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SECTION 1. INTRODUCTION
1.1. Welcome to VisiMix

Welcome toVisiMix, the program intended for chemical, processtrol, research,
and design engineers, as well as for scientidtsariield of applied research and
modeling of various unit operations dependent axingi Students in Chemical
Engineering will find it helpful in improving theknowledge on mixing and its
influence on reactor performance.

VisiMix provides more than a hundred local and agerparameters of a mixing
process, including visualizations of flow and miipatterns and graphs related to the
distribution of local parameters (velocities and@entrations) and their change in the
course of the mixing.

VisiMix bridges the gap that separates enginegpnagtice from achievements in the
field of mathematical simulation. It provides chealiand process engineers with the
ability to perform technical calculations basedioa results of the most recent
experimental research and on mathematical modefingxing processes

VisiMix helps:

Production Plant Engineers:

e obtain complete information on the maximum potdrarad specific features of
existing mixing equipment;

e check applicability of equipment for new procesplaations;

e find solutions to the existing process problems prevent new problems
without equipment change;

e find the inexpensive ways to improve processesegipment based on the
available technical possibilities;

R&D and Pilot Plant Researchers and Engineers:

e perform a more profound analysis of a processesactors and other mixing
equipment based on the data on the distributigub$tances;

e select process regimes based on the desired defgnedormity and other
process requirements;

e reproduce the main features of production plantpqgent on a laboratory or
pilot plant scale (scaling down) and determine gslaf the key scaling-up
parameters;

e prepare the initial data for selecting or desigrpngduction scale mixing
equipment;

Design Engineers:
e perform technical calculations;
e choose optimal mixing devices in the range of amd technical options;
e prepare the initial data for ordering the equipment
e analyze, check and compare offers from differguigment suppliers;
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Control Engineers:
e simulate transition regimes;
e predict the deviation of the process dynamics ffparfect mixing” conditions;
e oObtain the data for developing and programming @gecontrol systems;
e define representative positions of sensors.

No special training in either computers or mixisgequired to run VisiMix.

The initial data requested by VisiMix - the maim@insions of the mixing tank or
reactor, density and viscosity of the media - diteee known to you already or can be
easily obtained.

NOTE:

If VisiMix does not cover some features of interéstyou, such as impellers with
variable-angle blades, several baffle kinds in omactor and so on, contact our
technical support department and obtain recommeridaton application of VisiMix
for this specific case.

1.2. Theoretical Background

VisiMix bridges the gap that separates enginegpnagtice from achievements in the
field of mathematical simulation. It provides chealiand process engineers with the
ability to perform technical calculations basedloa results of the most recent
research and on mathematical modeling of mixinggsees.

VisiMix is based on the classical approach to tfubjems of applied hydrodynamics
developed by Kolmogoroff, Hinze, and Levich in apalion to modern deterministic
and stochastic mathematical models of mixing phesr@anTheoretical results are used
in conjunction with experimental and practical dataunit operations in mixing
equipment. The models create a single system, vdtictvs for the performance of
several consecutive simulation steps.

At first, the program performs hydrodynamic cal¢iaias. This first simulation step
serves as a basis for modeling macroscale turbtrEmgport and microscale
characteristics of turbulence in the main areags€&hjointly with the results of
hydrodynamic calculations, are used to calculagé&itutions of shear rates,
concentrations of solutes and patrticles, frequanaidreak-up and coalescence of
droplets, frequencies and energy of collisionsrgétals, and other local process
parameters. And finally, average characteristia®iaing in application to various unit
operations in stable state and dynamic conditioesalculated.

For instance, defining of the distribution of susgien is based on a few mathematical
models and includes:

e Hydrodynamic modeling - calculation of tangentiatiaxial velocity
distribution according to the entered initial datatank design and properties
of the suspension;

e Calculation of circumference flow rate;

e Calculation of macroscale turbulent diffusivitiesaxial and radial directions;

e Calculation of settling velocity of particles atuaction of local concentration;
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e Calculation of local values of radial velocity adrticles in the field of
centrifugal force;

e Calculation of local turbulence close to the tankidm;

e Calculation of up- and down- directed mass flowsaid in vicinity of bottom;

e Calculation of distribution of particles along thertical axis and radius of the
tank.

All mathematical models and methods of calculatiame been verified by comparison
with experimental data, including the results osw@ements in laboratory and
production scale tanks and reactors. A detailedrg#sn of most mathematical
models is given ifiReview of Mathematical Models.

1.3. VisiMix Outputs

VisiMix provides an extensive set of output paraeneivhich enable the user to
evaluate the suitability of his mixing equipmentalyze his process, perform scaling-
up procedure, etc. In addition to calculating otifparameters, VisiMix analyzes the
initial data and issues warning messages wheneyeofahe parameters you have
entered is unacceptable for your process from diret pf view of safety or efficiency.

The suitability of one or another mixing unit isuafly evaluated on the basis of
several parameters, such as power consumptiorgga/éme of circulation, mass
transfer rate, heat transfer rate, etc. VisiMixwab for the calculation of all these
values for major designs of tanks and impeller$iwespect to actual sizes and
positions of impeller blades and baffles.

For analysis of processes, trouble-shooting, aatingzup, more details on mixing are
usually required. For these purposes, VisiMix ptdegi an extensive set of average and
local parameters and their distributions in thé&ktamlume.

VisiMix output is presented in the form of visuaiions, graphs, and tables. The
output data is presented mainly in Sl units. Cosieertables for various units are
given in APPENDIX 1.

1.4. VisiMix TURBULENT Features

User friendly, graphic VisiMix environment lets you

e Display drawings of the device (apparatus) andchiaén parts (tank, baffles,
impeller) and tables of properties at any calcafastage;

e Change any parameter in your initial data at ahgutation stage;

e Display several output windows at once;

e Compare calculated parameters for different setsitodl data (different
projects) by simultaneously displaying the apprajgrioutput windows;

e Save equipment designs to create an equipmentas@alhich enables the
simulation of various processes on the same equipwighout repeated input
of equipment data;
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e Save the initial data on the equipment and progedf media to create a
database of your mixing equipment and processes;

e Use theCalculate menu to obtain answers to your questions with &spe
various mixing problems;

e Accumulate initial data and the results of the glattons in an HTML file;

e UseSupplementmenu option for hydrodynamic and heat transfeautations
of tanks with scraper (sweeping-wall) agitators.

e Use program VisiXcel for management of initial dated results of
calculations;

e Use a complimentary program VisiMix DI for modelingxing tanks with
multiple different impellers on the shaft.
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SECTION 2. SELECTING AND EVALUATION OF MIXING EQUIPMENT.

2.1. Key Scaling-Up Section Parameters for differen

t Unit Operations.

This section will help you to choosautput Parameters, which are of a key importance
an can be considered as scaling-up parameterstiompyocess. The typicalnit
Operations corresponding to the main fields of industrial aggtion of mixing
equipment are presented in the Table 1. This fablades also the VisiMix output
parameters that are recommended for checking ayity of the mixing devices, for
process analysis and scaling-up.
Additional information regarding the interpretatj@alculation methods, and fields of
application of the output data is presented inftflewing section of the User’s Guide
and in Help section of the program.

Table 1.1. Hydrodynamics. Turbulence. Single-phase

mixing.

Field of equipment Mixer Key process and scaling-up parameters
application. applicability
Unit Operation check-up
Menu Parameters
Newtonian and non- Mixing power | Hydrodynamics Reynolds mumber
Newtonian media. Average tangential velocity
Hydrodynamics and Vortex Circulation flow rate
turbulence — ger)eral formation Vortex depth
problems of equipment —— -
application. _ Turbulence Energy d!ss!pat!on - maximum value
Gas pick-up Energy dissipation in bulk of flow
Volume of zone of max. dissipation
Max. local shear rate
Mixing time. Hydrodynamics General flow pattern
Circulation flow rate
Max. degree of Distribution of tangential velocity
non-uniformity | Turbulence Energy dissipation - maximum valug

2. Single-phase mixing
(blending

vs. time

Energy dissipation in bulk of flow

Shear rates in different zones

Single-phase liquid

mixing

Macro-mixing time

Characteristic time of micro-mixing
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Table 1.2. Suspension of solid particles. Emulsification (oil-

water systems)

Field of
equipment
application.
Unit Operation

Mixer
applicability
check-up

Key process and scaling-up parameters

Menu

Parameters

Suspension of
solid particles

Pick-up of solid
from bottom.

Immersion of
floating powder
(Check gas pick-
up)

Liquid-solid mixing

Complete/incomplete suspension

Axial distributions of the solid phase

Radial distributions of the solid phase

Max. degree of non-uniformity - axial

Max. degree of non-uniformity - radia

Max. and min. local concentration of
the solid phase

Emulsification

Complete

Turbulence

Energy dissipation - maximum value

(oil-water emulsification Volume of zone of max. dissipation
systems) Maximum value of shear rate
Liquid-liquid mixing | Complete/incomplete emulsification
Mean drop size
Distribution of drops by diameter
Kinetics of drop break-up
Table 1.3. Crystallization

Field of Mixer Key process and scaling-up parameters

equipment applicability

application. check-up

Unit Operation Menu Parameters

Crystallization Pick-up of solid Turbulence Energy dissipation - maximum value

from bottom.

Maximum and
Minimum media
and wall
temperatures

Shear rate — maximum value

Relative residence time in zone of
max. dissipation

Single-phase liquid

Macro-mixing time

mixing Characteristic time of micro-mixing
Batch reaction/ Max. local concentration vs. time
blending Max. difference of concentration vs.

Semi-batch reaction

time

Continuous flow
reaction

Max. local concentration

Max. difference of local
concentrations
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Table 1.3. Crystallization - continue

Field of Mixer Key process and scaling-up parameters
equipment applicability
application. check-up
Unit Menu Parameters
Operation
Crystallization | Pick-up of Turbulence Turbulent shear rate in zone of maximun
solid from dissipation
bottom. Liquid-solid Complete/incomplete suspension
mixing Max. degree of non-uniformity - axial
Maximum Max. degree of non-uniformity - radial
and Relative residence time for solid phase
'V"“'F"“m Maximum energy of collisions
media and — .
wall Frequency of collisions of maximum energy
temperatures Liquid-solid mass Mass transfer coefficient (average)
transfer
Heat transfer. Media temperature
Wall temperature, media side
Heat transfer rate

Table 1.4. Dissolution. Liquid-liquid extraction. H

eterogeneous chemical reaction.

D

Field of Mixer Key process and scaling-up parameters
equipment appllcablllty
application. check-up
Unit Operation Menu Parameters
Dissolution. Pick-up of solid Turbulence Average value of energy dissipation
Liquid-solid from bottom. Liquid-solid mixing | Complete/incomplete suspension
chemical Max. degree of non-uniformity - axial
reaction. Immersion of Max. degree of non-uniformity - radial
floating powder
(Hydrodynamics, Relative residence time for solid phasg
Check gas pick- | Liquid-solid mass | Time of complete dissolution
up) transfer Concentration of dissolved solid
Mass transfer rate vs. time
Liquid-liquid Complete Turbulence Turbulent dissipation — maximum
extraction emulsification Relative residence time in zone of ma
Heterogeneous dissipation
chemical Liquid-liquid mixing | Complete/incomplete emulsification
reaction Sauter mean drop size

Specific mass transfer area

Distribution of drop by sizes

Mean micro-mixing time inside drop

Micro-mixing time for the disperse
phase
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Table 1.5. Gas-liquid mixing and mass transfer.

Field of Mixer Key process and scaling-up parameters

equipment appllcablllty

application. check-up

Unit Operation Menu Parameters

Gas dispersion. | Distribution of | Hydrodynamics Circulation flow rate

Absorption. injected gas Turbulence Energy dissipation in the bulk of
Chemical volume

reaction. Microscale of turbulence in the bulk

of volume

Gas dispersion an

mass transfer

dCheck gas distribution

Gas hold-up

Sauter mean bubble diameter

Estimated surface aeration rate

Specific mass transfer area

Specific mass transfer coefficient

Specific mass transfer rate

Depth of gas-liquid media

Table 1.6. Homogeneous chemical reactions.

Field of Mixer Key process and scaling-up parameters
application. check-up
Unit Operation Menu Parameters
Homogeneous | By-product Single-phase mixing | Macromixing time
chemical formation rate Characteristic time of micromixing
reactions.
Batch. By-product Batch reaction Max. local concentration of reactant B
Semi-batch. quantity By-product formation rate
, By-product quantity
m%lr;nuur? / Semi-batch reaction | Max. local concentration of reactant B
By-product formation rate
temperature

By-product quantity

Heat transfer.

Media temperature

Wall temperature

Heat transfer rate
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Table 1.6. Homogeneous chemical reactions - continued

Field of
equipment
application.
Unit Operation

Homogeneous
chemical
reactions.

Continuous flow
reactors

Mixer
applicability
check-up

Key process and scaling-up parameters

Menu

Parameters

Relative deviation
from ideal RTD
function

By-product
formation rate

Maximum /
minimum
temperature

Hydrodynamics

Circulation flow rate

Single-phase mixing

Macromixing time

Characteristic time of micromixing

Continuous flow
dynamics

Response function

Relative deviation from ideal RTO
function

Continuous flow
reaction

Max. difference of Reactant A
concentration

Max. difference of Reactant A
concentration

By-product formation rate

Heat transfer

Media temperature

Wall temperature

Heat transfer rate

Table 1.7. Biotechnology. Fermentation.

Field of Mixer Key process and scaling-up parameters

equipment appllcablllty

application. check-up

Unit Operation Menu Parameters

Fermentation Maximum local Turbulence Turbulent shear rate in zone of
Biotechnology shear rate maximum dissipation

Distribution of
injected gas

Gas dispersion and
mass transfer

Check gas distribution

Gas hold-up

Sauter mean bubble diameter

Estimated surface aeration rate

Specific mass transfer area

Specific mass transfer coefficient

Specific mass transfer rate
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2.2. Selecting Mixing Equipment

VisiMix provides the data for:

Checking the applicability of available equipmént given production process;
Comparing different designs of tanks, baffles, engellers;

Selecting the best ways of improving mixing regiraesording to your technical
possibilities;

Selecting or designing new mixing units.

Several practical considerations of a general ctarawhich should be taken into
account, are listed below.

At equal values of mixing powesuspensions usually more efficient in unbaffled
equipment. Impellers with a larger tip diameter advisable.

Mixing of liquid-liquid systems is usually performed in baffled tanks. Smallerplets
are formed in tanks with small impellers (1/4 loé tank diameter) at relatively high RPM
values.

Time of drop-breaking can be reduced by increasing the size and nuniliee anpeller
blades, or by using multiple impellers.

Mixing of multiphase systems withlight disperse phasgthe density of the

disperse phase is lower than the density of tnérmeous phase) in unbaffled tanks is
in most cases inefficient because of the radigdussion.

Most experimental and practical dat@amixing in gas-liquid systemswvasobtained

for air-water systems in fully baffled tanks wdlsk turbinesGas dispersion in
unbaffled tanks is not efficient enough.

Using multistage impellers helps increase theaaitshaft velocity (seBlechanical
calculations of shaft$ and is sometimes necessary to exclude the sibaéttions. It
also helps accelerate micromixing and reduce miofimg time inSingle-phaseand
Liquid-liquid mixing. However, the power required for the saraegrde of
macroscale mixing with multistage systems is irshoases higher than for single-
stage impellers due to compartmentalization ofliwe pattern in the tank.

Scraper agitatorsare used for mixing of low viscosity media in artie avoid
cowering of the tank wall with particles or a fil®uch design provides a high heat
transfer ratdhe mixing ability of scraped agitators is relatively bw.

While using VisiMix, you will sometimes discoverathefficient mixing can be ensured
in mixing equipment of several different designsiaFchoice of the equipment should
be based on the results of mechanical calculates@omic considerations and
engineer's common sense.

NOTE: If the suitability of your equipment is questionad| VisiMix issues a warning
message.
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SECTION 3. PROGRAM INSTALLATION

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 instruction that is applied to the program
CD.

SECTION 4. STARTING THE PROGRAM

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

Project

Edit input
Calculate
Supplement
Last menu
Last input table
Window

View

Help

Project  Edtinput Calolate  Supplements  Lastmenu  Lastinputbable  Window  View Help

D2l Uik oale

Figure 1.

4.1. Project

VisiMix performs mathematical modeling of processerelation to a project - a
single set of initial data, which includes the ty@®d main dimensions of equipment
as well as the physical properties of the mediaragane parameters. The project is
identified by its name. All output windows correspling to the same project 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 afdéhe projects 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,igay modify initial data, create
new output windows, or use any other functions daihythe current project whose
name appears in the text field at the bottom oftireen. To change the current
project, usdroject list option inView. The names of four projects with which you
last worked, and their locations are displayedhatitottom of théroject menu,
betweerPrint andExit options.
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If windows related to several projects are dispiage the screen, you can also change
the current project by double-clicking on the cetbframe of the window related to
the project you now want to become the current one.

4.2. Edit Input

This option gives you access to all input tablésteel to the Current Project. Use it to
selectively modify the initial data, for instan@ejerage density, Width of blades, or
any other parameter by choosing the appropriateienb item. You may also use
Edit input to enter initial data, although normally VisiMixtematically requests the
required initial data.

NOTE:

When entering initial data through the Edit inputmtion, you may sometimes obtain
a different input table from the one you have seled. This means that you must
first complete the table invoked by VisiMix, andeth the table you have originally
selected will be invoked automatically.

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

Project | Editinput  Calculate  Supplements  Last menu  Lastinput table  Window  View  Help

QE Inj;:;ller ' ME&J @@I I

Baffles

Average properties of media

Solid and liquid phases

Continuous and disperse liquid phases

Dissolution of solid particles

Single-phase blendi Sk Chemical reaction data

Surface kension Concentrations of reactants (Batch & Semibatch)
aas dispersion basic data Sensor position
aas diffusivity Tracer inlet position {Continuous Flow dynamics)
Gas solubility Inlet position (Batch & Semibatch)
Heat transfer Semibatch reactor (Feeding time)

Continuous Flow reactor

Figure 2.

Tank:

Tank geometry - Main inside dimensions of the tank and volumeneflia

Tank shell - Tank shell characteristics for heat transfécudations

Jacket
General characteristics -Main data on various types of jackets, includinghber of jacket
sections, their height, position and connectionvbeh the jackets
Specific characteristics -Specific data for each jacket type, i.e. width ofiventional jacket
and parameters of heat transfer enhancing devd@sgeter or half-pipe coil, parameters of
embossed/dimpled jackets.

Impeller: Characteristics and dimensions of the impeller.

Baffles: Type, number, position and dimensions of baffles

Shaft:
Shaft design Shaft type and dimensions.
Shaft material and impeller mass Properties of the shaft materials and impeller mass

Properties & Regime:
Average properties of media Average density and viscosity, or rheological patars for non-
Newtonian media, used for hydrodynamic calculations
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Solid and liquid phases Properties of phases used for modeling of mixingoiid-liquid
systems.
Continuous and disperse liquid phasesProperties of immiscible liquids required for
modeling mixing in liquid-liquid systems.
Dissolution of solid particles- Specific properties of substances related tcsrrassfer:
solubility, diffusivity. Mass transfer regime paratars.

Single-phase blending & reaction
Chemical reaction data Data for simulation of isothermal 2nd order chaahreaction (for both
main and side reactions).
Concentrations of reactants (Batch & Semibatch) —itial concentrations of reactants
brfore the reaction.
Sensor position — point for concentration measurenms, actual or imagined.
Tracer inlet position (Continuous flow dynamics)
Inlet position (Batch & Semibatch) — point of thereactant B injection.
Semibatch reactor (feeding time) Feeding timdor adding of reactant B, which is used
for simulation of a Semibatch reactor only.
Continuous flow reactor:
Inlet flows. Inlet and outlet positions.
Concentrations of reactants in inlet flows.

Heat transfer:
Heating vaporous agent Heating steam pressure or data for another conuehsiating
agent.
Heating/cooling liquid agent- Liquid heat transfer agent, its flow rate anitiah
temperature.
Heat transfer properties of the media- Physical properties of the media required fathe
transfer calculations.
Chemical reaction data & regime- Kinetic constants for non-isothermal reactiogath
effect, process temperature rang€ontinuous flow - Data used for simulation of
temperature regime of continuous flow tanks andtoga only - flow rate of media,
temperature and concentration of reactants inrtle¢ flow, etc.
tanks and reactors only - initial temperature amtcentration of reactants, feeding time, etc.
Batch -Data used for simulation of temperature regifmBaich tanks and reactors only -
initial temperature and concentration of reactagtis,
Fixed temperatureregime - Media temperature.
Gas dispersion basic data a minimum set of data required for any Gas-Liquid
calculations: volume flow rate of gas, surface immsoperating conditions (fixed liquid
volume/liquid level)
Gas diffusivity - molecular diffusivity of the gaseous componenthia liquid which is
necessary for mass transfer calculations
Gas solubility - solubility of the gaseous component of the ligwhljch cannot be
calculated and must be entered from the referenpeactical data for each individual gas-
liquid couple.

4.3. Calculate
Use this option to perform the calculations. Taculate submenu provides access to
modeling in relation to all mixing problems and jpuit parameters.

4.4. Supplement

This option allows to enter data and to perforncalaltions for tanks with scraper
(sweeping-wall) agitators. As it follows from thegire 3, for this agitator type the
program provides calculations of hydrodynamics lasak transfer only.
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4.5. Last Menu

This convenient option enables you to directly ketheCalculate submenu with which
you last worked.

Example:

You have clicked oMixing power in theHydrodynamics submenu and obtained a
corresponding output. In order to obtain anothépatuparameter, for instance,
Vortex depth, you do not need to return to t@alculate menu. Simply click or.ast
menu - Vortex depthto obtain your output

Project  Editinput  Calculate  Supplements  Lastmenu  Lastinputkable  Window  Yiew Help

3 Scraper agitators  ®
QI EI EI @ M !l : Scraper agikator IMPUT

Flaw characteristics

Power and forces
YWaorkex parameters
Shear characteristics

Heat Transfer properties of the media INPUT
Heat Transfer

Figure 3.

4.6. Last Input Table

This is another shortcut, which enables you toatliyenvoke the input table with
which you last worked. For example, if you wanttnpare heat transfer rates and
select the best vaporous heat transfer agent, atogltange the input after each
calculation by selectingast input table only, without going through the long
procedure of addressirigit input- Properties & Regime - Heat Transfer. This
option is activated after you have first accessenhput table through thigdit input
option or the quick access buttons in the uppesescbar.

4.7. Window
This option functions the same way it does in Msafb Windows.

4.8. View
This option contains the following functions:

Toolbars

Initial data explorer
Project list

Drawing of apparatus

4.8.1. Toolbars

This option allows you to display or remove the mi@iolbar located in
the upper screen bar, and talculate toolbar located in the right
screen bar. To remove or display @&lculate toolbar you can also
use a quick access button in the main toolbar.
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4.8.2. Initial data explorer

This option (Figure 4) shows a list of initial ddta the current project,
including equipment data (tank, impeller, shaft aatfle), and
properties & regime parameters (see the descripfidine Edit input
option above). This option is also accessible feoquick access button
in the upper screen baro modify any of the initial data using the
initial data explorer, select the required itend @ness thé&dit button

at the bottom of the screen. The appropriate isprgen will be
invoked.

+[Dem1] - List of initial data =10l =]

20 Tank

B+ Tank geometry

icts Inzide dianeter
-=‘.> Total tank height

= Total wolume
e Level of media
oo Volume of media
@1 Inpeller — DISK TUREINE
#-6] Baffles — FLAT BAFFLE-1
&-0] Propertiss & regine
g0 Average properties of media
! =:> Type of media Hewtonian
[ Average density 1100 kgs/cub.m
fo=fe Dynamic viscosity 0.00450 Pax*=
feefe Kinematic wiscosity 4 0906 =g.m =
B2 Solid and liguid phases
ECI Continuous and disperse liguid phases:
Batl Single phase blending & reaction

Figure 4.
4.8.3. Project list

This optioninvokes the Project list dialogue, which containisiaof
opened projects. In this dialogue, you can chooshange the current
project. The name of the current project appeatiartext field at the
bottom of the screefMhis option is also accessible from a quick access
button in the upper screen bar.

4.8.4. Drawing of apparatus

This option shows the diagram of the mixing systenthe current
project, with main dimensions. This diagram autocadly appears on

the screen after all basic initial data for a newjgxt has been entered, or
when an existing project is opened. It is also ssitde from a quick
access button in the upper screen bar.

4.9. Help

This option functions the same way it does in Msaft Windows Presg=1 to invoke
theHelp section corresponding to the active window.
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SECTION 5. STARTING OR OPENING A PROJECT.

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 5), enter a projase in the
name field, then clickave

Project  Editinput  Calculake  Supplements  Last menu Last inpuk table  Wir

Save in:l@VisiMiH 2KE TURBULENT j = cF E-
1= DEM1 L wsm

DEMIACKL,YSM
SCRAP.YSM
SHAFT1.Y5M
=] SHAFTZ.vSM

File name:

AR E DD Save I
Save as ype: IVisiMi:-c Project Files [* wam) j Cancel |

Figure 5.

This option is also accessible from a quick acbeston in the upper screen bar.

5.2. Open

To open an existing project:

1. SelectOpen from theProject menu. TheDpendialogue appears (Figure 6).
The text box at the bottom of the screen displagdinformation about the project
you have selected (tank type, volume of the meudtipeller), and your 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), #mldiagram of the mixing system
(Figure 7). Pres€losebutton at the bottom to exit tireview dialogue.
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open 21x|
Look in:l_}VisiMiH 2KE TURBULENT =] = 5 Ed-

DEM1, ¥
DEMIACKD,YSH
SCRAP.YSM
SHAFT1.Y3M
SHAFTZ.Y¥SM

File name: ID Ehd1 Open

Files af type: I\-"isiMi:-: Project Files [*.vam] j Cancel

Fraoject comments

Unjacketed tank with flat baktan
Tank wolume 35300 |
dizk. turbine

IR

Preview

Figure 6.

[gaspilot] - List of initial data

- Inside diameter 400 =]
- Total tank height 511
i Total wolume 60.0
- Level of media 400
i-¥olume of media 46.1
[ Impeller - DIZH TUREINE
[ Batfles - FLAT BAFFLE-1
[ Properties & regime
B hverage propercies of media
EI Gas dispersion basic data

olume flow rate 0_00278
uperficial gas velocity 0.0221
ur face tension 00710

perating conditions fixed liquid wolume|

| 3

Figure 7.

2. From the file browser screen select the desireeprand click Open.

The system displays a diagram of the apparatugsnthin dimensions. Use tlhalit
input option,Initial data explorer or the quick access buttons in the upper screen ba
to check and modify initial data for your equipmé€hRank, Baffles and Impeller). For
media properties and regime characteristics Haeinput option orlnitial data

explorer only (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 withalhjou last worked from a list of
recent projects displayed at the bottom ofRhgect menu above thExit option.

5.3. Close
Use this option to close and save the current ptoje

User’s Guide VisiMix TURBULENT 23



5.4. Clone

Use this option to create up to four copies of gourent project. It serves as a
convenient tool for comparing different variantstod same basic project. This option
is also accessible from a quick access buttondrugiper screen bar.

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 upgeen bar.

5.6. Save

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

5.7. Save as

Use this option to save the current project undesa name.

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 ireek submenu,
which is identical to th€alculate submenu (Figure 8).

Save
Save As...

Report
Brrirate . .

Hydrodynamics
Turbulence

Single-phase liquid mixing
Continuous Fow dynamics
Batch reaction/blending
Semibatch reaction
Zontinuous Flow reaction
Liquid-salid mixing
Liquid-liquid mixing

1 CrivisiMix 2K6 TURBULEMTISHAFTZ VSM

2 CvisiMix 2K6 TURBULENT)SHAFT1.WSM

3 CiiwisiMix 2K6 TURBULENTISCRAR, VSM

4 CiiwisiMix 2K6 TURBULEMTI\DEMIACK L. WSM

Ale+F4

Exit

zas dispersion and mass kransfer 3
Liquid-salid mass transfer

- Conkinuaus Flow
Heat Transfer - Batch process
Heat Transfer - Semibatch process

Heat Transfer

Heat Transfer, Fixed temperature regimne

Mechanical calculations of shafts

Supplements

Figure 8.

Choose any item you are interested in, and supditianal data if requested by
VisiMix. When the required initial data is enter&tsiMix asks you to enter a name
for the report.

Enter the report name (Figure 9), and VisiMix wileate a report containing relevant
initial data and the results of the calculations.
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Project  Editinput  Calculate  Supplements  Lastmenu Laskinput table W

savens 2] x|

Save in:l_}\-’isiMi:-: 2KE TURBULENT | = £ E-

File narne: IH ep_Deml| Save I

Figure 9.

On completing the report, VisiMix issues an appiaermessage (Figure 10).

x|

REPORT COMPLETED !

Figure 10.

You may create one or more reports for your project

The report is formed as a file withlam extension, and you may open, edit and print
this file from Microsoft Internet Explorer or Micsoft Word (Microsoft Office 97 or
higher). To work with your report files in MicrogdiVord, make sure that the HTML
converter option is on.

The report files are opened as usual files witm. extension

5.9. Print

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

Various groups of initial data (tank, impeller, the$, average properties of media, and
so on) are printed from the corresponding inpua dables.

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

5.10. Exit
Use this option to close opened projects and qisitViix.
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SECTION 6. ENTERING INITIAL DATA FOR A NEW PROJECT

After you enter the name of a new project and diék VisiMix requests basic initial
data required for all calculations by invoking #ygoropriate input tables. Supplying this
data allows the program to start the calculatidima can use th€alculate function
before all initial data is entered, but VisiMix Wélsk you to supply all parameter values
first.

Whenever you choose an item for simulation fromGha&ulate submenu, VisiMix will
request additional data required for modeling dcudating the selected parameter. You
do not need to enter any additional data unlesdNjigequests it. The data you have
entered is stored in the system, and when addeasy further parameters of the
output submenus, you will be asked to enter ontg tiaat is required for modeling the
selected parameter and which has not been entexeibysly.

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

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

VisiMix verifies the input. If your input containeapplicable symbols, e.g. characters

or punctuation marks instead of numbers, VisiMsuiss a message indicating that one
of the input values is incorrect. In this case yaust clickOK and correct the error. If
your input is outside reasonable limits, contradteviously entered data, or is beyond
VisiMix calculation range, VisiMix modifies the i, offering the nearest acceptable
value to the one entered, and issues an appropnegsage when necessary. In this case
you should check the data before exiting the inalie.

6.1. Tank

After you enter the name of a new project and di¢k the Tank typesgraphic
selection of tanks appears, differingligttom type (flat, conic or ellipticallandtype of
a heat transfer device(conventional, half-pipe coil, embossed/ dimplezkg, or no
heat transfer device) (Figure 11).

i Tank types ] E

Conic bottam

Flat bottarm Elliptical bottam

TANKS W TH EMBOS3ED / DIMPLED JACKET

Conic bottam

Ok | Cancell Help|

Figure 11.

Thejacket may consist of one section, or twectionsconnectedn seriesor in parallel.
Choose a tank by clicking anywhere inside the setedrawing. The tank you have
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selected will appear in treurrent 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 tigansfer device. Select an
equivalent unjacketed tank instead. If you selediamk with a heat transfer device,
you will be asked to supply all its parameters.

When the scheme of the selected tank appears,ysiiygptequested values of tank
parameters by completing the table of dimensions.

NOTE:
The Total tank height is measured from the lowesimt of the bottom for bottoms
other than flat to the upper edge of the tank, tahkad not included.

6.1.1. Tank with flat bottom

Supply the internal dimensions of the selecteddt@#tomed tank (Figure
12). Enter thénside diameterand either th&otal tank height, or

Total volume, and the second parameter will be entered autoatlgti
The same applies to thevel of mediaandVolume of media.After the
table has been completed, click anywhere on the diethe window, and
the diagram on the screen will change to reflectryoput. ClickOK to
confirm your input, and use tlighoose new tankbutton at the bottom of
the screen to change the tank type. The TANK TYB&8en will then
be displayed.

NOTE:

In modeling Heat transfer Semibatch process, thelMoe of media is
understood as an initial value. In calculations @as-Liquid Mixing,
the Level of media can be considered as the initiqlid level before
gas injection, or as the final level of the gasligl mixture in the tank.
The last case is more typical for continuous flowsgliquid reactors.

TANE. WITH FLAT BOTTOM

Inside diameter 3000) mm -

Total tank height 5000 |[mm ~|

Total volume 3.534e+04 |I j 2
(=}
=

Level of media 3500 |[mm ~|

Yolume of media 2.474e+04( || -

I—“ J @ 3000
Ok I Cancel | Choose new tank Frint ﬂl

Figure 12.
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6.1.2. Tank with elliptical bottom

Supply the internal dimensions of the selected taittk an elliptical
bottom. This option may also be used for calcutatanks with a
spherical bottom, as the influence of the diffeeeimcgeometry proves to
be insignificant for the process modeling. Enterltiside diameterand
either theTotal tank height, or Total volume, and the other parameter
will be entered automatically. The same appliethéd_evel of media
andVolume of media.After the table has been completed, click
anywhere on the field of the window, and the diagn the screen will
change to reflect your input. Click OK to confirmawr input, and use the
Choose New Tankbutton at the bottom of the screen to changeathie t
type. The TANKTYPES screen will then be displayed.

NOTE:

In modeling Heat transfer Semibatch process, thelMoe of media is
understood as an initial value. In calculations @as-Liquid Mixing,

the Level of media can be considered as the initiqlid level before
gas injection, or as the final level of the gasligl mixture in the tank.

6.1.3. Tank with conical bottom

Supply the internal dimensions of the selected taitik a conical
bottom. TheCone angleis usually 45-60 degrees. The maximdeight
of coneis controlled by VisiMix as a function of theside diameter
and theCone angle.

Enter thenside diameter, cone dimensions, and either theight of
Cylindrical Part, or Total volume, and the other parameter will be
entered automatically. The same applies td_theel of mediaand
Volume 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 inpuand use th€hoose
New Tank button at the bottom of the screen to changeahle tiype. The
TANK TYPES screen will then be displayed.

NOTE:

In modeling Heat transfer Semibatch process, thelMoe of media is
understood as an initial value. In calculations @as-Liquid Mixing,

the Level of media can be considered as the iniliquid level before
gas injection, or as the final level of the gasligl mixture in the tank.

6.1.4. Tank shell characteristics

You will be asked to fill in this table (Figure 18)ou have selected a
tank with a heat transfer devidd D) for the current project.
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TaME SHELL CHARACTERISTICS

kA aterial Cazt steel [generalized]
wall thickness I 10 I - ;I
Thermal rezistance of E =
L | D.oooz ikl |
Tank maszs [without drive]

IF unknown, enter O = I o Ikg LI

| Ok I Cancel I Frint I Help I
* | thiz caze tank mazz will be evaluated by “Wizibdix
Figure 13.

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

Wall thickness. This parameter is required for calculating the wall
thermal resistance. If you do not know the exagiri, enter an
approximate estimate; for steel tanks it is usuad8/mm. You may not
enter a wall thickness lower than 1.5 mm.

Thermal resistance of fouling. Fouling of the heat transfer area may
occur both on the jacket and on the media sideefdnk wall. Thermal
resistance of fouling depends on the kind of hesaisfer agent (HTA)
and the properties of the media, and is estimatedrding to available
practical data. Some typical values for deposietayot exceeding a
thickness of 0.5 mm on the surface of stainlesd glates are given in
Help section and in the Table in APPENDIX 2. Enler estimated
value, or zero if there is no fouling. In the caséouling on both sides of
the wall, enter the sum of the estimated valugh®torresponding
thermal resistance values for each side.

Tank mass.Enter theTank massvalue, which is necessary for
simulation of heating/cooling dynamics. Thank massmust include
the mass of the head, HTD, baffles, shaft and ilepeind should not
include the mass of the impeller's drive. It isaw preferable to enter
the mass value, which has been calculated by thed@signer and
appears in the tank technical drawings. If thisigas not known, enter
"0". In this case the program will calculate thektanass based on the
tank dimensions and material. However, this catcatadoes not take
into account any additional parts of the tank deyvand is therefore
approximate.

6.1.5. Tank heat transfer general data.

You will be asked to fill irthis table (Figure 14) if you have selected a
tank with a heat transfer device (HTD) for the euntrproject.

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

Jacket covers bottom. If you chooseYES, the heat transfer area of the
bottom will be assumed to equal 2/3 of its totaleain most cases, heat
transfer area of the bottom part of the HTD counttg only a small part
of the entire heat transfer area.

Number of jacket sections)You mayperform calculations for jackets
consisting of one or two separate sections. Ifglvaose "1", the
program will assume your tank has lower jacket olmthis case,
parameters relating to the upper jacket sectiohappear in inactive
script.

‘ TAME HEAT TRANSFER GEMERAL DATA Help |

Tank head type Elliptical =
Jacket covers battom IND vI
Mumber of jacket m
sections

- Lower section

Distance from bottam | i I mm ﬂ

Height, Hlow I 1400 Imm ﬂ

Heat tranzfer area for
loweer section 1] I 30.m j

3300

H loww

If unknown, enter 0
— Upper zection
istarce Letween b I— Iﬁ
SECHENE - ~
Hemft, Hug I I- vl \_; ___/
Hest trarstenarea far
URREr SECtnn I I-jv el i
If unknown, enter 0

[Eainectar of fackets I_ vl

* | thiz case heat transfer area will be evaluated by 0K | Cancel | Print I
Wigitdix

Figure 14.
Distance from bottom.For tanks with elliptical or conical bottom, enter
the distance from the edge of the shell cylindrp=at.

Heat transfer area.Enter the exact values of the HT area for eadkejac
section, if known. If not, enter zero, and the pamg will calculate the
HT area according to your input.

Connection of jackets For a2-section jacket specify if the sections are
connectedn series,orin parallel. For liquid heat transfer agents (LA),
VisiMix assumes that the inlet tube is locatedha bower cross-section,
and the outlet - in the upper cross-section of gacket section. The
jacket sections are assumed to be connegtseries,if the Lower
sectionoutlet is connected to tRdpper sectioninlet. For condensing
vaporous heat transfer agents (VA), the inlet islsipposed to be
located in the upper cross-section, and the outtethe lower cross-
section of each jacket section. Tjaeket sections are assumed to be
connectedn series,if the Upper sectionoutlet is connected to the
Lower sectioninlet.
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6.1.6. Tank jacket.Specific characteristics.

Half-pipe coil jacket. Specific characteristics.

You will be asked to fill in this table (Figure 1&fter you have selected a
tank with a Half-pipe coil HTD and completed the NI HEAT
TRANSFER GENERAL DATA input table. The entire talalppears in
active script if a 2-section jacket has been setkdtor a single-section
jacket, only thd_ower sectionboxes are active.

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

Distance between coilsEnter the distance between the axes of the
adjacent half-pipe turns as shown in the diagram.

Number of starts. Enter the number of starts of the Half-pipe coib(1
more, according to the tank design).

NOTE:

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

Conventional jacket. Specific characteristics.

You will be asked to fill in this table (Figure 1&fter you have selected a
tank with a conventional jacket and completed tA&IK HEAT
TRANSFER GENERAL DATAiInput table.

The entire table appears in active script if a&iea jacket has been
selected. For a single-section jacket, onlyltberer sectionboxes are
active.

| HaALF-PIFE COIL JACKET. SPECIFIC CHARACTERISTICS.

— Lower section

Fipe diameter,
lawwer zection, d Il Imm LI

Diztance between
coilz, | I Imm LI
MHumber of starts I

— Upper section
Fipe diameter,

LEEEN sestieh, o I I- jv
Mistance betweenl—

ol | I-jv
IHurmtrer of starts I

] % I Cancel I Print I Help | |
Figure 15.
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CONVENTIONAL JACKET. SPECIFIC CHARACTERISTICS.
~ Lower section
Heattransfer :
enhancing spiral baffle width, W I 50 Imm [~
device
“wall thickness, t a Imm i
Numnber of inlets I
E;azl:\:ta o I -vl Number of nozzles I 1
~ Upper section
w
Width, W I I- ¥ e
Spiral channel ;
height T mm 7] | Walltickness,t | [~
Leakage. % 100 Mumber of infets I
Number of nozzles I
0K I Cancel | Print | Help | ‘

Figure 16 .

Width, W. Enter the width of the channel inside the jacket,half of
the difference between the inside diameter of dlokgt and the outside
diameter 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 agiatiozzles and spiral
baffles, are entered in this table.

Heat-transfer enhancing deviceSelect “agitation nozzles” or “spiral
baffle” for an appropriate heat-transfer enhandagice. Select “absent”
if your jacket has no heat-transfer enhancing aevic

Aqgitation nozzlesare mainly used in glass-lined equipment. Theilnma
effect is to impose a spiral flow pattern tangdrbahe jacket wall by
momentum exchange between the high-velocity tamgjesiteam leaving
the nozzle and the jacket fluid. This momentum arge results in
“swirl velocities” in the range of 0.3-1.2 m/s, whiis high enough to
cause turbulent flow [Donald H. Bollinger, Assesskteat Transfer in
Process Vessel Jacke®hemical EngineeringSeptember 20, 1982, pp.
95-100]. VisiMix takes into account both agitatioozzles, which create
a spiral tangential flow, and additional inletstthmay be located on the
jacket surface.

NOTE: The flow rate through all inlets is assumed to beetsame. va

The following parameters are entered for the jacketh 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,
including agitation nozzles.

Number of nozzles Enter the number of agitation nozzles in the gack
(2-3 agitation nozzles are recommended).
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Agitation nozzles produce jacket heat-transfer foa@ehts two or three
times higher than those in conventional jacketfout nozzles, however,
more pumping energy is required to overcome ngazssure drop.

A spiral baffle consists of a metal strip spirally wound arounckssel
wall from jacket entrance to exit. This strip diethe flow in a spiral
path to obtain fluid velocities, typically in thange of 0.3-1.2 m/s. The
baffle is manufactured in such a way that a gagten left between the
baffle and the jacket wall. This gap is a secortti par the fluid flow

from the jacket inlet to outlet, perpendicularhe tdesired path along the
baffle. The fluid that leaks, i. e. bypasses theaspaffle through this
gap, does not contribute directly to heat tranatehe vessel wall. In
general, leakage flow amounts to one-third to oailédf 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 lesseopressure drop, to
ensure the same heat-transfer rates. Spirallydobjffickets, therefore,
require only a part of the energy (typically, natnethan about 40%)
needed by jackets with agitation nozzles.

The following parameters are entered for the spiaffle:

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

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

jacket wall.
I > -
s I

Q | i
|“})'~

Conventional jacket with spiral baffling

Embossed and dimpled jackets. Specific characterist iCS.

You will be asked to fill this table (Figure 17)exf you have selected a
tank with embossed or dimpled jacket and complé®idK HEAT
TRANSFER GENERAL DATA input table. Embossed and plied
jackets ensure better heat exchange and higheresity than
conventional jackets. Tanks wigdmbossedr dimpled jacketsare
manufactured using a special double-layer metaé plahich is
preliminarily embossed or dimpled.

Plate type.Enter the jacket type — embossed or dimpled.
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Embossed This type of plate is made by (1) contact welddfigwo
metal sheets of different thickness so that wekjeats are formed at
regular spacing from each other and (2) by hydcaaipneumatic
pressure, so that the thicker plate remains frat,the thinner one is
inflated. As a result, a channel of a variable stesction is formed. The
maximum height of the channel is in the range @63nm. Any material
compatible with resistance welding may be used.

Dimpled: fabricated by welding a pre-deformed metal sheetflat plate, so as
to obtain a channel of a variable cross-sectiowéen the plates, the maximun
channel height usually varying from 3 to 15 mmfa®mbossed plates.

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

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

All geometrically possible values are allowed.

‘ EMBOSSED / DIMPLED JACKET. SPECIFIC CHARACTERISTICS.

Plate type Iembossed j

Plate thickness, t I g Imm j ,

Fillaw haight, w I 10 Imm j !

Spot diameter, d I 13.33 Imm | '

Spot spacing, | I 40 Imm j E

Flow obstruction ‘

factar, lower I 1 '

section

= m st EtiE

TEEIEN UEREET I

SEEtE

OK I Cancel I Frint | Help | |

Figure 17 .

Embossed and dimpled jackets are sometimes equipipiedpiral,
horizontal, or vertical baffles for further intefisation of the heat
transfer. In this case, you are requested to emtedditional parameter,
Flow obstruction factor, FOF which characterizes the decrease in the
flow cross-section due to the heat-transfer enimgndevice.

If your embossed/dimpled jacket has no heat-traresfeancing device,
enter “1” for the Flow obstruction factor.

Flow obstruction factor, FOF. Enter the ratio of the flow area in the
baffled channel to the unbaffled flow area. Thisféioient shows the
narrowing of the channel and, accordingly, theease in the flow
velocity.
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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 belowWQOF = 2H/b.

=
. B)

Embossed/dimpled jacket with horizontal baffling

For the vertical bafflingghown in the diagram belowQOF = 2L/b.

b

IR

A
1T

AR

L

0
4

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, thEOF value must be selected empirically, based on
general engineering considerations.

6.2. Baffles

The procedure for selecting the baffle type anémemg baffle data is similar to the one
used for tanks.
VisiMix selection of baffles is shown in Figure 18.
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i Baffle types

FLAT BAFFLES TUBULAR BAFFLES

|: I
Flat baffle -1 Flat baffle - 2

lonthe walll - [at a distance  1p o paffle - 1 Tubular bafle - 2
framn the wall]

No g
Bﬂﬁk Ok | Eancell Help |

D& Dietrich
Beavertail baffle

Figure 18.

It includesflat baffles used in steel tanks, atabular baffles used mainly in glass-
lined equipment. A steel baffled tank has typicallget of 3-4 baffles, the baffle width
being 1/10 - 1/12 of the tank diameter. Glass-liteetks are usually equipped with 1 or
2 tubular or Beavertail baffles fixed to the tardad.

When the scheme of the selected baffle appearar@-ip), supply the requested baffle
parameters.

FLAT BAFFLE-1
Number |I| _
Width 300 |mm j
Length 3600 |mm j §
Dist. from bottom 0 [mm =] o
Angle to radius [fi 0 [dea =] :9
[ Ok | Cancel | Choose newbaftie Pt  Hep | ‘

Figure 19.

If several baffles of different configurations amstalled in the tank, an equivalent
baffle should be entered, such that the radialgetmn of the baffle immersed area
equals the average value for all baffles. The nurobbaffles entered should be the
same as the actual number of baffles in the tah&Distance from wall for the
equivalent baffle must be equal to the averagewlist between the wall and the vertical
axes of the baffles, and tbestance from bottom must equal the average baffle
clearance.

NOTE: Inlet tubes, sensors and other fixed internal dessccan be entered using
Beavertail baffle of an appropriate cross-section.
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6.2.1. Flat baffles

Flat baffle -1 type corresponds to a flat baffletib@ wall, Flat baffle-2
corresponds to a flat baffle at a distance fromviaé.

Flat baffle-2 option can also be used for approximate calculatain

other types of fixed internal devices, such asldisge tubes. In this case,
a product oWidth andLength of a baffle entered in the table should be
equal to the radial cross-section of the fixed devirhe value of

Distance from wall must be selected so that the distance between the
wall and the vertical axis of the fixed device dguhe spacing between
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 betwedtat baffle-2 and the tank wall is usually about 1/3
- 1/4 of the baffle width.

6.2.2. Tubular baffles

These baffles have a tubular or flattened tubulasszsection. They are
used mainly in glass-lined mixing tanks. Thebe diameteris usually
about 1/10 of the tank radius.

6.2.3. De Dietrich Beavertail baffle

These baffles are mainly used in De Dietrich glassd equipment.

One to three Beavertail baffles are usually insthih the tank; standard
ratio of baffle and tank diameters is in the ra@d¥/-0.11.

6.3. Impellers

The procedure for selecting the impeller type ameérng impeller data is similar to the
one used for tanks and baffles. The impeller seleds shown in Figure 20.

The blue color in this graphic menu correspondgldss-lined impellers characterized
by their smooth surface and the streamlined cordiignn of the blades.

addle

*t

dizk turbine

d

radial turbine 1 radial turbine 2

7

Figure -ZOT
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You may choose impellers of most typical desigishisteel and glass-lined. After you
have selected the impeller type, you can chookeredisingle (default) or anultistage
system by clicking on the appropriate diagram @Glrrent choice window in the
impeller selection screen. It is assumed that distafe system consists of two or three
identical impellers.

NOTE:

The impeller selection shown in the screen does cmter all impeller designs, which
can be calculated by the program. If you want tarfoem calculations for an impeller,
which is not shown in the IMPELLER TYPES screen, m@act VisiMix technical
support.

When the scheme of the selected impeller appeaysré~21), supply the requested
impeller parameters.

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

Distance from bottomis impeller clearance, which is understood aslis&nce
between the lowest point of the bottom, and thedieidf the blade. The minimum
allowable distance from bottom is about ¥4 of thktdiameter for most impellers.
Motor power. Enter the rated power of the motor. This paramsteot used for
calculations, and it is included in order to malieeghat it is not exceeded by the
mixing power.

The 30% reservation of power accepted in VisiMikased on practical experience. It
takes into account usual level of energy losseddatric drives with mechanical speed
reducers (gyres). If the speed reduction is peréarmsing electrical or electronic speed
control devices, selection of the motor power loaset based on the rated torque
moment of the low speed shaft that must be includelle technical characteristic of
the drive. The recommended 30% reservation indds® must be related to the
calculatedlorque value.

PITCHED PADDLE

Tip diameter 1200 |mm |

Number of blades |

Pitch angle 45 |deg j

Width of blade 200 |[mm -

Dist. from bottom 500 |mm j %
Rotational speed 130 ||Rpm @

Motor power 7.5 ||(w | e

Pumping direction m

[ ok | cancel | Choosenewimpeler | Frint _ Heb | ‘I

Figure 21 .

Pumping direction. The most common pumping direction for any impakédown” .
For most single-stage impellers, VisiMix allows g@lecting pumping direction, while
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for multistage impellerf2umping direction cannot be selected and is alwagtevin”.
Pumping direction for vertical blades is of no importance.

NOTE:

When entering impeller data for a multistage systetake into account that VisiMix
will disregard the upper impeller if it is placedo close to the surface or above the
surface. This can also be seen in the visualizatmfithe General flow pattern.

NOTE:

For multistage systems, the number of blades entarethe impeller input table is
understood as the number of blades in a single iltgrestage, and not as the total
number of blades.

6.3.1. Anchor, frame

Compared to the Anchor impeller, the Frame impdibes an additional
horizontal bar. This bar is used to prevent thediig of the impeller
vertical arms. Its effect on the power and miximgagess in turbulent
regime is negligible. Th&ip diameter of Anchor and Frame impellers is
usually about 0.8 to 0.9 of the talmside diameter, and theéwWidth of
blade ("arm") is about 0.07 of the impell&ip diameter.

6.3.2. Propeller

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

6.3.3. Disk turbine

The most typical design with vertical blades RBwshton turbine with

the following geometry: a pitch angle of 90 degreses blades; a disk
diameter that is 0.75 of thiép diameter; a blade width that is 0.2 of the
Tip diameter and a blade length that is 0.25 of Thp diameter. The

Tip diameter of the Disk turbine impeller is usually less tltas of the
tanklInside diameter.

6.3.4. Pitch paddle

A common Pitch-paddle impeller, called also Pit¢ddle turbine, PBT
has 4-6 blades a Pitch angle of 45 degrees, hoyeieh angles of 30
and 60 degrees are also used. For this impelkekyitth of blade is
usually 0.15 — 0.25 of thEip diameter, and thePumping direction is
down. TheTip diameter is usually 0.5 to 0.7 of the tank diameter. The
program allows for choosing arbitrary impeller gestry. However,

more than eight blades and a blade width greaser @3 of thelip
diameter are not recommendeBumping direction for Pitch angle of
90 degrees is of no importance.
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6.3.5. Paddle

For paddle impellers with vertical blades, #ip diameter is usually 0.5
to 0.7 of the tank diameter. The number of bladassually 2 to 6; the
width of blades is 0.1 to 0.15 of thg diameter; the pumping direction
is down. The blades of glass-lined impellers are usuatigenof tubes,
and in such a way as to avoid sharp angles.

6.3.6. Lightnin A310

The blades of this impeller have a special hydtaonfiguration
developed by the manufacturer in order to redueeggnosses. The
pitch angle and geometric proportions of the ingredire fixed by the
manufacturer, therefore the only variable paransedes thelip
diameter and theDistance from bottom

6.3.7. Tooth-disk impellers

These impellers are mainly used for the preparamhhomogenization
of multi-component mixtures, such as paints, cogtietc. They are
driven by high speed drives with RPM of about 280:%heir tip

velocity is usually 8-15 m/s or greater. Typicallye number of blades is
28 to 36.

6.3.8. De Dietrich

De Dietrich impeller

The blades of this glass-lined impeller are madsightly flattened and
curved tubes. The geometric proportions of the llapare set by the
manufacturer; therefore, the only variables areTibadiameter, and the
parameters describing the position of impellehm tank, i.e. the
Distance from bottom and theDistance between stagefor multistage
systems. For the mixing of viscous media, Thediameter 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 uiedsarious unit
operations, including blending, mixing, homogeni@at gas dispersion,
suspension, heat transfer, crystallization, eteyTdre designed with
adjustable and removable blades, and can be ugedhrsingle and
multistage applications.

De Dietrich GlasLock with Flat Blades
The typical pitch angles of GlasLock impellers witt blades are:

30 degrees recommended for suspension and
crystallization

45 degrees recommended for homogenization

60 degrees general use for multipurpose reactors:
blending, mixing, heat transfer

90 degrees recommended for dispersion, gas

absorption, gas-liquid reaction
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The width of the blades is usually about 0.1 todi.theTip diameter,
the length of the blades is 0.1 to 0.25 of Tiy@diameter. The standard
number of blades is three.

De Dietrich GlasLock with Hydrofoil Blades

GlasLock impellers with hydrofoil blades ensure lpawer consumption
and a high pumping capacity. They are used forenspn processes,
heat transfer, and chemical reactions. The stamdartber of blades is
three. The geometric proportions of the impellerfared by the
manufacturer; therefore, the only variablesRiteh angle Tip

diameter and the parameters describing the position oirtipeller in

the tank, i.e. th®istance from bottom and theDistance between
stagesfor multistage systems.

De Dietrich GlasLock with Breaker Bar Blades

GlasLock impellers with Breaker Bar Blades are ryairsed for viscous
products. The standard pitch angles are 45 an&§feds, the standard
number of blades is two. For the mixing of viscousdia, theTip
diameter is usually 0.5 to 0.8 of the tank diameter.

6.3.9. Glass-lined paddle impellers

This option can be used for glass lined impellédifferent design and
dimensions, including those manufactured by Pfayudigcoon, etc. It
may also be used for polymer-lined impellers. Glassg technology
requires a streamlined configuration for all theneénts of the impellers;
therefore, the impeller blades are usually manufadt of flattened tubes.

6.3.10. Radial turbine

This option can be used for the calculations fouaber of impellers
produced by different manufacturers. For instafmeapproximate
simulation of ANTERMIG impeller, selecRadial 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.

6.3.11. Scraper agitator.

Scraper agitators are used in tanks and reactatrsetuire intensive heat
transfer to a jacket. Their application is typitte¢ cases when it is
necessary to prevent adhesion of solid partictasirfstance, in
crystallizers, in reactors for precipitation prsses, for suspension
polymerization, etc.) or formation of a high visitggilm on the heat
transfer surface of the tank.

Some kind of plastic, in the most cases -Teflonsisd as a material for
the scrapers. The close contact of the scrapenet@nk wall is ensured
due to flexibility of the plastic.
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For input of scraper agitator you have to 8s@plementoption of the
main menu.

6.4. Shafts .

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

Calculations are based on the shaft sizes as pnaliity estimated and entered (see
below). If the results of the calculations do nomfirm the shaft reliability, the program
issues appropriate messages. In this case, yoldsmadlify your input, e.g., increase the
cross-section of the shaft section mentioned imthssage, reduce the number of
revolutions, etc.

The maximum torque of the selected impellers disugsed as initial data for Torsion
stress calculation. For this reason, the mechaoaallations are always performed
after the calculations of the hydrodynamics. Thegpsm automatically performs a
preliminary check-up of the selected drive. If thieve does not correspond to the
requirements described above, the program issyEs@mte messages.

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

e Console shafts- bearings are placed on the end of shaft opptusttee
impellers. Usually the bearings are fixed on thkteover (head) or on a special
construction over the level of media. Impellersfared on the ‘console’ end of
the shaft thatis submerged in liquid media. Heevethe program can be
applied for ‘bottom entering’ or ‘side entering’adts.

e Beam shafts- bearings are placed on both ends of the shaft,impellers are
fixed between the bearings. Such shafts are destalso as ‘shafts with end
bearing’ or ‘shafts with submerged bearing'.

All shaft sections are assumed to be made ofaheesnetal with identical mechanical
properties. Calculations can also be performedfass-lined shafts and shafts with
other coatings. However, applicability of the Visi\uitability criteria is not
guaranteed for these cases.

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

6.4.1. Shaft design

Four types of shafts are considered:

e A solid stiff console shaft with a constant dianmngt®nsole
regular);

e A stiff console shaft consisting of two parts affetent
diameters¢onsolecombined);

e A solid stiff beam shaft with a constant diameteamregular);
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e A stiff beam shaft consisting of two parts of feient diameters
(beamcombined);
A built-up shaft with stiff couplings is regardes a single item.

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

)|
Shaft type =
Length [a] | 4000 mm =]
#Digt. from bearing to 4000 -
agitator [b] I Imm —I m Ee)
LLenathnuppern park [z I_ Imm vl
Diameter.upper part I a5 LI
[d1) Imm
Gt e :
diametenlawer part mim
[H2] cross-sections
Ireide diameterlawer lﬁ o - - 1 t
Pt (0] upper park: ower part:
di
= For multistage agitators enter the distance to the lower
agitator stage 42 d3
v input data
Ok I Cancel | Print I d Help |
iagram
Figure 22.

o Length (a). This parameter is related to the ‘loaded’ pathefshatft.
For console shafts you enter length of the congeledistance between
the cross-section of the lower bearing and theaétide shaft. For
beam shafts distance between bearings is entered.

A built-up shaft with stiff couplings is regardad a single item.

e Distance between bearings (bis entered for console shafts only.
Influence of this parameters for the regular shaft®t significant. If
the distance is unknown, enter 0. In this cas@tbhgram performs
calculations for b = a/4, that corresponds in tlistneases to the
maximum reservation.

o Upper part (length, diameter). For a combined shaft, the upper
section is the section between the cross-sectitimedbearing and the
cross-section corresponding to the change of tht dlameter. For a
regular shaft, the whole shaft is considered asipiper section.

o Diameter between bearings (dOis required for combined console
shafts only. If this diameter is unknown, you askeal to enter O for
approximate calculation. In this case the dO ismesl to be equal to
diameter of the upper shaft section (dO = d).

e Lower part (outside and inside diameters)For a shaft with a solid
lower section, enter “0” as an inside diameter.
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6.4.2. Shaft material.

Enter the properties of the shaft materiénsity, Yield strength,
Young’s modulus of elasticity(Figure 23).

Some typical values of Yield strength and Youngtduus of elasticity
for a number of commonly used materials is presemehe Table 3
(given according to Mechanics of Materig® Metric Edition, F. P.
Beer, E. R. Johnston, Jr., McGraw-Hill, 1985, andiMy in the Process
Industries Second Edition, N. Harnby, M. F. Edwards, A. Wembw,
Butterworth - Heinemann, 1992).

SHAFT MATERIAL

Drenzity I 7050

I kgdoub.m ;I
I Mizq.m LI
I Mdzq.m LI

rield strength in

: )
tensian

“roung's modulus of

g [1.93=+11
elasticity

E—

Pull-out factor

ak. I Cancel I Frint I Help I

Figure 23 .

The actual values of these properties depend aih siape and
dimensions, heat treatment and composition ofrtaterial.
Density for different steels lies in the range 778000 kg/m3
For Titanium, the density is 4500 kg/m3.

Table 2. Yield strength and Young’s modulus of elas ticity
Properties
Material Yield strength Young modulus of elasticity
N/sg. m psi N/sg. m psi
Structural steel 2.6 E+8 3.77 E+4 2 E+11 2.9 E+7
High strength-low | 3.5 E+8 5.08 E+4 2E+11 29 E+7
alloyed steel
Quenched and7 E+8 1.02 E+5 2 E+11 2.9 E+7
tempered alloyed
steel
Stainless coldi 5+11 E+8 7.2516 E+4 | 1.93 E+11 2.8 E+7
rolled steel
Stainless annealed2.05:2.75 E+8 2.973.99 1.93 E+11 2.8 E+7
steel E+4
Titanium 5.15 E+8 7.47 E+4 1.03 E+11 1.49 E+7
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6.4.3. Impellers data for mechanical calculations.

e Mass of impellers The mass of each impeller has to be entered
accordingly to its position on the shaft. The nursls impellers
in this table corresponds to their numbers in theidd device
input table.

IMPELLER DATA FOR MECHAMICAL CALCULATIONS

Impeller mazs oF] Ikg j
= Digh f
Dist ﬁ:;e rem | 2450 f |

= For congole haft - from lower bearing, for beam shaft - from upper
bearing.

2k, I Cancel Frirt Help

Figure 24.

e Distance from bearing to impeller. For console shafts enter the
distance from the central cross-section of the llapplaced
close to the lower end of the shaft to the cresgisn of the
lower bearing. For beam shafts the distance framitipeller to
the upper bearing is entered. Positions of othgelhars are
defined by the program accordingly to the previmoysits.

6.5. Properties & Regime
6.5.1. Average properties of media

Select media type - Newtonian or Non-Newtonian (jFeég24) - and
provide the data based on measurements or refetatee

For the Newtonian option, enter the available \s#yovalue (either
dynamic or kinematic), and the program will cal¢elthe other viscosity
value.

For the non-Newtonian option, calculations are dasea universal
rheological model shown in this input table. If ydescribe the behavior of
your media with a different model, we recommendrapimating the
rheological function with the equations adducecdher

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

Tupe of media
4 Mewtonian > Mor-Newtonian Behavior of Mon-Mewtonian media iz
approximated with the functions:
Average —=
denszity I Ikga’cub.m ]"
S (oo [roe ] T Ky
Kinematic P=T, =¥ "'+ K= .?n-'l .

wigzosity |1-E1E"3'DB ISEI-I'ﬂf’S j

n where [} - dynamic viscosity, Pa*sec;
Carstan h |_ Pa*(zec] ¥ -shear rate, 1/sec;
T -shear stress, Pa;
Exporent | T,-yield stress, Pa.
Tield
G [ sam ]
(] I Cancel | Frint | Help |
Figure 25 .

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

NOTE:

If you do not know the exact values, enter approxita ones. For
turbulent regimes, small errors in estimation ofsdosity are usually
not important. For density, accuracy is more imparit because mixing
power is proportional to the density value

6.5.2. Properties of solid and liquid phases

You will be asked to fill in this table (Figure 28 modelingLiquid-
solid mixing.

Concentration of solid phaseFor batch processes, the concentration of
the solid phase is understood as the average doatien in the tank; for
continuous flow processes it is understood as dheentration in the

feed flow. This parameter is also used for calooadf dissolution
processes, in which it is understood as the irctaicentration of the

solid phase.
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TR TR
% |igobn =
0 [igobm =

| 80 mioen ]
300 micron ¥
BRI

igure 26.

ThePosition of outletis significant for continuous flow regime only,.i.e
for a continuous suspension inlet and outlet witbastant flow rate. For
a batch mixing tank, enter any positive numbersTdta is also needed
for calculations of solid-liquid mass transfer &tikition).

6.5.3. Properties of continuous and disperse liquid phases

You will be asked to fill in this table (Figure 2&hen first addressing a
parameter from theiquid-liquid mixing submenu.

ebm =
S TR

012

%0 [ig/ebn o]
O

Figure 27.
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Besides the obvious physical properties of a twasphsystem, the
program takes into account the electrostatic Kstg pressure on the
oil-water surface, which reduces the probabilityhef droplet
coalescence.

Interfacial surface tension If the exact value is unknown, enter an
approximate one. For the majority of oil-water clasp interfacial
surface tension is about 0.02 - 0.03 N/m; for ek stabilized with
emulsifiers, the surface tension drops to 0.0D1®N/m.

Index of admixtures. Kinetics of coalescence of droplets and drop size
distribution depend on the repulsive pressure efibuble layers formed
on the interface. The estimation of this presssiteased on thimdex of
admixtures. Evaluate and enter tiiedex of admixtureswith respect to
the composition of the emulsion.

6.5.4. Dissolution of solid particles (Liquid-solid mass transfer)
You will be asked to fill in this table (Figure 2Ry simulation of a

dissolution process.
DISSOLUTION OF SOLID PARTICLES

Iritial

concentration of I 0 Ikga"CUb.m ﬂ Solvent Iwater j
diszolved solids
Molecular
diffusiity olecular weigh I |

¥ P ght
If Lk, I 1.2:09 Isq.m#s J of zalvent i
enter 0%
Solubility of zalid :
olubility af zoli I 120 Ikgfu:ub.m ﬂ Mfoclln_acullar t-d\laglhctl 145

o dizedlved solds

Ciuration of the
batch I 25 Imin ﬂ T emperature I 5 Ioc j

* |n thiz case malecular diffusivity will be evaluated by Visitdi. Enter YOLUR data in the night part of the table.

0K I Cancel Frint Help |
Figure 28 .

The table contains a list of specific initial d&ba mass transfer
calculations, including the solubility of the so(icbncentration of
saturation) and diffusivity of the dissolved solidghe liquid solvent. If
the molecular diffusivity of the dissolved solidtine solvent is unknown,
VisiMix will calculate it. In this case, ented”, and the boxes in the right
part of the table will become active. Enter youtagldisregarding some
irrelevant figures that will appear in these boxésiMix includes
equations for the approximate calculation of diffitg of different
substances in three kinds of solvents - water,rocgglcohols and other
organic liquids. Thé&olubility of solid phasecannot be calculated and
must be entered according to reference or pradetal for the specific
solid-solvent couple.
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NOTE:

The value for initial concentration of the solid @se in suspension,
which is necessary for all calculations of dissalomh processes, is
absent from this table, since it is assumed equaConcentration of
solid phase entered in PROPERTIES OF SOLID AND LIQD
PHASES input table.

Calculation of the dissolution time is only perfaif the sum of the
Concentration of solid phaseentered in PROPERTIES OF SOLID
AND LIQUID PHASES input table and tHaitial concentration of
dissolved solidsentered in this table, is lower than the solupiit the
solid phase. If th€oncentration of solid phaseor Initial

concentration of dissolved solidss too high, VisiMix issues a message
indicating that the complete dissolution is impbkesi

TheLiquid-solid mass transfer section in the current version of
VisiMix performs simulation of dissolution only. Mever, calculated
values of mass transfer coefficient may also bé fzethe analysis and
calculation of the solid-liquid extraction (leacg)rand crystallization.

6.5.5. Single-phase blending and chemical reaction

Chemical reaction data.

You will be asked to fill in the table SINGLE-PHASH.ENDING AND
REACTORS. HOMOGENEOUS CHEMICAL REACTIOKFigure 29)
for modelingBatch reaction/blending, SemibatcrandContinuous
flow reaction.

SIMGLE- PHASE BLEMDING AMD REACTORS.
HOMOGEMEOUS CHEMICAL REACTION

MAIN REACTION SIDE REACTION
&+B=C Side reaction is assumed to be slow
Reactant A is charged inttially into the tank campared ta the main reaction
Reaction type (B +B =D j
B+C=D
S pecific reaction rate I 012 I 1A(molFsec) j
for BLEMDIMNG - enter O [zera]
for FAST reaction - enter F 5 pesific "
oo | 0.004 |Wimeoksec) 7]
kK I Cancel Frirk Help |
Figure 29.

The data on the reaction kinetics is required tierdimulation of
distribution of local concentrations of reactamsireal (“non-perfect”)
reactor as a function of the reactor and impelésigh. This data also
allows for evaluating the selectivity of the reantaccompanied with a
parallel side reaction.

Enter the following data:
e data for the main reaction (A+BC);
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e the type of the side reaction, by selecting B+B or B+C—D
option

e specific reaction rate for the side reaction, whialst not be higher
than 0.2 of the specific rate value for the maacteon.

For reactions without by-products, entét as specific reaction rate for
the side reaction.

If the specific reaction rate for the main reacti®mot known, enterF"
("“fast chemical reaction"). In this case, the pamgmwill provide the
maximum limit of non-uniformity in the tank. If theis no chemical
reactionenter'0" , and the program will simulate distribution ofdea
or other substances that are injected as a solutithe same solvent
(blending).

SIMGLE- PHASE BLEMDIMG AMD REACTORS.

INITIAL COMCEMTRATIONS (LOADS) OF REACTAMTS
[BATCH & SEMIBATCH]

Init. concentration of Iﬁ I rallter j

reactant A

Relation of loads - I—_I 1
B [rmol]4&[mmal] ‘
k. I Cancel | Print | Help |

Figure 30.

Concentrations of reactants (Batch & Semi-batch)

Initial concentrations of reactants (Figure 3@d aoncentrations of
products in the VisiMix sections related to cherhreactions are
expressed in molar units. It is possible to entercentrations in g-mol.
per liter or in kg-mol. per cub.meter of the reantmedia .

Sensor position.

You will be asked to fill in this table (Figure 3for modeling
Continuous flow dynamics, Batch reaction/blendingSemibatchand
Continuous flow reaction
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SIMGLE- PHASE BELEMDING AMD REACTORS.
SEMSOR

Senszor position Is)

radiuz I 1500 f R s

height from bottorn | 1200 f rm ]

>
el 1
= 3000
Ok I Cancel I Frint I Help | ‘

Figure 31.

You may also follow the change of concentrationang chosen point of
the volume by entering the corresponding coordsateheSensor
position input box. If you are not interested in any sge@bint, enter
any positive number.

Inlet position.

For simulation oBatch andSemibatchreactors it is necessary to define
point of inlet of reactant B. It is supposed tlhe teactant A is uniformly
distributed in the reactor before start of the taaicB adding.

Semibatch reactor (feeding time)

It is assumed that reactant B is loaded into alsatth reactor with a
constant flow rate during a certain period. Enterduration of this
period ag~eeding timein the input table in Figure 32.

SIMGLE- PHASE BLENDIMG AMD REACTORS.
FEEDING TIME FOR SEMIBATCH REACTOR.

Feeding tirme || Imin j
| k. I Cancel | Print | Help |
Figure 32.

Specific parameters for continuous flow reactors.

Inlet and outlet positions

It is supposed that the reactor is equipped withltdet and single
Outlet pipes.
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Forlnlet 1 andinlet 2 specify radius, height from bottom, axdlume
flow rate. If the reactants are entered using single irif,p/ou may
enter coordinates of thialet point asinlet 1. ForlInlet 2 in such cases
any positive numbers for coordinates abidfor Volume flow rate may
be entered.

Position ofOutlet specify height from bottom. For bottoms other than
flat, this distance is measured from the loweshpofi the bottom. For
outlet pipes located at the media level, you mdgreany value which is
greater than the media level, for example, the teght, and VisiMix
will default to theLevel of mediawhich you entered in thRBANK input
table.

Media volumeis presented in this screen for reference. Itesponds to
the User’s input in th& ANK input table.

TheResidence time mean residence time of the media in the reactor
is calculated as the rat{yolume flow rate, inlet 1 + Volume flow rate,
inlet 2 )/ Media volume.

‘ COMTIMIOUS FLOW REACTOR. IMLET FLOMS.
IMLET AMD OUTLET POSITIONS
IMLET 1 —~—
radiuz If Imm LI —
height from battorn I Imm LI
volume flow rate I IC“h'm’JS LI
IMNLET 2 —
radiuz | Imm LI §:
hieight from bottom I Imm ;I
volume flow rate | Icub.m:’s LI e
OUTLET -
‘ height from battam I 2800 Imm ;I =
Reference data
Rezidence time I 15 Imin ;I “olume of media |2_4?43+E|4 || ;I
(0] % I Cancel I Prink | Help I
Figure 33.
CONTINIOUS FLOW REACTOR
ICOWCENTRATION OF REACTAMTS M IMLET FLOWS
[MLET 1 —y [MLET 2 —=g
Concentratiorn of 3 Carcentration of 3
reackant & I Imolﬂllter j reackant & | Imolﬂllter j
Concentration of " »| | Concentration of " -
reactant B I Imolr’llter J reactant B | Imolr’llter J

k. I Cancel | Prirt | Help | ‘

Figure 34.

This input table specifies concentrations of reatst& and B foin the
Concentration of reactants in inlet flows
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flows that are injected through tHalet 1 andinlet 2. The most usual
conditions correspond to separate inlet of thetegdis: concentration of
one of the reactants in each inlet is ‘O’

6.5.6. Gas dispersion and mass transfer.

Gas dispersion basic data

Simulation of gas dispersion and mass transfeasligjuid systems
requires additional initial data. The minimum sktlata required for any
Gas-Liquid calculations is shown in Figure 35.

GAS DISPERSION BASIC DATA

Yalume flaow rate

Superficial gas 0oz s -
welocity I I J
Dperating conditions I fived liquid level j

ak. I Cancel | Frint | Help | ‘ ‘

Figure 35.

Enter either th&olume flow rate, or theSuperficial gas velocity and
the second parameter will be calculated by thenaragand entered
automatically.

e Volume flow rate. This is the volume flow rate of gas introduced
through a sparger installed under the lower (bo}tagitator. You
must define this value with respect to working ptegs and
temperature in the tank. If a significant part ags absorbed in the
tank, the final flow rate of the gas must be ertere

e Superficial gas velocityis the volume flow rate of gas per unit of the
tank cross-section. You must define this value wafpect to
working pressure and temperature in the tank. uf goter the value
for theVolume flow rate in this input table, th8uperficial gas
velocity is calculated as théolume flow rate divided by the cross-
section of the tank. Calculations are performed/&dues of the
Superficial gas velocityin the range of 0 to 0.05 m/s.

e Operating conditions. You can choose one of the two optiofixed
liquid level, or Fixed liquid volume. These options define process
conditions typical for gas-liquid operations.

e Fixed liquid level. This option is selected f@ontinuous flow
reactors, in which the level of media is usualketl by position of
the outlet pipe. In this case, the level of the meedmains constant
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while gas is injected into the tank, but volumdigdide in the tank is
reduced accordingly to th&as hold-up .

e Fixed liquid volume. This option is selected mainly foatch
processes, in which the media level in the tandrafés injection is
higher than the initial level, in proportion to t@as hold-upvalue.
In this case, the quantitf the media in the tank remains constant
after gas is injected into the tank.

Surface tension

Surface tensionon the gas-liquid surface is a physical paramaténe
system, which depends mainly on chemical compaesididhe phases,

SURFACE TEMSIOM

Surface tenzion {0.073 I M =]

] I Cancel | Print | Help |

Figure 36.

and on the working temperature. This parameteecgssary for
modeling bubble break-up in the turbulent flow.\védue must be entered
from reference data, or from the results of lalmsameasurements. For
the water-air interface at 20, it is 0.072 N/m.

The Surface tensionvalues for some liquids are given in the tableel
and in theHelp section. For direct access to these dat&ldip button in
the Surface tensioninput screen is used.

Table 3. Surface tension of liquids on the air inte rface, N/m

Substances Temperature, °C
-20 20 60 100

Ammonium, water - 0.0629| 0.0563| 0.049
solution 25%
Aniline 0.0429| 0.0383 | 0.0337
Bensol 0.029 | 0.0237 0.0188
Butyl alcohol 0.028 | 0.02460.0212| 0.017§
Hexane 0.0226 0.01840.0142| 0.010
Glycerol, water 0.0696| 0.063 | 0.0557
solution, 50%
Diethyl ether 0.022 | 0.017] 0.0124 0.008
Sodium hydroxide 0.130 | 0.129 | 0.128
(caustic), 50%
30% 0.097 | 0.096| 0.0944
10% 0.0773 | 0.075 | 0.070f
Sulfuric acid, 98% 0.05510.0537| 0.0525
75% 0.0741| 0.07310.0721| 0.0711
60% 0.0773| 0.07610.0745| 0.0727
Water 0.0728 0.0662| 0.0589
Sodium chloride, 20% 0.080 0.0732 0.0659
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Gas diffusivity

The value for thélolecular diffusivity of the gaseous component in the
liquid is necessary for mass transfer calculatitiris.entered in the table
shown in Figure 37.

Molecular diffusivity values for some gases in wate20C are given in
the table below (after B. I. Brounstein and A. 8lezniak, Physical
Foundations of Liquid Extraction, Khimia Publishirguse, Moscow-
Leningrad, 1966).

For direct access to these datakltedp button in the input screen is used.
If the molecular diffusivity is unknown, VisiMix Wicalculate it. In this
case, entel’, and the boxes in the right part of the table b@tome
active. Entegour data, disregarding some irrelevant figures will appear in
these boxes.

GAS DIFFUSMITY

A olecular et
offealvent I
tdalecular :
dliffuigivity mﬂglzzularwelght | ]
IF unk.riovr,
enter 0% Fracess I—Iﬁ -

[Emperatine

* |y thiz case malecular diffusivity will be evaluated by VisiMiz, Enter YOUR data in the right part of the table.

Ok I Cancel | Frint | Help |
Figure37.“ -

Table 4. Diffusivity of different gases in water at 20°C.

Substance Diffusivity, sq. m/s

Carbon dioxide — CO2 1.50e-9
Chlorine 1.40e-9
Hydrogen chloride 3.14e-9
Hydrogen 3.59e-9
Ammonium 1.08 e-9
Acetylene 1.76 e-9
Oxygen 1.80 e-9

Gas solubility

TheMass solubility of the gaseous component in liquid cannot be
calculated and must be entered from referenceantipal data for each
individual gas-liquid couple (Figure 38).

It is assumed that the solubility value enterethia table corresponds to
the pressure and chemical composition of the gasenixture exiting the
liquid at the temperature of the liquid.

The program calculates the instant value of thesrtrassfer rate
corresponding to this value of the solubility andiieMass gas
concentration in solution, which is entered in the same input table.
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Solubility values for some gases in water at plptiessure of 1.013e5
Pa (1 bar) are given in the table below, aibort Handbook on
Chemistry Ed. D. Kurilenko, Publ. House “Naukova Dumka”eMi,
Ukraina, 1974. For direct access to these dathléihe button in the
input screen is used.

Solubility values for some gases in water at pptiessure of 1.013e5
Pa (1 bar) are given in the table below, a&kort Handbook on
Chemistry Ed. D. Kurilenko, Publ. House “Naukova Dumka” e,
Ukraina, 1974. For direct access to these datbléhe button in the
input screen is used.

Gas SOLUEBILITY

M azs solubility .07 ka/cub.m j
kazz gaz
concentration in a kgscubom j
solution

H] I Cancel | Frint Help |

Figure 38.

Table 5. Solubility of some gases in water

Gas Solubility, kg per cub. m
Temperature;C
0 20 60 100
Ar 0.10 0.060 0.040
CH, 0.040 0.024 0.014
CzHg 0.074
CsH1o 0.085
CH, 2.01 1.22
CH, 0.28 0.152
Cl, 14.4 7.1 3.2 0
Cl O, 27.6 87.0
CcoO 0.044 0.028 0.015 0
CO 3.37 1.72 0.705
H, 0.0019 0.0016 0.00115 0
H,S 6.63 4.41
NH; 467 345 156
N O 0.10 0.063 0.040 0.03%
0O, 0.070 0.0442 0.028 0.024
O 0.037 0.020 0
SO, 94 32
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6.5.7. Heat transfer

Heat transfer properties of the media

Heat transfer calculations and modeling of heatiogiing dynamics is
performed with respect to the change in the phi/picperties of the
media as a function of the temperature. Calculatame based on
approximate empirical correlations and on the \&hfeproperties
available for any single temperature value. Theseetations differ for
water solutions and organic substances. Specifiyitdia (Water
solution or Organic substanceland enter the values of the media
properties and the corresponding temperatures (&igR). See
APPENDIX 3 for reference data on the properties.

Chemical reaction data and regime

The program performs simulation of temperaturemegior chemical
reaction with heat release or consumption basdtiehkinetic and
thermodynamic data entered in this table (Figune 40

HEAT TRANSFER PROPERTIES OF THE MEDIA,

PARAMETER TEMPERATLIRE

Average densiy [ 1100 | ka/cub.m R D 't =l

Dynamic viscosity [ 0,015 |Pats [N Tt =l

Sl ek [ 3200 [a7ikg ) =] o ft =l

Heat conductiviy | 1038 [ imk) N D It =
[ ox | Cancel | Fint | ﬂl ‘

Figure 39.

HEAT TRAWSFER. CHEMICAL REACTION DATA AND TEMPERATURE LIMITS

Will you enter reaction ) . )
kineﬁcs? IM vl Reaction velocity constant K iz

described by Arthenius equation :

Ahienius comstart I I_ vI K = expl -E /RT]
Eneray of activation I I_ vI where

& iz Arheniug constant ,

Lowser limit of temperature I 10 Ioc j E iz enengy of activation ,
. R=8314J/ [molk] =
I pper limit of temperature I an Ioc j =1.986 Btu / [Ib%mal] # °F

iz Universal gas constant |

LIt mfoe of reaction I— lﬁ T iz abzolute temperature .

] 4 I Cancel | Frint | Help |
Figure 40.

ChooseYES if you want to enter the data on chemical reactaom the
corresponding boxes in the table will be activatédooseNO if the
exact kinetic data or thideat effect of reactionis not known. In this case
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you will be asked to enter the available approxerds#ta on thé&verage
rate of heat release (consumptiondr Heat release (consumption) for
a batchin the input tables that follow. In all cases, spetify range of
the process temperatures by enteringLieer andUpper limit of
temperature for the media.

Liguid Heating/cooling agent. Convection in jacket

The program performs heat transfer calculationsmaadeling for tanks
with all commonly used heating/cooling agents. Gleoine
heating/cooling agent (Figure 41) and enterltihet temperature and
Inlet flow rate for the lower jacket section. Enter thdet flow rate for
the upper jacket section if you have selected ecBen jacket with the
sections connectead parallel for the current project.

The practical range of operating temperatures aopepties of the
selected agent are shown in the lower part ofahket If the range of the
process temperatures you have previously entere@AT TRANSFER.
CHEMICAL REACTION DATA AND TEMPERATURE LIMITS input
table falls partly or entirely outside the rangepérating temperatures
for the selected liquid agent, VisiMix issues a sage indicating that the
selected agent does not correspond to the indicatege of the process
temperatures. In thisase, select another heating agent or modify riheegs
temperature range.

HEATIMNG # COOLIMG LIGUID AGENT IM JACKET.

Heating/cooling agent I"-.-'\-.-"ater - I
Inlet temperature I 25 I *C - I
Flows rate: of heat transfer
agent in lower jacket Il 3 Ic:ub.m.-"h ;I
Elewwirate aff e st famsien I—Iﬁ
aderb i UEREn [aEkel

Ok, I Cancel I Frint I Help I

Operating temperature range: 5 - 204°C [41 - 400°F]
Froperties of the agent
density.. . 1000 kgl [62.4 |brfE]
specific heat... 4190 .0 kg [1.07 Bia/lbm="F]1]
thermal conductivity. . 0603 WA=k [0.348 [Brusft] b= fE="F]]
dyrarnic vizcosity at 100°C[21 2°F)...0.000284 Pa*zec [0.284 ]

Figure 41 .

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

Vaporous heating agent. Condensation in jacket

The program allows for modeling heat transfer &mkis with a number
of widely used vaporous heating ageMa J. Choose the required
Heating agentand the pressure (Figure 42).
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The values oBoiling temperature andHeat of vaporization for the
selected agent are shown at the bottom of the.t&bker thdnlet
temperature of the selected agent in accordance with this. distiae
Lower limit of temperature of the media you have previously entered
in HEAT TRANSFER. CHEMICAL REACTION DATA AND
TEMPERATURE LIMITS input table is so low as to causeezing of
the agent, VisiMix issues a message indicatingtti@aselected agent
does not correspond to the indicated range of geotEmperatures. In
this case, select another heating agent or mdagyptocess temperature
range.

VAPOROUS AGEMT IM JACKET - COMDERMSATION

Heating agent

Inlet temperature I 143 |°[; ;I

Ok I Cancel I Frint I Help I

Boiling termperature : 133°C [271°F]
Heat aof vaporization : 2166000 J kg [931 Btudlbm]

Figure 42 .

Continuous flow process. Heat transfer specific dat a

The program allows for following the change in temperature and
concentrations of reactants starting from any &etitial conditions
according to your input (Figure 43). Alharacteristics of the inlet flow,
i.e. the flow rate, temperature, concentrationseattants, and the
properties are assumed to remain constant witlisithulation period.

COMTINUDOUS FLOW PROCESS. HEAT TRAMSFER SPECIFIC DATA,
Initial ternperature in I— .
the tank, L0 I C j
Temperature of inlet
flowp | 20 |°E j Inlet fow rate I &8 Icub.m.n"h j
Initial concentration Bl el
of reactant & it the i - SNz ar nle -
s [ 36 molditer x| o= [ 1100 [kg/cubm ]
Initial concentration Soeciic heat of
of reactant B in the 0 i - [FTEE el @ 4100 ¥ A
sl | [moltier x| Spsgie | [i/kaK) =]
Concentration of SErage rate of
reactant&inthe | 36 Imnla’liter =l festrekase I I_ vl
inlet flow [Eorsumptiet]
Concentration of . P
reactant B in the I 32 Img|;|ite[ j St s I 4 Ih j
inlet flow
QK I Cancel | Prirt | Help |
Figure 43.

Simulation time. Enter the real time for the process stage you wish
simulate. It is recommended to start with the tegeal to the mean
residence time of the media in the tank determasethe quotient of the
Volume of mediaby Inlet flow rate. The program does not perform
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simulation for theéSimulation time values greater than the tenfold value
of the mean residence time. If you need to perfsimulation for longer
processes, use step-by-step procedure. If theitevarer more inlet

flows, estimate and enter average values for theduthe flows — the
total inlet flow rate, the average density and gpelseat conductivity,
temperature, concentrations of reactants - withaeisto the parameters
of each flow.

Average rate of heat release (consumptionEntera positive number
for heat release and a negative number for heaucoption.

NOTE:

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

Semibatch process. Heat transfer specific data

The data entered in this input table (Figure 44jsisd for following the
change in temperature and concentrations of retscstarting from any
set of initial conditions. Altharacteristics of the inlet flowthe flow
rate, temperature, concentrations of reactantsttangroperties are
assumed to remain constant during the time oféhetants inlet
(Duration of reactants inlet).

Simulation time. Enter the real time for the process stage you wash
simulate. The program does not perform simulakborSimulation time
longer than fivefold value dduration of reactants inlet(i.e.,for cases
when theSimulation time value is more than 5 times greater than the
Duration of reactants inlet). If you need to perform simulation for
longer processes, use step-by-step procedure.

If there are two or more inlet flows, estimate amter average values for
the sum of the flows — the total inlet flow rategeage density and
specific heat conductivity, temperature, conceiunat of reactants - with
respect to the parameters of each flow.

Final volume of media.Enter the maximureolume of the media in the
tank after the reagents have been injected.Vidieme of mediaentered
in one of the TANKinput tables is regarded as the initial volume of
media.The flow rate of the inlet flow is estimated by Miéx as a ratio
of the difference between tl@nal volume of mediaand thevolume of
mediato theDuration of reactants inlet.
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SEMIBATCH PROCESS. HEAT TRAMSFER SPECIFIC DATA.

Initial termperature in ___ = Final volume of

the tark I L LI media I Eae:0- Il LI
Temperature of :

. 20 C - Diuration of

inlet Hous I I —I reactarits inlet I 1200 IS LI
Initial concentratian

of reactant 4 in the i] i - . .

fank | Imol.-’llter I Density of inlet [~ 1150 Ikga’cub.m =]

flow
Initial concentratian

Specific heat of

of reactant B in the o i x

tank, I Imola’llter LI inlet flowe I 3100 I.Jx’[kg Kl LI

Concentration of Heat rel

reactant & it the I 1] Imola’liter LI [EarEumEtion] I I_ 'I

inlet flow fian & bateh

Concentration of . .

reactatt B in the | ] Imol,’lite[ LI Sirnulation time I 3000 IS LI

inlet flow

oK I Cancel I Fririt | Help |

Figure 44 .

Heat release (consumption) for a batchThis is the total heat release
or consumption for a batch. The entire heat israssuto be released (or
consumed) during the reactants ink&ttera positive number for the heat
release and a negative number for the heat congumpt

NOTE:

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

Batch process. Heat transfer specific data

The program allows for following the change in temperature and
reactants concentrations starting from any satitél conditions
according to your input (Figure 45).

Simulation time. Enter the real time for the process stage you wish
simulate.

BEATCH PROCESS. HEAT TRAMSFER SPECIFIC DATA.

Initial temperature in "
the tank I &l I C j

Initial concentration

af reactant & in the I 0 I rnalliker j
tark,

Initial concentration

af reactant B in the 0 rnaldliter -
tark, I I J

Simnulation tme |2| I h j

| F, I Eancell Frirt | Help |

Figure 45.
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Fixed temperature regime

Enter theMedia temperature (Figure 46) which is the only additional
parameter needed for heat transfer calculatiotiseiRixed temperature
regime option.

HEAT TRAMNSFER
MEDIA TEMPERATLURE
FOR FI<ED TEMPERATURE REGIME

Temperature G0 I T j

| k. I Cancel | Print | Help |

Figure 46 .

SECTION 7. CALCULATION SECTIONS.

TheCalculate menu contains all VisiMix calculation and modelimgtions, which are
also accessible through the quick access buttotieiright screen bar. The functions
accessible from th€alculate menu (Figure 47) help you find solutions to tharma
mixing-related problems.

Each of theCalculate submenus contains several output parameters opgaf parameters.
Selecting any of these brings up the appropriateudwindow. If additional data is required
for calculating the selected parameter, VisiMixakes additional input tables.

A description of VisiMix TURBULENT output parameteis given in Section 8 below.

To determine the suitability of the equipment aisdnost important characteristics,
selectHydrodynamics, Main Characteristics in the Calculate submenu. A table of the
most important data appears. For more detailednmdton, turn to other options of the
same submenu.

7.1. Hydrodynamics

TheHydrodynamics submenu is shown in Figure 47.

This option activates the mathematical simulatibhyalrodynamics with respect to the
design of the mixing unit and average media proggerSimulation is based on the
solutions of the Reynolds equation for a turbufeaw approximated with polynomial
expressions.

The conditions of unambiguity (including boundaonditions) are estimated using the
equations for energy and momentum equilibrium, radtical data on mixing. In
particular, experimental data on the hydraulicstasice of tanks, baffles, and blades of
different geometry, and on the relations betweerntdéhngential flow and axial

circulation has been used.
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&y —

1
Project  Editinput Calculate  Supplements  Lastmenu  Lastinputtable  Window  View Help

Hydrodynamics 3
HYDRODYMAMICS, MAIM CHARACTERISTICS
Turbulence 3 GEMERAL FLOW PATTERM (APPROXIMATE)

Reynolds number for flow

Impeller Reynolds number

Continuous flow dynamics 3 CHARACTERISTICS OF TAMGENTIAL FLOW
RADIAL DISTRIEBUTION OF TAMGENTIAL VELOCITY
Average value of tangential velocity

Semibatch reaction 3 Impeller tip velocity
Maximum value of tangential velocity

Single-phase liquid mixing 3

Batch reaction /blending 3

Continuous flow reaction Y Tangential velocity near the wall
Liquid-solid mixing p  Effective viscosity near the wall
EMERGY AMD FORCES
Liquidigquid mixing 4 Misiing pawer
Gas dispersion and mass transfer p| LR LTI
Torgue
Liquid-solid mass transfer ¥ Force applied to impeller blade
Heat Transfer. Continuous flow (CF) 4 Farce applied to baffie
CHARACTERISTICS OF CIRCULATION FLOW
Heat Transfer. Batch (BH) *  Circulation flow rate
Heat Transfer. Semibatch (SB) L4 e

VORTEX PARAMETERS
Heat Transfer. Fixed temperature regime (FT) » Vortex depth

Vortex volume

Area of media surface

Media level increase due to vortex formation
VORTEX FORMATION

CHECK GAS PICK-UP

Mechanical calculations of shafts 4

Figure 47 .

7.2. Turbulence

Intensity of turbulence is evaluated in terms eésaof the turbulent dissipation of
energy, which is equivalent to the local specifiever per 1 kg of media.
Estimations of turbulent energy dissipation ratestifferent parts of the volume (in
vortices behind the impeller blades, in the vigirt baffles, in the jet formed around
the impeller, and so on) are based on the Kolmdtjoradel of turbulence and the
distribution of the flow velocities (sé¢ydrodynamics).

TURELLEMNCE, MAIN CHARACTERISTICS

DISSIPATION OF EMERGY ARCUMD THE IMPELLER
LOZAL WALLES ©F EMERGY DISSIPATION

Energy dissipation - maximum value

Energy dissipation - average value

Energy dissipation in the bulk wolume

Energy dissipation near baffles

VOLUMES OF 20MES WITH DIFFERENT TURELULEMCE
Yolume of zone of maximum dissipation

RESIDEMCE TIME IM ZOMNES WITH DIFFEREMT TUREBULENCE
Relative residence time in zone of maximum dissipation
Relative residence time in zone of baffles
MICROSCALES OF TUREBULEMCE IM DIFFEREMT ZCMES
TUREBULEMNT SHEAR. RATES IM DIFFEREMT ZOMES
Turbulent shear stress near the impeller blade

Figure 48 .

NOTE:
Turbulence parameters for Anchor and Frame impeltehave never been determined
experimentally
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7.3. Single-phase liquid mixing

Use this option (its menu is shown in Figure 49)rfmdeling the mixing of two liquids
that are soluble in each other.

SIMGLE-FHASE MIXING. MAIM CHARACTERISTICS
i acromizing time

tean period of circulation

Characteriztic time of micramixing

Figure 49.

This option provides a set of data for estimatimg hinimum mixing time required for
the preparation of a uniform mixture. The simulatie® based on the distribution of flow
velocity (seeHydrodynamics) and on turbulent diffusion rate in the axial aadial
directions. The mathematical models are transforametisimplified in accordance with
experimental data on the general flow pattern iximgi tanks of different designs.
Calculation of turbulent diffusivities is performedth respect to experimental data on
macroscales of turbulent transport in mixing vessath different impellers.

The simulation is performed for liquids with no mifgcant difference in density and
viscosity.

Mathematical modeling of volume distribution of stdnces is based on macroscale
transport phenomena only. Micromixing phenomenaaasdyzed separately (See
Characteristic time of micromixing).

7.4. Continuous flow dynamics

This option (its menu is shown in Figure 50) adigathe mathematical simulation of the
stimulus-response testing technique which is gdliyarsed to evaluate the reactor
deviation from ideal. The testing method is basedracing the reactor with a tracer,
usually with a radioactive isotope solution. Thaar is injected in the reactor ("pulse-
mode input"), and the response function curve tainbd by measuring the tracer's
concentration at the outlet of the vessel.

The program calculates the response functionsifi@rent inlet and outlet positions.
You can also calculate the deviation of the aatesidence time distribution, RTD from
RTD in an ideal ("perfect mixing") reactor of thense volume.

Physical and mathematical models of the procesbasigally similar to the model
described irSingle-phase liquid mixing.

Tracer distribution. General pattern

Rezponze function, pulze mode

Relative deviation from ideal RTD function
Average concentration of tracer, CF

b . local concentration of tracer, CF

bin. local concentration of tracer, CF

b aw. difference in tracer concentrations, CF
Tracer concentration in chozen point, CF

Figure 50.
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This option allows for a schematic visualizatiortlod tracer distribution in the tank. In
addition, it provides a number of parameters rdlabethe dynamics of the tracer local
concentration

in any chosen point. This data can be useful feratmalysis of continuous flow blending
processes, as well as for the process control.

The colored area in the screen represents the irdeepoint.

Additional data is required to determine the trgaiagime. Thus, whenever you address
any of the questions or parameters of this subnf@nihe first time, VisiMix requests
additional data by invoking the input table SINGBHASE BLENDING. SPECIFIC
PARAMETERS FOR CONTINUOUS FLOW TANK.

NOTE:
Simulation of a non-perfect mixing process may takp to 2-5 minutes; therefore
please wait for the appearance of the output window

7.5. Batch reaction/blending

This option allows for performing simulation of adh-perfect mixing” batch reactor for

a homogeneous two-component 2nd order chemicaioeak + B — C, accompanied by
a parallel side reaction and the formation of gobyduct. Side reactions of two types, B +
B — D and B + G- D are included. The physical and mathematical nsogsed for
simulation are basically similar to the model désexnt inSingle-phase liquid mixing

NOTE:

These models take into account macroscale non-umidy in actual mixing tanks
while assuming the mixing on the microscale levellie perfect. This is true if the time
of micromixing (VisiMix output parameteCharacteristic time of micromixing in
Single-phase liquid mixing section) is consideralsiorter than the characteristic
reaction time.

The modeling allows to obtain data on the distitroutand change in local concentrations
of reactants in a real (‘non-perfect”) reactor dgraction of the reactor and impeller
design. It also provides data on the formation aae average concentration of the by-
product (Figure 51) and allows for comparing thiuga for the selectivity of the reaction
for different tank and impeller designs, mixingansities, inlet positions, etc.

The simulation is based on the following assumgstion

a) The solution of Reactant A has been loaded intaghetor and uniformly mixed
before the start of the process;

b) Reactant B or its solution is being loaded instartiat is, the duration of loading is
short compared to the mixing time;

c) The volume of Reactant B or its solution is smalhpared to the initial volume of
the media.

d) Specific rate of the side reaction is significar{y least 5 times) lower than
specific rate of the main reaction.
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B atch blending. General pattern

Max. local concentration, batch blending

Min. local concentration, batch blending

I ax. difference in lozal concentrations, batch blending
Local concentration in chozen point, batch blending

Batch reactor. General pattern

Average concentration of reactant &, batch reactaor

tax. local concentration of reactant &, batch reactar

bdin. local concentration of reactant &, batch reactor

tax. difference in reactant & concentrations, batch reactar
Reactant &, concentration in chosen point, batch reactor
Dleqree of reactant & conversion, batch reactor

Average concentration of reactant B, batch reactaor

tax. local concentration of reactant B, batch reactaor

tin. local concentration of reactant B, batch reactor

I ax. ditference in reactant B concentrations, batch reactor
Reactant B concentration in chozen point, batch reactor

Average concentration of product, batch reactor

By-product farmation rate, batch reactor

By-product quantity, batch reactor

Average concentration of by-product, batch reactor

By-product specific: formation rate in chozen point, batch reactor

Figure 51 .

The physical and mathematical models of the proassbasically similar to the model
described irSingle-phase liquid mixing.

This option enables you to schematically visualimemixing process and to evaluate the
degree of non-uniformity as a function of reactiate, quantities of reactants and inlet
position. The program calculates the parameteage@lto both initial substances until the
deviation from the "perfect mixing" conditions bewes insignificant. The concentration
of the final product and the degree of conversiencalculated for the entire duration of
the process.

Additional data is required for modeling a batcaateon. Thus, whenever you address
any of the questions or parameters of this subrf@nihe first time, VisiMix requests
additional data by invoking the following input tab: SINGLE-PHASE BLENDING
AND REACTORS. HOMOGENEOUS CHEMICAL REACTION and INHET AND
SENSOR POSITION. Supply the initial concentrationreactant A, molar quantity of
reactant B, specific reaction rate and point oftifibr reactant B.

NOTE:

Whenever you return to an input table, all calculahs related to the opened output
windows are automatically repeated. Since simulatf "non-perfect” batch
reactions may take up to 2-5 minutes, close outputdows before changing initial
data.

If the reaction rate for the main reaction is nebwn, you can evaluate the maximum
possible degree of non-uniformity by entering "Ha$t chemical reaction"). If you
dispose of laboratory or practical data on thetieacyou can also estimate
approximate specific reaction rate values by @rad error method. For example, start
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with 10 for the reaction rate and reduce it stepviag a factor of 5-10 until the
calculated reaction time estimated by werage concentration of productor by the
Degree of reactant A conversiorequals a known practical value.

This submenu allows also for the simulation of bdilending. You can schematically
visualize the process of admixture distributioriineate the process duration for a
desirable degree of uniformity, and select the st position.

For Blending, supply the positions of the inlet point and pahtneasurement, enter
“0” for specific reaction rate, and then fill inh&tr boxes in SINGLE-PHASE
BLENDING AND REACTORS. HOMOGENEOUS CHEMICAL REACTI®with
any positive numbers.

7.6. Semibatch reaction

This section of the program (Figure 52) allows ¢ofprm simulation of a “non-perfect
mixing” semibatch reactor for a homogeneous two{oonent 2nd order chemical
reaction A + B—»> C, accompanied with a parallel “side” reaction &mnation of a by-
product. The side reactions of two typBst B— D and B + C— D are included.
Physical and mathematical models used for simulare basically similar to the model
described irSingle-phase liquid mixing

Semibatch reactor. General pattern

Average concentration of reactant &, zemibatch reactar

M ax. local concentration of reactant &, semibatch reactor

kin. lozal concentration of reactant &, semibatch reactor

P&, difference in reactant & concentrations, semibatch reactor
Reactant & concentration in chozen point, zemibatch reactor
Degree of reactant & conversion, zemibatch reackar

Average concentration of reactant B, zemibatch reactar

M ax. local concentration of reactant B, semibatch reactor

Min. lozal concentration of reactant B, semibatch reactor

M ax. difference in reactant B concentrations, semibatch reactor
Feactant B concentration in chosen point, semibatch reactar

Average concentration of product, semibatch reactor

Bw-product formation rate, semibatch reactor

By-product quantity, semibatch reactor

Average concentration of by-product, semibatch reactaor

By-product specific farmation rate in chosen paint, semibatch reactor

Figure 52.

NOTE:

These models take into account macroscale non-umiidy in actual mixing tanks
while assuming the mixing on the microscale levellie perfect. This is true if the time
of micromixing (VisiMix output parametefCharacteristic time of micromixing in
Single-

phase liquid mixing section) is considerably shartban the characteristic reaction
time.
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The modeling allows to obtain data on the distitrutand change of local concentrations
of reactants in a real (‘non-perfect”) reactor dgrection of the reactor and impeller
design. It provides also data on formation rate aretage concentration of the by-
product and allows comparing selectivity of thectemn as a function of tank and
impeller design, mixing intensity, inlet positiogtc. Simulation is based on the following
assumptions:

a) The solution of Reactant A has been loaded intaghetor and uniformly mixed
before the start of the process;

b) Reactant B or its solution is not being loadedansgy. The flow rate of Reactant
B or its solution is constant throughout the enlirading period;

c) The volume of Reactant B or its solution is smalpared to the initial volume
of the media.

d) Specific rate of the side reaction is significar{ly least 5 times) lower than
specific rate of the main reaction.

The submenu allows for a schematic visualizatiothefmixing process and for
evaluation of the degree of non-uniformity as acfion of reaction rate, quantities of
reactants, feed time and inlet position. Parameg&ased to both initial substances are
calculated until the deviation from the "perfeakimg" conditions becomes
insignificant. Concentration of the final productdathe degree of conversion are
calculated for the entire duration of the process.

Additional data is required for modeling semibateaction. VisiMix requests the data
by invoking the appropriate input tables (see ahove

NOTE:

Whenever you return to an input table, all calculahs related to the open output
windows are automatically repeated. Since simulataf "non-perfect” batch
reactions may take up to 2-5 minutes, close outpuridows before changing initial
data.

If the reaction rate for the main reaction is nebwn, you can evaluate the maximum
possible degree of non-uniformity by entering "fa’s¢ chemical reaction), or estimate
the approximate specific reaction rate by the arad error method describedBatch
reaction/blending.

7.7. Continuous flow reaction

This section of the program (Figures 53, 54) alléevperform simulation of a “non-
perfect mixing” Continuous Flow reactor for a haygoeous two-component 2nd order
chemical reaction A + B> C, accompanied with afyalr“side” reaction and formation
of a by-product. The side reactions of two types, B> D and B + C > D are included.
Physical and mathematical models used for simulare basically similar to the model
described in Single-Phase Liquid Mixing.

NOTE:
These models take into account macroscale non-umiidy in actual mixing tanks
while assuming the mixing on the microscale levellie perfect. This is true if the

User’s Guide VisiMix 2k7 TURBULENT 68



time of micromixing (VisiMix output parameter Chacteristic time of micromixing
in Single phase liquid mixing section) is considdxig shorter than the characteristic
reaction time.

The modeling allows to obtain data on the distidound change of local
concentrations of reactants in a real (‘non-peffeetactor as a function of the reactor
and impeller design. It provides also data on faomarate, average and outlet
concentrations of the by-product and allows comrmgavialues for selectivity of the
reaction as a function of tank and impeller desigixing intensity, inlet position, etc.

Starting period 1 | |l N = i

Stable state 3

Concentration of reactant A, continuous flow reactor, Starting period
Concentration of reactant B, continuous flow reactor, Starting period
Concentration of product, continuous flowe reactor, Starting period

Concentration of by-product, continuous flow reactor, Starting period

Figure 53.

Simulation of the Starting period (Figure 53) iséd on * Perfect mixing’ model.
Starting moment (time 0) corresponds to a fullyeleped and stabilized mixing regime
and zero concentrations of reactants and reactmofupts in all points of the reactor
volume.

Stable state distribution of concentrations inrdeector (Figure 54) corresponds to
period after Mean residence time x 10.

Starting period ¥
RichK-Ar Y R [ Continuous flow reaction ]

Outlet concentrations, continuous flow reactar, Stable state
Reactant A distribution, continuous flow reactor. Stable state
Reactant B distribution, continuous flow reactor. Stable state
Distribution of reaction product, continuous flow reactor, Stable state
By-product formation, continuous flow reactor, Stable state

Figure 54 .

If the reaction rate for the main reaction is nobwn, you can evaluate the maximum
possible degree of non-uniformity by entering "fas¢ chemical reaction), or estimate
the approximate specific reaction rate by the &rad error method described in Batch
reaction/blending.

7.8. Liquid-solid mixing
Use this option (its menu is shown in Figure 533dtrulate the mixing of suspensions.

The modeling of solid phase distribution is base@adliffusion model of turbulent
transport in quasi- homogeneous media &egle-phase liquid mixing. Separation
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under the effect of the rotation flow and practidata on the pick-up of particles from
the bottom is also taken into account.

Additional initial data on the densities of phagesg, concentration and size of particles,
and the position of the outlet tube is requirednimdeling liquid-solid mixing. VisiMix
requests this additional data whenever you addmgsf the questions or parameters in
this submenu for the first time.

LIGUID-SOLID ME=ING. MAIN CHARACTERISTICS
Completedincomplete zuspenzion

AxlAL DISTRIBUTION OF SOLID PHASE

RaDlal DISTRIBUTION OF SOLID PHASE

Relative residence time of solid phaze

COLLISIOMS OF PARTICLES

b aximum local concentration of zolid phaze

kirimum local concentration of solid phasze

Average concentration of zolid phase in continuous flow
b aimum dearee of non-uniformity - axial, &
b aximum deagree of non-uniformity - radial, %

Figure 55.

Supply the data in PROPERTIES OF SOLID AND LIQUIBIRSES and click OK. The
program calculates average density and viscositigeosuspension and compares them
with the initial input of average properties. IetHifference between entered and
calculated values is higher than 5%, the programes a warning message.

When determining whether it is necessary to chgoge input, take into account that
the hydrodynamic part of modeling, including thécatation of theMixing power is
based on your input of the average propertiesefrirdia.

Average density and viscosity of a two-phase systepend on the mass concentration
of the solid phase in the suspension. The progaaulates also the volume fraction of
the solid phase. If this fraction is higher tha¥®@he program issues a message
informing you that the drive should have additioreservation of power. This
reservation is necessary both at the start of tlang) as the impeller may be
submerged in the slurry layer, and in stable statalitions due to the increase in
hydraulic resistance of the walls and bottom oftdrk, as shown by recent
experimental data.

NOTE:

VisiMix calculates theaverage viscosity of a disperse systma checks pick-up of
suspension based on the assumption that there iphygsical interaction between the
particles.

Suitability of the equipment to a given processatals on the possibility for complete
suspension of the disperse phase.

Analysis and mathematical description of flows lafises and suspensions are based on
two characteristic flow velocities: “non-settlinglacity” and “washing-out velocity”.

The first parameter is the minimum velocity of twespension required for keeping the
particles afloat and preventing the settling, otdtion in cases when the density of
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particles is lower than the density of the liquithe second parameter is the velocity of
the liquid sufficient for destroying a layer, anidking up the particles from the bottom.
The “non-settling velocity” is 30-50% lower tharettwashing-out velocity”.

The same approach is applied in VisiMix TURBULENMNIthe mixing of suspensions.
The program checks if the flow velocity and turlmde in the vicinity of the bottom are
high enough to satisfy each of these requirements.

If complete suspension is questionable, VisiMixiesa warning when you invoke any
item in theLiquid-Solid menu for the first time. You may also check cortgle
suspension directly, by clickinromplete/incomplete suspensiom theLiquid-Solid
menu.

The program issues an additional message explawiingh of the conditions for
complete suspension is not satisfied.

The messagePartial settling is expectédappears if the calculated velocity of the
suspension is not high enough to keep the partifleat and prevent the settling.

The messageComplete pick-up from bottom is questionable

appears if the agitation starts after the solidiglas have settled on the bottom, and
complete suspension is questionable. In this ¢asethe message that warns of
possible separation of solids appears only whenagtthis question for the first time.

In some cases, the calculated degree of sepaxdtibe disperse phase, in particular
radial separation under the effect of rotationaflis so great that VisiMix may deem
the use of the equipment inadvisable and recomrakadging the input.

If you get such a warning, you should determinetivaieto change the parameters of
the mixing system immediately, or to proceed wité talculations.

Close all open output windows (sel€tbse All from the Windows menu) before
changing the data.

7.9. Liquid-liquid mixing

Use this option (its menu is shown in Figure 56)rfmdeling the mixing of liquids that
are not soluble in each other (emulsification).

To model mixing in liquid-liquid systemagdditional data on the properties of the phases
must be entered. VisiMix requests this data whanaadress any questions or parameters
in the submenu for the first time (PROPERTIES OANO@INUOUS AND DISPERSE
LIQUID PHASES input table). Calculations are basadhe stochastic models for

kinetics of the break-up and coalescence of drbps.modeling is performed in
accordance with the distribution of local interestof turbulence in main zones of the

flow and the residence time of emulsion in thesgeaqsed urbulence).
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KIMETICS OF DROF BREAE-UP
Completeincomplete emulsification

kMean drop zize

Sauter mean drop zize

Specific mazs transfer area

DISTRIEUTION OF DROFS B DIAMETER
kean micramixing time inzide drop
kdicramixing time for dizperse phaze
Frequency of coalezcence

Figure 56 .

Suitability of the equipment to a given processatels on the possibility for complete
emulsification of the disperse phase. If completeilsification is questionable, VisiMix
issues a warning message.

Probability of coalescence depends on the repufsiessure of the double layer on the
interface, which may change considerably due tgptheence of admixtures
(electrolytes, coagulants, or emulsifiers). Appmoate calculation of this pressure is
based on thindex of admixtures. The program asks you to evaluate this index with
respect to the composition of the liquid-liquid teys.

After you enter the data and cli€K, VisiMix calculates the average density and
viscosity of the emulsion and compares them withitfitial input of properties. If the
difference between entered and calculated valuegier than 5%, VisiMix issues a
message. When determining whether or not to chgogeinput, take into account that
the hydrodynamic part of modeling, including thé&aéation of theMixing power, is
based on your input of average properties of theéiane

NOTE:
VisiMix calculates theaverage viscosity of a disperse systesmsed on the assumption
that there is no physical interaction between tharficles.

To accelerate the solution, the simulation is pened according to a mono-disperse
approximation. Calculations of drop size distribug are based on experimental data.
Suitability of the equipment to a given processatas on the possibility for complete
emulsification of the disperse phase. If completellsification is questionable, VisiMix
issues a warning message.

In some cases, the calculated degree of sepaxdtibe disperse phase, in particular
radial separation under the effect of the rotafifloav is so great that VisiMix may
deem the use of the equipment inadvisable and n@ewd changing the input.

7.10. Gas dispersion and mass transfer

Use this option (Figure 57) for technical calcudas of bubble formation and mass
transfer in gas-liquid mixing systems. The proggarforms mathematical modeling of
distribution and breaking-up/coalescence of gablasbwhen gas is injected into the
tank via a distributing device placed below the éhhgr.
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In tanks with multistage impellers, the gas disttilbg device is fixed below the lower
impeller. The device is often made as a perforatey) the recommended ring diameter
being about 0.5-0.9 of the impell€ip diameter.

The program takes into account gas insertion fioersurface, which occurs in tanks
with high mixing intensity, especially if the impel is installed close to the media
surface.

Check gas distnbution

Gas flow number

E ztimated zurface aeration rate

Sauter mean bubble diameter

Sauter mean bubble diameter according to publizhed empincal correlations

Gaz hold-up

Gaz hold-up according to published empirical cormelations

Specific mazs bransfer area, gas-hquid

Specific mass transfer area, gas-iguid, according to published empincal correlations
Specific mazs transfer coefficient, gaz-iquid

Specific mazs transfer coefficient, gasz-iguid, according to published empinical correlations
Media depth

Gas masz tranzfer rate, kg per hour

Flooding according to published empinical conelations

Figure 57 .

The modeling is performed for baffled tanks onlgcéuse in unbaffled tanks radial
separation of gas may affect the efficiency ofdixgtem. If the number of baffles or the
baffle cross-section is not large enough for thieieht gas dispersion, the program
issues a warning.

In addition, the impeller must be placed sufficigmiose to the bottom, since otherwise
the area below the impeller will not be aeratedugihdfor the efficient operation. In
multistage systems, the upper impeller must ngilbeed too close to the surface, since
this may result in unpredictable surface aeratiototh cases, VisiMix does not
perform calculations, and issues the appropriatesages.

To model gas-liquid interactioadditional data on the properties of the phases and
regime parameters are required. VisiMix requesssdata when you address any
guestions or parameters in the Gas-Liquid submenthé first time.

Suitability of the equipment to a given procesg] &g efficiency depend on the
complete dispersion of gas injected below the ihepebn the distribution of the
bubbles across the tank cross-section, and omahsgort of the bubbles downwards
with the axial circulation flow. If this is queshiable, VisiMix issues a warning
message. If the lower impeller is fixed too famfrehe bottom or the flow velocity is

too low to ensure satisfactory gas distributiorsiMix issues the appropriate messages.
The gas-liquid section of VisiMix uses the reswoitshe simulation of flow velocities,
axial circulation, and turbulence performed in otfissiMix sections. The effect of the
gas injection into the agitated media on theserpaters is also taken into account.
Mathematical modeling is based on a set of origigisical models, and on the results
of numerous experimental studies. This set incltldedollowing models:

e Radial distribution of injected gas with a radiahtponent of flow created by
impeller;

e Spontaneous surface entrainment of gas due tdfewt ef turbulence;

e Axial transport of gas with circulation flow and orascale turbulent diffusivity;

e Break-up and coalescence of bubbles in the tarik\milime;

e Mass transfer to bubbles, which are subject tord&tion in a turbulent flow.
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NOTE:

The models assume that bubble size correspondkacetuilibrium between break up
and coalescence of bubbles in the tank bulk volurimresmall vessels, and especially
when gas hold-up is less than 2%, residence timgaxd in liquid may not be sufficient
to reach the equilibrium. Also, the mass transfeonel does not take into account the
"end effects", i.e. primary bubble formation.

Therefore, for small tanks the calculated mass teder rate and mass transfer
coefficients may be lower than the actual values.ihdustrial scale vessels, this does
not happen.

It is assumed that concentration of the active acmmept of gas or its solubility is low,
and the outlet value for the volume flow rate of gguals its inlet value. It is also
assumed that local concentration of the active aomapt in gaseous and liquid phases is
the same in the entire the tank volume (perfecimgix The composition of the gaseous
mixture above the liquid surface is identical ®abomposition in the agitated gas-liquid
mixture. Mixing tanks, under these assumptionsyassl for gas-liquid mass transfer
operations mainly when the mass transfer ratengdd due to the high film resistance
in the liquid phase. Therefore, only the liquid phanass transfer is taken into account,
and the overall mass transfer coefficient is assbitm@qual the inside (i.e. media side)
film coefficient.

The model of break-up and coalescence of bubblkes insthis section does not take
into account the effect of surfactants, electrayta other admixtures which act as
inhibitors of the coalescence. Therefore, the tesilthe modeling correspond to the
mixing in the so-called “coalescing” systems.

According to accumulated experimental data, mixmgas-liquid systems is controlled
by two main parameters: specific power, and sugatfgas velocity. VisiMix
TURBULENT calculates superficial gas velocitiesupfto 0.05 m/s, and calculates the
specific power of up to 25 W/kg (in non-gassed coonks).

Despite a great number of experimental studiesligiuid mixing, the accumulated
material is not representative enough for reliaioleclusions regarding the physical
mechanisms of the gas-liquid interaction in tank& wechanical agitation. Therefore,
VisiMix Gas dispersion section, besides the resflthe mathematical modeling,
provides also data based on well-known experimeataklations. In using these
results, one should take into account that alkéisellts were obtained for air-water
systems, and most of them were restricted to tatkssingle-stage disk turbine
agitator.

7.11. Liquid-solid mass transfer

Use this option (its menu is shown in Figure 58)Mfmdeling dissolution of the solid
phase in a liquid solvent. After you have seleemrdtem from theiquid-solid mass
transfer submenu, the program will request additional dgtantsoking the appropriate
input tables (PROPERTIES OF SOLID AND LIQUID PHASESd DISSOLUTION
OF SOLID PARTICLES).

VisiMix calculates the mass transfer coefficienstdid particles in a turbulent flow and
simulates the dynamics of the dissolution prockssovides the calculated values of
the dissolution time and graphs of main procesamaters (mass transfer coefficient,
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concentration of the solution, the remaining coticdion of the solid phase, etc.) as a
function of time for a batch process.

Time of complete dizzolution

Concentration of diszolved solids vz time

Reszidual concentration of solid phaze vz time

b azz tranzfer coefficient ws time [average]

b azz tranzfer coefficient ws time [mawimum]
Specific mazs ransfer coeffizient vs time [average]
Diameter of zolid particles v bime

Specific mazs tranzfer area vs time

b azz tranzfer rate vz time

Figure 58.

The simulation is based on the average (mean)jeasize. It is known that the
dissolutiontime for a real polydisperse suspension dependseoparticle size
distribution and is always longer than the theoggtilissolutiortime for a mono-
disperse suspension. Therefore, the program cstsutao values for th€&ime of
complete dissolution a minimum estimate calculated for particles ofdlkierage size,
and a maximum estimate for the largest particlébensuspension.

The solid phase is assumed to be completely susdandhe tank, and mass transfer
simulation is automatically combined with checkithg complete solids suspension. If
this requirement is not met the program issuegpanopriate message (skiguid-solid
mixing). Please note that in the case of incomplete siggme (partial settling) the
dissolution rate drops drastically and may becoeveal times lower than the
calculated value.

7.12. Heat transfer
7.12.1. General

VisiMix Version 2k7 TURBULENT performs two kinds tieat transfer
calculations:
1. Simple calculation of heat flux and heat transfegficients for a
fixed temperature of the media;
2. Simulation of dynamic temperature regimes of mixiagks and
reactors with respect to reaction kinetics and béatt.
The modeling of the heat transfer includes caloujainedia-side heat
transfer coefficients, jacket-side heat transfafficents and the thermal
resistance of the tank wall.

Calculations of the medgide heat transfer in tanks with various
impellers are based on a physical model which takesaccount heat
transport in turbulent boundary layer and energjrithution in the flow
(seeReview of Mathematical Model3.

VisiMix TURBULENT has been developed for the turbukent regime
of mixing in the tank. However, for the user’s conenience, Heat
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transfer calculations are performed also for lowerReynolds number
values.

Heat transfer in jackets is calculated using knemmpirical correlations,
which are also referred to in tiReview of Mathematical Models The
program calculates also the thermal resistancleeofank wall.

Heat transfer devices (HTD)

Calculations are performed for tanks with outsidattransfer devices -
conventionaljackets, half-pipe coil jackets,andembossed/dimpled
jackets. The jacket may consist ohe section (if there is one section
only, the program regards it as "Lower")taio separate sections
("Lower" and "Upper").

The position of the sections, their dimensions laat transfer areas may
vary.Lower sectionmay cover the tank bottam

Connection of two jacket sections

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

Liquid heat transfer agentA) inlets are placed in the lower cross-section
of each section, the outlets - in the upper cressien of each section; the
inlet temperature dfA is the same for both sections; you should estimate
and enter th8ow rates forLA.

Condensing (vaporous) heat transfer ag@f) - steam, Dowtherm
vapor, etc. - inlets are placed in the upper ceastion of each section,
the outlets of condensate - in the lower crossi@ect each section; the
inlet temperature and pressure# are the same for both sections.

Connectionn series:

Liquid heat transfer agenitA ) inlet is placed in the lower cross-section
of the lower section; A outlet is placed in the upper cross-section of the
lower section; the inlet of the upper section pthiceits lower cross-
section is connected to the outlet of the lowetigerthe outlet of the

LA is placed in the upper cross-section of the upgmiet section. The
flow rate ofLA is the same in both jacket sections. Enter thet inl
temperature of A for the lower section; the inlet temperature foz t
upper section is assumed to be equal to the temuperafLA at the

outlet of the lower section.

Condensing (vaporous) heat transfer ag@f) - steam, Dowtherm
vapor, etc. - inlets are placed in the upper ceasdion of the upper
section, the outlet of condensate and steam (vabding upper section is
placed in its lower cross-section and connectateanlet pipe placed in
the upper cross-section of the lower section. Tutkeebof condensate is
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placed in the lower cross-section of the lowerisactThe steam (vapor)
pressure in both sections is assumed to be the, shenialet temperature
for the lower section is assumed to be equal te#taration temperature.

Heat transfer agents (HTA)

The program performs calculations of heat transféeat transfer

devices for two kinds of HTA - liquid agentsA ) and condensing steam
or organic vaporsMA). There is no need to enter the physical propertie
of heat transfer agents: you must only select @noggpiate agent and
enter the inlet conditions: the inlet temperatunelfA , the inlet
temperature and pressure Y0k. The required properties of heat transfer
agents are retrieved by the program from its da&@bBhe program
includes also subprograms for approximate calcratbf temperature-
dependent physical properties of heat transfertagen

Properties

Simulation of temperature regimes is performed wapect to the
change in physical properties of liquids (the medidHTA) as a
function of the temperature. For this purpose pitegram includes
algorithms and sub-programs for approximate catimria of temperature
functions of the density, viscosity, specific haat heat conductivity of
liquids, which are based on a single value of ttoperty and the
corresponding temperature. The calculation metlade viscosity and
specific heat capacity are similar to the graphicathod proposed by
Lewis, W. K. and L. Squires for viscosity (se@@rry, Chemical
Engineering Handbook,

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

NOTE:

The methods for calculating physical properties aapproximate. Their
accuracy is sufficient for heat transfer calculatis, but they are not
recommended for general use. The table of propertié the most
frequently used water solutions and organic solveig accessible
through HEAT TRANSFER PROPERTIES OF THE MEDIA input
table. It will help you to approximately estimateet initial data for heat
transfer calculations.

Process regimes. General information

The main menu includes three Heat Transfer optielaged to the main
process regimes - Continuous flo@H), Batch BH) and Semibatch
(SB). Each of them includes two submenus accordinbedype of the
heat-transfer agent and the process in the heatiolifig device (HTD).
ThelLiquid agent (LA) option is used to calculate heating or cooling in
the tank with a liquid heating agent (LA). The heahsfer mechanism
may correspond to free convection or forced conwrdh laminar or
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turbulent flow conditions. In the course of the siation, the program
estimates the flow and heat transfer regime arettethe appropriate
correlation.

Before starting the simulation Isglecting a parameter in the
corresponding submenu of Heat Transfer optiorSadulate, you will

be asked to fill in the appropriate input tablesnafal data according to
a particular mixing case. However, for all procesgmes 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 simulatib is also necessary to
enter theSimulation time.

If the calculated temperaturlé€dia temperature) falls outside the
prescribed temperature limits, the program stofutation and issues
an appropriate message, indicating the time whisrottcurs. To obtain
more information about the process, enter a neuevir the
Simulation time, which must be lower than the one indicated in the
message in the corresponding HEAT TRANSFER. SPECHATA
input tablefor CF, BH and SB processes.

The results obtained with heat transfer calculatiptions are displayed
mainly as graphs; the parameter you selected septed as a function of
time within the simulation periodTo present graphs as tables, use the
Report option.

The simulation is based on the common equatioheat equilibrium with
respect to heat capacity of the media and the téol.select the tank
material in TANK SHELL CHARACTERISTICS input tabland the
properties of the material will be retrieved frone tVisiMix database.
You may enter the tank mass according to the taaidgs. If the exact
mass is not known, VisiMix calculates it.

Chemical reaction with heat release or consumption

The program simulates simple heating or coolinanks, and also
temperature regimes of chemical reactors. Calaxiatare performed with
respect to a second-order single-phase chemicztiora

A+B - C +Q,
where Qis the specific heat release/consumption of thegs®.
You may enter kinetic data and heat effect of #setion in the HEAT
TRANSFER. CHEMICAL REACTION DATA AND TEMPERATURE
LIMITS input table. The heat release is calculated as@ifn of the
current concentrations and temperature accorditigetédrrhenius
equation. If the kinetic and thermodynamic congdot the reaction are
not available, the program may perform calculatioased on the
average heat release/consumption value you entEnesloption may
also be useful for simulating temperature reginfdseterogeneous
reactions withtotal heat release value based on experimental data
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7.12.2. Modeling of temperature regimes

VisiMix allows you to perform heat transfer caldigas for the
following types of processe€ontinuous FlowCF), Batch BH),
Semibatch $B), and for Fixed temperature regint€l(). For each of
these processes you may perform simulation focéise of liquid heat
transfer agentl(A) in jacket, and for the case of vaporous heasten
agent VA) in jacket. The menu of one of thieat Transfer options in
Calculate is shown in Figure 59.

Heat Transfer. Continuous flow (CF)

Liguid agent (LA} » HH% [ Heat Transfer, Continuous Faw (EFE) ] #H

Vapor agent (va) »

Heat Transfer. Batch (BH)

Media temperature, CF, LA,

‘Wall temperature, media side. CF. LA,

Outlet temperature of liquid agent in lower jacket. CF.

Qutlet temperature of liquid agent in upper jacket. CF.
Concentration of reactant A, CF. LA,

Concentration of reactant B. CF. LA.

Heat transfer rate, CF. LA,

Specific reaction rate. CF. LA,

Reaction heat. CF. LA,

Inside film coefficent. CF. LA,

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

Qutside film coefficent, upper jacket. CF. LA,

Pressure head on the jacket, max

Liquid velocity in jacket

Heat-transfer area

Heat Transfer. Semibatch (58)

Heat Transfer. Fixed temperature regime {FT)

* | v | = | ~ Rd

Mechanical calculations of shafts

Figure 59 .

Continuous flow process - CF

This option provides mathematical modeling of tiyaammics of a
continuous flow mixing tank with a heat transfevide. The process
eventually reaches a steady-state regime. Grangeslifficient
simulation time, the final results obtained in taulation will represent
the steady-state parameters.

In this case, théleat transfer areain the tank is assumed to be constant
and is calculated according to telume or Level of mediain the tank.

You select a starting point of the simulation, it media temperature
and the concentrations of the reactants. The stroolancluding the
simulation of transition regimes, can be startedifany reactor state.

Batch process - BH

This option provides mathematical modeling for Bateating/cooling of
the tank or Batch chemical reactor with a heatsfiemdevice. In this

case, thddeat transfer areain the tank is assumed to be constant and is
calculated according to théolume or Level of mediain the tank.

In the case of a chemical reaction, both reacta@supposed to be
loaded and distributed in the reactor before thmukition starts
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Semibatch process - SB

This option provides mathematical modeling of Satth reactors with
heat transfer devices. It is assumed that theiealof reactants A and B
is loaded into the tank in the beginning of thecess. The volume of the
solution is the minimum volume of the media in thek and corresponds
to the value oVVolume of mediayou entered in the TANK input table.
At moment “0”, the loading of the solution of reats A and B into the
tank begins. The solution is loaded at a constant fate until the
volume of the media becomes equal toFial volume of mediayou
entered in the SEMIBATCH PROCESS. HEAT TRANSFER SHHC
DATA input table. You must also specify tbaration of reactants

inlet, Density, Specific heat capacityandTemperature of inlet flow.
The volume flow rate of the inlet flow during thdat 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 funetod time
and with respect to the flow rate of the inlet flow

If kinetic data andHeat effect of reactionhave been previously entered,
VisiMix calculates heat release with respect todhwent concentrations
of the reactants and temperature. Iflteat release/consumption for a
batch was entered instead of thkeat effect of reaction the reaction
heat release (consumption) is assumed to be camkiang the reactants
inlet, and to becomeero after the end of the inlet period.

Fixed temperature regime - FT

This option allows for performing common heat tfensalculations of
the tank for a given single set of conditions, tte. volume and
temperature of the media. No additional data orptbeess, such as
reaction kinetics or heat release, are necess#lrgrdgram 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 thisoomot only for
calculating steady-state heat transfer rates xedfconditions, but also in
combination with one of the simulation options laes first stage for a
preliminary selection of the equipment, the heagfer agent, its inlet
temperature and flow rate, etc. Another possibfdiegtion is obtaining
output parameters for any desired point on thegg®simulation curves
by reading théMledia temperature at this time coordinate from the graph
Media temperature vs. time,and entering it in the FIXED
TEMPERATURE. HEAT TRANSFER SPECIFIC DAT#Hput table
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7.13. Mechanical calculations of shafts

Use this option (its menu is shown in Figure 60péoform the mechanical calculations
required for checking the shaft reliability. The@gram includes calculations for the
critical frequency of shaft vibrations and maximstresses in dangerous cross-sections.
Calculations are based on the shaft sizes as pneliity estimated and entered by you.

If the results of the calculations are negative,glogram issues appropriate messages.
In this case, you should modify your input, e.gcrease the cross-section of the shaft
section mentioned in the message, or reduce théewaf revolutions, etc.

Combined torzion and bending
Torzion shear
Shaft vibration characternistics

Figure 60 .

The impeller (for multistage systems - all impeddeis assumed to be submerged in the
liquid so that the central vortex (segdrodynamics, Vortex depth) does not reach the
impeller. The maximum torque of the impeller drixe selected is also used as initial data.
Therefore, the mechanical calculations are alwaytpmed after the calculations of the
hydrodynamic parameters. The program automatipaijorms two preliminary checks,
selecting the drive (power of the drive must benregough for the selected mixing system)
and the vortex depth. If either the impeller or dniwe do not correspond to the
requirements described above, the program issyes@mte messages.

Shaft types

The calculation methods used in the program aetaelto the vertical console metal
shafts with stiff fixation of the upper end in bieas. The following types of shafts are
considered:

1) A solid stiff shaft with a constant diametsm@gle-diameter shaft orregular);

2) A stiff shaft consisting of two parts, eitherthvaolid, or the upper solid stage and the
lower hollow (tubular) stage with different diamestévariable diameter shaft or
combined);

Both shaft sections are supposed to be made ofiadateith identical mechanical
properties. A built-up shaft with stiff couplingsiegarded as a single item.

The term “stiff shaft” means that the rotationat¢eg of the shaft is lower than the
shaft’s critical (natural) frequency of vibratior@alculations are performed for shafts
with one, two and three identical impellers, whégck assumed to be fixed on the same
section of the shaft (see diagrams in the SHAFT IGBRSnput table).

Calculations can also be performed for glass-Isteafts and shafts with other coatings.
However, applicability of the VisiMix suitabilityriteria is not guaranteed for these
cases.

Calculated parameters and suitability criteria

The program performs three sets of calculations:
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Maximum torsional shear stress.The torque applied to the shaft is assumed to
correspond to the maximum value of the driving motas due to motor acceleration,
i.e. 2.5 times higher than the motor rated tordumese calculations are performed for
the upper cross-sections of the upper and lowgestaf the shaft. A single-stage shaft
(regular) is regarded as the upper stage of ag& stiaaft with a zero length for the lower
stage. The shaft is considered to be strong enibtigd calculated stress value is equal
or higher than 0.577 of the yield strength of thafsmaterial.

Combined torsion and bending. The shaft is assumed to be occasionally expased t
uneven bending force applied to one of the impdllades. The maximum combined
stress is calculated using the EEUA method. Thakrilations are performed for the
upper cross-sections of the upper and lower skaftas. A single-stage shaft (regular)
is regarded as an Upper stage of a 2-stage shhfavziero length for the lower stage.
The shaft is considered to be strong enough it#heulated stress value is equal or
higher than the yield strength of the material.

Critical frequency of vibrations. The shaft is considered to be stiff if the rotasib
speed is less than 70% of the calculated critizaiufal) frequency. According to many
years’ practical experience, this condition isyukliable for mixing in homogeneous
liquids, as well as in liquid-liquid and liquid-solsystems. For gas-liquid systems, the
impeller rotational speed must be about 60% ottiteal frequency. To avoid
additional sources of vibrations, two more condi@re recommended:

1) The product of the rotational speed of the saiaft the number of blades must not
equal the critical (natural) frequency of the shaiftd

2) The number of baffles in the tank must not beaétp the number of impeller’s
blades. In tanks with an even number of baffless, &dvisable to use impellers with an
odd number of blades.

7.14. Supplement. Tanks with Scraper agitators.

Scraper agitatorsare used in tanks and reactors that require iMemgat transfer to a
jacket. Their application is typical the cases whaga necessary to prevent adhesion of
solid particles (for instance, in crystallizers,rgactors for precipitation processes, for
suspension polymerization, etc.) or formation ohigh viscosity film on the heat
transfer surface of the tank. Some kind of plagtithe most cases -Teflon, is used as a
material for the scrapers. The close contact ofstrapers to the tank wall is ensured
due to flexibility of the plastic.

The scrapers are fixed to horizontal hands. Acomigtito the calculations and
experimental results, in mixers of technically wreeble design influence of the hands
on mixing is negligible. It can be checked by conmgpof the power values calculated
for scrapers and for horizontal hands without serap

Intensive heat transfer to the tank wall that igtwvith scrapers occurs due to periodic
replacement of a boundary liquid film that is irtmal equilibrium with the wall (Tfilm

= Twall) by a ‘new’ layer with different temperagurlf turbulent mixing in the tank is
intensive enough, this temperature is equal orlyegual to the average temperature of
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the media. Calculation of Media-side heat transtafficients for such conditions is
based on the well known theoretical solution fon4stationary heat conductivity in a
semi-infinite body. Close to the lower limit ofrbwlent regime the radial turbulent
mixing between periphery and bulk part of the taakime is not so good, and it results
in decrease of the heat transfer rate.

NOTE:
Even small distance between the scraper and thektaall can cause a significant
reduction of heat transfer rate.

Entering initial data for a new Project.

- Enter theProject name and select a Tank as described ingpaand6.1

- Select No baffle’ option in theBaffle selectiontable.

- After obtaining agitator selection table clidRdncel.

- Enter Average properties of media as describeding5.1.

- SelectSupplements> Scraper agitators>Scraper agitator. IRUT and fill the
input table

- Select and click the menu options correspondirthegurpose of calculations.

If you selectHeat transfer option for the first time, the program will disgla table for
input of Heat transfer properties of media.

Editing the initial data.

Editing of the initial data foBupplementsis performed using the Menu ictmitial
Data explorer. TheLast input table option can be also used.

Returning from Supplements to the main part of theprogram.

In order to return fronSupplementsto the main part of the program cliEXIT in the
Supplements-Scraper agitatorsnenu.

NOTE: The Scraper agitators can be used only in kanwithout baffles. If the
Supplement is used for an existing Project that limdes a tank with any type of
baffles, a corresponding message arrives on theesar If it happens, you have to
return to the main program and select the No He# conditions.
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SECTION 8. OUTPUT PARAMETERS
8.1. Hydrodynamics
8.1.1. General flow pattern

The visualization is based on the results of appratie modeling the
flow with stabilized hydrodynamics. It imitates thwtion of tracer
particles, which have been injected at randomtimeatank. The time
that has elapsed since loading the tracer pari€lésplayed on the
screen.

8.1.2. Reynolds number for flow

This value is based on the average velocity ofltve and radius of the
tank. The lower limit of a turbulent regime corresds to the Reynolds
number value of about 1500. Significant changdsyarodynamics are
observed when the Reynolds number value is lovaer #900. The
current version of VisiMix does not perform caldidas for Reynolds
number values lower than 1500.

8.1.3. Impeller Reynolds number

This is a traditional definition of the Reynoldsterion. It is calculated
by a common formula as the product of rotation#beiey and tip
diameter of impeller divided by kinematic viscosity

8.1.4. Impeller tip velocity

This parameter represents the speed of the ougera@dhe impeller
blade. It is used for comparing the blade veloaitg the velocity of the
media flow

8.1.5.Characteristics of tangential flow

Radial distribution of tangential velocity.

This parameter represents the height average maifille of tangential
velocity. Numerous measurements have shown thatuall developed
turbulent flow, local profile of tangential velogits close to the average

at almost any height, except for the impeller area.

Average value of tangential velocity

This parameter represents the volume average f@uangential
velocity.

Maximum value of tangential velocity

This is the maximum value on the tangential veloprbfile, seeRadial
distribution of tangential velocity.
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Tangential velocity near the wall

This is the average tangential velocity near thi easide the
boundary layer. Velocity degradation in the bougdayer is beyond
the scope of VisiMix modeling

8.1.6. Effective viscosity near the wall

For non-Newtonian media, this parameter dependb@malue of shear
rate in the boundary layer on the tank wall. Caltiah of the shear rate
is based on the results of modeling the flow véjodistribution.

8.1.7. Mixing power

This parameter is calculated for stable state mgixine calculation is
based on the results of mathematical modeling lofcity distribution
and on experimental resistance factor values fmtdd of different
configurations. Here data on average density asabsgity, which have
been previously entered into the system, are Ukt calculated
mixing power exceeds 70% of the motor power rayiog have
previously entered into the system, the warriMging power is too
high for your drive” is issued.

The 30% reservation accepted in VisiMix is baseg@ctical
experience. It takes into account usual level oérgy losses in electric
drives with mechanical speed reducers (gyreshelfspeed reduction is
performed using electrical or electronic speed rmbmtevices, selection
of the motor power has to be based on the ratediéomoment of the
low speed shaft that must be included in the tesgimharacteristic of
the drive. The recommended 30% reservation indds® must be
related to the calculatébrque value.

8.1.8. Power number

This parameter represents thp coefficient in the equation
P=N_pn’d®

where

P is the mixing power, W,

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

n is rotational speed, 1/s; and

d is impeller diameter, m.

VisiMix first calculates the mixing power by solgrydrodynamic
equations, and thadp is calculated using the formula given above.

Torque

This parameter represents the value for the toirgparted by the
rotating impeller to the media.
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Force applied to impeller blade

This parameter represents the resultant of the$oapplied to the blade
by the flow.

Force applied to baffle

This parameter represents the resultant of the$oapplied to the baffle
by the flow.

8.1.9. Characteristics of circulation flow
Circulation flow rate

This parameter is calculated as the sum of cinardtow rates in all
main circulation loops in the vessel. See &smeral flow pattern.

Mean period of circulation

The average time of a single cycle of media cirttoitais calculated on
the basis of th€irculation flow rate. In many cases, it is
recommended to reduce this parameter, for instao@eoid significant
change in concentration near the inlet pipe. Taicectirculation time
without increasing the mixing power, try an impelkath a larger tip
diameter and lower pitch angle of blades.

Average circulation velocity

This is a value of axial velocity defined as averager the tank
volume.

8.1.10. Vortex formation

This diagram shows form of the vortex in your mgtank.

The phenomenon of vortex formation is mainly sigaifnt for
unbaffled tanks. In baffled tanks, the vortex igaly small and can be
disregarded. However, at high RPM values, the xartay be quite
large. It is often unstable, and its height angpshaay change
considerably in the course of the process. In tbases, calculated
vortex parameters should be regarded as estimalgs o

Vortex depth

If the vortex is too deep and reaches the impaliestable gas caverns

may form around the impeller blades. The resulsingft vibrations may
reduce the reliability of the equipment. Gas inserinto the media may
also occur. VisiMix lets you know if such conditeare expected.
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Vortex volume

This value must be taken into account in the cotirs flow processes
for calculating mean residence time of media.

Media level increase due to vortex formation

Due to vortex, there is an increase in the levehetlia near the tank
wall. In some cases, this may cause media overfiloaddition, it may
increase the heat transfer area in cases of héaiolong in jacketed
tanks.

Area of media surface

This is the area of the media surface, calculati#iul iespect to
deformation of surface due to vortex formation.

8.1.11. Check gas pick-up.

High turbulence close to the surface or big vortgdth in the impeller
depth can result in a significant insertion of gde agitated liquid.
Sometimes this phenomenon is not desirable — gesaflotation of
particles, or oxidation of the reactants and reagtroducts, etc.

In order to perform simulation of the surface pigkof gas, the
program will ask you to enter data on Surface angFigure 34).

8.2. Turbulence
8.2.1. Local values of energy dissipation

The entire mixing volume is assumed to be dividdd zones - the zone
behind the impeller blade, the zone behind thddmgfthe jet around the
impeller, and the bulk volume. This table providstimates for the
energy dissipation values in these main zones.

Non-uniform distribution of energy dissipation isportant for micro-
mixing, emulsification, and crystallization. A higlegree of non-
uniformity has a positive effect on emulsificatiand a negative effect
on crystallization. For single-phase mixing andpgussion processes, a
more uniform distribution of energy is preferable.reduce the degree
of non-uniformity, try reducing the pitch angletbe blades or the
number of baffles.

NOTE:
For Anchor and Frame impellers, these values havever been
determined experimentally.

Energy dissipation - average value

This parameter represents the volume average gppoiker, and is
calculated as the mixing power per kg of media
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Energy dissipation - maximum value

This parameter is calculated as an average valtredtirbulent
dissipation rate in the zone with the highest degfeurbulization. In
most cases, it takes place in the vortices forneddna the impeller
blades. Energy dissipation in this area dependbedifference
between the impeller tip velocity and the tangeémadocity of the
media. The most important microscale phenomend, asicirop break-
up, breaking of crystals, nucleation, and efficienmtro mixing take
place in these zones.

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

Energy dissipation near baffles

This parameter represents a characteristic valea@fgy dissipation
behind the baffles calculated using the velocityhef flow past the
baffles. If this value is smaller than energy giasion in the bulk
volume, the value for the bulk volume is given.

Energy dissipation in the bulk volume

This value controls micro-mixing in single-phasaat®rs. To increase
this value without increasing the mixing power,ueel the pitch angle
of the blades or the number or width of the baffedternatively,
increase the tip diameter of the impeller and redhe number of
revolutions.

Dissipation of energy around the impeller

A jet forms around the impeller. Turbulent dissipatin this jet, at least
near the impeller, is relatively high, which hefmhieve better micro-
mixing. Its influence on drop breaking is negatbexause of
coalescence.

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

8.2.2. Volumes of zones with different turbulence
Volume of zone of maximum dissipation
This parameter represents and estimate of the winmwhich the

energy dissipation is close to the maximum valuesfergy dissipation
calculated by VisiMix. Despite the fact that theesgy dissipation
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behind the impeller blade may be much greater thamverage, the
volume of this zone may be small compared to thed toixing volume.

Volume of zone surrounding baffles

This parameter represents characteristic voluneeozone behind the
baffles, in which the energy dissipation may diegnificantly of the
energy dissipation in the bulk volume, see &lscal values of energy
dissipation.

Characteristic time of micromixing

This parameter represents the time for the degmadat microscale
concentration non-homogeneity, and it must be takiEnaccount in the
analysis of fast chemical reactions.

8.2.3. Residence time in zones with different turbulence

This table provides the relative residence timeesifor the zone of
maximum energy dissipation, the zone behind théidsafand tank bulk
volume. These values are calculated as the rativeofolume of the
respective zone to the total mixing volume.

8.2.4. Microscales of turbulence in different zones

Estimation of microscales of turbulence is base&olmogoroff
hypothesis. The minimum value of a microscale @poads to the
maximum energy dissipation. This value is imporfandrop breaking
and coalescence. The microscale value correspoiaitng tank bulk
volume is in control of micromixing time in Singpase liquid mixing.

8.2.5. Turbulent shear rates in different zones

The following formula is used by VisiMix for calation of the average
shear rate and local shear rates around the agitatbe tank bulk
volume and near the baffles:

Tun= (1M,
where:

Tiur 1S the turbulent shear rate, 1/s

gis the turbulent dissipation rate (near the agiitbtade, near the baffle,
or in the tank bulk volume, respectively), W/kgnof/s®, and

vis the kinematic viscosity of liquid mediaZis

The physical meaning df variable is the ratio of turbulent
fluctuation velocity,’at the Kolmogoroff scaley, (internal scale of
turbulence) to the value o:

Twun= Vo'l
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This parameter must not be confused with averalpeie gradient,

and its value is typically one or two orders of miagde greater than the
latter. The turbulent shear ra#&, is the characteristic shear rate at the
microscale level that governs such processes &as tnasport to

growing and from dissolving solid particles.

8.2.6. Turbulent shear stress near the impeller blade

This parameter represents microscale charactaristimternal friction
values. It is connected to the turbulent shear 7aig
by the equation

Tturb = 44 turb,
whereu is dynamic viscosity of the media.
8.2.7. Characteristic time of micromixing. See par.8.3.3.
8.3. Single-phase liquid mixing
8.3.1. Macromixing time

This parameter characterizes the time requirethdistribution of
solute (admixture, tracer, paint, etc.) throughbetentire volume of the
tank. Itis calculated as the time required tauosdthe maximum
difference of local concentrations of the admixtir@about 1% of its
final average value (in batch mixing conditionsheTadmixture is
assumed to be injected instantly. Selection ofd¢iaé duration of
blending is based on the sumMs&cromixing time and the
Characteristic time of micromixing.

To reduce the macromixing time in an unbaffled tankincreasing
impeller tip diameter or pitch angle of the bladeshaffled tanks,
reducing the macromixing time is usually achievgdngreasing the
mixing power.

8.3.2. Mean period of circulation

The average time of a single cycle of media cirttoitais calculated on
the basis of the circulation flow rate. In manyesst is recommended
to reduce this parameter, for instance, to avajdiBcant change of
concentration near the inlet pipe. To reduce catoih time without
increasing the mixing power, try an impeller withagger tip diameter
and lower pitch angle of blades. This parametatss calculated in
Hydrodynamics section.

8.3.3. Characteristic time of micromixing
This parameter represents an estimate of the gopgned to achieve

uniform distribution of the dissolved substancesido the molecular
level. It is assumed to depend on the moleculdnsldn of solute,
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while the scale of mixing due to molecular diffusionly is supposed to
correspond to the microscale of turbulence. Micsong time is
estimated both as the diffusion time, and as theimmam lifetime of a
volume element, which has elapsed before the eleemers the zone
of the maximum dissipation rate. The final valdi¢hts parameter is
calculated with respect to both estimates. Chatigtitesize of the
volume element is assumed equal to the microsddielmlence in the
tank bulk volume.

8.4. Continuous flow dynamics
8.4.1. Tracer distribution. General pattern

Visualization of the tracer distribution helps cbhig optimal
inlet/outlet and sensor positions for the procesdrol.

8.4.2. Response function, pulse mode

This parameter is important for automatic contrfaleactors. The
results of the mathematical simulation of the regstdynamic
characteristics are presented in the form of stiswésponse functions
for a pulse type of tracer input signal. To caltelde response
function, enter the coordinates of the inlet point.

8.4.3. Relative deviation from ideal RTD function

Residence time distribution (RTD) is used as adfasithe analysis and
mathematical modeling of "non-ideal" reactors (“fpanfect” mixing).

It is calculated as an integral of the Responsetion. For an ideal
("perfect mixing") reactor, RTD corresponds to apanential function.
Significant deviations from this function are ohsat at the beginning
stage of the process. They characterize the dedsviation from

ideal and can be important for the process confimkhorten this stage,
try increasing th€irculation flow rate or decreasing the mixing time.
You can also reduce the deviation by selectingnagitpositions of inlet
and outlet points.

8.4.4. Average concentration of tracer in CF tank

The form of the curve for the average concentraioimacer in
continuous flow tank differs from exponential whishcharacteristic for
"perfect mixing" reactor when the residence timeigas comparable to
theMacromixing time.

8.4.5. Maximum difference in tracer concentrations, CF.
These parameters determine the tracer distribaas function of

mixing device and inlet position. They can be uednalyze and
improve single-phase mixing
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8.4.6. Local concentrations of tracer, CF
Max. local concentration of tracer, CF
Min. local concentration of tracer, CF

These graphs illustrate degree of ‘non-idealifythe reactor from the
point of mixing and distribution of tracer. Alomgth the maximum and
the minimum concentration values, it is possiblgdgbgraphs of local
concentration in any point of the tank by corresping positioning of
the sensor (see 8.4.7)

8.4.7. Tracer concentration in a chosen point, CF.

The position of the virtual sensor in the tankgsdfied in the input
table SINGLE-PHASE BLENDIN@& REACTORS. SENSOR
POSITION. The sensor measures the concentratitmedfacer in this
specified point, and the local concentration irs {int as a function of
time is shown in the graph.

8.5. Batch reaction/blending
8.5.1. Batch reactor. General pattern

The program provides simultaneous visualizatiohaih reactants'
distribution in the tank. Use visualization to s¢leptimal inlet point
for reactant B.

8.5.2. Average concentration of reactant A and B, batch reactor

In "perfect mixing" reactors, the form of the cueaverage
concentrations of reactants depends only on thiiali concentrations
in the reactor, the reaction equation and kinetditstants. In actual
mixing conditions, the form of the curve of averagacentrations
depends also on the inlet location and the dedigimeomixing unit.

8.5.3. Maximum difference in local concentrations, batch reactor

The changes in the degree of non-uniformity ofrdistion of local
concentration values help analyze the course gbtheess, especially
at the start when concentration of reactant Blatixely high. For some
reactions, considerable differences of local cotre¢ions and long non-
uniformity periods can lead to formation of by-puoats and decrease
the product yield. These effects can be reducedEloyeasing the
Macromixing time, and sometimes by choosing better inlet positions.
The data on the distribution of local concentradican be used also for
choosing sensor position in the reactor.

These parameters are calculated for the begintagg ®nly, until the
difference of local concentration values becomsmgmificant.
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8.5.4. Local concentration in chosen point (batch blending and
batch reactor)

The position of the virtual sensor in the tankgedfied in the input
table SINGLE-PHASE BLENDIN@& REACTORS. SENSOR
POSITION. The sensor measures the concentratitrecfubstance, i.e.
tracer, reactant A and B, or by-product in thiscsed point, and the
local concentration in this point as a functiortiofe is shown in the
graph.

8.5.5. Degree of reactant A conversion, batch reactor

The degree of conversion is calculated as a relatidhe total decrease
in the reactant A quantity to its initial quantitfyhe modeling is
performed for the entire process duration. Fordaetion type, used for
modeling, the final parameter value depends ormnikial quantities of
reactants only.

8.5.6. Average concentration of product, batch reactor

This parameter is calculated for the entire duratibthe process. For
the reaction type, used for modeling, the finabpagter value depends
on the quantities of reactants only.

8.5.7. By-product formation rate, batch reactor

This value is estimated by integrating local byearat formation rates
in the tank volume. It can sometimes be reduceith¢rgasing the
mixing intensity or changing the point of inlettbe reactant B (see
Single-phase blending & reaction - Inlet and sensquosition).

8.5.8. Average concentration of by-product, batch reactor

This value is estimated by integrating local coriions of by-product
in the tank volume. It can sometimes be reduceithdrgasing the
mixing intensity or changing the point of inlettbe reactant B (see
Single-phase blending & reaction - Inlet and sensqguosition).

8.5.9. By-product quantity, batch reactor

This value is estimated by integrating by-prodachfation rate with
respect to the reaction time. Its final value camatimes be reduced by
increasing the mixing intensity or changing thenpai inlet of the
reactant B (se8ingle-phase blending & reaction - Inlet and sensor
position).

8.5.10. By-product specific formation rate in a chosen point, batch
reactor

Calculation of this value is based on the kinetjoaion (se&SINGLE-
PHASE BLENDING AND REACTORS. HOMOGENEOUS CHEMICAL
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REACTION input tabl¢ and calculated local concentrations of the
reactants. VisiMix allows for estimating zones wiitie lowest local
selectivity of the reactian

8.5.11. Batch blending. General pattern

Use visualization of the blending process to chagsamal admixture
inlet position.

8.5.12. Maximum difference in tracer concentrations.

The changes in the degree of non-uniformity ofrdistion of local
concentration values help analyze the course gbtheess, especially
at the beginning stage. This stage can be shortenettreasing
circulation flow rate, and sometimes by choosingdrenlet positions.
The data on the distribution of local concentragican be used also for
choosing sensor position in the reactor Sewle-phase blending &
reaction - Inlet and sensor positioi.

8.5.13. Local concentrations of tracer
Max. local concentration of tracer
Min. local concentration of tracer

These graphs illustrate degree of ‘non-idealifyth@ reactor from the
point of mixing and distribution of tracer. Alomgth the maximum
and the minimum concentration values, it is possiblget graphs of
local concentration in any point of the tank byresponding
positioning of the sensor (see 8.5.14)

8.5.14. Tracer concentration in a chosen point, CF.

The position of the virtual sensor in the tankgsdfied in the input
table SINGLE-PHASE BLENDIN@& REACTORS. SENSOR
POSITION. The sensor measures the concentratitredfacer in this
specified point, and the local concentration irs {int as a function of
time is shown in the graph.

8.6. Semibatch reaction

8.6.1. Average concentration of reactant A and B, semibatch
reactor

In "perfect mixing" reactors, the form of the cueaverage
concentrations of reactants depends only on thiiali concentrations
in the reactor and in the inlet flow, the reactemjuation and kinetic
constants. In actual mixing conditions, the forntt@ curve of average
concentrations depends also on the inlet locatiohtlae design of the
mixing unit.
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8.6.2. Semibatch reactor. General pattern

The program performs simultaneous visualizatiobath reactants’
distribution in the tank. Use visualization to s¢leptimal inlet point
for reactant B.

8.6.3. Local concentrations of reactants A and B. Maximum
difference in local concentrations, semi-batch reactor

The changes in the degree of non-uniformity ofrdiation of local
concentration values help analyze the course gbitheess, especially at
the end of the feeding period when concentratiorea€tant B is relatively
high. For some reactions, considerable differemcéscal concentrations
and long non-uniformity periods can lead to formatof by-products, and
decrease the output. These effects can be redyagecbeasing the
mixing time, and sometimes by choosing better ipteditions. The data
on the distribution of local concentrations carubed also for choosing
sensor position in the reactor.

These parameters are calculated for the begintayg ®nly, until the
difference in local concentration values becomegymificant.

8.6.4. Average concentration of product, semibatch reactor

This parameter is calculated for the entire prodesation. For the
reaction type used for modeling, the final value¢haf parameter
depends on the quantities of the reactants only.

8.6.5. Degree of reactant A conversion, semibatch reactor

The degree of conversion is calculated as a relatidhe total decrease
in reactant A quantity to its initial value. The dabing is performed for
the entire process duration. For the reaction tgesl for modeling, the
final parameter value depends on the initial quigstiof reactants only.

8.6.6. By-product specific formation rate in a chosen point,
semibatch reactor

Calculation of this value is based on the kinetjaaion (see SINGLE-
PHASE BLENDING AND REACTORS. HOMOGENEOUS
CHEMICAL REACTION input table) and calculated local
concentrations of the reactants. VisiMix allows égtimating zones
with the lowest local selectivity of the reaction.

8.6.7. By-product formation rate, semibatch reactor

This value is estimated by integrating local byearat formation rates
over the tank volume. By-product formation rate barreduced by

decreasing the inlet flow rate of the reactantr8rgasing the feeding
time, seeSingle-phase blending & reaction, Semibatch reactyrand
sometimes by increasing the mixing intensity, aaraying the point of
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inlet of the reactant B (s&kingle-phase blending & reaction, Inlet
and sensor positioi.

8.6.8. Average concentration of by-product, semibatch reactor

This value is estimated by integrating local coriions of by-product
over the tank volume. It can be reduced by deangabie reactant B
inlet flow rate (increasing the feeding time, Saegle-phase blending
& reaction, Semibatch reactol) and sometimes by increasing the
mixing intensity, or changing the point of inlettbe reactant B (see
Single-phase blending & reaction, Inlet and sensgyosition).

8.6.9. By-product quantity, semibatch reactor

This value is estimated by integration of by-prddtreation rate along
the reaction time. The final value can be redugeddzreasing the
reactant B inlet flow rate (increasing the feedinge, seeSingle-phase
blending & reaction, Semibatch reacto) and sometimes by
increasing the mixing intensity, or changing thepof inlet of the
reactant B (se8ingle-phase blending & reaction, Inlet and sensor
position).

8.7. Continuous flow reaction. Starting period

8.7.1. Concentration of reactant A.

This graph shows change of the reactant A condemiren the reactor
during the period of process stabilzation.

Simulation of starting period is based on solutbulifferential
equations for perfect mixing conditions. The iditanditions
correspond to ‘0’ values of concentrations of th&ctants A and B,
reaction product and by-product in the reactor.Ubaton time is
defined as a function of Residence time of the fiowhe reactor (see
Input table Continuous flow reactor. Inlet flows).

8.7.2. Concentration of reactant B.

This graph shows change of the reactant B condentrim the reactor
during the period of process stabilzation.

Simulation of starting period is based on solutbulifferential
equations for perfect mixing conditions. The iditanditions
correspond to ‘0’ values of concentrations of th&ctants A and B,
reaction product and by-product in the reactor.Ubaton time is
defined as a function of Residence time of the fiowhe reactor (see
Input table Continuous flow reactor. Inlet flows).

8.7.3. Concentration of product.

This graph shows change of concentration of thetiggaproduct in the
reactor during the period of process stabilization.

Simulation of starting period is based on solutbdifferential
equations for perfect mixing conditions. The iditanditions
correspond to ‘0’ values of concentrations oftb&ctants A and B, of
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the reaction product and by-product in the rea@onulation time is
defined as a function of Residence time of the fiothe reactor (see
Input table Continuous flow reactor. Inlet flows).

8.7.4. Concentration of by-product.

This graph shows change of concentration of theti@aby-product
during the period of process stabilization.

Simulation of starting period is based on solutbifferential
equations for perfect mixing conditions. The iditanditions
correspond to ‘0’ values of concentrations of ib&ctants A and B,
reaction product and by-product in the reactor.Ubaton time is
defined as a function of Residence time of the fiowhe reactor (see
Input table Continuous flow reactor. Inlet flows).

8.8. Continuous flow reaction. Stable state.
8.8.1. Outlet concentrations.

The data present in his table have been obtainadesult of simulation
based on equations of circulation, turbulent manming and chemical
reactions (see input table Chemical reaction )likdrihe ‘perfect

mixing ‘ reactors, the outlet concentrations ofctaats and reaction
products in a real reactor can differ significaritym the concentrations
in other points of the reactor volume.

Mathematical simulation of the reactor shows depend of the degree
of non-uniformity of distribution on the reactorsiign, mixing intensity
and reaction kinetics See also Maximum and Mininvatues of local
concentrations in other tables of this sub-Menu.

8.8.2. Reactant A distribution.

The data present in his table have been obtainadesult of simulation
based on equations of circulation, turbulent maunmning and chemical
reactions (see input table Chemical reaction )likdrihe ‘perfect
mixing ‘ reactors, local values of concentratajrthe reactant A in
different points of a real reactor can differ sfgraintly .

Mathematical simulation of the reactor shows depeand of the degree
of non-uniformity of distribution on the reactorsiign, mixing intensity
and reaction kinetics See also Maximum and Mininwatues of local
concentrations in other tables of this sub-Menu.

8.8.3. Reactant B distribution.

The data present in his table have been obtainadesult of simulation
based on equations of circulation, turbulent manming and chemical
reactions (see input table Chemical reaction )likdrihe ‘perfect
mixing ‘ reactors, local values of concentratajrthe reactant B in
different points of a real reactor can differ sfgrantly .

Mathematical simulation of the reactor shows depend of the degree
of non-uniformity of distribution on the reactorsiign, mixing intensity
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and reaction kinetics.See also Maximum and Mininvahaes of local
concentrations in other tables of this sub-Menu.

8.8.4. Reaction product.

The data present in his table have been obtainadesult of simulation
based on equations of circulation, turbulent manming and chemical
reactions (see input tabghemical reaction data) . Unlike the ‘perfect
mixing ‘ reactors, local values of concentratajrthe reaction product
different points of a real reactor can differ sfgrantly, and outlet
concentration is not always equal to the averagecentration.

The presented values of tReoduct yield are based on Outlet
concentration of the product and Inlet flow rated &let
concentrations of reactants A and B.

Mathematical simulation of the reactor takes irtocaint dependence
of theProduct yield on degree of non-uniformity of distribution on the
reactants.

8.8.5. By-product formation.

The data present in his table have been obtainadesult of simulation
based on equations of circulation, turbulent manming and chemical
reactions (see input table Chemical reactionnlike the ‘perfect
mixing ‘ reactors, local values of concentratajrthe reactant B in
different points of a real reactor can differ sfgrantly, and it can cause
some increase in formation of by-product.

Mathematical simulation of the reactor providesalo@lues By-product
specific formation rate as a function of mixingensity and inlet/outlet
locations. It helps to select the conditions cqroesling to the
minimum possible By-product formation rate for theen Reaction
kinetics.

8.9. Liquid-solid mixing
8.9.1. Complete/incomplete suspension

This option is used for directly checking the cdiudlis for complete
suspension of the solid. If complete suspensi@tlseved, VisiMix
issues a message informing you that no separatisolids is expected.
If complete suspension is not achieved, VisiMiforms you of
possible separation of solids.

8.9.2. Axial distribution of solid phase

This graph shows the radius average concentrafitresolid phase as
a function of the tank height. It does not reflectal characteristics,
especially near the impeller. If the mixing in thek is satisfactory, i.e.
the non-uniformity is less than 25%, the graph gi@eood description
of the axial distribution of the solid phase. Iseaf non-satisfactory
mixing, the graph can be used for general referpncgoses.
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8.9.3. Radial distribution of solid phase

This graph shows the height average concentrafitimeecsolid phase as a
function of the tank radius. It does not refleadbcharacteristics,
especially near the impeller. If the mixing in thek is satisfactory, i.e.
the non-uniformity is less than 25%, the graph gig@eyood description of
the radial distribution of the solid phase. In cabaon-satisfactory
mixing, the graph can be used for general referpncgoses.

8.9.4. Relative residence time of solid phase

This parameter is related to continuous flow preessand is estimated
as a relation of the mean residence time of thd pblase to the mean
residence time of the suspension. Mean residemeedf the solid
phase depends on the relation of local concentratithe outlet point
to the average concentration of the solid in tié.tdhe higher is the
degree of uniformity of distribution, the smallsrthe difference in the
residence times for the solid and liquid phasess diliference can also
be reduced by a correct choice of the outlet pmsiti

8.9.5. Collisions of particles
This output table contains the following parameters
Maximum energy of collisions

This parameter characterizes the energy of cafissio the zone of
maximum turbulence, mainly near the impeller bladé® higher is
this energy, the higher are the expected ratesystat breaking and
secondary nucleation. To decrease the energy viajuesducing the
maximum local dissipation (s@airbulence).

Energy of collisions in the bulk volume

This parameter characterizes the average energpllions in the tank
bulk volume. Although this energy is usually muolvér than the
Maximum energy of collisions the number of such collisions is much
higher. Therefore, they may also affect the expgkdées of crystal
breaking and secondary nucleation.

Frequency of collisions of maximum energy

This parameter characterizes the frequency ofsiolis in the zone of
maximum turbulence, mainly near the impeller bladé® higher is
this frequency, the higher are the expected rdtesystal breaking and
secondary nucleation. It increases with the maxirtagal dissipation
(seeTurbulence) and the number and size of impeller blades.
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Characteristic time between two strong collisions

This parameter characterizes the average duratitire gperiod of
uninterrupted crystal growth. To increase thisgeriry reducing the
volume of the zone of maximum energy dissipationjristance, by
reducing the number of blades.

Estimation of this parameter is based on the terfuidomponent of the
kinetic energy of particles in the most turbulizeda and is related to
the mean patrticle size.

8.9.6. Maximum and minimum local concentrations of solid phase

Comparing this parameter @oncentration of solid phaseentered in
the input table PROPERTIES OF SOLID AND LIQUID PHAS
shows how homogenous is solid phase distributighertank.

8.9.7. Average concentration of solid phase in continuous flow

This parameter is related to continuous flow preeesThe
concentration of the suspension in the outlet psiassumed to be
equal to the concentration in the feed flow (€@acentration of solid
phaség. The difference between the actual average cdratem in the
tank and the concentration in the flow dependsherdiegree of
uniformity of axial and radial distributions and the outlet position.

8.9.8. Maximum degree of non-uniformity (axial, radial)

This parameter characterizes the maximum deviatidocal
concentrations of the solid phase from the avecageentration in the
tank. Complete uniformity of the solid phase disition is not always
necessary. However, if actual non-uniformity ish@gthan 25-30%,
partial settling or flotation may occur.

8.10. Liquid-liquid mixing
8.10.1. Kinetics of drop break-up

Mathematical simulation returns the "mean drop s&dime" function.
The simulation is based on calculated parametefsidfulence, that is
values of turbulent dissipation and distributiorregidence time of
emulsion in different zones of the tank. Increagh@number or the
size of impeller blades can accelerate the process

8.10.2. Complete/incomplete emulsification

This option is used for directly checking the cdimiis for complete
emulsification. If complete emulsification is acheel, VisiMix issues a
message informing you that no separation of emuilisi@xpected. If
complete emulsification is not achieved, VisiMisugs a message
warning of possible separation of emulsion. Howetleés message is
only issued when you address this question fofitkietime.
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8.10.3. Mean drop size

This parameter is calculated based on the volumsityefunction,p(d)
described below iDistribution of drops by diameter, using the
formula:

TX(D(X)dX

8.10.4. Sauter mean drop size

This parameter is calculated for steady-state ¢mmdi when balance is
achieved between break-up and coalescence of dtappresents the
drop size in a mono-disperse emulsion having theesspecific surface
area as the real emulsion.

8.10.5. Specific mass transfer area

This parameter is calculated for steady-state ¢mmdi when balance is
achieved between break-up and coalescence of dtappresents the
drops/continuous phase interface per unit of mediame.

8.10.6. Distribution of drops by diameter

This option returns the volume density functipid). The mass fraction
of drops whose diameters lie in the range betvdgemdd; is
determined as

f¢(x)dx

d
8.10.7. Mean micromixing time inside drop

This parameter represents the characteristic duréitly order of
magnitude) of uniform mixing inside the drop. licglculated for an
"average" drop, i.e. for a drop of Sauter diamet@iform distribution
of dissolved solids inside the drop can be achierdaer by drop
deformation at the moment of break-up or coalessencby non-
stationary molecular diffusion. Estimation of th@rameter has been
performed with respect to both mechanisms. Micramgixn turbulent
flow of polydisperse emulsion is understood asalsstic
phenomenon. Therefore this parameter should badmyes a
characteristic value.

8.10.8. Micromixing time for disperse phase

This parameter estimates the average life of aratpdrop between
two consecutive acts of coalescence, i.e. withatgrmixing with other
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droplets. The duration of this period depends enwvitiiumes of high
turbulence zones.

8.10.9. Frequency of coalescence

This parameter is calculated for steady-state timmdi of a balance
between drops break-up and coalescence. The viathies parameter
strongly depends on the presence of surfactants

8.11. Gas dispersion and mass transfer
8.11.1. Check gas distribution
This option performs a check of gas distributiothe tank.

Suitability of the equipment to gas dispersion psses, and its
efficiency depend on the possibility for the conmeldispersion of gas
entered under the agitator, and on the distributicthe gas bubbles in
the tank volume.

Modeling of break-up and coalescence of bubblekarbulk of flow,

and calculation of gas hold-up, mass transfer anelamass transfer rate
are based on the assumption ¢ bubbles are distributed in the
tank cross-section and are carried down with axiatirculation flow.

Check gas distributionoption inGas dispersionand mass transfer
submenu is selected in order to check if theseitiond are satisfied.

The check is based on modeling the transport obtibdles from the
distributing device to the tank periphery with tiagial component of
the flow velocity, and on comparing the axial fleglocity with the
flotation velocity of the bubbles.

If the main requirements mentioned above are mistiWik issues the
messageé Satisfactory distribution of gas in the tank is exgted.

If these conditions are questionable, VisiMix isstlee message
"Significant non-uniformity of gas distribution isexpected” This
message is issued once only, when you addressf dng ilems inGas
dispersion and mass transfeoption for the first time.

The messagéNon-satisfactory RADIAL gas distribution by impelle

is expected is issued when the calculated radial flow velocityated
by the impeller is not sufficient. In these coralis, the main part of gas
bubbles formed in the vicinity of the blades doesneach the
peripheral, up-going branch of the axial circulataycle, and is
distributed in the central part of the tank crossti®n. This reduces the
axial circulation and increases the bubble sizd,euentually results in
the decrease of the efficiency of the mass tramsferess.
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The situation described above occurs usually ikgavith “small”
impellers. In these cases, gas distribution camipeoved by selecting
an agitator with a largérrip diameter.

The messageAXIAL circulation rate is not high enough for unifom
distribution of gas$ is issued when the calculated axial component of
the flow velocity is not high enough for carryirtgetbubble down, and
distributing the gas in zones with downward directof the flow. If this
message is not followed with the messagen-satisfactory RADIAL
gas distribution by impeller is expectedit means that the gas is
distributed only in zones with upward flow directidn this case, a
significant part of the tank volume stays “non-gasand is practically
excluded from the mass transfer process.

8.11.2. Gas flow number

This parameter characterizes, by order of magnjtadatio of volume
flow rate of gas and the circulation flow rate loé tmedia created by the
impeller. It is calculated as

Nq = V/(ND?),
where

V is volume flow rate of gas, cub. m/s
N is rotational speed of the impeller, 1/s
D is impeller tip diameter.

8.11.3. Estimated surface aeration rate

This parameter represents gas flow rate per unérdd cross-section,
and describes the entrainment of gas into thedigaused by the
turbulence on the surface. Comparison of this vadudeSuperficial
gas velocityentered in GAS DISPERSION BASIC DATA input table
helps evaluate the importance of the surface aer&r the tank
operation (gas hold-up, mass transfer, etc.). A zaltue means that no
stable surface aeration occurs. However, occasgutdion of gas may
still take place.

8.11.4. Sauter mean bubble diameter

Calculation of bubble size is based on mathematialeling of break-
up and coalescence of gas bubbles in the bullowf While real gas-
liquid dispersion in a mixing tank is polydispertige Sauter mean
diameter is the size of bubbles in a mono-dispgaseliquid system
having the same specific surface
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8.11.5. Sauter mean bubble diameter according to published
empirical correlations

This value of the Sauter mean bubble diameterlculzded using the
correlation proposed by P. H. Calderbank (P. Hd@&&lank and M. B.
Moo-Young, Trans. Inst. Chem. Engrs, 1958, V.36,9\p. 443).
Experiments were performed in tanks with 6-blad dlirbines, tank
volume — up to 100 liters, specific power 0.25-FKW@y/superficial gas
velocity — 0.005 — 0.018 m/s, viscosity of liquidb 8- 28 cP, interface
tension 0.0217 — 0.0735 N/m.

8.11.6. Gas hold-up

This parameter represents the average value omeftaction of gas in
the gas-liquid mixture

8.11.7. Gas hold-up according to published empirical correlations

This parameter represer@ss hold-upvalues calculated using
correlations adduced in publications listed below.

Table 6. Published Gas hold-up values.

No. | Publication Notes

1 P.H.Calderbank and M.B.Moo-Young, 6-blade disk turbines, tank volume
Trans. Inst. Chem. Engrs, 1958, v.36,| — up to 100 liters, specific power
no.5, p. 443. 0.25-5 W/kg, superficial gas

velocity — 0.005 — 0.018 m/s,
viscosity 0.5 — 28 cP, surface
tension 0.0217 — 0.0735 N/m.

2 C.V.Balzejak, G.P.Solomacha, Theory 6-blade disk turbines, tank volume
and Practice of Mixing in Liquid — up to 100 liters, specific power
Media, Thesis of 8 All-Union 2.5-12 W/kg., superficial gas
Conference on Mixing, NIITECHIM, | velocity — 0.005 —0.03 m/s,
Moscow, 1982, p.86. viscosity 1-22.4 cP

3 C.M.Chapman, A.W.Nienow, M.Cooke Different impellers
and J.C.Middleton, Chem. Eng. Res.

Des., 1983, V.61, pp. 82, 167, 182.
Cited after G. B. Tatterson, Fluid
Mixing and Gas Dispersion in Agitateq
Tanks, McGraw-Hill, 1991.

8.11.8. Specific mass transfer area, gas-liquid

This parameter represents the mean value of gasHapntact surface
enclosed in 1 cub. m of volume and is calculatedgudhe calculated
values ofGas hold-upandSauter mean bubble diameter.

8.11.9. Specific mass transfer area, gas-liquid, according to
published empirical correlations

This parameter represer@pecific mass transfer areaalculated using
a correlation proposed by P. H. Calderbank (P. &dld€&bank and M. B.
Moo-Young, Trans. Inst. Chem. Engrs, 1958, v.365np. 443).
Experiments were performed in tanks with 6-blad dlirbines, tank
volume — up to 100 liters, specific power 0.25-5@v/
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8.11.10. Specific mass transfer coefficient, gas-liquid

This parameter, designated usuallyas is calculated by multiplying
calculated values @pecific mass transfer aredy mass transfer
coefficient:

Kia=K+a,

wherekK; is mass transfer coefficient, m/s, ani$ specific mass transfer
area, 1/m.

8.11.11. Specific mass transfer coefficient, gas-liquid, according to
published empirical correlations

This parameter represer@pecific mass transfer coefficienvalues
calculated using correlations adduced in publiceticsted below.

Table 7. Published values for Specific mass transfe

r coefficient.

No

Publication

Notes

1

Klaas Van't Riet, Ind.Eng.Chem. Process
Des. Dev., 1979, v.18, No.3, p.357

6-blade disk turbines, tank
volume — up te@600liters,

specific powen.5-10W/kg.,
superficial gas vel8-005- 0.04 m/s

A.D.Hickman, Proc. & Eur. Conf. on
Mixing, Pavia, Italy, BHRA Fluid Eng.,
Cranfield, England, 369, 1988. Cited afte
G.B.Tatterson, Fluid Mixing and Gas
Dispersion in Agitated Tanks, McGraw-
Hill, 1991.

6-blade disk turbines, tank
diameter — 2 m, b0, — water
system

M. Cooke, 1982. After G. C. Middleton,
Gas —liquid dispersion and mixing, in the

book Mixing in the Process Industries, Ed.

N.Harnby, M.F.Edwards, A. W. Nienow,
Butterworth-Heinemann, Oxford, 1992

Air-water system

M.Cooke, Proc.® Eur. Conf. Bioreactors,
BHRA Cambridge, 1988. After G. C.
Middleton, Gas—liquid dispersion and
mixing, in the book Mixing in the Process
Industries, Ed. N. Harnby, M. F. Edwards
A.W. Nienow, Butterworth-Heinemann,
Oxford, 1992.

Air-water system, combinations
of one or two agitators

H.Wu, Chem. Eng. Sci, 1995, v. 50,
p. 2801.

Tank diameter 200 mm, disk
turbine

B.L.Efimov, G.P.Solomacha, Theory and
Practice of Mixing in Liquid Media, Thesis
of 2" All-Union Conference on Mixing,
NITECHIM, Moscow, 1973, p.131.

6-blade disk turbines, tank
volume up to 100 liters. Water
and glycerol solutions, air and
CO2. Viscosity: 1-25 cP. Surface
aeration is taken into account.

L.N.Braginsky, V.l.Begachev and
V.M.Barabash, Mixing in Liquid Media,
Theor. Foundations and Calculation
Methods, Chimia Publ. House, St.

Petersburg (Leningrad), 1984.

Tank volume 0.01-0.25 cub. m,
types of impellers, 1-4 impellers

on the shaft, specific power 0.02

- 30 Wikg, superficial gas

o)

velocity 0 — 0.05 m/s.

8.11.12. Media depth

Gas dispersion in tanks witfixed liquid volume (see GAS
DISPERSION BASIC DATA input table) causes an inseea the
media level. The media depth in such tanks is tatled using th&as
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hold-up value For tanks withFixed liquid level, the Media depth is
equal to the initiaLevel of mediaentered in the TANK input tahle

8.11.13. Gas mass transfer rate, kg per hour

This parameter is used to determine rate of ga®ldison
corresponding to calculat&pecific mass transfer coefficienand to
the valuef gasMass solubility andMass gas concentration in
solution which have been entered in the input table GAS
SOLUBILITY.

8.11.14. Flooding according to published empirical correlations

Flooding is usually defined as a gas-liquid mixiegime in which gas
is not fully dispersed by the impeller, and riga®tgh the liquid in the
form of big bubbles.

Flooding corresponds to a very low efficiency ofsm#&ansfer and
should be avoided. Regretfully, no reliable caltalamodel for this
phenomenon is currently available. The check peréar by VisiMix is
based on empirical correlations, which are apple&bdisk turbine
agitators only.

Sources

A. W. Nienow, M. Konno, M. M. C. G. Warmoeskerkengdal.M. Smith, Proc.'s Eur. Conf.
on Mixing, Wurzburg, Germany, BHRA Fluid Eng., Cratdi, England, 143, 1985.

A. W. Nienow, M. Konno, W. Buijalsky, Proc"5Eur. Conf. on Mixing, Wurzburg, Germany,
BHRA Fluid Eng., Cranfield, England, 1, 1985.

M. M. C. G. Warmoeskerken, and J. M. Smith, Fluicidg Il, Sym. Series No. 89, . Chem.
Eng., Rugby, Warks, England, 1984.

M. M. C. G. Warmoeskerken, and J. M. Smith, Cheng.Bi., v. 40,

p. 2063, 1985.

All sources are cited after G. B. Tatterson, FMiding and Gas
Dispersion in Agitated Tanks, McGraw-Hill, 1991

8.12. Liquid-solid mass transfer.
8.12.1. Time of complete dissolution

The time for complete dissolution depends on parsize distribution.
VisiMix uses a simplified approach, which allowsperform
calculations even if the particle size distributismot known. It regards
the solid phase as consisting of a large quantipadicles of the
Average particle size and a small part of particles of a larger diamete
i.e. Size of largest particlegsee input table PROPERTIES OF SOLID
AND LIQUID PHASES). Therefore, VisiMix gives two @sates for

the dissolution timek:stimated dissolution time andDissolution time
for largest patrticles.

Estimated dissolution timeis calculated based on tAgerage
particle size and it is the lower estimate of the time requiied
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dissolving the main part of the solid particles;ept for, maybe, the
last 5% of the particles.

Dissolution time for largest particlesrepresents the time required for
the dissolution of the largest particles, and ih&ctually the time for
complete dissolution of all particles.

Dissolution time for largest particlesmay prove to be dramatically
greater than the time required for dissolving trempart of the solid
phase. This is not only because of the size ofattygest particles, but
also because dissolution of these particles endsnore concentrated
solution.

Calculation of the dissolution time is performedyafhthe sum of the
Concentration of solid phasgsee PROPERTIES OF SOLID AND
LIQUID PHASESIinput table) andnitial concentration of dissolved
solids (see DISSOLUTION OF SOLID PARTICLES input table) i

lower than the solubility of the solid phase. i thitial concentration
of dissolved solidsor Concentration of solid phasds too high, the

program issues a warning that complete dissolusiampossible.

8.12.2. Concentration of dissolved solids vs. time

This graph shows an increase in the concentrafitimeadissolved
solids in the solution in the course of the disBotuprocess. The
calculation is performed according to a mono-disp&pproximation.

8.12.3. Residual concentration of solid phase vs. time

This graph shows a decrease in solid phase coatientin the
suspension as a result of the dissolution prodésscalculation is
performed according to a mono-disperse approximatio

8.12.4. Mass transfer coefficient vs. time (average)

Calculation of mass transfer coefficient is basedh® physical model
of a combined molecular and turbulent (eddy) diffitg in the particle
boundary layer. The eddy diffusivity is calculatesing the Landau -
Levich model of the decrease in turbulence in tnnlolary layer and in
average turbulent dissipation rate in the miximktd-or very small
particles (the particle size is less thamroscale of turbulence)the
mass transfer coefficient depends on moleculausiifity only, and
increases in an inverse proportion to the partide. It explains a short
time increase in the mass transfer coefficient nieskat the end of the
dissolution process.

8.12.5. Mass transfer coefficient vs. time (maximum)
This parameter is mass transfer coefficient catedléor the zone of

maximum local turbulent dissipation in the vicindf/impeller blades.
See alsdMass transfer coefficient vs. time (average)

User's Guide VisiMix 2k7 TURBULENT 107



8.12.6. Specific mass transfer coefficient vs. time (average)

This parameter is calculatedMsass transfer coefficient (average
value) multiplied bySpecific mass transfer area.

8.12.7. Diameter of solid particles vs. time

This graph shows the character of change in thicfeasize in the
course of the dissolution process. The calculasqrerformed
according to a mono-disperse approximation

8.12.8. Specific mass transfer area vs. time

This graph shows the character of change in theifspeass transfer
area in the course of the dissolution process.calmilation is
performed for a mono-disperse approximation

8.12.9. Mass transfer rate vs. time

This parameter is calculated as a product of thewing four
parameters:

Mass transfer coefficient (average value)

Specific mass transfer area

Volume of media

Solubility of solid phaseminusConcentration of dissolved solids

8.13. Heat Transfer

VisiMix calculates all main parameters of the psscéor several operating regimes -
Continuous FlowCF), Batch BH), Semibatch $B) and Fixed temperature regime
(FT) for the cases of liquid agent in jackkA() and condensing vaporous agent in
jacket YA).

8.13.1. Heat transfer area

This output table contains two parameters -Hbat transfer areaand
theActive heat transfer area Both are calculated for the lower and the
upper jacket sections. Thteat transfer areais the jacketed part of the
tank wall surface, including the jacketed parthedf bottom for the lower
section. For a single-jacket device, theat transfer areafor the upper
section is zero. Theeat transfer areavalues in this table are those
you entered in the TANK HEAT TRANSFER GENERAL DATAput
tableor those values calculated by VisiMix if no sucliedaas entered.

Heat transfer calculations are based onAitieve heat transfer areg
which is the area of the submerged part ofHkat transfer area.

VisiMix calculates this parameter based on the m&diume in the

tank. For Continuous FlowC§), Batch BH) and Fixed temperature
regime ET), theActive heat transfer areais constant and corresponds
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to the user's input of théolume of mediain the TANK input table. If
theLevel of mediais higher than the upper edge of the jacket, the
Active heat transfer areais calculated according to thevel of
media, and the increase in the media level due to vddemation is
taken into account (sééortex parameters). If in Semibatch $B)
procesdActive heat transfer areaincreases with the increase in the
media level, VisiMix takes this into account.

8.13.2. Media temperature

This parameter represents the average temperdttive media in the
tank and is the final result of heat transfer satioh. It is displayed as
Temperature vs. timegraphs The simulation is performed in the range
of temperatures entered by the user in the infole tdEAT
TRANSFER. CHEMICAL REACTION DATA AND
TEMPERATURE LIMITS.If in the course of the simulation the
temperature falls outside the prescribed limits,glogram stops
calculation and issues an appropriate messageainuj the time when
this occurs. To obtain more information, a new edir theSimulation
time, which is lower than the one indicated in the rages must be
entered in the corresponding input table of HEATANSFER
SPECIFIC DATAfor CF, BH andSB processes.

8.13.3. Wall temperature, media side

This parameter is calculated as the average vélignperature of the
tank wall on the media side. In the case of foylthgWall
temperature should be understood as the temperature of théarsete
surface of the fouling layer. F@F, BH andSB processes, this
parameter is displayed as a grapfi emperature vs. time for Fixed
temperature regime(FT) it is displayed as a single numerical value.

The program does not compare Wall temperature with the
permittedLower andUpper limits of temperature of the media (see
Media temperature); in cases when the media is sensitive to super-
heating or super-cooling, check t&ll temperature.

8.13.4. Outlet temperature of liquid agent in jacket

This parameter represents the temperature ofdhallheat transfer
agent at the outlet of the lower and upper jack&etisns and is
calculated for tanks with liquid heating/coolingeags LA ). ForCF,
BH andSB processes this parameter is displayed as a gfaph o
Temperature vs. time for Fixed temperature regime(FT) - as a
single numerical value.

8.13.5. Inside film coefficient
This parameter represents heat-transfer coefficierthe media side. It

is calculated based on a physical model of heastea in a turbulent
flow (see7.11.1). ForCF, BH andSB processes the results of the
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calculations are displayed as graphs, and the ehartfe physical
properties as a function of the current temperatitaken into account;
for semibatch processes, the increase in the nvetliane is also taken
into account. FoFixed temperature regime a single numerical value
of heat-transfer coefficient is displayed.

8.13.6. Outside film coefficient

This parameter represents heat-transfer coefficerhe jacket side. It
is calculated separately for each jacket sectidh wspect to the
current temperatures of the heat transfer agenttenttmperature of
the wall on the jacket side. Calculation is basedvell-known and
tested empirical correlations (sed.1.1). ForCF, BH andSB
processes, the results of calculations are disglagegraphs; foFixed
temperature regime a single numerical value of heat transfer
coefficient for each jacket section is displayed.

8.13.7. Overall heat transfer coefficient

This parameter is calculated for each jacket secteparately. The
calculation is based on the values of ltgde film coefficient,

Outside film coefficientand the thermal resistance of the tank wall.
The wall thermal resistance is based on your iopthe tankMaterial
andWall thickness (see TANK SHELL input table). Thermal
resistance of fouling is added according to yoputrin the TANK

SHELL table For CF, BH andSB processes, the results of calculations
are displayed as graphs; feixed temperature regime a single
numerical value of heat transfer coefficient foclegacket section is
displayed.

8.13.8. Heat transfer rate

This parameter represents the total heat transferbetween the media
and the heat transfer agent including both jacketiens. FoCF, BH
andSB processes, the results of calculations are disglag graphs; for
Fixed 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 the heat transfer agent (HTAgyatiee values for the
Heat transfer rate correspond to the heat flow from the HTA to the
media

8.13.9. Specific reaction rate

This parameter is calculated in the course of sath according to the
values of théArrhenius constant andActivation 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 disgalags a grapBpecific
reaction rate vs. Time
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8.13.10. Reaction heat

The total heat release or consumption in the tamalculated in the
course of simulation according to the user's impiHEAT
TRANSFER. CHEMICAL REACTION DATA AND
TEMPERATURE LIMITSIinput tableand with respect to current
values ofConcentration of reactants A and BandMedia
temperature. The results of calculations are displayed as algoép
Reaction heat vs. timePositivevalues correspond to heat release
(exothermic reactions), negative values - to heasamption
(endothermic reactions).

8.13.11. Concentrations of reactants A and B

Calculations are based on common equations of kiratdr second-
order reaction, and use the kinetic data enter¢ioetHEAT
TRANSFER. CHEMICAL REACTION DATA AND
TEMPERATURE LIMITSinput table The results of calculations are
displayed as a graph Gloncentration of reactants vs. time

8.13.12. Pressure head on the jacket

This parameter is calculated for tanks with lignehting/cooling agents
(LA). The output table contains the calculated vatmgHe maximum
possible pressure difference between the outletlanalet for each
jacket section (the local resistance values foirited and outlet are not
taken into account). F&F, BH andSB processedressure head on
the jacket, max.is calculated, which corresponds to the maximww fl
resistance, i.e. to the lowest possible temperatitiee heat-transfer
agent in the jacket. F&T regime, thePressure head on the jackeis
calculated, for a calculated temperature of heatsfier agent in jacket,
corresponding to thieledia temperature for FT regime.

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

This parameter is calculated for tanks with haffepcoil jackets heated
by condensing vaporous ageW#() only. It is generally known that
high condensation rates result in the high volulow fate of the
condensate and may cause "flooding" of the halé-pml jacket. The
program estimates the maximum value of the heasfea rate, which
will not cause flooding. Calculations are basecopirical correlations
verified during a long period of practical use.

TheUpper limit of heat transfer rate for a given tank can be increased
by connecting the two half-pipe coil sections imghi@l and increasing
theNumber of starts of the half-pipe coil (see HALF-PIPE COIL
JACKET. SPECIFIC CHARACTERISTIC®put table).
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8.13.14. Mass flow rate of condensate

This parameter is calculated for tanks heated wotidensing vaporous
agent VA). It appears itHeat Transfer. Fixed temperature regime
submenu of th€alculate option only. The result of the calculations is
presented as a single numerical value.
To calculate this parameter f6F, 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 indhke
MEDIA TEMPERATURE FOR FIXED TEMPERATURE
REGIME accessible throudghdit input-----Properties and
regime----Heat transfer----Fixed temperature regime
3. For SBsimulation, enter the maximu¥olume of mediafor
your process in the TANK input table.

8.13.15. Liquid velocity in jacket
This parameter is calculated as the flow rate efliduid heat transfer agent
divided by the area of the jacket cross-sectiaméndirection of the flow.

8.14. Mechanical calculations of shafts
8.14.1 Torsion shear
This output table contains the following parameters
Allowable shear stress

Allowable shear stress is equal to 0.577 ofthedd strength in
tension of the shaft material you entered in SHAFT MATERIAND
IMPELLER MASS input table

Maximum shear stress in upper shaft section

This parameter is the maximum torsional shear sirethe upper cross-
section of the shaft (cross-section of the lowering for single- and 2-
stage shafts) resulting from the maximum drivingmeatum due to the
motor acceleration. The shaft is considered tatmeg enough if the
calculated stress value is lower than 0.577 ofvileéd strength in
tensionof the shaft material you entered in SHAFT MATERIAND
IMPELLER MASS input table

Maximum shear stress in lower shaft section

This value is calculated as a torsional shearstrethe upper cross-
section of the lower section of 2-stage shafts. §itadt is considered to
be strong enough if the calculated stress vall@nisr than 0.577 of the
Yield strength in tensionof the shaft material you entered in SHAFT
MATERIAL AND IMPELLER MASS input table. For singlstage
shatfts, this parameter is not taken into account.
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8.14.2. Shaft vibration characteristics
This output table contains the following parameters
Critical frequency

The critical frequency of vibrations is the mairtccgated parameter in
the SHAFT VIBRATIONS CHARACTERISTICS output tablie.
corresponds to the first lateral natural frequenitthe shaft vibrations
associated with an overhung shaft. This value maotsbe close to the
operating rotational speed of the impeller.

The shaft is considered stiff if the operating tiotaal speed is less than
70% of the calculated critical speed. Based on nyaays’ practical
experience, this condition is fully reliable for>amg in homogeneous
liquids, as well as in liquid-liquid and liquid-solsystems. For gas-
liquid systems, the impeller rotational speed nigsabout 60% of the
critical speed. To avoid additional sources of ailuns, two more
conditions are recommended:
1) The product of the shaft rotational speed and theber of
blades must not equal the critical frequency ofshaft, and
2) The number of baffles in the tank must not be etu#te
number of impeller blades. In tanks with an evember of
baffles, it is advisable to use impellers with ald maumber of
blades.

Rotational frequency

Rotational frequency is the rotational speed ofsi&ft entered in the
input table with impeller characteristics. In thistput table, it is shown
in rps.

Rotational to critical frequency ratio (Harmonic ratio)

This parameter is calculated as ratio of the shafifational speed and
its critical speed, and is included for your coneece.
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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

(molar/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.
X cub. ft 28.3*X liter
0.0283*X cub. m
Specific area
Specific area | X sq. ft/cub. ft | 3.2808*X sqg. m/cub
Mass, density
Mass X lbm 0.4536*X kg
X Ib. mol 0.4536*X kmol, 453.6*X mol
Density X Ibm/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 Ibf/ft 14.59*X N/m
X dyn/cm 0.001*X N/m
Concentration
Concentration X 1bm/1000 gal US 0.1198*X kg/cub. m
(mass/volume) X lbm/cub. ft 16.02*X kg/cub. m
Concentration X Ib. mol/cub. ft 16.02*X kmol/cub. m

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 lIbm/min 0.007560*X kg/s
X lbm/h 0.000126*X kg/s, 0.4356*X kg/h
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Parameter Value in US Corresponding value in Sl or
customary or technical metric units
commonly used
units

flow rate — X cub. ft/s 0.02832*X cub. m/s

volume
X cub. ft/min 0.000472*X cub. m/s, 1.699*X coih
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 ftls 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/sq. in 6895*X Pa
X lbf/sq. ft 47.88*X Pa

Torque

Torque X Ibf*t 1.356*X N*m
X Ibf*in 0.113*X N*m

Energy, Power

Energy X Ibft 1.355*X J
X B.tu. 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

specific power (turbulent
dissipation rate)

X hpl/cub. ft

26.33*X kWi/cub. m

X Btu/(cub. ft*s)

37.26*X kW/cub. m

X_IbFft/(lom*s)

2.989*X Wrikg

X Btu/(Ibm*s)

2326 X Wikg

Specific reaction rate

specific reaction rate

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

0.0624 1/(mol*s)

X _cub. fi(Ib.mol*h)

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

Value in US
customary or
commonly used units

technical metric 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

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*sg. 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*X/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/sq. 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)
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Conversion of Sl units to US customary and commonly

used units

Parameter

Value in Sl or
Technical metric

Corresponding value
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 sq.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. in

Mass, Density

mass X kg 2.205*X Ibm
X mol 0.002205*X Ib. mol
X kmol 2.205*X Ib. mol
density X kg/cub. m 0.06243*X |bm/cub. ft, 0.0883X Ibm/gal US
Viscosity
dynamic viscosity X Pa*s 1000*X cP, 0.02089*Xf*#sq. ft
X cP 2.089E-5*X Ibf*s/sq. ft
kinematic viscosity X sq.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*K/tt

Concentration

Concentration (mass/volume

X kg/cub. m

0.06243M¥n/cub. ft,
8.345*X Ibm/1000 gal US

Concentration (molar/volume

(mol/liter)

X kmol/cub. m

0.06243*X Ib. mol/cub. ft
0.008345*X Ib. mol/gal US

Flow rate

flow rate — mass

X kg/s

2.205*X Ibm/s, 132.3*Kni/min

flow rate - volume

X cub. m/s

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

X cub. m/h

4.403*X gal US/min

35.31*X cub. ft/h, 0.5886*X cub.nftin,
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Parameter

Value in Sl or

Corresponding value in US customary

technical or commonly used units
metric 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*t
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 X kW/cub. m 0.03797*X hpl/cub. ft
(turbulent
dissipation rate)
0.0268*X Btu/(cub. ft*s)
X Wikg 0.3346*X Ibf.ft/(lom*s)

0.0004299*X_Btu/(lbm*s)

Specific reaction rate

specific reaction | X l/(mol*s) 16.02*X cub. ft/(Ib.mol*s)
rate
57666*X cub. ft/(lb.mol*h)

Pressure
Pressure X Pa 0.9869*FeX atm

X atm 14.696* X Ibf/sq. in (psi)

X Pa 0.102*X mm KO

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/(lbm*F)
X JI(kg*K) 0.239*X cal/(kg®C)

Heat conductivity

heat conductivity X W/(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 citd(Ib*mol*s)

X cub. m/(Kmol*s)

57.67*10°*X cub. ft/(Ib*mol*h)

Heat transfer rate

heat transfer rate [ X Wisgq.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 Btul(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, Mi*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
OlL:

Motor oil 0.00086
Lubricating oil 0.0042
Quenching oll 0.001
Transformer oil 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 998 992 983
Dynamic viscosity, Pa*s 0.001002 0.00065 0.000463
Heat Conductivity, W/(m*K) 0.602 0.630 0.653
Specific Heat, J/(kg*K) 4182 4179 4185
Cubic Expansion 0.000207
HYDROCHLORIC ACID, 10% Solution
Parameter Temperature} C
20 25
Density, kg/cub m 1055
Dynamic viscosity, Pa*s 0.00127
Heat Conductivity, W/(m*K) 0.59
Specific Heat, J/(kg*K) 2975
Cubic Expansion 0.000279
HYDROCHLORIC ACID, 20% Solution
Parameter Temperature; C
20 25C
Density, kg/cub m 1110
Dynamic viscosity, Pa*s 0.00150
Heat Conductivity, W/(m*K) 0.57
Specific Heat, J/(kg*K) 2609
Cubic Expansion 0.000279
HYDROCHLORIC ACID, 38% Solution
Parameter TemperatureS C
20 25
Dynamic viscosity, Pa*s 0.00217
Heat Conductivity, W/(m*K) 0.535
Specific Heat, J/(kg*K) 2270
Cubic Expansion 0.000478
SULFURIC ACID , 60% Solution
Parameter Temperature} 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 TemperatureS C
20
Heat Conductivity, W/(m*K) 0.58
Specific Heat, J/(kg*K) 3268
Cubic Expansion 0.000451
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SODIUM HYDROXIDE, 50% Solution
Parameter TemperatureS C
20
Dynamic viscosity, Pa*s 0.046
Heat Conductivity, W/(m*K) 0.565
Specific Heat, J/(kg*K) 2715
Cubic Expansion 0.000475

POTASSIUM HYDROXI

DE, 10% Solution

Parameter TemperatureS C
20
Dynamic viscosity, Pa*s 0.001226
Heat Conductivity, W/(m*K) 0.58
Specific Heat, J/(kg*K) 3689
Cubic Expansion 0.00031
GLYCERIN
Parameter TemperatureS C
20 100 200
Density, kg/cub m 1260 1208 1090
Dynamic viscosity, Pa*s 1.48 0.013 0.00022
Heat Conductivity, W/(m*K) 0.278 0.289 0.303
Specific Heat, J/(kg*K) 2350 2790 3340
EAVY FUEL OIL
Parameter Temperature; C
15 50 100
Density, kg/cub m 943.5 924.1 896.1
Dynamic viscosity, Pa*s 7.925 0,296 0.024
Heat Conductivity, W/(m*K) 0.121 0.119 0.116
Specific Heat, J/(kg*K) 1772 1895 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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