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Introduction

When simulating a vapor-liquid reactor with BatchReactor®, the gas and the liquid
phases are considered, by default, at the thermodynamic equilibrium. This assumption
is correct as long as the mass transfer rate is fast enough. However, in some applications
(heterogeneous reactions, bioreactors...), it is necessary to refine the model by taking
into account the mass transfer resistance. It is then possible to analyse the influence of
the equipment (mixing device, vessel geometry...) and the operating conditions (gas
flowrate, rotation speed...) on the mass transfer kinetics.

This document describes the use of the mass transfer model in BatchReactor®.

Here are the steps to follow:

#  Step 1: selection of the compounds

#8 Step 2: configuration of the reactor topology and the mass transfer model
#8 Step 3: description of the operating mode

#8 Step 4: simulation of multiple different configurations

Before reading this document, it is recommended to consult “Getting Started with BatchReactor® - Use Case 1”
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Description of the model

This tutorial is based on an example of a reactor that is fed with pure oxygen which creates a
dispersed gas phase inside the liquid phase. The goal is to use the mass transfer model in order to
analyse the influence of mass transfer kinetic on the composition of each phases.
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The oxygen mass transfer flow corresponds to the molar flowrate of oxygen that is absorbed (or
stripped) in the liquid phase.
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Description of the model

The mass transfer model is based on the two-film theory. According to this theory, on either side
of the gas-liquid interface, there is a film in which mass transfer is governed by diffusion.
Assuming that the mass transfer resistance is mostly localized on the liquid side, the gas phase is
considered at the thermodynamic equilibrium with the liquid film, and the mass transfer flow is
calculated from the knowledge of mass transfer coefficients («,a ) in the liquid phase.

With:

Tran=sfer flow

- Cs, C,: concentration of
gas, liquid (mol/L)

- Csi» C,; : concentration of
gas, liquid at the interface

(mol/L)
C,
- 6, : thickness of the liquid
film (m)
Gas phase Liquid film Liquid phase

&,
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Description of the model

The transfer flow for each compound is obtained from the following relation:

@ =kpa(C—Cp)

With:
03 Mass transfer flow (mol/(L.h))
ki a Volumetric mass transfer coefficient in the liquid phase (h)

The following configurations will be simulated:

#*  Configuration 1: with no transfer resistance
P  Configuration 2: with transfer resistance and k,« predicted by the software

#8  Configuration 3: with transfer resistance and ,a regressed from experimental data
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1 - Click on the “Edit the thermodynamics and compounds” icon to access the “Calculators editor”

window

@ Calculators editor

CALCULATORS
EDITION
(4 Add a new caleulator
Edit this calculatar...
Edit the chemical reactions of this cal-ulator...
i Clone this calculator
Delete the selection

Default

Open...

|LF- Save As..
=

MMODIFICATIONS
% Undo the last modification

This window helps you to manage a calculator list,

# Default Mame Type Reactive

[Mew calculator] Mative No (0/0)

\ 2 - Click on “Edit this calculator”

Comments:

Ok | | Cancel
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1 - Import the following compounds: water, oxygen, nitrogen

@ Thermedynamic calculator editor

CALCULATOR

!r Show the package manager...
n‘ Import a package...

‘ Build a package...

5 Calculate
& Evport as a psF file
ﬁ Diagrams

E Residue...

& EportasapyTile

| Stream...

MODIFICATIONS
™ Undo
|
CONFIGURATION

Name

[Mew calculator]

Comments

Calculator type

This window helps you to define the context of your thermodynamic calculator

COMPOUNDS MODEL|BINARIES PARAMETERS

- O X

WATER 7732-18-5

OX¥YGEM 7732447

MITROGEM 27379
Comments :

CAS Registry Numbers2 are the intellectual property of the American Chemical Sodiety; and are used by ProSim
SA with the express permizsion of ACS. CAS Registry Mumberz @ have not been verified by ACS and may be

inzccurste.

COMPOUNDS

FILE

‘i‘ COpen...

|E Save as...
M= Publish...

PACKAGE
FINIT

ﬂ. Import compounds...

Create a new compound

Remove all the compounds

) Update the compounds

Create a pseudo-compound...

Temperature dependent properties...

Editor array

Compare with the original

j Compare the compounds

ORDER

| Ok || Cancel |

) ==

2 - Click here to edit
the physical properties

For more information about compounds selection, please refer to
“Getting started with Simulis Thermodynamics - Use case 1”
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Step 1: Selection of the co

1 - The Henry’s law is used to compute the solubility of oxygen and nitrogen in water. It requires to modify
the field « Liquid vapor calculation type » in the « Phase change » category

#N Compound Editor - m} ®
COMPOUNDS This window helps you visualize the compounds properties.
OPERTIES ——— ’—|Complete
AT TS Properties WATER OXYGEN NITROGEN [a]
(] Identification
ﬂj Group contribution models
reate a view ] Atomic
Eﬁ Phase change
-] Mormal melting point 0*C -218.789°C =210,001 =*C
D Mormal boiling point 100 *C -182.962 *C -195.806 *C 2 - For Oxyge n a n d
MODIFICATIONS ———— D Enthalpy of fusion (melting point} 1434.4502868068... 106.11854684512... 172.08413001912...
" &) D Triple point temperature 0.0100000000000... -218.789 *C -210.001 *C n it roge n Se | ect
_ D Triple point pressure 0.0060373056994... 0.001480384%000... 0.1235627929928... 4
N D Physical state at 25°C Liquid Supercritical Supercritical « Hen ry CO n Sta nt »
UNIT SYSTEMS D Physical state in agueous solution at 25°C <unknown <unknown= <unknownz
i T — D Diffusion coefficient
= D Enthalpy of vaporization [boiling point)
D Octanaol-Water partition coefficient < unknowns> < unknown= <unknowns
| soil sorption coefficient (Koc@20°C]
I D Liquid vapor calculation type I<ur‘|known: Henry constant Henry constant i:
D Acentric factor 0.344861 0.0221793 0.0377215
D Maodified acentric factor 0.7023 0.021 0.04
D Critical temperature 373.946 °C -118.57 *C -146.85 *C
D Critical pressure 217.75474956822.., 49.770540340488.., 33.555391068344..,
D Critical volume 55.9472 cm3/mol  73.4 cm3/maol 89.21 cm3/maol =
D Critical compressibility factor 0.229 0.288 0.289
D Critical density 0.0178739954814... 0.0136239732016... 0.0112005056608...
[Z] Heat of sublimation at the triple point 12141,491395793.., 3 _ Cl |Ck on « OK »
D Glass-transition temperature
- ] Combustion, security, toxicity
E]"[[j Condensed phase
[+ 171 Phase tharmnrhamistry E
'CAS Regiztry Numbers @ are the intellectus! property of the American Chemical Sodiety: and are used by ProSim SA with the express v
permizsion of AC5. CAS Registry Numbers© have not been verifisd by ACS and may be inscourate. I Ok I | Cancel |
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@ Thermodynamic calculator editor
CALCULATOR
FILE
ﬂ Open..
|ﬂ Save as...
13
Show the package manager...
Import a package...

Build a package...

CES
Calculate

Export as a PSF file

< 08

Diagrams

i K

K

port as a PVT file

Stream...

MODIFICATIONS
= Undo
N

COMNFIGURATION

MName

[Mew calculator]

Comments

Calculator type

TNs window helps you to define the context of your thermodynamic calculator

CONIPOUNDS

Name

Category

BINARIES | PARAMETERS

|Mu|tiso|\fents Henry's law

| Al the profiles

Profile

|Multisolvents Henry's law

Approach type
Equation of state
Alpha function
Mixing rules

Activity coefficient model

Pure liquid fugacity standard state |Multisolvents Henry's law - MR1

Liquid molar volume
Transport properties

Enthalpy calculation

| From activity coefficients

| PR Generalized

|Peng-Robinson (78]

|Standard

[NRTL ProSim

|Idea| mixture

|Classic methods

H*=10, ideal gas, 25°C, 1 atm

User-defined thermodynamic model |None

Comments :

Model index l:l

THERMODYNAMIC MODEL

CONFIGURATION

27 Thermodynamic ant

! Thermodynamic help

-Advanced

M Water-hydrocarbons model

sol .

The liquid phase splitting is taken into
account

2 - Click here to access
the parameters of the
Henry’s law

Ok || Cancel
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1 - Click on « Import binaries »

2 - Click on « Search »

e Search of binaries

BINARIES
CRITERIA
Search by
O Name @ CAS Registry Number @
Compound
(Display all)

Compound

(Display all)
.ﬂ Search

OFTIONS

— O *

This window helps you to select the binaries to take into account during thermodynamic calculations
Search results Updated binaries /% Validation
[@] Database 3 A

Standard 273 617 13
¥l | standard 350 |00 14

3 - Check this box to select all the results
4 - Click on « OK »

4] »

I Ok I Cancel
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@ Binaries editor

BINARIES

ACTIONS

&3 Import binaries...

Clear all binaries...

Save the binaries...

OFTIONS

Unit

B parameters will be ignored

Binaries view:

(® Grid i) Matrix

This window helps yo enter the binaries to take into account during thermodynamic calculations

These parameters are used inMNgad of those defined in the "Binaries™ page of the calculator,

Compound Compound B
OXYGEM 101 273 617 139.485 -6
MITROGEM 101 350 B00 141.2677 -69
MITROGEM 0 0 0 0 0
4] | »
|Nntsupp|ied| | Supplied | | Imported | Estimated
Comments :
2 - Click on « OK »
Ok Cancel
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The configuration of the « Thermodynamic calculator » is now over. Click on « OK » to get back to the
main interface.

PN Thermodynamic calculator editor - O *
CALCULATOR This window helps you to define the context of your thermodynamic calculator
L e —
COMPOUNDS BINARIES | PARAMETERS
‘ﬂ Open...
P Save as.. : THERMODYNAMIC MODEL
= Name |Mu|t|so|\rents Henry's law |
GE GURATION
= Category |AII the profiles - |
Show the package manager...
Profile |Multisol\rents Henry's law - | o
Import a package... #£28 Thermodynamic
Build a package... Approach type |From activity coefficients - | l:‘ Thermodynamic help
Equation of state |PR Generalized i | l:‘ o
Adh
e Alpha function |Peng-Robinson (76) - | l:‘ Advanced
Calculate Mixing rules |Standard - | M Water-hydrocarbons model
& Export as a psFile Activity coefficient model [NRTL Prosim - so» EEEEEHN
ﬁ Diagrams
- Pure liquid fugacity standard state |Multisol\rents Henry's law - MR1 - | Sol B _
J Liquid maolarvalume |Idea| mixture - | l:‘
— . Transport properties |Classic methods - || [ ” | | .Ia-:cecnllﬂlild phase splitting is taken into
— Enthalpy calculation |H"=O, ideal gas, 25°C, 1 atm - | l:‘
User-defined thermodynamic model |None - | l:‘
MODIFICATIONS ———— Model index Cl
#+ Undo Comments :

|

CONFIGURATION

Name

[Mew calculator]

Comments

Calculator type

I Ok I| Cancel |

For more information about compounds selection, please refer to
“Getting started with Simulis Thermodynamics - Use case 1”

=
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Step 2: configuration of the react

and the mass transfer model

Back to the main interface, specify the reactor topology in the “Flowsheet” tab

Flowshest

Flowsheet
Calculation mode
() Monophasic (liquid)
(®) Diphasic
O Monophasic (gas)

Diphasic reactor type
() Open
(®) Closed

With mass transfer model
[ Jwith a liguid =idestream
|:| With a condenser
With a decanter
Vessel bottom geometry is known

x|

Torispherical

- |

With a mixing device

4 pitched fiat-blades paddle

S |

[ ] Dizzipated heat included
|:| With an external heat exchanger
[] with an helizal coil
|:| With a wall heat exchanger

With an inductor

External jacket

1 - Check the following options from the control panel:

L]

(L]

(L]

L]

(L]

) ==

Calculation mode: diphasic

Diphasic reactor type: closed

With mass transfer model

The vessel bottom geometry is “Torispherical”

The mixing device is a “4 pitched flat-blades paddle”

Once the mass transfer model is configured, checking/unchecking
the “With mass transfer model” option enables to switch between
the mass transfer model and the equilibrium model (which is the
default option)
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Step 2: configuration of the reactor topology

and the mass transfer model

Back to the main interface, specify the reactor topology in the “Flowsheet” tab

2 - Double click on the reactor to
@ provide the initial conditions and
the global parameters

o 1|4

d.
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Step 2: configuration of the reactor topolc

and the mass transfer model

Specify the following parameters in the reactor configuration window:

"N Reactor — e ege ey e
React 0o 1 - The initial conditions:
Name: BatchReactor |
Parameters  Notes Advanced parameters 0 Walidation [ L] T = 22°C
A P=1atm
Feeds v V=800L
Reactor temperature [TR] = Vapor productions
Fixed temperature v|[zc [+] 2 - The alarms:
Alarms [TR] - .
Minimum |D *C |v| Reactor pressure [PR]
Maximumlml} *C |v| |Fixed pressure v||1 atm |v|
#N Temperature

Global reactor volume [GVR] [800 L [+] Minimum: 0°C

Alarms [VR] Maximum: 100°C

Minimum (0.1 L [+]
|
Maximum |3[IEI-L |v|

[ wwoioas |  Volume
Minimum: 0,1 L
| Veszsel bottom geometry | #= Liguid productions

Maximum: 800 L

Restore ||Technnbgy' oK || Cancel
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Step 2: configuration of the reactor topology

and the mass transfer model

Specify the following parameters in the reactor configuration window:

3 - The initial load:

8 The head space is composed of air  Head space
PN Head space x
Fead space type N2 [0.79 | %
® Air = | 3.76 |
02 oz | %
it
D rogen Adjustment variable
() Other Pressure
Pressurizing” compound
(") Mone Temperature

|wmm v|

[Cox

| | encal

#v 478 L of water Initial load
PN |nitial load —
Initial lnad specification
|Frﬂv:;liuns v| |Hulﬂr w
B-0| T ==
Compound Fraction
WATER 1
OXYGEN 0
NITROGEN 0
|1.nmm
Total volume load v| [emsL <]
[ ok ] | Cancel
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Step 2: configuration of the react_o’_

and the mass transfer model

Specify the following parameters in the reactor configuration window:

4 - The mass transfer model:

PN hfass transfer - O X
Wolumetric mass transfer coefficients
B-0B| 9
Compound Model Value
WATER Mo resistance
OXGEM No resistance
NITROGEN Mo resistance
“apor phase properties
apor phase considered for the mass transfer
(C) Head space
(®) Dispersed gas
Volume % Calculated v| |Ga.netal. V|
Calculation of gazsed power consumption
Correction factor |Ca|culated V| |Bn.|UnetaI. v|
[ e

| Mass transfer |

— Configuration of the /; a (detailed in the step 4 of this
document)

Vapor phase considered for the mass transfer

8 Select “Dispersed gas”
[  Select the “Calculated” option and the default correlation
for the calculation of the dispersed gas volume %

Calculation of gassed power consumption
#n  Select the “Calculated” option and the default correlation

Press « F1 » in order to access the help file including technical and

N ==

practical details related to this model
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Step 2: configuration of the reactor topology

and the mass transfer model

Specify the following parameters in the reactor configuration window:

5 - The geometric characteristics of the equipment:

% Vessel bottom geometry | vesselbotiom geometry | #8 Mixing device Mixing device
PN Vessel bottom geometry X PN Mixing device X
[#] Vessel bottom geometry is known [ with a mixing device [[] issipated heat included
Image Type of vessel bottom geometry Image Parameters
! Torispherical v i 4 pitched flat-biades paddie v
1
! : Agitator diameter [osm [«]
' Parameters i Agitator height o015 m [+
: Number of baffles |EI | : Ribbon-vessel distance |U m | |
Vessel diameter (D} [1.165m A [ Ribbon width [om []
Wessel bottom height (H) |E| m | | Power number |1_3 |
Curve radius #1 (R1) |1 2m |'| Energy constant in laminar flow |55 |
Curve radius #2 (R2) [0.12m 7] Propeller step / Agitator diameter [1 |
Blade height / Tank diameter |U.DGGGEGEGGEGGGGE~? |
Device number [ |
- Distance between 2 devices |IJ m | |
I
! “User coefficients (immersed) || “User” coefficients (wall) |
I
| T
i I
: i Default rotation speed |9I}tr.rmin |v|
Restore | | Technology oK | | Lancel | | Restore | | Technology | oK | | Cancel |
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Back to the main interface, specify the operating mode in the “Scenario” tab

The operating mode is made of 2 isothermal
operating steps:

- One step with a nitrogen feed that enables to strip the
oxygen initially present in the liquid phase.

- One step with an oxygen feed that enables to analyse the
absorption of oxygen in the liquid phase.

1 - Add two isothermal steps and connect them
together

5 Constant heat duty

g Variable heat duty
5 Specified TR without thermal device

D Specified TR with thermal device

() Specified Tj with thermal device
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Step 3: description of the operating mode |

Back to the main interface, specify the operating mode in the “Scenario” tab

2 - Specify the operating parameters of the 15 step

PN Feed - O X

#t Step name: N, inerting Name:  [Fecd
Parameters Notes (3 Validation

‘. Feed: [~] Feed is open
Temperature specification

|Givenlﬂmemure v| ZZ°C -

Pressure specification

|Givmpmssue v| 1 atm -

— o
[ L] T=22°C Init flowrate specification | flgwrate variation

Fractions vl |M|:|lﬂr >

#N Pure nitrogen

v

~ Pp=1atm 559 =
Compound Fraction
WATER ]
OXYGEN ]

* Flowrate = 354 I/h NTROGEN 1

Total volume flowrate v| 354 U -

Thermodynamic calculator |Derall calculator w |

[k ][ comcel |
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Step 3: description of the operating mode |

Back to the main interface, specify the operating mode in the “Scenario” tab

3 - Specify the operating parameters of the 2"d step

PN Feed - O X

#t Step name: O, Feeding Name:  [Fecd
Parameters Notes (3 Validation

‘. Feed: [~] Feed is open
Temperature specification

|Givenlﬂmemure v| ZZ°C -

Pressure specification

|Givmpmssue v| 1 atm -

Init flowrate specification | flowrate variation

#N Pure oxygen

v

mT=22°C

Fractions vl |M|:|lﬂr >

~ Pp=1atm 559 =
Compound Fraction
WATER ]
OXYGEN 1

* Flowrate = 354 I/h NTROGEN 0

Total volume flowrate v| 354 U -

Thermodynamic calculator |Derall calculator w |

[k ][ comcel |

© 2021 ProSim S.A. All rights reserved.




Back to the main interface, specify the operating mode in the “Scenario” tab

4 - Specify the end events of the steps

Event

#% For each step, the end event corresponds to a

time of 1h spent since the beginning of the step Information

Mame: | E‘.renﬂ

Parameters  pNotes 0 Validation

Event type
{:} Time spent since beginning of simulation

@ Time spent gince beginning of step

e > .
o (") Temperature inside the reactor

' (") Fraction inside the reactor
i) Concentration inside the reactor

(") Load of a component
i) Total load
(" Pressure inside the reactor

Parameteris) of the event

Time of step

1h

]|

Cancel |
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Back to the main interface, specify a unit system that is consistent with the experimental data

5- Modlfy the ”Umt system for report”

* Time: h

8 Temperature: °C

#N Pressure: atm

8 Mass concentration: mg/L

8 .. Feel free to customize the unit systems!

6 - Modify the “Report parameters”

#8 Composition and flowrate printing: mass
#8 Time between each output: 60s
#8 Generation of the report (.docx)

iy Report parameters

Composition printing

Flowrate printing

Time between each cutput
Traced variables

[ Fractions
[+] concentrations

[+] Volume and flowrates
@ Heat duty and temperature

[[] Scale-up calculation

Type of the zcale-up factor

Scale-up factor

|M333

|Mass

lso s

Volume

I E Generation of the report (.dDL‘:x}I

[+] Generation of the compounds and reactions files

oK || Cancel
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Step 4: Simulation of different

configurations

The three following configurations can now be simulated:

#  Configuration 1: with no transfer resistance
#8  Configuration 2: with transfer resistance and the i, a predicted by the software

#8  Configuration 3: with transfer resistance and the ,a regressed from experimental data
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Step 4: Simulation of different

configurations

Configuration 1: with no transfer resistance

1 - Click on the “Mass transfer” button in the "N Mass transfer - o X

Flowsheet” tab Mass transfer |:>

Volumetric mass transfer coefficients

ERSElN: |
Compound Model Value
WATER Mo resistance
P | O GEN Mo resistance
NITROGEN Mo resistance

2 - Select the “No resistance” option for all

compounds
“apor phase properties
Wapor phase considered for the mass transfer
(") Head space
(®) Dispersed gas
Volume % Calculated v Gaoetal v/
3 - Save the file and run the simulation | Parameters
ﬁ Calculation of gassed power consumption
Correction factor |Calculated v| |Bm';1&ta|_ v|

| Parameters ‘

© 2021 ProSim S.A. All rights reserved.
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Step 4: Simulation of different

configurations

Configuration 1: with no transfer resistance

4 - Once the simulation is over, open the Word® report and access the profiles corresponding
to the mass concentrations in the liquid phase

Mass concentrations

50
45 N2 inerting 02 feeding
— 40
3
é 5
< 30
RS
4525
€ 20
8
c 15
o
© 10
5
o/ —-—
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Time (h)

———OXYGEN ———NITROGEN

5 - You can adjust the graph scales in order to properly display the concentration profiles of
nitrogen and oxygen
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Step 4: Simulation of dlfferent

configurations

Configuration 1: with no transfer resistance

6 - Finally, you can analyse the results:

Mass concentrations

45 i N2 inerting i 02 feeding

S 5 | |
£ ! .
< 30 | !
9 : .
s ! !
€ 20 ! :
[} | 1
g 15 ! ;
o ! 1
“ 10 : !
5 | :

0 ' '

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

A Time (h) ?

I I

: e OXYGEN == NITROGEN :

I I

I I

Required time to strip all the Required time to reach the
oxygen from the liquid phase saturation concentration of

oxygen in water

Saturation concentration of
oxygen in water: 42 mg/L
(for Py, =1 atmand T = 22°C)
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Step 4: Simulation of dlfferent

configurations

Configuration 2: with transfer resistance and the i, a predicted by the software

1 - Click on the “Mass transfer” button in the
Flowsheet” tab Mazs transfer =>

PN ase transfer — O >

Volumetric mass transfer coefficients

2 - Select the “Calculated” option for the oxygen
(and keep the Middleton correlation suggested
by default)

3 - Save the file and run the simulation

B-B 9
Compound Model Value
WATER Mo resistance

P] | OXGEN Calculated Middleton
NITROGEN Mo resistance

Correlations parameters

“apor phase properties

Wapor phase considered for the mass transfer

(") Head space
(®) Dispersed gas
Volume % Calculated v | | Gavetal v/
| Parameters ‘
Calculation of gassed power consumption
Correction factor |Calculated V| |EFr|.|';1&taI. v|
| Parameters ‘

[ ][ cos
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Step 4: Simulation of dlfferent

configurations

Configuration 2: with transfer resistance and the i, a predicted by the software

4 - For these operating conditions, the predicted value for the k,a of oxygen equals 6.8 h™.

5 - Analyse the impact of mass transfer resistance on the results...

50
45
40
35
30
25
20
15
10

Concentration (mg/l)

Mass concentrations

N2 inerting | 02 feeding i

A 1
! 1
! 1
1 1
! 1
! 1
t 1
! 1
! |
1 1
| 1
A 1
1 1
! |
1 1
- |
+ 1
! 1
! |

0 ! .

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 18 2

f Time (h)
: ———OXYGEN —— NITROGEN
|
|

Required time to strip all the
oxygen from the liquid phase

—_——————p

Required time to reach the
saturation concentration of
oxygen in water

Saturation concentration of
oxygen in water: 42 mg/L
(for Py, =1 atmand T = 22°C)
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Step 4: Simulation of dlfferent

configurations

Configuration 3: with transfer resistance and the i, a regressed from experimental data

The concentration profile of oxygen absorbed in the liquid phase was measured by [SAR02]:

Time (h) C.(0,) (mg/L)
1.01 1.5
1.04 9.6
1.07 15.4
1.11 22.6
1.14 26.9
1.18 30.3
1.22 33.3
1.25 35.2
1.29 37
1.34 38.7
1.40 40.0
1.45 40.6
1.50 41.2

- A case study was conducted in order to identify the k; a of oxygen. A value of 7.6 h™* was
obtained (compared to 6.8 h™* predicted by the model)

[SARO2] : SARDEING R., « Hydrodynamique induite par un oxygénateur de surface : influence du design des agitateurs sur la qualité de dispersion », these
INPT (2002)
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Step 4: Simulation of dlfferent

configurations

Configuration 3: with transfer resistance and the i, a regressed from experimental data

1 - Click on the “Mass transfer” button in the PN Mass transfer - O X

“olumetric mass transfer coefficients

“« ”
Flowsheet” tab
Mass transfer -
-B| g
Compound Model “alue
WATER Mo resistance
»f || XY GEN Supplied 7.61/Mh
NITROGEN No resistance

2 - Select the “Supplied” option for the oxygen
and specify a k; a value of 7,6 h**

“apor phase properties

Vapor phase conzidered for the mass transfer

() Head space
(®) Dispersed gas
Volume % Calculated - Gaoetal v |
3 - Save the file and run the simulation | Parameters |
N Calculation of gassed power consumption
Correction factor | Calculated v | | Bruin etal vl

| Parameters ‘

o[ coon
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Step 4: Simulation of different

configurations

Configuration 3: with transfer resistance and the i, a regressed from experimental data

4 - Compare the theoretical results (orange curve) with the experimental data (blue dots)...

Mass concentrations
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Step 4: Simulation of different

configurations

To go further...

8  Comparison of the profiles obtained during the oxygen absorption step, for the 3

configurations:
Mass concentrations
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1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
Time (h)
——Configuratlon1  —— Configuration 2 Configuration 3
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Step 4: Simulation of different

configurations

To go further...

#8  Analyse the other profiles
* Composition profiles of the gas and the liquid film
* Mass transfer coefficients
* Transfer flows
* Heat duties

#*  Add oxidation reactions with oxygen and analyse the influence of mass transfer resistance
on the reactions conversion yields

#*  Analyse the influence of the technology, the geometric parameters and the operating
conditions on the mass transfer kinetics.
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