VISIMiX LAMINAR. POWER, CIRCULATION AND MIXING TIME IN TANK
WITH ANCHOR AGITATOR.

This example illustrates application of the progidisiMix Laminar for mathematical modeling of mixgrof
a viscous liquid in reactor with anchor agitator.

Reactor:

Tank with elliptical bottom
Internal diameter - 800 mm
Total height — 1050 mm

Mixing device:

Anchor agitator

Tip diameter — 700 mm
Height of blades — 800 mm
Width of blade — 55 mm.

Drive:
Rotation velocity - 45 rpm
Power — 4 kW.

Media:

Viscous liquid.

Volume — 400 I.

Density -1300 kg /cub.m.
Dynamic viscosity — 50000 cP.

Purpose of mixing: uniform mixing of viscous liquid.
Process regimebatch.

Step 1. Entering initial data.

1.1. Tank.

As the first step after starting a new project,gthegram provides a graphic menu for selectiorneftank
type. In our case a tank with elliptical bottomhwitit jacket is selected (Fig.1), and the prograovides
input table with the list of necessary dimensidrise filled input table is shown in the Fig.2. Iettiolume
of mediais entered, then tHeevel of mediais defined by program.

Current choice

Flat bottom I Elliptical I Conical Flat battom Elliptical Conical

— Tanks with Half-Pipe Coil Jacket————————— — Tanks with Embossed / Dimpled Jacket

Elliptical bottom

Ok Cancel Hel

Figure 1. Graphic menu for selecting of the tansigle
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TANK WITH ELLIPTICAL BOTTOM
Inside diameter | |mm _j
Total tank height | [mm |
Total volume | i -
Level of media | Imm -
Volume of media | | 1 ﬂ
[ ok | concel | Choosenewtank | Pint | __Hep |

Figure 2.

TANK WITH ELLIPTICAL BOTTOM

Inside diameter @IM—LI
Total tank height | 1050 II"'""" :]
Total volume [asa3 ||i 5]
Level of media 8624 [mm -]

1050

Volume of media 400 ||| |
[ 0K | cancel | Chooserewtsnk | Pint | Help

Figure 3. Entering dimensions of the tank.

1.2.Baffles.
The program provides a visual menu for selectiobadfles. In our case tHRO BAFFLE' option has to
be selected (Fig.4).
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Current chaice

_y | Flatbaffie-2 _ .
g:‘,::'l'm‘ fot a distance Tubular battle - 1 | Tubular batile - 2
) |__from the wall] | |

| Ok | !.f’.‘anoel| HeIpI

Ue Dietrich

Figure 4.

1.3. Impeller.

The next step — selection of the anchor impellexr gmaphic menu provided by the program (Fig.5) and
entering of the impeller and drive data into thévarg table (Fig.6).

Figure 5. Graphic menu for selection of impelleaginent).
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ANCHOR

Tip diameter 700 [mm - -
Number of blades [ 2 ]

Height of blade BUO |[mm -]
Width of blade 55 fmm -]
Rotational speed as [Rpm =]
Motor power w =] —

Figure 6. Entering data for impeller and drive.

1050

[
\

1.4.Average properties of media.

After input of design data is completed, the pragpovides tables for entering of average propedfe
media. For our case, the density is entered, amdhtdia is defined as Newtonian (Fig.7). The té&nle
entering of viscosity is provided by the prograrig(8). Note, that if th®ynamic viscosityis enteredthe
Kinematic viscosity is defined by the program.

! DENSITY AND TYFE OF MEDIA

Aoverage density [ 1300 |kg."cuh,m LI
TvPE OF MEDIA
(® Mewtoniar (T Powsrlaw nor-Newtorian (" Caneau nonNewtarian
n-1
T=T,+KeyD B M 2172
T=pL=y . - _-[1+(1*T)]
P=T,=y "+K=«Yy Hax — Hmin

Figure 7. Entering density and type (rheologicablel) of liquid media.

AVERAGE VISCOSITY OF MEDIA
Dynamic T=lU=x
viscosity | Be+04 ICP ﬂ i
Kinematic
viscosity | 0.03846 lsam's | | where © -shear stress, Pa;
K - dynamic viscosity, Pa*sec;
Y -shear rate, 1/sec;

I oK I Cancel Print | Help |

Figure 8. Entering viscosity of liquid.
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Step 2. Hydrodynamical modeling. Circulation Power.

After the main initial data are entered, simulatiam be started.

In order to evaluate general flow conditions in tifnek, we start hydrodynamic simulation with pragsi
one of theCalculate> Flow characteristicsmenu options, for examplealculate>Flow characteristics>
Reynolds number for flow (Fig.9).

Project Editinput Calculate Supplements Lastmenu  Lastimputtable  Window View Help

i F_h”." Ch“im'ﬁ.'.c.? .. Scheme of main circulation cycles
Power and forces ] Impeller tip velocity
Specific power b Average tangential velocity
_ Circulation flow rate
Shear around the impeller blades [ Reynolds number for flow
Shear on the tank wall L Reynalds number for impelier blades
Blending. Unifermity of mixing b Impeller Reynolds number

Figure 9. Menu options for hydrodynamic simulation.

Answer to our request based on the results of nmagdiel shown in the Fig.10. For additional inforioat
we press alsbast menu>Scheme of main circulation cyclesndLast menu>Circulation flow rate.

REYNOLDS NUMBER FOR FLOW

Parameter name Units Value

Reynolds number for flow 1.16

Figure 11. Simulation results. Scheme of circulatigcles.

CIRCULATION FLOW RATE

Parameter name Units

Circulation flow rate cub.m/s

Index of uniformity of flow distribution in the tank
volume

Figure 12. Simulation results. Main characteristitaxial circulation flow.
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Results of simulation presented in the Figs 10H®nsthat:

- Accordingly to the data of the Fig. 8, Re numbdog and corresponds to laminar regime. So,
flow in the tank is laminar.

- The scheme in the Fig.9 shows that, along withestidangential flow, liquid in the tank is
involved in axial circulation cycle that providesa and radial exchange necessary for mixing.

- Accordingly to data of the Fig 12, rate of the &fiaw is about 450 liter per min (compare it with
the volume of media 400 I).

- Animportant parameter in this table is thelex of uniformity of flow distribution in the
tank volume. The higher this index is, the higher is the unifiiynof the flow distribution,
and the smaller part of flow is “short circuited’vicinity of the impeller. Value ‘1’ is the
maximum value, it shows that circulation cycle ilwas 100% of the liquid.

For defining power, let us use menu optdalculate>Power and forces>Mixing power ig.13).

Project Editinput Calculate Supplements Lastmenu  Lastinputtable Window View Help

Flow charactenstics b §|
_Pmrcndforces ¥ T

Specific power ’ Torque

Shear zround the impeller blades ¥ Power number

impeller Reynelds number

Sh the tank wall ]
saron the tankws Axsal force apphed to impeller

FigL]'re'13‘.' Mehu—options for calculation of power.

Accordingly to the obtained results (Fig.14), poweéthe drive is high enough for mixing and prode
necessary reservation.

MIXING POWER

Parameter name Units

Mixing power W

Figure 14. Simulation results. Power consumptioimqgeller.

Step 3. Mathematical modeling of macro-mixing. Mixing uniformity. Mixing time.

For a simple evaluation of mixing dynamics let ge the menu optioGalculate> Blending. Uniformity
of mixing>Mixing time (Fig.15)
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Project Editinput  Calculate Supplements Last menu Last input table Window View Help

Flow chasacteristics »
Power and forces »
Specific power »
Shear arcund the innpeller blades »
Shear on the tank wall »
I Bleriing: Hiw oy v enisiog ¥ Unmixed part of media vstime (%) -
High shear treatment [destruction of aggregates) 3 Uaimioeed part of ncdia (%% Tinak valus
Heat Transfer 3 Mean circulation time
Mechanical calculations of shafts | Mixing time

Time for unmixed part of media to reach 1%

Characteristic function of tracer distribution
Dynamics of moang/blending
Dynamics of mpang/blending. Double - impeller system.

Figure 15. Menu options for mathematical modelihghacro-mixing.

MIXING TIME

Parameter name Units

Mixing time necessary to attain 5%
non-uniformity

Mixing time necessary to attain 2%
non-uniformity

Figure 16. Simulation results. Mixing time values flifferent degrees of uniformity.

Significance of this information is clear from ttext below that is extracted from thielp section of the
program (see alddser’'s Guide).

Output Parameters

Blending. Uniformity of mixing.

Mixing time

The required duration of the mixing process depends on the desired degree of non-uniformity of the
final mixture, i.e. + 5% or 2 % of the final change in concentration.

As follows from the obtained simulation resultsridg the first 5-6 minutes of mixing the media iste
non-uniform, and time necessary for a uniform ngxnust be a few times longer. In order to defire th
necessary time, let us use menu op@atculate>Blending. Uniformity of mixing>Unmixed part of
media (%), final value (see Fig.15).

After we press the corresponding menu line, thgamm provides request for estimated process duaratio
(Fig 17). Let us start with 20 minutes.

PROCESS DURATION

Process durationl 20 I min z’

OK I Cancel | Help |

Fig. 15. Entering of process duration.
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UNMIXED PART OF MEDIA (%), FINAL VALUE

Parameter name Units Value

Process duration 1200

Unmixed part of media (26), final value

Figure 18. Simulation results. Achieved degreerofanmity.

Result of modeling presented in the Fig.18 shdwas after 20 min of mixing composition of aboutl%.
of media is not exactly equal to composition of éinether 99.9%. In the most practical cases tnshe
considered insignificant.

Project Editinput] Calculate  Supplements Lastmenu Lastinputtable Windo
Tank » oml
| (D] L] |
Baffles
Shaft

- Properties & regime Average properties of media

Upper limit for shear rate
Blending. Inlet/sensor position

' Process duration
Heat transfer

Figure 17. Menu option for changing process pararset
In order to define possibility of further reductiofithis value, we can select the menu opEdlit input >

Properties & regime>Process duration(Fig.17) and increase tfocess durationvalue up to 30 min.
The program repeats the modeling automaticallypnogides the new result (see Fig.18).

UNMIXED PART OF MEDIA (%). FINAL VALUE

Parameter name Units Value
Process duration s 1800
Unmixed part of media (%). final value 0.0660

Figure 19. Simulation results. Achieved degreerofanmity.

In order to define possibility of further reductiofithis value, we can select the meamtion Edit input >
Properties & regime > Process duratior(Fig.19) and increase tirocess durationvalue up to 30 min.
The program repeats the modeling automaticallypnogides the new result (see Fig.20).
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UNMIXED PART OF MEDIA (%6). FINAL VALUE

Parameter name Units Value
Process duration s 1800
Unmixed part of media (%), final value 0.0660

Figure 20.
As follows from the obtained data, on this stadgeatfof increase of mixing duration is not too sigant.

Degree of uniformity achieved in the tank looks a@ptable, and process duration may be limited to
20-30 min.
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