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Abstract— Dynamic simulation which enables to analyze and predict dynamic behavior of process systems as time varies

is very important for the design, control and operation of chemical processes. Current dynamic simulation packages arc main-

ly suitable for handling only continuous variables. However few processes can be fully modeled through existing dynamic

simulator mainly due to discrete changes that affect most systems to a great extent. In this paper. we developed the clas-

sification of discrete events arising in chemical process control systems for the consistent mathematical modeling. Dynamic

simulation examples including all the types of discrete events were solved using gPROMS(General PROcesses Modeling

and Simulation). Based on the discrete event handling technique, start-up and shutdown procedures of a batch reaction pro-

cess were also studied.
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Table 1. Relative characteristics of general dynamic simulators[4]

Modeling Output Dynamic
tools results solution
Ascend equation/ interactive simultaneous
(CMU. USA) unit based graphics solution
DIVA unit based interactive simultaneous
(Stuttgart, FRG) graphic graphics solution
SpeedUp equation / batch graphics/ simultaneous
(Imperial, GB)  unit based report generator solution
gPROMS equation / batch graphics/ simultaneous
(Imperial. GB)  unit hased report generator solution
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Table 2. Classification of discrete events

Classification with respect to cause of event Details

Intrinsic discrete events Reversible
Irreversible
Asymmetric

Extrinsic discrete events Input vars

State vars
Equations

Reversible discrete

Irreversible discrete

Asymmetric discrete

Fig. 1. Types of intrinsic discrete events.
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IF Liguid_Ileight > Weir_llcight TIIEN
Total_Flow_QOut = 1.84*Bulk_Density*Weir_Length
* ABS(Liquid_Ileight - Weir_lleight)"1.5 ;
ELSE
Total_Flow_Out = 0 ;
END

Fig. 2. An example of the reversible discrete event(model).

——— Weir.Flow_In
— — WeirFlow_Out
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Fig. 3. An example of the reversible discrete event(result).
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CASE Disc_Status OFF
WHEN DBursting

Rehief_Flow - Disc_Conslant*Pressure
/SQRT( Temp +273.15):
WIEN Intacting

Retief _Flow = 0

SWITCIT TO Bursting 1F P
END

ressure >+ Burst_Pressure;

Fig. 4. An example of the irreversible discrete event(model).
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Fig. 5. An example of the irreversible discrete event(result).

CASE Valve_Status OF
WIIEN Closed
Relief_TFlow - O
SWITCIH TO Open IF
WIEN Open
SWITCII TO Closed 1FF
END

Pressure » - Set_Pressure:

Pressure 0= Reset_Pressure:

Fig. 6. An example of the asymmetric discrete event(model).
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Fig. 7. An example of the asymmetric discrete event(result).

RESET # open a manual valve
ValveStatus = 1.0 5
END # reset

Fig. 8. An example of input variable change.
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REINITIAL
PI_Controller.Integral_Error
WITH
FI_Controller Integral_Lrror = O,
END # reinitial

Fig. 9. An example of state variable change.

REPLACE
Controller.Error
WITH

Controller.Bias
END # replace

‘= OLD(Controlier.Bias);

Fig. 10. An example of equation change.
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Fig. 11. A batch reactor.
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Table 3. Basic data for the batch reactor example

AH, 0 ~9.86x 10 Jkmol  k,.: 0.0744 m*/skgmol
AH, o 11.23x 10 Vkmol k,.: 0.0892 m'/skgmol
E 0 1.182% 107 Jkmol
E,: 1.573 <10 J/kmol

Average mixing density : 19.2kgmol/m
Average mixing heat capacity :
1.&5 < 10 JkgmolC

Table 4. Values of parameters

A 108w’ C,: 4184)%kgC
p.: 1000kg/m’ l 27100 Jis mTC
V182 m' ", 2.88kgmobm'

C,: 2.54 kgmol/m’
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Feed A LFee(l B J Washing

Liq.
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Tank
Cooler Valve Y%
Discharge Valve oy
Selector
Fig. 12. A diagram of the batch process.
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TASK Shut_Down_Batch_Process [ ReactantTemp
PARAMETER 48 | R 1
Plant AS MODEL Plant_FlowShceel 48 n
SCHEDULE " Pl e
SEQUENCE ' / '
OpenLoop(Valve 1S Plant.CoolerValve): ) 2 ;I) /
# Product Flow ; 40 "» / i
Sclectlreductlflow (Splitter 1S Plant.ChargeSplitter). § 38 "l‘ / \\
ValveOn(Valve 1S Plant.ChargeValve), € 15 | \
CONTINUE UNTIL Plant.Batch.V < 0.01 = ,‘f / \
ValveOff(Valve 1S Plant.ChargeValve), 3 f’ ! e
32 [f
# Wash 30 J
ValveOn{Valve IS Plant. WashValve)s 28 e g e ]
CONTINUE UNTIL Plant.Batch.V > 7 0 2000 4000 6000 8000 10000 12000
ValveOff(Valve IS Plant. WashValve); Time (s)
CONTINUE FOR 30 Fig. 16, Temperature change of reactants and cooling water in reac-

SclectWasteFlow(Splitter IS Plant.ChargeSplitter), tion.
ValveOn(Valve IS Plant.ChargeValve)s
CONTINUE UNTIL Plant.Batch.V < 0.01
ValveOfftValve 1S Plant.ChargeValve), L
END # Scquence 240 T

e w| A

Fig. 13. An example of a shutdown task. E
x 180
SCHEDULE & 140
SEQUENCE 120
CONTINUE - 200
100

Start_Up_Batcn Process(Plant 1S Plant);
CONTINUE UNTIL Plant.Batch.Ch < 0.001 80 —— S e e

T T
Shut_Down_DBatch_Process(Plant 1S Plant); o 2000 ‘OOTU ?0)00 8000 10000 170800
me (s
CONTINUE TFOR 200
END # SEQUENCE Fig. 17. Change of vapor pressure in reaction.
Fig. 14. An example of a process schedule. {—;m::;:]
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5 / i ~te.5 — T ¥ T T T L E—
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H N | Time ()
S 1 | ,”- ' .
< (A “ Fig. 18. A relief flowrate through safety valve.
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\
o | WS~
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= =3F"™ x; -x,F"" (21
T ¥ ¥ T T i
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Fig. 15. Change of molar concentration in one batch process. dt 7
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