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Abstract - The process of liquefied natural gas is less then ~160C to natural gas by cooling at atmospheric
pressure. When control strategy was made, one of the most significant is analysis of process. It is important to
understand the control variable change according to manipulated variable change. In this study, we experiment
natural gas liquefied process using C3MR (Propane Pre-cooled Mixed Refrigerant) process by BSU(Bench
Scale Unit). We analyzed the change of refrigerant temperature and natural gas temperature according to the
change of refrigerant flow rate so as to search an influence flow rate according to adjust each manipulated
variables. One of the manipulated variable affected a number of control variables, but were able to confirm a
control variable with a large response.
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Table 1. Natural gas and refrigerant composition
(unit : mole %)

A7}z g3 ge

Natural gas Mixed refrigerant
Methane 91.34 52.25
Ethane 5.37 32.30
Propane 2.15 9.42
Nitrogen 0.20 6.01

Fig. 1. (a) Mixed refrigerant compressor skid, (b)
Propane compressor skid.
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Fig. 2. Schematic diagram of gas supply utilities.
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Fig. 3. Human Machine Interface of the BSU.
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Fig. 4. BSU startup procedure.

KIGAS Vol. 17, No. 4, August, 2013 - 54 -



2.2.3. Data acquisition
+1E 58 319 &4 gelE = WinCC HMI
Z2 75 o] DBE Ak o]e} o] A%H
olHE st Aoyl AR} S Ao s
A7) {84 WinCC Data Monitor ZZ 7138 ©o]&
a4 HlolEE 7FE3H3Ath o] & AAIE MS Excel
< 0] 83 & Ed s 4 AFREE - ol
HAE w7pA 2] A7he & 39 =2 Yepg9l
on, ZARE & A B7HA et
N. Zof & oa
B E=wollA ZEsshes AR dAvke A}
A, & BSUE 223 Wujl Ato]E3 v A+
o|EFE T4 Hol Ae, ZEH Ao]EE o] &F
A7 20 Wzhe Yol o] &Y Edoly,
Lol Abo] 2 UREARI W Al 2=lo 4] o] A|ofe}
=22 g v EFuu) Ale] S dyeg 3
A o] EElEa 2 EeE del A4 2EY
072 HAVIAE YAA e TAHORE TEH AL
Zoll s oA sttt wreba] E3tgulel o
W = 734 E7E 28t Z2E-(MRV)F A
Blo] 2EZ(MRL)| EEol wE Aojyd2] st
£ 23Tk Fig 5914 dld FES Ao E &

REE-I
31. MAL R0 mE 2= 3

MRL %2 Fig. 5914 PCV-2029] Aol H e
oA 2do] HuH, T I dud] FH 2%

100.00

Hstol| whE W3S B8kt Fig. 62 MRLE|
& W3l w2 dudy] MCHE1 FH 2% 39
EN=E YepAth 2ol MRLY o5 A=
o] MCHE2 €x%7]= §l7] W&ol 9a-s F4 &
I 284 1= 7] wEo BAoA A3t
Fig. 6¢] MRL flow ratee 22} Ao B PCV-
202009k FEFS wb=r) I9olA 1, 2, 3HES BT
HAArt2e] exoly, 9H-& MCHE10A &3yj
9 Szl or]A Eul= MRL A4&E5F
o] obd MRL¥} MRVS] &5 gk A E3gv)
ojth. AA|H o E MRLY F3F Wl watr 25
H3LE 391 & 4= QiA|uh E3] E3tne S
o] B JFS VA= AL A T 5 STk
AZEEol A 70873 A Eue] fFe] F43]
ZastEA 9] e Ty} Eolxs= AL F9l
g 9lon, e dudrE B34 dusls)
HArtze] &5 A Assle As & ]
HH 2 100487 il f&o] AXe o &

Fig. 5. BSU process flow diagram.
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Fig. 6. The trend of MRL flow rate and natural gas temperature.

- 55 -

Stk A A|17H A4% 2013 82



r-{u

50.00

20.00

LAV

JM W™

-10.00

-40.00

-70.00

LA

RASPENA|
e
=

TT_J\M——““\
A‘—O\t - - %
-100.00 — _/\\ ®
[ @
-130.00 ®
——
®

-160.00

30.00

Kg/h,"C

10.00

Fig. 7. The trend of MRV flow rate and natural gas temperature.

TN

-110.00 -

Fig. 8. The trend of LNG flow rate

Fule] FU2EE T M35, A A7t
= A AA3E] skeE AS El & Aok
Fe] FLE7) e 212 Yo RE=Tt
Er= AR, Yo {7Fo] EFsivte A& 9fn
gtk FA A 3719 24 W4 T sl PCV-202
= MRLY #3#S 22E 4 3o, MRLY| &%
2 MCHE19A] Wule] Stz 714 & 43S
nRcty B4 S Qo

RS |

KR
L

=

.

KIGAS Vol. 17, No. 4, August, 2013

Time(min)

91

 H— S

—

and natural gas temperature.

32. MRV RE0| IE 2= 3

MRVE] frigo] A FA nA= IS 4
3]1 9, MRVE MRLI= th2 74 MCHE1Z MCHE2
F dugrld #AFL Fig 55 58 & 4 AU
w2ty &7 HolE 5 Fig. 6914 7159 4719] Al
o 4=9} MCHE2¢l #H&EH 4, 5 62 =5 7
9oz JepRH Fig. 79 Zth

Fig. 7941 MRV 2| fre] 6032, 1002, 130, 150

- 56 -



@ &

T«

ot

EE

il

o1&

P

<17}

oA EojA =, o] Wi REgo 7P IA Whg
e AL 49T 602 43S MCHERE E3)A
WZkE= MRV AH4lo] a1, 6 MCHE20 4] MRV
o] EEo|th MRLY PR 2 S 257 f
2ol M3k Wkg-S B, 3 MCHE2 A Wzt
Al B8 WS HoleE AL
o MCHE1°A4 WZt=+= 1,
& 4= Tk PCV-203S MRV
o, MRV F&2 Qo9

WE = fAo 2gA o
< ¢ 4 9tk

33. LNG 2o mE dof 2= B3}

A7 2 A8 FANA HA7k2=e] ik 3
v o] <k HEBAE BT F AA7t=FE 43t
AN71E ol BeTE Wuie frde 7Aook gtk vE
2 oju g Ao A A gl A ufe]
Fgo] EEA HW, AAvtre] {FFE FojE0
of gt} o]¢} & BAE HERA Zlo] Fig. 85} 2
t}. Fig. 82 A7k f#Fol ©& MRLY} MRV
o] 2% W3} FolE Yepith T4 YEhR
AZF - oF 4020] A S W, WAk 7
o)A HH A At WHje] =7 YA}
H7le AS 840 @ 5 Aok

Ul

2

2 =

—

VL.

B =RoMe AdArtx 93 34 F 71 dd

oft rir

20]l= (MR 34 tdoz vzl ZHEE A
Zsla SAsked Al o] AWMl EFYul(MRL,

MRV)} HA7F2e] Aloj B FA ol vix= ¥
@S Ttk Aket Al2EoA Edhduel M
7teE 71BH o2 HArkae] fEFe] UK £
Yo faFo] Flalok 3 AlxgolA T, T3y
o] 7] FE} B Fio] 2A|shs o] =
3, o] Al A9 FTBA) ©eshA] 7] w & ol
<= regulatory AO1E FaA HBAR] AL &)
= FEl7F & Aolgt dgETh 4947 MRL
o] #&F Wsl= MCHELA S8 =7} 7P =4
133t o™, MRV 3 st= MCHE2E B3
W7t = fAEe] 7 & WS BT =3 A
A7k Bdedol waba Edule] &% WslE of
71& = Qom, Sl 25 ¥sle Ada A
7k A4l 2= HEe FIUTH
7184 o 8 MRLE MCHE1 49

cE
255

Aol

- 57 -

<~ o

e 98-S FPsANE MRVY £3F 2 259
Blol metA 2d WMo gho]l E8d
AA7kzo] fraFell et = Gebx o gt vf
A2 MRVE| MCHE2¢] 255 Alofst= A&
AR MRLE| %3 LNG| fragol weba =4 W
o] grol g of vt weps] 4 2EAFSo|
B F8 Ao Wyt A8t 1o &
TEY W} &S 3RHOE O T2
2 25 Alojo] Jid RO 270 o)/l
W sl A3t cascade controle] T &
221 Ao} W{ol 2 4 & ZlolH, Yol MPC
(Model Predictive Control)9} 22 APC(Advanced
Process Control)3 22 Alo] 7ol ax4HY 4
ATk ATGHT

L)

e

}

LR

tlo

2

#Ale =2

2 ATE FEHFT LNG FRHE AGTe]
THIA el ofs) A= AT

A

2

[1] DOE study on domestic natural gas in the ener-
gy supply chain at Natural gas technology ass-
essment. DOE/NETL. 1539 (2012)

[2] Tbrahim Dincer, Mehmet Kanoglu, Refrigera-
tion Systems and Applications, 1, 241, John
Willy & Sons, Ltd, Hoboken (2010).

[3] Arthur J. Kidnay, William R. Parrish, Funda-
mentals of Natural Gas Processing, 1, 289, CRC
press, Boca Raton (2006).

[4] G. Venkatarathnam, Cryogenic Mixed Refrige-
rant Process, 1, 149, Springer Science, New York
(2008)

[5] Tomas E. Marlin, Process Control: Designing
processes and control systems for dynamic per-
formance, 1, 216, MaGraw-Hill, Boston (2000).

[6] Tbrahim Dincer, Mehmet Kanoglu, Refrigera-
tion Systems and Applications, 1, 109, John
Willy & Sons, Ltd, Hoboken (2010).

[7] M. M. Faruque Hasan, I. A. Karimi, Opera-
tional Modeling of Multistream Heat Exchan-
gers with Phase Changes, 55, 150, AIChE Jour-
nal, New York (2008).

13 %] #1749 A43 20133 8¥




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


