VISIMIX TURBULENT. GAS-LIQUID MIXING. FERMENTATION.

Calculation of Power, Shear and Gas-liquid mass trasfer in reactors for
fermentation.

1. Subject of calculations and initial data.

This example demonstrates application of the pragv&aiMix Turbulent for comparison ddxygen
dissolution rate andmaximum shear stressn fermentation reactors with identical air inject parameters
and with two different mixing devices — 2-stagipipaddle and 2-stage disc (Rushton) turbine.

Subjects of mathematical modeling -Hydrodynamics, Turbulence and Gas dispersion args$ tmansfer.
Calculated parameters:

Mixing power;

Oxygen mass transfer rate;

Maximum local shear stress;

Relative residence time of suspension in zonekeftaximum shear stress.

Description of equipment.

Design characteristics and main dimensions of tfugpenent are presented below in a form of VisiMix
input tables. These tables are presented by thggroautomatically and must be filled before tlaetsif
modeling.
Tank: Jacketed tank with elliptical bottom. The main ditsions are shown in Figure 1.
Baffles: 4 flat radial baffles. The main dimensions arevahin Figure 2.
Mixing devices:

Project PADDLE : 2-stage Pitch paddle.

Project TURBINE: 2 —stage disc turbine.

The main dimensions of impellers, rotation veloeityd power of drives are shown in Figures 3a dnd 3
Schemes of the reactors corresponding to the tejeqis are presented in the Figure 4.

TANK WITH ELLIPTICAL BOTTOM

Inside diameter 1800 Imm LI
Total tank height 2200 {mm =]
Total volume 5217 || LI %

]
Lewvel of media 1722 Imm LI ¥ _/

= 1800
Volume of media [ 4000 || ;I
(] I Cancel I Choose new tank I Print I il

Figure 1. Input table of Tank design and main dimen  sions.
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:Figure 2.Input table of flat baffles —position and main dimensions.

Figure 3a. Characteristics of the Pitch paddle (Pro  ject name — PADDLE) .
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DISK TURBINE. MULTISTAGE

Tip diameter Imm vI
Impellers number -

Dist. between stages 800 Imm

LedLe

Diameter of disk 600 Imm

Number of blades II'

Pitch angle a0 [deg
Width of blade 150 |[mm
Length of blade 175 ||/mm
Dist. from bottom 400 Imm
Rotational speed 85 Inpm -
Motor power 7.5 IKW j

Figure 3b. Characteristics of the Disc turbine (Pro  ject name - TURBINE).
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Figure 4. Schemes of reactor with two different m  ixing devices.

The last input necessary in order to start Visiktiadeling — average properties of media (see Fifure

VisiMix Turbulent. Example 6. 3



‘ AYERAGE PROPERTIES OF MEDIA

Type of media

Behavior of Mon-Hewtonian media iz

‘& Mewtonian MHon-Mewtonian : : !
: approximated with the funchions:

2
derety | 1080 [kgcubm ¥ ]
Diynarnic - L
wisCosity I 1 ICP j T=T,r K=+ ¥
Kinematic =T,*¥'+K= y"",
wiscosity IM IS':I-""“JS j - >t ¥

n where B - dynamic viscosity, Pa*sec;
Constari { I Parzec] ¥ -shear rate, 1/sec;

T -shear stress, Pa;

RGN | T,-yield stress, Pa.
ield
dross | [Nisam -]

QE. I Cancel | Pririt | Help | ‘

Figure 5. Input table of Average properties of medi  a.

2. Defining of mixing power and shear characterists..

The first stage of mathematical modeling — Hydrawits- is performed by selecting one of the optiais
HYDRODYNAMICS sub-Menu (Figure 6).

The calculated values of the selected parametdtmotions are displayed as tables or graphs.in th
example we select the paraméwixing power (see Figure 6), and the program returns the caled|
value. Output tables dflixing power for the both projects are shown in the Figure 7.

Defining of the shear stresses in turbulent flowdsed on mathematical modeling of micro-scale
turbulence. In this example we are interested aluation and comparison of shear stresses, and in
particular — of the maximum local shear stressesin the two reactors. Locations of the maximuines
of shear stress correspond to zones of the maxilocahturbulent dissipation rate in vicinity of the
impeller blades. So, in the sub-MelURBULENCE (Figure 8) we select parametef&/ RBULENT
SHEAR RATES IN DIFFERENT ZONES, Turbulent shear stress near the impeller bladand
RESIDENCE TIME IN ZONES WITH DIFFERENT TURBULENCE. The corresponding VisiMix
outputs for the compared projects are presenttteifrigures 9, 10 and 11.
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Project . Edit inpuk

Calculabe Supplements

Last menu

Last input Eable  “Window  Miewe Help

Turbulence

Single-phass bguld mixirg

T

HY DRCDYMAMICS, MAIN CHARACTERISTICS
3 GENERAL FLOW PATTERMN (APPROEIMATE)
Reynolds number For fiow

Conbiruous Flove dynamics

F CHARACTERISTICS OF TAMNGENTIAL FLOMW

Batch reaction fblending

Semibatch reaction
Conbinuous Flove rescton

Liquid-sold mt<ing

Liquid=liquid mizang

i3as disperson and mass bransfer

* Pawes number

Liquid-sahd maszs transfer
Heat Transfer, Continuous Fow (CF)
Heat Transfer. Bakch (BH)

H=ak Transter, Semibatch (SE)

Heat Transfer, Fixed temperature regime (FT)

Mechanical esloulations of shafes

Figure 6. Menu HYDRODYNAMICS .

RADIAL DIEIF'RIBLITIO!\.I OF TAKNGERTIAL YELCHIITY
Axverage vaile of tangential velocity

v Impeler bovalocity

Maximiusm value of tangentisl velocky

Targential wedocity mear the weall

s EFfective viscosity near the wall

EMERGY AMND FORCES

Torgies
> Force applied ko impelier Blade
» Force spplied to baffle
CHARACTERISTICS OF CIRCLEATION FLOW
P circulation o rate
» Aesarage circulation welocibe
WORTER PARAMETERS
k vortes depth
Workes: wolume
area of medis surface
Madia level mcrease due bo workes: Formation
WO TER FORMATION
CHECE GAS PICE-LIP

Reyralds number

RET =N
MIKING POWER MIFKING POWER
Parameter name Tnits | Walue Parameter name Tnits | Value
Mixing power A 3940 Mixing power T 5230

Figure 7. Output tables of Mixing power.

Hydrodynarmics

| o Bl | [T

Single-phase liquid mixing

Conkinuous Flow dynamics

BEakch reaction fblending

Semibatch reaction

Continuous Flow reaction

Liguid-solid mixing

Liguid-liquid rmixing

Gas dispersion and mass kransfer

FNE R I S

Figlure 8. Menu TURBULENCE .

TURELULEMCZE, MAIN CHARACTERISTICS
DISSIPATION OF EMERGY AROUMD THE IMPELLER.
LAl WALLIES OF EMERGY DISSIFATICON

Energy dissipation - maximum value

Energy dissipation - average wvalue

Energy dissipation in the bulk volume

Energy dissipation near baffles

YWOLUMES OF 2OMES WITH DIFFER.EMT TURBULEMCE
olume of zone of maximum dissipation

RESIDEMNCE TIME IM ZOMES WITH DIFFEREMNT TUREULERNCE
MICR.OSCALES OF TUREBULEMCE IM DIFFEREMT Z0OMNES

TUREULEMNT SHEAR. RATES IM DIFFEREMNT Z0OMNES

Turbulent shear = near the impeller blade
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2 [PADDLE] - TURBULENT SHEAR RA 10Ol x|
-

TURBULENT EHEAR FATES IN DIFFEREENT
ZONES

-lol:

TURBULENT CHEAR EATES IN DIFFERENT
ZONES

Parameter name TThits YWalue Farameter name TThits Value
Turbulent shear rate near Turbulent shear rate near
the irmpeller blade /s 1810 the impeller blade /s 3170
Turbulent shear rate near Turbulent shear rate near
the baffle 1/s 257 the baffle 1/g 354
Turbulent shear rate in the Turbulent shear rate in the
bulk volume 1/s 220 bulk wolurme 1/g 224

Figure 9. Output tables of Turbulent shear ratesi  n different zones.

JRI=TE 1o
TURBULENT SHEAR STRESE NEAR THE TURBULENT SHEAR STRESE NEAR THE
IMPELLEE. BLADE IMPELLEE. BLADE

Parareter narne Tnits WValue Fararneter narme Tnits WValue
Turbulent shear stress Turbulent shear stress
near the impeller blade  [WN/sqm 181 near the impeller blade |MNfsqm| 31.7

Figure 10. Output tables for Maximum shear stress.

10/ =inj
EESIDENCE TINE IN ZONES WITH EESIDENCE TINME IN ZO0NES WITH
DIFFERENT TURBTILENCE DIFFERENT TURBTILENCE

Farameter narne TUnits Walue Farameter narne Tnits Walue
Eelative residence titme if Eelative residence time ify
zone of maximum zone of maximam
diggipation 000882 dizsipaticn 000521
Relative residence time i Eelative residence time i
zonie of baffles 00153 zonie of baffles 00153
Relative residence time i Eelative residence time i
the bulk volurme 0833 the bulk volurme 0741

Figure 11. Output tables for RESIDENCE TIME IN ZON ES WITH DIFFERENT TURBULENCE.

3. Evaluation of the Oxygen consumption rate.

The last stage of modeling — comparison of Oxymess transfer rates. In our example it is based on

approximately assumed initial data.
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Gas dispersion and mass transfer

Check gas distribution
Liquid-solid mass transfer ¥ izas FAow number
Heat Transfer, Continuaus Flow {CF) 3 Estimated surface asration rate
: Sauter mean bubble diameter
Heak Transfer, Bakch (BH) ¥ Sauter mean bubble diameter according to published empirical carrelations
as hold-up
Heat Transfer. Semibatch (SE) 3

Gas hald-up according to published empirical carrelations

Heak Transfer. Fixed temperature regime (FT) »  Specific mass transfer area, gas-liquid

Specific mass transfer area, gas-liquid, accarding to published empirical correlations
Specific mass transfer coefficient, gas-liquid

Speific mass transfer coefficient, gas-liquid, according to published empirical correlations
Media depth

Mechanical calculations of shafts 3

&r rate, kg per hour
Flooding according to published empirical correlations
Figure 12. Menu of Gas-Liquid mixing and mass trans  fer.

In order to perform modeling, we must select onthefoptions in sub-Menu GAS DISPERSION AND
MASS TRANSFER.. Let us sele@as mass transfer ratgFigure 11).

As a response to this action, the program will ldigja few input tables for entering additional déuat are
necessary for mass transfer calculations — theatagdr injection and physical properties of phases
(Figures13-16).

GAS DISPERSION BASIC DATA,

I cub.mds j

Yaolume Flow rate

Superficial gas .05 mds -
welooity I I J
Operating conditions Ifi:-:e-:l [iquid walurme j

] I Cancel | Frint | Help |

Figure 13. Data on air injection.

SURFACE TENSION

Surface tension Iﬁ I N/ j

0. Canicel | Print | Help |

Figure 14. Input table of Surface tension.
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Gas DIFFUSH

Malec
afsaly

b olecular

. == . - Males

diffLigisity I 9 _I ot ]

If unkrnown,

enter 0 Erace
LErEe

* | thiz case molecular diffusivity will be evaluated by Wizibdix.

Otk I Cancel I Fririt

Figure 15. Input table of Oxygen diffusivity.

GAS SOLUBILITY

tazs zolubility [ 0.07] Ikg.-"cul:u.m j

b azz gas
concentratiorn in | 0.004 Ikga’cul:u.m j
zolution

(] I Eancell Fritit | Help |

Figure 16. Input table of Oxygen solubility

After the last of the tables is filled, the outpaible for the corresponding project is displayedhzy
program. Comparison of the mass transfer ratdseitvto reactors with different mixing devices igwh
in the Figure 17.

MI=IJEq = [1URBINE] - Gos mass transfer Fate I
A8 MASS TRANSFER RATE, K& FER HOUR | GAS MaASS TRANSFER RATE, KG FER HOTTR
Pararmeter narme TInitz | WValue Farameter name Unitz | Walue
(ras mass transfer rate, kg Gras mass transfer rate, kg
per hour 12.8 per hour 13.0

Figure 17. Calculated values of Oxygen consumption rate.
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