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ABSTRACT: It is important that an MGO Chiller System, which is one of the sulfur oxide emission control technologies, is designed to meet the
fuel temperature requirements, even with sudden engine load changes. Three different control algorithms (PI, Cascade, and MPC) were applied to an
indirect MGO chiller system to compare and analyze the outlet temperature dynamic characteristics of the system through a case study. The results
showed that the MPC control method had the best temperature following characteristics in the case study, and the temperature deviation range was

reduced by approximately 5% compared to the PI control method.
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IMO : International marine organization, = A3 A7 ]+

SOx : Sulfur oxide, F4FsHE

MEPC : Marine environment protection committee,
SR 5 93

LNG : Liquified natural gas, B3} A7 2>

MGO : Marine gas oil, "}&7}2=2

HFO : Heavy fuel oil, I3

PI control : Proportional-integral control, H]#]-2]34]o]

Cascade control : TFEHA| o]

MPC control : Model predictive control,

SP : Set point

OP : Output percent

PV : Process variables

Bl SA] 0]

LMTD : Logarithmic mean temperature difference,
HFE 253} [C]
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A A7 ]THIMO, International maritime organization)= 3l %
3174 2.5 9] 3| (MEPC, Marine environment protection committee)
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Z Aojst= Aol F23ltHKang et al., 2010).

MGO &7 2% A& 34 Ryu(2013)2 3-Way valves}
sytznposf ~EiRlS FU1sle % Ao A5 RSk &
o2 2% Aoyt 7Hes AA Wzt Wl MGO cooler system
& T3 3, Kang et al.(2010)2 ti ol A= HFOE A&t
Tl A= MGOZ A8E W A|3= Fuel change system®l] £9]
7F= MGO cooler®] &7 Ao 54& HIISIATE Lee et al.
(2011)2 28 W2zt %21 MGO cooler system®l| Sk7F2=Hl-o a2~
gl AARABRE FTlete] F3F \E Ad=E f7]3
o] 7FestEE shaith A8 AFE] B2 Ao Wil
Pl(Proportional-integral control)A|ojoll 3+ Aol F7}2Q1 AdH]
£ Edafordtth= A7 Aok B3 §43] A F8brt WA
2 o MGO &5& Aloshs d7te 2olir] ozgth stz
o] Tl 9% 25 AlojEnt ofg} Ao W & 2
5 Ao #F AFE Hasith Ao} 7S & o, YRy e
2 Fo] HEE+= Pl Ao o]l Cascade Ao, MPC(Model
predictive contro) Aol & S FA o wet /LR Ao 7IHE
o] ATHQIn et al., 2003). Pour et al.(2007)& 37}A Ao} Larg]
& W7 4ol A5t FHAE HlwskT

£ AFE HYSYS modelingS 53+ MGO chiller Al
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2.1 MGO Chiller System

MGO chiller= W7+ Rl we} 23304 WarzHleos
TEE e, & ATl = ol Fig 13 Zo] & A
o] EAdo] £ 1 B2 W4 MGO chiller system= 123}
t}. Service tankol A Y& ¢F 45T 2] Hot MGOS MGO chiller®]
A At d wEE AlA 3eStell F-EdhHE 18T 7R st
ol AXoA Q7EH= MGO 9E A& ISO 8217;2017(ISO,
2017)°) &3l 40C Y w), H& 2c5tY] HEE A= AL 2T
3t 912U Port operation ©]F ol 4 A=E AN ok 1]
ol 3cStolde] HEAA MRS AFsrE At wet
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A 40ColA 2eStE 7HAE MGOE 3cStE THE7] 218 MGO
chilleroll 4 18C 744 WZFAIZTHKjeld, 2009). Wvl= AHEH =
e Wl o3l Wze] =m, Wl Alo]E-2 On/Off Aloj=
o] Ho| FF BT 57t 8F LEHTF &S A W A
o]ZF9] Compressors ZEAlA 25E WF1, & Adde

Compressorg 2+& A A Zth.

2.2 Mloje| BF

Cool MGO2] 2%(PV, Process variables)E 87 =5(SP, Set
point) 2 WZIAIF17] s A HS(FW, Fresh water)e] o] =
At §3E 24357 9% Alo] HHORE the3 22 Ao
dag]Fo] AHH AU

Pl(Proportional-integral control)#|©1+= Feedback control®] & ¥
H(Astrom and Haggland, 1995)2.24] o]gto] ¥AYsHH PV} SP
9] 2RI e(t) & 7122 of) 4 (1)3 Z©] OP(Output percent)
£ T3 HDoyle et al., 1992).
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Fig. 1 Schematic diagram of indirect MGO chiller system
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MPC(Model predictive control)= I} 2] dlo]E| 2 ®HE A4S
T35t HA9 Ao} g& dPsh= Ao dagEoE Af
2ot 318t ZWMEA Fo| AREHE Aol 7IYHelthQin
and Badgwell, 2003). MPC controller= ¥ AlZt o] 9] ndllS
71Hto 2 3t Inputat-s Ui O R EEsh= WHoEA 54
gk )2t WA Al Overshooto] HAYSEA] a1 w2 A SPol| ~HE
I JEE 3= EA0] H(Tuan et al., 2017). Pour et al.(2007)
2 MPC-PID cascade A& $19] Fig. 33 o] T3+ 7|29
Ao ¢a2]EF vl T MPC-PID cascadeAl| o= A 2] SP
7} Pvell oju g Faks A I At 7158 st ol &
Hrgste] HAe] v SPEkE fradhe W olth o|F o] SPEk
< 7FA 2L PIDA|Y1E Al33tA] Fth. MPC-PID cascade A o= £
ol g 25 WHslE-S WA AAEHAL o]F ¥Fst Alols
3= Feedforward control®] gt 50|t} MPC-PID cascadeA| o1&
Direct MPCA|o} Bt} &5+ =2]A| 9t Overshoot”} HA3HA] oF
3, & Ao] Fazo] XEgE W o|th(Lee et al., 2000).

23 dA 7|E
olglo] Fig 4+ &Z273<Q Aspen HYSYSE ©]&3to
MGO chiller system< Dynamic modelZ 733+ ZHo|t),
Modeling®ll A8 ZEl¥4 2(EOS, Equation of state)< Oil
& Gas, A 318 HofolA 71 @o] A8E= PR(Peng-
robinson) & ARE-3IA . ZF AH|EL Steady modelS F3] &
H] Ate] & stalom Al Bad 782 Table 10 st
STt oA W Alo]ZoA Wull= Bvaporator 7oA X
5}%57] “deio] 1L, Condenser ST-oll4 Z3}Y Fejoltt. T2t
AA Gl AtolEellAe AgsAl E3157], Z3ld HEIE A
ofgtr] ofEa, Hij, Aul, WE A dHASE AL F
© =22 Compressor®} Expansion valve?] Fthof 10C 2% npxl
£ 75t BeH o R HAISHATHBoles and Cengel, 2012).
HYSYS simulation-S T Ed9] 2/4do] whe} Anle] 7]
oF EAA7F gtk wEbd 3 W tid B 245 A
gatAl AYshe Zlo] Fastth 18u MGOS| =4 &
A JA FOo = Z [S08217:20172] AZF2] EA is
o] MGOS} A B4A, U5, HIES 7FX =5 Hydrocarbon
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Table 1 Assumption

Assumption

Min approach 5 C

No phase change : LMTD 10 C

Pressure drop : 0.33 kPa (Shell, Tube side)
Adiabatic efficiency : 75 %

Equipment

Phase change :
Heat Exchanger

Pump Heat exchanger pressure drop considered
(Pipe not considered)
Compressor Adiabatic efficiency : 75 %
Valve Isenthalpic process
Vessel Volume : 1 m®
Refrigerants R-134a
MGO CioHz : Ci4Hszg @ CigHss @ CigHs

04 :0.09 : 048 : 0.03

—
V108
ﬂ' —
= ‘ Compressor £
l &r — ~§
Hot MGO M(?O 2y
MGO  pump Chiller| Evaporator
- ——— Cooling SIW
F. water - =
- Pump pump Condenser
FIC-10
B I - » -
Cool -
Expansion
MGO Valve

Fig. 4 MGO chiller control system
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ALZ T8t 7M. 1308217:20179] w2 DMA
(Distillate marine fuel grade A) 9& 7]F 40CY v FHA o)
2~6¢St, 15CY w] Wx7} 838.2kg/m?®, BIE o] 0.48cal/g-C o]T}.
7Hg% A8 F= 40CY w) FHA0] 2.35¢St, 15C Y o =7}
838.2kg/m’, H]E o] 0.471cal/g-CE MGOS} FAFSIC)

24 {4 mztlH
zay 21101 U 2w WHElES 1Y) 98] Master A|o17]<
< 717} 13.1, 4.52 PI, Cascade, MPCA| o]
25 Wzl FFF

Cascade Xilcﬂ—t— Delay 28-S A&3lo] 284 23 dA) &
= Hlaske] Spof| WEA =EEES 31310, MPC Aol
(Process gain value)<} 7, (Process time constant value)E 2%
’\475 3}l Step response lengthS 15022 3t = 150712] Model
do] o] SPE oS3tk

step response S

2.5 Flo|x Ao

B Aol Azle] Fah WEe] Agh B2l (Wirtsilid engines
12V50DF)9] &3 2715 F=3te] 54 F-3} HE ol -2 Normal
Instant, Emergency modeollA]19] 2= ®¥is} EAS
Ayl el AR89 WskE2 ol o] Table 20 =A8HATH

Table 2 Case definition

Case Load change percent

Maximum load

[100 % Load] 2132 kg/h
Steady mode Mini load
nimum loas
[20 % Load] 426 kg/h
Dyn.-normal Load Change
mode [50 % ~ 100 % / 247 5] 100672132 keh
Dyn.-instant Load change 5
mode [33 %] 35~1769 kg/h
Dyn.-emergency Load change ~
mode [20 % ~ 100 % / 17 5] 2672132 keh

3. ¢+t &1t

3.1 Steady state 2% 70|~

Az 317 Maximum¥®} Minimum$% @, MGO chiller system
o] ojgA| 2AFsh=A ol r] 93] WA Steady mode2] FE
<& Fig. 59 Z=AISFETE Maximum load¥ Wolle &% 54
o] o} SPe} PV7} YAEH= EHE EHolut Minimum load¥d
o= SPe} PV x}om WAL o] & Eo]7] 918 OPgtol
Hslet= s & 5 Uk
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o] F2 AT 5o wet xtdH o R xo] HM oW Fig
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