2. Z} Unit Operation o] ™3k 3L
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Dynamic simulationo] Z 23k o}g] &A% ZtUnit operationo] w3k ¥
7} inputo] ¥ ojoF gttt
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52 2 Yo]F o] simuation boundaryolA <13}
operation Alo]E AA3 = JTS s

=7 HERHY,unit

Dynamic simulation®l] /1= boundary condition®] pressure specification} flow
specifications i17gslofof ghr},

2.2 Heat transfer equipment

Air cooler, cooler/heater, heat exchanger, fired heater
exchanger’} )t}.

1=1]

% LNG multi flow heat
2.3 Piping equipment
Mixer, tee, pipe, gas pipe, valve,Z relief valve = ©]Fo] Xt}

2.4 Rotating equipment

Centrifugal compressor or expander, reciprocating compressor

2 pumps o=
o] Fo]#] ¢)liL,dynamic simulationo] A= B3 A HE input 3t Aol 8
sttt

Rotating equipment ] vendor datacll theh 2} €] input#4
E£3] Centrifugal compressor®] 7] 2% ¢l =2 @ o] FQ s},
Centrifugal compressor®] flow control<>

Speed control

Inlet guide vane throttling

Suction valve throttlingell ]3] o] Fof %] a1
Minimum flow™| surge A&

WA e 95t

Anti-surge controller”7} ).6.™
A systeme] A
Parallel operation
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Capacity control
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Centrifugal compressore]] tj3F &0 2 Q@ A}g+S @ okstd olge} 7},

2.4.1 Compression ratio

3k stage WE suction pressure % discharge pressure® i @O E
compressor 9] =S AASI= key factoro|th. o]u] pressure= absolute
pressures AF&-3tt}. o EE09] suctione] 0.5 kg/cm2g ©]al discharge”} 3.5
kg/cm2g¥ 7d-9- compression ratiot™= F=4.5/15=3 o|t},

215 compressorE Ulsti= engineer®] 7-%- pump 2| differential pressure]
Mada =5st7] A o= 9ol i He ZAOE pump9l differential
pressure’} 391 79 suction pressure”} 3kg/cm2ge]™ discharge
pressure= 3+3 =6°| HT}

A7k compressor®] compression ratio’} 3 <17~ suction pressure”}
3kg/cm2ge] ™ discharge pressurei= 4 kg/cm2A x 3 = 12 kg/cm2A 7} =o 11
kg/cm2g”7} €t} uwlEbA mult-stage compressing ¢ 4% 37Fe] pressure
& A48 A5 ta o] A8Hrh

Suction pressure”} 0.5 kg/cm2G ©] il final discharge pressure 7} 10 kg/cm2G
ol 7% 2 stage compressor®] 7-9- compression ratio &= F= ( 11 /
15 ) " = 2708 o] @t} o]d inter stage coolerell ] 3} pressure
margins w5 T 285 ALE A4 W Fudsirh  oju 3 1'st stage
discharge pressurei= P1=1.5x2.85=4.28 = 3.28 kg/lcm2G7} Ht}.

2.4 2 Adiabatic efficiency

BE 7Al= ol 7IAI7Y ol E R Isentropic efficiency™= compressord &<
] = Heojur) gy, welA adiabatic efficiency$t mechanical efficiency =
&S Yel =Y adiabatic efficiencys @9 4EA] o] 24 Q3 oYX =
A

A Al compressor’} AF&slE oA & ek

2.4.3 Performance map

X5 process compressor 2 749 pump<? performance curvest= E
performance area, performance map°¢] = = stute] - A4S Wt &
Aol Aol ofyal of= dAg 3 do] U

o] 23t 4 49 turbine driven compressor®] 7-¢- turbine & 4ol whz)
Al4:35le] performance curve’} WEtE R 2 J9o] A7]i= Zo]il motor
driven®] 7 -¢- variable motorg AF-&3% 749 turbine driven”} %] speed®] ¥
slol] oJsto] 7 PHo] A} SHA|RF variable motorg AH& A9 A

719] frequencyE HIo] & 4= 9li= frequency converterZ} $lo]oF 3o},



Fixed speed motore] %= ©]<9}i= & guide vaneo]&} 4] compressore]
suction side®l blade¢} A E| 9] vaneS EolA] compressor o ¥ +=
gasE AloJ3te] Z=r guide vane?] Zt:=ol whel performance curve”} *§7]E
2 2 99 FdA-dsA "o
Performance map-> compressor®] %l LEH
-9 Q3% dataZ HFEA] B HS &

WA Y% discharge pressure=-> inlet pressure (Absolute pressures o]
Abgsholal olgl%2 mass flow =2 volume flows YERATE o341
speed curve=-< guide vane Zt=ol t)st curve’} 3l 919 A -2 surge
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2.4.4 Surge<} choking®] 71l &

Surge

Su?ging??i’?}% compressible fluid (Gas or vapor) & =3}~ compressor
o ] Wo] doju}= HA S = incompressible fluidE &3t pump2l 7
$- discharge line®] |- Z A1} discharge line2] =y%o] 27}

9etar LukA<Ql processoll A= A ARl o7t vk, AL SO
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T A+ performance curve area’} =t ©] area®] upper limitedE *3}
Sk 7d-9- surging® o] UAE

Surges] €<l

Surging @7ol doju= olfr= AYZEX7F de=dl dlF-E°] process
operation 2] A<

olste] Al HT,

1.Suction side?] flow”} 2 A= 7%

2.Suction side 2| pressure 7} &7} A5

3.Discharge flow”} valve 5ol 2|3} restriction &&= 73-%-

4.Control system2] mal-function® 2]l speed’} 1H2+7] <2 7l 4%

Surge ¢ €7

AAZ  compressoroll Al surge’t A7 compressor © Z|AAHo=
damage & AIEY. AW o2 Vibration ©] F7}slal rotort} blade
bearing padsel Fz& Fo] 7]AX<S  damage’} Ut o]
compressori= surge count’} A= 4% surge countoll ]3| shut-down ¥
A Vibration high® shut-down ¥ t}.

Choking

Choking axial compressorol| AWk 1= Ao 2 7| A4 2 centrifugal 2}
= UE g8 & 7]A= compressing st2E A7tk thSo oA B
5ol centrifugal®] 7-9- discharge pressure’} 2 74-9- casing <lollA]
pressure’} %ol built-up %A 93l pressure?] profile®] smoothdr WHH
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axial compressori= & W3O 2 7|A|E compressingst=Z 7} stage H=Z
Al&3ke] compressing stE= wEA| T stageoll A S=E 71A|7E A M
Fo] grolAHA BE 5 AU AI7F uEA ) bladeo] dS 7Fste] do
U= dAdo= upx9t bladed %7 343 =o}A™M  mechanical
damageE ¢ TU}. axial compressor®] start-upAl = &/ choking® ol 2
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2.4.5 Anti-Surge control

Anti-surge control= ©]3l|3}7] 9|34 += WA performance mapS ©l3l @ efstal
anti-surge controltoll = 1]$%- E3+&tar thddt LAS 4 e oAM=
process engineer’} designAlell ¢rolof & AFEFI @Al A AlEHAAl HLF A}
ol disfiA Rt 1teFs] Atk S AAg Wes B A2 75 Attached
¥ CCC manualS a1 wlght},

Surae limit line Recycle trip ling

Safety on line - :
- Surge cnnnnlnne|
P
L PN N SN ' * SN S 500 rpm
o 2
s 1
o 5000 rpm
r \
e 4500 rpm
4] 4000 rpm
3500 rpm

Capacity

Performance map

?1¢] Performance map©l~ compressor’} pressure ©| ©]3}o] control T il
< 7% normal operationA] “A” pointol 4] & Ft}rl ojm sk o] fof 25l
suction flow”} &1 &7 o] compressori= ¥ 73t dischargests X317 <
3to] “B” point= operation point7} %7 A Al ¥
+ compressorol] YA F o]ie] gas flows
Al ZFE T}

< suction flow7} o] 7 = ©] processoll A ¢ 2+ net gas 4| point
“C” 7}A] Zo]E anti-surge control valve = open o] gap ‘D’ BF2| gas¥
< suction sideZ ¥ =2] A blow-off 3l suction gas<] dHF AL s

¥ o
H3le] compressor?] operation point”} surge control line & Aol 714 &AHE

t}. o|uj5-E anti-surge control
Aete] 7] $18A] controlo]



control 3= Zl o]t}

o7l 7 Tagk 2
Qtell configuration st &
ARG AL PN FAsolop & Rio|A ThET WA

surge limited line2. 2 ©¢JlineS T43}%] controller

KR
M 8Tk e 4% UnA FRER TAHE

line2] EAJ

i o

£

thsto] Akl

Surge control line

Surge control line< compressor’} normal operation*] }X.°§ surge control
valve & fully close ¥ ©] operation ==t H 3 surge zonel.Z %7 7}7]
Az 8w surge-control valve”} controlo] A]ZtE = FEolth.  wlebA
surge controller’} AA2Hs Fo]aL valveol ©]Zdo] {Ithd control line ¢
o| A operation ¥|™A] control line & el S ol & o= o]E W
ol 7IA+= ¥t =& process | gas¥Fol #A] W= oo A
gas® ¢ dstd] speed”’t performance controllerel] <Jaf wh= A w3
A5 T2 ool

—~

Recycle trip line
o]n] surge control lines Wolx x= e WA He dde=
anti-surge controller= 743} compressorgE 43t A]717] $lste] valve
£ step function® = openingd¥ %3] 2O ™A surge control line$l=
operation pointZ surge control line] & %7 F& 3t}
Recycle tripe] A5t compressore] R & & 9|3}o] anti-surge controller
+ surge-control line, recycle trip line, surge limited line, safety on lineS =
=2 ¥tk w2bA surge control line?] ol Aoperation®] 7153k point7}h
Agas flow7} gH7F Hojk ojn] B lineso]l 2wH &AA Ao
recycle trip actionS €°7 4 rt.  o]F-$ controlleroll A recycle trip
rampE 213}l reset eFo]okit BE lineS A point® HEw AGAF

221 operation®] 7}5 3}t



Recycle tripe] &% ¢l valve response:= T3} 73l compressorol A

Quick )
Opening Slow Closing

o

Recycle Trip Response

flow7} A A3 S71% A7) Fol== dAdo] ofF F71H SR ¢F 3-10
cycle= o] i},

Surge limited line

AAZ surge’t YoJUE pointZ compressor vendor’} A|&8}= surge line

o]

Al oA testste] A surge point7t Uo] L= pointE testdhF &

ol oA =2 owner?l preferenced] ¢lsto] AAF T ojwWA AA S o]of
ste=Al thaollA FY AAle] AR skl

2.4.6

Safety-on line

o] pointe]l ="l oJul surge 7} wHAISIAL controllers A O
surgeS protection %37 02 anti-surge valvet= A3 full2 A=)
AdWtH o0 2 anti-surge controller #AFA| 2] function WO 2 &= compressors
shut down A]7]#] A9k HE compressor | surge count’} Qo] o] %=
el 7t =W surge countoll €]3Fe] compressori= shut down ® Tl Anti-
surge controllerol]l '= safety-on ramp”7} & ©]2t}.

Anti-surge control valve 2 system A AA] <] A}3}

Instrument system

o9 294l R%o] anti-surge controller= speed signal, inlet / outlet<]
pressure, temperature signal®} flow signalE %=t} X5 flow signal<> ]
L 3329 signaltts AFESHE 97 Btk 9] signals2 sensorol] €]
& ko]l pick-up® F transmitterS A3 controllerd] HEE=o] dubAQl

transmitter®] 7-$- repines time°] "% =t}. HE processol| A step input



o

| ALl transmitter’} step@te] 2F60-70% #hS LFERE w] 74A]] A
Fo 2 ®B'& 9200 msecs 0.2%E 273}

= speed signal®] 79 governorol 4| directZ anti-surge controller= 7}
A EFA] ol HTh.  ProcessAla2 o}UX|wk anti-surge controller
AAH signale] 4% X% isolation barriers L.73=2 compressor
| 71AG Aol A 242l e rotof gk

st Anti-surge control vendor”} Z} instrument item<] rangeE &.7-3h=tl
| A% A2 3= FofoF 8kal range’l viHW SA] TR Fofof g

N

L2 (0 Mo A
fl

=
A
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o H 1T

e

23 7} signal®] sensing tube ] “-%- tubing <ol condensate’} A
71 7459 dste] div] 4= 2l design ©] Z Q3Hd] WA sensing tube
lineo] transmitter® E°] 7}7] el condensate drain potZ x| &} o} 3}
3 sensing linedll slope®] compressort} line_% o2 0] transmitter=
condensate”’} E¢]7}#] X383l compressort}t lineo =2 WX AlH  FFo]of
gt}

E-3] air compressor systemol| A= slopes A &S 79 operation 3
do] k.
Tk transmitter®] 74 -9- vibratione] A& pointell 2% @ 7% vibrationol
25t nose’l WAYSIE=Z plate form Aol A XAl o] & 318 3}e] vibration
o] A%t A5 FsfoF gt

d4ol 4] mechanical test run=-2 thE o] 9lo] surge test ©] ol

b

1 0.0 2 anti-surge controller

1Eo)
transmitter®] mal-functionol] ¢] 3} shut-downo] A}
PS4
=

compressors =H T AT AFo] J&FE
vendordl 7] initial2 compressor vendor’} A& 3l surge lines 7o =
configuration & Z1& @43ttt 121} surge test §1¢] compressorg #
’} operationst= 712 A3 w2 kA

a2la @4 913t surge control valve®] opening percentE PLCE A A
serial communication signal® DCSol] B U5+ Zlo] Eu}. 138 e 7
S dANA gelst AL speedet pressuresol 23 performance map
o A FAHSH =2 troubler] ©-$- &EH3}T],
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Anti-surge valve sizing
AH2 91 control valve?] 7-9- Al4:3}e] opening® ©] processZ control &

[
-

Zol A7t surge valvetr= "] surge A4S | A3t compressors A
o7 HEHOF 2R thE control valve?] sizingEth & valveE &
=3
Rated capacity°ll 4] compressor®] differential pressure$} capacity= control
valveE sizing 3% CVitel 1.8-2.2¥|= Cvas ZAsE Wy
Capacity”} "¢~ & compressor?] 7Z-¢ (FCC main blowers) maximum

r ox r

capacity©l]l A operation point discharge pressure®} maximum discharge
pressure®] 75%% ZS ZtO.® sizingsts W ol otk
T O7HA R B ARl Ay H Fe vt gl

- Anti-surge valve2] requirement

Control valve?] EAdd+= vt I¥o|X A7 equal-percentage, linear,
quick opening type©] A=Yl EF linear 542 valveE 2o] 2 ++=d &
T valve®] SAl A o] A i vabg s lvkal g kAt
& compressore] 745 oA 3] linear 545 L7438+ AS7F wownw
HE= A] vendor®} control valve characteristicoll t3lo] confirm 3}ojoF 3k},
52 valved FA5AHCSE openingAl 3% olitel W S o
opening®] Al E ook Skt = controller 1A 0% A 3% 7FA] kel
W3S 91 w valve”} openingS A ZHstojof sttt o] e valvel] &
Aolgtar B7] Hihi= dFoA XA positioner 9 tubing®] size, Z o]

©
83l 83 EXAF3uE valve opening &%= 2 control signalell 2] 3}o]



valve’} open W= 0%°lA 100% open 7}A] 2 Zoluld] < ofslar
logicel ¢]3lo] solenoid valveol 2]3lo] open 2 79 1% o|ulo] £+43]
djoF dlr}. o] 3 time limitation> actuator size<} air tubing size, length,
positioner type 5ol #$- F =22 AAAl ¥d3te] valve vendorZl *]S-4-E
WPt E stojof dAgel Al A17F fIth Valved] close &%+ A &
A A =

HE anti-surge valvet™= compressor®] X & & ¢35} fail open position®] =
2 instrument air’} WA valve 7} open®lti. wjwiZ o] time
limitationS- = =-3}7] $l8}<] air linedll quick exhausters ©7]% s}t ©]
= vhghA sk ok AR8ste] & A¥ step wise 3HA| valve’l EEl= A
o] glo] AAsIA Ferh olH A& actuatorE HFFEAY tube sizeE
719+ Blo] w45t

AAZ Z size(207°]4)2] valveo] 749 o2 3t time limitationS A 7] =H|
instrument airg A}-&3}i= pneumatic systemo. 2+ ThA FE7F gomg
hydraulic system ©. 2 31#3}= Zlo] nlgkzs}o},

- Anti-surge valve2] %]
1. Antisurge Valve:= 7}'53F 3k Compressor Dischargel A 7171471,
Discharge °llA4] Antisurge Valve7}#] HdAg 2 a4
Recycle Hj#loi= Check Valve 2% &7}
Check Valve”} Downstreamel 9127
Cooler7} QA Hgjsle] X2 (Antisurge & 4= 717

o~ oD

WYOLUME N
THE DISCHARGE

J (@323
i_
CHECK VALVE

Q‘_ ANTI SURGE
YALVE

SUCTION
DRUM COOLER




2.4.7 Anti-Surge system®] 9] #

2 CASING®l]| RECYCLE VALVE 1/l & &
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Cooler A|t}4] Recycle : Lag TimeZ A H(3] & A) Cooler 7 ¢4 Recycle :

0

2.5 Separator operations
: Separator, 3 phase separator, tank, short column 2 column component splitters 2
2 012 A ULCH.

2.6 Column

Distillation column, reboiler 2 condensers2& 0|FHZ& reflux column= Z&tHCE.

2.7 Reactors
CSTR/general reactor, 2 plug flow reactors22 O0|FHAH UCH

2.8 Solid separation operations: Simple filter, cyclone, hydro-cyclone, rotary vacuum
filter, 2 bag-housefilters2& 0|20 M UL

2.9 Electrolyte operation
Neutralizer operation, precipitator operation, crystalizer operatonS 22 0IZH N 0|
Ct.

2.10 Logical operation

Adjust, balance, boolen operations, control operation, digital point, recycle, selector,
block, set, spread sheet, stream cutter, transfer function, controller face = O0IC}.
System&™ Bt2| process condition2| controlS 0l Z RotCt Event scheduler?t Logical
operationS 1t = sequence control, start-up, shut-down & simulatorOil A coverdtXl
st 2229 ZFZAME otdD ot A0 ¥EE 28 Eot=0, 52 28

At A Ar&E &= J|70|Ct. Event scheduler 2 integrator
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