whole object moves, slow)
Outline (object frame moves, fast)
OpenDraw Full (all objects visible, slow)

Container (internal object edit possible, notige)
Hatched (only active object visible, fast)
ScrollBars Auto (X and Y scroll bars visible if needed)
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None (no scroll bars, movement with middle mdosgon/wheel)
JPG Quality  Compression percentage (only for saving in JP@dby
Confirm Delete Ask for confirmation to delete operations in floavsheet.

TabStyle
Undo Steps

Grid Settings:

Tab location in Properties Toolbar
Not in use

GridStyle Dot (dot is used as grid marker)

Solid Line

Dotted line

Dashed Line
GridShow None (no grid)

Under (grid under objects)

Above (grid above objects)
GridColor Color of grid points
GridwWidth Distance between grid points (default 2 mm)
GridHeight Distance between grid points (default 2 mm)
SnapToGrid  Align drawing object to grid

Default Unit Settings:

FontName Default font of labels

FontSize Default font size of labels

FontBold Default font as bold, true/false

Fontltalic Default font as italic, true/false

FontColor Color of default font

LineStyle Style of unit outer lines if picture is not used
LineWidth Width of unit outer lines if picture is not used
LineColor Color of unit outer lines if picture is not used
FillStyle Fill style of unit if picture is not used
BackStyle Back style shows when fill style leaves spacedfurk color
FillColor Color of the unit fill. Shows if picture is notecs
BackColor Color of the unit backs style.

Default Stream Settings:

FontName Default font of labels

FontSize Default font size of labels

FontBold Default font as bold, true/false

Fontltalic Default font as italic, true/false

FontColor Color of default font

LineStyle Style of the arrow line

LineWidth Width of the arrow line

LineColor Color of the arrow line

StartStyle Start style of stream arrow (default None)
EndStyle End style of stream arrow (default Filled Arrow)
ArrowWidth Width of the stream arrow end
ArrowLength  Length of the stream arrow end
ArrowFilled Fill of the stream arrow end

ArrowColor Color of the stream arrow end

Stick Stream Ends Stick stream ends to the units when units are chove
StreamCrossGap Gap when streams cross, mm
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The Flowsheet module automatically saves Flowsmeelule settings in two files:
HSCY7 installation folder\Sim_FlowSheet1.INI Drawing settings
HSCY7 installation folder\Sim_FlowSheet2.INI Drawing interface settings

The folder depends on your installation selecti@ssthese files exist in the same folder as
SIm.EXE. If you delete these files in the HSC7 afiation folder, then the Flowsheet
module uses old default settings and automaticatlyeates these INI files.

40.2.3. Calculation Model Editor Settings

Figure 6: Traffic lights, i.e.Sync modes: A)Green: variable list synchronized within all
units; B)Yellow: variable list synchronized;within one unit Rgd: synchronization OFF.

The Calculation Model Editor has quite similar loaséttings to MS Excel. You will find
these on the "Format" and "Tools, Options" menuswéler, the Sync setting is different
and very important. TheGreen" mode is the default and this means that all véeitibt
changes within all units (Input, Output, Dist sis¢edre synchronized. Please use Green
mode normally. However, if you import models youymsse the " sync mode to
arrange the variable list in the same order ahéndther units. View List Variables..."
shows the default variable list. In thee'd' mode you may edit sheets just like in Excel and
without any locks; please be careful, in Red maale may easily mess up the variable list.

The Template Model.XLS file contains a copy of défaunit. You cannot make changes to
these defaults.
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40.2.4. HSC AddIn Functions

Figure 7: HSC AddIn function selection and activation dialog.

HSC AddIn functions are made for MS Excel and H3@-Salculation modules, i.e. these
same functions are available in both environmeHASC Addin functions contain mainly

chemical and thermodynamical functions that reael tiecessary data from the HSC
thermochemical database.

All the HSC-Sim AddIn functions are locatedHisC7.DLL. HSC-Sim uses this file directly
but MS Excel uses it through thSC7.XLL interface. HSC7 and HSC6 AddIns works in a
similar way. Note that if you have HSC6 on your poter you should not activate both
Addins since they contain the same functions. Véermranend using the latest HSC7 AddIn.

You need to activate these functions only once qusire HSC-Sim Calculation Module
(Excel editor) menu selection "Tools, AddIns...".e&de select only the new HSC7 AddIn
functions and press OK, Figure 7. If HSC7 is migdiom the list then browse:

HSC7 installation foldeHSC7.DLL

You must activate these functions in the same waynaMS Excel. If HSC7 Addin is
missing from the list then browse:
HSC?7 installation folder\AddIns\SC7.XLL

Using these AddIn functions allows you to creatghisticated thermochemical calculation
models in your process units. See examples in:
HSC?7 installation folder\Addin&ddInSample. XLS.

You will find a much more detailed description diese functions in ChapteR7 Excel
Add-Ins.DOC" in HSC Help.
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40.2.5. Specification of the Drawing Area

Figure 8: New Process dialog clears and specifies the newsfieet drawing area and
calculation mode.

The first step when creating a new process is pleeiication of the Flowsheet drawing
canvas area. This is done using the Menu seletkid®, New..". This selection opens the
drawing canvas area dialog, Figure 8.

Usually the default canvas area 500 * 500 mm ifigeit, because in the flowsheet printing
stage any size of the drawing may be fitted or zzbmo A4 or any other size of paper. The
drawing canvas area can be changed later on ussgnenu selection "View, Drawing
Area...". The maximum drawing area is 1000 * 1000 rivote that the drawing area is the
same for all pages. The Resolution selection maysked to increase or decrease the number
of points per mm, but the default 56 points is Ugwenough to create good flowsheets.
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40.2.6. Creating a Process Folder

Figure 9: The "Create New Folder" tool of th&ile, Save As.." dialog may be used to
create a new folder for the new process files.

Usually one HSC-Sim process consists of severs,fivhich are located in the same folder.
It is recommended to specify a name for the proegsthe very beginning, because this
process name may be used as the name of the rdaw, fidr example, "Process Sample" is a
suitable process name.

The Menu selection "File, Save As..." and the "Crddésv Folder" tool may be used to
create a new folder, Figure 9. This new folder ibayocated in any place on your hard disk,
but the default path is: HSC7 installation foldem%-lowsheet\

You may also create this new folder using the Wimsld'My Computer” "File, New,
Folder..." Dialog.

40.2.7. Saving Files

Figure 10: HSC-Sim typical process files shown by Windows "@lgmputer".
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The HSC-Sim based process model consists of sefesalwhich are always saved in the
same file folder. The structure of the HSC-Sim pgsrmodel is also visible in the process
files, Figure 10. The following steps are recomnazhd

1. Create a separate folder for each process, anthessame name for the folder and
process. See previous Chapter 40.2.6.

The "File, Save Process" dialog automatically salkprocess files in this folder.

After you have saved the process in a separatierfol/ou can save backups with a
separate tool (File, Save BackUp) and restore theéth the backup tool (File,
BackUps...), Figure 11.

Figure 11: Backup tool window (File, BackUps...). You can delar restore backups.
Backups are saved in separate folders below theepsdolder.

Description of the process files:

- FLSfiles: Contain a graphical flowsheet andatnedata, etc.
FLS files use Sim's own file format. HowevernSimay also import
and export other graphics file formats.

- XLSfiles: Contain Unit Models. The name must @ectly the same as in the
graphical flowsheet, otherwise the XLS file willtnme identified as the
unit file. These files may be password-protected.

XLS files use MS Excel 2000 (Excel 97) file fam

Report. XLS file Contain possible result, stredaance, and remote control data.

- Other .XLS files Contain data created by difféarealculation modes. The number of
these files depends on the calculation mode used.

The user can add more files to the process foldbich may be linked to the graphical
flowsheet, such as pictures, Word or Excel filegaked files are not saved with the
flowsheet.

It is recommended to save the process regularlygusidifferent folder name or using the
backup tool. This makes it possible to return tdieraversions of the process if something
unexpected happens.

Note also that you may import the Unit Model fitesother process models.
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40.3.Graphical User Interface

This chapter gives some basic ideas of HSC-Simdimet operation principles and keyboard
and mouse procedures. You may start the Flowshegtile by pressing Flowsheet in the HSC-
Sim main menu. The Flowsheet module works in qaitsimilar way to other object-based
drawing applications such as iGraph Flowchartetop@AD LT, etc.

Figure 12: View Toolbars menu. The Toolbars selection shomsides the Toolbars in the
same way as in MS Excel or Word. You may move a&sikze toolbars with the mouse.

The following list specifies the main ideas behiihd operation procedures:

View Toolbars (Figure 12)
You may open the View ToolBar dialog by selectinigw, ToolBars from
the menu. This dialog makes it possible to showide toolbars. The user
may freely move and view/hide Toolbars in the savag as in MS Excel
or Word. Toolbars are described in more detaihariext Chapter 40.3.1.

Snap to Grid (Figure 1, 2 Bottom right)
This setting helps to draw aligned diagrams. Nbé&t you may reverse the
Snap to Grid setting temporarily by holding dosb Gr or Ctrl .
Persist Tool(Figure 1, 2 Bottom right)
This setting keeps the last selected tool. Thisiseful when you draw
several similar objects.
Mouse Tooltip Text
When you hold the mouse over the control you well g short description
of the tool.
Drawing of Streams, Polylines, etc.
The first mouse click starts the drawing, the sec@@ic.) makes a corner,
and a double click oEnter ends the drawingBackspacemay be used to
remove the last segment, aBsc stops the drawing at the last segment.
Drawing of other Drawing Objects
Drawing starts when pressing the left mouse butimnn and stops when

you release it. A double click witBelect toolon the unit opens the Unit
Model Editor.
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Object Type (in Properties, Process Tab)
The Type property lets you set any drawing objedtinit or Stream.

NamelD (in Properties, Process Tab)
If you want to connect Flowsheet to the calculativodel then the NamelD
of Unit and Stream objects must be exactly the sasm the calculation
model. This is done automatically.

Mouse Middle Button
When you hold the mouse middle button down you maye the diagram.

Mouse Right Button
The mouse right button opens same dialog as inpper menu, Edit when
an object is selected.

Mouse Wheel
The Wheel moves the drawing up/down. If you haldGr or Ctrl down
then Zoom is activated.

Active Keys in Drawing Mode

Mouse left key  Down - Starts drawing. Up — Ends drawing objects.

Enter Ends drawing of stream and polyline objects.

Esc Removes the last drawing object and Ends drawjects.
BackSpace Removes last segment of stream and polyline abject
Space Bar Starts and ends edit mode of streams and polylines
Alt Gr or Citrl Down - Temporarily reverses Snap to Grid mode.

Active Keys in Object Edit Mode (Chapter 40.5.1)

Mouse left key May be used to select the object.
BackSpace Removes points if the mouse left key is down.

Mouse left double click Opens the Object Calculation Model.

Automatic Setting Memory

The Flowsheet always remembers the last user aweréetting that you have used. These
settings will be saved in INI files, see Chapter240
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40.3.1. Toolbars and Menus

The most important drawing and process tools mafobrd on the toolbars. Toolbars may
be opened and hidden with the View, Toolbars diaseg Figure 12. The user may hide all
the Toolbars except the Properties toolbar, bechus@aearly always needed. Most Toolbar
options can also be found on the main menu, Figj8re

Figure 13: Flowsheet main menu options.

Figure 14: Flowsheet main menu File, Edit and View options.

The main menu File selection contains the normal,Ngpen and Save selections as well as
Printing dialog with settings and print previewgéiie 14. Note that the"Save Process..."
dialog saves all the process files (FLS and XL$) itne same folder. You can also save
backups, export process as HSC6 format and loadl exits with password.

The Edit selection contains the normal editing apdi Figure 14. Note that most options
also work with multi-selection. The Undo optioreiso available, which makes it possible to
go back several steps. However, it is recommendesave the flowsheet with different
names, allowing recovery of the drawing if MS Windooperation fails.
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40.3.2. Properties / Process Toolbar

Figure 15: Properties / Process Toolbar. Unit 1 is seleatewh the left toolbar and Stream 2
is selected from the right toolbar. The stream oifem Unit 1 and goes to Unit 2. The
process toolbar shows all the possible propertiasgéance.

The Properties toolbar is always visible in thewdbeet Design mode with three tabs. The
Processtabs specify the links to the model:

- Object: Stream / Unit / Drawing object

- NamelD: Unique name for stream or unit.

- Number/Alias: Second name or number for the stream or unit.

- Model: Name of the unit file. The name is always the es@s NamelD.

- Type: Type of unit or stream (reserved for future use).

- Source Specify source unit of stream.

- Destination: Specify destination unit of the stream.

- Declaration: Any additional information in text format (defaal empty).

- SequenceCalculation sequence of the units (not required).

- Active: Link to calculation module true/false.

- Page Page of the object. You can send the object othen page with this property.
- Layer: Layer of the object. You can send the objecinatlaer layer with this property.

The process tab also shows all available unitssareéms in the Flowsheet or in the active
Process Model in the Calculation module. Thisristy be used to locate the unit and stream
names and the source and destination units fasttkams.

The Simulation Mode uses NamelD to link the unitd atreams in the calculation module.
Therefore, the NamelD property must be the santieeif-lowsheet and Process model.

IMPORTANT: Please press Enter after you change data in thédocell. This is not
always necessary but it will ensure that the degdly is taken into account.
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40.3.3. Properties / Drawing Toolbar

Figure 16: Drawing Toolbar with Unit (Rectangle) and Stredpolyline) object selected.
The properties may be listed in alphabetical oegatized order.

The Drawing Toolbar shows all the possible graghicaperties of the selected object. The
list of available properties depends on the objgpe. This enables you to see all the
possible properties at a glance. The Drawing ptgsehave no effect on the possible

process or distribution calculations, i.e. they andy used to improve the illustrative and

cosmetic appearance of the flowsheet. The Dravaathar may also be used to relocate and
resize the objects using numerical values in métiens. Multi-selection of the same type of

objects may be used to change the properties tifeaelected objects at the same time.

You can save these settings as a default for négctshbby pressing the round button in the
top left corner of the drawing toolbar and selegtBave to Default. Default settings can also
be changed from the options (View, Options), Chaffe2.2.

NOTE: The Flowsheet module has an extensive selectiainaoiing properties and dialogs.
Most of them are very easy to use and they opanaesimilar way to many other drawing
applications. Therefore these properties have eehlolescribed here.

IMPORTANT: Please press Enter after you change data in thédrocell. This is not
always necessary but it will ensure that the degdlyr is taken into account.
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40.3.4. Properties / Units Toolbar

Figure 17: Properties Toolbar with Units tab selected. Therthnail pictures may be listed
with or without the unit names.

The Units Toolbar, Figure 17, contains the avadalit images, which may be used in the
process flowsheet instead of simple rectangulat objects. The unit images make the
flowsheet more illustrative, in other aspects tiveyk in exactly the same manner as the normal
units.

Unit images may contain default streams that waél drawn with the unit or default Excel
Wizards that will be loaded in the model when thé is drawn. These defaults can be changed
with a right mouse click on the unit icon in thdtarnab, Figure 18.
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Figure 18: Unit image default window. You may add defauleams and Wizards to unit
images and these will be added to your model wherunit is drawn. File Links and Info
texts are copied to the new object and streammade according to the table.

The user may select any unit image from the UnitslBar and draw the image in the drawing
area in the same way as for simple rectangle tgtcts.Drag and Drop is another way to add
unit objects to the drawing area, and this willoaieaintain the original image height/width
ratio.

The available unit image collection depends on Whilmit image folder is active. The Unit
Toolbar reads all image files from this active fldYou may change this folder by selecting
Browse Simply press the round arrow button and sdBeotvse The units are categorized into
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different folders according to which kinds of preses use the units. The unit folders and
images exists under the folder:

HSC7 installation folder\Sim\Units\

The next time you start the Flowsheet module it re@imember the last active Unit folder. You
may add your own unit images to this or any otbédr. If you would like a border around the
unit image, please draw the border in the unit &y you can edit unit icons in other ways to
get the desired result. The following valid filermats must be used:

Vector formats (Good resize features):
EMF — Windows Enhanced Metafile (Recommended)
WMF — Windows Metafile (old format)

Note that a large number of color gradients mayeartak image slow to access and move.

Bitmap formats (Fast, resize difficult, fixed size looks best)

JPG - JPEG format (small file, common). Note: Reegive JPEG format does not work.
BMP — Windows bitmap (large file, common)

PNG

Color gradients have no effect on the speed indptformats.

Unit images may be drawn using the Flowsheet modulesing any drawing application which
saves files using the valid file formats. You médgoareplace the simple rectangle unit objects
with the unit images using the “Tools, Change P&tu” dialog.

Create New Unit Image

You may create new unit images using normal HSC-@iawing tools and save any selected
image as a unit. To create a new unit image fotlusge steps:

1. Draw a unit image in the size you would like tothe default size. Of course you may
draw in a large size and reduce the size beforsdtieg stage.

2. Select the created drawing objects with the Seédedt

3. Open the “Tool, Save Selection To Unit” dialog ajink the default name for the unit, then
save the unit image in the desired folder. The fileiname will be used as the default unit
name in the Flowsheet. The EMF file format is reo@nded and makes it possible to
resize the unit image easily. Bitmap formats mayetimes be faster to use.

4. |If you save the unit file in the same folder tisaalready open in the Unit toolbar, then the
list will be refreshed automatically.

Note that you may create unit images in any drawingjication that saves image files in EMF,
JPG, BMP, or PNG format. Large size bitmap files,dxample, 3000*2000 pixels may be used
but they will slow down the operating speed. Ususihall 80*60 pixel unit images are OK.

The editing of an existing unit image is anotheyw@create a new unit picture. This subject is
covered in Chapter 40.5.2.
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40.3.5.

Drawing Toolbar (In Draw menu)

1 2 3 4 5 6 7 8 9 10 11 12 14 15 16 17 18 19
Figure 19: Drawing Toolbar in horizontal mode.

Drawing tools may be selected from theawing Toolbar, Figure 190r from theDraw menu
selection Figure 13 The basic idea is that the user first selectsdbkeand then starts to draw
the selected object with the mouse. The followogg are available, s&dgure 19

1. Drawing Toolbar Drag Drop area.

2. Selectool. This tool is used to select objects in thendng area.

3. Edit Pointstool. With this you can move, remove and add cariaeid ends to streams.
4

Rotate tool enables you to rotate objects freely. Theeotiotation options may be found
from the Rotate/Flip Toolbar.

5. Unit tool creates rectangular units and labels. Thedtties Units Toolbarigure 17 may
be used to create units with an image.

6. Streamtool creates polyline streams and labels. Thesarss do not stick with the unit
objects unless the stick stream ends propertylesteel. You may open the edit mode using
the Edit Points icon or by pressing the spacebdit oints tool) after selecting a stream
line.

Tabletool creates a table. You can edit the table cavteth a double click.
Draw Polygoncreates closed polygons, which have fill and shepimperties.
Draw Polyline creates open polylines.

10. Draw Arc creates elliptical arcs.

11. Draw Beziercreates Bezier curves.

12. Draw Chord (Segment) creates Chord objects.

13. Draw Ellipsecreates ellipse or circle objects.

14. Draw Line creates simple lines.

15. Draw Piecreates elliptical sector objects.

16. Draw Rectanglecreates rectangular objects.

17. Draw Rounded Rectanglereates rounded rectangular objects.

18. Textcreates text labels.

19. Insert Imageinserts bitmap or vector format images from theth the flowsheet.

Active keys in_drawing mode With Polyline objectsthe Backspacekey removes the last
segment, th&scandEnter ends the drawing. See Chapter 40.5.1 for morenrdton.

© o N

Note that you may edit most drawn objects afteraavidh the Edit Points tool, Chapter 40.5.1.
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40.3.6. Rotate / Flip Toolbar (in Arrange menu)

[

2 3 45 6
Figure 20: Rotate / Flip Toolbar rotates the olgect

Rotate/Flip Toolbar Drag Drop area.
Rotate clockwise 90°

Rotate counter-clockwise 90°
Rotate to given angle

Flip Horizontal

Flip Vertical

ogaprwN e

40.3.7. Order Toolbar (in Arrange menu)

[N

2 3 4 5
Figure 21: Order Toolbar brings the object layers to the fimmsends them back.

Order Toolbar Drag Drop area.

Send to Backsends the object layer to the back
Bring to Front sends the object layer to the front.
Send backward one layer.

Bring forward one layer.

a s wNPE

40.3.8. Combiner Toolbar (in Arrange menu)

1 2 3
Figure 22: Combiner Toolbar combines objects.

1. Combiner Toolbar Drag Drop area.
2. Group Objectstool combines the selected objects
3. UnGroup tool uncombines the selected objects
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40.3.9. Size Toolbar (in Arrange menu)

1 2 3 4

Figure 23: The Size Toolbar may be used to make the heighvidih of the selected object
the same.

Size ToolbarDrag Drop area.
Make same widthtool makes the width of the selected object theesa
Make same heightool makes the height of the selected object dmees

Make same width and heightool makes the width and height of the selectgéattihe
same.

pPwbdE

40.3.10. Alignment Toolbar (in Arrange menu)

=

2 3 4 5 6 7
Figure 24: The Alignment Toolbar can be used to align setkotgects.

Alignment Toolbar Drag Drop area.

Align to Left will align the selected objects to the left bordéthe top object.
Align to Center will align the selected objects to the centerhef top object.
Align to Right will align the selected objects to the right bardkthe top object.
Align to Top will align the selected objects to the top borolethe left object.
Align to Middle will align the selected objects to the middlelod teft object.
Align to Bottom will align the selected objects to the bottomhad teft object.

Noapwdh PR

40.3.11. Info Toolbar

Figure 25: The Info Toolbar can be used to save text datanig stream or graphical
objects.
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40.3.12. File Links Toolbar

Figure 26: The File links toolbar makes it possible to limyaypes of files to a unit, stream
or any other graphics objects on the flowsheet. é&xample, you may link a photo of the
unit, unit data history, etc. Using the Links taallyou can connect additional information
onto the flowsheet. You can manage links with thlection that opens with a mouse right
click.

40.3.13. Standard Toolbar (in File and Edit menu)

1

2 3 4 5 6 7 8 9 10 11 12 114 15 16 17 18
Figure 27: Standard Toolbar in horizontal mode.

Standard toolbar contains the normal tools forddee, printing, etc.

©oNgOsWNRE
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Standard Toolbar Drag Drop area.

New Flowsheetill delete the existing flowsheet and create & nee.
Openselection will start the File Open dialog and aggl the existing flowsheet.
Save Filewill save the flowsheet (File, Save dialog).

Print dialog opens the print settings and print dialog.

Undoselection will undo the last action. Several ulelels are available.
Redowill cancel the last Undo operation.

Cut will copy and delete the selected objects.

Copywill copy the selected objects.

. Pastewill run the paste routine.
. Zoomwill open the Zoom dialog. You may also zoom wiitle mouse wheel by holding

down the Alt Gr or Ctrl key.

. Zoom Outwill decrease the zoom setting by 10% units.
. Zoom Inwill increase the zoom setting by 10% units.
. Overlay and route checkwill show the stream configuration. Blue streame arput

streams (only the end of the stream is connectéuktonit), black streams are intermediate
streams (both ends are connected to the unitsgtreams are output streams (only the start
point is connected) and in light blue streams meeind is connected. If an unit is selected
this shows the streams connected to the selected un

Edit layers will open the layer-editing tool. You can seledtigh layers are shown. You
can also select whether streams are shown as aoramenber/alias.

View Excel calculatoropens the Excel calculator of the unit. Same asublé mouse click
on a unit.

Start Dynamic simulationOnly for test use. Not supported in HSCY7.

Start Simulation Will switch to the simulation mode where a process be calculated.
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40.3.14. Tools Menu Selection

Figure 28: Tools menu selection contains mainly functiongeéithto units and streams.

Insert Header Label inserts a special Header label on the flowshekigiwshows the variable
selection in the Simulation mode, for example, 4k Amount kg/h, etc.

Insert Stream Header Tableinserts a special Header Table on the flowshdeitiwshows the
variable selected to the Stream Tables, for examgdg/h, Amount kg/h, etc.

Insert Link Label inserts a Link label, which may be used to shoswhlue of any cell in the
calculation models on the flowsheet.

Insert Drawing Title Table inserts a Title Table commonly used in technicairdng.
Insert Name Labelcan be used to insert a name label in the Uritieam objects.

Insert Value Label can be used to insert a value label in the Un&tozam objects, which will
show the selected variable value in Simulation mode

Insert Text Label can be used to insert a text label in the UnBtoeam objects.
Insert Table can be used to insert table attached to the selstteam.
Change Picturechanges the image of the selected unit or object.

Save Selection To Unitan be used to create a new Unit image file. Biraiv any kind of unit
image and then select all the graphical objects litbbong to the unit. Then save the selected
objects as a unit image using “Save Selection T’ Urhe unit images may be saved in EMF
(recommended), JPG and BMP file format. Please! ey EMF may be resized without loss
in image resolution.

Stream Auto Reconnectconnects/disconnects all streams to units acopriirthe flowsheet
drawing.

Repair Flowsheetupdates the old Sim 5.x flowsheet to the currémt &0/7.0 format. This is
not needed when a 6.0 format flowsheet is opengdtive 7.0 version.

Persist Toolkeeps the last selected tool after the drawingoleas finished.
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40.4.Process Modes

Figure 29: Process mode can be changed from the Mode menu.

The HSC-Sim module has four calculation modes:i®est Reactions, Distributions, and
Experimental. The flowsheet drawing is the samallinmodes, but the difference comes from
the unit models. Each mode handles the units @ifitty, which is explained below. It is

recommended to choose the calculation mode befowesyart to make your process model.
Some tools are made only for one mode, but motfterh are used in all modes. This HSC-Sim
Flowsheet module manual is made for the Reactiardembut drawing the flowsheet works in
same way in other modes as well. The Reactions nmekigure 29 is different for each mode
as well as the name of the menu. It contains tibalscan be used only in one mode.

Particles (Minerals)

The Particles mode calculates particles in wated, their grinding, flotation, separation, etc.
The liquid media is assumed to be inert and noti@achappen in the system. This mode was
originally made to calculate grinding and flotaticircuits, which concentrate the valuable
metals in ore into an intermediate product for loydsr pyrometallurgical treatment. In this
mode the variables are particles, in a simple ctse,variable list only contains unsized
liberated particles or, in a complex case, thedisttains all real measured particles (liberation
analysis). This mode has its own Excel Wizardssgish in modeling different units.

Reactions (Hydro)

The Reactions mode calculates chemical reactiossdban unit operations in solid, liquid, and
gas systems. This mode was originally made for dnpatallurgical process calculations, but
can be used for almost any process, especiallyethioat can be modeled with chemical
reactions. This mode has separate Wizards forrdiffeunit operations.

Distributions (Pyro)

The Distributions mode is for applications whereuywant to split elements into different
streams with distributions. This is a common przctin pyrometallurgical calculations for
which this mode was originally designed. The uitésfare different (.uni) than in the Particles
and Reactions (.xIs) modes. Units can be savedibraxy and reused in hew processes. Also,
unit models are made with controls, and no pre-mdards are used.

Experimental

The Experimental mode is for data analysis. Usuddita from the process is incomplete and
contains errors, which leads to problems when loalavalues are required. This mode

calculates the best fit for the balance. The mods walled the Data Reconciliation tool in

HSC6, and now it has been developed further andratgnl as a calculation mode. It was
originally used to assist with data analysis fag tarticles mode, but can be used for other
kinds of processes than ore concentration. Thisemdmes not use unit models; the analyzed
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data is saved as separate files and the data tefsnieams. Since all data is experimental, there
is no need for unit models. You may use the flowsleawn here in other modes as well.

40.5.Drawing Flowsheets

Figure 30: Flowsheet module main drawing tools on the leftldar and image unit
thumbnail browser on the right.

You can draw the flowsheet first and then spedify variable list or vice versa. The most
important drawing tools and options are shown guFeé 31. Usually the Snap to Grid should
always be on, which makes it easy to align theatbjdrawn. You may sometimes need to
set Snap to Grid to off in order to fine-tune thedtions of the text Labels. You may get the
same effect by holding down tl#dt Gr or Ctrl key and moving the objects with the mouse.
The Persist Tool keeps the last used drawing totilé memory.

Figure 31: The most important drawing tools and drawing amiosee Figure 30 for

locations of these tools. The drawing tools arée@geEdit Stream Points, Unit, Stream and
Table.
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First, select thdJnit tool and draw some units by clicking the drawing camuéts the
mouse and hold the left button down while drawiNgte that you may also select image
units from the Units thumbnail browser, see Figlite The basic units and image units
behave exactly in the same manner in the flowslaeet,you may change the basic units to
image units later on using the Tools, Change Rictudialog.

The next step is to draw tlgtreamsthat connect the units. First, select the Streeawithg
tool, Figure 31, and click the start point of theam. Draw the stream simply by clicking on
the corner points of the stream; and to finishdteving, press Enter or double click the end
point.

NOTE: Resizing the streams using the selection lkasizing handle) is not possible. If you
want to move the location of the stream points, gan move them by selecting the point
with the mouse and moving it or you can do it wiith Edit Points tool:

1. Select the stream and press the Edit Points g@mFigure 32, or press the Space Bar.

2. The stream points will turn green and then you maye these points using the mouse.

3. You may add new points by clicking and moving e stream line.

4. You may remove points by selecting the point asidihg the mouse’s left button down
while pressing Back Space on the keyboard.

5. When you are ready, please press the Edit Paints dnce again or press the Space
Bar. Then the program will check if the stream @mected to the same units as
previously and propose a change if needed.

Figure 32: Stream 6 has been selected for editing. You mayentive green points with the
mouse and add new points by clicking the line aabktd the selected point with Back

Space.

In bigger flowsheets or if you draw a flowsheetroaltiple pages you might need the same
stream in two different places. For this purpose gan make a duplicate stream (Select
stream Edit menu, Duplicate).

Some unit icons have default streams and Wizardghis case when you draw a unit,
streams are also drawn and you need to connecttthdre desired unit. You can specify the
default stream with a right mouse click on the uadn on Properties toolbar, Unit tab,
Figure 18.



OUtOt ? ( HSC Chemistry ® 7.0 40 - 33(70)

Antti Roine, Jarkko Mansikka-aho September 10, 2009 09006-ORC-J
Tuukka Kotiranta, Peter Bjorklund
Pertti Lamberg

Figure 33: Unit and Stream drawing object main properties.

The most important properties of the units andastre may be found using the Process tab
of the Properties Toolbar, see Figure 33. The ¢iss@noperties have been underlined:

Object: The object property specifies the graphical abjgoe. The Sim calculation routine
uses this property to specify the units and stredins drawing type objects are ignored in
the calculation. You may change this property,dease be careful.

NamelD: NamelD specifies the name of the unit or stregoy may change these names,
however, duplicate names are not valid.

Number/Alias: This property is optional. You can present eithétamelD or Number/Alias
for the streams and units. You can change this ftenidit Layers tool, Chapter 40.3.13.

Model: The model property specifies the file name of timit¢ model, which must be the
same as the unit name. The Unit files are locatetthe same folder as the FLS flowsheet
file. The model property is filled automatically.

Source The source property specifies the source unit stir@gam object. A question mark
"?" means that the stream is a raw material, tlecsoof which is outside of the calculated
process.

Destination: The destination property specifies the destinatiait of a stream object. A
question mark "?" means that the stream is a ptagtteam, and the stream is taken out of
the calculated process.

Please note that Sim calculation routines use ®oaincl Destination properties to identify
the source and destination of the streams. In otlueds, if there is disagreement with a
source between the source property and graphioasfeet, then the Sim calculation
routines use the Source property. This means tatdgp not need to draw very long and
complicated streams on the graphical flowsheete@ukit is sufficient that you specify the
Source and Destination properties.

Type: Type of the unit or stream. Reserved for futura $ersions.
Declaration: You may give some additional information in thiedd. Usually it is empty.

Active: You may use this property to temporarily deadtve unit or stream.
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SequenceNormally the units are recalculated downstreaawdwver, with this property you
may force the program to recalculate units in &gigrder. Value "1" in this property forces
the program to recalculate this unit first. In sorases this property may be used to improve
the convergence and speed of the iterations. Tdrexdt is not necessary to specify all units.

Page You may move the object to a different page \iliils property.

Layer: You may move the object to a different layer willis property. You can select
which layers are visible with the Edit Layers td@hapter 40.3.13.

Figure 34: Flowsheet main menu Tools selection. The Inseddde Label and Insert Value
Label may be the most important tools in this sudnm

When you have the drawing ready you may add sordéi@uhl labels, see Figure 34. For
example, thadeader labelmay be very useful when you visualize the calématesults in
the Run mode. You may add the Header label witrséection "Insert Header Label". The
top left or top right corner is often a good looatifor the header label, which shows the
selected Variable name in the Run mode, see FRiure

The Link Label can be used to show any cell value from the calimii models in the
flowsheet. By using the "Link CellRef" property thfe link label, you may pick the active
cell reference (last selected cell in the Excelogllinto this property.

TheValue Labelscan be used to show the actual value of the séleetgable in the stream
in the Run mode. First, select the stream, theecséhe Insert Value Label from the Tools
menu, Figure 34. This also works with multiple s&éts. You can easily relocate the labels
using the mouse. Usually, the Value Label “[valus]added to all the streams, Figure 34.
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40.5.1.

The Tables can be added to streams and units to present tlnaneone value at the same
time. The table header presents the name of thaebles. See more in Chapter 40.5.3.

Editing of Drawing Objects

You may select objects for editing with the Seteci. The Properties Toolbar may be used
to change the properties and location of an objg¢gtvever, the shape of the object can be
changed in the object edit mode only. You may dtsstedit mode by pressing tlhelit
Points icon, Figure 31, or pressing th&pace Barwhen the object is selected. The edit
procedure depends on the object type. The followiotures give a brief introduction to the
editing possibilities.

Figure 35: Editing of Stream, polyline, polygon, and Beziejeais:

- Move green points with the mouse (the mouse pomtest be a cross arrow).

- Add new points by clicking on the line.

- Remove points with the Backspace key (hold thenteftise button down).

- You may change the source and destination urots the Process Toolbar. The
program automatically checks the source and destiingor streams and proposes
a correction if needed when you exit the edit mode.

All objects have a layer property, Figure 15. Yaun select which objects are shown if you
put them in different layers and hide the unwaritg@rs, Chapter 40.3.13. This is a handy
tool when you want to present the flowsheet. You easily change your calculation
flowsheet to a simple presentation if you put défa data in different layers. Layers do not
affect the calculation.

NOTE 1: If you are drawing a stream (polyline) object, then
Backspaceremoves the last segment.

Escremoves the last segment and finishes the drawing.
Enter finishes the drawing.

NOTE 2: The OpenDraw setting, Figure 5, has a great effecthenappearance of the
flowsheet in the edit mode. However, it has noctfée the procedure.
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40.5.2. Editing Unit Images

Figure 36: Ungroup the unit object and save it back in the after changes.

The user may edit unit images that are in EMF or WWidrmat. However, these images
must first be ungrouped into basic graphical oljethese basic graphical objects may be
edited in the normal way. The final step is to stheeselected objects into one unit image.
The steps may be summarized as follows:

1) Select the unit.

2) Select "Arrange, Combine, Ungroup...".

3) Change, for example, the line or fill colorstioé drawing objects.

4) Select all the drawing objects again.

5) Select "Tools, Save selection to Unit...", aadesas EMF format.

This procedure may be used to create new unit imemgdifferent file formats.

You may use the new unit image in the old flowshiethanging the picture of the old unit,
Tools, Change Picture... Then select the file whexe saved the new unit image.
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40.5.3. Table Object

Figure 37: Table object can present process values and détaron the flowsheet.

Figure 38: Table object edit window. You can link cells tatsror report and edit the layout
of the table object.

The table object can present a table with procass an a flowsheet, Figure 37. The table

object can be general or attached to the streammitr The user can define the presented
values and format of the table freely. The tablgaican be drawn to the flowsheet with the

Table tool from the Drawing toolbar, Chapter 40.3be table can be attached to the stream
with Tools menu: select stream and then selectsTioeinu, Insert Table.

A separate edit window will open when you doubliekcthe table. With the edit window
you can use a template (Drawing Title) and linkadt units or reports with the buttons at
the bottom of the window, Figure 38. You can chatigenumber of rows and columns and
rename the table with the fields at the bottomhefwindow. The format of the cell and the
format of all the tables in the flowsheet can barged from the Format menu selections.

An attached table works in the same way as a \lahed; you can specify in one place what
all the tables present. To specify the shown vigglyou need to add variables to one of the
tables, using either Add Variable button or Editnone Variables and then select the
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presented variable from the list. You may add adbedable to show the names of the
variables; stream and unit tables will only shovuga unless you write the variable names
manually.

40.5.4. Pages and layers

Figure 39: Page and layer settings window.

All objects have Page and Layer property. Thesedefine if the object is shown on the
flowsheet. Each page has 30 layers and numbergafspa not limited. Page names can be
changed with double click on the page tab on drgwiindow and layer names can be
changed from the settings window, see Figure 3@nmRhe settings window you can change
the order of the pages, delete them and add neespa@u can also select which layers are
presented and rename them. “Sort to Layers” buittirsort all objects to own layers and
rename the layer with object type. “Use Number/&\lkames” checkbox changes the name
labels of streams and units to use Number/Aliagpeny instead of Name property; see
Figure 33.

You can use pages to separate different procgss. §te connect the streams between pages
make a duplicate stream by naming the stream thee sss present stream or selecting
present stream and using Edit Duplicate tool. The layers can be used for examgien

you make a presentation from your model. You cakariae flowsheet simpler by putting
some data on other layers. The Page and Layer niyodees not have effect on the
calculation of the process.
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40.6.Creating a Variable List

Figure 40: A Sim Input sheet with a simple variable list. Yoan type the list directly in

column B and by clicking the TYPE label, you canedfy the variable type and

measurement unit or type them directly in columnad C. You can create column D
formulas automatically by using the “Create All faias” button in the Type dialog, Figure
3, if you have specified a variable type for colufn

A custom-made variable list makes it possible ttizet the HSC-Sim module in many
different types of simulation applications, such awineralogical, chemical,

hydrometallurgical, pyrometallurgical, economiolbgical, etc. Only your imagination sets
the limits! The custom-made variable list givesoadf flexibility but the drawback is that
the user must know what he/she is doing.

This is also the main reason why the specificatibthe variable list is one of the most
important tasks in the new model development stéga.may easily add/delete/edit/sort the
variable list later on, but still it may be besttty to specify a complete variable list right at
the beginning or at least before you start to eréa calculation models.

First you need to specify the species you are usingur calculation. Species can be any
combination of elements (like Fe, Ag, O, etc.),iddpecies (CaCO3, Na2S, CuS, etc.),
gases (CO2(g), 02(g), N2(g), etc.) or liquids (H2&0), CuSO4(a), etc. or Cu(+2a), SO4(-
2a), H(+a), etc.).

Another very important task is to divide the spsdrego meaningful phases because only this
makes it possible to calculate phase propertiesdénsities and compositions, Figure 42.

IMPORTANT NOTE : The Sync option must be ON, see Figure 40. Ickyonizes the
Input, Output and Dist sheet columns A - D withleather.
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The first step is to type the variable list straigito the Input or Output sheet column B,
Figure 40. The font color will turn from black ted if the variable is not found on the main
HSC database. However, this will not cause any Ipro® unless you use the Sim
thermochemical Addin functions. For example, therdvtGold" in Figure 40 cannot be
found on the HSC database; however, it may be asedvariable name.

The next step is to specify the variable types. Wimards use the variable type specification
in column A for formula and cell reference genenatilf you do not use wizards, then you
do not need to specify the types. However, it ghlyi recommended to carry out a type
specification in any case because it makes thablarlist easier to read.

The meaning of the Input, Output and Dist sheairoak may be summarized as follows:

Column A - Type: Specifies the Row Type. Basically the Type colunsesinot have any
effect on the calculations; however, the Wizards Tgpe information when they create the
calculation formulas. The Type parameter may beifpd using Type Dialog, Figure 3.
The possible selections are:

- A Amount

- T Temperature

- Pr Pressure

- P Phase

- Species. Red font = cannot be found on the H8&bdse.

Note: You may press the "Mouse right button” tovese the HSC database.
Enthalpy

Mass Fraction (Base species must be specified)

Density (Aqueous phase species mass fractionslmeuspecified)
Concentration

Private

Mineral

Other

Volume

<0OZIr0oomnxT

The number section in the row type parameter r@éetee phase number. For example: A2
= Amount of phase 2, H3 = enthalpy of phase 3, etc.

NOTE: The variable list must be in the same ordeali the units. The sync. option keeps
the list the same in the input, output and diseshe all the units. If you reuse a unit from
another process, you need to check that the varisblis the same.

It is recommended to divide the species into meaguainphrases such as "Gas Phase",
"Water Phase", "Pure Substances", etc. The phasedsbe introduced as a continuous list!
Wizards are not able to generate, for example, d&pyhor Amount formulas without the
specification of phase and species variables, Eig0r

Column B - Variable: Specifies the Variable Name. The Wizards use aiepeame to
identify the elements but the simulation calculasialo not utilize this name. The calculation
routines transport stream variable data betweets asi columns anassume that the order
of the variables is the same in all the units

Column C - Unit: Specifies the measurement unit. Please use the s@asurement units
within all the process unit models. You should #yethe measurement units with the
Global Measurement Units window, Figure 41.

Column D - Formula: Specifies the Excel type cell formula, which wilitamatically be
added into the Excel model Input and Output sheet€olumn D. The output stream
columns on the Output sheet will also use this fdam

Columns E - Streams:Each stream has a column of its own.
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Figure 41: HSC-Sim Global and AddIn function default units.

The default units of measure are shown at the fotight of the Model Editor form, Figure
40. You may change these by clicking the unit lab&he Global Measurement Unit dialog
makes it possible to change these units, Figurdt44.recommended to select the units of
measure when you start to create a new procesghandizards will add these units into
column C, Figure 40.

The HSC AddIn function =Units ("C";"MJ") will ch&af the temperature and energy units
are as specified on the formula. If not it will giyou an error message as a result of the
formula. The operation of this formula is differghtin in Addin functions in Excel: HSC7
installation folder\AddIns\AddInSample.XLS.

Note that the Global Measurement Units do not aatarally change the measurement units,
which have been used within the Input, Output, ,BEsintrol, and Model sheets. You need to
click the “Recreate Formulas to all Process Unitstton in the Global Measurement Units
window, Figure 41 or click the “Create All Formuldsutton in the Variable Type Selection
window, Figure 3.

Wizards that make unit models use measurement whien they are applied. When you
change the measurement units you should also tbeurWizards. You can rerun all the
Wizards with the “Rerun all Wizards” button, Figuté or the “Run All Wizards” button in
the Variable type selection window, Figure 3. Ntitat the rerun might take some time if
you have many units in the flowsheet.

A variable list example is shown in Figure 42. distbeen created with the Sample Variable
List button, see Figure 3. Note that the specie® leen divided into phases. The phase list
must be continuous i.e. do not use empty rows witté list.
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Figure 42: A variable list example with variable type spemfions in column A. The
formulas in column D have been automatically crealdost types have been attached with
a phase number, for example, H2 is the enthalgshate number 2. This list is made with
the Sample Variable List button in the Variable &ygelection window, Figure 3.
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40.7.Creating Calculation Models

Figure 43: The Output Stream Distribution Wizard may be s@ifrom the Model Editor
Wizard menu.

The calculation model creates a mathematical cdimme¢model) between the Input and
Output streams of one Unit. Usually this model rhaydivided into two parts:

1. Main Model - chemical, mineralogical, equilibrium, flotatidiiter, etc.

All the input material streams are combined amahtthe calculation model transforms the
raw materials into products by using some matheakaformulas based on chemistry,
physics, or economics. The Sim Wizard creates a mmaidel on the Model sheet. The
main model may also be called theansformation model. These models can be made
with the Wizards presented in the following Chapter with the Excel Wizards
presented in Chapter 56.

2. Distribution Model - based on distribution percentages

The Distribution model divides the products of thain model into the Output streams. If
there is only one output stream then 100% of tloelyets enter this stream. The Sim
Wizard creates a Distribution model on the Dist @udput sheets.

The basic idea is that the unit models (Unit 1,t@2niUnit 3, etc.) are independent and do not
have any information about each other. The grapfimasheet contains the information of
the stream connections between the units. The laesitwo routine transmits the information
(data) between the calculation units according He graphical flowsheet Source and
Destination properties. This unit "autonomy" cortcegakes it easier to reuse the units in
other processes.

However, sometimes some special information needsettransmitted between the units,
and in these cases external links may be usedefteenal link syntax is quite simple: the

formula: "=[Unit 2]Dist!G7" links the cell to celt7 of the Dist sheet in Unit 2. When you

reuse this kind of unit model in some other progeesmust remember to check the external
links. Note that External Links may also generavatilesome "Circular References," unlike
the normal data transferred using stream variables.
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40.7.1. Creating a Distribution Model

Even the simplest main model, which only combirtes Ihput materials feeds without any
transformations, needs a distribution model. Disttibn percentages may be typed manually
into the Dist sheet. However, the Distribution Mbdézard offers an easier way, Figure 43.
The first step is to open the Distribution Wizardnh the Wizard menu, and the second step
is to type the distribution percentages into thealdes, Figure 43. The last step is to click
Apply andClosethe Wizard. This procedure must be repeated fdn aait.

The Apply Distributions procedure creates the Mdiodel on the Model sheet, Figure 44,
fills the Dist sheet, Figure 45 and updates formwa the Output sheet, Figure 46. These
formulas divide the Main model products into Outgieams.

Figure 44: Distribution Wizard creates the Main Model. Instliase the total sum of each
input variable ends up in the output streams witlamy variable transformations.

The Chemical Reactions Wizard may be used to create sophisticated Main models
based on chemical reactions. You may also create g@n models manually using Excel
formulas, cell references and Sim Addin functioms tbe Model sheet or on your own
sheets. However, your own sheets must be located thfe Model sheet! The chance to
create a customized variable list and your own nmaddels using the familiar Excel-type
syntax makes HSC-Sim very flexible for many typésimulation applications.

One unit model is always one file in Excel 2000 ¢&ix97) file format. This makes it
possible to reuse models in other processes. Howthesorder of the variable list must be
the same. In this sense it is a good idea to wsedme variable list in all your processes in
spite of the fact that some of the variables atereded (amounts = 0) in all applications.

Please note that you can also create your own mageler MS Excel, since HSC-Sim
AddIn functions also operate under Excel. Howey#ease use the "HSC7 installation
folder\Template Model. XLS" file or some originalngimodel file as a template for your
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own models. In Excel you may create your own VBAcma for calculation models. HSC-
Sim usually retains macros in XLS files, but it dowt run these macros.

Figure 45: Distribution Wizard fills the Dist sheet with gwelistribution percentages.

Figure 46: Distribution Wizard updates formulas on the Outghget.
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40.7.2. Creating Reaction Equation Models

Figure 47: Distribution Wizard updates formulas on the Outghget.

The main calculation model transforms the inpufalde values into output variable values
using certain mathematical formulas. The main maoday be created manually as in MS
Excel on the Model sheet or by using HSC-Sim Wiga@uite often the main model is
based on chemical reactions. In this case you np@y dhe Chemical Reactions Wizard
using selection "Wizard, Chemical Reactions Modelrotn the Model Editor menu, Figure
2.

The first step is to type the reactions that magplea in the process unit in the Chemical
Reaction Wizard, Figure 47. You may use the BroldBebutton to check the correct syntax
for the species from the active HSC databasesspleies must be written in the same way
as used in the variable list.

The first species of each reaction is assumed thdo&raw material" which is consumed in
this reaction according to the progress %. You rkasp in mind that you cannot consume
more than 100% of the raw materials. For examm& 5 the raw material in two reactions
1 and 2, Figure 47. The sum of Progress % cannande than 100% (80% + 20%),
although it can be less than 100%. The next speiciethe reaction equations will
automatically be taken into account when a modaréated on the basis of the reaction
stoichiometry. However, it is still recommendedctreck for the negative amounts in the
Model sheet and remove these, for example, by dsitrg the Progress %.

The second step is to test the balances by prettsnBalance button. This gives an OK in
the Balance column, showing that everything is OKe balance test will also give enthalpy
H and equilibrium constant K for the reaction at°Zsif all the species are found in the
active HSC databases. Negative H values mean daatisireleased in the reaction, whereas
positive values mean that more heat is neededelldrgalues (>1) mean that the reaction
tends to go to the right and small values (<1) nteahthe reaction tends to go to the left in
the equilibrium state.

Please remember to fill in the Distribution sheet, tFigure 47, because you must divide the
products into the output streams.

When you are happy with the reactions and distiobst pressApply and close the dialog.
This will create both the main model and distribaotmodel on the Output, Dist and Model
sheets.
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Figure 48: Balance range of the main model made by the bigion Wizard.

The Distribution Wizard automatically creates thaldhce range and Chemical Reaction
range in the Model sheet. The Balance range cantaput, Output and Balance formulas,
which summarize the total input and output amowftthe variables. Usually the balances
are not zero if variable transformations (reactfjatsur in the unit, Figure 48.

Note that if the species namerid this means that the species is not found in thieeac
HSC databases. This will not cause any problems thi2 element balance calculations, but
if you would also like to calculate energy balandéen the share of this unknown species
will be missing from the energy balance.

An automatically filled range is outlined with audie line border. Please do not change the
formulas within this range unless you are absojutale of what you are doing.
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Figure 49: Reactions range of the main model made by theibigton Wizard.

The Reactions range contains the list of the reastivith progress percentages and the cell
formulas necessary to calculate the reacted amtlpeal amounts of the species, Figure 49.
You may change the Progress % cells manually,¥ample H7 and H11, or you can make a
control that calculates the correct Progress ¥agelelo not change the other cells within this
area that have been outlined with a double lineldror

Note that the species namerésl if this species is not found in the variable liBhis will
lead to errors. In this case the red color of "Bej+ Figure 49, means that Fe(+3a) will not
be copied to the output sheet and this will caus®terial balance error. Please add Fe(+3a)
to the variable list and rerun the Wizard (open\ieard window, Figure 43, and press the
Apply button). In the case of electrons, the red cotmsdnot matter as long as you are not
interested in electron balances.
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40.7.3. Cr

eating Equilibrium Models

Figure 50: HSC StreamEQ AddIn function calculates the equiiliin amounts (mol) of the
stream at a given temperature of 1500 °C and apre®f 1 bar.

Some process units operate near the equilibriurditons, at least in part. In these cases the
StreamEQ HSC AddIn function may be used to caleuthe total or partial equilibrium
composition of the stream. Equilibrium models aisoauseful when developing new
processes without any experimental process dagath®eexample in:

HSC?7 installation folder\Addins\AddInSample_EQ.XLS.

Before using equilibrium models in your calculatidnis highly recommended to calculate
the equilibrium with the Equilibrium Compositionsodule first, Chapter 13. This module
has a better user interface than the equilibriundehin the Sim module. After you have
noted the calculation correctly in the Equilibritdompositions module, you can introduce
the calculation to the Sim module with the Equilibn wizard.

The StreamEQ function is quite different than tileeo HSC AddIn functions because it
returns an array. All the other functions returwadue. Therefore, MS Excel type array
formulas must be used, see Figure 50. Note thatigheof array functions is not as flexible
as the use of normal Excel type functions. For gtanthe array function arguments must
be located in a continuous block. Note also thatwjyou end the array function editing you
must hold theCTRL + SHIFT keys down when you press Enter

The Equilibrium wizard makes a separate Gibbs slredhe unit model and uses the
StreamEQ function there. The links to the Modelesta@e made automatically. If you need
to modify the equilibrium calculation you can malteanges to the Gibbs sheet.
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The species must be divided into phases for thea®tEQ function. The phase flg&gnust
be used at the beginning of the phase name, Figure

However, in many cases the real processes do meoatepat equilibrium state due to kinetic
barriers and temperature and composition gradiémtthese cases it is better to base the
main process model on experimental observationsdata. The HSC-Sim "Excel editor,
Tools, Data Fit...” sub-module may be used to conexperimental process data into
formulas which may be used in Unit models.

40.8.Specifying Raw Materials

Figure 51: Specification of raw material amounts.

You must give some amounts for the raw materiafsrbeyou test your models. Double
click the raw material stream on the flowsheetuFeg30. In this process, Stream 1 is the
only real raw material stream and the other inpngtasns are internal ones. In this case you
only need to specify Stream 1 amounts, Figure 5u khay also give some amounts for
circulating Streams 6 and 7, although these amauifithe overwritten by the calculation
routine, which transports the data from the sourtgeto the destination unit.

It is recommended to use the same measurement fonitdl the species (t/h). You can
change the measurement units in the Global Measunebnits windows, Figure 41. Note
that you can easily change the number format ofvéve&able row using the Variable Type
Editor, Figure 3, or using the "Format, Cells..." melection.
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40.9.Running Simulation

Figure 52: View of the Run Mode. Run Mode: the Visualize optihas been selected for
Gold. Stream 3 has been selected for the VaridldedBar. You can start calculations by
pressing the Calculate icon.

When you have created the process model in thegPpesimode then you may start the
simulation mode by pressing thgtart Simulation icon or by selecting "Run, Start
Simulation..." from the main menu, Figure 1. Howevsease save your process first using
the "File, Save Process" or "File, Save Process 'Agptions because this allows recovery
after any MS Windows or HSC-Sim errors.

The starting of the Run mode may take a little firkggure 52, because an internal
calculation plan table will be created to optimike calculation speed. So you may change
the content of cells in the Run mode, but do notvencells, rows or columns in the Excel
Model, because this will not update the internédwation plan.

In the Run mode the flowsheet is locked. Howeveu snay open Excel Editor in the same
way as in the Designer mode and change the rawrigda@mounts or some other
parameters. However, please do not add variabdtesige formulas, or modify models in the
Run Mode. You may use the Variables ToolBar to gearalues, see Figure 52.

The first step in the Run mode is usually to ptassCalculate icon, which will carry out the
calculations and move material downstream. Thiseulare will be executed 5 times as
default, or any other number of iterations that ymecify in the Rounds text box. If you
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have no internal circulation streams then some Tounds are enough but if you have a lot
of internal circulations then more iterations wik needed. You may select a critical value
on the stream or unit data amount tab and seathah end criteria (either with a mouse right
click on the value and selecting Set End Critetigdh® same from the Calculate menu,
Figure 53). The Rounds text box is still the maximoumber of calculated rounds.

Figure 53 Set Calculation End Criterion window. You can kpicalues from the data
presented on the right of the simulation windovgure 52, and set one as an end criterion.
When the change of that value is within the toleearthe calculation is stopped. The
Rounds text box shows the maximum number of caledleounds.

When you have carried out the calculations the sloeet is automatically updated with the
selected Variable data. You may change this seleaising the Variable Selection drop-
down list box, Figure 52. You may use the Visuakzatection to change default visualize
settings. Visualized flowsheets offer an illustratiway to report simulation results. The
Visualize options make it possible to adjust tine vidths or the range, etc. These diagrams
are called Sankey diagram$. Note that the HSC-Sim module draws Sankey diagram
automatically.

You may easily Copy-Paste the visualized flowshett other Windows applications by
clicking the Copy icon. Then Paste the flowshet&t Word or Excel using the "Edit, Paste
Special..., Picture, OK" procedure.

You may also print and export the flowsheet asle dsing the Tools menu options, see
Figure 55. Several graphics formats are supported.

Other useful options are "Show Calculation Monitarid “Find Errors”. Show Calculation
Monitor will show details of the calculation in fabformat, Figure 56. It may be used to
identify possible convergence problems with Costraahd circular internal streams, Figure
57. The Find Errors tool shows if the process hasre that affect the calculation, e.g. the
control set point is not reached, some units hagative amounts, the synchronized area is
not the same in all units, or elements in the imoud output streams are not in balance,
Figure 54. This tool also gives information on whekternal controls are located.
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Figure 54 Find Errors window. This window shows most of teors that can happen
during calculation such as element balance errpoiaamrrect operation of a control. You
can change the error limit for element balance. fEie is updated from the “Find Errors”

button.

In case you need to reset the calculation you sarthe “Clear Internal Input Streams” tool
on the Calculate button pull-down menu. This todl wslear all values from input sheets

except process feed streams.

40.9.1. Monitoring Iterations and Controls

You may monitor the progress of calculations andtrab iterations by selecting "Tools,
Show Calculation Monitor", see Figure 55, Figureab@l Figure 57.
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Figure 55: Run Mode: Tools menu options.

Figure 56: Run Mode: the Show Calculation Monitor Dialog niag used to follow the
calculations.
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Figure 57: Show Calculation Monitor Dialog may be used tovglioe Control Monitor .

The Control monitor, Figure 57, shows the iteratmwnvergence of the active selected
control. Note that:

- Excel Editor of one unit must be open
- Control sheet must be open
- One control must be selected (one cell of thatrob must be selected).

You may then test the iteration of the active del@control by clicking th&un Controls
button. This gives the extrapolated values in nuralpd in graphical format.
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40.9.2. Visualize Settings Dialog

Figure 58: Visualize dialog. Gold is an active variable ifstbase.

The stream variable amounts are visualized usiagHtBC-Sim Run mode Visualize option.
The Visualize Settings dialog may be used to chamgé/isualize options.

The Visualize dialog settings, Figure 58 are:

Set Line Width Varies stream line width

Set Color Varies stream color with positive andateg values
Maximum Line Width  Maximum line width with maximuamount

Positive Color Stream line color if value is positi

Negative Color Stream line color if value is negati

Use Absolute Values Automatic line width

MIN User selected minimum value (can be draggedgidie mouse)
MAX User selected maximum value (can be draggedgusie mouse)
Close Closes the dialog

Reset Flowsheet Recovers default line widths

Visualize flowsheet Shows the effect on the flovethe

The list of variables found is presented as infdioma The same information is presented in
the min-max scale as lines. This helps to choosebtst min and max values for the
visualize option.

Note that flowsheets do not calculate anythingy tiely show the stream line widths using
the given variable values. The calculation is miadée unit models.
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40.10. Printing

Figure 59: Flowsheet module Print dialog with Print Preview.

The same printing dialog is available in the FloaethDesign and Simulation mode, Figure
59. The Print Preview on the right side shows ffeceof the selected printing properties on
the print results. The narrow gray area on the ®ddehe paper shows the area where the
printer cannot print. The property list on the fibws the available settings such as:

Printer: Print Setup changes

Driver: Print Setup changes

Color Mode B&W / Color

Paper Size Print Setup changes

Orientation Portrait / Landscape

Fit to Page True / False

Top Top margin. Black horizontal line in Preview.
Left Left margin. Black vertical line in Preview.
Zoom Zoom setting used in printing.

Print Area Picture / Objects only

Print Hidden Objects Also prints object of whicle thisible property is False.
Print Background Also prints background picturetaf flowsheet

In addition to these settings you can center ticu by clicking the button on the left or
bottom of the print preview window.
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40.11. Element Balances of the Units

Figure 60: Element balances of process units.

The unit calculation models made manually or u$ing Wizards may contain errors. One
typical error is that the element balance betwgeririput and output streams is not zero.

You may easily check the element balances of thes by selecting "Tools, Element
Balances..." in the Model Editor menu, Figure 2. Thil start the procedure to calculate
the element balances of all the units and giveetloesthe Balances sheet of the Report form,
Figure 60. This procedure will hide those elemesttimns which do not contain material.
The summary of the results can be seen with the Eirors tool, Figure 54.

This procedure calculates the element balancesdbasethe input and output stream
elements. It also takes into account the possiéeiss (FeO, NaSO4, etc.) in the variable
list. However, it cannot take into account the edata, which are hiding behind the variable
names such as "Gold". If you want the Element Badaprocedure to check the element
balances, please use chemical formulas (Mg, Ca2,S80@2(g), SO4(-2a), etc.) as species
names in the variable list.

You may save, print, and Copy-Paste the elemerdnbal results collected on the Sim
Report form using normal menu selections, Figure \When you save an FLS file the
Report. XLS file will be automatically saved in teame folder.
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40.12. List of Streams - Variable Balances

Figure 61: List of input, output and internal Streams withiahle balances.

Quite often the results of the simulation calcalasi are presented as a stream list with
calculated variable values.

It is easy to generate a stream list with valueb\amiable balances by selecting "Tools, List
Streams..." in the Model Editor menu, Figure 2. ik collect the streams on the Streams
sheet of the Sim Report form. This procedure wgbasort streams into three categories:
Input, Output, and Internal streams, Figure 61this list all the variable names will be
shown in row 2.

Please note that the balance row is not an elebaance, it is a variable balance and it does
not need to be zero for the process. For examptbeiAl203 is converted into metallic
aluminum Al, then the AI203 balance of the procemsnot be zero!

When you save the FLS file, the Report.XLS filelvié automatically saved in the same
folder.
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40.13. Creating Controls

Figure 62: The calculation model “Controls sheet” with one tcoh

Row Name Description

3 Number Control Number (optional, max = 254)
4 Y Target Name Name of Y (optional)

5 Process Unit Unit name (optional)

6 Measurement Unit Name of unit of measure (optjona

7 Set Point Set point of Y (obligatory)

8 Measured Y cell reference (obligatory)

9 Tolerance +/- Y tolerance (obligatory

11 X Variable Name Name of X (optional)

12 Process Unit Unit name (optional)

13  Measurement Unit Name of unit of measure (ojtio

14 Value X cell reference (obligatory)

15 X Min Limit Min limit of X range (obligatory)

16 X Max Limit Max limit of X range (obligatory)

17 X Max Step Maximum X Step (optional, defaultmpy)

19  Control Method Iteration method (optional, défauAuto)
Auto (solve the control with information on rows 203)2
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Auto Smart(Same as Auto except changes X Max Step and
Iterations max limit when needed)
PID (not in use, will be added to HSC8 version)

20  Active Set control ON/OFF (optional, defaultmpy = ON)

21  Iterations max limit Max number of iterationsane round (optional, default = 5)

22  Iterations min limit Min number of iterations@me round (optional, default = empty)

23 Operation Operation of the control calculatioptional, default = Light)
Light (Solve the control with modified tangent methodtfa
Robust(Solve the control with modified Newton methodvs)
Simple direct(Increases X value when Measured value is too
small. Used step can be specified in X max step.)
Simple reverséDecreases X value when Measured value is too
small. Used step can be specified in X max step.)

The HSC-Sim Controls sheet makes it possible tatereontrols which regulate the target
parameter cell value using another variable cdliejaFigure 62. In principle, Sim Control
works exactly like real process control, for examjih a real process unit you may give a set
point to the process unit temperature and reguletedemperature by changing the fuel oil
feed.

You may create two types of controls:

1. Internal control where the target and variable cells exist in Hraes unit (FAST).
2. External control where the target and variable cells exist in déffé units (SLOW).

Calculation of the internal control is fadstcause only one unit is calculated. Calculation o
external control may take more tirbecause material must be recirculated within thelev
process several times to reach a stable targe¢ vdlhu may speed up iterations of external
controls with narrow X min and X max limits and easonable tolerance value. It is
recommended to moderate large changes of the l@amath use of X Max Step. This will
usually prevent the external control from runnihg process out of sequence.

To create one control on the Controls sheet, yoe ha set at least the Target cell reference,
Variable cell reference, the limits for the varmbbnd the tolerance. You may type this
information onto the Controls sheet manually or yoay use the Controls menu options.
Please use the following procedure:

1. Click the first available controls column (C ->) the Controls sheet.

2. Locate the Target cell from your active unit aetest "Controls, Set Unit Target".

3. Type the name and unit of measure into rows 46afugtional).

4. Locate the Variable cell from your active unit asgdect "Controls, Set Unit Variable".
5. Type the name and unit of measure in rows 12 8n@gtional).

6. TypeLimit Min andMax in rows 15 and 16, a narrow limit speeds up theutations.

7. Give the tolerance of the calculation in row 9. éhthe difference of Set Point and
Measured value is smaller than the Tolerance, éinéra@l is in balance and is not calculated
further.

If you want to use an external target cell from soaother process unit then use the "Set
Process Target" and "Set Process Variable" sefextidhis will open the unit selection
dialog, which may be used to guide the externalreédrence to the correct unit.

The defaultTolerance is +/-. A small tolerance increases the calcutatime and a large
tolerance increases errors. Some 2% of the ta@eaevmay be a good compromise. The
control will not be calculated if the value is wiilthe tolerance.

Sim Controls have exactly the salimitations as real process controls, for example:
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- If the target cell does not depend on the vagigell value then the iterations will fail.

- If an external variable cell is used, then theegy be a long delay before the effect on the
target value is visible. In these cases a loteyhiion rounds may be needed to reach the
set point. This may increase the calculation time.

The first HSC-Sim version used the old HSC Chemistiftware iteration routine, which
assumes an immediate response between the varfedsige and the new target value. In the
basic HSC this is always a valid assumption. Howeuethe HSC-Sim module the response
of the target value to the variable change may lievalelays, especially if the target and
variable cell references are located in differgotpss units.

ERROR MESSAGES:

The controls give error messages at the top otémtrol column if there are problems in
calculation. Here is an explanation of the errossages.

#ERR The result of calculation is #DIV/0 or simila

VAL! Control did not reach the Set Point. If thésror is missing, it does not
mean that the control is now correct since contralsulated afterwards
might change the Measured value.

Iters! A larger lterations Max limit might help ghcontrol to reach the Set
Point.

NoChange! Difference in X values does not caudeaage in the Measured value.

SmallMaxStep! A larger Max Step might help the cohtio reach the Set Point.

MinReached! X Min limit is reached. To reach tha Beint the X Min limit must be
smaller.

MaxReached! X Max limit is reached. To reach thée Ba@nt the X Max limit must be
bigger.

Operation! Operation method “Auto” does not seerhdadle this particular control
very well. Please change the control or try the B&i” operation
method.

PLEASE NOTE:

- Usually you can create a large numberimdkrnal controls in a process without a
dramatic drop in calculation speed because thayotlincrease the number of calculation
rounds of the process.

- Usually only a fewexternal controls can be used in one process without a considerable
decrease in the calculation speed because extmrntabls may multiply the calculation
rounds of the process.

- Itis recommended to moderate large changeseofahiable with the use &f Max Step,
when using external controls with slow responses.

- If you want to keep some concentration lower thaset point (8 g/l), change the bleed
stream amount (valve 0 - 100%). Please use annexteontrol since the bleed amount
does not change the concentration unless the vgiotess is calculated. This is possible
when the bleed and concentration cells are inrdiffeunits.

- The RecoveryX add-in function cannot be used in the Target ceficause it is
recalculated only after all the calculation Rouhdse been completed.

- The large number of thermochemical add-in fumdigstreamH, StreamS, etc.) may
reduce the calculation speed if the argument vahenges in each control iteration
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round, because the data search from the H, S ardht@pase takes time. Use these add-
in functions only when needed.

40.14. Remote Control - Scenarios - Sensitivity

Figure 63: Sim Report form showing the Remote Control results

Sometimes you may want to run the simulation byngiveg one or several variables or
parameter values in the process several times. Mhis be done manually, but the Sim
Remote Control tool can be used to automate thid &f scenario or sensitivity analysis.

You can create a new Remote Control by selectingni®®e, Create Remote-Control..."
from the Report form menu, Figure 63. The Remoteesitan be completed using the
following steps:

1.

The first step is to collect the cell referenaesow 6. Locate the variable cell from the
calculation model, Figure 51, and prest Link on the Remote form, Figure 63. You
can also type cell references manually, note tlmtunit name must be in brackets, [Unit
2], and the sheet name must end with an exclamataok, Dist!

Then click cells C5, D5, ES5, etc. to specify agiable type SET/GET. The SET variable
sets the value and the GET variable reads the vaNmte that the SET cell must contain
a value not a formula!

Fill in the SET values in the SET columns staytirom row 7, and enter the number of
Rounds in column B. A large number of Rounds ingesahe calculation time.

4. You may type some headers for rows 1 and 4fgustour own use.

5. Run the Remote Control by selecting "Remote, Remote-Control," Figure 63.

6. The Sim Remote control tool runs the simulaseweral times by changing the SET cells

by the given values and collects data in the GHiirons.
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When the simulation has ended you may Save, Pamd, Copy-Paste the results using
normal menu selections. When you save the FLStfikeReport.XLS file will automatically
be saved in the same folder.

40.15. Creating Reports

Figure 64: Sim Report form with a report on product streams.

Visualized graphical flowsheets are often the miliststrative way to report results.
However, sometimes some key figures are needeabuiar format. The HSC-Sim Report
dialog may be used to collect and modify the nesgsdata from the calculation models.
Open this tool using the selection “File, ReporPlease use the report sheet or add your
own sheet for collecting results; the Balancesdirs, and Remote sheets are reserved for
other purposes, Figure 64.

You can pick any data from the calculation modsisigi external links. You may type these
links in the Report sheet cells manually or you reelect the necessary cell from the unit
model (Set Link Source Cell) and then press3haeLink button at the bottom of the Report
form. Please use the correct syntax in the extdmmed. The formula: "=[Unit 2]Dist!G7"
links the cell to cell G7 of the Dist sheet in Uit

The green backfill of the cell means that the lohkell contains no formula, which means
that you may type a new value in the Report sheeétitawill be transferred into the source
cell. i.e. green cells contain two-way bi-directibtinks and the report sheet can be used to
control the process. The yellow backfill means tit source cell contains a formula and
this means two-way links cannot work with thesdscd@lhe green two-way links allow you
to change some process parameters quickly anccutatdl the process and collect new data
in the yellow cells.

You may format the Report sheet in the same wawyas format an Excel sheet. A
Report.XLS file is automatically saved in the sdimider as the FLS process file when you
save the process.

Multiply Links may be used to copy link(s) in the Report sheathanging only the source
unit. For example, select cells G6:G12 and preskipfyLinks, Figure 64.
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TheShow Link button will show the source cell of the selectetkmal link. TheLinks ON
button may be used to set Links OFF in order teedpgp the calculations. THgalance
button calculates the element balances of the.units

40.16. Global Cell Editor

Figure 65: Global Cell Editor edits all units simultaneously.

The Synch option at the bottom of the Model Edftmm, Figure 2, synchronizes all the
changes made to the variable list in the InputpOiitand Dist sheets columns A - D in all

units. However, sometimes you may want to make snanges in other sheets and cell

ranges too. The Global Cell Editor is made for #ml of work.

You can open Global Cell Editor by selecting: "TcCell Editor...". This will open the
active cell for global editing. You may retype ariyig in the Global Cell Editor text box and

when you press Enter it will be transferred toualits which have been selected in the unit

list at the right side of the dialog.
You may also move, insert, and delete rows glohalgll selected units.

Please be very careful with this tool, you couldilgadestroy your models with this tool if
you are not absolutely sure of what you are doing.

40.17. Calculation Model Appearance and Format

The row and column order of Input, Output, Distn€@ols, and partially also on the Model
sheet, is fixed. In your own sheets the layoutfanchats are totally free.

The default calculation model formats can be fofuaoh the file:
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HSCY7 installation folder\Template Model. XLS

The initial formats cannot be changed; the filjus a copy of the file used in calculations.
If you want to restore to the original file thenlate this file, it will be recreated unless it
exists in the same folder as Sim.exe.

If you want to update old models using new tempfatenats then select: "Format, Unify
Using Template Model..." which will update the formatf all the units using the formats of
the "Template Model. XLS" file. You may also unifging the active model by selecting
"Format, Unify Using Active Model...".

Figure 66: Unit Unify Dialog.

You may also unify selected units only using therfat of the active unit with the Uniform
window. You may open the Uniform Units dialog withe selection: "Tools, Unify
Sheets...".
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40.18. Density of Aqueous Solutions

Figure 67: Aqueous solution density calculator.

The main HSC database contains data of the densitigases and condensed substances,
however, the densities of agueous solutions musahmilated using the density calculator
and Aqueous Solution Density database, Figure Big dalculator may be opened using the
"Tools, Density Calculator..." menu selection. Aque@olution densities are needed, for
example, to convert analyzed concentrations imgglquantities.

The first step is to pick the aqueous solution congmts from the list on the right side of the
form, then the second step is to specify massidrestand temperature, then pressing
Calculate will give the results. The densities are basednaiss fractions because this type
of experimental data is available and the calamfaithodel uses this primary data. Aqueous
solution density is quite easy to measure expetiatign but difficult to evaluate
theoretically. You may add new data to the AqueBofution Density.xls file using MS
Excel. See details of the basic ideas from chajfielr8.1

These fixed density values may be used in HSC-Sametb models. However, the
DensityA(Species;Amount;T) AddIn function may also be usedjive the densities as a
function of the arguments in the models. Densitg&siexactly the same calculation routine
and database as the agueous solution density aliguFigure 67. See example in:

HSCY7 installation folder\AddIn8ddInSample.XLS
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40.18.1. Density Calculation Methods

The density calculation for aqueous solutions waslenaccording to the article written by
M. Laliberté and E. Cooper (Laliberté, Marc. Cogpedward. Model for calculating the
density of aqueous electrolyte solutions. J. Cheng. Data, 2004. Vol. 49, No. 5, 1141-
1151). It is based on the mass fractions of thetmlytes in the solution. The database
includes constants for 59 electrolytes and moresteanis can be added to the database if
measurements of the solution of an electrolyteasedable.

In HSC-Sim, the density calculation may be donengisihe Excel Add-In function
DensityA. For source information it needs the componeihsir tmass fractions, and the
temperature of the solution. The result is the il the solution in the unit kg/fn

The Excel Add-in calculates first the apparent gjweeolume for each electrolyte and then
the density for the solution. The apparent speeificme is calculated with equation 1.

(1_ WH20)+ C, +Cit
(Co (1 - W20 ) +c, )e(0.000001t+c4 )2)

v (1)

app,i =

The apparent specific volume can be either postiveegative. Typically it has a low value
at low concentration and then increases towarcdheati relationship with mass fraction at
higher concentration. The density of the solutian be calculated from the volume using
the following equation:

I = (2)

40.18.2. Adding new electrolytes to the database

To add new electrolytes to the database the cdsstgno c, have to be calculated.
Calculation is preformed with similar equationghose presented above. First, the apparent
specific volume is calculated from the measuremeittsthe following equation:

1. Ml w)

Vapp,i =

Iv,0
I W,

®3)

The volume is used to calculate the constagts ¢,. Equation 1 is used in this calculation
and it reduces to equation 4 for a solution of grst electrolyte in the water.

W, +C, +C,t
(0000001t +c, )?)

Vapp,i =

(4)

(cow +c,)e

The calculations of the constants were made wightin-linear least-squares method (Excel
solver) when the initial guesses for constamysto ¢, were 1, 1, 1, 0.0025 and 1500
respectively. New values for the volume and thesdgnvere then calculated with equations
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1 and 2. Residuals were calculated by subtractegcalculated apparent specific volume
and solution density from their experimental valuBise sum of the square of the density
residuals was calculated, and this value was mig@dhivarying the constants. The data was
also checked for consistency for both volume anusithg by calculating average residuals
and standard deviations. If a data point variegtliimes the standard deviation from the
average residual, the data point is removed anddtwilation is repeated until there are no
inconsistent data. Because the constaman sometimes be negative the other initial guess
for it was -1500 to avoid convergence problems.

Calculation spreadsheets from the source artideaaailable free of charge via the Internet
at http://pubs.acs.org.

40.18.3. List of symbols

Co Empirical constant, kgfn
C1 Empirical constant, kgfn
C, Empirical constant, -

C3 Empirical constant, 0

Cs Empirical constant, °C

t Temperature, °C
Vapp,I Apparent specific volume of componenti, /g
Whi20 Mass fraction of the water, -

W Mass fraction of component i, -
20 Density of the water, kgfn

Im Density of the mixture, kgfn
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40.19. Unit Password Protection

Figure 68: Password protection dialog.

You may hide the calculation models of the prodmsselecting from the Flowsheet menu:
"File, Lock Excel Units with Password..." Dialog, déigure 68:

Type the password to the Password column and &esse Password to All.
Press thé.ock button.

Press th&ave Processutton.

Press th€losebutton.

PowbdpE

This procedure will hide all the other sheets ttian Input and Output sheets and save unit
files in a cryptic format, which cannot be opendthvexcel or any other program. You may
also password-protect only one unit by giving aspasd only to this unit.

You may open the password protection if you knoe gassword but press the Unlock
button instead of the Lock button.

Note that password protection automatically opéres dells with external references for
monitoring and calculations, but all the other £alh the hidden sheets are invisible to
external references. All the "open", unprotectelts @e marked by green pattern on the
hidden sheets.

The password-protected units are like black bowdmre only the Input and Output sheets
are visible to the user. However, remember thatwthe final user has full access to the
protected files in his hard disk, then NO protettioethod is absolutely safe.



