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ABSTRACT

Fluid Catalytic Cracking Unit(FCCU) is an importantprocessing unitin ٥٨ oiirefinery. Fiuidcatalytic crackingisaprocess 
usedtoconvertt-)eavypetroleumproductstoligt)tproductssuchasgasoiine.ligtitfueloil.andpetroleumgas.lnthiefiuid 
catalytic cracking reactor, hieavy gas oil is cracked into more valuable tighter hydrocart)on  ̂ ٢٥^٧ ^^, Jt^e reactor input 
[the gas ٥// fed to the reactor) is ه  mixture o f hydrocarbons thatmakes the reaction kinetics very complicated due to the 
involvedreactions. The process is highlynonilnear ٥٨^̂ ٧ /// variable with severe Interactions. ^©٢ the simulateddynamic 
m odel of FCCU p lugged with yield model, sensitivity studies has been carried out to study the effects of Independent 
variables such ٥$ feed preheat temperature, feed flow rate and air flow rate in maximizing gasoline yield. With the 
optimized model, the closed loop studies have been carried out for reactor ٥٨^  regenerator temperature control of 
FCCU with minimum overshootas theperformance criteria.

Keywords: FCCU, Sensitivity Analysis, Gasoline Yield, Reactor And Regenerator Temperature Control, Minimum 
Overshoot - Performance Criteria.

INTRODUCTION

Fluidized Catalytic Cracking Unit (FCCU) of gasoil is one of 
ttie most innportant processes in ttie petroleum refineries.
As shown in Figure 1, FCCU receives multiple feeds 
consisting of high boiling point components from several 
other refinery process units and cracl<s these streams into 
lighter and more valuable components [ه ], After fu^her 
processing, the FCCU product streams are blended from 
other refinery units to produce a number of products, e.g. 
distillate and various grades of gasoline. Economic 
operation of FCCUs (a large refinery may have more than 
one) plays an Impo^ant role in the overall economic 
performance of the refinery. Gasoline yield is an Impo^ant 
product from FCCU process since It has a very high market 
value. Gasoline yield in FCCU depends on various 
parameters like reactor temperature, regenerator 
temperature, air flow into regenerator, catalyst circulation 
rates, etc. Therefore, sensitivity analysis is needed to 
determine the variable which has strong influence on 
gasoline yield.

].Modeling ofFCCUnit

The model captures the ma)or dynamic effects that occur 
in a real FCCU plant. It Is multivariable, strongly Interacting 
and highly non-linear. The non-linear model was 
developed for the foliowing sub models and Integrated.

• Feed, ?reheat system

• Reactor

• Wet gas compressor
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ABSTRACT 

Fluid Catalytic Cracking Unit (FCCUJ is an important processing unit in an oil refinery. Fluid catalytic cracking is a process 

used to convert heavy petroleum products to light products such as gasoline, light fuel oil, and petroleum gas. In the fluid 

catalytic cracking reactor, heavy gas oil is cracked into more valuable lighter hydrocarbon products. The reactor input 

{the gas oil fed to the reactor] is a mixture of hydrocarbons that makes the reaction kinetics very complicated due to the 

invo!ved reactions. The process Is highly nonlinear and multi variable with severe Interactions. For the simulated d/namic 

model of FCCU plugged with yield model, sensitivity studies has been carried out to stud/ the effects of independent 

variables such as feed preheat temperature, feed flow rate and air flow rate in maximizing gasoline yield. With the 

optimized model, the closed loop studies have been carried out for reactor and regenerator temperature control of 

FCCU with minimum overshoot as the performance criteria. 

Keywords: FCCU, Sensitivity Analysis, Gasoline Yield, Reactor And Regenerator Temperature Control, Minimum 

Overshoot - Performance Criteria. 

INTRODUCTION 

Fluidized Catalytic Cracking Unit (FCCU) of gasoil is one of 

tt1e most important processes in tt1e petroleum refineries. 

As shown in Figure l , FCCU receives multiple feeds 

consisting of high boiling point components from several 

other refinery process units and cracks these streams into 

lighter and more valuable components [6]. After further 

processing, the FCCU product streams are blended from 

other refinery units to produce a number of products. e.g. 

distillate and various grades of gasoline. Economic 

operation of FCCUs (a large refinery may hove more than 

one) plays an important role in the overall economic 

performance of the refinery. Gasoline yield is on important 

product from FCCU process since It has a very high market 

value. Gasoline yield in FCCU depends on various 

parameters like reactor temperature, regenerator 

temperature. air flow into regenerator. catalyst circulation 

rates, etc. Therefore, sensitivi1y analysis is needed to 

determine the variable which has strong influence on 

gasoline yield. 

Figure l Schema c flow dlogrom of FCCU 

l . Modeling of FCC Unit 

The model captures the major dynamic effects that occur 

in a real FCCU plant. it is multivariable, strongly interacting 

and highly non-linear. The non-linear model was 

developed for the foliowing sub models and integrated. 

• Feed, Preheat system 

• Reactor 

• Wet gas compressor 
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To ^ ٠٢٢٧ ٥٧  ̂ these sensitivily studies, these independent 
variables were operated between -307o and + 30% of their 
nonninai values. The nominal values of ter^perature of fresh 
feed entering the furnace is ^۵ ١ °F, flow of fresh feed 
entering the realtor riser is ١ Ib/s and the stack gas valve 
position Is 0.64.

The values of those va^ables at which the ^ a ^ l^ u ^  ^eld 
has been obtained were fi^ed as the o p ^ ^ u ^  values, ^or 
the optl^Zed nnodel, the closed loop studies have been 
carried out with PI controller at the regulatory level.

Feed preheat temperature plays an impo^ant role In 
controlling the temperature in the riser realtor and hence 
the cracking reactions.

When the temperature of the fresh feed entering the 
furnace increases, the gasoline yield gets decreased, 
keeping feed flow into reactor riser (١ 26 Ib/s) constant 

When the flow of fresh feed to the reactor riser increases, 
the gasoline yield gets Increased because Increase In ؛low 
rate will lead to more amount of feed taking pa^ In the 
reaction inside the reactor riser unit, keeping the 
temperature of fresh feed entering the furnace (461 °F) 
constant.

Increase in the stack gas valve position will lead to a 
decrease In pressure Inside the regenerator, whidh 
demands more amount of air flow into regenerator, 
keeping the feed flow rate(l 26 Ib/s) and feed temperature 
(461 °F) constant. Increase in air flow rate into the 
regenerator will cause an Increase in the regenerated 
catalyst flaw rate due to which the reactor temperature 
gets Increased. When the reactor temperature crosses Its 
optimum temperature. It will lead to decrease in the 
gasoline yield.

It has been observed from the sensitivity analysis that 
optmum yield (Figure 3) is obtained at the temperature of 
fresh feed entering the furnace = 401 •2°F, the flow of fresh 
feed to reactor riser = ١ 00.3 Ib/s and the valve position at
0.44^ (airflow into regenerator = 2.1236 moles/s).

The following Table ٦ shows the operating ranges of the 
Independent variables used for the study of the sensitivity 
effect on the gasoline yield and their Impact on It.

The Figures 4 and 5 show the responses of the yield and

• Regenerator

• ^ir blowers

٠ Catalyst circulation line

The simulated model captures the ma)or dynamic effects 
that occur In a real FCCU plant. The complete FCCU model 
was simulated in ̂ ^ T ^  $imu!inkand Is validated [١).

Many complex reactons occur during the FCC process 
a^d the product consists of a mixture of many compounds. 
The description of complex ml^ures by lumping large 
number of chemical compounds Into smaller groups of 
pseudo-components has been widely used by researchers 
to provide number of kinetic equations. The simulated 4- 
lump model plugged w ^  FCCU model Is similar to the 3- 
lump model of Wee^mon, the main difference being that 
coke Is Independently considered as a !ump. ©ther !umps 
are feed, gasoline and gas.

!t is assumed that the gas oil is cracked into the most 
desired gasoline, and the by-pr^ucts of gas and coke. 
Thie reaction scheme of 4- lump yield model is shown in 
Figure 2 [5,7,8,9]. $incethe FCC reactor is operating at high 
temperature, the secondary cracking reaction occurs for 
gasoline to form coke ond gas. There Is no Inter-reactlon 
between coke and gas ،2).

2. $ensitivity Analysis In ^00لا

J^or the simulated model, the sensitivity studies have been 
carried out I.e., the effects of the following Independent 
variables on gasoline yield have been a n a ^e d  [3].

• Tem per^re  of fresh feed entering the furnace

• Flow of the fresh feed into the reactor riser

٠ Stack gas valve position which has Influence on the air 
flow into the regenerator

Figure 2. Reaction scfieme of 4 lump yield model
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• Regenerator 

• Air blowers 

• Catalyst circulation line 

The simulated model captures the major dynamic effects 

that occur in a real FCCU plant. The complete FCCU model 

was simulated in MATLAB Simulink and is validated ( l ). 

Many complex reactions occur during the FCC process 

and the product consists of a mixture of many compounds. 

The description of complex mixtures by lumping large 

number of chemical compounds into smaller groups of 

pseudo-components has been widely used by researchers 

to provide number of kinetic equations. The simulated 4-

lump model plugged with FCCU model is similar to the 3-

lump model of Weekman, the main difference being that 

coke is independently considered as a lump. Other lumps 

are feed, gasoline and gas. 

It is assumed that the gas oil is cracked into the most 

desired gasoline, and the by-products of gas and coke. 

The reaction scheme of 4- lump yield model is shown in 

Figure 2 [5, 7 ,8, 9]. Since the FCC reactor is operating at high 

temperature, the secondary cracking reaction occurs for 

gasoline to form coke and gas. There is no inter-reaction 

between coke and gas (2). 

2. Sensitivity Analysis In FCCU 

..for the simulated model. the sensitivity studies have been 

carried out i.e., the effects of the following independent 

variables on gasoline yield have been analyzed [ 3]. 

• Temperature of the fresh feed entering the furnace 

• Flow of the fresh feed into the reactor riser 

• Stack gas valve position which has influence on the air 

flow into the regenerator 

G oil ( 

Figure 2. Reaction sctieme of 4 lump yield model 

To carry out these sensitivity studies, these independent 

variables were operated between -30% and + 30% of their 

nominai values. The nominal values of temperature of fresh 

feed entering the furnace is 46 l ° F, flow of fresh feed 

entering the reactor riser is l 26 ibis and the stack gas valve 

position is 0.64. 

The values of those variables at which the maximum yield 

has been obtained were fixed as the optimum values. For 

the optimized model. the closed loop studies have been 

carried out with Pl controller at the regulatory level. 

Feed preheat temperature plays an important role in 

controlling the temperature in the riser reactor and hence 

the cracking reactions. 

When the temperature of the fresh feed entering the 

furnace increases, the gasoline yield gets decreased, 

keeping feed flow into reactor riser ( 126 ib/s) constant. 

When the flow of fresh feed to the reactor riser increases, 

the gasoline yield gets increased because increase in flow 

rate will lead to more amount of feed taking part in the 

reaction inside the reactor riser unit keeping the 

temperature of fresh feed entering the furnace ( 461 ° F) 

constant. 

Increase in the stack gas valve position will lead to a 

decrease in pressure inside the regenerator, which 

demands more amount of air flow into regenerator, 

keeping the feed flow rate ( 126 lb/s] and feed temperature 

(461 ° F] constant. increase in air flow rate into the 

regenerator will cause an increase in the regenerated 

catalyst flow rate due to which the reactor temperature 

gets increased. When the reactor temperature crosses its 

optimum temperature, it will lead to decrease in the 

gasoline yield. 

It has been observed from the sensitivity analysis that 

optimum yield (Figure 3] is obtained at the temperature of 

fresh feed entering the furnace = 40 l . 2 ° F, the flow of fresh 

feed to reactor riser = l 00.3 lb/sand the valve position at 

0.448 (airflow into regenerator = 2.1236 moles/s]. 

The following Table l shows the operating ranges of the 

independent variables used for the study of the sensitivity 

effect on the gasoline yield and their impact on it. 

The Figures 4 and 5 show the responses of the yield and 
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ماامءا«؛ممءمأآ ٠٠٣١؛
 ،-سز(ءا -ع'س سر ؛٢١)
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ه$ا$ ^ ه €٨S!ا؛٧؛لأ ماا S eه٢ ا Figure 5, Yield response ا

% Increase/ 
% Decrease

^^er Sensfflvity 
Analysis

Before Sensitivity 
Analysis

Yield 
(١٠١١. fraction)

+ 9.4 
-29.7

0.4312
0.0938

0.3941
0.1334

Gasoline (Y2) 
Coke(Y4)

^ ^ le  2. Yield Of ^ ه$0ا؛آا € And Coke Before/After Sensitivity Analysis

controlled variable I.e., a set of conventional feedback 
controllers. In nnost of tfie chennlcal industries, t^e 
processes are basical^ MIMO systems, ^^e controlied 
variables ^lave ^een selected to provide, ttiroughi control, 
a safe and economic o^ratlon. The reactor tem ^ra ture  
and regenerator temperature are selected as a controlled 
variable. The manipulated variables are flow of 
regenerated catalyst and flow rate of air [^ل.

The control structure selection was done based on Relative 
Gain Array (RGA) anaiysis and is shown In Figure 6.

The input and output reiationshi^ are given as The above 
transfer functions were found out by using the process 
reaction curve method.

The steady (gain) model Is expressed as.

Figure 3. Optimum yield ^ $ e d  on t^e sensitiyity analysis

RemarksImpact On 
Gasoline

Independent Variables Range

Flow of fresti feed to 
reactor ^ser Is having 
more influence on 
ttie gasoline م0ها

Decreases؛to ل

4 Increasesا1ه ؛ه

DecreasesOtol

Temperature of fresfi 
feed entering furnace (F)

Fkw of fresh feed to
reoctor riser (1،رءمح

Valvo position

Table ٦. Effect Of Independent Variables On The Gasoline Yield
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Figure 4. Yiefd response before sensitivity ٠ n ه٧ ا s؛s

their variations before sensitivity analysis and after sensitivity 
analysis.

Table 2 lists the response of the gasoline and coke yield 
before and after sensitivity studies.

It has been observed from Table 2 that, there Is a 
considerable increase in gasoline yield and decrease in 
the coke formation after fixing the values of Independent 
variables for maximizing gasoline in the simuloted mode!.

3. Control Of Reactor And Regenerator Temperature

3.1 Multiloop Control

£ach manipulated variable depends on only a single
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Figure 3. Optimum yield based on the sensitivity analysis 

Independent Variables Range Impact On Remarks 
Gasoline 

Temperature of fresh J20 to !:>60 Decreases Flow of fresh feed to 
feed entering furnace (F) reactor ~ser Is having 

Flow of fresh feed to 88 to 164 Increases more Influence on 

reactor nser (Ibis) the gasoline yield 

Valve position Oto l Decreases 

Table 1 . Effect Of Independent Variables On The Gasoline Yield 
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Figure 4. Yield response before sensitivity analysis 
,rl 

their variations before sensitivity analysis and after sensitivity 

analysis. 

Table 2 lists the response of the gasoline and coke yield 

before and after sensitivity studies. 

It has been observed from Table 2 that, there is a 

considerable increase in gasoline yield and decrease in 

the coke formation after fixing the values of independent 

variables for maximizing gasoline in the simulated model. 

3. Control Of Reactor And Regenerator Temperature 

3.1 Multiloop Control 

Each manipulated variable depends on only a single 
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Figure 5. Yield response after sensitivity analysis 

Yield 
(wt. fraction) 

Gasoline (Y2J 
Coke (Y4) 

Before Sensitivity 
Analysis 

0.3941 
0.1334 

After Sensmvtty 
Analysis 

0.4312 
0.0938 

% Increase / 
%Decrease 

+9.4 
-29.7 

Table 2. Yield Of Gasoline And Coke Before/After Sensitivity Analysis 

controlled variable i.e., a set of conventional feedback 

controllers. In most of the chemical industries, the 

processes are basically MIMO systems. The controlled 

variables t1ave been selected to provide, tt1rough control, 

a safe and economic operation. The reactor temperature 

and regenerator temperature ore selected as a controlled 

variable. The manipulated variables ore flow of 

regenerated catalyst and flow rate of air [ 4]. 

The control structure selection was done based on Relative 

Gain Array (RGA) analysis and is shown in Figure 6. 

The input and output relationship are given as The above 

transfer functions were found out by using the process 

reaction curve method. 

The steady (gain) model is expressed as, 

T, 

T, 

R 

Figure 6. Control structure based on RGA analysis 
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conversation with experts working in CPCL (Ctiennai 
Petroleum Corporation Limited), minimum overshoot was 
chosen as the performance criteria for the reactor and 
regenerator temperature control of FCC unit.

With minimum overshoot as the performance criteria, the 
following tuning rules listed in Table 3 have been used to 
tune the PI controller [10]. 

where ه  = Propo^onal gain

T| = Integrai time constant 

X = Adjustable parameter 

ه= ٧ ltimه te gain of the sustained oscillations 

آ = Ultimate time period of the sustained 
oscillations

The control signal from the tuned PI controller has been 
applied to the whole simulated FCCU model and nottothe 
transfer function that has been obtained through process 
reaction curve method. The transfer function was used only 
to establish the input-output relationship be^een  the 
controlled variable and the manipulated variable.

3.3 ControlofReactor Temperature(!,)

The reactor temperature must be maintained at a ce^ain 
!eve! to provide a desired maximum conversion of feed oi!. 
The Pi tuning parameters for the reactor temperature 
control process for different PI tuning rules !isted in Tab!e ̂ ٠

The reactor temperature was operated for three different 
set points (990°F, 993°F and 995”F) and t^elr responses for 
the different PI tuning rules have been shown below.

From Figures 8, 9 and 10, it can be inferred that the same 
tuning parameters as given in Table^can be applied to any 
oper^ing point, Also it shows that the direct synthesis method 
is having minimum overshoot but having a siuggish

Rule1. No؛

0.75L0.25K,,

١ Direct synthesis

2 Atl<inson and Davey

Table 3. PI Tuning Rules T^e Parameters
Integral Gain (KJ?ra^artlanal Gain (KpjPi Tuning Rule

0.004385

0.0267

7.0ص2

]ه,00أ
Direct synttiesis 

Atkinson and ^ e y

Thus, the Relative ^ain Array for a ^ ^  ^ system can be 
expressed as given below

؛ 1.335 - 0.335لا

J- 0.335 1.335 لإ

Pair the controlled and manipulated variables so that, the 
corresponding relative gains are positive and are as close 
to one as possible. From this RGA matrix, we can conclude 
that pairing of manipulated variables with control varlabies 
(i.e., flow rate of regenerated catalyst is used to control 
reactor temperature and flow rate of air is used to control 
regenerator temperature) is best.

Figure 7 shows the scher^otic diagram of the ciosed loop 
system with PI contToller,

The reactor temperature must be maintained at a ce^ain 
level to provide a desired maximum conversion of feed oil. 
The regenerator temperature must be maintained at a 
certain level in order to allow a stable coke trom the 
cata^st. Permanent catalyst deactivation is produced by 
exceeding the high temperature limit. The propo^ional- 
integral (PI) controlier is used at reguiatory level. The 
specified reactor temperature is maintained by using a PI 
controller to ad)ust the flow of regenerated catalyst. Also 
the specified regenerator temperature is maintained by 
□sing a PI controller to ad)ust the air flow into the 
regenerator.

3.2 PITuning Rules

before performing closed loop studies on any dynamic 
model, the best performance criteria for the specific 
control variable need to be studied. As per the

Table 4. PI Tuning Parameters ٢٥  ̂^ea^tar Temperature Cantrel
Figure 7. Schematic diagram of closed loo^ 

system with Pi controller
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Thus, the Relative Gain Array for a 2 x 2 system can be 

expressed as given below 

E 1.335 
- ~ 

t 0.335 

- o.335u 

1.335 8 
Pair the controlled and manipulated variables so that, the 

corresponding relative gains are positive and are as close 

to one as possible. From this RGA matrix, we can conclude 

that pairing of manipulated variables with control variabies 

[i.e., flow rate of regenerated catalyst is used to control 

reactor temperature and flow rate of air is used to control 

regenerator temperature) is best. 

Figure 7 shows the schematic diagram of the ciosed loop 

system with Pl controller. 

The reactor temperature must be maintained at a certain 

level to provide a desired maximum conversion of feed oil. 

The regenerator temperature must be maintained at a 

certain level in order to allow a stable coke from the 

catalyst. Permanent catalyst deactivation is produced by 

exceeding the high temperature limit. The proportional­

integral (Pl) controlier is used at regulatory level. The 

specified reactor temperature is maintained by using a Pl 

controller to adjust the flow of regenerated catalyst. Also 

the specified regenerator temperature is maintained by 

using a Pl controller to adjust the air flow into the 

regenerator. 

3. 2 Pl Tuning Rules 

Before performing closed loop studies on any dynamic 

model, the best performance criteria for the specific 

control variable need to be studied. As per the 

_....._ __ ...._____. 

~ I 
• I 

,i-...--- • 

t----+--al---; 

Figure 7. Schematic diagram of closed loop 
system with Pl controller 

conversation with experts working in CPCL [Chennai 

Petroleum Corporation Limited), minimum overshoot was 

chosen as the performance criteria for the reactor and 

regenerator temperature control of FCC unit. 

With minimum overshoot as the performance criteria, the 

following tuning rules listed in Table 3 have been used to 

tune the Pl controller [ l O]. 

where Kc = Proportional gain 

t , = Integral time constant 

11. = Adjustable parameter 

K,= Ultimate gain of the sustained oscillations 

T" = Ultimate time period of the sustained 

oscillations 

The control signal from the tuned Pl controller has been 

applied to the whole simulated FCCU model and not to the 

transfer function that has been obtained through process 

reaction curve method. The transfer function was used only 

to establish the input-output relationship between the 

controlled variable and the manipulated variable. 

3. 3 Control of Reactor Temperature (T,) 

The reactor temperature must be maintained at a certain 

level to provide a desired maximum conversion of feed oil. 

The Pi tuning parameters for the reactor tempera1ure 

control process for different Pl tuning rules listed in Table 4. 

The reactor temperature was operated for three different 

set points (990°F, 993°F and 995°F) and their responses for 

the different Pl tuning rules have been shown below. 

From Figures 8, 9 and 10, it can be inferred that the same 

tuning parameters as given in Table 4 can be applied to any 

operating point, Also it shows that the direct synthesis method 

is having minimum overshoot but having a sluggish 

$1. No Rule t 

t 
Direct synthesis -- t 

k 
1
, ').. 

2 Atkinson and Davey 0.251<_, 0.75T 

Table 3. Pi Tuning Rules And The Parameters 

Pi Tuning Rule 

Direct synthesis 

Atkinson and Davey 

Proportional Goin (K,j 

7.0422 

16,001 

Integral Ga in (KJ 

0.004385 

0.0267 

Table 4. Pi Tuning Parameters For Reactor Temperature Control 
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Figure ١ ١ . Reactor temperature coritrol for different operating 
points using Atkinson and Davey PI tuning rule

Figure 12. Control of realtor temperature witti distur،^nce in 
effective coke factor

performance was studied a^d is given in Figure ١ 2.

3.4 ControlofRegenerator Temperature[TJ 

^^e م  tuning parameters far t^e regenerator temperature ا
control process for different PI tuning ru!es is listed in t^e 
following Table 5.

Tine regenerator temperature was operated for tfiree 
different set points 1275°Fand 1285°F) and t^eir
responses for the different PI tuning rules have been shown 
below.

From Figures 13,14 and ١ 5, It can be inferred that the same 
tuning parameters as given in ̂ b le  5 can be applied to any 
operating point. Also, it shows that the direct synthesis 
method is having minimum overshoot but ha^ng a sluggish 
response. So, the Atkinson and Davey Pi tuning rule Is ̂ e r t o

Pi Tuning Rule Gain (K,) Integral Gain (KJ

Direct synftiesis 0.017597 0.0000^7^^?

٥٥٧^٧ 30^ andم ^اءاا 0,0ة2675 ه7^ . س ا ق

Figure 8. Control of reactor temperature for different ?1 tuning 
rules (990°F $€t poinf)

Figure 9. Confrol of reactor temperature for different PI tuning 
rules (993°F set poinf)

Table 5. Pi Tuning ^rameters For Regenerator Temperature Contra!

Figure 10. Control of reactor temperature for different PI tuning 
rules (99^°F set point)

response. $o it is be^er to choose t^e Atkinson and ^ v e y  P! 
tuning ru!e for thie contro!!er as it gives the next best response 
with minimum overshoot and ̂ ulc^er seeing time.

Figure ١ 1 shows the reactor temperature control for 
different operating points using Atkinson and □avey PI 
tuning rule. After the steady state was reached, disturbance 
has been given to the effective coke factor (□,) from ١ to 
١ .5 at 7000s and from 1 to 0.5 at ١ 2000s and the contro!!er

25i-m anager's Journal ©٨ M echan ica l Engineering, ٧٥/. 4 •  No. 1 •  November - January  ̂ ٥^^
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.__ ---------.. -----·--------------

Figure 8. Control of reactor temperature for different Pl tuning 
rules (990°F set point) 

Figure 9. Control of reactor temperature for different Pl tuning 
rules (993 °F set point) 

Figure l 0. Control of reactor temperature for different Pl tuning 
rules (995 • F set point) 

response. So it is better to choose fhe A1kinson and Davey Pl 

tuning rule for the controller as it gives the nex1 best response 

with minimum overshoot and quicker settling time. 

Figure l l shows the reactor temperature control for 

different operating points using Atkinson and Davey Pl 

tuning rule. After the steady state was reached, disturbance 

has been given to the effective coke factor ( □ ,) from l to 

1.5 at 7000s and from l to 0.5 at 12000s and the controller 

-
'I j, 
I 
I 
I 
I 
' , 

. 

I 

-.. . I 

Figure l l . Reactor temperature control for different operating 
points using Atkinson and Davey Pl tuning rule 

' 

\_.,..,-----------------

c-

Figure 12. Control of reactor temperature with disturbance in 
effective coke factor 

performance was studied and is given in Figure l 2. 

3 .4 Control of Regenerator Temperature {T,) 

The Pl tuning parameters for the regenerator temperature 

control process for different Pl tuning rules is listed in the 

following Table 5. 

Ti1e regenerator temperature was operated for three 

different set points (1265 °F, 1275 °F and 1285 °F) and their 

responses for the different Pl tuning rules have been shown 

below. 

From Figures 1 3, 14 and 15, it can be inferred that 1he same 

tuning parameters as given in Table 5 can be applied to any 

operating point. Also, it shows that the direct syn1hesis 

method is having minimum overshoot but having a sluggish 

response. So, the Atkinson and Davey Pl tuning rule is better to 

Pi Tuning Rule 

Direct synthesis 

Atkinson and Davey 

Proportional Gain (K,) 

0.Ql7597 

0.082675 

Integral Gain (1(J 

0 . 00003 7 88 7 

0 .0001376 

Table 5. Pi Tuning Parameters For Regenerator Temperature Control 
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Figure 16. Regenerator temperature control for different operating 
point$ using ^tl،in$on and Davey PI tuning rule

Figure ] 7. €ontro! of regenerator temperature with disturbance 
in effective coke factor

the conlTOller performance was studied and is shown in 
Figure 17.

3.5 YieldResponse UnderClosedLoop Condition 

Tabie 6 describes the variation of gasoline yield and co^e 
yield for different PI control tuning methods when the 
reactor temperature is controiled at 993°F and 
regenerator temperature Is controlied at1275°F.

Conclusion

The "process" Is represented by a simulated dynamic 
model of a model !٧ FCC unit which Is combined with a 
steady-state yield model for the FCC reactor. The dynamic 
model wi!! calculate the time-varying states of the FCC unit 
at any point in time, while the yield modei uses the reactor

Yield After Sensitivity Analysis
(wt. fraction) Sensitivity Pi Tuning ^ules

Analysis rect synthesis Atkinson and Davey□؛

Unconvertedgasoil (Yl) 0.0122 0.0t^7 0.0147
Gasoline (Y2) ه42]ع , 4ق1ه ه 0ّ 0.42ة

Gas(Y3) 0.4619 0.4557 0.4497
Col<e(Y4) 0.10^^ 0.103^ 0.1040

Figure ٦ .̂ €ont؛o! of regenerator temperature for different PI 
tuning rules (1265°F set point)

Figure 14. €ontrol of regenerator temperature for different P! 
tuning ru!es 275 ؛٦ °F set point)

Table ه . Variation Of Gasoline Yield With Different PI Tuning Rules

Fig. ١ 5 Control of regenerator temperature for different PI 
tuning ru!es (1285°F set point)

Ch^se for t^e controller as^givest^e ne^^stres^onsewith 
minimum overshoot and ̂ ulc^er sealing ti^e.

Figure 16 shows the regenerator temperature control for 
different operating points using ^t^inson and Davey Pi 
tuning rule, ^galn, when the steady state was reached, 
disturbance has been given to the effective coke foctor 
(□,) from 1 to 1 .ذ  at ?^□^s and from 1 to 0.5 at 12000s and
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Figure 13. Control of regenerator temperature for different Pl 
tuning rules (l 265°F set point) 

' 

I 
(! 
' ' I 
I 
I 
I 
I 
I 

Figure 14. Control of regenerator temperature for different Pl 
tuning rules (l 275°F set Point) 

Fig. l 5 Control of regenerator temperature for different Pl 
tuning rules (l 285°F set pcint) 

choose for 1he controller as it gives 1he next best response with 

minimum overshoo1 and quicker settling time. 

Figure 1 6 shows the regenerator temperature control for 

different operating points using Atkinson and Davey Pi 

tuning rule. Again, when the steady state was reached, 

disturbance has been given to the effective coke factor 

([,)from 1 lo 1.5 at 7000s and from 1 to 0.5 at 12000s and 

... 1 

Figure 16. Regenerator temperature control for different operating 
points using Atlcinson and Dovey Pl tuning rule 

Figure l 7. Control of regenerator temperature with disturbance 
in effective coke factor 

the controller performance was studied and is shown in 

Figure 17. 

3.5 Yield Response Under Closed Loop Condition 

Table 6 describes the variation of gasoline yield and coke 

yield for different Pl control tuning methods when the 

reactor temperature is controlled at 99 3 ° F and 

regenerator temperature Is controlled at 1 2 7 5 ° F. 

Conclusion 

The "process" is represented by a simulated dynamic 

model of a model IV FCC unit which is combined with a 

steady-state yield model for the FCC reactor. The dynamic 

model will calculate the time-varying states of the FCC unit 

at any point in time, while the yield modei uses the reactor 

Yield IOI After Sensittvily Analysis 
(wt. froction) Sensitivity Pl Tuning Rules 

Analysis 
Direct synthesis Atl<inson and Davey 

Unconverted gasoil (Yl) 0 .0122 0.0137 0.0147 

Gasoline (Y2) 0 .4215 0.4268 0.4316 

Gas (Y3) 0 .4619 0.4557 0 .4497 

Coke (Y4) 0 .1038 0.1038 0.1040 

Tobie 6. Variation Of Gasoline Yield With Different Pl Tuning Rules 
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[3]. Prabha K.Dasila, Indranil Choudhury, Deoki Saraf, 
$٠١٧٥٢٥٨ Chopra and Ajay Dalai, ا2ه]رأ . "Parametric 
Sensitivily Studies i^ a Commercial ^ c c  Unit", Advances In 
ChemicalEngineeringandSclence, pp. 136-149.

[4]. H. Kurihara, (1967). "Cptimal ccntrcl of fluid catalytic 
crac^in^ processes", PhD Thesis, (MIT, Cambridge, USA).

L.S.0 .ل5] 0 ا , Y.W. Chen, T.N. Haung and W.Y. Pan, (1989). 
"Four !um^ kinetic mode! for Fluid catalytic cracking 
process", CanJChemEng, 67:pp. 615-619.

ا6] . ^.C. McFarlane, ^.c. ^eine^en, J.F ^artee and c. 
^eorgaki, (1993). "Dynamic simulator for a model IVFluid 
catalytic cracking unit'. Computers and Chemical 
Engineering 1 7 (3), pp. 275-300.

[7]. ^ a ٨١ه s٧bra٢٨ani ه٨  Sundaral ingar^, (2001). 
"Cptimi^ation of a model [٧ Fluidlzed Catalytic Cracking 
Unit", ChemlcalEngineering.

[8]. Rama s. Iyer, Rein Luus and Stephen s . 2001) . ه ا^ه ) 
"Cptimization of a model !٧ Fluidized Catalytic Cracking 
Unit", The Canadian Journal of Chemical Engineering, Vol 
79, pp. 542-547.

[9]. ٧.^ . Weekman and D.M. Nace, (1970). "kinetic and 
dynamics of catalytic cracking selectivity in fixed bed 
reactor", American Institute of Chemical Journal. 16, pp. 
397-404.

[10]. A. O'Dwyer, (2000). "PI and PI□ controller tuning rules

conditions to calculate the conversion and the distribution 
of products.

The sensitivity analysis of certain independent variables 
performed results show that t^e gasoline yield can be 
increased by decreasing t^e temperature of the fresh feed 
entering the furnace and air flow into regenerator (by 
minimizing the valve opening), when the f!ow of fresh feed 
to the reactor riser is increased.

From t^e closed loo^ performance study, it is concluded 
that Atkinson and □avey PI tuning rule proves to be the best 
PI tuning rule when the performance criteria of minimum 
overshoot was considered.
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conditions to calculate the conversion and the distribution 

of products. 

The sensitivi1Y analysis of certain independent variables 

performed resutts show that the gasoline yield can be 

increased by decreasing the temperature of the fresh feed 

entering the furnace and air flow into regenerator (by 

minimizing the valve opening), when the flow of fresh feed 

to the reactor riser is increased. 

From the closed loop performance study, it is concluded 

that Atkinson and Davey Pl tuning rule proves to be the best 

Pl tuning rule when the performance c riteria of minimum 

overshoot was considered. 
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