VISIMIX TURBULENT. CRYSTALLIZER. SCALING-UP.

This example is based essentially on the articf@if@zing Crystallizer Scaleup’ by Wayne J.
Genk , Chem. Engng. Progress, June 2003, pp. 36-44.

Problem description:

Accordingly to the existing views, the process katd particle size distribution in crystallization
and precipitation processes are dependent on cakoamposition and physico-chemical
properties of the system. In the same time thaybean

substantially dependent also on some phenomenari&inctions of mixing conditions — for
example, on primary and secondary nucleationtiatirand breakage of crystals, distribution of
solid phase and liquid-solid mass transfer.

The following example is related to a particulaseahen the crystallization is controlled mainly
by these parameters, and scaling-up conditionkideaeproduction of these phenomena.

The corresponding parameters selected from theflMisiMix outputs and used below for
crystallization scale-up are presented in the g4bl

Table 1. Scaling-up parameters for crystallization.

VisiMix Menu Output parameters
section

Energy dissipation — maximum value

Turbulent shear rate near the impeller blade
Relative residence time in zone with maximum
dissipation

Liguid-solid mixing Axial and radial distributions of the solid phase
Maximum energy of collisions

Frequency of collisions of maximum energy
Liquid —solid mass Mass transfer coefficient

transfer

Subject of this example — to illustrate applicatadrVisiMix for scaling-up of the crystallization
process based on these parameters.

For calculation of thélass transfer coefficient it is necessary to enter a number of additional
initial data, including th@®iffusivity of the solute. In our case the problem consists not in
prediction, but in reproduction of the same valtithe Mass transfer coefficient For a given set
of physical properties of the solution and solutass transfer coefficient is tightly connected to
the Average value of turbulent energy dissipationSo, in this example we will use this
parameter as a base for scaling-up instead d¥ithes transfer coefficient

Initial data

Pilot crystallizer:
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Tank (with elliptical bottonn)

Inside diameter = 650 mm,;

Total volume = 231 liter (61 gal);
Volume of media = 190 liters (50 gal).

Baffle (Flat baffle-1)

Number = 4;

Width = 60 mm;

Length = 500 mm;

Distance from bottom = 150 mm;
Angle to radius = 0 deg.

Impeller (pitch paddle)

Tip diameter = 210 mm;

Number of blades = 3;

Pitch angle = 45 deg;

Width of blade = 40mm;
Distance from bottom = 125 mm:;
RPM = 310;

Power of drive = 1000 W;

Production plant crystallizer

Tank (with elliptical bottonn)

Inside diameter = 3000 mm;

Total volume = 26.5 (7000 gal);
Volume of media = 23.7 #6250 gal).

Baffles (Flat baffle-2)

Number = 4;

Width =300 mm;

Length = 3200 mm;

Distance from bottom = 600 mm;
Distance from wall = 50 mm;
Angle to radius = 0 degrees

Impeller (A310)

Tip diameter = 1400 mm;
Distance from bottom = 700 mm;
RPM = 105;

Power of drive = 20 kW,

Media properties

The media is a suspension of crystals in a watehensolution.
Liquid phase properties:
Density = 1050 kg/cub. m;
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Dynamic viscosity = 0.001 Pa*s;
Solid phase properties:

Mass concentration = 150 kg/cub.m;;

Density = 2300 kg/cub. m;

Average particle size = 150 micron;

Size of largest particles = 250 micron;

The Solution:

Before proceeding to calculations, let us createptiojects corresponding to the pilot and
production-scale reactor and enter design datedon of them. Start with the pilot simulation,
and then consider the available production-scaletog, changing its design characteristics if
necessary.

Following the standard VisiMix procedure, createesv project for the pilot reactor.

SelectProject, thenNew, then enter the name for proje&aityst-pilot.vsm as shown in Figure 1.

Projeck  Editinput  Calculake  Supplements  Lastmenu  Laskinput table Wy

Save ir: I ) WisiMix j = £ B2~
File name: |Er_l,lst-pilcut[ Save I
Save az ype: I‘JisiMi:-: Project Files [*.vam) j Cancel |

Figure 1. Starting a new project.

Click Save and select your tank in tA@nk types selection that appears. The tank you have
selected (elliptical bottom without heat transfevide) will appear in th€urrent choice
window on the right (Figure 2). ClioRK to confirm your choice.
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i Tank types

TANES A THOUT JACKET

Conical bottorn

Flat battom Elliptical battom™

TANES '/l TH CORVENTIONAL JACKET

-1 1 pEEE

Figure 2. VisiMix graphic tanks selection.

Now you will be requested to enter basic initialedfor your project. After you confirm your tank
choice, TANK WITH ELLIPTICAL BOTTOM input table wit the selected tank diagram
appears. Supply the internal dimensions of youk.tBnterinside diameter, Total volume and
Volume of media,andTotal tank height andLevel of mediawill be calculated by the program
and entered automatically (Figure 3).

TANE WITH ELLIPTICAL BOTTOM
Inside diameter 650 Imm j
Total tank height 750 Imm j
Total volume 61 -
lgal -] 2
Lewvel of media 624.5 Imm j \\_ __'/
& 550
Yolume of media 50 Iga| j
Ok, I Cancel I Chooze new tank. I Frint I Help I ‘l

Figure 3. Entering pilot tank data.

After the table has been completed, click anywloeréhe field of the window, and the tank
diagram on the screen will change to reflect yapui. ClickOK to confirm your input.

TheBaffle typesmenu will now appear. Click on the diagram of skeéected baffleRlat baffle —
1in our case), and it will appear in tBairrent choice window on the right (Figure 4). ClidRK
to confirm the choice.
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igure 4. Selecting a baffle for pilot tank.

Enter parameters of your baffle in the table thpgotesrs (Figure 5).

igure 5. Entering baffle data for pilot tank.
Now click on the existing impeller of the pilot ta(Pitched paddlé in thelmpeller types menu
(Figure 6), and it will arrive in th€urrent choice window. Thesingleimpeller option (for
single-stage mixing device) is already shown (bfiaale).
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i Impeller types

! ]
igure 6. _ ipeller '- fiIt tank.

The impeller parameters — sizes, position andiarntapeed — are entered in the next input tableaibears
automatically (Figure 7). After the data are erdertick anywhere in the field of the window, aime t
diagram on the screen will change to reflect tseitgput. ClickOK to confirm the input.

Figure 7. Entering ipeller data for pilot tank.
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You will now be requested to enter properties efrtiedia in AVERAGE PROPERTIES OF
MEDIA input table. For the first approximation, enproperties of the liquid phase (‘'mother
solution’).

‘ &WERAGE PROFPERTIES OF MEDIA

Type of media
 Mewtorian > Non-Newtornian Behavior of Mon-Mewtonian media iz
approsimated with the functions:

Ayerage

denzity I 1050 Ikg.-"u:ul:u.m j

] i ——— 1 n

il [Frs o To T Ky

Kinematic p=T,*+¥"+ K= ?n-1 :
vizcogity IM IS'II-F“'flS j

h where [ - dynamic viscosity, Pa*sec;

[EarEtant I_ Pa*[SEC] "r" -shear ratE, ll,fsec;
- ; T -shear stress, Pa;
FREER I_ T,-¥ield stress, Pa.

el

e | |_ -]

0k, I Cancel | Print | Help |

Figure 8. Entering average properties of media.

After you have entered basic data for your pilaicter, its diagram appears (Figure 8).

For HEL P preszss F1

Figure 9. Scheme of the pilot crystallizer..
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From now on, it is possible to start calculations.

The first stage of calculation — defining valuesh#f controlling parameters for the pilot tank. In
accordance with the Table 1, we will start withgraeters of turbulence.

Projeck  Edit input  Calculate Supplements Lastmenu  Lastinput table Window  Wiew Help

Hydrodynarmics hI I:Dl %l I
TURBULEMCE. MAIN CHARACTERISTICS

Single-phase liquid mixing » DISSIPATION OF EMERGY AROUMD THE IMPELLER
LOCal WALUES OF EMERGY DISSIFATICN

Continuous Flow dynamics e — :
Energy dissipation - maximum walue

Batch reaction fblending 3 Energy dissipation - average value
Energy dissipation in the bulk solume

’ . N
Sl et Energy dissipation near baffles
Continuous Flow reaction 3 WOLUMES OF ZOMES WITH DIFFERENT TUREULEMCE

— - Valume of zone of maximum dissipation
et e A " RESIDEMCE TIME IN ZOMES WITH DIFFERENT TURELILENCE
Liquid-liquid mixing * MICROSCALES OF TURBULEMCE IM DIFFERENT ZOMES

- - TURBULENT SHEAR. RATES IMN DIFFEREMNT ZOMES

Gas dispersion and mass transfer D Turbulent shear stress near the impeller blade
Liquid-solid mass transfer 3
Heat Transfer. Continuous Flow (CF) 3
Heat Transfer. Batch (BH) 3
Heat Transfer. Semibatch {SE) 3

Heat Transfer. Fixed temperature regime (FT) #

Mechanical calculations of shafts 3

Figure 10. Menu Turbulence - list of output parame  ters.

Click theCalculate option in the main menu, select the sub-meuarbulence (Figure 10) and ‘ask’ for
LOCAL VALUES OF ENERGY DISSIPATION in this submenuOutput table containing the
parameter&nergy dissipation — maximum valueandEnergy dissipation — average valugill appear
(Figure 11).

(23 [Cryst_pilot] - LOCAL ¥ALUES OF ENERGY DISSIPATION

LOCAL WALUES OF ENERGY DISSIFATION

Parameter narne Uhits

Energy dissipation - maxirmun value Wikg
Energy dissipation - average value Wike

Energy dissipation near baffles Wikg

Energy dizzipation in the bulk volume Wike

For HEL P press F1

Figure 11. Pilot crystallizer. Local values of ener gy dissipation.
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The next steps: selelcast menu (Figure 12) and click the linédBJRBULENT SHEAR
RATES IN DIFFERENT ZONES andRESIDENCE TIME IN ZONES WITH
DIFFERENT TURBULENCE in TURBULENCE section.

Projeck  Editinput  Calculake  Supplements  Last menu Lastinput Eable W

Jnlfr2g=
il TURBULEMCE, MAIN CHARACTERISTICS

DISSIPATION OF EMERGY ARCIND THE IMPELLER.
LOCAL WALLES OF EMERGY DISSIPATION

Energy dissipation - maximum value

Energy dissipation - average value

Energy dissipation in the bulk volume

Emergy dissipation near baffles

VOLUMES OF ZOMES WITH DIFFERENT TUREULEMCE
Yolume of zone af maximum dissipation

RESIDEMCE TIME IM ZOMES WITH DIFFEREMT TUREULEMCE
MICROSCALES OF TURBULEMCE IM DIFFEREMT Z0MES
TURBULEMT SHEAR RATES IN DIFFEREMT ZOMES
Turbulent shear stress near the impeller blade

Figure 12. Menu Turbulence as the Last menu option.

The output tables (Figures 13 and 14) correspontdinigese groups of parameters will appear on
the screen.

1§ [Cryst_pilot] - TURBULENT SHEAR RATES IN DIFFERENT 20NES:

TURBULENT SHEAR RATES IN DIFFERENT ZONES

Paratneter name Tnits

Turbulent shear rate near the impeller blade 1/
Turbulent shear rate near the baffle /=

Turbulent shear rate in the bulk wolurme 1/8

For HEL.FP

Figure 13. Pilot crystallizer. Turbulent shear rate s in different zones.
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=) [Cryst_pilot] - RESIDENCE TIME IN ZONES WITH DIFFERENT TURBULENCE

EESIDENCE TIME IN ZONES WITH DIFFERENT TURBULENCE

Parameter narme TInits Walue

Relative residence time in zene of maximurm dissipation 0.00133
Felative residence time in zone of baffles 00181

Eelative residence time in the bulk volume 0314

For HELFP
Figure 14. Pilot crystallizer. Residence time in zo  nes with different turbulence

Accordingly to the Table 1, the next stage of ouradculations is based on simulation of
mixing in liquid-solid system.

To proceed, sele€alculate in the main menu and click duiquid-solid mixing . A sub-menu
corresponding to this simulation step will appdéagyre 15). Select this optiddQUID-SOLID
MIXING. MAIN CHARACTERISTICS in this sub-menu.

Project  Edit input  Calculake  Supplements  Last menu Last inpuk table Window  View Help

Hydrodynarics QI %I I

Turbulence

Single-phase liquid mixing

Continuous Flow dynamics

Batch reaction [blending

Semibatch reaction

Continuous Flow reaction

Liquid-solid mixing

AAIMN CHARACTERT
Liquid-liquid mixing Completefincomplete suspension

AxIAL DISTRIBUTION OF SOLID PHASE
RADIAL DISTRIBUTION OF SOLID PHASE
Liquid-solid mass transfer 3 Relative residence time of solid phase
COLLISIONS OF PARTICLES

Gas dispersion and mass transfer 3

g i » . . .
Heat Transfer, Continuous Flow (CF) Maxirmum local concentration of solid phase
Heat Transfer, Batch (EH) [ Minimum local concentration of solid phase
Awerage concentration of solid phase in continuous Flow
Heat Transfer. Semibatch (SB) 3

Maximum degree of non-uniformity - axial, %
Heat TransFer, Fixed temperature regime (FT) »  Maximum degree of non-unifarmity - radial, %
Figure 15. Menu Liquid-solid mixing - list of outp ut parameters.
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Figure 16. Entering of properties of solid and lig  uid phases.
Based on this information, VisiMix re-calculatbée taverage properties of the media. If the caledlat
values do not correspond to the data entered eantie receive a message shown in Figure 17.

TTENTION

Calculsted values of sverage properties of  suspension
dan't carrespand to your farmer input of average
FROPERTIES OF MEDIA:

Figure 17. A warning of the discrepancy between en  tered and calculated average media
properties.
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Let’s follow VisiMix recommendations and correcettata entered in the tal&WERAGE
PROPERTIES OF MEDIA. (Figure 18).

‘ AYERAGE PROPERTIES OF MEDIA

Type of media
“# Mewtonian * Mon-Mewtonian Behavior of Mon-Mewtonian media is
— : £ - appraximated with the functions:
Ayverage
“denaity I 1132 Ikgx’cub.m j
Eégggt'; 0.00129 I,:.axS j T=T,+K=* 1Irn
Kinermnatic W= T, * ?1 i ?n-1 .
wiscosity IM Isq.ma"s j

. n where | - dynamic viscosity, Pa*sec;
Corte . [ Pasec ¥ -shear rate, Lisec

: : T -shear stress, Pa;
PEUERLT |_ T,-yield stress, Pa.
el '
sitess |_ |_ :l'

(1] 8 I | Cancel | Frink | Help | ‘

Figure 18. Adjusted average properties of media.

After the corrected figures have been enteredptbgram performs simulation and returns the catedla
results table (Figure 19) corresponding to the estpd output option.

IIQUID-30LID W IXIN S MATH CHARACTER-STICR

FParamezter nams Unite

Ivlastinmurn degree of non-uaiformmity - axial,
Ilasnrur degree of non-usnformmity - radial, s
Awesrags concentration of eclid phage in coatimucus flosfloz cub.m

bdaminmun ensrgy of collisions I

Characteriszic time betwrzen tweo strong collsions 8

For HEI. P press B
Figure 19. Pilot crystallizer. Main characteristics of solid-liquid mixing.
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The next step — selecast menuand clickCOLLISIONS OF PARTICLES in theLiquid-solid mixing
section. The corresponding table (Figure 20) wiiva.

COLLISIONS OF PARTICLES

Parameter name Units Walue

Miaximnum energy of collisions 271e-11

Energy of colligions in the bulk volurme 1.13e-12

Frequency of collisions of maximum energy 00151

Characteristic titne between two strong collizions 552

Figure 20. Pilot crystallizer. Collisions of partic les.

The next stage of calculations — evaluation of ni@sssfer coefficient to suspended solid particdick
Calculate > Liquid-solid mass transfer(Figure 21).

Liquid-salid mixing k

Liquid-liquid rmixing k

3as dispersion and mass transfer k

Liguid-saolid rass kransfer

Time of complete dissolution

Heat Transfer, Continuous Flow (CF) r Concentration of dissolved solids vws time
Residual concentration of solid phase ws. time
14 Fi [ Fi )
Heak Transfer, Semibatch (SE) ¥ Mass transfer coefficient ws kime (maximurm)
Specific mass kransfer coefficient vs time {average)
Diameter of solid particles vs time

Mechanical calculations of shafts b Specific mass transfer area vs time

Mass transfer rate vs time

Figure 21. Menu Liquid-solid mass transfer - list of output parameters.

Heat Transfer, Bakch (BH) »

Heak Transfer. Fixed temperature regime (FT)  #

This sub-menu covers simulation of dissolution s Our goal is limited to comparison of mass
transfer coefficients in two different crystalliseso we select the output optidiass transfer coefficient
vs time (average)Additional information on solubility of solid armbncentration of the mother solution
has to be entered. Taking into account the goalpmass transfer calculations, we may enter some
approximate values of these parameters, and afgoxamate value of diffusivity (Figure 22).
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DISSOLUTION OF SOLID PARTICLES

Initial
concentration of II 120 IkEI-"'CUb-I'ﬂ j Sl I_ vI

dizzolved zolids

b olecular

diffusivity f leculan et
- (85 I B
IF unknow, I 1e-03 Isq.m.-"s j il eal ek

enter 0%

Solubility of zolid

I 140 Ikg.-"u:ul:u.m j ol eleculan et I—

af dizsalied/sdlids

E.;E:im of the I 5 I ity j Tiemperatne I—Iﬁ

* | thiz caze molecular diffusivity will be evaluated by Vizitiz, Enter YOUR data in the right part of the table.

| ] I Cancel Frirt | Help | ‘

Figure 22. Entering approximate data for mass trans  fer calculations.

Result of calculation returned in a form of grapig(re 23).The numerical value of the calculated
parameter is presented in the VisiMix report fas troject (see Help).

MMass transfer coefficient vz Hme {average)

IWlass ttansfer coefficient, m / =

For HELE p

Figure 23. Pilot crystallizer. Mass transfer coeffi  cient.

Based on the output data presented tables in Fdurd 3,14,19,20 and 23, we can prepare a
table for comparison of the pilot and productioalscrystallizers. On this stage only the column
related to the pilot crystallizer is filled (Tal2g.
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Table 2. Comparizon of the pilot and productionecaystallizers.
Data for pilot crystallizer.

Menu section Parameter Pilot Production
Turbulence Energy dissipation — 106 W/kg
maximum value
Turbulent shear rate neay 9660 1/s
the impeller blade
Relative residence time | 0.00133
in zone with maximum
dissipation
Energy dissipation — 0.380 W/kg
average value
Liquid-solid mixing | Maximum degree of non4 16.8%
uniformity- axial
Maximum degree of non{ 1.13%
uniformity- radial
Maximum energy of 8.71e-11J

collisions

Frequency of collisions of 0.0181 1/s

maximum energy

Liquid-solid mass
transfer

Average mass transfer

0.000038 m/s

coefficient (approx.)

The data included in the Table 2 represent basicacheristics for the pilot crystallizer.

Now let us enter the initial data for the availgpteduction-scale mixing tank that is supposedetaifed as
a plant crystallizer. It is assumed that physicapprties and regime parameters of the two crystad are
identical, and only size and design is differ&d, we can rename the existing project and chérgge
equipment characteristics — Tank, Baffles and Itepel accordingly to the technical characteristitthe

production scale tank presented above (Figures624-2

Inside diameter

Total tank height

Total wvolume

Lewvel of media

Yolume of media

Figure 24. Entering data for the production plant

TANK WITH ELLIPTICAL BOTTOM

3000 |lmm <
000 |lmm =
[7ov: | e |
3600 |fmm |
6256  [gal =

N

4000

& 3000

tank.
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Figure 25. Entering baffles for the production plan  ttank.

Figure 26. Entering agitator A310 for the producti  on plant tank.

The diagram of the production plant tank is shawRigure 27. Save the current project under a
new name, for exampl€&ryst-production.vsm.
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3 [Cryst_production] - Drawing of apparatus

For HEL.P press F1

Figure 27. Diagram of the production plant tank.

Now we return to calculations. In order to compheerelevant parameters of the crystallizers, we
perform calculations for the production tank in Haene order as it has been done for the pilot
tank.

SelectTurbulence in the main menu and clidkOCAL VALUES OF ENERGY

DISSIPATION. A table containing the parametdfaergy dissipation — maximum valueand
Energy dissipation — average valugill appear (Figure 28).

LOCALWALDES OF ENERGY DISEIFATION

Farameter naime TThits Walue

Energy diszipation - maximum value Wl 204

Energy dissipation - average value Willg

Energy dissipation near baffles Wike

Energy diszipation in the bulk volume Wl

For HELP press Fl
Figure 28. Production tank with A310. Local values of energy dissipation.

TURBULENT SHEAR RATES IN DIFFERENT ZONES andRESIDENCE TIME IN
ZONES WITH DIFFERENT TURBULENCE in Turbulence section.
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The tables (Figures 29 and 30) corresponding teetigeoups of parameters will appear on the
screen.

TUEBULENT FHEAR RATES IN DIFFERENT ZONESR

Farameter naime TThits Walue

Turbulent shear rate near the irnpeller

blade

Turbulent shear rate near the baffle

Turbulent shear rate in the bullk volume

For HELP press Fl
Figure 29. Production tank with A310. Turbulent she  ar rates in different zones.

EEZIDENCE TIME IN ZONES WITH DIFFERENT TUTRBULENCE

Farameter name TThits Walue

Eelative residence time in zone of
tnaxinmn dissipaticn 000027 S

Eelative residence titme in zone of haffles 00225

Eelative residence time in the bulk volume 0957

For HELP pres=s Fl
Figure 30. Production tank with A310. Residence tim e in zones with different turbulence.

In the menu sectiohiquid-Solid mixing selectLIQUID-SOLID MIXING. MAIN
CHARACTERISTICS and get the calculated parameters (Figure 31) ®sdteen.
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LIQUID-Z0LID MIZKING, MATN CHARACTERISTICE

Farameter natme TThits Walue

Maxirnum degree of non-uniformmity -

axial, %a

Maxitmm degree of non-uniformity -
radial, ¥

Awerage concentration of solid phaze in
continuous flow

Figure 31. Production tank. Liquid-solid mixing. Main characteristics.

The next step — selecast menuand click COLLISIONS OF PARTICLES in theLiquid-
solid mixing section. The corresponding table (Figure30) wilivar.

COLLISIONS OF PARTICLES

Farameter naime TThits Walue

Maxirnum energy of collisions 1.34e-10
Energy of collisicns in the bulk volume 1.03e-12

Frequency of collisions of maxinim
ENErgy 000474

Characteristic time between two strong 211

For HELP press Fl

Figure 32. Production tank with A310. Collisions o f particles.

The last step — calculation of mass transfer coeffi ~ cient via Calculate>Liquid-solid mass
transfer>Mass transfer coefficient vs time (average ) (Figure 33).

VisiMix Turbulent. Example 5.



Mazs transfer coefficient vz Hme (average)
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Figure 33. Production tank with A310. Mass transfer coefficient.

Based on the obtained results, we can print thritzibd parameters for the plant tank into the & 2bdnd
compare them with the corresponding parameteisegpilot crystallizer (see Table 2a).

Table 2a. Comparison of the pilot crystallizer andoroduction scale tank with A310.

Menu section Parameter Pilot Production
with A310
Turbulence Energy dissipation — | 106 W/kg 204
maximum value
Turbulent shear rate | 9660 1/s 13400
near the impeller blade
Relative residence 0.00133 0.000278
time in zone with
maximum dissipation
Energy dissipation — | 0.380 W/kg 0.359
average value
Liquid-solid mixing | Maximum degree of | 16.8% 13.0
non-uniformity- axial
Maximum degree of | 1.13% 0.445
non-uniformity- radial
Maximum energy of | 8.71e-11J 1.34e-10
collisions
Frequency of collisions 0.0181 1/s 0.00474
of maximum energy
Liquid-solid mass | Average mass transfer 0.000038 m/s| 0.0000375
transfer coefficient (approx.)
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We can see now that the average turbulent dissipé&pecific power) in the production tank

with the A310 agitator is very close to the samepeeter of the pilot crystallizer. Characteristics
of distribuion of solid phase — the max. degreami-uniformity - are also good enough.
However, the local value of energy dissipation arbthe agitator blades, and accordingly — shear
rate and maximum energy of collisions of crysialthis case are much higher than in the pilot
tank. It can result in a higher particle destruti@md nucleation rate. So, it would be better to
keep the Max. local value of turbulent dissipationabout the same level as in the pilot tank.
This condition can be satisfied if we replace tl818 agitator with &itch paddle with the

following characteristics:

Diameter = 1000 mm;
Number of blades = 3;
Pitch angle = 45 deg;
Width of blade = 200 mm;

The next steps: selekitch paddleand enter the dimensions of the agitator listexal{Figure
34.

PITCHED PADDLE

Tip diameter |"""_L,
Number of blades

Pitch angle 5 |[deg -]
Width of blade 200 |[mm -
Dist. from bottomn 700 |mm j
Rotational speed 105 |Hpm j ——
Motor power 20 |KW j
Pumping direction m

A000

= 3000

] | Eancell Choosze new impeller I Frint | Help |

Figure 34. Entering Pitch paddle impeller for the production plant tank.

Now we can perform the calculations in the samermad it has been done for the tank with
A310, complete the Table 2 with the new data amdpare the calculated parameters of the tank
with Pitch paddle with the corresponding parameters of the pilostalizer (see Table 2b).
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Table 2b. Comparison of the pilot and production sale crystallizers.

Menu section | Parameter Pilot Production with| Production with
A310 Pitch paddle
Turbulence Energy dissipation — 106 W/kg 204 96.4
maximum value
Turbulent shear rate 9660 1/s 13400 9200
near the impeller blade
Relative residence time 0.00133 0.000278 0.00127
in zone with maximum
dissipation
Energy dissipation — 0.380 W/kg | 0.359 0.313
average value
Liquid-solid Maximum degree of 16.8% 13.0 12.9
mixing non-uniformity- axial
Maximum degree of 1.13% 0.445 0.485
non-uniformity- radial
Maximum energy of 8.71e-11J 1.34e-10J 8.15e-11J
collisions
Frequency of collisions| 0.0181 1/s 0.00474 1/s 0.0168 1/s
of maximum energy
Liquid-solid | Average mass transfer | 0.000038 0.0000375 0.00365
mass transfer | coefficient (approx.) m/s

Output tables foMaximum values of energy dissipatiorfor the compared mixing conditions
are presented also in the Figure 35.

ENEEGY DISEIFPATION -

EWNERGY DISSIFATION - FNERGY DISSIFATION -
LLASTINMIIM VATIE LAAINATM VATLTE AT VAT TTE
Parameter namplTnits palug Parameter namplTnits BFalus Parameter namplTnite (Falue
E_ne;gy _ Energy Energy
dissipation - digsipation - dizgzipation -
maximum valug Wrkg | 106 mazxitmum valug Wikg | 204 maxirmum valug Wikg | 964

Figure 35. Maximum values of energy dissipation in

the compared mixing tanks.

As it follows from the presented results, in theeander discussion mixing with tRéch
paddle provides values of the relevant mixing paramettrse to the parameters of the pilot

crystallizer.
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