VISIMIX TURBULENT.
HEAT TRANSFER PROCESS IN A SEMIBATCH REACTOR
WITH HEAT CONSUMPTION.

The example below was specially designed to demaasyisiMix capabilities in
simulation of heat transfer processes based omoredesign and process
characteristics. It describes a heat consumindiogain a semibatch reactor heated
with steam.

Pr oblem description:

A chemical process accompanied by heat consumawggioa is carried out in a
semibatch unbaffled reactor with elliptical bottamd head, and an anchor impeller. To
the media in the reactor, another reactant is adtled the mixture is heated, and the
reaction starts. The required heating is providedtbam supplied into a conventional
jacket. The process is run until the media in treector is heated to 30.

Initial data

Tank:
Inside diameter = 2400 mm;
Total height = 3300 mm;
Initial level of media = 2100 mm;
Final volume of media = 12
Shell material is ply steel
Wall width = 10 mm

Impeller:
Anchor, Tip diameter = 2040 mm;
Height of blade = 2000 mm;
Width of blade = 140 mm;
Rotational speed = 30 RPM
Motor power = 3000 W.

The reactor is insulated on the top and bottom,isncylindrical part is partly jacketed.
The jacket is of a conventional type, and is 1400 high. Jacket width is 50 mm, and
the wall thickness is 10 mm. Steam under atmosplpeeissure is used as a heating agent.

The media is an organic substance with the follgvaharacteristics:
Density = 1100 kg/cub. m;

Dynamic viscosity = 0.015 Pa*s;

Initial temperature in the reactor66°C.

According to available practical data, thermalstsice of fouling in your case is
similar to that for the pure service water.

The second fluid injected into the reactor hasdliewing parameters:

Inlet flow temperature = 2C;

Duration of the reactant inlet = 25 minutes;
Density of the inlet flow = 1150 kg/cub. m;
Specific heat of inlet flow = 3100 J/(kg*K);
Heat consumption of the reaction is 4.1E+8 J.

Thetask isto calculate the time in which the media temper atur e r eaches 80°C.
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The Solution:

The general sequence of operations is as follows:nyust start a new project file for
your case, select your tank from the graphicalganknu, enter the initial data
requested by the program, and then select the géeayou want to calculate from the
Calculate menu. VisiMix will then request additional da&guired for modeling the
selected parameter, and when all the requestedhdatbeen entered, you will obtain
the result presented as a table or a graph.

In your case, the required parameter for calcuiatisM edia temper ature, in Heat
transfer. Semibatch (SB), Vapor agent in theCalculate menu, and the time for the
temperature to reach 8D will be determined from the output gralgtedia

temper aturevs. time.

You will now follow the whole procedure step bymstérom creating a new project to
obtaining the desired result.

After installingVisiMix, the main menu appears (Figure 1). Sefectect, thenNew,
or click an appropriate quick access button inupeer screen bar.

£3 visiMix Turbulent (release 11a) —|F Ll
Project  Editinput Calculate  Supplements Lastmenu  Lastiputfable  Window View Help

Dl & = ] %] d | miE

NONE
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Figure 1. VisiMix main menu.

A dialogue table shown in Figure 2 will appear.dtra name for the project, for
exampleheat-in.vsm. You may create a special directory for your VisiMrojects, or
choose an existing directory. In this example,dinectory name isutorial.
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Enter a project name EHE

Sawve in: Iatutorial j gl
=] dissolutionwsm =] gasproductionwsm

[ example_Basm [ heatinvsm

8] example_7 vsm 8] brycdrod vsm

[ example_Basm ] JSS wsm

=] gaspilatvsm =] Scale-up-pilotvsm

] gaspilat_wsm %] Scale-up-production vem

=] gasproductiond# VSh =] testawsm

] gasproduction# WSk

File hame: Iheat—in | Save I
Sawve as type: IVisiMix Froject Files (*wvsm) j Cancel |

Figure 2. Starting a new project.

After you clickSave, theTank types menu with tanks differing bigottom type (flat,
conical and elliptical) antlype of heat transfer device (unjacketed tanks, tanks with
conventional, half-pipe coil, and embossed/dimpéetiets) appears. To choose the
required tank type, click on the appropriate tardghm. The tank you have selected
(elliptical bottom, conventional jacket for yourample) will appear in th€urrent
choice window on the right (Figure 3). ClioRK to confirm your choice.

: Tank types
TANKS WWITH CONVENTIOMAL JACKET

s [

Current choice

Flat bottorm Elliptical battom Conical bottarm

TANKS WITHHALF-FIPE COIL JACKET Elliptical hotiom

Ok | Cﬁncell Helpl

The next step is to enter the initial data for ypraject. You do not need to choose the
initial data that must be entered. The program reijuest all the information it needs
by invoking the appropriate input tables. At thisge, you will be asked to enter all the
required tank parameters. After you confirm youktahoice, TANK WITH
ELLIPTICAL BOTTOM input table appears. Enterside diameter, Total tank

height, andL evel of media, andTotal volume andVolume of media will be

calculated by the program and entered automaticafter the table has been
completed (Figure 4), click anywhere on the fieidh@ window, and the tank diagram
on the screen will change to reflect your inpuickCOK to confirm your input.
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C:\VisiMix\ Tutorial\ heat-in.VSM %]

TANK WITH ELLIPTICAL BOTTOM

Inside diameter 2400 [mm |
Total tank height 3300 Imm j
Total vol - [=3

otal volume 1.402e+04 || | g
Level of media 2100 Imm j
Yolume of media 8595 [ | 2 2400

QK I Cancel | Choose new tank Frint ﬂl

Figure 4. Entering tank data.

After you clickOK, theBaffle types menu with different baffles (no baffle option, two
types of flat baffles and two types of tubular bedj appears. To choose the required
variant, click on the appropriate baffle diagrarheTne you have selected (no baffle)
will appear in theCurrent choice window on the right (Figure 5). ClidRK to confirm
your choice.

Impeller types menu will then appear. To choose the desired ilepsipe, click on the
appropriate diagram. The anchor impeller you hakecsed will appear in théurrent
choice window on the right (Figure 6). In this window,yoan also selectsangle, or a
multistage mixing system by clicking on the appropriate déagr Your case, naturally,
corresponds to a single impeller. Cli©iK to confirm your choice.

: Baffle types
FLAT BAFFLES TUBLILAR BAFFLES
Flat baffle -1 Flat baffle - 2 BOﬁk
(anthewsll)  (atadistance 1y o pafio -1 Tubular hafile -2
from the wall)
: No
Ol | Cancel | Help |
De Dietrich
Beaverail baffle

Figure 5. VisiMix baffle selection.
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‘ Impeller types

Figure 6. VisiMix impeller selection.

After you have selected the anchor impeller, yollivé asked to fill the ANCHOR
input table (Figure 7).

After this table has been completed, click anywhierde field of the window, and the
anchor diagram on the screen will change to refleat input. ClickOK to confirm
your input.

You will now be asked to fill TANK HEAT TRANSFER G¥ERAL DATA input
table with a diagram of the tank you have sele@tglre 8). Note that for a single-
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sectioned jacket, only the boxes relevant to theetgacket section will be active. The
completed table includes the following data:

Tank head type Elliptical
Jacket covers bottom: No
Number of jacket sections: 1
Height, Hlow (m): 1400mm
Heat transfer area, according to drawing (sg. m): 0*

* ForHeat transfer (HT) area, enter the exact value if it is known to you. ¢t nenter
“0”, and the program will calculatd T area according to your input.

C:\VisiMix\ Tutorial\heat-in.vsM x|
‘ TANK HEAT TRAMSFER GEMERAL DATA Help |

Tank head type IEIIipticaI VI

Jacket covers bottom 0] -
MNumber of jacket l—_,
sections 1 i
— Lower section
Distance from bottom I 0 Imm LI
Haight, Hlow I 1400 Imm LI
Heat transfer area for
lower section accarding I 0 Isq.m LI
[f unknawin, entar 0 =
z 2
— Upper section I
Distahce Hetwe e i I— I—_,
SEEHmNS - >
Heiaht Hup - K /
Heattransterarea tar,
=1 =t =T ] accordingl I-:,v & 2400
If unknawn, enter 0
anmestion of [ackels I_ Vl
*Inthis case heat transfer area will be evaluated by oK I Cancel | Print |
igibix

Figure 8. Entering general jacket characteristics.

After this table has been completed, you will bieegsto fill DENSITY AND TYPES OF
MEDIA input table (Figure 9a) and AVERAGE VISCOSITOF MEDIA (Figure 9b).
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:\VisiMix\ Tutorial\heat-in.VSM x|

DENSITY AND TYPE OF MEDIA

Average density 1100 kgfcubm ﬂ

TYPE OF MEDIA

> Power-law non-Mewtonian - Carreau non-Newtanian

-1
T=T,+E+yl | VR V H 2 nz
eyt gyt e LRI ES O
B=Toxy T+E=y Hmax = Hmin

T=L=YF

(0] | Cancel | Print | Help | ‘

Figure 9a. Entering density and type of media.

C:\VisiMix\Tutorial\heat-in.VSM x|

AVERAGE WISCOSITY OF MEDIA
Dynamic T=p=Y,
viscosity || 0.015 IPa E LI
Kinematic where T -shear stress, Pa;
wiscosity I1 36e-05 Isq.m,-"s LI 1 - dynamic viscosity, Pa*sec;
¥ -shear rate, 1/sec;

OK. I Cancel | Print | Help | ‘

Figure 9b. Entering average viscosity of media.

Click OK, and a diagram of your system appears, corresponditige data you have
entered (Figure 10).

2 [heat-in] - Drawing of apparatus — |0 ll

For HELP press F1

Figure 10. The diagram of your mixing system.
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We recommend closing this window before proceettincplculations. If at any stage of
working on this project you will need the diagrafryour apparatus, click on the
appropriate quick access button in the upper sdraen

The appearance of this diagram means that youdraeeed all the basic data on your
equipment and media. From now on, you will be agkeshter only the data required
for solving your particular problem selected in @aculate option.

You can now proceed to calculations. Sefgégliculate in the main menu and click on
Heat Transfer. Semibatch (SB) andVaporous agent (VA). When the submenu of
output parameters appears, clickMedia temperature.SB.VA. Since additional data
is required for calculating temperature of mediaiMix will invoke another input
table: HEAT TRANSFER. CHEMICAL REACTION DATA AND THMPERATURE
LIMITS (Figure 11).

C:\VisiMbx\ Tutorial\heat-in.vSM x

HEAT TRANSFER. CHEMICAL REACTION DATA AND TEMPERATURE LIMITS

‘Wil you enter reaction
kinetics? NO hd Reaction velocity constant K is

described by Atrhenius equation

Arthienive constant Ifmoltse) vl K=& exp(-E /RT).
[ErErgyEtactation _ vl whete

A ig Arrhenius constant,
Lower limit of temperature I 20 I.C LI E is energy of activafion .
R=8.314J/ (mol*) =

Upper limit of temperature I a0 |°C LI =1.986 Btu / (lo*mal) { °F
is universal gas constant.
Heet effect of reaction l— lﬁ' Tis absolute termperature
OK I Cancel | Pririt | Help ‘

Figure 11. Heat transfer. Chemical reaction data and regime.

After you have completed this table, you will b&e to supply more parameters in
TANK SHELL CHARACTERISTICSinput table. For your example, the following
parameters must be entered:

Material: Ply steel(select from the list box).
Wall thickness: 10 mm
Thermal resistance of fouling: 0.00023 r#K/W

NOTE: For many materials, this value can be found in
THERMAL RES STANCE OF FOULING tablein the APPENDIX (see Help).

Tank mass (without drive). If unknown, enter O:
The completed table is shown in Figure 12.
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You will now be asked to fill CONVENTIONAL JACKETSPECIFIC
CHARACTERISTICSshown in Figure 13. Input table As mentioned abéwea
single-sectioned jacket, only the lower jacket sowl be active.

The completed table is shown in Figure 13.

\VisiMix\ Tutorial\heat-in.VSM

Figure 13 Conventional jacket. Specific characteristics.

You will next be asked to supply jacket data inttigle called VAPOROUS AGENT

IN JACKET - CONDENSATION (Figure 14). This tablergains a built-in database
for heating agents, which enables you to seleeisaell heating vaporous agent. Some
basic properties of the selected heating agentaaigiehe bottom of the table.
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C:\VisiMix\ Tutorial\ heat-in.VSM

Steam. Atmospheric pressure. |_

B
| ok | cancel [ Pam [ Hew |

Figure 14. Vaporous agent in jacket - condensation

After you have clicke®K to confirm your input, the next input table apgediEAT
TRANSFER PROPERTIES OF THE MEDIA shown in Figure Weper temperature
limit has been entered in accordance with yourah@tonditions (see above).

Organic substance |—

| 100 kgebm w20 fc ¢

I R || R G
N T || R GO
K | R G

Figure 15. Heat transfer properties of the media

The last table you must complete to obtain theutated results is SEMIBATCH
PROCESS. HEAT TRANSFER SPECIFIC DATAhe completed table is shown in
Figure 16.
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C:\VisiMix\Tutorial\ heat-in.VSM x|
SEMIBATCH PROCESS. HEAT TRAMNSFER SPECIFIC DATA,
Initial temperature in - Finalwvolume of [ 25004 |
the tank I &0 I c LI mecdia I I ﬂ
Temperature of :
) ) o — Duration of -
inlet flow I I _I reactants inlet I 25 Imln ﬂ
|FtiE camEentraticm af
re EEtEhA i e I I_ vl Density of inlet I 5 Ikg,’cub.m j
flowe

|FtiE camEentraticm af ol
reactant it the tahk Pecmeneat o "

[ [melitsr ] ~|  Specic [ 3100 [orak) =]
[EatiEemtraEtier of Heat release
resEtantA e et I I_ 'l {consumption) for|-4.'|e+DB I.J ﬂ
=) a batch
Eateenthatie of : - :
reaetant B the fhlet I I_ vl Simulation time || 125 Imln ﬂ
iy

QK I Cancel | Frint | Help | ‘

Figure 16. Semibatch process. Heat transfer specific data.

By now, you have entered all the required parameaieyour equipment and process.
Click OK, andVisiMix will start the calculations. In a very short tinadl,the required
calculations will be finished, and the message shiowFigure 17 will appear. This
message warns you that after 6431.25 sec (abouni@y, the media temperature will
reach the upper temperature limit {80in your case) that you have entered previously
(see Figure 12).

heat-invsM x|

After 6431 25 sec have elapsed. the
temperature falls outside the indicated range of
process temperatures

v

Figure 17. VisiMix warning message.

This means that in approximately 1 hour and 47 tesiuthe media in the tank will be
heated to 80 degrees. You have thus solved théepnadnd determined the heating
time for your reactor.

After you clickOK, a graph oMedia temperature. BH. VA. appears (Figure 18).
Click on theStart button in the lower right corner of the screestrt the simulation.
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[ [heat-in] - Media temperature. SB. VA.

MMedia temperature. SB. VA

Temperature., °C

Stari
For HELP press F1

Figure 18. Media temperature. SB. VA.

If you are interested in other parameters in tpison, just click orlLast menu and select
the required parameter. For exampiesde film coefficient. SB. VA is shown in Figure 19.

= [heat-in] - Inside film coefficient. SB. VA. — |E||i|
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Figure 19. Inside film coefficient. SB. VA.
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