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SECTION 1. INTRODUCTION

1.1. Welcome to VisiMix DI .

VisiMix DI is a new software product for mathematicnodeling and technical calculations
of mixing equipment with different impellers on te@me shaft.
The program is used as a complimentary software tthe program VisiMix Turbulent.

The current first version of program includes ckltian sections covering mathematical
modeling of Hydrodynamics, Turbulence, Single-Phaséng and Heat transfer in
cylindrical tanks with mixing devices consisting of

- 4 or 5 impellers identical impellers;

- 2 to 5 impellers of different types;

- 2 to 5 impellers of different tip diameter;

- 2 to 5 impellers with different number of blades;

- 2 to 5 impellers with different pitch angles;

- 3to 5impellers on different distances;

It allows to perform calculations related to hydrodmic characteristics of each impeller
with regard to interaction of the impellers. In dairmation with this program, the basic
program VisiMix Turbulent become a universal taml &nalysis and solving of mixing-
related problems in practically any industrial mgtiequipment unit.

1.2. Compatibility of VisiMix DI with other VisiMix programs.
- In order to allow application of the program Wikk DI, the basic program VisiMix
TURBULENT must be started.
- The projects created and saved with the prograsiwhk DI have extensionvsd.
- It is possible also to open and work with thej@ects with extensiorvsm created and
saved by current versions of VisiMix TURBULENT a¥&iMix LAMINAR. In this case
the program VisiMix DI does not open the Impellatad All the input data of the .vsm
project are kept intact.
- The projects with extension .vsd or saved withpghogram VisiMix DI cannot be opened
with other VisiMix programs.

1.3. Limitations of VisiMix DI.

The current version ofisiMix DI includes calculation sections covering mathematical
modeling of Hydrodynamics, Turbulence, Single-Phase mixing, Heat transfer and
Mechanical calculations of shafts.

1.3.1.The program handles from 2 to 5 impellers. Foringxanks with onlyONE
impeller on the shatft it is recommended to use the prodfaiiviix Turbulentwhich
includes much more calculation options.

1.3.2.1f the total number of the impellers is 2, ideatianpellers cannot be entered. For
mixing tanks withTWO IDENTICAL impellers on the shaft it is recommended to
use the program VisiMix Turbulemtich includes much more calculation options.

1.3.3.1f the total number of the impellers is 3, ideationpellers with same distance
between them cannot be entered. For mixing tants MAREE IDENTICAL
IMPELLERS WITH THE SAME DISTANCE BERWEEN THEM itis
recommended to use the program VisiMix Turbulgrith includes much more
calculation options.

The messagApplication of the main program is recommendetkans that one of the
conditions 1.3.1. — 1.3.3. is not satisfied.
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1.3.4.Tip diameter of the smallest impellers cannotdss than 0.5 of tip diameter of the
biggest impeller

1.3.5.Tip diameter of the biggest impeller cannot bs kben 0.2 of the tank diameter;

1.3.6.Distance between two impellers cannot be less tlaéfrof tip diameter of the largest
of the two impellers.

1.3.7.Pumping direction of the impellers with pitcheddbs is always down.

1.3.8.The minimum allowed distance from bottom for miagpellers is about 0.25 of the
impeller diameter.

1.2.9.The maximum allowed distance from the lower imgredb the tank bottom is the
double tank diameter.

1.2.10.The maximum allowed distance from the upper ingpdb the level of media is the
double tank diameter.

1.2.11.The maximum allowed distance between the two teighg impellers is the double
tank diameter.

1.2.12.The minimum distance from the upper impeller ® ldwvel of media is 0.5 of width
of the impeller blades.

SECTION 2. SCIENTIFIC BACKGROUND.

Algorithms of the program VisiMix DI are based ¢refundaments VisiMix know-how,

and also on results of special theoretical and rexigatal researches that are performed by
VisiMix team starting from the year 2000. Purpoéhe researches is to expand application
of physical models of the main mixing phenomenaluse/isiMix and described in THE
REVIEW OF MATHEMATICAL MODELS USED IN VISIMIX SOFTWARE. This

purpose is achieved:

° by development of more universal mathematical rsodled calculation
algorithms that are not connected to a single itapdhta;

. by experimental measurements that are performeddir to confirm or adjust
the mathematical models and experimental consthatsare used for closure
of mathematical description;

° by development of new algorithms that allow entgiamd simultaneous
treatment of initial data for impellers with difeart key parameters of geometry
(with and without disc, with different number oBles, etc).

The current stage of these researches providasisaoffdata for expanding of a significant
part of VisiMix models It allows to extend mathdinal models of flow characteristics,
distribution of turbulence, macro- and micromixiugd heat transfer to mixing tanks with
practically any combination of different impellems the shaft.

While modeling in the current program is based m$alyy on the physical models and
systems of equations described in THE REVIEW OF MEMATICAL MODELS USED
IN VISIMIX SOFTWARE, there are a few different feags.
¢ The main equations of momentum equilibrium take axtcount presence of
impellers with blades of different size and design.
e Meridional circulation is calculated for each inlpelith respect to interaction of
the flows.
e Local values of turbulent dissipation are calcuddta each impeller with respect to
its geometry.
¢ Modeling of macromixing takes into account excharages between zones of
different impellers, with respect to interactionflofvs and as a function of the
entire combination and distances between the ieqzell
e Characteristic micromixing time is evaluated wiéispect to difference of
circulation flow rate and turbulence parameterdifférent impellers;
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¢ Simulation of temperature regimes takes into actdifferent levels of turbulence
created in zones of different impellers.

SECTION 3. HOW TO INSTALL VIsSIMix DI.

Installation rules for the ‘stand alone’ and the n etwork version of the
program are different. Installation of each progra  m has to be
performed accordingly to the Installation instructi on that is applied to
the program CD.

SECTION 4. STARTING VISIMIiX DI.

After installing VisiMix DI, the main VisiMix menappears on the screen (Figure 1). It has
the following structure:

Project

Edit input
Calculate
Supplements
Last menu
Last input table
Window

View

Help

Project  Editinput  Calculate Supplements Lask menu Laskinpukt bable  Window  Yiew Help

Dz E s 8w d|k oo e

Figure 1.

4.1. Project

VisiMix performs mathematical modeling of procesgeeelation to a project - a single set
of initial data, which includes the types and ndimensions of equipment as well as the
physical properties of the media and regime pararsethe project is identified by its
name. All output windows corresponding to the s@nagect are displayed in frames of the
same color.

To start VisiMix, selecProject. When theProject submenu appears, you have two options:
starting a new project or working with one of thiejpcts you have previously stored in the
system.

The program enables you to open several projeptso(tour) which can be simultaneously
displayed on the screen. However, you may modifiairdata, create new output windows,
or use any other functions only for the currenjgrbwhose name appears in the text field at
the bottom of the screen. To change the currefegiraiseProject list option inView or

the Project list button in the upper bar. The names of four projedtis which you last

worked, and their locations are displayed at thtéoboof theProject menu, betweeRrint
andExit options.

If windows related to several projects are disptiage the screen, you can also change the
current project by double-clicking on the coloreahfie of the window related to the project
you now want to become the current one.
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4.2. Edit input

This option gives you access to all input tabldsteel to the Current Project. Use it to
selectively modify the initial data, for instandglume of media, Average density or any
other parameter by choosing the appropriate subritemu

TheEdit input option has the following structure (Figure 2) Byielescribed below.

Project | Editinput Caloulate  Supplements  Lastmenu  Lastinputkable  Window  Yiew Help

r:ia;:g device ’ ﬂ Eﬂj ﬂ %

Baffles
Shaft

Iz
I

fAverage properties of media
Heat transfer Heating vaporous agent
Heatingfcooling liquid agent

Heat transfer properties of the media
Chemical reackion data & regime
Continuaus Flow

Semibatch

Batch

Fixed temperature regime

Figure 2.

Tank:
Tank geometry - Main inside dimensions of the tank and volume efiia
Tank shell - Tank shell characteristics for heat transfer calioihs
Jacket
General characteristics- Main data on various types of jackets, includingnber of jacket sections, their
height, position and connection between the jackets
Specific characteristics- Specific data for each jacket type, i.e. width ofieentional jacket and
parameters of heat transfer enhancing devices adéaror half-pipe coil, parameters of
embossed/dimpled jackets.
Mixing device Design and rotation velocity of mixing device, agge, dimensions and position of
each impeller.
Baffles Type, number, position and dimensions of baffles.
Properties & Regime:
Average properties of media- Average density and viscosity, or rheological partars for non-Newtonian
media, used for hydrodynamic calculations.
Heat transfer:
Heating vaporous agent Heating steam pressure or data for another conughgiating agent.
Heating/cooling liquid agent- Liquid heat transfer agent, its flow rate andahtemperature.
Heat transfer properties of the media Physical properties of the media required fatheansfer
calculations.
Chemical reaction data & regime- Kinetic constants for non-isothermal reactiogateffect,
process temperature range.
Continuous flow- Data used for simulation of temperature regirfheomtinuous flow tanks and
reactors only - flow rate of media, temperature emcentration of reactants in the inlet flow, etc.
Semibatch- Data used for simulation of temperature regim8emibatch tanks and reactors only -
initial temperature and concentration of reactaetsding duration, etc.
Batch -Data used for simulation of temperature regifmBaich tanks and reactors only - initial
temperature and concentration of reactants, etc.
Fixed temperatureregime - Media temperature.

4.3. Calculate

Use this option to perform the calculations. Taculate submenu provides access to
modeling in relation to all mixing problems and it parameters.
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4.4. Supplement

This option is used for modeling of tanks with Q&a(sweeping-wall) agitators.

4.5, Last Menu

This convenient option enables you to directly kev¢éheCalculate submenu with which you
last worked.

Example:

You have clicked oMixing power in theHydrodynamics submenu and obtained a
corresponding output. In order to obtain anothépaiparameter, for instancéortex
depth, you do not need to return to tGalculate menu. Simply click o.ast menu -
Vortex depth to obtain your output

4.6. Last Input Table

This is another shortcut, which enables you toatliyénvoke the input table with which you
last worked. For example, if you want to comparat lkansfer rates and select the best
vaporous heat transfer agent, you can change pl after each calculation by selecting
Last input table only, without going through the long procedureadtiressindedit input-
Properties & Regime - Heat Transfer This option is activated after you have first
accessed an input table through Hut input option or the quick access buttons in the
upper screen bar.

4.7. Window

This option functions the same way it does in Msarfb Windows.

4.8. View

This option contains the following functions:

Initial data explorer
Project list
Drawing of apparatus

4.8.1. Initial data explorer

This option (Figure 3) shows a list of initial dditet the current project, including equipment
data (tank, impeller, shaft and baffle), and pripst& regime parameters (see the
description of thé=dit input option above). This option is also accessible feoquick
access button in the upper screen barmodify any of the initial data using the initiddta
explorer, select the required item, and pres&tliebutton at the bottom of the screen. The
appropriate input screen will be invoked.

55 Mining 4
Et] Eaffle= — FLAT BAFFLE-1
étl Propertie=x & regime
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Figure 3.
4.8.2. Project list

This optioninvokes the Project list dialogue, which contairistaof opened projects. In this
dialogue, you can choose or change the currenégrofhe name of the current project
appears in the text field at the bottom of the exar€his option is also accessible from a
quick access button in the upper screen bar.

4.8.3. Drawing of apparatus

This option shows the diagram of the mixing urot the current project, with main
dimensions. This diagram automatically appearsierstreen after all basic initial data for a
new project has been entered, or when an existinjgq is opened. It is also accessible from
a quick access button in the upper screen bar.

4.9. Help
This option functions the same way it does in Méafd Windows. Predsl to invoke the
Help section corresponding to the active window.
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SECTION 5. STARTING A NEW PROJECT OR OPENING AN EXISTING ONE
Select Project. The following submenu appears:
New
Open
Close
Clone
Project comments
Save
Save as
Report
Print
[Recent projects]

Exit

5.1. New
To start a new project:
1) SelectNew from theProject menu.
2) When the newproject dialogue appears (Figure 4), enter a projame in the name
field, then clickSave

Project  Editinput Calculate Supplements Last mena Last inpuk kable i

21|
Save in: | ) VisiMix 2K6 D <] « @10k B

Filz name: | Gide Save I
Save a3 type: I\-"isiMi:-: Project Files [* vad] ;I Cancel |

Figure 4.

This option is also accessible from a quick acbest®n in the upper screen bar.

5.2. Open
To open an existing project:
1. SelectOpenfrom theProject menu. TheOpendialogue appears (Figure 5).

Frojeckt Edik inpuk Calculate Supplements Lask menu Lask inpur table W
open 3 3|
Look. i I I “isiMix 2KB D LI - r:_uF Eol-
File name: |Guide1 Open I
Files af type: I\.-"isiMi:-c Project Files [ w=d] vI Cancel I
Preview I
Figure 5.
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The text box at the bottom of the screen displagsdinformation about the project you
have selected (tank type, volume of the media),yad comments to the project if any
have been made.

PressPreview button to display detailed information about te&ested project (tank,
impeller, baffle, and media properties), and tlagdim of the mixing system (Figure 6).
Pres<LClosebutton at the bottom to exit tireview dialogue.

open 2|
[Guide1] - List of initial data

..

EI Miring device

H-Mixing device.General data
mpeller 1 - DISK TURBINE
[# Iupeller Z - PITCHED PADDLE —
~~Baffles - Apparatus without baffles

--Properties 4 regime

W66

Figure 6.
2. From the file browser screen select the degirepct and cliclOpen.

The program displays a diagram of the apparatustameain dimensions. Use thalit
input option,Initial data explorer or the quick access buttons in the upper screetoba
check and modify initial data for your equipmenaigk, Baffles and Mixing device). For
media properties and regime characteristics Haseinput option orlnitial data explorer
(Properties & Regime).

TheOpen option is also accessible from a quick acces®butt the upper screen bar.

You can also open any of the four projects withalihjou last worked from a list of recent
projects displayed at the bottom of thject menu above thExit option.

The projects created and saved with the curremfrano have extensiorvsd. It is possible
also to open and work with the projects with exi@ms/sm created and saved by VisiMix
TURBULENT and current versions of programs andMis LAMINAR.

NOTE. Projects with extensions .vsd or .vsm caropened from any directory.

5.3. Close

Use this option to close and save the current proje

5.4. Clone

Use this option to create up to four copies of gotrent project. It serves as a convenient
tool for comparing different variants of the sanasib project. This option is also accessible
from a quick accedsutton in the upper screen bar.

User’s Guide VisiMix DI
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5.5. Project comments

Use this option to create or modify your commeatthe project. This option is also
accessible from a quick access button in the ugpg@een bar.

5.6. Save.

Use this option to save all initial data for thereat project. This option is also accessible
from a quick access button in the upper screen bar.

The project is saved with the extensiggd. It cannot be opened with other VisiMix
programs, including the program VisiMix TURBULENT.

5.7. Save as

Use this option to save the current project undesva name. The project is saved with the
extensionvsd It cannot be opened with other VisiMix programsjuding the program
VisiMix TURBULENT.

5.8. Report

Use this option to accumulate the initial data ealdulated results in a file of standard
HTML format.

SelectingReport at any stage of working on a current project ireg& submenu, which is
identical to theCalculate submenu (Figure 7).

Project  Editinput  Calculate  Supplements  Lastmenu  Lastinpubbable  Window  View  Help
ew,, . |
CpEn... H %

Close
Clone

Project comments

Save

Save As.., H
ke

Print... Turbulence

Single-phase liquid misxin
1 E:\2006}Guide] . ved i g g

2 B 20061 Yisifix ZK6 DiGuidel , vsd Heat Transfer - Continuaus Flow 3
3 FADEMS . wed Heat Transfer - Batch process 3
4 CilvisiMix 2K WisiMix ZK5 TurbulentDEM3, vsd Heat Transfer - Semibatch process »

) Heat Transfer, Fixed temperature regime  »
Exit Ale+F4

Figure 7.

Choose the Menu option you are interested in, rent@me for the report and a directory
for it to be saved (Figure 8.). VisiMix will creasereport containing relevant initial data and
the results of the calculations.

saveas 2 x|

Savein: | ) VisiMix 2KE D ~ & @ ok B

Filz name: |Hep_|3 uideT] |£I
Save as type: | Report Files [*HTM] I ﬂl

Figure 8.
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On completing the report, VisiMix issues an appiatermessage (Figure 9).

x

REPORT COMPLETED !

Figure 9.
You may create one or more reports for your project

The report is formed as a file withfam extension, and you may open, edit and print this
file from Microsoft Internet Explorer or MicrosoWord (Microsoft Office 97 or higher).
TheReport option presents all graphs, in addition to a griapin, in a standard tabular
format. This enables you to plot and process yaitat th any way you wish using other
programs, for example, EXCEL.

5.9. Print

Use this option to print the content of the actwgput window - the output window, which
has a blue caption. This option is also accessibigh a quick access button in the right
part of the screen.

The initial data (tank, mixing device, baffles, eage properties of media) are printed
directly from the corresponding input data tables.

Each print-out also includes the complete infororatin the project and directory names.

5.10. Exit

Use this option to close opened projects and gigitVix.

User’s Guide VisiMix DI
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SECTION 6. ENTERING INITIAL DATA .

6.1. General information

Entering of initial data for the program is idenfito the operations performed with the
programs VisiMixTURBULENT and Laminar. The only difference is connected with
entering of data oMixing device.

After you enter the name of a new project and diiék VisiMix requests basic initial data
required for all calculations by invoking the appmate input tables. Supplying this data
allows the program to start the calculations. Yan ause th€alculate function before all
initial data is entered, but VisiMix will ask yoa supply all parameter values first.

The data you have entered is stored in the systechwhen addressing any further
parameters of the output submenus, you will becatkenter only data that is required for
modeling the selected parameter and which hasew®st bntered previously.

You may enter any input parameter in Sl or US gusaty and commonly used units.

Use theEdit input option,Initial data explorer, orLast input table option to selectively
modify your initial data.

VisiMix verifies the input. If your input contairisapplicable symbols, e.g. characters or
punctuation marks instead of numbers, VisiMix issaenessage indicating that one of the
input values is incorrect. In this case you muiskdDK and correct the error. If your input is
outside reasonable limits, contradicts previoushkerd data, or is beyond VisiMix

calculation range, VisiMix modifies the input, affeg the nearest acceptable value to the one
entered, and issues an appropriate message whessagg In this case you must check the
data before exiting the input table.

6.2. Tank

After you enter the name of a new project and dliék the Tank typesgraphic selection of
tanks appears. The tanks differigttom type (flat, conic or ellipticallandtype of a heat
transfer device(Conventional jacket, Half-pipe coil, Embossedmglied jacket, or No heat
transfer device) (Figure 10).

 Tank types ] N [x]

—

Flat bottam Elliptical bottiom Conic bottam

TANKS WITH EMBOSEED f DIMFLED JACKET

Conic bottom

Ok | Cancel| Helpl

Figure 10.

Choose a tank by clicking anywhere inside the setkdrawing. The tank you have selected will
appear in theurrent choice window on the right. CliclOK to confirm your choice

NOTE:
If you do not plan to perform heat transfer calcuians in the current project, do not select
a jacketed tank, even if your tank has a heat tréarsdevice. Select an equivalent
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unjacketed tank instead. If you select a tank witeat transfer device, you will be asked
to supply all its parameters.

When the scheme of the selected tank appears é1dor supply the requested values of tank
parameters by completing the table of dimensions.

NOTE:
The Total tank height is measured from the lowesiqt of the bottom to the upper edge of
the tank, tank head not included.

6.2.1. Tank with flat bottom

Supply the internal dimensions of the selecteddfitomed tank (Figure 14). Enter the
Inside diameterand either th& otal tank height, or Total volume, and the second
parameter will be entered automatically. The sappdies to thed_evel of mediaandVolume
of media. After the table has been completed, click anywloeréne field of the window, and
the diagram on the screen will change to refleatrr yoput. ClickOK to confirm your input,
and use th€hoose new tankbutton at the bottom of the screen to changeathie tiype. The
TANK TYPES screen will then be displayed.

TAMNE WWITH FLAT BOTTOM

Inside diameter 3000 |lmm ~|

Total tank height 5000 |lmm ~|

Total volume 3.534e+04||| | g
=

Level of media 3500 |[mm |

Volume of media |i| o

QK I Cancel I Chooze new tank Print Help |
Figure 11.
NOTE:
In modeling Heat transfer Semibatch process, thelMoe of media is understood as an
initial value.

6.2.2. Tank with elliptical bottom

Supply the internal dimensions of the selected tgitik an elliptical bottom. This option may
also be used for calculating tanks with a sphehottiom, as the influence of the difference in
geometry proves to be insignificant for the proaessieling. Enter thinside diameter and
either theTotal tank height, or Total volume, and the other parameter will be entered
automatically. The same applies to thevel of mediaandVolume of media.After the table
has been completed, click anywhere on the fielth®window, and the diagram on the screen
will change to reflect your input. Click OK to camh your input, and use ti@éhoose New

Tank button at the bottom of the screen to changeahle type. The TANKTYPES screen

will then be displayed.
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NOTE:
In modeling Heat transfer, Semibatch process, theldne of media is understood as an
initial value

6.2.3. Tank with conical bottom

Supply the internal dimensions of the selected taittik a conical bottom. Th€one angleis
usually 45-60 degrees. The maximttaight of coneis controlled by VisiMix as a function
of thelnside diameterand theCone angle.

Enter theinside diameter, cone dimensions, and either theight of Cylindrical Part, or

Total volume, and the other parameter will be entered automifticThe same applies to the
Level of mediaandVolume of media.After the table has been completed, click anywloere
the field of the window, and the diagram on theesorwill change to reflect your input. Click
OK to confirm your input, and use tlhoose New Tankoutton at the bottom of the screen to
change the tank type. The TANK TYPES screen wihtbe displayed.

NOTE:

In modeling Heat transfer Semibatch process, thelMuoe of media is understood as an
initial value

6.2.4. Tank shell characteristics

If you have selected a tank with a heat transfercegHTD ) you will be asked to fill this
table (Figure 12) for the current project.

TAMK SHELL CHARACTERISTICS

b aterial Steel glazs lined

Wall thickness | 10 Imm LI
Thermal resiztance of 0.000z B -
fauling I : I[mz 9 —I
T ank mass [without drive]

If unkrnown, enter 0 * I L IkEI LI

Ok, I Cancel | Print | Help |

* |n thiz caze tank maszs will be evaluated by izibdix

Figure 12.

Material. Selectthe desired tank material. All the required datalie selected material will
be supplied by the program.

Wall thickness. This parameter is required for calculating the wadirmal resistance. If you
do not know the exact figure, enter an approxineatanate; for steel tanks it is usually 5-9
mm. You may not enter a wall thickness lower thanrim.

Thermal resistance of fouling. Fouling of the heat transfer area may occur batthe
jacket and on the media side of the tank wall. atresistance of fouling depends on the

User’s Guide VisiMix DI 17



kind of heat transfer agent (HTA) and the propertiethe media, and is estimated according
to available practical data. Some typical valuegd&posit layers not exceeding a thickness of
0.5 mm on the surface of stainless steel plategiaes in the Table in APPENDIX 2. Enter
the estimated value, or zero if there is no foulinghe case of fouling on both sides of the
wall, enter the sum of the estimated values ottireesponding thermal resistance values for
each side.

Tank mass.Enter theTank massvalue, which is necessary for simulation of hedtingling
dynamics. Th&ank massmust include the mass of the head, HTD, baffleaftsand

impeller, and should not include the mass of theelter's drive. It is always preferable to
enter the mass value, which has been calculatélietgank designer and appears in the tank
technical drawings. If this value is not known,eri0". In this case the program will
calculate the tank mass based on the tank dimenaiwh material. However, this calculation
does not take into account any additional parte®tank device, and is therefore
approximate.

6.2.5. Tank heat transfer general data

You will be asked to fill irthis table (Figure 13) if you have selected a taitk a heat
transfer device (HTD) for the current project.

A diagram of a jacketed tank will appear, accordimthe selected Tank type and dimensions.
Tank head type.Enter tank head type (flat, elliptical), or “abs€iar an open tank.

Jacket covers bottom. If you chooserES, the heat transfer area of the bottom will be
assumed to equal 2/3 of its total adeamost cases, heat transfer area of the bottotopar
the HTD constitutes only a small part of the entieat transfer area.

Number of jacket sectionsYou mayperform calculations for jackets consisting of @ne
two separate sections. If you choose "1", the pnogwill assume your tank has lower jacket
only. In this case, parameters relating to the ujgmket section will appear in inactive script.

| TAME HEAT TRAMSFER GEMERAL DATA Help |

Tank head type Elliptical =
Jacket covers battom INU vI
Mumber of jacket Iﬁ
sections

— Lower section

Distance from bottom I i Imm LI

Height, Hlow I 1400 I p— LI
Heat transfer area for
lower section 0 Isq.m LI

3300

H lowr

IF unknown, enter 0 *
— Upper section
ez e = Bl = e I— m

SECHEns

HiEiafit, Hip I [l ¥ _/
HEeat trarsten are s har

UREET SECton I I- ‘l & 2400

If unknowen, enter 0%

[EEmmechEm el [aehets I_ vI

* In thiz case heat transfer area will be evaluated by oK Cancel I Print I
Wigibdix

Figure 13.

Distance from bottom.For tanks with elliptical or conical bottom, entke distance from
the edge of the shell cylindrical part.

Heat transfer area. Enter the exact values of the HT area for eadtejagection, if known. If
not, enter zero, and the program will calculateHfiearea according to your input.
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Connection of jackets For a2-section jacket specify if the sections are connectederies,
orin parallel. For liquid heat transfer agents (LA), VisiMix asses that the inlet tube is
located in the lower cross-section, and the owuilethe upper cross-section of each jacket
section. Thgacket sections are assumed to be connégctseries,if the Lower sectionoutlet

Is connected to thepper sectioninlet. For condensing vaporous heat transfer ag®ty

the inlet tube is supposed to be located in theupmss-section, and the outlet - in the lower
cross-section of each jacket section. Jauket sections are assumed to be conneated
series,if the Upper sectionoutlet is connected to thewer sectioninlet.

6.2.6. Tank jacket - Heat Transfer data

Half-pipe coil jacket. Specific characteristics.

You will be asked to fill in this table (Figure 14ijter you have selected a tank with a Half-
pipe coil HTD and completed the TANK HEAT TRANSFEFHENERAL DATA input table.
The entire table appears in active script if a@iea jacket has been selected. For a single-
section jacket, only theower sectionboxes are active.

Pipe diameter. Enter the inside diameter of the Half-pipe caiket.

Distance between coil€Enter the distance between the axes of the adjhedfpipe turns as
shown in the diagram.

Number of starts. Enter the number of starts of the Half-pipe coib(dmore, according to
the tank design).

‘ HALF-FIFE COIL JACKET. SPECIFIC CH&RACTERISTICS.

— Lower section

Fipe diameter.

lower section, d II Imm LI
Diztance between

coils, | I Imm LI

Murnber of starts I

— Upper section

Eipeidiameter.
WEEE seahEt) o I I-jv

igtance betveer
coilE, | I I-jv
[HumnEer af starts I
ak. I Cancel I Print | Help | |
Figure 14.
NOTE:

If you have a 2-section jacket and attempt to éki¢ table without entering data for both
jacket sections, VisiMix issues an appropriate megs.

Conventional jacket. Specific characteristics.

You will be asked to fill in this table (Figure 1&iter you have selected a tank with a
conventional jacket and completed the TANK HEAT TRZFER GENERAL DATAinput
table.
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The entire table appears in active script if a@ien jacket has been selected. For a single-
section jacket, only thieower sectionboxes are active.

CONVENTIONAL JACKET. SPECIFIC CHARACTERISTICS.

- Lower section
Heat-tranzfer ;
enhancing spiral baffle Width, W 50 Imm 'l
device
wiall thickness, £ g Imm 'l
Mumber of inlets
Uirametenof I I vl Mumber of nozzles
HGEEE o _;._4
- Upper section
W
itk W I-vl s e
Spiral chaninel ;
et 300 mm | | Wallthickness, [
Leakage. & 100 Mumber of inlets
Mumber of nozzles
0K I Cancel | Frint Help | ‘
Figure 15.

Width, W. Enter the width of the channel inside the jacket,half of the difference between
the inside diameter of the jacket and the outsidmdter of the tank.

Wall thickness, t Enter the thickness of the jacket wall.

In addition to the jacket dimensions, the paransedédevices used for improving the jacket
heat transfer, such as agitation nozzles and dmffles, are entered in this table.

Heat-transfer enhancing deviceSelect “agitation nozzles” or “spiral baffle” fona
appropriate heat-transfer enhancing device. S&bsent” if your jacket has no heat-transfer
enhancing device.

Agitation nozzlesare mainly used in glass-lined equipment. Theinme&ect is to impose a
spiral flow pattern tangential to the jacket wallthomentum exchange between the high-
velocity tangential stream leaving the nozzle dredjacket fluid. This momentum exchange
results in “swirl velocities” in the range of 0.32Im/s, which is high enough to cause
turbulent flow [Donald H. Bollinger, Assessing Hdansfer in Process Vessel Jackets
Chemical Engineering, September 20, 1982, pp. 95-100]. VisiMix takeds @ccount both
agitation nozzles, which create a spiral tangefibal, and additional inlets that may be
located on the jacket surface.

NOTE:
The flow rate through all inlets is assumed to hatlee same value.

The following parameters are entered for the jacheth agitation nozzles:
Diameter of nozzle Enter the throat diameter of the agitation nezzl
Number of inlets. Enter the total number of inlets for the jacket/uding agitation nozzles.

Number of nozzles Enter the number of agitation nozzles in the ¢ga¢R-3 agitation nozzles
are recommended).

Agitation nozzles produce jacket heat-transfer ficiehts two or three times higher than
those in conventional jackets without nozzles, h@awemore pumping energy is required to
overcome nozzle pressure drop.
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A spiral baffle consists of a metal strip spirally wound aroungssel wall from jacket
entrance to exit. This strip directs the flow isgiral path to obtain fluid velocities, typically
in the range of 0.3-1.2 m/s. The baffle is manufigedd in such a way that a gap is often left
between the baffle and the jacket wall. This gag $econd path for the fluid flow from the
jacket inlet to outlet, perpendicular to the dasipath along the baffle. The fluid that leaks, i.
e. bypasses the spiral baffle through this gaps dog contribute directly to heat transfer at
the vessel wall. In general, leakage flow amounmizne-third to one-half of the total flow
circulated to a spirally baffled jacket.

Compared to agitation nozzles, spiral baffles negaihigher flow rate of the heat transfer
agent, but result in much less of the pressure, doopnsure the same heat-transfer rates.
Spirally baffled jackets, therefore, require onlgat of the energy (typically, not more than
about 40%) needed by jackets with agitation nozzles

The following parameters are entered for the sibiaéfle:

Spiral channel height, b.Enter the distance between the adjacent spiras iomthe spiral
baffle (see the diagram below).

Leakage, % Enter the estimated part of the heat transféd that bypasses the spiral baffle
through the gap between the baffle and the jackdit w

I — i
S |

Q | ——
= —

— w— I

Conventional jacket with spiral baffling

Embossed and dimpled jackets. Specific characterist ics.

You will be asked to fill this table (Figure 16)efyou have selected a tank with embossed or
dimpled jacket and completed TANK HEAT TRANSFER GHRAL DATA input table.
Embossed and dimpled jackets ensure better heladege and higher efficiency than
conventional jackets. Tanks wiimbossedr dimpled jacketsare manufactured using a
special double-layer metal plate, which is prelianity embossed or dimpled.

Plate type.Enter the jacket type — embossed or dimpled.

Embossed This type of plate is made by (1) contact weldmigwo metal sheets of different
thickness so that welded spots are formed at regpcing from each other and (2) by
hydraulic or pneumatic pressure, so that the thiplae remains flat, and the thinner one is
inflated. As a result, a channel of a variable sygsction is formed. The maximum height of
the channel is in the range of 3-15 mm. Any malteoapatible with resistance welding may
be used.

Dimpled: fabricated by welding a pre-deformed metal sheatflat plate, so as to obtain a channel
of a variable cross-section between the plategndgedmum channel height usually varying from 3
to 15 mm, as for embossed plates.

A diagram corresponding to your choice appearderstreen. Enter the dimensions as
shown in the diagram:

Plate thickness, t.
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Pillow height, w.
Spot diameter, d.
Spot spacing, |

All geometrically possible values are allowed.

EMBOSSED / DIMPLED JACKET. SPECIFIC CHARACTERISTICS.

Flate type Iembossed j

Plate thickness, t I a Imm j '

Fillow height, w I 10 Imm j l

Spot diameter, d I 1333 Imm j '

Spot spacing, | I 40 Imm j E

Flow ohstruction ‘

factor, lower I 1 ’

section

ey et EtE

fEEtEr WEEEr I

SRt

(0] I Cancel | Print | Help I |

Figure 16.

Embossed and dimpled jackets are sometimes equipitiedpiral, horizontal, or vertical
baffles for further intensification of the heatriséer. In this case, you are requested to enter
an additional parametdf]ow obstruction factor, FOF which characterizes the decrease in
the flow cross-section due to the heat-transfearaimg device.

If your embossed/dimpled jacket has no heat-tramsfeancing device, entet™for the
Flow obstruction factor.

Flow obstruction factor, FOF. Enter the ratio of the flow area in the baffldtheonel to the
unbaffled flow area. This coefficient shows theroaing of the channel and, accordingly, the
increase in the flow velocity.

For the_spiral bafflingf the jacket shown in the diagram below,
FOF = H/b.

Embossed/dimpled jacket with spiral baffling

For the_horizontal bafflinghown in the diagram belowOF = 2H/b.
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Embossed/dimpled jacket with horizontal baffling

For the_vertical bafflingghown in the diagram belowOF = 2L/b.

b

(v My

A
I

U U
1l

L]

Embossed/dimpled jacket with vertical baffling

In the case of series connection of the internat transfer devices,
FOF = n, wheren is number of plates constituting the heat-trandéasice.

In all other cases, the FOF value must be selected empirically, based on general
engineering considerations.

6.3. Baffles

The procedure for selecting the baffle type andramy baffle data is similar to the one used
for tanks.

VisiMix selection of baffles is shown in Figure 17.

|
FLAT BAFFLES TUBULAR BAFFLES
I] I
Flat baffle - 1 Flat baffle - 2
fonthe walll {at adislance  Tubuar baffle - 1 Tubular baffls - 2
framn the wall]
Flat baffle - 1
”o [on the wall)
Ok | Cancell Help |
De Dietrich
Beavertail baffle
Figure 17.

It includesflat baffles used in steel tanks, atubular baffles used mainly in glass-lined
equipment. A steel baffled tank has typically acdde-4 baffles, the baffle width being 1/10 -
1/12 of the tank diameter. Glass-lined tanks awmallsequipped with 1 or 2 tubular or
Beavertail baffles fixed to the tank head.

User’s Guide VisiMix DI 23



When the scheme of the selected baffle appearar@-i8), supply the requested baffle

parameters.

FLAT BAFFLE-1
Number ——
YWidth 300 |mm Ll
Length 3600 |mm ~|
Dist. from bottom 0 Imm LI
Angle to radius [fi] [} Ideg LI

OF I Cancel I Choose news baffle I Frint
Figure 18.

If baffles of different configurations are installen the tank, an equivalent baffle should be
entered, such that the radial projection of théld@#hmersed area equals the average value
for all baffles. The number of baffles entered stidae the same as the actual number of
baffles in the tank. ThBistance from wall for the equivalent baffle must be equal to the
average distance between the wall and the vedia of the baffles, and théstance from
bottom must equal the average baffle clearance.

NOTE:
Inlet tubes, sensors and other fixed internal dezsccan be entered using Beavertail baffle
of an appropriate size.

6.3.1. Flat baffles

Flat baffle -1 type corresponds to a flat baffletioa wall, Flat baffle-2 corresponds to a flat
baffle at a distance from the wall.

Flat baffle-2 option can also be used for approximate calculatairother types of fixed
internal devices, such as discharge tubes. Irctss, a product &idth andLength of a
baffle entered in the table should be equal tadldel cross-section of the fixed device. The
value ofDistance from wall must be selected so that the distance betweematand the
vertical axis of the fixed device equals the spatiatween the wall and the vertical axis of
the baffle.

NOTE:
For radially installed baffles (both flat and tubular)}he Angle to radius is zero.

The distance betwedtlat baffle-2 and the tank wall is usually about 1/3 - 1/4 of biadfle
width.

6.3.2. Tubular baffles

These baffles have a tubular or flattened tubulasszsection. They are used mainly in glass-
lined mixing tanks. Th&ube diameteris usually about 1/7 - 1/11 of the tank radius.
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6.3.3. De Dietrich Beavertail baffle

These baffles are mainly used in De Dietrich glasesd equipment.
One to three Beavertail baffles are usually insthih the tank; standard ratio of baffle and
tank radius is in the range 0.07-0.11.

6.4. Mixing device.

TheMixing device section of the program serves for entering of attarestics of mixing
device. It provides the following options:

e entering the rotation velocity of shaft and powkdiive,

e consecutive entering of impellers;

¢ independent change of characteristics of each Impéicluding relative positions of
the impellers on the shaft.

6.4.1. Mixing device design.
The main input window Mixing device —is displayed automatically (in the case of a New

project) or through th&dit Input>Mixing device in the main menu bar. For a direct access
a buttonMixing device can also be used.

‘ MIXING DEVICE

IMPELLERS

Irnpellers list Inew impeller 'I

impeller 1
impeller 2
Add I View/Edit [ Remove | Festoe |

2066

Ratational speed | 110 IFlpm ;I — _/

totor power I ] IKW j & 1400
Ok I Cancel | Print Help I
Figure 19.

TheMixing device window (Figure 19) shows general design of mixdlegice that includes
2 or more impellers on the same shatft. It servesiitering of the general characteristics of
mixing device: rotational speed and rated (nomipalyer of drive. On the stage of
hydrodynamic calculations, the rated power of drisecompared with the calculat®tixing
power. If the expected value mixing power is higher tii€@o of the nominal power of drive,
a corresponding warning message is returned.

The 30% reservation accepted in VisiMix is basegm@ctical experience. It takes into
account usual level of energy losses in electiieed with mechanical speed reducers
(gyres). If the speed reduction is performed usilegtrical or electronic speed control
devices, selection of the motor power has to bedas the rated torque moment of the low
speed shaft that must be included in the techoltalacteristic of the drive. The
recommended 30% reservation in this case mustiftedeo the calculateBorque value.

Thelmpellers list scroll box present in this screen is used for uigwentering or changing
of impellers types, their dimensions and positionghe shaft.
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6.4.2. Entering of the first impeller.

If the impellers are not entered yet, thapellers list scroll box provides only theew
impeller option. The buttordd in combination with this option opens the impetigre
selection screen. You may choose impellers of typstal designs, both steel and glass-
lined. The corresponding diagram occurs in theezurwindow (Figure 20).

Il Impeller types x|

paddie

digk turbine radial turbine 1 radial turbing 2

Curre

disk. turbine

o L

s

Figure 20.

NOTE:

The program can be applied for practically any existing impeller type, including the types that
are not shown in the Impeller typesscreen. If you want to perform calculations for an impeller,
which is not shown in the Impeller typesscreen, contact VisiMix technical support.

When the scheme of the selected impeller appaguplysthe requested impeller parameters
(Figure 21)

Width of blade is understood as actual width and not projected one

Distance from bottomis impeller clearance, which is understood asiib&nce between the
lowest point of the bottom, and the middle of thedb.

DISK. TURBINE
Tip diameter T Imm j
Diameter of disk 450 {mm |
Mumber of blades III
Pitch angle 90 Ideg j 5
2
Width of blade 120 fmm  ~]
=H-1
Length of blade 150 jmm -] ~—
Dist. from bottom 400 Imm j 2140
]S I Cancel I Chooze new impeller I ﬂl
Figure 21.
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UseHelp button in thdmpeller data input screens in order to get advice with respect
geometry of the impellers. After you finish enteriof the impeller dimensions, press OK.
You can see the selected impeller and its posititimthe number 1 in th€urrent choice
window.

6.4.3. Entering, replacement and removal of impell ers.

In order to enter the additional impeller, seletv impellerin the window ofimpellers list
scroll box of theMixing device window and use thadd button. Select the type and enter
dimensions of the impeller as it is described evpus paragraph. After entering of the
impeller dimensions, click with the mouse in anynpaside the window. A scheme of
impeller size and position arrives accordinglyhe tast input.

After pressing OK, you can see the selected irapalhd its position (accordingly to its
position number 2, 3, etc., see Figure 19) inGbgent choice window of theMixing
devicescreen. The impeller numbers are defined accdgdingheir positions on the shaft,
they are also shown in the mixing device diagram..

Note. Number attached to each impeller is changing automatically with change of itsrelative
position.

TheAdd button in combination with the optidmpeller 1 is used if the new impeller has to
be identical to thémpeller 1. The same — for any other impeller shown in thedew of
Impellers list scroll box .

In order to change dimensions or position of imgreltelect the impeller with the
corresponding number in the scrolling box and hs&dit/View button. To replace the
current impeller with an impeller of another typeeChoose new impelletin the arriving
Impeller data window.

The buttorRemoveremoves the impeller shown in the scrolling bordaw. To cancel the
removal, the buttoRestoreis used.

6.4.4. Main limitations for input of mixing device.

1. The maximum number of impellers in the currensi@r — 5;

2. Two identical impellers or three identical impeflavith same distance between them
cannot be entered.

3. Anchor and Frame impellers can be entered forahlkstwith NO BAFFLES.

4. Tip diameter of the smallest impellers cannot Ise tlhan 0.5 of tip diameter of the
biggest impeller

5. Tip diameter of the biggest impeller cannot be tbss 0.2 of the tank diameter;

6. Distance between two impellers cannot be less hladirof tip diameter of the big

impeller.

Pumping direction of the impellers with pitchedd#a is always down.

The minimum allowed distance from bottom for maspellers is about 0.25 of the

impeller diameter.

9. The maximum allowed distance from the lower impditethe tank bottom is the double
tank diameter.

10. The maximum allowed distance from the upper impetehe level of media is the
double tank diameter.

11. The maximum allowed distance between the two n&gdhb impellers is the double tank
diameter.

12. The minimum distance from the upper impeller tolthel of media is 0.5 of width of the
impeller blades.

© N
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In the cases 2 and 3 the current version of prodfisivix TURBULENT has to be used.
6.4.5. Anchor, frame

Compared to the Anchor impeller, the Frame impdibs an additional horizontal bar. This
bar is used to prevent the winding of the impelktical arms. Its effect on the power and
mixing process in turbulent regime is negligibléeTip diameter of Anchor and Frame
impellers is usually about 0.8 to 0.9 of the tambide diameter, and theVidth of blade
("arm") is about 0.07 of the impell&ip diameter.

Impellers of these type are entered for tanks witlhaffles only.

6.4.6. Propeller

The propeller in the current version of VisiMix cesponds to enarine screwwith a Pitch =
1.0 (a blade angle of about 26 degrees). Tipediameter is usually 1/4 to 1/3 of the tank
diameter.

6.4.7. Disk turbine

The most typical design with vertical blades Rushton turbine with the following
geometry: a pitch angle of 90 degrees; six blaalessk diameter that is 0.75 of thg
diameter; a blade width that is 0.2 of tfiép diameter and a blade length that is 0.25 of the
Tip diameter. TheTip diameter of the Disk turbine impeller is usually less titas of the
tankinside diameter.

6.4.8. Pitch paddle

A common Pitch-paddle impeller, called also Pittddle turbine, PBT has 4-6 blades a Pitch
angle of 45 degrees, however, pitch angles of 806@degrees are also used. For this
impeller, thewidth of blade is usually 0.15 — 0.25 of thiép diameter, and thePumping
direction is down. TheTip diameter is usually 0.5 to 0.7 of the tank diameter. Thagpam
allows for choosing arbitrary impeller geometry viver, more than eight blades and a blade
width greater than 0.3 of thiép diameter are not recommendeBumping direction for

Pitch angle of 90 degrees is of no importance.

6.4.9. Paddle

For paddle impellers with vertical blades, Tfip diameter is usually 0.5 to 0.7 of the tank
diameter. The number of blades is usually 2 tthv@ width of blades is 0.1 to 0.15 of fhig
diameter The blades of glass-lined impellers are usuallgenaf tubes, and in such a way as
to avoid sharp angles.

6.4.10. Lightnin A310

The blades of this impeller have a special hydtafonfiguration developed by the
manufacturer in order to reduce energy losses pitble angle and geometric proportions of
the impeller are fixed by the manufacturer, thathe only variable parameters are Tipe
diameter and theDistance from bottom
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6.4.11. Tooth-disk impellers

These impellers are mainly used for the preparai@mhhomogenization of multi-component
mixtures, such as paints, coatings, etc. They averdby high speed drives with RPM of
about 250-500; their tip velocity is usually 8-1%sror greater. Typically, the number of
blades is 28 to 36.

6.4.12. De Dietrich

De Dietrich impeller

The blades of this glass-lined impeller are madsightly flattened and curved tubes. The
geometric proportions of the impeller are set lyanufacturer; therefore, the only
variables are th&ip diameter, and the parameters describing the position oéllepin the
tank, i.e. thédistance from bottom, and theDistance between stage®r multistage
systems. For the mixing of viscous media, Tiiediameter is usually 0.5 to 0.7 of the tank
diameter.

De Dietrich GlasLock with Variable Flat Blades

De Dietrich glass-lined GlasLock impellers are u®dsarious unit operations, including
blending, mixing, homogenization, gas dispersiopgnsion, heat transfer, crystallization,
etc. They are designed with individually adjustadohel removable blades, and can be used in
both single and multistage applications.

De Dietrich GlasLock with Flat Blades

The typical pitch angles of GlasLock impellers witit blades are:

30 degrees recommended for suspension and cizatialh

45 degrees recommended for homogenization

60 degrees general use for multipurpose readiesding, mixing, heat transfer
90 degrees recommended for dispersion, gas abmorgas-liquid reaction

The width of the blades is usually about 0.1 tod.theTip diameter, the length of the
blades is 0.1 to 0.25 of tAeép diameter. The standard number of blades is three.

De Dietrich GlasLock with Hydrofoil Blades

GlasLock impellers with hydrofoil blades ensure Ipawer consumption and a high pumping
capacity. They are used for suspension processastransfer, and chemical reactions. The
standard number of blades is three. The geometrmoptions of the impeller are fixed by the
manufacturer; therefore, the only variablesRiteh angle Tip diameter and the parameters
describing the position of the impeller in the taid. theDistance from bottom, and the
Distance between stagef®r multistage systems.

De Dietrich GlasLock with Breaker Bar Blades

GlasLock impellers with Breaker Bar Blades are fyaiised for viscous products. The
standard pitch angles are 45 and 90 degrees,ahéasti number of blades is two. For the
mixing of viscous media, thEip diameter is usually 0.5 to 0.8 of the tank diameter.

6.4.13. Glass-lined paddle impellers
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This option can be used for glass lined impellémifferent design and dimensions,
including those manufactured by Pfaudler, Tycoon, lemay also be used for polymer-lined
impellers. Glass lining technology requires a sti@@ed configuration for all the elements of
the impellers; therefore, the impeller blades angally manufactured of flattened tubes.

6.4.14. Radial turbine

This option can be used for the calculations foumber of impellers produced by different
manufacturers. For instance, for approximate sitrariaof aINTERMIG impeller, select
Radial turbine 2 and enter:

Pitch angle, fi = 26 degrees,
Width of blades, W = 0.1 Tip diameter;
Length of blades, L = 0.1 Tip diameter.

6.4.15. Scraper agitator.

Scraper agitators are used in tanks and reactarsdtjuire intensive heat transfer to a jacket.
Their application is typical the cases when itesessary to prevent adhesion of solid
particles (for instance, in crystallizers, in remstfor precipitation processes, for suspension
polymerization, etc.) or formation of a high visitgd$ilm on the heat transfer surface of the
tank

Some kind of plastic, in the most cases -Teflomsisd as a material for the scrapers. The
close contact of the scrapers to the tank walh&ieed due to flexibility of the plastic.

For input of scraper agitator you have to 8s@plementoption of the main menu.

6.5. Mechanical calculations of shafts.

Data in this part of the program are used for clmgcthe suitability of the shaft based on the
calculation of the critical frequency of shaft \@alions and maximum torsion stresses in
dangerous cross-sections.

Calculations are based on the shaft sizes as mpnelily estimated and entered (see below). If
the results of the calculations do not confirmghaeft reliability, the program issues appropriate
messages. In this case, you should modify yourtjrgg., increase the cross-section of the shaft
section mentioned in the message, reduce the nushbevolutions, etc.

The maximum torque of the selected impellers disugsed as initial data for Torsion stress
calculation. For this reason, the mechanical cattns are always performed after the
calculations of the hydrodynamics. The program matiically performs a preliminary check-
up of the selected drive. If the drive does notespond to the requirements described above,
the program issues appropriate messages.

The program allows for two shafts schemes thaedHfy position of bearings with respect to
the impellers:

Console shafts- bearings are placed on the end of shaft opptusttes

impellers. Usually the bearings are fixed on thkteover (head) or on a special construction
over the level of media. Impellers are fixed on‘tmnsole’ end of the shaft that is
submerged in liquid media. However, the programloaapplied for ‘bottom entering’ or
‘side entering’ shafts.

Beam shafts— bearings are placed on both ends of the shadt,impellers are fixed

between the bearings. Such shafts are describe@dsfshafts with end bearing’ or ‘shafts
with submerged bearing’.

All shaft sections are assumed to be made ofahm gnetal with identical mechanical
properties. Calculations can also be performeglttss-lined shafts and shafts with other
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coatings. However, applicability of the VisiMix safbility criteria is not guaranteed for these
cases.

Calculations are performed for shafts with twoite impellers fixed on different distances
from the bearings.

6.5.1. Shaft design

Four types of shafts are considered:

e A solid stiff console shaft with a constant diamét®nsoleregular);

o A stiff console shaft consisting of two parts daffetent diametersgonsole
combined);

e A solid stiff beam shaft with a constant diametsrgmregular);

e A stiff beam shaft consisting of two parts of drént diameterdogam
combined);
A built-up shaft with stiff couplings is regarded a single item.

The term “stiff shaft” means that the rotation&duency of the shaft is less than the shaft's
critical (resonance) frequency of vibrations.

||
SRR =
Length () | 4000 | =l
=Dist. fram bearing to 4000 -
agitator [b] I Imm —I m o)
lengthwppen part (&) I_ T =
Diameter,upper part =
id) | & fmm =
e RS [ -
digmeterlawen part
e cross-sections
[rside diameter| aver lﬁ Im t: \ -
Gt upper park: ower park:
di1
== Far multistage agitators enter the distance ta the lower
agitator stage dz d3

- | input data
Ok I Cancel | Print | | diagrem ‘ Help | ‘
Figure 22 .

Length (a). This parameter is related to the ‘loaded’ pathefshaft. For console shafts you
enter length of the console, i.e. distance betwieerross-section of the lower bearing and
the end of the shaft. For beam shafts distancedest bearings is entered.

A built-up shaft with stiff couplings is regardes @ single item.

Distance between bearings (b entered for console shafts only. Influencend t
parameters for the regular shafts is not significkithe distance is unknown, enter 0. In this
case the program performs calculations for b =thét,corresponds in the most cases to the
maximum reservation.

Upper part (length, diameter). For a combined shaft, the upper section is thecse
between the cross-section of the bearing and thssgection corresponding to the change of
the shaft diameter. For a regular shaft, the whbédt is considered as the upper section.

Diameter between bearings (dOjs required for combined console shafts onlyhi$ t
diameter is unknown, you are asked to enter Ogpraimate calculation. In this case the dO
is assumed to be equal to diameter of the uppér shetion (dO = d).
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Lower part (outside and inside diameters)For a shaft with a solid lower section, enter “0”
as an inside diameter.

6.5.2. Shaft material.

Enter the properties of the shaft materizdnsity, Yield strength, Young’'s modulus of
elasticity (Figure 24).

Some typical values of Yield strength and Youngteduius of elasticity for a number of
commonly used materials is presented in the Talpigv@n according to Mechanics of
Materials SI Metric Edition, F. P. Beer, E. R. Johnston, MicGraw-Hill, 1985, and Mixing
in the Process IndustrieSecond Edition, N. Harnby, M. F. Edwards, A. Wembw,
Butterworth - Heinemann, 1992).

SHAFT MATERIAL

Drensity [ 7850 [kgteubm 7]
"field strength in Za+8 M/ -
tension I I e J
oung's moduluz of 1 932+11 . -
elazticity I I s J

Pull-cut fackar I 2

k. | Cancel | Prirt | Help |

Figure 23.

The actual values of these properties depend dhsfape and dimensions, heat treatment
and composition of the material.

Density for different steeldies in the range 7700 - 8000 kg/m

For Titanium, the density is 4500 kgim

Table 1. Yield strength and Young’'s modulus of dlagy

Properties
Material Yield strength Young modulus
of elasticity
N/sq. m psi N/sg. m psi
Structural 2.6 E+8 3.77 E+4 2 E+11 2.9 E+)
steel
High 3.5 E+8 5.08 E+4 2 E+11 2.9 E+f
strength
low alloyed
steel
Quenched 7 E+8 1.02 E+5 2 E+11 2.9 E+Y
and
tempered
alloyed
steel
Stainless 5+11 E+8 7.2516 1.93 E+11 2.8 E+7
cold-rolled E+4
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steel

Stainless 2.05:2.75 2.97:3.99 1.93 E+11 2.8 E+7
annealed E+8 E+4

steel

Titanium 5.15 E+8 7.47 E+4 1.03 E+11 1.49 E+7

6.5.3. Impellers data for mechanical calculations.

Mass of impellers.The mass of each impeller has to be entered d@ogtydo its position on
the shaft. The numbers of impellers in this taloleesponds to their numbers in éxing
deviceinput table (see par.6.4 , Figure 19).

IMPELLERS DATA FOR MECHAMICAL CALCULATIOMNS

Mazs
Impeller 1 [ 25 kg =l
Impeller 2 EE kg |

[pjei==is | |_:|"
[pjei==i! | |_:|v
|mpellens I I_ - I

** Digtance from -
bearing 1400 f mm |
** For conzale zhaft - from lower bearing, far beam shaft - from upper
bearing.
(] I Cancel I Print | Help | ‘
Figure 24 .

Distance from bearing to impeller .For console shafts enter the distance from theaen
cross-section of the impeller placed close to ¢lweel end of the shaft (Impeller 1 in the
Mixing device table, Figure 19) to the cross-sattibthe lower bearing. For beam shafts the
distance from this impeller to the upper bearingritered. Positions of other impellers are
defined by the program accordingly to the previoysits.

6.6. Properties & Regime
6.6.1. Average properties of media

Select media type - Newtonian or Non-Newtonian (Feég25) - and provide the data based on
measurements or reference data..

For the Newtonian option, enter the available \é#tgosalue (either dynamic or kinematic),
and the program will calculate the other viscosdjue.

For the non-Newtonian option, calculations are Basea universal rheological model shown in
this input table. If you describe the behavior ofiymedia with a different model, we
recommend approximating the rheological functiothvihe equations adduced here.

NOTE:
Contact VisiMix technical department for more infaration about this function.
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‘ AVERAGE PROPERTIES OF MEDIA

Type of media

4 Mewtorian > Mon-Mewtonian Behavior of Mon-Mewtonian media iz
approzimated with the functions:

Average —
dengzity I Ikgx’cub_m j

Dynarmic . _ n
wizcosity I 0.0017 IPB % ﬂ T=T,*K=* ¥
Kinematic: L=T,* 1Ir.1 VK * ?n-1 ,

viscosty 1619206 [sqmis v
f where | - dynamic viscosity, Pa*sec;
Corsiarnt b R Parfse) ¥ -shear rate, Lisec;
. : T -shear stress, Pa;
HETEN I_ T,-yield stress, Pa.
Tield
e [ Msam 7]

ak I Cancel | Frint | Help |

Figure 25.

Data entered in this table are used for calculatfdflydrodynamics, Turbulence andSingle-
phase liquid mixing.

NOTE:
If you do not know the exact values, enter approxsta ones. For turbulent regimes, small

errors in estimation of viscosity are usually nahportant. For density, accuracy is more
important because mixing power is proportional toet density value

6.6.2. Heat transfer

Heat transfer properties of the media

Heat transfer calculations and modeling of heatiogling dynamics is performed with
respect to the change in the physical propertiédgeomedia as a function of the temperature.
Calculations are based on approximate empiricaktaiions and on the values of properties
available for any single temperature value. Thesestations differ for water solutions and
organic substances. Specify tedia (Water solution or Organic substancelnd enter the
values of the media properties and the correspgrtdimperatures (Figure 26). See
APPENDIX 3 for reference data on the properties.

Chemical reaction data and regime

The program performs simulation of temperaturemedior chemical reaction with heat
release or consumption based on the kinetic amthtitdynamic data entered in this table
(Figure 27).
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HEAT TRAMSFER PROPERTIES OF THE MEDIA

PARAMETER TEMPERATLIRE
Awerage density [ 1100 | ko/cub.m =] = [ =
Dynamic viscosity | (1015 |F'a"$ R D |+': =
Specificheat [~ 3200 [ kg =l = It =
Heat conductiviy [ 035 fas i) = [c =l

1] 4 I Cancel | Print | Help | ‘

Figure 26.

‘ HEAT TRAMSFER. CHEMICAL REACTION DATA AWD TEMPERATURE LIMITS

Wil you enter reaction ) . .
kineﬁcs? IE_ VI Reaction velocity conztant K. iz

dezcribed by Arthenius equation :

il ienilE catstart I I_ vl K =4 expl -E /BT,
Erengy of achiation I I_ vl wihere

A iz Arrhenivg constant |

Lowser limit of temperature I 10 I.,E j E is energy of activation .
o F=8314. /[molk] =
Upper limit of terperature I 90 Ioc j =1.986 Btu / [Ib*mal] / °F

iz univerzal gas constant |

Heat effect of reastian I— Iﬁ T iz absaolute temperature .
OFK. I Cancel | Print I Help | ‘

Figure 27.

ChooseYES if you want to enter the data on chemical reactnd the corresponding boxes

in the table will be activated. Choos© if the exact kinetic data or théeat effect of

reaction is not known. In this case you will be asked tteethe available approximate data

on theAverage rate of heat release (consumptiory Heat release (consumption) for a
batchin the input tables that follow. In all cases, spetify range of the process temperatures
by entering the.ower andUpper limit of temperature for the media.

Heating/cooling agent. Convection in jacket

The program performs heat transfer calculationsraodeling for tanks with all commonly
used heating/cooling agents. Choose the heatingigamgent (Figure 28) and enter timéet
temperature andinlet flow rate for the lower jacket section. Enter thdet flow

rate for the upper jacket section if you have selected ecBien jacket with the sections
connectedn parallel for the current project.
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HEATIMNG A COOLIMG LIQUID AGEMNT IM JACKET.

Heating/cooling agent I"-.-'\-.-"ater - I
Inlet temperature I 25 I “C vI
Flows rate of heat transfer Il = Icub ik vI

agent in loweer jacket
Elowinate af e st rarister I—Iﬁ
Sdetbim UEEen [acket

Ok I Cancel I Print I Help I

Operating temperature range: 5 - 204°C [41 - 400°F]
Froperties of the agent,
density. .. 1000 kg [E2.4 lbmAfE]
zpecific heat... 4190 J/kgk] [1.01 Biulbm="F]]
thermal conductivity. . 0.B03 Wik, [0L348 [BruFft] A h=fE="F]]
dynamic viscoszity at 100°C[21 2°F)...0.000284 Pa*zec [0.284 cF]

Figure 28.

The practical range of operating temperatures aogepties of the selected agent are shown
in the lower part of the table. If the range of finecess temperatures you have previously
entered in HEAT TRANSFER. CHEMICAL REACTION DATA AD TEMPERATURE
LIMITS input table falls partly or entirely outsidbe range of operating temperatures for the
selected liquid agent, VisiMix issues a messageatithg that the selected agent does not
correspond to the indicated range of the procespeeatures. In this case, select another
heating agent or modify the process temperaturgeran

NOTE:
The liquid agent velocity in inlet/outlet pipes tie jacket does not usually exceed 5 m/s.

Heating agent. Condensation in jacket

The program allows for modeling heat transfer &mkis with a number of widely used
vaporous heating agent¢A). Choose the requirddeating agentand the pressure (Figure
29).

YAPOROUS AGENT IMJACKET - CONDEMSATIOMN

Heating agent

Inlet temperaturne | 143 I T j

] I Cancel | Frirt | Help |

Buoiling temperature : 133°C [271°F]
Heat of vaponzation : 2166000 J/kg [931 Etulbm]

Figure 29.

The values oBoiling temperature andHeat of vaporization for the selected agent are
shown at the bottom of the table. Enter lthlet temperature of the selected agent in
accordance with this data. If thewer limit of temperature of the media you have
previously entered in HEAT TRANSFER. CHEMICAL REAGIN DATA AND
TEMPERATURE LIMITS input table is so low as to causeezing of the agent, VisiMix
issues a message indicating that the selected dgestot correspond to the indicated range
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of process temperatures. In this case, select anbéating agent or modify the process
temperature range.

Continuous flow process. Heat transfer specific dat a

The program allows for following the change in temperature and concentrations of
reactants starting from any set of initial condisaccording to your input (Figure 30). All
characteristics of the inlet flow, i.e. the flowteatemperature, concentrations of reactants,
and the properties are assumed to remain constémn wthe simulation period.

CONTINUOUS FLOW PROCESS. HEAT TRANSFER SPECIFIC DATA,

Iritial kemperature in =
the tank Im I C jv

Temperature of inlet

oy | 20 |°|: j Inlet Flow rate I 3 Icub.m.fh j
Initial concentration

of reactant Ainthe | 35 [molier = Densitabinlet ™py [ke/cubm =]
tank flaws 3 2

Initial concentration

of reactant B in the | i} Imoh"lite{ j Specific heat DfI 4100 IJJ[kg*K] j
tank it Flow

Concentration of SyETAEE ate il
reactant Ainthe | 36 Imolx’liter = || festreEase I I_ vI

inlet fowe [Carsumptiat]

L«

Concentration of

reactant B in the | 32 Imolx’liter j Simulatin fime I 4 Ih ﬂ
inlet flovs
Qk I Carcel | Print | Help |
Figure 30.

Simulation time. Enter the real time for the process stage you wigimulate. It is
recommended to start with the time equal to themmmesidence time of the media in the tank
determined as the quotient of tlelume of mediaby Inlet flow rate. The program does not
perform simulation for th&imulation time values greater than the tenfold value of the mean
residence time. If you need to perform simulationlénger processes, use step-by-step
procedure. If there are two or more inlet flowsineate and enter average values for the sum
of the flows — the total inlet flow rate, the avgeadensity and specific heat conductivity,
temperature, concentrations of reactants - withaetsto the parameters of each flow.
Average rate of heat release (consumptionentera positive number for heat release and a
negative number for heat consumption.

NOTE:
You must enter this parameter if you chose not tder the data on reaction kinetics in
HEAT TRANSFER. CHEMICAL REACTION AND REGIME input table.

Semibatch process. Heat transfer specific data

The data entered in this input table (Figure 31isisd for following the change in
temperature and concentrations of reactants gjrtam any set of initial conditions. All
characteristics of the inlet flowthe flow rate, temperature, concentrations oftegds, and
the properties are assumed to remain constantgitimintime of the reactants inl&uration
of reactants inlej.
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SEMIBATCH PROCESS. HEAT TRAMSFER SPECIFIC DATA,
Initial temperature in = " Final volurne of -
the tank, I = j' media I 122404 Il J
Temperature of = :
it flow | 2 It x| Dumtenel 1200 [s =
Initial concentration
of reactant & in the i} i - . .
s I Imol.flltef J f[ljoe£3|ty of inlet | 1150 Ikg.-’cub.m j
Initial concentration Seciic heat of
of reactant B in the 0 i - [P=EIE |=kl! . =
tank I Imol.-’llter J inlet flow I 3100 I‘J’J[kg k) J
Cancentration of Heatrelease
reactant & in the | a Imol.-’liter j [EomEumpEticn] I I_ 'I
inlet flow fon & ateh
Concentration of . L
reactant B i the | 0 Imol.-’liter j Simulation time I 3000 Is j
inlet flow
Ok I Cancel | Print | Help | ‘
Figure 31.

Simulation time. Enter the real time for the process stage you wisimulate. The program
does not perform simulation f&mulation time longer than fivefold value dburation of
reactants inlet(i.e.,for cases when th&imulation time value is more than 5 times greater
than theDuration of reactants inlet). If you need to perform simulation for longer peeses,
use step-by-step procedure.

If there are two or more inlet flows, estimate amder average values for the sum of the
flows — the total inlet flow rate, average density specific heat conductivity, temperature,
concentrations of reactants - with respect to #Hrameters of each flow.

Final volume of media.Enter the maximumolume of the media in the tank after the
reagents have been injected. Maume of mediaentered in one of the TANKput tables
is regarded as the initial volume of mediae flow rate of the inlet flow is estimated by
VisiMix as a ratio of the difference between fiaal volume of mediaand theVolume of
mediato theDuration of reactants inlet.

Heat release (consumption) for a batchThis is the total heat release or consumption for a
batch. The entire heat is assumed to be releasedrisumed) during the reactants inlet.
Entera positive number for the heat release and a negatimber for the heat consumption.

NOTE:

You must enter this parameter if you chose not tder the data on reaction kinetics in
HEAT TRANSFER. CHEMICAL REACTION AND REGIME inputtable.

Batch process. Heat transfer specific data

The program allows for following the change in temperature and reactants concentrations
starting from any set of initial conditions accarglito your input (Figure 32).
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Figure 32.

Simulation time. Enter the real time for the process stage you twigimulate.

Fixed temperature regime

Enter theMedia temperature (Figure 33) which is the only additional parameteeded for
heat transfer calculations in tRé&ed temperature regimeoption.

Figure 33.
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SECTION 7. CALCULATION SECTIONS .

TheCalculate menu opens access to calculation and modelingrogptf the program (Figure 34).

It opens a few sub-menus related to the main sectbthe program. Each of these sub-menus
opens access to a group of flow- or process-rejsaeaimeters defined as a result of modeling. For
a short-cut access to parameters of the same gneiyast menu option of the main menu is

used.

Project  Editinput  Calculate  Supplements  Lastmenu  Lastinpubtable  Window  View He

HYDRODYNAMICS 4 ﬂ %

Turbulence ]

Single-phase liquid mixing J

Heat Transfer, Continuous Flow (CF) 3

Heat Transfer, Batch (BH) 3

Heat Transfer, Semibatch (SB) J

Heat Transfer. Fixed kemperature regime (FT) #

Figure 34
Description of the calculated parameters is preskintthe Section 8 of the Guide and in lthedp
section of the program.

7.1. Hydrodynamics

TheHydrodynamics submenu is shown in Filgure 35.

CHARACTERISTICS FOR EACH IMPELLER FHE [ Y DROD W AMIES |
CHARACTERISTICS FOR ALL IMPELLERS L

IMPELLEFR. 1
HYDRODYRMAMICS, MAIN CHARSAZTERISTICS IMPELLER. 2
Revnolds number Faor Flova IMPELLER =
CHARACTERISTICS OF TAMGEMTIAL FLOWY IMFPELLER. 4
RAaDIAL DISTRIEBUTION OF TARMGEMTIAL WELOCIITY IMPELLER. S

Aaverage value of tangencial welocity
Maximum walue of tangencial welocity
Tangencial velocity near the wall
POWER AMD FORCES

Mixing povesr

Tarque

Force applied to baffle

YWORTES PARAMETERS

Warkex depth

Waorkex wolurme

Grea of media surface

Increase of media level due to workex

Figure 35.

This option activates the mathematical simulatibhyalrodynamics with respect to the design of
the mixing unit and average media properties. Sitian is based on the solutions of the
Reynolds equation for a turbulent flow approximatéth polynomial expressions.

The conditions of unambiguity (including boundaonditions) are estimated using the equations
for energy and momentum equilibrium, and practitth on mixing. In particular, experimental
data on the hydraulic resistance of tank wallstzottbm, baffles and blades of different impellers
installed in the tank are used. The system of émpumtakes into account also interaction of flows
created by different impellers as a function of éligr geometry and distance between them. An
extensive experimental material on circulation fliomtanks with different combinations and
relative positions of impellers has been accumdlated used for adjusting the equations used in
this section.

TheHydrodynamics menu includes general flow and mixing parametech s power, torque,
vortex characteristics, etc.
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It includes also the additional sub-menus that ig@parameters for each of the impellers. The
sub-menulCHARACTERISTICS OF EACH IMPELLER  (Figures 32) provides a complete
set of hydrodynamic data for each impeller. Sebectif an impeller in this sub-menu opens a
table (Figure 33) that includes data on geometdytgmvelocity, and also the main calculated
parameters such as impeller power number or aitioul flow created by the impeller.

HYDRCDYNAMICS. CHARACTERISTICE FOR EACH IMFPELLER : IMPFELLER. 1

Pararneter name Tnits Walue
Impeller type disk turbine
Tip diameter m 0.600
Pitch angle of blades rad 1.57
Tip velocity mys 346
Impeller Re mamber 5.93e+05
Mixing power W 109
FPower number 0.216
Teargque H*m 243
Force applied to impeller blade N 593

Figure 33.

The sub-men€HARACTERISTICS OF ALL IMPELLERS (Figure 34) is used in order to
compare individual parameters of all the impeliastalled in the tank.

! CHARACTERISTICS FOR EACH IMPELLER. 4 I

CHARACTERISTICS FOR aLL IMPELLERS [ HYDRODYMARIC

HYDRODYMNAMICS, MAIN CHARMZTERISTICS
Reynolds number For Flow

CHARACTERISTICS OF TAMNGEMTIAL FLOW
RADIAL DISTRIBUTION QOF TAMGEMTIAL YELOCITY
Average value of tangencial velociby

Impeller types
Impeller diameters
Mixing power
Torgque

. : . Circulakion Flow rake
Maxirmum walue of tangencial velocity

Tangencial velocity near the wall
POWER AND FORCES

Figure 34.

Selection of a parameter in this sub-menu opedabla (Figure 35) that includes the
corresponding values for each impeller.

10 x|

Parameter narme

Irmpeller 1

Irmpeller 2

Figure 35
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This menu serves for evaluation of relative ingiubach impeller into mixing and provides data
for improvement of the mixing device.

7.2. Turbulence

TheTurbulence menu is shown in Figure 36.

Project  Editinput  Calculate  Supplements  Lastmenu  Lastinputtable  Window  View Help

HYDRODYNAMICS D i ﬂ %

CHARACTERISTICS FOR EACH IMPELLER. 3
Single-phase liquid mixing 3

CHARACTERISTICS FOR ALL IMPELLERS b
Heat Transfer, Continuous Flow (CF) 3

TURBULENCE. MAIN CHARACTERISTICS
Heat: Transfer, Batch (BH) b LOCAL WALUES OF ENERGY DISSIPATION

Enerqgy dissipation - maximun value
Heat: Transfer, Semibatch (3E) ] L

Energy dissipation - averane value
Heat Transfer, Fixed temperature regime (FT) »  Energy dissipation in the bulk. of volume

Energy dissipation near baffles
EiEes e ey af i s > OLUMES OF ZONES WITH DIFFERENT TURBLLENCE
Yolume of zone of impeller with maximum dissipation
RESIDENCE TIME IM ZOMES WITH DIFFERENT TURBULEMCE
Relative residence time in zone of impeller with maximum dissipation
Relative residence time in zones of baffles
MICRCSCALES OF TURBULEMCE IM DIFFEREMT Z0NES
TUREULENT SHEAR RATES IM DIFFERENT ZONES
Mazdmurn local turbulent shear stress
LOZAL WALLIES OF EFFECTIVE WISCCOSITY

Figure 36.

The intensity of turbulence is evaluated in terisates of the turbulent dissipation of energy,
which is equivalent to the local specific power péqg of media.

The entire mixing volume is assumed to consistfefxazones with different source and level of
local micro-scale turbulence — zones of vorticdsitmbthe blades of each impeller, jets formed by
each impeller, the bulk volume and vortex ategtind baffles. This section of the program
provides estimates for the energy dissipation wfae these zones . Evaluations of turbulent
energy dissipation rates are based on the Kolmdigonodel of turbulence and on the distribution
of the flow velocities defined in the stage of hgdlynamic modeling..

Non-uniformity of distribution of energy dissipatidas important for micro-mixing,
emulsification, and crystallization. A high degdenon-uniformity has a positive effect on
emulsification and a negative effect on crystatlaa For single-phase mixing and suspension
processes, a more uniform distribution of energyéderable.

NOTE:
Turbulence parameters for Anchor and Frame impelhave never been determined
experimentally

The menulurbulence includes additional sub-menus that provide patareef local

turbulence and shear around each of the impelléies sub-men@HARACTERISTICS OF

EACH IMPELLER opens a list of the impellerSelection of an impeller in this sub-menu
opens an additional sub-menu with two options. &lgaion of the fist option General data—

you will get a table (Figure 37) that includes madiculated parameters such as maximum local
values of turbulent dissipation, microscales dbtlence and shear rates for the vortex zones
around the blades of the selected impeller. Therskoption - DISSIPATION OF ENERGY
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AROUND THE IMPELLER - provides a graph obtainedsa®sult of modeling of transfer and
extinguishing of turbulence in the jet created iy impeller (Figure 38).

TURBULENCE. CHARACTERIZTICE FOR EACH IMFELLER. : IMPELLER 1

Parameter name Units Walue

Maximum energy dissipation near the impeller
blades 800

Weolume of zone of maximum dissipation 0.0300

Microscale of turbulence near the impeller
blades 0.000111

Figure 37

DISSIFATION OF ENERGY AROUND THE IMPELLER 1

Energy dissipation, YW.kg

For HELF prezs F1

Figure 38

The sub-men€HARACTERISTICS OF ALL IMPELLERS (Figure 39) allows to compare
individual parameters of all the impellers instdlia the tank.

MaxIMUM ENERGY DISSIFATION MEAR. THE IMPELLER. ELADES
YOLUME OF Z0ME OF MAKIMUM DISSIPATION

MICROSCALE OF TUBULEMCE MEAR. THE IMPELLER. ELADES
TUREBULEMT SHEAR. RATE ME&R. THE IMPELLER. ELADES
EFFECTIVE MISCOSITY

Figure 39

The output table of TURBULENT SHEAR RATE NEAR THEIPELLER BLADES is
presented as an example in the Figure 40.
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MAKIMIM ENERGY DISSIPATION NEAR THE IMPELLER BLADES

Parammeter name Thits YValue

Impeller 1 Wikg g80.6

Tropeller 2 Wike 34.3

For HELF prezz F1
Figure 40

The main menu of TurbulencEigure 36 ) and the output tables related to impellers inelatso
Effective viscosity. For non-Newtonian liquids tB#ective viscosity is based on rheological
constants that are entered into input table Avepagperties of medig(gure 25). It is a function
of turbulent shear rate and is defined separatelgdnes with different turbulence.

For Newtonian liquids the Effective viscosity isuadjto Dynamic viscosity.

7.3. Single-phase liquid mixing

This menu option (Figure 41) is used for mathemahonulation of mixing of two liquids that
are soluble in each other.

SIMGLE-PHASE MIFING. MAIN CHARACTERISTICS
i acromixing time

tean period of circulation

Characteriztic time of micromizing

Figure 41.

Note. In the current version this option can be ustor the baffled tanks only.

This option provides a set of data for estimatibthe minimum mixing time required for the
preparation of a uniform mixture. The mathematimatdeling of macro-mixing is based on a
numerical solution for a non-stable state convedtignsport of a solute (tracer). The system of
differential equations is simplified in accordamaéh experimental data on the general flow pattern
in mixing tanks and takes into account number,giessand positions of the impellers.

The simulation is performed for liquids with nomijcant difference in density and viscosity.

Micromixing phenomena are analyzed separately (3eeacteristic time of micromixing), the
final evaluation takes into account distributidrcimculation and local turbulence around each
impeller.

7.4. Heat transfer

7.4.1. General

VisiMix DI performs two kinds of heat transfer calations:

1. Simple calculation of heat flux and heat transteeficients for a fixed temperature of the
media;
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2. Simulation of dynamic temperature regimes of mixiaugks and reactors with respect to
reaction kinetics and heat effect.

The modeling of the heat transfer includes calugatedia-side heat transfer coefficients,
jacket-side heat transfer coefficients and thenia¢resistance of the tank wall.

Calculations of the mediside heat transfer in tanks with various impeleesbased on a
physical model which takes into account heat trartsp turbulent boundary layer and energy
distribution in the flow (seReview of Mathematical Model3.

VisiMix DI has been developed for the turbulentineg of mixing in the tank. However, for the
user’s convenience, Heat transfer calculationpar®ormed also for lower Reynolds number
values.

Heat transfer in jackets is calculated using knewmpirical correlations, which are also referred
to in theReview of Mathematical Models The program calculates also the thermal resistahc
the tank wall.

Heat transfer devices (HTD)

Calculations are performed for tanks with outsidattiransfer devicesconventionaljackets,
half-pipe coil jackets,andembossed/dimpled jacketsThe jacket may consist ohe section (if
there is one section only, the program regards It awer") ortwo separate sections ("Lower"
and "Upper").

The position of the sections, their dimensions lagat transfer areas may valcpwer section
may cover the tank bottam

Connection of two jacket sections

The sections may be connectadseries” and"in parallel” .
Connectiorin parallel:

Liquid heat transfer agent.4) inlets are placed in the lower cross-sectionamhesection, the
outlets - in the upper cross-section of each sectiw inlet temperature fA is the same for both
sections; you should estimate and entefrlthe rates forLA .

Condensing (vaporous) heat transfer ag@f) - steam, Dowtherm vapor, etc. - inlets are placed
in the upper cross-section of each section, thietsutf condensate - in the lower cross-section of
each section; the inlet temperature and pressWé aire the same for both sections.

Connectiorin series:

Liquid heat transfer agenitA) inlet is placed in the lower cross-section of liheer section A
outlet is placed in the upper cross-section ofdker section; the inlet of the upper section pthce
in its lower cross-section is connected to theabutf the lower section; the outlet of tha is
placed in the upper cross-section of the upperjaséction. The flow rate &fA is the same in
both jacket sections. Enter the inlet temperatfilefofor the lower section; the inlet temperature
for the upper section is assumed to be equal ttethperature dfA at the outlet of the lower
section.

Condensing (vaporous) heat transfer ag@f) - steam, Dowtherm vapor, etc. - inlets are placed
in the upper cross-section of the upper sectiangtitlet of condensate and steam (vapor) of the
upper section is placed in its lower cross-sediath connected to the inlet pipe placed in the
upper cross-section of the lower section. The bofleondensate is placed in the lower cross-
section of the lower section. The steam (vapordsuree in both sections is assumed to be the
same, the inlet temperature for the lower sec8assumed to be equal to the saturation
temperature.

Heat transfer agents (HTA)
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The program performs calculations of heat tranisféieat transfer devices for two kinds of HTA -
liquid agentsI(A) and condensing steam or organic vap¥¥s)( There is no need to enter the
physical properties of heat transfer agents: yostraanly select an appropriate agent and enter the
inlet conditions: the inlet temperature fok, the inlet temperature and pressureMér. The

required properties of heat transfer agents arievetd by the program from its database. The
program includes also subprograms for approximal@itations of temperature-dependent
physical properties of heat transfer agents.

Properties

Simulation of temperature regimes is performed wggpect to the change in physical properties
of liquids (the media andTA) as a function of the temperature. For this pugptse program
includes algorithms and sub-programs for approxéncatculations of temperature functions of

the density, viscosity, specific heat and heat ootidity of liquids, which are based on a single
value of the property and the corresponding tempexaThe calculation methods for the

viscosity and specific heat capacity are similathevgraphical method proposed by Lewis, W. K.
and L. Squires for viscosity (see J. Perry, Chahtingineering Handbook,

pp. 3-281,282, Fig. 3-50). Different functions ased for water solutions and organic substances.
You will therefore be asked to specify the mediadidition to the values of the properties.

NOTE:

The methods for calculating physical properties approximate. Their accuracy is sufficient
for heat transfer calculations, but they are noteemmended for general use. The table of
properties of the most frequently used water sadas and organic solvents is accessible
through HEAT TRANSFER PROPERTIES OF THE MEDIA inputable. It will help you to
approximately estimate the initial data for heatnsfer calculations.

Simulation of temperature regime. General informati ~_on

The main menu includes three Heat Transfer optielased to the main process regimes -
Continuous flow CF), Batch BH) and SemibatchSB). Each of them includes two submenus
according to the type of the heat-transfer agedtthe process in the heating/cooling device
(HTD). TheLiquid agent (LA) option is used to calculate heating or coolinthetank with a
liquid heating agent (LA). The heat transfer medsrammay correspond to free convection or
forced convection in laminar or turbulent flow cdamahs. In the course of the simulation, the
program estimates the flow and heat transfer reginteselects the appropriate correlation.

Before starting the simulation kselecting a parameter in the corresponding subroEHgat
Transfer options o€alculate, you will be asked to fill in the appropriate ingables of initial

data according to a particular mixing case. Howgfegrall process regimes it is necessary to
enter the_ower and Upper limits of temperature of the media in the tank in order to define the
range for the simulation. It is also necessarynteretheSimulation time.

If the calculated temperaturkiédia temperature) falls outside the prescribed temperature limits,
the program stops calculation and issues an agptepnessage, indicating the time when this
occurs. To obtain more information about the precester a new value for tismulation time,
which must be lower than the one indicated in tlesgage in the corresponding HEAT
TRANSFER. SPECIFIC DATAnput tablefor CF, BH and SB processes.

The results obtained with heat transfer calculatiptions are displayed mainly as graphs; the
parameter you selected is presented as a fundtiime within the simulation periodTo present
graphs as tables, use Report option (see par. 5.8 above).

The simulation is based on the common equatioheaf equilibrium with respect to heat capacity
of the media and the tank. You select the tank nadie TANK SHELL CHARACTERISTICS

input table, and the properties of the material bl retrieved from the VisiMix database. You may
enter the tank mass according to the tank drawihfse exact mass is not known, VisiMix
calculates it.
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Chemical reaction with heat release or consumption

The program simulates simple heating or coolinganks, and also temperature regimes of chemical
reactors. Calculations are performed with respeattecond-order single-phase chemical reaction:
A+B —> C +Q,

where Qis the specific heat release/consumption of theqs®.

You may enter kinetic data and heat effect of gaetion in the HEAT TRANSFER. CHEMICAL
REACTION DATA AND TEMPERATURE LIMITSinput table. The heat release is calculated as
a function of the current concentrations and temipee according to the Arrhenius equation. If
the kinetic and thermodynamic constants for thetrea are not available, the program may
perform calculations based on the average heas@leonsumption value you entered. This
option may also be useful for simulating tempemtegimes of heterogeneous reactions with
total heat release value based on experimental data

7.4.2. Modeling of temperature regimes

VisiMix allows you to perform heat transfer caldigas for the following types of processes:
Continuous FlowCF), Batch BH), Semibatch$B), and for Fixed temperature regint€r(). For
each of these processes you may perform simultdiche case of liquid heat transfer agerh |
in jacket, and for the case of vaporous heat tearzfent VA) in jacket. The menu of one of the
Heat Transfer options inCalculate is shown in Figure 42.

! YisiMix 2000 Turbulent =25 [ e s Trarsfer. Bamtinuots: o S]]
Project  Editinput  Calculate Last menu Last input table  Window
. L i Media temperature. CF. LA,
Hedrodynamics * |:|]| %l ! P

wiall termperature, media side. CF. LA,

Outlet temperature of liquid agent in lower jacket. CF.
Outlet temperature of liguid agent in upper jacket. CF.
Concentration of reactant &, CF. LA

Turbulence 3

Single-phasze liquid mixing 3

Continuous flow dpnarmics 4 Concentration of reactant B. CF. LA,

Heat transfer rate. CF. LA,

Specific reaction rate. CF. LA,

Feaction heat. CF. LA,

Inzide film coefficient. CF. LA,

Overall heat-transfer coefficient, lower jacket. CF. LA,
Overall heat-transfer coefficient, upper jacket. CF. LA,
Outside film coefficient, lower jacket. CF. La,

Outzide film coefficient, upper jacket. CF. LA,
Prezsure head on the jacket, max

Liquid velocity in jacket

Heat-transfer area

Batch reaction /blending 3

Semibatch reaction [3

Liquid-zalid mixing 3

Liquid-liquid mixing 3

Gas dispersion and mass transfer 3

Liquid-zalid mas= transfer 3

Heat Transfer. Continuous flow

Heat T fer. Batch (BH 3
eat Transfer. Batch [BH] Vapor agent (VA]

Heat Transfer. Semibatch [SE] 3

Heat Transfer. Fised temperature regime [FT] »

Mechanical calculations of shafts 3

Figure 42.

Continuous flow process - CE

This option provides mathematical modeling of tigaamics of a continuous flow mixing tank
with a heat transfer device. The process eventoadlghes a steady-state regime. Granted the
sufficient simulation time, the final results olmtadl in the simulation will represent the steady-
state parameters.

In this case, theleat transfer areain the tank is assumed to be constant and is caézll
according to th&olume or Level of mediain the tank.

You select a starting point of the simulation, flee media temperature and the concentrations of
the reactants. The simulation, including the sirioifaof transition regimes, can be started from
any reactor state.
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Batch process - BH

This option provides mathematical modeling for Bateating/cooling of the tank or Batch
chemical reactor with a heat transfer device. is thse, théleat transfer areain the tank is
assumed to be constant and is calculated accamlithgVVolume or Level of mediain the tank.

In the case of a chemical reaction, both reacaetsupposed to be loaded and distributed in the
reactor before the simulation starts.

Semibatch process - SB

This option provides mathematical modeling of Seattb reactors with heat transfer devices. It is
assumed that the solution of reactants A and 8aiddd into the tank in the beginning of the
process. The volume of the solution is the mininuohume of the media in the tank and
corresponds to the value \@blume of mediayou entered in the TANK input tabléit moment

“0", the loading of the solution of reactants A a@dhto the tank begins. The solution is loaded at
a constant flow rate until the volume of the mdzkaomes equal to ti&nal volume of media

you entered in the SEMIBATCH PROCESS. HEAT TRANSFEPRECIFIC DATAinput table.

You must also specify tHauration of reactants inlet, Density, Specific heat capacityand
Temperature of inlet flow. The volume flow rate of the inlet flow during thret period is
calculated as

(Final volume of media- Volume of media)/ Duration of reactants inlet

The current values of théolume of mediain the tank and of theeat-transfer area of heat
transfer devices are calculated as functions af timd with respect to the flow rate of the inlet
flow.

If kinetic data andHeat effect of reactionhave been previously entered, VisiMix calculateath
release with respect to the current concentratibiise reactants and temperature. If iteat
release/consumption for a batchwas entered instead of thieat effect of reaction the reaction
heat release (consumption) is assumed to be comktang the reactants inletnd to become
zero after the end of the inlet period.

Fixed temperature regime - FT

This option allows for performing common heat tfangalculations of the tank for a given single
set of conditions, i.e. the volume and temperabfithe media. No additional data on the process,
such as reaction kinetics or heat release, aressage All program output in this case is given in
the form of tables.

Fixed temperature calculations are the most simptefast of all VisiMix Heat Transfer modeling
options. You may use this option not only for cédting steady-state heat transfer rates for fixed
conditions, but also in combination with one of #iaulation options as the first stage for a
preliminary selection of the equipment, the heatdfer agent, its inlet temperature and flow rate,
etc. Another possible application is obtaining otijparameters for any desired point on the process
simulation curves by reading thedia temperature at this time coordinate from the grajgledia
temperature vs. time,and entering it in the FIXED TEMPERATURE. HEAT TRARER

SPECIFIC DATAInput table

All output parameters are accessed viaGhkulate option in the main VisiMix menu. To invoke
theHelp section corresponding to the active output windomess-1.
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SECTION 8. OUTPUT PARAMETERS.
8.1. Hydrodynamics

8.1.1. Reynolds numbers.

Visimix DI provides two values of Reynolds number.
Thelmpeller Re number is defined for each impeller accordingly to tleeepted practice, i.e. as
a function of number of revolutions of the shatdtiatip diameter of the corresponding impeller:

Re=DONWN
Here D —tip diameter of the selected impe]ler,
N - number of revolutions of the shaf, 1
v - kinematical viscosity of media, sq.m/s.

The Reynolds number for flow is defined as a hyginaanic characteristic of flow in the mixing
tank, by its physical meaning it is the same aR@@aumbers for flows in pipes, channels, etc.
This value is based on the average velocity ofltive and radius of the tank.

The lower limit of a turbulent regime corresponalsite Reynolds number value of about 1500.
Significant changes in hydrodynamics are observeeivthe Reynolds number value is lower
than 1000. The current version of VisiMix does petform calculations for Reynolds number
values lower than 1500.

8.1.2. Radial distribution of tangential velocity

This graph represents the average radial profitarajential velocity. Numerous measurements

have shown that in a well developed turbulent flmeal profiles of tangential velocity in mixing

tanks are close to the average one at almost aglgthexcept for the impeller area.

8.1.3. Average value of tangential velocity

This parameter represents the volume average f@t@ngential velocity defined by integration.

8.1.4. Maximum value of tangential velocity.

This parameter represents the highest point gfetatial velocity profile shown in the graph of
RADIAL DISTRIBUTION OF TANGENTIAL VELOCITY.

8.1.5. Tangential velocity near the wall

This is the height average tangential velocity rieamwall outside the boundary layer. Velocity
degradation in the boundary layer is beyond theesad VisiMix modeling.

8.1.6. Mixing power

This parameter is calculated as a sum of calcula@er consumption values of all impellers.
The calculation of power value for each impeltebased on the results of mathematical
modeling of velocity distribution and on experimamesistance factor values for blades of
different configurations. The data on average dgmsid viscosity, which have been previously
entered into the system, are used. If the calalilmiging power exceeds 70% of the motor power
rating you have previously entered into the systhmwarning'Mixing power is too high for

your drive” is issued.
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The 30% reservation accepted in VisiMix is baseg@ctical experience. It takes into account
usual level of energy losses in electric driveshwitechanical speed reducers (gyjel the

speed reduction is performed using electrical ectebnic speed control devices, selection of the
drive has to be based on the rated torque momehedbw speed shaft that must be included in
the technical characteristic of the drive. The neoended 30% reservation in this case must be
related to the calculatébrque value

8.1.7.Torque

This parameter represents the value for the targparted by the mixing device to the media, and
applied by flow to the drive and to the mixing tasdpporting detail. It is defined as a sum of
torque moments applied by each impeller on thetshbé value does not include additional
resistance or friction moments in bearing, sealanys gearboxes.

8.1.8. Force applied to baffle

This parameter represents the force that is apfi¢he baffle as a result of flowing it over beth
tangential flow. Direction of the force — normaltémk radius, radius of application - the baffle
axis.

8.1.9. Vortex depth

The phenomenon of vortex formation is mainly siigaifit for tanks without baffles. In baffled
tanks, the vortex is usually small and can be demed. However, at high RPM values, the
vortex may be quite large. It is often unstablel &s depth and shape may change considerably.
In these cases, calculated vortex parameters sheulegarded as estimates only.

If the vortex is too deep and reaches the impaliestable gas caverns may form around the
impeller blades. The resulting shaft vibrations meguce the reliability of the equipment. Gas
insertion into the media may also occur. VisiMitslgou know if such conditions are expected. If
influence of the vortex is significant, the progrdisplays the corresponding message.

8.1.10. Vortex volume

Volume of the vortex is defined by integration.

This value must be taken into account in the cotiis flow processes for calculating mean
residence time of media. In particular, it is imjaat for small scale continuous flow equipment.

8.1.11. Area of media surface

This is the area of the media surface, calculatiéid spect to deformation of surface due to
vortex formation.

8.1.12. Media level increase due to vortex formatio n

Due to vortex, there is an increase in the levehetlia near the tank wall. In some cases, this may
cause media overflow.

8.1.13. CHARACTERISTICS FOR EACH IMPELLER.
Tip velocity.

It is defined by multiplying angular velocity(ind&n per second) by radius of the impeller. It is
different for impellers of different diameter.
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Power

The Power for each impeller is defined by multiptyiof Torque of the impeller by angular
velocity of the mixing device

(in radian per second).

Power number

This parameter is calculated for each impellerepiresents thBp coefficient in the equation
_ 345

P=N,pn"d

where

P is the mixing power of the impeller, W;

pis average density of the media, kg/cub. m;

n is rotational speed of mixing device, 1/s;

dis the impeller diameter, m.

VisiMix first calculates the mixing power for eachpeller, and thehp values are calculated
using the formula given above.

Torque.

Torque, or driving moment of each impeller is defiras a result of solving the main equation
system describing momentum equilibrium. Calculat®hased on experimental values of flow
resistance factors for blades of different geométhe torque value strongly depends on pitch
angle of the impeller and radial distribution afigential velocity.

Force applied to impeller blade.

This parameter is used for mechanical calculatadmsipellers. It is defined by dividing the
torque by number of blades and equivalent radiwppfication , usually about 0.8 — 0.9 of the
tip radius of the impeller.

Circulation flow rate.

This parameter defines total volume flow rate oflirm¢hrough each impeller. The method of
calculation takes into account local velocity dizition of media, flow resistance of the tank and
interaction of flows created by different impellers

8.2. Turbulence. See also 7.2

8.2.1. Energy dissipation - maximum value

This parameter is defined as the maximum valueddl| turbulent dissipation rate calculated for
each impeller (see 8.2.11).

8.2.2. Energy dissipation - average value

This parameter represents the volume average gppeifer, and is calculated as the total mixing
power (see 8.1.6) per kg of media.
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8.2.3. Energy dissipation in the bulk volume.

This value takes into account the total mixing poared the part of energy that is dissipated in
zones of vortices behind the blades of each impgdls formed by impellers and areas behind
baffles.

8.2.4. Energy dissipation near baffles

This parameter represents avalue of energy digsipbéhind baffles calculated using velocity of
the flow past the baffles. If this value is lowkamh energy dissipation in the bulk volume, the
value for the bulk volume is given.

8.2.5. Volume of zone of maximum dissipation

This parameter represents an estimate of the votumend the impeller in which the energy
dissipation is defined as the Maximum value (s@€lB. If difference between this value and the
energy dissipation values around other impellessgsificant, the most important micro-scale
phenomena, such as drop break-up, destructiorystats, nucleation and efficient micro mixing,
take place in these zone.

8.2.6. Volume of zone surrounding baffles

This parameter represents estimated volume ofdheszbehind the baffles (see 8.2.4).

8.2.7. Residence Time in zones with Different Turbu  lence

This table provides the relative residence time@alfor the zone of maximum energy dissipation
(8.2.1), behind the baffles, and in bulk volumee3é values are calculated as the ratio of the
volume of the respective zone to the total volufmedia.

8.2.8. Microscales of Turbulence in Different zones

This table provides the micro-scales of turbulefmethe zone of maximum energy dissipation
(8.2.1), behind the baffles, and in bulk volume.

Estimation of micro-scales of turbulence is base&olmogoroff hypothesis. The minimum
value of a microscale corresponds to the maximuenggndissipation.

8.2.9. Turbulent Shear rates in Different zones

This table provides values of the turbulent shate in the zone of maximum energy dissipation
(8.2.1), behind the baffles, and in bulk volume.

The following formula is used by VisiMix for calation of the local shear rates :

Hurbz (g/V)ll41
where:

T 1S the turbulent shear rate, 1/s

¢is the local turbulent dissipation rate (in zofenaximum dissipation, behind the baffles, or in
the tank bulk volume, respectively), W/kg of/s} and

vis the kinematic viscosity of liquid mediaZ/is
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The physical meaning df,, variable is the ratio of turbulent fluctuation eeity V,"at the
Kolmogoroff scaleg, (internal scale of turbulence) to the valuexpf

Eurbz VO //&)

This parameter must not be confused with averalpeiae gradient, and its value is typically one
or two orders of magnitude greater than the laitbe turbulent shear rat&,,, is the

characteristic shear rate at the microscale Iénalgoverns such processes as mass transport to
growing and from dissolving solid particles.

8.2.10. Maximum local turbulent shear

This parameter defines maximum force of intefnelion in the media caused with mixing. It is
connected with the turbulent shear rdig, , by the equation
Turb = A tur,

whereu is the dynamic viscosity of the media.

8.2.11. CHARACTERISTICS FOR EACH IMPELLER. General data.

Maximum energy dissipation near the impeller blades

This parameter is calculated as an average valtiedtirbulent dissipation rate in vortices that
are formed around the blades of each impeller.@neissipation in this area depends on the
difference between the impeller velocity and thregential velocity of the media. It changes also

as a function of the blade sizes and pitch angisecto the blade edge.

NOTE:
For Anchor and Frame impellers, this value has nevgeen determined experimentally.

Volume of zone of maximum dissipation.

This parameter is defined for each impeller asnatfan of number and size of the blades.
Microscales of turbulence near the impeller blades

This parameter is defined for each impeller asnatfan of local turbulent dissipation. The
method of calculation in described in 8.2.8.

Turbulent shear rate near the impeller blades

This parameter is defined for each impeller asnatfan of local turbulent dissipation. The
method of calculation in described in 8.2.9.

8.2.12. CHARACTERISTICS FOR EACH IMPELLER.

Dissipation Of Energy Around The Impeller.

A jet forms around each impeller. Turbulent dissgrain this jet, at least near the impeller, is
relatively high. It depends on cirqulation flow ated by the impeller and on its geometry. The
energy dissipated in the jet sometimes is sigmtiead has to be taken into account for modeling
of some mixing phenomena, for example — coalescehdsoplets.
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8.3. Single-phase liquid mixing
8.3.1. Macromixing time

This parameter characterizes the time requirethidistribution of solute (admixture, tracer,
paint, etc.) throughout the entire volume of thktalt is calculated as the time required to reduc
the maximum difference of local concentrationshef admixture to about 1% of its final average
value (in batch mixing conditions). The admixtuseassumed to be injected instantly. Selection of
the real duration of blending has to be based erstim ofMacromixing time and the
Characteristic time of micromixing.

8.3.2. Mean period of circulation

The average time of a single cycle of media cirboteis calculated by dividing of Volume of
media by sum of the of Circulation flow rates ceshlby all impellers.

8.3.3. Characteristic time of micromixing

This parameter represents an estimate of the gougined to achieve uniform distribution of the
dissolved substances down to the molecular leved.dssumed to depend on the molecular diffusfon o
solute, while the scale of mixing due to molecd#iusion only is supposed to correspond to the
microscale of turbulence. Micromixing time is estied both as the diffusion time, and as the maximu
lifetime of a volume element, which has elapsedigethe element enters the zones of high dissipatio
rates around the blades of impellers. The finhlevaf this parameter is calculated with respedtdth
estimates. Characteristic size of the volume el¢iiseassumed equal to the microscale of turbul@mce
the tank bulk volume.

8.4. Heat Transfer

VisiMix calculates all main parameters of the psxéor several operating regimes - Continuous
Flow (CF), Batch BH), Semibatch $B) and Fixed temperature regintel() for the cases of
liquid agent in jacketl(A) and condensing vaporous agent in jackeét)(

8.4.1. Heat transfer area

This output table contains two parameters -Hhat transfer areaand theActive heat transfer
area. Both are calculated for the lower and the uppekgt sections. Thideat transfer areais
the jacketed part of the tank wall surface, inatigdihe jacketed part of the bottom for the lower
section. For a single-jacket device, theat transfer areafor the upper section is zero. THeat
transfer area values in this table are those you entered iMT#gK HEAT TRANSFER
GENERAL DATA input tableor those values calculated by VisiMix if no suchadaas entered.

Heat transfer calculations are based onAitigve heat transfer areg which is the area of the
submerged part of tHeeat transfer area. VisiMix calculates this parameter based on theimed
volume in the tank. For Continuous FIo@F), Batch BH) and Fixed temperature reginter),

the Active heat transfer areais constant and corresponds to the user's inpihiedfolume of
mediain the TANK input table. If the_evel of mediais higher than the upper edge of the jacket,
the Active heat transfer areais calculated according to thevel of medig and the increase in
the media level due to vortex formation is takewo imccount (se¥ortex parameters). If in
Semibatch $B) procesdActive heat transfer areaincreases with the increase in the media level,
VisiMix takes this into account.

8.4.2. Media temperature

This parameter represents the average temperdttive media in the tank and is the final result
of heat transfer simulation. It is displayedT@mperature vs. timegraphs The simulation is
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performed in the range of temperatures enteretiduser in the input table HEAT TRANSFER.
CHEMICAL REACTION DATA AND TEMPERATURE LIMITS.If in the course of the
simulation the temperature falls outside the prbedrlimits, the program stops calculation and
issues an appropriate message, indicating theviines this occurs. To obtain more information,
a new value for th8imulation time, which is lower than the one indicated in the rages must
be entered in the corresponding input table of HHRRNSFER SPECIFIC DATAor CF, BH
andSB processes.

8.4.3. Wall temperature, media side

This parameter is calculated as the average véligenperature of the tank wall on the media
side. In the case of fouling, tigall temperature should be understood as the temperature of the
media-side surface of the fouling layer. k2, BH andSB processes, this parameter is displayed
as a graph ofemperature vs. time for Fixed temperature regime(FT) it is displayed as a

single numerical value.

The program does not compare YWall temperature with the permitted.ower andUpper
limits of temperature of the media (se®ledia temperature); in cases when the media is
sensitive to super-heating or super-cooling, clieekVall temperature.

8.4.4. Outlet temperature of liquid agent in jacket

This parameter represents the temperature ofdballheat transfer agent at the outlet of the
lower and upper jacket sections and is calculadetahks with liquid heating/cooling agents
(LA). ForCF, BH andSB processes this parameter is displayed as a gfapgmperature vs.
time, for Fixed temperature regime(FT) - as a single numerical value.

8.4.5. Inside film coefficient

This parameter represents heat-transfer coefficiehe media side. It is calculated based on a
physical model of heat transfer in a turbulent fi@ee7.11.1). ForCF, BH andSB processes the
results of the calculations are displayed as graqoitsthe change in the physical properties as a
function of the current temperature is taken irtooant; for semibatch processes, the increase in
the media volume is also taken into account.Fixed temperature regime a single numerical
value of heat-transfer coefficient is displayed.

8.4.6. Outside film coefficient

This parameter represents heat-transfer coefficernhe jacket side. It is calculated separataly fo
each jacket section with respect to the currenpaatures of the heat transfer agent and the
temperature of the wall on the jacket side. Catatas based on well-known and tested
empirical correlations (séke11.1). ForCF, BH andSB processes, the results of calculations are
displayed as graphs; fdfixed temperature regime a single numerical value of heat transfer
coefficient for each jacket section is displayed.

8.4.7. Overall heat transfer coefficient

This parameter is calculated for each jacket sec#parately. The calculation is based on the
values of thénside film coefficient, Outside film coefficientand the thermal resistance of the
tank wall. The wall thermal resistance is basegiaur input of the tankaterial andwall
thickness(see TANK SHELL input table). Thermal resistanééoalling is added according to
your input in the TANK SHELLltable For CF, BH andSB processes, the results of calculations
are displayed as graphs; féixed temperature regime a single numerical value of heat transfer
coefficient for each jacket section is displayed.
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8.4.8. Heat transfer rate

This parameter represents the total heat trarafebetween the media and the heat transfer agent
including both jacket sections. FOF, BH andSB processes, the results of calculations are
displayed as graphs; féixed temperature regime a single numerical value of heat transfer
coefficient is displayed.

Positive values for theleat transfer rate correspond to the heat flow from the media to that h
transfer agent (HTA); negative values for theat transfer rate correspond to the heat flow from
the HTA to the media.

8.4.9. Specific reaction rate

This parameter is calculated in the course of sitimn according to the values of tAerhenius
constantandActivation energy entered by the user in HEAT TRANSFER. CHEMICAL
REACTION AND TEMPERATURE LIMITSinput table with respect to a current media
temperature. The results of calculation are disglegs a grap8pecific reaction rate vs. Time

8.4.10. Reaction heat

The total heat release or consumption in the tamaiculated in the course of simulation
according to the user's input in HEAT TRANSFER. GHEAL REACTION DATA AND
TEMPERATURE LIMITSinput tableand with respect to current valuesGincentration of
reactants A and BandMedia temperature. The results of calculations are displayed as algrap
of Reaction heat vs. timePositivevalues correspond to heat release (exothermicioeajt
negative values - to heat consumption (endothereaictions).

8.4.11. Concentrations of reactants A and B

Calculations are based on common equations of kitntdr second-order reaction, and use the
kinetic data entered in the HEAT TRANSFER. CHEMICREACTION DATA AND
TEMPERATURE LIMITSinput table The results of calculations are displayed as algodp
Concentration of reactants vs. time

8.4.12. Pressure head on the jacket

This parameter is calculated for tanks with ligh&hting/cooling agent& ). The output table
contains the calculated value for the maximum fbasiressure difference between the outlet and
the inlet for each jacket section (the local resise values for the inlet and outlet are not taken
into account). FOCF, BH andSB processe$ressure head on the jacket, mads calculated,
which corresponds to the maximum flow resistanee td the lowest possible temperature of the
heat-transfer agent in the jacket. Fdr regime, théPressure head on the jackeis calculated,

for a calculated temperature of heat-transfer aiggacket, corresponding to théedia

temperature for FT regime.

Height of the jacket is taken into account.

8.4.13. Upper limit of heat transfer rate for half-  pipe coil

This parameter is calculated for tanks with haffepcoil jackets heated by condensing vaporous
agent YA) only. It is generally known that high condensatiates result in the high volume flow
rate of the condensate and may cause "floodingfiehalf-pipe coil jacket. The program
estimates the maximum value of the heat transter wehich will not cause flooding. Calculations
are based on empirical correlations verified dudrigng period of practical use.
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TheUpper limit of heat transfer rate for a given tank can be increased by connectingvwbe
half-pipe coil sections in-parallahd increasing thlumber of starts of the half-pipe coil (see
HALF-PIPE COIL JACKET. SPECIFIC CHARACTERISTIGSput table).

8.4.14. Mass flow rate of condensate

This parameter is calculated for tanks heated gatidensing vaporous agelt). It appears in
Heat Transfer. Fixed temperature regimesubmenu of th€alculate option only. The result of
the calculations is presented as a single numerataé.

To calculate this parameter fGF, BH andSB processes, do the following:

1. AddressMass flow rate of condensate. VA. FTin HT FT submenu after performing
simulation;

2. Enter the lowest temperature of your process inahke MEDIA TEMPERATURE
FOR FIXED TEMPERATURE REGIME accessible througtit input-----
Properties and regime----Heat transfer----Fixed terperature regime.

3. For SBsimulation, enter the maximuxolume of mediafor your process in the
TANK input table.

8.4.15. Liquid velocity in jacket

This parameter is calculated as the flow rate eflijuid heat transfer agent divided by the arethef
jacket cross-section in the direction of the flow.

8.5. MECHANICAL CALCULATIONS OF SHAFTS
Calculated parameters and suitability criteria

The program performs two sets of calculations:

¢ Maximum torsional shear stress.The torque applied to the shaft is assumed to
correspond to the maximum value of the driving motum due to motor acceleration,
i.e. 2.5 times higher than the motor rated torgirese calculations are performed for the
upper cross-sections of the upper and lower stafgie shaft. A single-stage shaft
(regular) is regarded as the upper stage of a 2-stagewithfa zero length for the lower
stage. The shaft is considered to be strong enibtigh calculated stress value is equal or
higher than 0.577 of the yield strength of the shafterial.

o Critical frequency of vibrations. The shaft is considered to be stiff and reliabtae
rotational frequency is less than 70% of the calad critical (resonance) velocity.
According to many years’ practical experience, tasdition is fully reliable for mixing
in homogeneous liquids, as well as in liquid-ligarad liquid-solid systems. For gas-
liquid systems, the impeller rotational frequenaysirnbe about 60% of the critical
frequency. To avoid additional sources of vibrasiamvo more conditions are
recommended:

* the product of the rotational frequency of tihef and the number of blades must not
eqgual the critical frequency of the shaft, and
* the number of baffles in the tank must not baad to the number of impeller’s blades.
In tanks with an even number of baffles, hdvisable to use impellers with an odd
number of blades.
The menu oMechanical calculations of shaftgs shown in Figure 43.

Tarsion shear
Shaft wibration characteristics

Figure 43.

The following output parameters are provided Trorsion shear table.
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8.5.1. Allowable shear stress
Allowable shear stresds equal to 0.577 of the yield strength of theemnat you entered .
8.5.2. Maximum shear stress in upper shaft section

This parameter is the maximum torsion shear sineid® upper cross-section of the shaft (cross-
section of the lower bearing for single- and twagst shafts) resulting from the maximum driving
momentum due to the motor acceleration. The shafbmnsidered to be strong enough if the
calculated stress value is equal or higher than/005 the yield strength of the material (see Shaft
design, par. 6.5.1).

8.5.3. Maximum shear stress in lower shaft section

This value is calculated as a torsion shear sinetb® upper cross-section of the lower section of
two-stage shafts (see above). For single-stagéssitizit parameter is not taken into account.

8.5.4. Maximum shear stress in the shaft section be  tween bearings.

This value is calculated for console shafts orilis telated to the Diameter of shaft between
bearings (dO0).

The following output parameters are foundsimaft vibration characteristics table
8.5.5. Critical frequency of vibrations

The critical frequency of vibrations is the mainccgated parameter in tH®HAFT
VIBRATIONS CHARACTERISTICS output table. It is the critical (resonance) frexqey of
the shaft vibrations. This value must not be closthe rotational frequency of the shaft.

The shaft is considered ssff if the rotational frequency is less than 70% @f ¢lalculated critical
(resonance) velocity. Based on many years’ prdatixjaerience, this condition is fully reliable for
mixing in homogeneous liquids, as well as in ligligghid and liquid-solid systems. For gas-liquid
systems, the impeller rotational frequency musatb@ut 60% of the critical frequency. To avoid
additional sources of vibrations, two more condisi@re recommended:

e the product of the shaft rotational frequency drrniumber of blades must not equal the
critical frequency of the shaft, and

e the number of baffles in the tank must not be etu#tie number of impeller’'s blades. In
tanks with an even number of baffles, it is advisab use impellers with an odd number
of blades.

8.5.6. Rotational frequency
Rotational frequency is the rotational velocityttoé shaft, rps.
8.5.7. Rotational to critical frequency ratio

This parameter is calculated as a ratio of thet'shattational velocity and its critical frequency,
and is included for your convenience.

The shaft is considered ssff if the ratio is lower then 0.7. For mixing in giégdid systems the
ratios lower then 0.6 are recommended.
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APPENDIX 1. CONVERSION TABLES

Conversion of US customary and commonly used units

to Sl units

Parameter

Value in US
customary or

commonly used units

Corresponding value in Sl or
technical metric units

Linear sizes, Area, Volume

Linear size X in 25.4*X mm
X ft 0.3048*X m
Area X sq. ft 0.0929*X sg.m
Volume X gal US 3.785*X liter, 0.003785*X cub.
m
X cub. ft 28.3*X liter

0.0283*X cub. m

Specific area

Specific area

X sq. ft/cub. ft

3.2808*X sq. m/cub

Mass, density

Mass X lbm 0.4536*X kg

X |b. mol 0.4536*X kmol, 453.6*X mol
Density X lbm/cub. ft 16.02*X kg/cub. m

X lbm/gal US 119.8*X kg/cub. m
Viscosity
Dynamic viscosity X cP 0.001*X Pa*s

X Ibf*s/sq. ft 47.88*X Pa*s
Kinematic viscosity X ¢St 1E-6*X sqg.m/s

X sq. ft/s 0.0929*X sqg. m/s
Surface tension
Surface tension X |bf/ft 14.59*X N/m

X dyn/cm 0.001*X N/m
Concentration
Concentration X Ibm/1000 gal US 0.1198*X kg/cub. m
(mass/volume) X Ibm/cub. ft 16.02*X kg/cub. m
Concentration X Ib. mol/cub. ft 16.02*X kmol/cub. m

(molar/volume)

X Ib. mol/gal US

119.8*X kmol/cub. m

Flow rate
Flow rate — mass X lbm/s 0.4536*X kg/s
X Ibm/min 0.007560*X kg/s
X Ibm/h 0.000126*X kg/s, 0.4356*X kg/H
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Parameter

Value in US
customary or
commonly used units

Corresponding value in Sl or

technical metric units

flow rate — volume

X cub. ft/s

0.02832*X cub.an/

X cub. ft/min 0.000472*X cub. m/s, 1.699*X
cub.m/h
X cub. ft/h 0.02832*X cub. m/h
X gal US/h 0.003785*X cub. m/h
X gal US/min 0.2271*X cub. m/h
6.308E-5*X cub. m/s
flow rate — molar X Ib. mol/s 453.6*X mol/s

0.4536*X kmol/s

X Ib. mol/min

7.560*X mol/s

0.007560*X kmol/s

Velocity
Velocity X ft/s 0.3048*X m/s
X in/s 0.0254*X m/s
Force
Force | X Ibf | 4.448*X N
Shear stress
shear stress X Ibf/sqg. in 6895*X Pa
X Ibf/sq. ft 47.88*X Pa
Torque
Torque X |bf*ft 1.356*X N*m
X Ibf*in 0.113*X N*m
Energy, Power
Energy X Ibf*ft 1.355*X J
X B.t.u. 1.055*X kJ, 1055*X J
Power X B.t.u./s 1055*X W
X hp 746*X W, 0.746*X kW

Specific power, turbulent dissipation rate

dissipation rate)

specific power (turbulent | X hp/cub. ft

26.33*X kW/cub. m

X Btu/(cub. ft*s)

37.26*X kW/cub. m

X_Ibf*ft/(Ibm*s)

2.989*X Wrlkg

X Btu/(Ilbm*s)

2326 X Wikg

Specific reaction rate

specific reaction rate

X cub. ft/(Ib.mol*s)

0.062X41/(mol*s)

X _cub. fi(Ib.mol*h)

1.734E-5*X_I/(mol*s)

Parameter Value in US Corresponding value in SI
customary or or technical metric units
commonly used units

Pressure

Pressure X psi 0.068*X Atm
X mm HO 9.806*X Pa
X mm Hg 133.3*X Pa
X Ibf/sq. ft 47.88*X Pa
X psi 6895*X Pa
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Thermal Units

Specific heat

Specific heat

X Btu/(lbm*°F)

4187*X JI(kg*K)

X cal/(kg*°C)

4.184*X JI(kg*K)

Heat conductivity

Heat conductivity

X Btu*ft/(h*sq.ft.* °F)

1.73*X WI(m*K)

X Btu*in/(h*sq.ft.* °F)

0.1442*X W/(m*K)

X cal*cm/(s*sg. cm*C)

418.4*X WI(m*K)

X kcal*m/(h*sq. m*C)

1.162*X W/(m*K)

Temperature

Temperature

X °F

5/9%(X - 32)°C

X _°F

5/9%(X + 459.4) K

Energy of activation

Energy of activation |

X Btu/(Ib*mol)

| 2.326*¥/mol

Arrhenius constant

Arrhenius constant

X cub. ft/(Ib*mol*s)

0.06243*Xile. m/(Kmol*s)

X cub. ft/(Ib*mol*h)

1.734*10*X cub. m/(Kmol*s)

Heat transfer rate

Heat transfer rate |

X Btu/(h*sq.ft)

| 3.155*X W/sg. m

Thermal resistance

Thermal resistance |

X °F *sq.ft*h/Btu

| 0.1761*X K*sq. m/W

Heat transfer coefficient

HT coefficient

X Btu/(s* sq. ft* °F)

2.044*10*X W/(sq. m*K)

X Btu/(h* sq. ft* °F)

5.678*X W/(sq. m*K)

X kcal/(h*sq. m*®C)

1.162*X W/(sq. m*K)

Conversion of Sl units to US customary and commonly

used units

Parameter Value in Sl or Corresponding value
Technical metric in US customary or commonly
units used units
Linear size, area, volume
linear size X mm 0.03937*X in
X m 3.2808*X ft
area X sg.m 10.76*X sq. ft
volume X liter 0.03531*X cub. ft, 0.2642*X gallJ
X cub. m 35.31*X cub. ft, 264.2*X gal US
Specific area
Specific area | X sg.m/cub. m  0.3048*X sq. ft/citp0.0254*X sq. in/cub. i
Mass, Density
mass X kg 2.205*X |bm
X mol 0.002205*X Ib. mol
X kmol 2.205*X Ib. mol
density X kg/cub. m 0.06243*X Ibm/cub. ft, 0.0883X Ibm/gal US
Viscosity
dynamic viscosity X Pa*s 1000*X cP, 0.02089*Xf*ysq. ft
X cP 2.089E-5*X Ibf*s/sq. ft
kinematic viscosity X sg.m/s 1E6*X cSt, 10.76%34. ft/s
X ¢St 1.076E-5*X sq. ft/s
Surface tension
surface tension | X N/m |  1000*X dyn/cm, 0.0685*Nf/tt
Concentration
Concentration (mass/volume X kg/cub. m 0.06243b¥n/cub. ft,

8.345*X Ibm/1000 gal US

Concentration (molar/volume

X kmol/cub. m

0.06243*X Ib. mol/cub. ft

(mol/liter)

0.008345*X Ib. mol/gal US

Flow rate

flow rate — mass

| X kagls |

2.205*X Ibm/s, 132.3*Kni/min
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flow rate - volume

X cub. m/s

35.31*X cub. ft&,19*X cub. ft/min

X

cub. m/h

35.31*X cub. ft/h, 0.5886*X cub.rftin,
4.403*X gal US/min

Parameter Value in Sl or Corresponding value in US customary or
technical metric | commonly used units
units

flow rate - molar | X mol/s 0.002205*X Ib. mol/s
X kmol/s 2.205*X Ib. mol/s

Velocity

Velocity X m/s 3.2808*X ft/s

39.37*X in/s

Force

Force | X N | 0.2248*X Ibf

Shear stress

shear stress X Pa 0.000145*X Ibf/sq. in

0.02089*X Ibf/sq. ft

Torque

Torque X N*m 0.738*X Ibf*ft

8.851*X Ibf*in
Energy, Power
Energy X kJ 0.9478*X Btu
X J 0.738*X Ibf*ft
Power X W 0.0009478*X Btu/s
0.00134*X hp
X kW 1.34*X hp

0.9478*X Btu/s

Specific power, turbulent dissipation rate

specific power (turbulent
dissipation rate)

X kW/cub. m

0.03797*X hpl/cub. ft

0.0268*X Btu/(cub. ft*s)

X Wikg 0.3346*X Ibf.ft/(Ilom*s)
0.0004299*X Btu/(lbm*s)
Specific reaction rate
specific reaction rate X l/(mol*s)| 16.02*X culb(fb.mol*s)
57666*X cub. ft/(Ib.mol*h)
Pressure
Pressure X Pa 0.9869*X atm
X atm 14.696* X Ibf/sq. in (psi)
X Pa 0.102*X mm HO
X Pa 0.0075*X mm Hg
X atm 1.01325*X bar
X Pa 10*X dyn/sg. cm
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Thermal Units

Parameter

Value in Sl or

technical metric units

Corresponding value
in US customary and
commonly used units

Specific heat

specific heat X JI(kg*K) 0.0002388*X Btu/(Ibm*F)
X J/(kg*K) 0.239*X cal/(kg*C)

Heat conductivity

heat conductivity X WI/(m*K) 0.578*X Btu*ft/(h*sq.ft.* °F)
X W/(m*K) 6.933*X Btu*in/(h*sq.ft.* °F)
X W/(m*K) 0.00239*X cal*cm/(s*sq. cnfC)
X W/(m*K) 0.8604*X kcal*m/(h*sq. m*C)

Temperature

Temperature X °C 9/5*X + 32°F
X K 9/5*X - 459.4°F

Energy of activation

energy of activation | X J/mol | 0.4298*X Btu/(Ib*mol)

Arrhenius constant

Arrhenius constant

X cub. m/(Kmol*s)

0.01602*X cutd(Ib*mol*s)

X cub. m/(Kmol*s)

57.67*10°*X cub. ft/(Ib*mol*h)

Heat transfer rate

heat transfer rate | X Wisg.m |  0.317*X Btu/(h*sq.ft)
Thermal resistance
thermal resistance | X K*sq.m/W | 5.678*X °F *sq.ft*h/Btu

Heat transfer coefficient

HT coefficient

X W/(sg. m*K)

4.8924*1G°*X Btu/(s* sq. ft* °F)

X W/(sg. m*K)

0.1761*X Btu/(h* sq. ft*°F)

X W/(sg. m*K)

0.8606*X kcal/(h*sq. m*C)
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APPENDIX 2. THERMAL RESISTANCE OF FOULING FOR VARIOUS MEDIA

Medium Thermal resistance, ni*K/W

WATER:

Distilled water 0.00004

Sea water 0.00011

Pure service water 0.00023

Polluted service water 0.00055

River water 0.00017

Hard water 0.00025
OlIL:

Motor oil 0.00086
Lubricating oil 0.0042
Quenching oil 0.001
Transformer ol 0.00015
Vegetable oll 0.00031

Fuel oil 0.0005

Petroleum 0.0002

ACID:

Hydrochloric acid 0.00005
Phosphoric acid 0.00005
Sulfuric acid 0.00005
Acetic acid 0.0005
SOLUTIONS & BRINES:
Aluminate solution 0.00015
Caustic solution 0.0002
Alkaline solution 0.0004
Salt solution 0.0002...0.0005
Ammoniac brine 0.0003
MISCELLANEOUS MATERIALS:
Scale 0.00033
Iron vitriol 0.001
Coke 0.00072
Gypsum 0.00083
Lime 0.00042
Organic heat-transfer media 0.0002
Polymer-forming liquids 0.00045
Rust 0.0005
Soot 0.01
Carbon bisulphide 0.0002
Refrigerant liquids 0.00007
Aromatic hydrocarbon 0.00018
Asphalt and residuum 0.0017
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APPENDIX 3. PHYSICAL PROPERTIES OF VARIOUS MEDIA

WATER
Parameter Temperature; C
20 40 60
Density, kg/cub m 998 991 983
Dynamic viscosity, Pa*s 0.001002 0.000¢4 0.00044
51 3
Heat Conductivity, W/(m*K 0.602 0.63( 0.653
Specific Heat, J/(kg*K) 4182 41719 4185
Cubic Expansion 0.0002d7
HYDROCHLORIC ACID, 10% Solution
Parameter TemperatureS C
20 25
Density, kg/cub m 1055
Dynamic viscosity, Pa*s 0.0012
Heat Conductivity, W/(m*K) 0.59
Specific Heat, J/(kg*K) 2975
Cubic Expansion 0.0002719
HYDROCHLORIC ACID, 20% Solution
Parameter Temperature; C
20 25C
Density, kg/cub m 1110
Dynamic viscosity, Pa*s 0.0015
Heat Conductivity, W/(m*K) 0.57
Specific Heat, J/(kg*K) 2609
Cubic Expansion 0.000279
HYDROCHLORIC ACID, 38% Solution
Parameter Temperature; C
20 25
Dynamic viscosity, Pa*s 0.0021
Heat Conductivity, W/(m*K) 0.535
Specific Heat, J/(kg*K) 2270
Cubic Expansion 0.00047]8
SULFURIC ACID, 60% Solution

Parameter TemperatureS C
20
Density, kg/cub m 1498
Dynamic viscosity, Pa*s 0.00770
Heat Conductivity, W/(m*K) 0.485
Specific Heat, J/(kg*K) 2228
Cubic Expansion 0.000560

SULFURIC ACID, 75% Solution

Parameter TemperatureS C
20
Density, kg/cub m 1669
Dynamic viscosity, Pa*s 0.00318
Heat Conductivity, W/(m*K) 0.329
Specific Heat, J/(kg*K) 1948
Cubic Expansion 0.000383
SODIUM HYDROXIDE, 30% Solution
Parameter Temperature; C
20
Heat Conductivity, W/(m*K) 0.58
Specific Heat, J/(kg*K) 3268
Cubic Expansion 0.000451
SODIUM HYDROXIDE, 50% Solution
Parameter Temperature; C
20
Dynamic viscosity, Pa*s 0.046
Heat Conductivity, W/(m*K) 0.565
Specific Heat, JI(kg*K) 2715
Cubic Expansion 0.000475
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POTASSIUM HYDROXIDE, 10% Solution

Parameter Temperature; C
20
Dynamic viscosity, Pa*s 0.001226
Heat Conductivity, W/(m*K) 0.58
Specific Heat, JI(kg*K) 3689
Cubic Expansion 0.00031
GLYCERIN

Parameter Temperature} C

20 100 200
Density, kg/cub m 1260 1208 1090
Dynamic viscosity, Pa*s 1.48 0.013 0.00022
Heat Conductivity, 0.278 0.284 0.303
W/(m*K)
Specific Heat, J/(kg*K) 2350 2790 3340

HEAVY FUEL OIL

Parameter Temperature} C

15 50 100
Density, kg/cub m 943.5 924.1 896.]
Dynamic viscosity, Pa*s 7.92 0,296 0.02
Heat Conductivity, 0.121 0.119 0.116
W/(m*K)
Specific Heat, J/(kg*K) 1772 1894 2070

NOTE:

For all solutions, mass concentration is given.
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APPENDIX 4. A LIST OF ABBREVIATIONS

BH
CF
FT
HT
HTA
HTD
LA
SB
VA

Batch process

Continuous flow process
Fixed temperature regime
Heat transfer

Heat transfer agent

Heat transfer device

Liquid heat transfer agent
Semibatch process
Vaporous heat transfer agent
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