PROGRAM VISIMIX TURBULENT SV.
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Introduction.

The program VisiMix Turbulent performs modeling aedhnical calculations of mixing and
mixing-dependent phenomena (among them - localiterice, drop breaking and coalescence
kinetics, solid-liquid and gas-liquid distributi@amd mass transfer, non-perfect chemical reactors,
heat transfer and thermal regimes of reactorsatitimal stability of shafts, etc.) in low viscgsit
media, based on combination of theoretical solstiwith experimental and practical results.

Field of applications of the program — cylindritahks and impellers of practically all industrial
types in practically unlimited range of volumes.

Program VisiMix Turbulent SV is developed for deraation of all options and abilities of the
program VisiMix Turbulent, but only with impelleds two standard types — propeller and disk
(Rushton) turbine impellers.

The program is extremely user-friendly and accéssilithout any preliminary preparation.
Destination of the current example - to facilitdte first steps of studying and application of the
program.

1. Starting of a project and entering of basic init  ial data.

Subject of modeling: mixing reactor elliptical bmtt and flat top. Internal diameter 1800 mm, total
volume 5200 liter with 4 baffles. Width of bafflesl60 mm, length — 1700 mm. Volume of media
— 4000 liters, density - 1050 kg/cub.m., visco&itgP.

Tank material — stainless steel.

Wall thickness — 6 mm.

Inside diameter of jacket — 1870 mm
Heat transfer area — 8.5 sq.m.
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1.1. Opening a Project.

Application of VisiMix program starts with Openimd a Project for this reactor. Start
VisiMix program. The main menu appears on the sc(Eegure 1-1).

Project  Editinput  Calculake  Supplements  Lastmenu  Lastinputbable  MWindow  Wiew Help
| o &y
Digld s 89 dlE oim

Figure 1-1. The main Menu bar.

Select Project in the Menu bar. Figure 1-2 appears.

| Projeck Edit input  Calculate Supplements Last menu L&
Mews, ..

OpeEn. ..
Close

Clone
Project comments

Save
Sawve As, ..

Repork L5

Figure 1-2. The Project sub-Menu.
Select New in this sub-Menu. A dialogue box wilpapr.

Froject  Editinput Calculate Supplements  Lastmenu Lastinput bable %

Enter a projeck name ﬂﬁl

Save in:l@"-.-’isih’li:-: Turbulent j - £ Eo-

File name: IE:-:ampIe S Save I
Save az lype: IUisiMi:-c Froject Files [*.vam) j Cancel |

Figure 1-3. Dialogue box for opening of a new Rebje

Print a name for the project in the File name winddor example, Example SV-1 (Figure 1-3) ,
and confirm this name using the Save button.
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1.2. Entering dimensions of the tank.

After you click Save, the program provides a Taslegtion screen (Figure 1-4). We select a
tank with the type of bottom and heat transfer dewiorresponding to our initial data, in the
current case - a tank with Conventional JacketElliptic bottom. Click the corresponding

picture, and it will be repeated in the Currenticaavindow on the same screen.

Project  Editinput Calculate Supplements  Lastmenu Lastinpuk table  Window  Wiew  Help

DS E < YWY ik ok

Flat battom Elliptical bottan Conical battom
TAMKS "WITH CONVEMTIONAL JACKET J

Flat battom Elliptical bottom Conical battom ok I Eancell HeI|:||

TANKS WITH HALF-PIPE COIL JACKET
Figure 1-4. Selecting the tank type.

=l

Confirm your tank choice by selecting OK buttond d@ime program will open the Input window

corresponding to the selected tank type (Figurg 1-5

Print the Inside diameter and Total Volume of tekested tank accordingly to the data above.
Print also Volume of media (4000 I) in the corrasgiog window. The Total tank height and the

Level of media will be calculated by the progrand amtered automatically.

TANK WITH ELLIPTICAL BOTTOM

Inside diameter 1800) Imm vl
Total tank height 2193 |mm ;|
Total wolume 5200 || j
Lewvel of media 1722 Imm j \\¥ _/
Volume of media 4000 || ;I

2193

= 1200

(] I Cancel I Chooge new tank I Frink I Help I

Figure 1-5. Entering the Tank dimensions.
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After the table has been completed, click anywloeréhe field of the window, and the tank
diagram on the screen will change to reflect yoput. To confirm the input, click OK.

1.3. Entering baffles.

After you click OK, the Baffle types graphical meappears (Figure 1-6). To choose the
required variant, click on the appropriate bafflegidlam. Select, for example, the Flat baffle-2.
The selected type appears in the Current choicdomiron the right. Click OK to confirm your
choice and enter sizes of the baffles in the ngpdtitable (Figure 1-7).

NOTE: Typical sizes of baffles are described inkie#p section. Click Help button in the
window, and the program will open the correspongiacagraph.

Il Baffle types

Figure 1-6. Defining the baffle type.

Flgure 1-7. Entering sizes of the baffles.

VisiMix Turbulent SV 4



1.4. Entering mixing device.

After you click OK, Impeller types menu appearg(ke 1-8). Unlike the commercial VisiMix
version, the program VisiMix CV allows for two typef impellers only, and does not allow for 2-
or 3-stage mixing devices. In order to select dith@accessible types, for example — disc turbine,
click on the appropriate picture. The agitator hawe selected appears in the Current choice
window on the right. Click OK to confirm the choice

Figure 1-8. Defining the impeller type.

0K _]_Cancel |_Choosenewimpeler | Prnt |

Figure 1-9. Entering data on the mixing device.
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NOTE. To find standard or the most typical relatiafi selected impeller, use Help button in the
lower part of this table.

After completing this table, click anywhere on fledd of the window, and the impeller diagram on
the screen will change to reflect your input. CligK to confirm your input.

1.5. Entering main characteristics of the jacket.

The program will provide you with the next inpuble Enter characteristics of the jacket, for
example — as shown in the Figure 1-10.

Use scrolling and select the Elliptical for Tankatigype, the Yes for Jacket covers bottom and the
1 for Number of jacket sections.

| TAME HEAT TRAMSFER GEMERAL DATA &I

Tank head type IFIat 'I
Jacket covers bottom I\(Es vI
Murber of jacket Iﬁ
: 1 -
sections
— Lower section

[istatite framm bathar I I- vl

Height, Hlow I 1600 Imm LI
Heat transfer area for
lower section 85 Isq.m LI

H lar

If unknown, enter 0 *

2183

— Upper sechion

Wistatice hefiwe et e I— Iﬁv I\
sections o & __/
Hemaht, Him I I- vI

Heat ramsfen are s farn @ 1200

WEEer sechiom I I- 'l

If unknown, enter 0~

Eannection of aekets I_ vI

* In thiz caze heat trans\f:iasriariia will be evaluated by ’TI Cancel Print I ‘

Figure 1-10. Main characteristics of the jacket.
NOTE: As you can see, the program allows alsodoks with 2-stage jackets.
1.6. Entering average properties of media.

After this table has been completed and confirmild @K, you will be asked to fill AVERAGE
PROPERTIES OF MEDIA input table (Figure 1-11).

‘ AVERAGE PROPERTIES OF MEDILA

Type of media

EBehawvior of Mon-Mewtonian media is

* Mewtonian MHon-Mewtonian
| < - approximated with the functions:

2 ==
d;:;ﬂf.’e I Ikgicub,m 'I

o .

e - B3 = T-T,r K~ ¥y

Kinematic = T, = L &@=1

wiscosity I‘I-E"JEE":I|3 Isq.mi's LI B ° ¥ ¥ :

n where K - dynamic viscosity, Pa*sec;

[Eerstaniks I Parlzec] ¥ -shear rate, 1/sec;
E ; T -shear stress, Pa;

G I T,-¥ield stress, Pa.

riield

sliess I I_jv

Ok I Cancel I Prirk I Help I |

Figure 1-11. Input table of average properties eflia.
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Select Newtonian as the Type of media and entebémesity and Dynamic viscosity accordingly
to the data presented above. The program will tatielkinematic viscosity automatically
accordingly to your input.

After these inputs are confirmed, a schematic drgwif the tank with mixing device will occur
in the screen (Figure 1-12). It means that the daaomplete enough for mathematical
modeling of the basic hydrodynamic characteristics.

For HELF press F1

Figure 1-12.

2. Calculation of ‘general’ parameters of mixing.

This paragraph shows application of program Visiftixgeneral evaluation of mixing based on
the most often used parameters:

Reynolds number

mixing power

circulation flow rate

vortex depth

turbulent dissipation

shear rates

mixing time

The list of the required mixing parameters is pnése above. As it follows from the Table 1.1 of
Help section (via Help>Contents>Selection and eatilg of mixing equipment), in order to get
these results we have to perform three stages thfematical modeling, each of them —
corresponding to a section of Calculate menu (Taple

Table 1. Stages of mathematical modeling.

No Parameter Section of Calculate menu
1 Impeller Re number Hydrodynamics
Re number for flow
2 Mixing power
3 Circulation flow rate
4 Turbulent dissipation | Turbulence
5 Shear rates
6 Mixing time Single phase mixing

VisiMix Turbulent SV 7



2.1 Parameters of Hydrodynamics.

Let us start with hydrodynamic modeling. Click Ga#te in the main menu bar and select
Hydrodynamics (Figure 2-1) and select option GENERRLOW PATTERN (Approximate).
Press Go in the right lower part of the arrivingnehdw and start visualization of flow pattern
(Figure 2-2). For explanations — press F1.

Project  Editinput Calculate  Supplements Lastmenu  Lastinput table  window  View  Help

Hydrodynarmics

HYDRODYMAMICS, MAIN CHARACTERISTICS
Turbulence GEMERAL FLOW PATTERM (APP|

Revnolds number Far Flow

Impeller Reynolds number

Cantinuous Flows dynamics 3 CHARACTERISTICS OF TAMGEMTIAL FLOW
RADLIAL DISTRIEUTION OF TAMGEMTIAL WELOCITY
Average value of tangential welocity
Semibatch reaction »  Impeller tip velocity

Maximum walue of tangential velocity
Tangential velocity near the wall

Liquid-salid mixing »  EMERGY AMD FORCES

Mixing power

Single-phase liquid mixing 3

Batch reaction fblending »

Conkinuous Fow reaction 4

Liquid-liquid mixing L4 Power number
Gas dispersion and mass transfer 4 Taorque

Force applied ko impeller blade
Liquid-solid mass transfer 4 Force applied ko baffle

» CHARACTERISTICS OF CIRCULATION FLOW
Circulation Flaw rake

Heat Transfer. Batch (BH) » Average ciroulakion velocity

WORTEX PARAMETERS

Heat Transfer. Continuous Flow (CF)

Heat Transfer, Semibakch (SE) 3
Vartex depth
Heat Transfer. Fixed temperature regime (FT) » Varkex walume
Mechanical calculations of shafts 4 :C\.re? UIF melc.ha surFacel .
Figure 2-1.

|§ [Example S¥-1] - GENERAL FLOW PATTERN (APPROXIMATE) = ||:||5|

Figure 2-2.

The next step of calculations, accordingly to tiabI€ 1 - Impeller Reynolds number in the same
Hydrodynamics sub-menu. The corresponding calamatesult arrives in the screen (Figure 2-3).
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IMFELLER RETINCOLDS NUNMBER

Farameter natne TThits Value

Irmpeller Reynolds mumber 3.94e+05

Figure 2-3.

Arrival of the first results means that the hydmdmic stage of simulation is completed. In
order to see the other results obtained on thigsthis possible to use Last menu option in the
main menu. So, the next step — click Last menu>ihjxower (Figure 2-4), and

Lew) G| == HYDRODYMAMICS, MAIN CHARACTERISTICS
GEMERAL FLOW PATTERM (APPROXIMATE)
Reynolds number For Flow
Impeller Reynalds number
CHARACTERISTICS OF TAMGEMTIAL FLOW
RADIAL DISTRIBUTION OF TANGENTIAL YELOCITY
Average value of tangential welocity

E Impeller bip velocity
Maximurn value of tangential velocity
Tangential velocity near the wall
EMERGY AND FORCES CITOLDS NUMBER
Mixing power
Power number
Torque
Force applied to impeller blade
Force applied to baffle 3 Gdetr05
CHARACTERISTICS OF CIRCULATION FLOMW

Figure 2-4.

TThits Walue

get the corresponding result in the arriving tdbigure 2-5).

MIXING POWER

Farameter natme TThits

Mixing power W

Figure 2-5.
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In order to define Circulation flow rate, click tamenu>Characteristics of circulation flow. The
result is obtained in a form of table (Figure 2-6).

CHARACTERIZTICS OF CIRCULATION FLOW

Parameter name TUnits

Circulation flow rate cub s

Average circulation velocity s

Mlean period of circulation g

Figure 2-6.
2.2. Shear rates and turbulence.

The next step — evaluation of turbulent dissipatiod shear rates in the tank. Click
Calculate>Turbulence and select LOCAL VALUES OFERGY DISSIPATION (Figure 2-7).
Before doing it, we recommend to close the accuradlaindows (click Window>Close all in the
main Menu bar).

Project  Editinput  Calculabe  Supplements  Lastmenu  Lastinpub table  window  Wiew Help

Hydrodyniamics 2 i ml %l
TURBULEMCE, MAIN CHARACTERISTICS

DISSIPATION OF EMERGY ARCUMND THE IMPELLER
LoZal WALUES OF ENERGY DISSIPATION

Energy dissipation - maximum value
Batch reaction (blending » Energy dissipation - average value
Energy dissipation in the bulk volume

Single-phase liguid mixing 4

Zonkinuous Fow dynamics 4

Stz et ' Energy dissipation near baffles

Continuous Flow reaction 3 YOLUMES OF ZOMNES WITH DIFFEREMT TUREULEMCE
Volume of zane of maxinmun dissipation

Lgsges el o " RESIDENCE TIME IN ZONES WITH DIFFERENT TURBLLENCE

Liquid-liquid mixing » MICROSCALES OF TURBULEMCE IN DIFFERENT ZOMES
TUREULEMT SHEAR. RATES IN DIFFEREMNT Z0OMES

Gas dispersion and mass transfer g Turbulent shear stress near the impeller blade

e »  LOCAL YALLES OF EFFECTIVE YISCOSITY

Heat Transfer. Continuous Flow (CF) 3

Figure 2-7.

Results of modeling appear as a table (Figure 2-8).
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LOCAL WVALUES OF ENERGY DIZEIFATION

Farameter name Units

Energy dissipation - maxitnum walue Wikg

Energy digsipation - average value Wikg
Energy dissipation near baffles Wikg

Energy dissipation in the bulk volume

For HELF prezz F1

Figure 2-8.

The energy dissipation achieves the maximum \alwertices formed behind the impeller blades,
and is decreasing with the distance from the inpelResult of modeling of turbulence decrease is
obtained as a graph via Last menu>DISSIPATION OEERSY AROUND THE IMPELLER
(Figure 2-9).

DISSTPATIONN OF ENERCGY AROUND THE IMPELLER

Energy dissipation, W/kg

Figure 2-9.

To obtain data on shear rates in different zonaketank (Figure 2-10), click Last
menu>TURBULENT SHEAR RATES IN DIFFERENT ZONES.

) [CS_1] - LOCAL VALUES OF ENERGY DISSIPATION o ] [59]
E3 [CS_1] - TURBULENT SHEAR RATES IN DIFFERENT ZONES i =] ]

TURBULENT SHEAR RATES IN DIFFEREINT ZOMNES

Parameter narne Units Walue

Turbulent shear rate near the impeller
blade

Turbulent shear rate near the baffle

Turbulent shear rate in the bulk volume

For HELP press F1l

Figure 2-10.
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In order to get additional information on the paedens presented in this table, click F1, and you
will open the corresponding paragraph of Help secti

2.3. Mixing time.

Accordingly to the Table 1, the next step is evéiduaof mixing time — duration of mixing
necessary for a more or less uniform distributibdissolved tracer in the tank volume. In order
to perform the evaluation, let us go to Calculaiagle phase mixing and select MAIN
CHARACTERISTICS (Figure 2-11).

Project  Editinput  Calculate  Supplements Lastmenu  Laskinput kable  Window  Wiew Help

Hydrodwnamics M @l

Turbulence

Single-phase liquid mixing — = = - - pm——
SINGLE-PHASE MI<ING. MAIN CHARACTERISTICS

Continuous Flow dynanics IMacromixing tirme
Mean period of circulation
Characteristic time of micromixing

Batch reaction /blending

Semibatch reaction

Continuous Flow reaction

Figure 2-11.

As it can be seen in the resulting output tablgyuife 2-12) the program performs simulation of
macro-scale and micro-scale turbulent transpatackr and provides two constituents of mixing
duration. The ‘total’ mixing time is estimated aswan of the Macromixing time and
Characteristic time of micromixing. To get moreamhation on the physical meaning of these
parameters, click F1, and the program will opencitreesponding paragraph of the Help section.

SINGLE-PHASE MIZING. MATN CHARACTERIZTICS

Farameter narme TUnits Walue

Mlacromixing time 218

Mean period of circulation

Characteristic titne of micromixing

For HELF prezz F1

Figure 2-12.

3. Mathematical modeling of a Batch Reactor.

One of the most efficient applications of VisiMirggram — mathematical modeling and analysis
of influence of mixing on efficiency of batch reard.

Subiject of the current example - application ofrfiging tank for a batch organic synthesis
process that includes two parallel homogeneougiogac The main product is obtained as a
result of a 2nd order reaction between reactamidA\Baas A + B > C.

The specific reaction rate is estimated as 0.Xthdl/s). Along with the main product, some
guantity of a by-product is formed as a resulthef parallel reaction:
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B+B>D with specific reaction rate 0.004 1/(mol.s).

Before start of the process the reactor is filléith wolution of reactant A (concentration is 0.8
g-mol/l) and catalist. The equimolecular quantityte reactant B is added instantly on the
surface of liquid, on some distance — about 300-rfrom the tank wall.

3.1. Entering initial data for modeling of a batch reactor.

For mathematical modeling of the reactor let ustheeMenu option Batch reaction/blending
(Figure 3-1) and select Batch reactor. Generaépat

Project  Editinput  Calculate  Supplements Lastmenu  Lastinput table  Window  Wiew Help

0] G

Hydrodynamics »

Turbulence »

Single-phase liquid mixing »

Continuous flow dynamics »

Batch reaction fblending

Batch blending. General patkern

semibatch reaction »
Maz, local concentration, batch blending

Continuous Flow reaction » Iin. local concentration, batch blending
Max. difference in local concentrations, batch blending
Local concentration in chosen point, batch blending

Liguid-solid mixing »

gl 1 W Batch reactor, General pattern

Gas dispersion and mass transfer ’ Awerage concentration of reactant A, batch reactor
Liguid-solid mass transfer » Max. local concentration of reactant &, batch reactor
Iin. local concentration of reactant A, batch reactor
et Themef, Gamimzvs s (57 ' MMax. difference in reackant & concentrations, bakch reactor
Heat Transfer, Batch (EH) » Reactant &, concentration in chosen point, bakch reactor
Deqgree of reactant A conversion, batch reactor
Figure 3-1,

As a response, the program starts providing regdestdditional initial data.

SIMGLE- PHASE BLEMDIMG AMD REACTORS.
HOMOGEMEOUS CHEMICAL REACTION

bAIM REACTIOMN SIDE REALCTION
A+B=C Side reaction iz assumed to be slow

Feactant & iz charged initially inka the tank compared ta the main reaction

Reactiontype |E +C=D j
B+C=D
Specific reaction rate ||,J[m.:,|xse,3] j
for BLEMDING - enter O [zera]

for FAST reaction - enter F Specific ™

reaction rate I IIH[moI sec] j

Cancel | Frint | Help |

Figure 3-2.

Enter the data on chemical kinetics into the tabbvided by the program, i.e.:
- scroll the Reaction type box in the window shawthe Figure 3-2 and select B+B reaction
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- enter values of the specific reaction rate, asvshin the Figure 3-3, and confirm the input with
OK.

The next input table provided by the program sefeesntering of initial concentrations of the
reactants. The filled table is shown in the FigRxe

08 [moe ]

ok | el | P | Heb |

igure 3-4.

After the input is confirmed, position of inlet ifactant B must be entered. Accordingly to the
data above, enter radius 600 mm. For height frottoboit is possible to enter any value higher
then the tank height - the program will automaticplit the inlet point on liquid surface (Figure
3-5).
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SINGLE- PHASE BLEMDIMG AMD REACTORS.
IMLET [BATCH AMD SEMIBATCH |

Pozition of inlet of reactant B — 1 Lot
radiuz | 600 [ | -
height fram battam I 1722 Imm j

N

1300

0k I Cancel | Print | Help | ‘

Figure 3-5.

In order to complete the input, the program prosideable for entering position of sensor. You
can enter the real position (Figure 3-6) or angptioint in the tank. The program will provide
concentrations of reactants in this point.

SINGLE- PHASE BLENDING &RD REACTORS.

SEMSOR
Senszor pozition o @
radius L [ = =
height from bottomn || 1500 [rm |
km_/
< 1500

Ok, I Cancel | Print | Help | ‘

Figure 3-6.
3.2. Results of mathematical modeling.

Now, after all the requested data are enteredprigram performs simulation of the reaction process
with regard to geometry of the reactor, flow velies and macro-scale turbulence. Accordingly to
our request (Figure 3-1), the first output windonggents visualization of reactants distributiothia
reactor as function of time (Figure 3-7). To sthe visualization, click Start.
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5.1 Si.lec

|
Reactant A Reactant B

—-
]

Figure 3-7.
The program provides also quantitative results odlefing. In order to evaluate selectivity of the

reaction, click Last menu > Average concentratibproduct and Last menu > Average
concentration of product.

Average concent ration of product, batch reactor

Concentr. of product, mol/l

For HELF

Figure 3-8.

Average concentration of by-product, batch reactor

Lvrerage concentr. of by product, mold

Figure 3-9.
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Results of modeling arrive as a graphs (FiguresaBeB3-9).

NOTE. The corresponding tables are presented iRéport (via Project>Report>Batch
reaction/blending).

As follows from the results, there is a problenselectivity. For amore exact definition of the

problem click Last menu > By-product quantity. Addws from the arriving graph (Figure 3-
10), formation of about 200 mol of by-product istheactor is expected.

By-product quantity, bhatch reactor

I
=
o
b=
E
s
fay
it
3
]
&
5
5
>y
us]

For HEL F prezz F1

(Figure 3-10)

The program allows to define if this level of seieity is defined by the reaction kinetics only or
it can be improved by some change of mixing coaddi In order to do it, we will check
dependence of the by-product formation on rotatigakocity of impeller in our tank.

Click on the Impeller icon in the upper bar (FigGré1).

Project  Editinput  Calculake Supplements  Last menu Last input table Window  Wiew  Help

W EL e

Figure 3-11.

In the arriving Impeller input table increase Rimta#l speed to from 125 to 250 rpm (Figure 3-
12).
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down =

Figure 3-12.

In this case program provides a warning messaggi(é&i3-13).

—

Figure 3-13.
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Byv-product guantity, batch reactor
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For HEL F pre=z F1

Figure 3-14.

In our case it does not matter, so click OK. Thapbrin the Figure 3-10 will change
automatically accordingly to the new conditionssHbws the final by-product quantity about 145
mol (Figure 3.14). It means that in our case sefiégican be improved by selection of better
mixing conditions.

VisiMix allows also to check another possibilityselection of a better position of reactant B
inlet. First of all, return to rotational velocify25 rpm — using Impeller icon or Last input table
option of the main menu. Then go to Edit inputhia tmain menu bar and select Properties &
regime > Single phase blending and reaction > Ippsttion. In the arriving input table change
height from bottom from 1722 mm to 450 mm (Figuf&53.

SIMGLE- FHASE BLEMDING AND REACTORS.
IMLET [BATCH AMD SEMIBATCH |

Position of inlet of reactant B —

radiuz GO0y I P - | o
-
-l

height from bottor | 450 Imm |

S~

& 1500

(] I Cancel Fririt Help | ‘

Figures 3-15.
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By-product guantity, batch reactor
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Figures 3-16.

Accordingly to the automatically updated outpupmr, the change of inlet position allows to
decrease by-product formation by pproximately 28#%v(pare graphs in Figures 3-10 and 3-16).

4. Liquid-solid mixing.

Mixing of suspensions is one of the most usualiagfibns of mixing equipment. Usually the
mixing tank must satisfy two main requirementsekpip from bottom (complete suspending) of
the solid phase, and relatively uniform distribat@f solid phase in the volume.

Subject of this example — mathematical modelingdefthing parameters of liquid-solid mixing

for suspension that contains solid particles widamsize 85 micrometers (up to 130 micrometers)
with density 2630 kg/cub.m. Mass concentrationatifis- 100 kg per cub.m.

To start calculations, go to Liquid - Solid Miximgthe Calculate option of the main menu and
select any parameter for modeling, for instance @leta/incomplete suspending (via Calculate>
Liquid - Solid Mixing, Figure 4-1).

Project  Edit input  Calculate  Supplements Lastmenu  Lask input kable Window  MWiew  Help
Hydradynamics 3 Ql @l
Turbulence 2
Single-phase liquid mixing 4
Continuous flow dynamics »
Eatch reaction fblending 3
Sermibatch reackion 3
Conkinuous fow reaction 2

Liquid-salid mixing

LIQUID-5OLID MIKIMG, MAIN CHARACTERISTICS

Liquid-liquid mixing 3 [

e —— 5 AxlaL DISTRIBUTION OF SOLID PHASE
RADIAL DISTRIBUTION OF SOLID PHASE

Liquid-solid mass transfer 3 Relative residence time of solid phase
COLLISIONS OF PARTICLES

Heat Transfer, Conkinuous Fow {CF) k

Mazxirurn local concentration of solid phase

Heat Transfer. Batch (EH)

3 inimum local concentration of solid phase

Heat Transfer. Semibatch (SE)

Average concentration of solid phase in continuous Flow
Mazxirmurn degree of non-unifarmity - axial, %

Heat Transfer. Fixed temperature regime (FT)

Figure 4-1.

. Maximum degree of non-uniformity - radial, <%
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As a response, the program returns a table foriegteecessary additional data -PROPERTIES
OF SOLID AND LIQUID PHASES, as shown in Figure 4-2.

FPROFPERTIES OF SOLID AMD LIQUID PHASES.

Density of liguid phaze I 1000 Ikg.-"cub.m ;I
Dy, wizcoszity of I 1 I = ;I
cont.phaze c
Concentration of sold I 100 Ikg.-"c:ub = LI
phaze .
Lrenszity of zolid phasze I 2830 Ikg.-"cul:-.m ;I
Average particle size I a5 Imicmn LI
Size of largezt particlez = I 130 Imicmn LI
Fozition of outlet-height

| o | mm =l

| Ok, I Cancel | Frinik | Help I

Figure 4-2.

After this table is completed, VisiMix starts cdeions with defining average density and
viscosity of the suspension. Since the averageepties calculated by VisiMix are not identical

to our previous input (see Figure 1-11), VisiMixggests to adjust the input. A warning message
appears (Figure 4-3) informing that the calculatedsity and viscosity values differ from those
that have been entered in AVERAGE PROPERTIES OF MEBput table (Figure 1-11).

ATTENTIOM!

Calculated walues of average propenies of suspension V Ok I

don't correspond to wour former input of average
FROFPERTIES OF MEDIA: xc |
Srce

Farrmer input Calculated walues

Density, kogfcub.m : 1050 1062

Dynamic wviscosity, Pa*sec: n.ooz n.oo117

To change your input select <Cancel>, then Edit- Froperies & regime -
Aosarage properties of media, and replace wour former input of density
and wiscosity with calculated walues from this table.

To procesd with the calculations without changing wour input, select
<0k>. Inthis case calculated hydrodyhamic parameters will correspond
to the farmer walues of FROFERTIES OF MEDIA,

Figure 4-3.
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As we consider that in our case the differencetssignificant, we can click OK and proceed
with calculations without changing the data. Inp@sse to OK, the program performs the
calculations using the results of hydrodynamic nlindeobtained before, and provides the
message that confirms complete suspending of tieesarticles (Figure 4-4).

NOTE: If we select Cancel in the previous dialod anter new values of average properties, the
mathematical modeling of hydrodynamics and turbcgeis repeated automatically.

Complete suspension 15 expected

v

Figure 4-4.

Results of modeling of axial and radial distribuatiof solid particles can be presented in a
graphic form or as final values. Click Last mend aelect Axial distribution of solid phase
(Figure 4-5) and get a graph as shown in the Eigts.

it Calculate  Supplements Lask mena Last input bable

LIQUID-SOLID MIRIMG, MaIM CHARACTERISTICS
Caompletefincomplete suspension
AxIAL DISTRIBUTION OF SOLID PHASE

RADIAL DISTRIBUTION OF SOLID PHASE

Relative residence time of solid phase

COLLISIONS OF PARTICLES

Mazximum local concentration of solid phase

Minimurn local concentration of solid phase

Awverage concentration of solid phase in continuous Flows
Maximum deagree of non-uniformity - axial, %

Mazximum dearee of non-uniformity - radial, %%

Figure 4-5

AXNTAL DISTRIBUTION OF SOLIT PHASE
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I istarnce fr«rry o tboxxa_ ox|Start

Figure 4-6.

VisiMix Turbulent SV 22



The other way — click Last menu>Maximum degreeaf-aniformity — axial and get the table as
in Figure 4-7.

WA INUN DEGEEE OF NOWN-TUNIFOEIITY - AXIAT, %

Parameter naime TThits YWalue

Maxzirmum degree of non-uniformity - axial, %% 5.05

Figure 4-7.

Results of modeling of radial distribution of susgien are obtained in the same way (Figures 4-
8 and 4-9).

EREADIAL DISTRIBUTION OF SOLID PHASE

R elative concentration

For HEILF prez= F1
Figure 4-8.

MAXINUN DEGEEE OF NON-UNIFORMTY - RADIAT., %%

Parameter name Thits Value

Mazimum degree of non-uniformity - radial, %o 0,695

Figure 4-9.
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As it is possible to see in the sub-menu Liquidesplixing , the program provides also
calculation of some additional parameters thatuaedul for analysis of continuous flow reactors
(Relative residence time of solid) or crystallipati(Figure 4-10).

COLLISIONS OF FARTICLES

Parametetr naine TThits Walue

Maximmum energy of collisions 1.%8e-11

Energy of collizions in the bulk volume 1.93e-13

Frequency of collisions of maxinmum energy 00254

Characteristic time between two strong
collisions 394

Figure 4-10.

5. Heat Transfer. Modeling of temperature regime.

Subiject of this paragraph — demonstration of Visilsfpplication for mathematical modeling of heat
transfer of mixing tanks. The program providesigation of heating cooling regimes for
complicated cases, including batch or continuoos fthemical reactors with temperature dependent
heat release. However, in this example we are appthe program for a simple case of batch
cooling the tank with water.

Let us assume that initial temperature of mediauintank is 80 deg. C, and we need to reduce it to
40 deg or less within 4 hours. Accordingly to tisisk, we open the menu option Calculate, select
Heat transfer.Batch > Liquid agent and start wéthuest for Media temperature (Figure 5-1).

Project  Editinput  Calculate  Supplements Lastmenu  Lastinpuk bable Window  Wiew  Help

Hydrodynamics 3 El @l
»

Turbulence

FHE [ Heak Transfer, Batch (BH) ] *%%

Single-phase liquid mixing » Media termperature, BH. LA,

weall temperature, media side, BH. La.

Qutlet temperature of liquid agent in lower jacket. BH,
Batch reaction fblending » CQutlek temperature of liquid agent in upper jacket, BH.
Concentration of reactant &, BH. LA,

Concentration of reactant B, BH. LA,

Heat transfer rate. EH. LA,

specific reackion rate, EH. LA,

Liquid-salid mixing r Reaction heat. BH. LA.

Inside Filmn coefficient. EH. LA,

Cverall heat-transfer coefficient, lower jacket, BH, LA,
Gas dispersion and mass transfer L4 Owerall heat-transfer coefficient, upper jacket, BH, LA,
CQutside Film coefficient, lower jacket, BH. LA.

Cutside film coefficient, upper jacket, BH. LA,

Heat Transfer, Continuous Flow (CF) » Pressure head on the jacket, max

Conkinuous Flow dynamics 3

Semibatch reaction 3

Continuous Flow reaction 3

Liguid-liquid riixing 3

Liguid-solid mass kransfer 3

Liquid velocity in jacket
Heat-transfer area

Heak Transfer. Batch (BH)

Heatk Transfer, Semibatch (SE)

»
Wapar agent (Ya)
Heat Transfer, Fixed temperature regime (FT)

Figure 5-1.
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As in the previous example, the program startsighog tables for some additional initial data.
First arrives a table defining the main procesaip&ters — presence of chemical reaction and

limits of temperature (Figure 5-2).

HEAT TRAMSFER. CHEMICAL REACTION DATA AMD TEMPERATURE LIMITS

Eriléﬁngnter rEaction R eaction velocity constant K iz

' described by Arrheniuz equation ;
&rthenius constant | 0 |I£[mul*sec] j K =4 expl-E /RT]
Energy of activation | 1] I.J,.-'m.:.l j where

- & iz Anhenius constant |
Loweer limit of temperature I IQE j E iz energy of activation

- F=8314J ¢ [molk] =
pper limit of temperature I IoE j =1.986 Btu ¢ [Ib*mal] # °F

is univerzal gas congtant |
Heat effect of reaction I 0 IJ.-"ITIIII| j T iz abzolute temperature .
(] I Cancel | Fririt | Help | ‘
Figure 5-2.

Assuming the simple case of cooling of a watertgmiun tank with water in jacket, we select
No for reaction kinetics and enter limits for temrgiare of media —from 10 to 90 degrees C, as

shown in the Figure 5-3.

HEAT TRAMSFER. CHEMICAL REACTION DATA AMD TEMPERATURE LIMITS

Will wou enter reaction
kinetics?

SThERE carstart

Enengy ol actiatian

Lowwer limnit of temperature I 10

|pper limit of temperature I a1

| (el |

Heat effest af reaction

o]

Cancel |

Feaction velacity constant K. is
dezcribed by Arhenius equation ;

k=& esp[-E ARTY.

where
& iz Arheniuz congtant |
E iz energy of activation
F=8314J /[molk] =
=1.98E Btu / [Ib*mal) £ °F

iz univerzal gas constant |
T iz ab=zolute temperature .

Help | ‘

Figure 5-3.

The next requests of the program - additional mftion on the tank itself. (Figure 5-4). Use the
scroll box for selection the tank material. Thegsean will enter the heat conductivity and other

properties of the material automatically using dtti database.
The thermal resistance of fouling depends on tla¢ thensfer agent. You can select the

appropriate value using the table Thermal resigtarfi fouling for various media that is present
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in the Help section. You need only to click the plbutton in the lower part of this window
(Figure 5-4).

Walll thickness and mass of tank are usually presdtie technical data provided by
manufacturer. If tank mass is unknown, enter 0,thagprogram will perform approximate
evaluation.

TAME SHELL CHARACTERISTICS

b aterial IStainIess steel [generalized] ;I
Wwiall thickness I [ I fr ;I
Thermal rezistance of 000023 = -
fonalirig I . I[rrF L i —I
Tank masz [without drive)

IF unknown, enter 0 # I u IkEI LI

(0] I Cancel | Prritit | Help |

* |k thiz caze tank mazs will be evaluated by Wisibdix

Figure 5-4.

The next table provided by the program — specHiracteristics of jacket.
In our case a tank with simple jacket is used (Figand you have to enter the Width
and Wall thickness of the jacket (Figure 5-5).

NOTE. The program provides options for more congbéd modern designs — jackets
with agitation nozzles or spiral channeling. Thepgons are selected by scrolling, the
typical characteristics of the heat enhancing d=vare presented in the Help (see
button in the lower part of the window).

COMWVEMTIOMAL JACKET. SPECIFIC CHARACTERISTICS.
— Lower section
Heat-transfer :
enhancing Iabsent 'I Wwidth, W I a0 Imm vl
device abzent i
i all thickmess, b | G |mm j
spiral batfle
Mumber of inlets I
IETrEt e I— I 'I Murnber of nozzles I
hEEElE - %_.%t
— Upper zection
W
Width, W I I- vI S =
Sprallchattel +
et | |- vI Wwall thickness, t | |- v[
Leakaae, = I Mumber of inlets I
MNumber of nozzles I
(] I Cancel | Frint Help | ‘

Figure 5-5.
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After all the design data are entered, the progséhprovide a table for selecting a heating /
cooling agent (Figure 5-6).

Names of the heating / cooling agents are showeriolling box . Temperature limits of
application and physical properties of the seleeaigeht occur in the lower part of this input table.

HEATIMG / COOLIMG LIQUID AGEMT IM JACKET.

Heating/cooling agent

Inlet bemperature R |°|: |
Flowe rate of heat transfer
agent in lower jacket I 3 I':Ut"m“'lh j

Elawirate albeat fratsfer I—Iﬁ
agentim UERET [aeket
] I Cancel | Prirt | Help |

O perating temperature range: 5 - 204°C [41 - 400°F]
Properties of the agent
denzity... 1000 kgdnf [B2.4 lbrm.fE]
zpecific heat... 4190 1/ kg*k] [1.01 Btulbm*=F]]
thermal conductivity, . 0603 W Ak, [0.348 [Bruit)/ [heiE=*F]]
dynamic viscozity at T00°C[212°F]..0.000284 Pa*zec [0.284 cP]

Figure 5-6.

The next two input tables are related to the madihe tank - physical properties (Figure 5-7) and
initial temperature (Figure 5-8). It is enough &fide physical properties of the media at one
temperature, and the program will use build-inrelations for properties dependent on temperature.

NOTE. If you have a problem with defining the plogdiproperties, please click the Help button in

the lower part of this input window. It is possibtet you will find some useful information in oog
the VisiMix databases.
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wiater solution |_

B T | R 2
2 o ] @ [t~

66w =] @ [t =

Figure 5-8.

This input table is the last one. After it is fdlethe program performs simulation and provides the
output table corresponding to the initial requesgur case — Media temperature (Figure 5-9).
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Mledia termperature. BH. LA,

Temperature, <C

Figure 5-9.
Accordingly to this graph, at the conditions cop@sding to our inputs the outlined time — 4 hoiss-

not enough to achieve the necessary level of teatyrer (lower then 40 deg.). The program allows to
find an acceptable way to achieve the requiredtsesu

Orverall heat-transfer coefficient, lowver jacket. BH. LA.

Heat-tansfer coefficient, Wisg.m * K

Figure 5-10.

Chatrside filin coefficient, lovwer jacket. BH. LA,
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For HELF pres:z F1

Figure 5-11.
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Catlet temperature of liquid agent in lower jack et BEH.

Temperature, =C

Figure 5-12.

Addressing the Last menu option, we can find tleat lransfer rate in our case is limited due to
low value of film heat transfer coefficient in tfaeket (compare Last menu >Overall heat-transfer
coefficient,lower jacket, Figure 5-10, and Lastnme Outside film coefficient, lower jacket,
Figure 5-11) and relatively high temperature oflc@pwater in the jacket (Last menu > Outlet
temperature of liquid agent in lower jacket, FigGf#2). So, the easiest way to increase the heat
transfer rate is to increase flow rate of the aaplivater. In order to check this option, click icon
Initial data explorer in the upper bar (Figure 3;X#lect the necessary input parameter via
Properties & regime > Heat transfer >Heating / icmpliquid agent > Flow rate of heat transfer
agent in lower jacket and click Edit button (Figbra3).

Project  Editinput  Calculate  Supplements  Lastmenu  Lastinput table  Window  Wiew Help

D@ s 8w dlkl ooeE

E3 [Example S¥-1] - List of initial data Initial data explorer

0
@] Impallar — DISK TUREINE
§-] Baffle=s — FLAT BAFFLE-2
é-tl Propertie=~ £ regime
ECI Advrerage propertie=x of media
G-F0] 8clid and liguid phases=
0] Single phase blending & reaction
ét] Heat tran=fer
E-Ic:l Heating/cooling liguid agent
i -{‘;b Heatingfcooling agent
-{‘;b Inlet temperature

-{‘} Flow rate of heat tranzfezr agent in lowsr Jjack=t

E-Ic:l Heat tranzsfzr properti=z=x of the m=dia

E-Ic:l Chemical reaction data & temperaturs limit=
W Batch

For HEL P prez= F1

Figure 5-13.

The program provides the input table for Heatiogdling liquid agent, shown in the Figure 5-6.
Enter a higher value of water flow rate and clidk,@nd the program will provide the corrected
graph of Media temperature. Accordingly to dat&iglures 5-14 and 5-15, in order to achieve the
required cooling rate, at least double flow ratevafer is necessary.
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Figure 5-14.

Mledia termnperature BH. LA,
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For HELF prezz F1

Figure 5-15.

If increase of flow of cooling water is in-desirapthe problem can be solved by cooling with cHille
water, for example — with initial temperature 1@dk order to check the new conditions, use the
option Last input table of the main menu and chahgedata in the arriving table (Figure 5-16).

gure 5-16.
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Mledia termnperature BH. LA,
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For HELF prezz F1

Figure 5-17.

Accordingly to the results presented in the FiditEY, this cooling regime also is satisfactory.
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