BRIC Tutorals

1. Batch Distillation
2. Reactive Flash



Example 1: Batch Distillation
Purpose: To set up an operating sequence and validate it through dynamic simulation.

Problem Description: A charge of 45.4 kmol of 25 mole% benzene (B), 50 mole%
monochlorobenzene (MCB) and 25 mole% of ortho-dichlorobenzene (DCB) is to be distilled.
Desired product purity 99% and yield (amount of product) 95%

A. Open file BatchDC.ics from ICAS
open 2| x|
Laak in: Iﬁ BatchDiC j da £ Eo-

el BatchDC . ics!

..............................

File name:  |BatchDC.ics | Open |
Files of type:  [ICAS Fies [ics) =] Cancel |

o

B. Run the Dynamic simulation from ICAS (Dynsim) in the Function Evaluation Only mode

Select the task to perform : 5[

— Tazk ligt
0k
" Generate holdup information _
" Update pressure profile with ICA5 input file ﬂl
£ Fiun the simulation Par. Est. |
£ Update [EA5 input file with holdup info.
i i 2 x
€ Open evisting simulation doc. X
" [Optimize BioChemical design parameters
£ Continuation [anly MoT models] Mo steps - i
~ Information _ Mo stepz bebween printing : 10 Lancel |
Output file - IE:HE.&F'EEHT utorials\BF

¥ Dwnamic Plot

D ata recording file - II::"mI:.fi‘-.F'EI:"mTutl:nrials"uEF W Function evaluation only

P 01

Fun no.

Eps: 1e-005
ps |1—

f* BDF © |mplicit Euler © Steady State
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L F Delete thiz | Change keyvals. |




C. The operating steps and conditions need to be specified in BRIC. From the ICAS screen,
click the BRIC button. N

Format  Def.Prob.  Toolboxes  Simulation  Window

= oo ||

1 ...ﬁwnmcMm)anzlwa

One can specify operating steps and conditions, by clicking on the Show Runs button in the main
BRIC screen.

its [} ifs Record
File Edit Wew Toals Help
D[s@| & [=]e| 2f=))

ERIC wer 1.2

Froblem definition parsed succesfullvy!

ICAS input file nane o ConNCAPECATutorial=s~BRIC_Tutorials™
Hunber of Units el

The main operation step specification dialog which appears consists of 6 sub-items. The items are
described in the table below.
- J9 |
General Information | Shows where the process input file is located, where the data will be
stored and can hold a brief description of the problem
Batch Runs Defines the number of operation steps and the stopping conditions for
each step. A condition profile can also be generated
Data reconciliation | For each operation step it can be specified how much information
should be gathered and at what frequency it should be gathered

Options For each operation step feed streams can be activated or deactivated,
divider fractions can be changed or a new holdup can be generated.
Special options For each operation step the method of solution can be changed,

thermodynamic model can be changed, certain unit (CSTR &
distillation) parameters can be changed

Run Initiates the simulation runs and specifies how the runs should compile
the information gathered, set scaling values and print frequency

C.1 Define initial process and conditions

Select the ~general x

information tab to
view the initial General Infarmation |Batch Hunsl Data Fiecunciliatiunl Dptionsl SpecialetiDnsI Run I

process and starting

COl’lditiOl’lS BRIC Original lnput File IE:\EAF'EE\T utonalz"BRIC_T utonalshB atchD ChB atchDlCin
will use the input Generated Data Fie Path IE:'\E.&F'EE\Tutorials\BHIE_TutoriaIs\BatchDE\
file from ICAS as .
. Froblem Description
default initial
process. Make sure
that the input file Projsct Seltings : :
contains the correct Praject wark directony IE:\CAF'EI:\Tutnrlal&\BHIC_TutnrlaI&\BatchDC\ _I
initial process [ Gt Holdup | View Holdup | iew input e

conditions.




Press the Get Holdup button to open 2]

specify the initial holdup. Select/open Lok in, | 3 BatchDE <] « @ & @
the holdup file (dynsimb.dat) S
corresponding to total reflux from the i.t

related directory .

File name: I Open

Files of type: |H|:|I|:Iup Files [7.dat] j Cancel |

[~ Open as read-only

C.2 Define operation step 1

-

The steps for defining a desired operating sequence will be identified in the BRIC file. The desired
operating sequence for the distillation column example is described in the following table.

Period nr |Reflux ratio | Vapour boilup rate |Period time (hr)
1 1.294 100 0.0919
2 1.969 100 0.0441
3 2.65 100 0.0597
4 3.865 100 0.0618
5 6.654 80 0.0993
6 11.962 80 0.0954

In operation step 1, we need to set the conditions for the termination of this run as well as the data
reconciliation level. It is not necessary to change any stream parameters (options tab), since the
initial process conditions in the input file are the same for the desired period nr 1. In the Batch runs
tab, verify that the current batch run is set to 1 and double click on the New batch run condition
line. This is shown in the screen shot below.

specify Batch Runs x|

General Information  Batch Runs | D' ata Hecnnciliatiunl Dptiu:unsl SpeciaIDptinnsl Fiun I

For Batch Bun nr I'I _Ij zet condition ...
Mew Batch Run Condition )

b aximum number of time steps |00

[T Record Conditions aver time IE:\E.E‘-.F'EI:\T utonialz\BRIC_TutarialshB atchDCAEB atchDC con

Cloze |




Double clicking on the New Batch Run Condition, displays the condition definition dialog.
Different end criteria for the same run can be chosen. Additional end criterion for each period
(except the time) can be the distillate purity.

;I in Itotal un LI of I LI Imust niot LI Ibe greater than LI ID.DS19
Male Fraction | Ok I Cancel I
Lewvel

IMole Fraction ;I in Istream3 ;I of |Benzene ;l Imust nat ;l Ibe lzzs than ;l ID.EIEIDE

Ok I Cancel I

The Batch Runs tab for the first run is shown below:
x

General Information  Batch Runs | D' ata Hecnnciliatiunl Dptiu:unsl SpeciaIDptinnsl Fiun I

For Batch Bun nr I'I _Ij zet condition ... Delete |

Bun 1: Tirme in tatal run rmust ot be greater than 0.0313900:

Fun 1: Maole Fraction in stream 3 of Benzene must not be lezs than 0.330500;
Mew Batch Run Candition

b asirnum number of time steps I'I oo

[T Record Conditions aver time IE:\E.E‘-.F'EI:\T utonialz\BRIC_TutarialshB atchDCAEB atchDC con

Cloze |

Next we will specify the amount of information to gather in this step. The Data Reconciliation tab
is selected and the information to specify is marked. For a Distillation problem, useful information
could be the distillate’s composition profile (stream 3) and product tank’s holdup profile (Tmixer 1).

Specify Batch Runs |

Generallnformalion' Batch Funs  Data Feconciliation I Dptionsl SpecialetionsI Run |

Far Batch Run nr I1 Mumnber of Time Steps between Recording |5E1

¥ Record Data

¥ Fecord Stream Data ¥ Recaord Lrit Data
1 a DIST1
2 D1
4 THixer2
5 hd THlizer3
[ Record Pressure [ Record Prezsure
" Record Temperature ™ Record Temperature
¥ Record Composition ¥ Fecord Holdup

Close |




C.3 Define operation step 2 to the last step
Specifying a new operation step is made in the Batch Runs tab where the For Batch Run nr is

increased, as shown below.
Specify Batch Runs

Gerneral Information  Batch Runs | Data Heu:-:unu:iliatiu:unl I:Ipticuns|

For Batch Bun nr IE _Ij zet condition ..

As in operation 1, the new run end criteria

are specified in the New Batch Run Condition and the data is gathered in the Data
Reconciliation. However, now one has the possibility to change parameters either of the streams or
of the units. So, for example, changing the reboiler’s and condenser’s parameters is possible.

For the second operating step (corresponding to period 2 in the sequence), we need to change the
reflux ratio to 1.969 from the value of 1.274 that was specified for operating step 1.

Specify Batch Runs x|

General Infu:urmatiu:unl B atch Flunsl Data Fleu:u:unn:iliatiu:unl Options  Special Options | R I

For Batch Runpr |2 change ... I™ Method of Salution
[ Themodynamics

— Salver — Thermodynamics
tethod Im E quation of State I|D|3-'5"-5 #]
Strateqgy Im GE Model I j
Wapaor Pressure I j
— Digtillation Parameters Reaction Parameters Enthalpy Model IHiu:I j
Fiebailer Spec. I1 oo [ Dizable Reaction Density Model IIdGas+IdLiq j
|

< Cond. Spec.  [1.354 [™ Dizable Heat Coil Heat of Waparization |D||:r|:~|:;.1|:||3

Cloze |

The procedure is repeated until all the operating steps are defined, the information to be gathered
specified and the appropriate changes in the unit (distillation) parameters made.

The final Batch Runs tab is like that:



Specify Batch Runs |

General Information  Batch Runs | [rata Heu:-:unu:iliatiu:unl Dptiu:unsl Special Dptiu:-nsl Fun I

Faor Batch Bun nr _I zet condition .. Delete |

Fun 1: Mole Fraction in stream 3 of Benzene must not be legz than 0.930500; ;I
Run 2 Time in tatal run must ot be greater than 0.044700:

Furn 3 Time in tatal run must not be greater than 0.059700;

Fun 4: Time in total run must not be greater than 0,081 300;

Run 4: Mole Fraction in stream 3 of BEenzene rmugt not be less than 0.989500;

Fun & Time in tatal run must not be greater than 0.093300; ;I

| IRPPPR O I PO W SRS B-PERPO  T IPIP, EY N IR — RPN N P P s B [n Ik N n A

b amimum number of time steps I'I 700

[T Becord Conditions over bme IE:'\.E.&F'EE"-.T utarials BRIC_Tutorialshe atchDChE atchDC.con

Cloze |

Additionally, when the objectives (purity and yield) for product 1 (benzene) are satistied, we can
collect an off-cut product in the second product tank (Tmixer2).

We need to specify an extra batch run (nr 7), where the stream parameters are changed. In this run,
the valve to Tmixerl is closed and the one for Tmixer2 is opened. This is done by changing the
divider fraction for streams 4 and 5 from 1 and 0 to 0 and 1 respectively.

Specify Batch Runs

General Informatior

For Batch Run nr

¥ Change Strea

Input Stream SE

Specify Batch Runs x|

Generallnfurmatiunl Batch Hunsl Data Reconciliation  Options | SpecialetiDnsI R I

For Batch Bun nr I?

¥ Change Stream Parameters ™ Generate Holdup in thiz e

|nput Stream S pecification
Stream 2 T turelk. I_-| Divider Frach ]
Ehream 4 emperature(k.] ivider Fraction I
Shream § Prezzurelbar] I"I

Stream 1
Stream 3 b azs Flow of [kgshr) IBenzene j I-'I




Note that the data gathered for this run will need to change. We will need to collect data for the
second product tank (Tmixer2).

Specify Batch Runs x|

Generallnfnrmatiunl Batch Funs  Data Reconciliation | I:Iptiunsl Speciall:lptil:unsl Fiun I

Far B atch Bun nr I? Mumber of Time Stepz between Recording |1 n

v Fecord Data

¥ Record Stream Data ¥ Fecord Unit Data
1 - DIST
2
4 T Mimers

5 =
[” Record Pressure ecord Fressure

[T Fecod Temperatue [ Fecod Temperature
¥ Fecord Compozition ¥ Fecord Holdup

Cloze |

The final step is to define how the simulation should be performed.
C.4 Define general problem information for BRIC

The Run tab is used to define the behaviour of the simulation engine and other specific simulation
engine values. The Custom Time Scale Value is defined in this tab. A value of 0.1 is usually
sufficient for a CSTR problem, while for distillation problems this could go down to 0.0001. The
Pause between each run option is also checked. This will stop the simulation engine between
each step and report which condition, if any, was fulfilled.

If the time step is scaled down (as in the case of a distillation column), then in order to have a faster
simulation, the print frequency should be reduced (to 20-100, rather the default value 10). The
general definition of the simulator behaviour is shown in the screen shot below.

Specify Batch Runs |

General Information I Batch Runs I Drata Reconciliation I Options I Special Options  FAun I

Tatal nr of Runs I-_"'— Run
[v Pauze between each run [ Disable Output ta Screen during Fun Time
[v Custom Time Scale Walue [+ Enable Mormal Dutput ta File during Fun Time

Fiwe |0.0007 Mo Stepsz bebween Printing IED—
[T Auto Generate Haoldup in first Fiun ™ &0 Funs use same Data Beconciliation S ettings
I Customn Ermor Walue Reconciliation Dptions

Eps |1e-005 |7 [ Merge &ll Batch Funs to One File

[ Calculate Time Continuousls

Claze |




C.5 Run the batch simulation

Pressing the Run button will initiate the simulation engine. Before starting the simulation engine
it is recommended that a copy of the ICAS input file (*.in) and the holdup file (dynsimb.dat) is
made (and kept at a different folder than the work directory). If an operation step fails for some
reason, all the steps following will be corrupted. The error must be corrected and all steps must
be redone.

C.6 Simulation results
BRIC will output the following files. [process] refers to the name the process is saved as in ICAS.

RunO.csv
Runl.csv

Run(n-1).csv, n being the number of runs specified (Run6.csv in this case)
[process].out (in this case BatchDC.out)



Example 2: Reactive Flash

Purpose: To set up an operating sequence, where the heat input to the reactor can change from run
to run (additional feature of BRIC), and validate it through dynamic simulation.

Problem definition: A 2-phase reaction system, where reaction is taking place in the liquid phase
but vapour is also present.

A. Open file RF.ics from the ICAS screen.

open 21|
Laak ir: I‘EHF j e £ Ef-

| Initial holdup

File narne: IFIF.iu:s Open I
Files of type:  [ICAS Files [*ics] = Cancel |
A

B. Run the Dynamic simulation from ICAS (Dynsim) in the Function Evaluation Only mode

Simulation  Window  Help

N

e Lo ] ] e = ek s 1
[Bal-2-[ =] (8| w2 mls| | ~

C. Go to BRIC as described in section C of the Batch Distillation example.

C.1 Define initial process and conditions

In the general information tab, the NN 21X

input file can be viewed (checked . - = s E.
thgt it is correct) and the initial L] - =
holdup can be selected. The holdup Inrel Talatcp
file is selected from the folder hi”D':_'a"dat
(Initial holdup) where a copy of ]yt Type: DAT File
dynsimb.dat is kept. One can also <328 @30 s
view the Holdup to check whether

the right file was selected.

File name: I Open I
Files of type: IH.:.Idup Files [*.dat) j Cancel |

[~ Open as read-anly




C.2 Define operating steps and conditions

The desired operating sequence for the reactive flash example is as follows:

Heat input
+ 400 MJ/hr P<1.5 atm
0 MJ/hr 1hr or P<1.8atm
+ 100 Ml/hr P<2.1 atm
4 0 MJ/hr P<2.3 atm

In operation step 1, we need to set the conditions for the termination of this run as well as the data
reconciliation level. It is not necessary to change any stream parameters (options tab), since the
initial process conditions in the input file are the same for the desired period nr 1. In the Batch runs
tab, verify that the current batch run is set to 1 and double click on the New batch run condition
line.

IF'ressure[I:uar] j i IFL.-'-‘-.SH'I j .:.fl j Imust nat j ||:|E greater than j I'I.E
0OF. I Cancel |

Since, there is no flow out of the flash (neither vapour nor liquid flow out), in order to observe the
effect of the vapour in the pressure, interesting/useful data to reconcile are the temperature, pressure
and holdup of the flash.

Specify Batch Runs |

General Infcurmaticunl Batch Funs  Data Reconciliation | Dptiu:unsl Special Dptiu:-nsl Fun I

Far B atch Run nr |1 Mumber of Time Stepz between Recording |1 n
¥ Record Data
[T Record Stream Data v Fecord Unit Data
1
2
3
™| Becord Pressure ¥ Record Pressure
I | Record Tiemperatue ¥ Record Temperature
™| Fecord Composition ¥ Fecord Holdup

Cloze |




The heat duty for the reactor (reactive flash) should be defined for each run in the Special Options
tab. (Even if the heat input is 0, it should be specified again)

Specify Batch Runs |

Generallnfnrmatinnl Batch Hunsl Drata Hecnnciliatiunl Options  Special Options | Fun I

Faor Batch Run nr I'I change ... ™ Method of Solution

[ Themodynamics

—Solver———— —Eqguipment Parameters — T hermodynarmics
Methiod IBDF - I Heat duty 400 Eguation of State I”Z:'G-'J-"'-S

Strateqy IEIDE vI GE Model I

"Yapor Preszure I

Lf ey el ) e

— Diigtillation Parameters Reaction Parameters Enthalpy Madel I
. g . : :
Rebailer Spec. I [ Dizable Feaction Density Madel IIdGas+I|:IL||:|
Cond. Spec. I"I ™ Disable Heat Coil Heat of Y aporization |D|ppH.1 0E

Cloze |

The other batch runs are specified in the same way (as shown in section C.3 of the distillation
example). The Data Reconciliation is the same for all runs (Flash P, T and holdup). The end criteria
for each run are specified according to the desired operating sequence. The final Batch Runs tab
looks like the following:

Specify Batch Runs x|

General Information  Batch Runs | D' ata Heu:-:unu:iliatiu:unl Dptiu:unsl Speu:ial[lptiu:unsl Fiun I

Far Batch Bun nr |4 _,? zet condition .. Delete |

RBun 1: Preszure(bar] in FLASHT muszt not be greater than 1.500000; -
Furn 2 Time in tatal run must not be greater than 1.000000;
Run 2: Pressurelbar] in FLASHT must not be greater than 1.800000;
Furn 3 Time in tatal run must not be greater than 1.000000;
Fiun 3; Pressurelbar] in FLASHT must not be greater than 2.100000;
Run 4: Preszure(bar] in FLASHT muszst nat be greater than 2.300000:

| NP o [N TS N o [V PP o By

bl Eimum number of time steps |5|:”:I

[T Record Conditions aver time IE:"-.E.-‘i‘-.F'EE"-.T utonalz"\BRIC_Tutanalz%\RFYRF.con

L

Cloze |




The new feature of BRIC is that the heat input for the reactive flash can be changed from one batch
run to the other in the same bric file. So, heat can be added for some time and then adiabatic
operation can be applied, cooling, etc.

Specify Batch Runs |

General Infcurmaticunl Batch Hunsl [rata Heu:-:unu:iliatiu:unl Options  Special Options | Fun I

For Batch Run nr |4 change ... [~ Method of Salution

[ Themodynamics

—Solver——————— — Egquipment Parameters — T hermodynamics

Method IBDF vI Heat duty IEI Equation of State I|D|3-"-"-5 j
[

Strategy II:IDE vI GE kodel I -

Wapar Pressure I J
Reaction Parameters Erthalpy Model I J
I™" Disable Reaction Density Model IIdGas+IdLiq j
[ Disable Heat Coil Heat of Y aparization IDIPPH-1 0E j

— Dnstillation Parameters

14

Reboiler Spec.

e
—

Cond. Spec.

Cloze |

This study case is mainly a simple example to show the new capability of BRIC.

Another feature (not shown in the bric file provided) of BRIC for reaction examples is that reaction
can be enabled and disabled from one run to the other. Additionally, the addition of a reactant can
be stopped or commenced or changed from one run to the other in the Options tab.



Specify Batch Runs

General Infcurmaticunl Batch Hunsl Data Reconcilistion  Dptions | Special Dptiu:-nsl Fun I

Far Eatch Fun nr |4

¥ Change Stream Parameters

[ Generate Holdup in this wn

— Input Stream Specification

Stream 3
Stream 2

Temperature(k] [320.5

Frezzure[bar] I1

Diivider Fraction I"I

tdass Flow of (kg b [METHANDL j y

Cloze |

Specify Batch Runs

General Infu:urmatiu:unl Batch Hunsl D'ata Heu:-:unu:iliatiu:unl Optioh:  Special Dptions | Fun I

Far Batch Run |4 change .. | Method of Solution
[T Themodynamics

—Salver——————

b ethod IEDF vI
Strategy IEIDE vI

E quipment Parameters

—

Heat duty

Cond. Spec. I

— Digtillation Parameters
Rebailer Spec. I"I i
]

Reaction Parameters

¥ Dizable Feaction

[T Dizable Heat Coil

— Thermodynanics

E quiation of State ||D|3-'*'-5 ;I
GE Model | |
Wapor Pressure I ;I
Enthalpy b odel I ;I
Denzity kodel IIdGas+IdLiq

Heat of W aporization |D|F'F'H-1 0&

-l
=

Cloge |

C.3 Define general problem information for BRIC

The Run tab is used to define the behaviour of the simulation engine and other specific simulation
engine values. The Custom Time Scale Value is defined in this tab. A value of 0.01 is used for
this reactive flash problem. The Pause between each run option is also checked. This will stop
the simulation engine between each step and report which condition, if any, was fulfilled.

It is fine in this case to leave the print frequency to the default value 10, since the custom time scale

value is not as small as it was for the distillation example.




Specify Batch Runs

Generallnfnrmatinnl Batch FIunSI Data Flecu:unciliaticunl I:Ipti-:unSI Special Options  Run |

Total nr of Runs |4

[+ Pauze between each run [~ Dizable Output to Screen during Run Time

v Custom Time Scale Yalue [v Enable Marmal Output ta File during Bun Time

P IEI.EI'I Mo Stepz bebween Printing I'I I}

[T &uto Generate Holdup in first Run [T &l Buns use same D ata Feconciliation Settings

[T Custom Error Y alue Reconciliation Options

Eps |1 e-005 [ Merge All Batch Buns ta One File

[T Calculate Time Continuously

C.4 Run the batch simulation

Similarly as for the distillation example.

Cloze |




