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ABSTRACT:. Centrifugal compressararewidely used for natural gas transportation by increasithg pressureof the gas
Surge is an inherent phemenon in a centrifugal compressalefined as reversal of fluid flowhich can possibly damage the
machine. Antsurge control is an important control for safety the compressor and it can keep the compressor always
running in the safe areaght to thesurge line In this paper, simuldon results ofthe surge phenomenon occurring an
centrifugal compressoin various conditions such asigh header pressure, low suction pressure, aigrtand emergency
shutdown of the unitire presented and their control strategies are discus§athamic simulation othe centrifugal
compressolis carried out in HYSYSConventional PIDand Advanced(PI plus Recycle fip) controllers are implemented to
check their performnce. Advanced controller prowe be superior tasimplePID controller in proecting the compressor in
severe surge case. Stanp and shut down surge was preventeduly openingthe anti-surgecontrol valve

Key Words: Surge Limit Line, Surge Control Line, ArBurge ControllerDeviation,Advanced Pl pluRTL Response,
SurgeParameter, Emergency Shutdown

INTRODUCTION

High pressure is required for the gas to be transported to pd/es
commercial and industrial areas from remote well head
places through pipelines. Compressors are used for this
application to raise the pressure of the gAscomplete —
compression process consists f oturbo-compressor unit,
scrubbers, piping, control valves and coolef$] The
incominggasis first filtered to removehe foreign and dust

particles, henit is passed to scrubbers where liquid droplets Stable Zone of
are removed to protect compressor from liquidyedamage. | Operstion |
The compressed gas is then passed through coolers to allov

the high temperature to decrease

Surge Volumetric Flow Q

Surge is an inherent phenomenon in centrifugal compressors
which can possibly damage the machine. It is defined a§urge i
reversal of fluid flow. At thispoint, compressor peak head
capability is reached and thisthe point of minimum flow. complete surge cycle is shown ingE 2 in which the flow
Below it, the sever oscillations in flow and discharge reversal and recovery is shown. It is a high speed
pressure are created producing huge noise, large vibratiopgenomenori.e., flow reversks can occur in less than 150
and consequently costly damagetie machinemaking the 1 iiseconds. The intensity of surge varies from application
entire system unstableAt surge point, flow separation , anjication and is proportional to the density of the fluid.
occurs inside the impellers making it unsteady and changg§gner pressure and higher molecular weight applications
its direction.In order to avoid the problems associated with.4q result in greater mechanical damageg][1

surge, an antsurge control system is used to maintain a safe

Figure 1. Compressor Characteristic Curve[3]
s a cyclic phenomenon i.e., surge repeats unless a
control action is taken to bring compressor out of sufge.

opeiating volumetric flow through the compressi@j Example of Surge g::clle at 100% Design
As shown in k. 1, the lower limit of the flow is termed as 132 ———100% RPM
Flow Reversal Increase in = 90% RPM

surge limit and the higher limit of flow is termed as choke
limit (also stonewall limit). Above choke limit, the fluid flow
reaches the speed sbund at a given speed and no further
increase in flow becomes possible. The stable flow of the
compressor is between these two limits. [3]
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Figure 2. Surge Cycle [3]

May-June


mailto:arslan_engineer61@yahoo.com

1846 ISSN 10135316; GODEN: SINTE 8 Sci.Int.(Lahore),27(3),1841854,,2015

The time domain profile of the surge is shown in. Big Prime Mover
which shows that during surge condition flow reverses
periodically and discharge pressure fluctuates.
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TIME (sec.) > Thecomponentsequiredin a completesurge control system
Figure 3. Time Domain Profile of Surge[5] ActuationSystem The antisurge control valve or recycle
Causes of Surge valve receives input in terms of2DmA from antisurge

In the operation process of the compressarges mostly  controller and protects the compressor. The selection of the
occurs during abnormal operating conditions such agght type of valve and its size is very important for effective
pressure building in main head®(header) > P(Discharge)], surge control system.

cut off / lower demand of flow, low suction pressusgartup  System Insumentation The instrumentation includes

of unit and emergency stidwn of unit.The otherpossible  suction pressure transmitter, suction temperature transmitter,
causes of surgeanbe inlet valve failure that result in low suction flow orifice meter, discharge pressure transmitter and
flow, blockage ofinlet filter, high pressure thas caused by discharge temperature transmitter. Theses transmitters
the failure of outlet valve, failurer blockag of antisurge  provide electronic €0mA signalsto antisurge controller
control valve and human failurgl-3] according to their measuring scales. The selection of proper
Surge Prevention Techniques type of instrument is also very important for effective -anti
The occurrence of surge can be prevented effectively byurge control system.

maintaining a certain minimum flow above a specifiedPiping System:The compressor system piping deterrsine
margin from the surge limit to keep the compressor runninghe responséime requirementfor the recycle valve. Piping

in stable zone of operation. This minimum flow is gaiig  volume also influence the process control operation
set at 1.1 times of the surge linevlon the same pressure (precision of control andpeed of responsdg]

ratio. This can be achievely opening a blovoff valve at  Advanced Anti-Surge Control Algorithm

discharge line of compressor or by operating a recycle valv&voidance control is the most commonly used surge control
in the discharge process system. Blow off causes waste sfrategyfor centrifugalcompressorsin this control strategy,
expensive pcess fluid, therefore, recycling is preferred anda control linetermed as Surge Control Line (SOk)defined
mostly carried out through electronic-2@mA operated at some distance from surge lioglled the surge margand
control valve which is termeds antisurge control valve. L the operating point is restricted to the righttbis control

3] line. The distance betweesurgeline and surge contrdine
Anti-Surge Control System should not be too close, normally 10%20%, because
Anti-surge control system is designed to determine the surgéct uat or 6 s r es pons and fluctmagonsi s n ¢
condition in compressor and to operate the-smtge control  in operating point can drivéhe compressanto surge easily
valve in efficient and speedy manner to protect centrifugalvhen operating conditianchangeHowever, the compssor
compressor from surgerig. 4 represents a complete anti efficiency is maximum near the surge limit line. Henpe i

surge control sstem as implemented in local gas compressob r der to increase the compres
station. operating point should be close to garrline as far as

are as follows: possible[1, 2]

Surge Detection and Control Algorithm: The main  In more advanced control systeabackup line closer to the

algorithm governing the protection of the compressor byurge linecan also be defined which when crossed generates
taking input from suction and discharge transmittersmore aggressive action from the controller. Additionally a
calculating surge parametemd deviation and generating safety line can be added at surging conditions that if it is
output to antisurge control valve for flow recycle. crossed it willfurther increase the surge mangin order to
Surge Limit Model: The surge limit model represents theavoid surges in the future.h@se lines are shown in Fi.
surge pints at various speeds of the compressor. These @@ow.[3]

usually provided by vendor in datasheets and are also

determined at site during commissioning of asuirge

controllers.
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Typical compressor antisurge lines
Surge Margin

—— Safety line
—Surge Line

Head

——Backup Line

Anti-surge control line

a’si Qoop cIrz
Flow
Figure6.Sur ge Par amet er[5]6Ss6 Cal ci
Figure 5. Safety and Control Lines in Control Algorithm [3] Ss<1 Stable operatingone
The surge point is dependent on multiple parameters such gs= 1 Surge Limit Line (SLL)
the molecular weight and flow into tlkempressor. In order Ss> 1 Surge region

to describe the surge line it is beneficial to use a coordinate

system that is invariant or nearly invariant of the inletDeviation parameter (DEV) is defined [&§:

conditions. There are several possible coordinate systemis=1i Ss ééééé. €& é 6

that satisfy the required conditions and one of thetlynos DEV =di surgemargin=1Ssisur ge mar gi néé
used is reduced polytrophic head versus the reduced sucti@phere surge margin is normall0% additional margin for

flow rate squared4] safety purpose. Its corresponding calculation is degiate
Compressorgs ur e ratio ORcoO6 is dEgAaned as [ 5
R.=14 66. cee666e. 1

nd O0Ps6

suction pressure afompressor. Parameter polytrophic head

A . L . - Operating Point
exponsednti s6 d[g]f i ned as

s hy
Where 6Pd6 is discharge press |

lo ala/ 8
99790, . . DEV> 0
s=_ &/ steeeeee. 2
loa2Ps,/ 8 i, a?
Oze p9 Surge margin

¢/ hs

Where 6Tdo6 is discharge temperggel7zbe@i £tTi o0 MAF £MeStodsy aDBHv P Tc
is suction temperature of compressor. Reduced pressure head

6 hr 6 inedrdoratées both temperature and pressure effecisSev > 0 Good

is defined a$5]: DEV =0 Surge Control Line
5. DEV <0 Bad

hrzMééééééé. 3

Hence, the maipurpose of the algorithm is to determine the

Mostly, orifice type flow meter is used in industry for flow DEV parameter and to keep it positive.

L : .. .. PID Controller
measurement applications due to its accuracy and simplicit . L
In this algorithm, reduced | ow 6qr 26 i s u)f %gc?nerw ﬁolntEoIhequ?uQn fof "‘hPéD controller is given by

S

ratio of differential pres£ re =o2rrnece nrifiercrag plate 06a&Pc
given by flow transmitter an K ressure OPsbd
given bysuction pressure transmittef [5 0P(1) = K E(1) +_‘"[Em KT ae@

DPOS« « « « » « » . r T o d di eeée.8g .
q|2: ééeéeééeeéeée. . 4 !

Surge Parameter (Ss) idet ratio of SLL flow value Where: _
corresponding to current OP flow value and the current OFP(t) = controller output at time t
flow value itself as shown in Fi@. It will be less than one E(t) = error at time t

for stable operation and greater than one for unstabl§C= Proportional gain

operation5] Ti= integral_(reset) tin_1e
2 Td= derivatve (rate) time
_Orsll gge. 666665 The stability of a system is a very important aspect to
Ss= consider when designing control schemiaesproper tuning
9r,op parameters can cause the oscillatory or even unstable

response o system|[6]

"Tuning" a control loop is a term used for optimum

adjustment of PID controller parameters proportional gain
Kc, Reset Time Ti, derivative time Td for the desired control
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response. There are several methods for tuning a PID loop output

e.g., "Ziegle-Ni chol s met-Cod'h, M@Cbl
AHIi t and Tr i al-adsys,timhnual metheds of .
tuning a PID controller are no
advancement of software technology. Many
softwares are now available which accurately modiel t

process and then provide optimum values of these parameters

for the user defined response. HYSYS has bnilPID
controller tuning feature which is very beneficial for getting
the proper tuning parameters with the facility of Online
changing the pararters. [6]

Advanced Controller

In AdvancedController, the controlactionis split into two
actions: Pl action and Recycle Trip actifsi

Pl action will deal with smaland steady statdisturbances
while Recycle Trip Actionwill cope with sudden and quick
process isturbances as depicted in Rg[5]

Recycle Trip®

Pl Control Action

®

\I/

To antisurge valve

Figure 8. Pl Plus Recycle Trip Responséor Anti-surge Control
Valve [5]
Two lines are introduced right to the SLL for this control
algorithm: Surge Control Line (SCL) and Recycle Trip Line
(RTL) as shown in Fig9.
Pl action will be initiated wln OP will touch the SCL while
RTL-action will be activated by controller when OP will
touch the RTL. RTL will generate an open loop response i.€
step opening response until the OP returns to the safe ar
The magnitude of RTL response will be equal to the
derivative of the surge pal
change, the greater will beetlstep response magnitude). [5

Rc , SLL = Surge Limit Line
/ RTL= Recycle Trip®Line
= ,,VVSCL = Surge Control Line
T OP
e
Figure 9. Surge Control Line (SCL) and Recycle Trip Line

(RTL) [5]

longer used due to
industrial

@ toValve

Total Response

Pl Control Response

Recycle Trip®Response

Time

Figure 10. Output to Anti -surge Control Valve [5]
Please note that this derivative action (RTL) is separate from
derivative actiorof a normalPID controller as this Ection
is only concerned with opening of control valve whereas in a
PID controller, derivative action takes part in both opening
and closng of the valve. [5]
Methodology
Dynamic simulation of a centrifugal compressor was carried
out in HYSYS. Surge conditions were simulated for high
header pressure, low suction pressure, -sfartand
emergency shutdown of the unit. Conventional PID and
Advanced (Pl plus Recycle Trip) controllers were
implemented to check their performance to protect the
compressor from surge in different scenarios. The model of
compression system implemted in HSYSY is shown in
Fig. 11.

i
¥

t

Figure 11. Model of Centrifugal Compressor Implemented in
HYSYS

Model Validation:

The parameters for the centrifugal compressor, scrubbers,
heat exchanger, control valves and piping were taken from
Gas Compressor Station. Comparisdretween values
obtained fromHYSYS and actualvalues obtained fromgas
compressor station was carried out to check the validity of
the model and great similarity wésund Table 1 showsthe
comparison of some importanalues obtained from field
with those obtained fronthe model andare quite similar
which validates our MSYS model.

Total response will be the sum of Pl control response ana

RecycleTrip Response as shown in Fid. [5]
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Table 1: Validation of HSYSY Model of Centrifugal slow response making system ineffective for fast surge
Compressor Station protection.)
_ Case 1:Header Pressure > Discharge$3ge
Parameter P{;iclt'cm H\)(?YS Uniits Surge condition is simulated by closing the Discharge Valve
: alué alue VLV -100 in a quick manner to increase the header pressure
Suction Pressure, Ps 1538 1528 kPag for surge creation as shown iRig. 12. As the header
Suction Temperature, TS,  33.6 33.81 degC pressure is increased from 2447 kPag to 2720 kPag, the
Suction Flow, DeltaP 13.65 13.37 kPag compressor goes ingurge and flow starts fluctuating.
Discharge Pressure, /2973 2925 kPag - o
Discharge i o £
Temperature, Td 98.9 88.27 degC S o
Compressor Speed 7746 7746 rpm . oo 3
Suction Throttle 99.66 100 % | o ¢
ASV POSitiOn 0 0 % lhmﬁﬂn {00 1000 11080 1200 1300 1400 |'>ﬂr'|7::z
RESULTS AND DISCUSSIONS ——Headsr Pressure [kPag] —— Comp. Inlet - Actual Volume Flow [m3/h]
Simulation of SurgeScenarios Figure 12. Surge Condition when Header Pressure > Discharge
System Parameters: Pressure

Rated (100 %) Speed of Turgompressor Unit = 9500 rpm ~ Case 2:Low Suction Pressure _
70 % (Minimum Governor) fgeed of Turbecompressor The surge condltlon for low suction pressure was simulated
Unit= 6650 rpm by closing the suction throttle valve in a quick manaer

Surge limit Flow Level at 70% Speed = 5000 act_m3/hr show inFig. 13. As the suction pressure is reduced from
Surge Control Line Levell(1 times Surge Limit Levpl= 1520 kPag to 1200 kPag, the surge occurs and flow starts

5500 act m3/hr fluctuating first peak goes from 8564 m3/hr-8107 m3/hr
RTL Response Level (6% from Surge Limievel) =5300 N€ar 1500 second.

act_m3/ hr 1600 16000

Note: 1400

11000
In this simulation, gas composition is assumed constant ar
simulation is carried out with fixed speed of centrifugal
compressor which is the minimum governor speed 6650
rpm. Therefore, for simplicity, a flow based controller is
implemented as surge controller taking input PV from e e L
compressor inlet and output is the asrge control valve. Time [seconds]

The controller maintainthe flowat 1.1 times the surge flow  Seeninetcteeamibag)| Feenkonp ne Al otme w15
at the give compressor speed througho waysdiscussed

separatelysimple PID control actioand Advanced PI plus Figure 13. Surge Condition when Suction Pressure Decrease

1200

6000
1000
1000

@
]
3

-4000

@
S
3

Station Inlet - Pressure (kPag]

Comp. Inlet - Actual Volume Flow [m3/h]

RTL action Case 3:StartUp of Unit

Surge Parameter SLL = 1 Surge condition during att-up of unit was simulated as
Surge Parameter SCL = 0.826 shown in Fig. 14. Speed of turbo compressor unit is
Deviation DEV atSLL=-0.173 increased from 0 to 6650 rpm with closed ASV, surge occurs
Deviation, DEV aSCL= 0 and flow fluctuates from6258 to 8480 and further continues

Hence, the safe range sfirge parameter is less than 1 andfluctuatingmaking the system unstable.

safe range for DEV parameterggeaer than-0.173. o e

The parameters incorporated for controllers are mentioned as | _ ;0 A _ tao §
under: Eocois s S
PID Controller Parameters: § s000 e £
Set Point 5500 act_m3/hr @ 4o o 5
Gains:Kc = 0.3, Ti=0.5 min/ rep, Td =@83 min 4 3000 a2
In tuning the PID controller, assistance from HSYSY binilt g 2000 :zgg g
PID Auto Tuning feature was taken for optimum, fast and © 1000 800 5
Stable reSponse. : 0 50 100 150 200 250 300 350 11()0.10000‘_Ci
Advanced Controller Parameters: Time [seconds] H

Set Point 556500 act_m3/hr

GainS:P — 05, Ti= 0.1 min /rep = Compressor Speed [rpm] === Comp. Inlet - Actual Volume Flow [m3/h]
RTL = Depends upon ta of change of Ss (10%ptimum set

in our simulation case. Greater than 10 % causes unstable
response with hunting in ASV and less than 10 % causes

Figure 14. Surge Condition during Start-up of Unit
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Case 4:Emergency ShutdowtESD) of Unit

. . . - - . ism
Surge condition dung ESD of unit is shown ifrig. 15. As 5
the unit shutdown was initiated, Suction throttle valve anc ¢**
Discharge valve ValQl were fully closed with closed ASV p 0 T e Hoath PSP
and speed of the turbimeasramped down.When the speed a0 %
decreasefrom 6650 rpm to 3325 rpm, flow reversal takes ¢ % —— Comp.Ilet- ActalVokume
place from 8627 m3/hr 163646 m3/hr. Thus the system 52500 i Flow )
experiences surge. 5 260 = = = PID Controler SetPait
T
7800 12000 _ 200
o0 moeé MWW W0 0 B0 3
E‘.sauo 8000 Time [seconds|
fg o 6000 § .
s 4000 5
Q 2000 © 1
@ 2800 i ;
a ] 10
g 1800 2000 :(J
© 500 4000 g} —PID Surge Carkroler- OP ]
200 6000 = = B
800 820 840 860 880 900 920 940 960 980 g‘ 4
Time [seconds] 8 ; —ASV.- Actualor Current Positon
(A
—— Compressor Speed [rpm] == Comp. Inlet - Actual Volume Flow [m3/h] 0 [m]
, " , ) 0 0 3100 wm 3w 0
Figure 15. Surge Condition during ESD of Unit Tie cons]

Anti-Surge Controller Simulation Results 1
Case 1:Response of ASC when Surge Occurs tbudigh
Header Pressure

Conventional PID Controller

When the header pressure is increased from 3281 kPag
3548 kPag at 3100second, the floweduces to 5049 m3/hr,
ASC generates output to open ASVitareaseflow to the
set point 5500 m3/has shown inFig.16. The system does 3’
not experience surge in this case.

=

=

= = =Jurge Parameter (Ss) Limit

rge Parameter (Ss)

>
w
o
B = Surge Paramater (Ss)
"
3
@
]
0

= Calculaed DEV
= = =DEV Limit

Surge parameter goes from 0.6 to 1.0 and DEV goes from 20 B0 3000 050 00 30 W0 N0 0 B0 300

0.2 t0-0.175 during low flow situation and restores to Time [seconds]

normal values after control action by ASV. ] )

Limitations of PID Control Aton Figure 16. Conventional PID Controller Response for Surge

S Protection due to High Header Pressure
R e hsderpessre s nreasd o 3252 46 0 5 oo o 064 10052 ard B oes o
surge, ASC generates 25% output) to open ASV to restor .18 t0-0.05, not crossing the limits, thus the system remains

Stable. Advanced PI plus RTL response is superior in
flow but the flow reduces fr_om 6235 m3/r 1o 3299 ”.‘3’ hr erformance and protection of centrifugal compressor.
and the compressor goes into surge as shown in Fig. 1

After 02 cycles of surge, the system restores to the set poigfase 2:Response of ASC when Surge Occure thiL.ow

with 33 % output to ASV. uction Pressure

Conventional PID Controller
Surge parameter goes from 0.64 to 2.3 and DEV goes from As the suction pressure is decreased from 1827 kPag to 1686
0.18 to-1.47 in this case. The compressor experiesuege.

Advanced Pl Plus RTL Controller kPag at 9140 second, the flow reduces from 6279 m3/hr to

0,
When the header pressure is increased from 3284 kPag %06 ms3/hr, ASC generates 7% output to open ASV to

3619 kPag at 4930second in a quick manner to bring SeVerrestore flow to the set point 86 m3/hr as shown in Fig. 19.
surge, ASC generates 27% output (17% Pl + 10% RTL )in a

speedy manner to open ASV to restore flow amel flow

reduces from 6250 m3/hr to 5213 m3/hr, then restores to

5500 m3/hr as shown in Fig. 18. The compressor is protected

from surge.
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§ g " § {resesesaraercsncenacace <0
50 5 == =Surge Parameter Ss) Lini ‘.
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WhOOS0 0 K0 6N 60 ki ™0 e
T seconds] e e S s e i
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Figure 17. Limitation of Conventional PID Controller for Sever i b &0 0 2
Surge Case due to High Header Pressure Timg seoond

Surge parameter goes from 0.63 to 0.85 and DEV goes frorr]:i . :
A ure 18: Advanced Pl + Recycle TripController Response for
0.19 t0-0.02 as shown in Fig. 19. g Y P y

Limitation of ConventionaPID Controller

As the suction pressure is decreased from 1824 kPag to 16R§Huces from 6320 m3/hr to 5071 m3/hr, then restores to the
kPag at 950D second in a quick manner to bring sever surgeset point 5500 m3/hr as shown in Fig. 21. The compressor is
ASC generates 30% output to open ASV to restore flow busrotected from surge.

the flow reduces from 6319 m3/hr to 3580 m3/hr and th&response foBever Surge Case due to Low Suction Pressure
compresor goes into surge as shown in Fig. 20. After Olfor Sever Surge Case due to Low Suction Pressure

cycle of surge the system restores to the set point with 33 ®Burge parameter goes from 0.625 to 0.97 and DEV goes
output to ASV. from 0.2 t0-0.15, then restores to the normal values and the
Surge parameter goes from 0.625 to 1.97 and DEV goes  system remains stable as shown in Fig

from 0.2 to-1.15 as shown in Fig. 20. Case3: Protection from Surge during Staup

Advanced PI Plus RTL C_ontroller ASV remain fully open as the speed of the turbine
As the suction pressure is decreased from 1825 kPag to 16%6mpressor unit is increase from 0 rpm to 6650 rpm in
kPag at 752 second in a quick manner to bring sever surgeg0seconds, the flow increases to maximum value 8681 m3/hr

ASC generates 35% output (25% PI + 10% RTL ) in @and then becomes smooth at 8627 m3/hr as shown in Fig. 22
speedy manner to open ASV to restore flow and the flow  No surge occurs in this case.

Sever Surge Case due to High Header Pressure
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startup, emergency shutdown, high header pressure and low

519“9 mw suction pressure as expdaor in this study. Properly tuned
F 1 B conventional PID controllers become ineffective when severe
L %009 surge occurs in a very less time, thus advanced control
g1700 W3r o — becomes necessary. Advanced controller generates Pl
1150 6200%5 g : response and a quick opening open loop response Galled
31500 6000‘5 recycle trip response which gives sudden opening to ASV
; q§ s et Vome P when RTL threshold is crossed. Advanced controller works
sun mgﬁ 3] well in sever surge case and protects the compressor from
5.1300 g =PI Corroler Set Pt surge effectively. ASV should be opened fully during start
g “Wg up and ESD of the unib protect from surge
5 0 )
Cm o om m m W . 190 800
Time [seoonds] 5 18 70007’”&
0 -
3 s o 43 —— Comp. et Pressure Pag]
. Lo LU
a8 80
; $y 50 500 £ = Comp. i ctl Vokme
5 SO ot Flow m3h]
=1 g £ 2
£y =0 Suge ol OP § oo $3 - =P Crolr St
) U1 ]
| . U T 1 1)
0 =3V - Actuaor Curent Positon _
i) Time [seconds]
1 L
g0 %0 0 9w B0 MW P
Time fseconds] 5|
¥
1 B - PRy
' Log i PID Surge Contoler - OP ]
T s s s s e 1> g )
B0 | 8 e SPROSHT -B7;Sure Peramelr 0| A3 Acteor et Posin
: e (Ss) 5 :
1 0 i !
G e = = = Suge Paremeler (Ss] Limt
Ly .—'\______‘_01 i oW W0 K 9 %0
1] 1
By | LY Ol Y L o
m []r------------.-...-......‘03
MW W 90 W W - = DBV Lnk B ;-5
Tie seons] 3 i3
[} 1,0
gl ! T Suge Paranelr (5
g B3 £
Figure 19. Conventional PID Controller Response for Low i 03 = = = Sure Paamete (5] Lt
Suction Pressure Surge 0 B8 = CalolledDEV
Case4: Protection from Surge during Shdown of Unit g’ g ® -
As ESD command initiated, ASV fully opens and the speed 0. g5 - -DELt

of the turbine compressor unit decrease to 0 rpm from 6650 W0 S0 W0 YW %N
rpm to O rpm, the flow decreases in line with the speed as
shown in fig 23. No surge occurs in this case.

CONCLUSION:

Anti-surge valve and Anti surge controller plays an
important role in the protection of centrifugal compressor 54
from surge. Surge is a speedy phenomenon, can occur during

Time [seconds]

Figure 20. Limitation of Conventional PID Controller
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Figure 23. Protection from surge during ESD of Unit
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