VisiIMix LAMINAR.
MODELING OF A STAGNANT ZONE FORMATION AS A RESULT OF INEFFICIENT MIXING.

If your media has a hig¥iield stressvalue,Shear stress on the walinay be lower thaiield stress
Stagnant zones may then form on the peripheryeofahk, the mixing being limited to a zone aroumeal t
agitator.

In this case, direct VisiMix calculations are impitiée. However, the VisiMix option "Supplement.
Approximation of rheology" allows the user to selaproper design and perform simulation of his
mixing process even in the case of stagnant zoeasthe tank walls. This example shows how to hise t
option.

System configuration:

Your mixing process takes place in an unbaffletiiilsitomed tank with a 2-stage Intermig agitatdre T
equipment characteristics and properties of theMewtonian media are given below.

Tank: unjacketed flat-bottomed
Inside diameter = 220 mm
Total tank height = 350 mm
Volume of media=9 |

No baffles

Agitator: A 2-stage Intermig Impeller (Radial Tunbi2)
Tip diameter = 116 mm

Agitators number = 2

Distance between stages = 80 mm

Distance from bottom = 30 mm

Number of revolutions = 500 mm

The properties of the media:

Density 1069 cub. m
Rheological constant, K 7.05 Pa®s
Rheological exponent, m 0.5

Yield stressto 47.2 NIm
The Task

The task is to calculate mixing power and deterrsimear stress near the agitator blades.
The Solution:

The general sequence of operations is as desdriilecample 1. You create a new project file for you
case by clicking oProject-New, enter the project name (Example 4 in this cas®),select your flat-
bottomed unjacketed tank from the VisiMix tank sélen that appears (Figurel). Enter the initiabck
shown in the Figures 4.2-4.6 below: the parametktise tank, baffle (no baffle option in your cgse)
agitator and the media properties.

VisiMix LAMINAR. Example 6. 1



: Tank types

TANKS WITHOUT JACKET

Flat bottom Elliptical bottom Conic bottom

TANKS WITH CONVENTIONAL JACKET Flat bottom

ok | Cancel| Hep |
it

Figurel. VisiMix tanks selection

TANK WITH FLAT BOTTOM

Inside diameter [mm =]
Total tank height 350 ] I“"“ Zl
Total volume 13.3 | | Z|
Level of media 236.8 |mm ;]
Volume of media 9 i ~] 020

350

0K I Cancell Choose new tank I Print I Help I

Figure2. Entering the tank data.
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: Baffle types

Figure3. Selecting No baffle option.

Figure4. Selecting a 2-stage Intermig agitator (rad ial turbine 2).

The input table for the agitator data (Figure5pwB for entering a number of agitators produced by
different manufacturers. Click on thielp button in the lower right corner of the table twake the
following recommendations on the useRadial turbine 2 agitator for the approximate simulation of
Intermig impellers, including typical values and rangeshaf tnain parameters.

For your case, the following values were used:
Pitch anglefi = 26°;

Width of bladeW =12 mm;
Length of bladel. = 17 mm.
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P&RAMETERS OF RHEOLOGY
POWER-LaW MOM-MEWTOMIAN

n
f =T, +
Constant F. 7.05 Pa’(sec] T=T,+EK=*¥

E=ponent n I 05&

I_1='E¢*'1‘f_1+Kt1rn'1

where J -effective viscosity, Pa*sec;
¥ -shear rate, 1/sec;

ield stress | 47.2 [Nisgm -] T -shear stress, Pa;

T,-yield stress, Pa.

Ok I Cancel | Print | Help | ‘

Figure6. Entering average media properties.

After this basic initial data has been enteredagrdm of your system appears (Figure7).

i [Example4] - Drawing of apparatus _ (O] %]

Figure7. The diagram of your system.

Now you can proceed to the calculations. To cateulae mixing power, seleBtower and forces
Mixing power in theQuestions by Categoryoption in the main menu (Figure8).

Project  Editinput  Calculate  Supplements Last menu  Lask input table  bindow

Flow characteristics r gll

Power and forces

g power
Specific power 4 Tarque

Power number
Impeller Reynolds number
Shear on the tank, wall » Axial force applied to impeller

Shear around the impeller blades r

Blending. Uniformity of mixing r

High shear treatment {destruction of aggregates)

Heat Transfer r

Mechanical calculations of shafts r

Figure8. Calculating the mixing power
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The following message will appear (Figure9):

Exampled ¥5M

Formation of stagnant zones is
expected. The configuration you have
zelected iz not recommended.

For recommendations zee HELP. Formation
of stagnant zones.

Figure9. The message informing about possible forma  tion of stagnant zones.

This message means that either the shear stresthaegall is smaller than the yield stress, ot fuch
situation is expected, for instance due to the grigs' fluctuations (see Help, Formation of stagna
zones). Click OK, and the message shown in Figuapp@ars.

This message means that you cannot directly peréatoulations with the initial data you have endeire
the Average properties of mediatable.

[Exampled] - Mixing power E3

To proceed with calculations.
change your input and repeat
the question

“DK

Figure10. The message recommending to adjust input data.

However, it is nevertheless possible to calcullageMixing power and Shear stresses for your proéess
special VisiMix option enables you to enter suchieglent (effective) rheological parameters that th
Mixing power, Shear stresses and other flow charestics near the agitator are the same as with the
rheology you have previously entered, but no stagnanes are formed in the tank. Se®gpplement.
Approximation of rheology in theQuestions by Categoryoption, then seledpproximate rheological
characteristics (Figurell).

Upper limit of shear rate input table will appear on the screen. This patamaust be selected in such a
way that the range of the shear rates corresponditige value entered in this table includes afigiue
values of the shear rate for the current projestth® highest values of the shear rate are foutfttiarea
near the agitator blades, tbpper value of shear rateshould differ from th&hear rate near the

agitator blade by not more than 10-20%. Since tbpper value of shear rateis unknown at this stage of
the calculations, we will have to determine it bg tteration procedure described below. For exantgte
us enter 1000 1/s as a reasonable figure for thieapproximation of this parameter (Figurel2).
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Project  Editinput  Calculate  Supplements  Lastmenu Lastinput table  window — Wiew Help

ot supplement 1. Approximation of rheolagy
g g E = [EEEE IS s £ About APPROXIMATION OF RHEOLOGY

Supplement 2. Estimated stagnant zone volume Approximate rheological characteristics
Initial rheological function, shear stress
Initial rhealogical function, viscosity

Supplement 3. Wiscosity correction For HT coefficients  #

Supplement 4, Scraper agitators 3 Approximate rheological function, shear stress
Approximate rheological Function, viscosity

Figurell. Calculating the approximate rheological ¢ haracteristics.

LAPPRO=IMATION OF RHEOLOGY
UPFER LIMIT OF SHEAR RATE

Ipper limit of
shear rate, 142 || 1000
ITI Cancel | Help |

Figurel2. Entering upper limit of shear rate (the 1 st iteration).

Click OK, and the table of the approximate rheatagcharacteristics appears (Figurel3).
The values in this table represent the equivalestlpgical characteristics, which approximatelycdiee

the curve of shear stress vs. shear rate in tlemgange of shear rates. They differ from theahiti
characteristics, in particular, in that thield stressvalue is equal t0.0

APPROXIMATE RHEOLOGICAL CHARACTERISTICS

Parameter name Units

Estimated rheological constant, K

Estimated rheological exponent, m

Estimated yield stress

Figurel3. Approximate rheological characteristics ( the 1%t iteration).

Let us now compare the initial and approximate ltgioal characteristics to make sure that the
approximation performed by VisiMix is satisfactoflick onlnitial rheological function and
Approximate rheological function in theSupplement. Approximation of rheologysubmenu, and the
following graphs appear (Figures 4-14, 4-15).
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i [Example4] - Initial rheological function

Initial rheological function

—

Figurel4. Initial rheological function

i [Example4] - Approximate rheological function

Approximate rheological function

shear stress, N/sq.m

s=hear rate_. 1 /=

Figurel5. Approximate rheological function.

These functions are quite similar. You can seetti@tifference between the initial and approximate
rheological functions is noticeable for shear ratlies smaller than about 200 1/s. This range of
comparatively small shear rates is characteristiclose-to-wall regions only and not for the afgitarea
you are interested in.

To enable the calculations, these approximate cteistics must be entered as average propertigsusf
non-Newtonian media. Let's go to tdit option in the main menu and sel@cbperties & regime,
Average properties of media TheAverage properties of mediainput table appears (Figurel6). Enter
the calculated values of rheological parametergu(ieil7).

Figurel6. Returning to the Average properties of me  dia input table.
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PARAMETERS OF RHEOLOGY
POWER-Léwd MOM-MEWTOMIAN

n T=T,+K=y"

Constant k.

E xponent I 0283

Pa®(zec)
Pty T4Rxy"

where M -effective viscosity, Pa*sec;
¥ -shear rate, 1/sec;

Tfieldstress | 0 [Nisgm =] T -shear stress, Pa;

T,-yield stress, Pa.

(] I Cancel | Fririt | Help |

Figurel7. Adjusted average properties of the media (the 1%t iteration).

Now when you have entered the approximate dataslétst check if the selected value for thgper

limit of shear rate was correct, and if not, adjust it. As already tiwered, theJpper limit of shear rate
should differ from the shear rate near the agitbyarot more thari0-20%. To check the shear rate near
the agitator blade, seleQuestions by Category, Shear around the agitator bde, Shear rate near the
agitator bladesas shown in Figurel18. The appropriate output tapfeears (Figurel9).

Projeck  Edit input  Calculake Supplements  Lastmenu  Lastinput kable  Window  Wiew  Help

- ' !
Flow characteristics i gll
3

Power and forces

Specific power 3

Shear around the impeler blades ,
ar rate near the impeler

shear on the tank wall * Shear stress near the impeller blades
Effective viscosity near the impeller blades
Relative volume of impeller shear zone

Blending. Uniformity of mixing 3

High shear treatment {destroction of aggregates)

Heat Transfer *

Mechanical calculations of shafts ¥

Figurel8. Calculating the Shear rate near the agita tor blades.

1 [Example4] - Shear rate near the agitator blades _ (O] x|

SHEAR RATE NEAR THE AGITATOR BLADES

Parameter name Units

Shear rate near the agitator blades 1}sec

Figurel9. Shear rate near the agitator blades (the 1! iteration).
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As previously mentioned, thépper limit of shear rate should differ from this calculated value by
maximum 10 — 20%. For your first approximation, yave entered 1000 1/s for tpper limit of

shear rateand obtained 2000 1/s for the shear rate neagitator blades. This means it is necessary to
correct thdJpper limit of shear rate. First of all, through th&dit option, invoke thé\verage

properties of mediainput table and restore the initial rheologicalgmaeters (Figure6). Then change the
Upper limit of shear rate value, entering 2000 1/s for the second iterafffégure20).

APPAOXIMATION OF RHEOLOGY
UPPER LIMIT OF SHEAR RATE

SIS
[ ok ]| cance | Help

Figure20. The adjusted value for the Upper limit of shear rate.

Now let's calculate the approximate rheologicakabteristics as we have already done for the first
iteration. Click onSupplement. Approximation of rheologyin theQuestions by Categoryoption, then
selectApproximate rheological characteristics The results of the calculation are shown in Fegur

You can also compare the initial and approximaéelbgical characteristics shown in Figures 4-22 4nd
23, respectively.

i [Exampled] - Approximate rheological characteristics

APPROXIMATE RHEOLOGICAL CHARACTERISTICS

Parameter name Units

Estimated yield stress

Figure21. Approximate rheological characteristics ( the 2" iteration).

: [Example4] - Initial rheological function

Initial rheological function
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Figure22. Initial rheological function.
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Figure23. Approximate rheological function.
The approximation proved to be quite acceptabl@ #we first case.

Now enter the approximate rheological charactesgfFrigure21) in thAverage properties of media
input table, througlidit- Properties & regime - Average properties of nedia (Figure24).

PARSMETERS OF RHEOLOGY
FOWER-Lakw' MOM-MEWTOMIAN

n
n = +
Constant k. lTpax[SEC] T=T,tEK=*Y¥
P=T¢*T'1+K*1n'1
Exponentn || 0416

where [ -effective viscosity, Pa*sec;
¥ -shear rate, 1/sec;

Yield stress | 0 Misgm | T -shear stress, Pa;

T,-yield stress, Pa.

Ok | Cancel ‘ Frint | Help

Figure24. Entering approximate rheological characte  ristics (the 2 " iteration).

Click OK and repeat the question by selectéigar rate near the agitator bladen Shear near the
agitator bladesin Questions by Category The results of the calculation are shown in Fégér.

: [Exampled4] - Shear rate near the agitator blades M= B3

SHEAR RATE NEAR THE AGITATOR BLADES

Parameter name Units

Shear rate near the agitator blades 1/sec

Figure25. Shear rate near the agitator blade (the 2 " iteration).
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As you can see, tHépper limit of shear rate (2000 1/s) exceeds ti&hear rate near the agitator
blades(1860 1/s) by about 7% which is less then 10-2pgeigied above as the allowed deviation
between these parameters.

Now we can return to calculating the mixing powire result of the calculations is presented in
Figure26.

Figure26. Mixing power.

We have thus obtained thixing power value, which is essential for selecting the drpesrforming
mechanical calculations for the shaft, etc.

In addition to theVlixing power, you have also calculated tB&ear rate (Figure 25), one of the key
parameters describing the processing of the mddgruction of aggregates, etc. The task has thes b
fulfilled.

Now let us examine the reasons for the formatiostanant zones in your tank. TYield stress i.e. the
minimum shear stress value ensuring the flow oftiedia, is 47.2 N/sg. m for your media (Figure 6).
Now let us check this value near the tank walle&&hear on the tank wal| Average shear stress near
the tank wall in theQuestions by Category(Figure 27). The calculated value is shown in Fega:

We see that the shear stress near the wall is lthaerthe Yield stress. It is now clear why the iaedkar
the wall does not move, and stagnant zones forthe@itank periphery.

Figure27. Calculating the Average shear stress near  the tank wall.
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Figure28. Average shear stress near the tank wall.

As you can see, the VisiMix option for approximatihe rheological characteristics enables the taser
perform the required calculations, and find the nmoportant process characteristics in spite offéog
that the complete mixing is impossible, or theatitnn is very close to it. The accuracy of the altions
based on the approximate rheological propertieteistical to that achieved with the real properéied

the calculations completely reflect the main feasusf the process.
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