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6° Epyaotiiplo ZXeSLOGHOU XNUIKWV Blopnxaviwyv Kot ALEpyaoctwv

TitAog: “Movada napaywyng udpoyovou LEow avtidpaong LETATOMLONG
vdataepiov (water-gas shift reaction)”

To udpoyovo sivat pia amo Tig o eArbodopeg MNYES evépyelag. To udpoyovo eival pLa euVoikn
minyn evépyelag emeldn pmopel va kael, moapouola pe tn Peviivn kot o puolkd aéplo, N va
HETATPATIEL O NAEKTPIKN EVEPYELX O Hla KUPEAN KAUGIHOU XWPIC EKTTOUTIEG AvOpaKa OTO
onueio xpnong. H avtidpacn petatomiong udatvou aegplou €lval €va OnUOVTIKO UEPOC TNG
Sadikaciog avapopdpwong tou pebaviou pe atpud (Steam Methane Reforming - SMR), ta
KauoaEpla HETA TN peBavomoinon €xouv povoEeidlo Tou avBpaka Kal HEYAAO HEPOC TOU WN
HUETATPEMOUEVOU atpoU. H uébodog mapaywyng udpoyovou pEow avtidpaong HETATOTLONG
vdataepiov (WGSR) aufavel tnv amodoon udpoyovou Tou Topayetal He avtibpaon
povoteldilou tou avBpaka pe Tov evamopeivavta atpo. H avtiépaon petatoniong vdataspiov
TiepLypAdEL TNV avTidpacn Hovogeldiou Tou avBpaka Kal USPATUWY PO OXNHATIOMO Slogeldiou
Tou avBpaka Kal udpoyovou BACEL TNG MAPAKATW avtidpaonc:

CO+ H,0 - CO, + H,.

Autn n Sadikaoia gival onpavtikn ya §uo Adyoug, mpwtov, aufavel tTnv anddoaon. Asltepov,
petatpénel to CO oe CO2, emopévwe amodelyeTal n ekmounr SnAntnpwwdwv aepiwv CO. To
WGSR xwpiletal oe Vo pepn, to High Temperature Shift (HTS) pe mapayovia petatponnig 80%
kal to Low Temperature Shift (LTS) pe mapdyovta petatponng 100%. To pevpa aepiwv amo tnv
Stadkaoia tng SMR eloépyetal otov avidpaotipa HTS mou Asttoupyel ota 500-700K, omou
HETATPEMEL TOV evamopeivavta atpd katd 35%, kal otn ouvéxela n pon Yuxetal ota 400K.
Apyotepa, To Puxpo pevpa petadépetal otov aviidpaotripa LTS o onoiog Asttoupyet ota 300-
400K yia tnv avénon tng anodoong H, katd 2-3%. H €£080¢G Tou atpol PuxetaL Kal armooTteEAAETOL
o€ évav Sloxwplotr, OMoU O UTIOAOLTOG ATUOG CUMTTUKVWVETOL OTO VEPO Kal TO O€PLO TOU
TPOIOVTOG AMOUAKPUVETOL.

1. Anuloupyoupue pa véa mpooopoiwon: File -> New Steady-state simulation.
2. Ao tnv kaptéda «Compounds» ipooBetou e Ta €€MG oTolxela-avidpaotpLa:

=  Methane
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Oxygen

Nitrogen

Water

Hydrogen

Carbon monoxide
Carbon dioxide

Ano tnv kaptéla «Property Packages» emiAéyoupe tnv e€lowon emiluong «Peng-Robinson».
Ao TV Kaptéla «System of Units» smidéyoupe «SI» kot OEToupe:

Temperature = K

Mass flow rate = Kg/s
Pressure = Pa

Molar flow rate = mol/s

ATO T0 BaoLKO peVOU eTUNEYOUE «Settings» Kal tnyaivoupe otnv kaptéla «Reactions» Kot
€newta odnyovpaote otnv kaptéAla «Chemical Reactions» kal emiAéyou e «Add Reaction» -
> «Conversion» Btovtag:

Name = WSGR-HTS.

Description = Reaction for HTS.

210 Include eni\éyoupe povo Water, Hydrogen, Carbon monoxide, Carbon dioxide.
210 BC (Baowkd otolxeio) emhéyoupe povo to Water, Carbon monoxide.

OpiZloupe TOUG OTOLXELOMETPLKOUG OUVTEAECTEG WG EENG:

Water = -1 (avtibpwv).

Carbon monoxide = -1 (avtidpwv).

Carbon dioxide = 1 (mpoiov).

Hydrogen = 1 (mtpoiov).

Nitrogen = 0.

0O O O O O

Oxygen = 0.
o Methane =0.

Phase = Vapor.
Y10 Conversion B£toupe TNV T ton pe 80.

Ao 1o Baotkd pevou emAéyoupe «Settings» kal mnyaivoupe otnv kaptéAa «Reactions» kat
gnetta odnyovpaote otnv kaptéda «Chemical Reactions» kat emiléyoupe «Add Reaction» -
> «Conversion» B£tovtag:
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Name = WSGR-LTS.

Description = Reaction for LTS.

210 Include emiAéyoupe povo Water, Hydrogen, Carbon monoxide, Carbon dioxide.
210 BC (Baoikd otolxeio) emhéyoupe povo to Water, Carbon monoxide.

Opiloue TOUG OTOLXELOMETPLKOUG OUVTEAEOTEG WG £ENC:

Water = -1 (avtdpwv).

Carbon monoxide = -1 (avtidpwv).

Carbon dioxide = 1 (rpoiov).

Hydrogen = 1 (rtpoiov).

Nitrogen = 0.

O O O O O

Oxygen = 0.
o Methane =0.
Phase = Vapor.
210 Conversion Btoupe tnv Twr ton pe 100.

ATO 10 BOolkO pevoU emiléyoups «Settings» mnyaivoupe otnv Kaptéla «Reactions» Kot
€nelta odnyoupaote otnv kaptéla «Reaction Sets» kot em\éyoupe «Add New Reaction
Set» B£tovtac:

Name = HTS
Description = HTS Reactor
Yta Reactions kpatape pévo to WSGR-HTS

Amo 10 BaolkO pevou emléyoupe «Settings» mnyaivoupe otnv Kaptéla «Reactions» Kot
gnetta odnyovupaote otnv kaptéAa «Reaction Sets» kat emléyoupe «Add New Reaction
Set» Bétovtag:

Name = LTS
Description = LTS Reactor
2ta Reactions kpatdpe pévo to WSGR-LTS

Elodyoupe éva «Material Stream» kot O€toupe wg «Stream Conditions» (omw¢ mpoékuav
ano pla Stadikacio Steam Methane Reforming (SMR)):

Object = feed_SMR

Pressure = 405300 Pa

Temperature =617.15 K

Mass Flow = 0.085 kg/s (Molar flow = 4.709 mol/s)

3
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= Methane =0.016

= Oxygen =0.007

= Nitrogen =0.28

=  Water=0.25

= Hydrogen =0.32

= Carbon monoxide = 0.077
= Carbon dioxide = 0.05

10. A6 tnv kaptéAa «Exchangers» elcayoupe «Cooler» e mapapETpoud:

= Object = Cooler-1

= Inlet stream = feed_SMR

= Qutlet Stream = cool_outlet-1

= Energy stream = cool_power-1

= Calculation type = Qutlet Temperature
= Pressure drop =0

= Efficiency = 100%

= Qutlet Temperature = 589.15K (316 °C)

11. Ao tnv kaptéAa «Reactors» elcdyoupe évav «Conversion Reactor» e mapapeTpPoOUG:

= Object = HTS-Reactor

= |nlet stream = cool_outlet

= Qutlet Stream 1 =top-1

= Qutlet Stream 2 = bottom-1
= Reaction Set = HTS

=  Energy stream = HTS_power

12. A6 tnv kaptéla «Exchangers» elodyoupe «Cooler» e MapapETPOUG:

=  Object = Cooler-2

= |nlet stream = top-1

=  Qutlet Stream = cool_outlet-2

= Energy stream = cool_power-2

= Calculation type = Outlet Temperature
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Pressure drop =0
Efficiency = 100%
Outlet Temperature = 417.15K (144 °C)

. Ao tnv kaptéha «Reactors» elodyoupe €vav «Conversion Reactor» e MOPAPETPOUC:

Object = LTS-Reactor

Inlet stream = cool_outlet-2
Outlet Stream 1 = top-2
Outlet Stream 2 = bottom-2
Reaction Set = LTS

Energy stream = LTS_power

. Ao tnv kaptéla «Exchangers» elodayou e «Cooler» pe mapapéTpous:

Object = Cooler-3

Inlet stream = top-2

Outlet Stream = cool_outlet-3

Energy stream = cool_power-3
Calculation type = Outlet Temperature
Pressure drop =0

Efficiency = 100%

Outlet Temperature = 333.15K (60 °C)

. ATto tnVv kaptéla «Separators/Tanks» eloayou e «Gas-Liquid Separator» pe mapapéTpoug:

Object = Separator

Inlet stream = cool_outlet-3

Vapor Stream = hydrogen

Light Liquid Stream = water

Outlet Pressure Calculation = Inlet Maximum
Override Sep Temperature = 298.15 K (25 °C)
Energy Stream = sep_power

Elodyoupe «Master Property Table» e T poég peUpatog:

feed SMR,



= top-1,

= top-2,

= cool_outlet-1,
= cool_outlet-2,
= cool_outlet-3,
= water,

= hydrogen

KOl LE TLG €€NC TTOPAUETPOUC:

= Temperature, Pressure, Mass flow, Molar flow.

TLoapatnpeits;
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top-2
=—
>
Cooler 3 cool_outlet-3
Cooler-2 cool_outlet-2
—J LTS-Reactor Seperator
|
feed SMR Cooler-1 cool outlet-1 cool_power-2 LTS _power <ool_power-3 =
HTS-Reactor D—}
Wate
= —
cool_power-1 g sep_power
oelp HTS_power battom-1 bottom-2
Flows,compositions of diiferent streams of H2 production plant design
Object feed SMR | cool outlet 1 top-1] cool outlet-2 top-2] cool outlet3]  Hydrogen Water
Temperature 617.15 58315 69815 47115 47315 33315 29815 298715 | K
Pressure 405300 405300 405300 405300 405300 405300 405300 405300 | Pa
Mass Flow 00843569 | 00849563 | 00849563 |  0.0849589 00843562 |  0.0849565 |  0.0713816 00135753 | kais
Molar Flow 4709 4.709 4.70899 470899 470899 470899 395579 0753199 | mel/s
Volumetric Flow 00596153 | 00560006 |  0.0674763 | 00454712 0.0456655 00280951 | 00241482 | 13627E-05 | m3/s
Molecular Weight (Mixture) 18.0414 180414 180414 180414 18,0412 18,0414 18,0448 180235 | ka/kmol
Molecular Weight (Overall Liquid) Mah Nall Nal Mal Mall 18.0221 NaN 180235 | kg/kmol

IxAua 1. To Stdypappa pong tng 6" epyactneLOKiG AoKNoNG.
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