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Abstract

This research aims to design and simulate a liquid oxygen (LOX)
production line using UniSim Design Suite software. The importance of
this study stems from the need to improve the production efficiency of
liquid oxygen, which is vital for industrial and medical sectors, while
reducing the high costs associated with traditional design methods. An
integrated simulation model of the production line was developed,
including compressors, heat exchangers, a Joule-Thomson valve, and a
separator, relying on the Peng-Robinson equation of state to accurately
simulate gas behavior. The results demonstrated the model's capability to
produce high-purity liquid oxygen through multi-stage compression,
cooling, and sudden expansion processes. This research presents an
effective numerical model that can be used as a safe and flexible testing
platform to optimize the design of liquid oxygen production units,

contributing to cost reduction and the advancement of this vital industry.
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sy Hasaraill ColS 16 Los Aadiie z3lai s 488 4ple cilisSa i chaizll ) 38

kil 83l b o de ) Jass
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:(Modeling) 4a1ail) 2-3

:(Peng-Robinson Equation) <¥iuaa]1-2-3

«(Peng-Robinson ) Allall e Wby UniSim geabis (o8 "0 smia s )" Ci¥alra o e
oabad Clual 4aY) &b (Thermodynamic model) ) s Sualins 73903 A
Al g ¥ alaall 038 aati il slas s sl Sl s Jaiill cile Uh 8lSlae 3 Jil gud
G sinall 5 B Jia ailiad s (Q)shY) S0 - Jila - Jlay) sk dl sl e
Adlide Jaadd Cag ol Cad i g S 5yl ladal dals ((Enthalpy) o))

:UniSim (2 Peng-Robinson <¥abeal Al il sall  1,1-2-3
anall 5 5l yall Aa s ekl (s Jag 1 Alsbeal) a3 1 i pudl (ailaad a3
e W e s ((Entropy) s i¥) ol adl Gsiaall clua mi Lae ¢ sl
A5 pall pailiadll
Loa «ili e S5 el g el Lanad 4iSay daaan 1l S5l e 3S50 >
el g adal) delial JiaY) LAl Lelaay
A skl dgalal dadail) 8 ) sall Gyl 48 A8y Lati o) gl & gla >
s A Aadai) iy o( i)y Al o) 58) skl
oLl i) A il g€ Jaadis ) il TaiSAl) 5 )13 Lei€ay il Sal) e Jalaill
Hypothetical ) 4wl @Y clsally (C4  Usally «C3 ohsonl
Al Ladill Cana 5 e 423Ul (components
& Jumia | ol i) 23 sai€ padind s a5 (i e Ly (asd relia Jlnae
Glipkiy Sl Aalle Glankdl HYSYSs UniSim i sl zal
Aalall G50 S 5 el
3WSlaal 4 58 1ol lias @lild «(UniSim 2 Peng-Robinson el & jlial aie @ jlaial,
Sl palall dleall 73 gai & dalle 483y (550 S 5 yaed) Sl saad (AL Sdll Ll
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- :(Liquefaction Process Components) 4l 4slas ciliga2-2-3

:(Compressor) kélall  2.1-3-3

aalae 4ali Leliall dleall 5 ol il Joica 3lSadd malisll 8 o) yeaic s
Gl aaa 3ol W padiiy Sl Jlea ga haelall uanS ) 2L oandall )
Sl Ladl Jie ddlisal cileliall b Lulul | jeaie i leeas Jilii Gk oo
Lo g 55 JST (gl = Al il = a0 Jai)puiall 1530 one cllin y il 5 2yl
ol s Ayl all ISalial) il 8 e 2Ly e lall Jany | AV (e ddlide Jae 44 )l
celn aed 3ol all 4n 0 33 ae Jle briay JAly eidie bacay I JBA
Zagall ol oha¥) ciliaie ge @3Sl lelall Jie Gamie zila (UNISIM)
Baazie Jal je st (Say Beldlly £1 8l aaas Ble) o pe (Slay gl g2 il laeliall
Adlal) Lo gracall i 2 58 ae

- :(Cooler) 2=l 22-3-3

Al 3 Gash e di gl o) Gl 5 ) all as )y (add] Akt ) a Jlea a2l
L_ALJ:\A;J\JEJ\);M&LBJJ@M&LM\QM\@@M\\Jm.\.c‘)ﬁ:_)j'é)\)ﬂ\
Oaldl LAl e B pall J8 o Cua ) s daball e 2l 3 sl dasy Clleal) 30 S
JL’J“\AJL’.AJ‘SCM‘ %)ﬂ\uﬁemg(ggjmc J):m-&l.a-;\}&) J.U.u.L::\uj‘jJ\
e 3ag8iall Al o) Lamaall Aa Al 3 jadl As jy daad Cua eyl SSLal 4l e
eﬁe\daﬁub J}H\ Badxia Caladaill ac Lﬁ)‘)ﬁj\ M\Jb‘)\)ﬁj\dﬁd&w é\sﬁ ls
& Gl Ll ol saeelly hae) gl B addiun (Osmins) -Gi) Jie AR
& Al Judas g Jal yall 3aaaiall &l lal) Jara ¢ jplaill (Ji8 o piill o) sel) Juad Dlas g
aSall 5 dyaa 3l cl il Al el Sl aa o)) 4ilSal ae aibiaall

- :(Heat Exchanger) ¢\l Jaadl  2.3-3-3

Lae pulaall Lagladial (50 cp e o) Gl ()l Gm Al padl A8l iy Sl 5o
lmall 333l 5 Jpa il {sobae o Jony cdiliaall cilelivall & ) ) cpill aadivy
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Fhas b Gahay Akl Glasa as ol il y e S 4t £ 58 aa g ) sl )
_E;IASS\ u.u.u;.a} 28l dz\ﬁ'j'é)\);j\ salety d,}Sﬂ\} Jaasl)

5ol all 4 (5 Jaugie (i ge (pN e Aadie oda g Jiay galipll 8 Ll
O ) all a3 4y 5 a4l 3l acy el sllaall Aalidll 5 351 all J&5 Jalaa s
Ot sl JalSi g ozl

23l g sl oAl Jabadl G 3A1) 3>

(ra Jeli G 90 o e 3 il Japsy G 2 (a0 das s ae aal g LS 2 juall
g Ale a8 oeliS ST A8 salainl o yilie 3,0 yall (Vo ol ks gl all Jalull
Bl dadal) 8 Al i

- :(Joule Thomson) Gsash J5 aaa  2.4-3-3
aglee A aidia J e b e Adgall Gl a il a0diin 3 dlea s
L,.,AQ Ay ‘Q}’“‘““}l"' d}g ).13\3 ‘_;s ;t\-) 3)\)}3\ 4 ) J;uj ‘;\ L“S'J}.-J Laa ‘4\:\.1]1:\.1)3\
Gl jall sl 68 G plaa e daad die G ) aliee 3 n Cua 40 50 alh
daaplall Gl Jlall Jand (8 Gaday «ddjall Bl pa as 0 die s gl Sl Gl jle A Wiy
&b Loloall sl laie aas3 A ClESA) paMaiLY Sl dallaa eliall yy

Oswash Jsn aaall jshlly Culill BV Glis pe 45058 a3 o ol 5 al)
Al 81 g Janaly LoD paiudil) o) 2y 5iil) Casy Lae oaJA dee (90 Jaid Tarall addy

- :(Separator) J=ill 3225 2.5.3-3
A0 Sa ‘éj\ G_"\.'\AS\ @Ld\ Jiadl edil.u..;) Q\)’Uﬂ\ iclia ‘55 (5.;..;.14) Jaclia ele 5 o8
AR Gadlia) e alaie YU (dilu s e ) dpula)
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- :(Simulation) 3slaal) 3-3

:(Compression) Ll 1-3-3

50 a Aaas ool (5 sall Taanall) Gaslall g sal) CagHall b leliall ) ol sedl Jay
Loy 005 Al Al jall a2 i g L I oy i g5 Absin o g5 (330
dalee bzl lee Jaa e 2 Y Y el 5 )l ds 3 33b ) ) gam el )
Als jas

:(Compressor-1) Jg¥) khélall  1,1-3-3
& 2 Aall ol sell Jany Asie s )l ja dajagdara ) diay s ol gel) Lo 4 o5
Aaon oJo¥) helall I 0saS50%21 5 Conssis %79 e GsSiall gl A
Mo ¥ @805 (100 Kpa) s baas (25C°) 4l 4zl 5 ) s
.(inlet) Jaxall 31 )k e (426 Kgmole/hr)

it Tazaall 30l 5 o)) s alad WS (300 Kpa) 1 Js¥) eliall b adaza oy o
g (135.9 C°) ) bay) laelall Jala o) g6l 351 a2y 35 031 ) pall 3al ) ae L yha
(outlet) z 3l e suaall aillay e liall (e o gl 7 ja0 &5 WG (5 )Y gall Al

S Cagus Al jhas (e laelall ) A2l Gl ge ey kel i (Energy) J
(Sl 8 LS Aaaldl) 5 ghadl) 8 Lgana g3
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Design Name compressorl

Parameters ‘ - | Faikd
Links | Basis-1 v
User Variables
Notes
Energy
E1 vl e =
| comp out v |

" Design |Rating | Worksheet | Performance |Dynamics |Sizing & Cost |

Worksheet |MName H air] comp out E1
Vapour 1.0000 1.0000 | <empty>

Conditions Temperature [C] 25.00 1359 | <empty>
Properties Pressure [kPa] 100.0 3000 | <empty>
i Molar Flow [kgmole/h] 426.0 4260 | <empty>
Compesition Mass Flow [kag/h] 1.233e+004 | 1.233e+004 | <empty>
PF Specs LiqVol Flow [m3/h] 14,02 1402 <empty>
Molar Enthalpy [kJ/kgmole] -8.254 3203 |  <empty>

Molar Entropy [kl/kgmole-C] 118.3 1183 | <empty>

Heat Flow [kJ/h] -3516 | 1.364e+006 | 1.368e+006

" Design |Rating Worksheet |Performance I[.‘rynamics ]Sia'ng & Cost |

oeee | 0 (] nored

(COMPRESSOR-1) Js¥! kLl (1-3)
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:(Cooler-1) Js¥) 2zl 1.2-3-3
Lia 55 ) padl 3 35 Jasazall 30k 5 die 13) 3 ) adl e bayla cauliy Jaaall o) Wla U S5 LS
Dl (DY) e lall 7 s (e aaldll) ol sl Jan 350 adl da 50 (il 3 yae (e 2 Y
dasd gr Aadi yall 3 pall Aa 3 (addn 3l oy & (inlet) 2wl JA @ik e
e oo Al Al bakuall gl ae (25,57 C°) Y (135.9 C°) oo cheliall
S JS LS 4 i) G s Jliels e Ll (6 LIAs) 2 (Energy) L )

.’cooler‘l [‘:'][E]ﬁ1

Design Mame coolerl

Connections
Parameters Inlet Energy

User Variables - [E1

Motes
\ o
Outiet

| cooler out1

Fluid

| Basis-1 ~

i Design |Rating |Worksheet |Perfnrmanr.e EDynamics ICost |

coee | N () orore

Worksheet Name comp out | coocler outl1 | E1l
e Vapour 1.0000 | 1.0000 | <empty>
et Temperature [C] 1359 | 25.57 | <empty>
Properties Pressure [kPa] 300.0 | 300.0 | <empty>
o Molar Flow [kgmole/h] 426.0 426.0 <empty>

C it t T
CMPOSMEN | \ass Flow [ka/h] 1.233e+004 | 1.233e+004  <empty>
PF Specs Std |deal Lig Vol Flow [m3/h] 14.02 | 14.02 | <empty>
Molar Enthalpy [kJ/kgmole] 3203 | -8.254 | <empty>
Molar Entropy [kJ/kgmole-C] 118.3 109.2 | <empty>
Heat Flow [kJ/h] 1.364e+006 | -3516 | 1.368e+006

_ Design Rating Worksheet [Perfc-rmance JDynamics ICcsti

pece I () orores

ds¥) Ll (2-3)
(COOLER-1)
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:(Compressor-2) 4 belall  1,3-3-3

Tl ) lilea gl a1 el (g 2 Y 13 Al jae dulee Jaicall 3303 dalee (o) LS5 LS
Sl e laall ) dan ) (e ol sedl 25 A e ( S helall go b L cadlidll
o A By s lsgll L a1 LeLoall 13 iy (Inlet) delaall Jane )k oo
Bl adl da o (8330 ) Lpaaad Lazuall 30l ) (lé Bl Lidde LS5 (300 to 608 Kpa)
& (25.57 C°) JsY) 2l Ll Jeag A daoall e Bl el dags w3 o)
(Outlet) zoaall ye olsedl 7 A0 & s (52 Y sall @ Ci5d a5 (93.18 C°)
IS L8 LS Tt Lall il sy

2 compressor2 = " _IE] g

Design Name compressor2
Connections Iniet
Pucanibaie | ~ _

Fluid
Lanks Basis-1
User Variables
MNotes
Energy
- QOutlet
compZ out -

Design |Rating |Worksheet IPerformance JDynamics ]Sizing&Cost |

ceete I O» () ionored

B compressor2 o O[S
Worksheet Name cooler outl | comp2 out | E2
. Vapour 1.0000 1.0000 <empty>
Eiai—— Temperature [C] 25.57 | 93.18 <empty>
Properties Pressure [kPa] 300.0 6080 <empty>
= Molar Flow [kgmole/h] 426.0 426.0 <empty>
Composition i 1.233e+004 | 1.233e+004 _ <empty>
PF Specs LigVol Flow [m3/h] 14.02 14.02 <empty>
Molar Enthalpy [kJ/kgmole] -8.254 1935 <empty>
Molar Entropy [kJ/kgmole-C] 109.2 109.2 <empty>
Heat Flow [kJ/h] -3516 | 8.245e+005 | 8.280e+005

Design Rating Worksheet |Performance |0ynamics |Sizing&.Cost J

oeete I ' O» () gnores

A Ll (3-3)
(COMPRESSOR-2)
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- :(Cooler-2) Al 3 zall  1.4-3-3
Jsaa 2 Y ) JaaS alee 5 350 all A0 (sl DAL 2 I zlisd Ll
Y (93.18 C°) (1 oy & (inlet) 2l Jaae e (S lazliall (e 2 JAl)) ¢l 5l
AL Loy eJanl) Al je Jsaal o) sell cnliall 30 jall o oda Liiaty (26,44 C°)
S Y helall b dus LS laelall ) aali il ddee (e 323Ul (Energy)

- Jsal)
% cooler2 == ” = Iﬁ
Design Name «cooler2
Connections
Parameters inlet Energy
User Variables b | | £2 b
MNotes \
p Outlet
- | cooler out2 ~
(1]
| Basis-1 ~ l

= Design [Rating ]Worksheet JPerformance ][}ynamir_'. ]Cost]

veere | I () iorore
# cooler2 L — H E.Jﬁ

Worksheet Mame comp? cut | cooler out2 | E2
e Vapour 1.0000 | 1.0000 |  <empty>
VicmliSles Temperature [C] 93.18 | 2644 <empty>
Properties Pressure [kPa] 608.0 | 608.0 <empty>
i Molar Flow [kgmole/h] 426.0 426.0 <empty>

C it t +
OMPOEsESN | Mass Flow [kg/h] 1.233e+004  1.233e+004 <empty>
PF Specs Std Ideal Lig Vol Flow [m3/h] 14.02 | 14.02 |  <empty>
Molar Enthalpy [kl/kgmole] 1935 | -8.254 | <empty>
Molar Entropy [ki/kgmole-C] 109.2 | 103.3 <empty>
Heat Flow [k)/h] 8.245e+005 | -3516 | 8.280e+005

N Design Rating Worksheet [Peﬁormance IE)ynamics ICostI

vece I () iororec

SN 2 ) (4-3)
(COOLER-2)
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:(Liquefication) Jxill2-3-3

301 Y e slladl ) e Jeanl Jal e Bae (3o (55 Ll Lind el Alee
Ol Syl s Lae Syl e (S0 8] 5 Tkl dand I g3 alidl
1O OS5 ¢ Belasl)

:(Heat Excanger-1) Jo¥! g ladl Jabadl  2,1-3-3
Ge s b s Jaliadl A el gl JAa) 2y casliall g o sllaall anaall ) g gell danaca &3 () 22

(00 e Ll ) pad) Jalaall (o sS Ama 3 )y Aaa VAL (s il (5 5k

sy 3l jall ailall e (5 5iny L 58 5 (Tube side) A3l ¥l 3

il aile e (5 siai b & 5 (Shell side) A il 3,880 o) Asdall 3
«(608Kpa)hias (26.44 C°) 5,a da,n (Tube inlet) d) b oo ol sed) Jay
Tube ) Gisb o z a2 A (426kgmole/h) biadl Gaw LS Lls (5 )Y sall a3 o <o
ot S Sy haaall (8 s oy (@laasl Gasy (270 C°) s s (outlet
5 i (8¢ (607.9Kpa)zad ) all da ja (alisi) cuw (0.1Kpa)laie b sala
(-197.8 C°) 5,0 4a L, (shell inlet) Geb oo (Jbad) a5l Yoy il Ale Jay
o) sell 2 50 Alaal ALeS) 22y (shell outlet) Gk oo Al 7 205 ¢« (150K pa) bz
zoad (0.1Kpa) e Lead haall (4 (aliasl Gasys (-180°C) 30 Aa
dle Jsaa aie WG (195kgmole/h) olaiay (5,¥ sall @il (S Lae (149.9Kpa)
(S A LS da A e gy il
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Parameters

Specs

User Variables

Motes

Name

heat exchangerl

Shell Side

| shellin

=

Tube Side Shell Side

Tubeside Flowsheet

Shellside Flowsheet
| Case (Main)

—

-

Tube Side Outlet
| tupe out

Tube Side Fluid
[Basis—l

Shell Side

| shell out
Shell Side Fluid
| Basis-1

~ |

>}

" Design |Rating | Worksheet | Performance | Dynamics | UniSim STE |Sizing & Cost |

Delete

Update

Worksheet Name cooler out2 tupe out shell in shell out

Vapour 1.0000 1.0000 0.0000 1.0000

Conditions Temperature [C] 26.44 -70.00 -197.8 -180.0

Properties Pressure [kPa] 608.0 607.9 150.0 149.9

b Maolar Flow [kgmole/h] 426.0 426.0 195.0 195.0

Composition  [pass Fiow [ka/h] 1.233e+004 | 1.233e+004 5463 5463

PF Specs Std Ideal Lig Vol Flow [m3/h] 14.02 14.02 6.774 6.774

Molar Enthalpy [kJ/kgmole] -8.254 -2797 | -1.203e+004 -5936

Malar Entropy [kJ/kgmole-C] 103.3 92.07 36.03 1112

Heat Flow [ki/h] -3516 | -1.191e+00€8  -2.345e+00€ | -1.157e+00€

Design Rating Worksheet | Performance |Dynamics |UniSim STE |Sizing & Cost |

veete | N U (inored

(Heat Exchanger-1) Js¥) ) sl Jabuall (5-3)
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:(Heat Exchanger -2) &4 g\l Jabsall  2.2-3-3
day dslhaall 3 ) all da o o diand s Wil Qi) (a5 53l 3alay 2y 5l 48 Sy
OsSs «(607.9Kpayaiay (<70 C°) 30~ 4a,0 (Tube inlet) Giok oo &l sl

[(426kgmole/h) Liasl (saus LS Wil (g Y gall 81)

& 1 Jan (alads) Sasy (<150 C°) 3, s 4a ) (Tube outlet) @b oo 7 3% A
Gyloall dAayy palaan)l (0.1Kpa)_)2ae Lol e 0S8 2Ky el
(607.8Kpa)zyuad

30~ 4a )% (shell inlet) Giob oo () Cpa g il Yo yal) aile Jaay g pués
(100K pa) bz s (-195.9 C°)

3ola dan elsedl 2y Aleal AlleS) 2o (shell outlet) Gk oo Wl z A0
.(99.9Kpa) zaad (0.1Kpa) e Liayl Tazacall i (aliasl diasy 5 (<180 C°)

A A die gyl adle Jsa0 2ie W (195kgmole/h) e s Y sall (@33l ) oS5 Lia
-Ja) ‘; LS
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Conditions
Properties
Composition

PF Specs

Design Tube Side Mame heat exchanger_2 Shell Side
Connections | tupe out| v] | shell in 2 ~ |
Parameters _;—I' 'I'r
Specs

Tube Side Shell Side
User Variables
Shellside Flowsheet |
MNotes Case (Main)
I 5
Tube Side Outlet Shell Side
| jowl inlet ~| | shell out 2 ~]
Tube Side Fluid Shell Side Fluid
| Basis-1 v| | Basis-1 v |
i Design |Rating ]Worksheet l Performance [Dynamics JUniSim STE JSizing & Cost ]
pcte N - )iores

Delete

(Heat Exchanger -2) U4l ) all Jaall (6-3)

49

Name tupeout] jowlinlet  shellin2 | shellout2
Vapour 1.0000 1.0000 | 0.1592 1.0000
Temperature [C] -70.00 -150.0 | -195.9 -180.0
Pressure [kPa] 607.9 607.8 | 100.0 99.90
Molar Flow [kgmole/h] 426.0 426.0 | 195.0 195.0
Mass Flow [kg/h] 1.233e+004 | 1.233e+004 | 5463 5463
Std Ideal Lig Vol Flow [m3/h] 14.02 14.02 | 6.774 6.774
Molar Enthalpy [k)/kgmaole] -2797 -5148 | -1,105e+004 -5910
Molar Entropy [k)/kgmole-C] 92.07 77.34 | 48.78 114.7
Heat Flow [kJ/h] -1.191e+00€ | -2.193e+006 | -2.154e+00€ | -1.152e+00¢€
o Design Rating Worksheet | Performance I[}ynumics }UniSim STE ISJ'zirlg & Cost ]
e N P




:(Joule Thomson) s i-J s plad  2.3-3-3
oalie 0S8 Gaitie J e e haiall 5t Slo adin slecall 13gh lila LS5 LS
550a Aaon (inlet) Giob oo plecall I auall o)l Jan ALY dile Loy
(I g3z bl alie palisil sy alecall Jal (607.8Kpa) Lias (-150 C°)
G el 551 all da sy paid e Jans aliall GaUATY) 138 (150K pa) (o)) 4xaléss
Giob 0o dlaall (e da s A e Dlls ol sl muay Aa jall 2 By ((-184.1 C°)
ha ddages 48la (5SS (E3 aiall (aid g slaall dee (e 4230 4 352 5 2 (outlet)

ISl Al lahy 5 ise e

af joule thomson [ = H = "
Design Name joulethomson
Connections inlet
Jjowl inlet ~ :
Parameters
Links Foid
Basis-1 @
User Variables asis
MNotes -
Energy
E3
~gmm=
Qutlet
| jowl out

I Design |Rating IWorksheet lPerformance J[}ynamics ]Cost ]

cccte | | () 0

T jowl = || S
Worksheet MName jowl inlet jowl out | 100
= Vapour 1.0000 | 1.0000 | <empty>
S —— Temperature [C] -150.0 | -184.1 | <empty>
Properties Pressure [kPa] 607.8 | 150.0 | <empty>
i Molar Flow [kgmole/h] 426.0 | 426.0 | <empty>
i Mass Flow [kag/h] 1.233e+004 | 1.233e+004 | <empty>
PF Specs std Ideal Lig Vol Flow [m3/h] 14.02 | 1402 <empty>
Molar Enthalpy [kJ/kgmole] -5148 | -5961 | <empty>
Molar Entropy [kJ/kgmaole-C] 77.34 | 80.54 <empty>
Heat Flow [kJ/h] -2.193e+001 | -2.539e+00! | 3.464e+005

Design Rating Worksheet ;Performance ID}rnamics |Cost [

O9ua gi-d 9> alaa (7-3)
(Joule Thomson)

Hiokate [ ignored
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:(Separation) J<i!l3-3-3
\MM&J\M\C}&A@M}M\:\A}M@bﬁ\j\w\@}
il M\EJ\}&;JJ&@M\%&S}\ ‘550..3.;.&5}\1\ Ole eyl s &Uﬁ\)ﬂ
Jasi 3l ya A 0 e 4580S 408 5 450a] Vsl o) gl (e Gidiall a5 i) Jle aelialyg 4y

xS gY)
:(Separator) J=ill z 2 3.1-3-3
da ) A e sl A Gasy Y (inlet) Gk oo dealdll g1 ) Sl ol sed) Jay

(Y sl 4 ) Laaal) 4l 5 )l

rClide (pdia (e Ol jag (0 5Se (l Abiald & o
3o ada o M deai al il s s 3 Y s il e 4z Ay 5:Vapour o
o LS il adlla d (B g ALY
30 Aa ) A day o) 2 Jladdl (2 §Y) 45 z )40 5 :Liquid outlet o
A i LS ALY
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Design
Connections
Parameters

User Variables

MNotes

Name separator

inlets

jowl out
<< Stream 5

==~

Vapour

Energy (Optional)

| v

Vessel Fluid

‘ Basis-1 w

-

nitrogen gas v

<< Stream >>

-

Liquid Outlet

liquefied oxygen - |

" Design Reactions | Rating | Worksheet [Dynamics [Sizing & Cost |

oot N (o<

Delete

(Separator) J«<lill (8-3)

52

L separator Lo O |
Worksheet  [MName jowl out | liquefied ox | nitrogen ga |
B Vapour 1.0000 | 0.0000 | 1.0000 |
Conditions 4. mperature [q 841|184 -1edd
Properties Pressure [kPa] 150.0 | 150.0 | 150.0 |
Composition Molar Flow [kgmole/h] 426.0 | 0.0000 | 426.0 |
Mass Flow [kg/h] 1.233e+004 | 0.0000 | 1.233e+004 |
PF Specs Std Ideal Lig Vol Flow [m3/h] 14.02 | 0.0000 | 14.02 |
Molar Enthalpy [k)/kgmaole] -3961 | -1.128e+00: | -5961 |
Molar Entropy [k)/kgmole-C] 80.54 | 16.02 | 80.54 |
Heat Flow [kJ/h] -2.53%+00i | -0.0000 | -2.53%+00i |

o Design Reactions ] Rating Worksheet [[})rnamir_r. ]Sizing 8 Cost |

I ) grored



a1l alaial) B>

Iy

-~ &

9

T PFD - Case (Main)
HHE His 2 Anp @ j

~

comp out cooler comp2
coolert out! out

p- E1 Tum

compressor1 compressorz

X

cooler2

Jowl

heat inlet
exchanger 2

ex shell outlet

(] ?n?_._z Colour Scher | 11

nitrogen gas

=¥ separator
jow
ln. out
100

jow

liquefied
oxygen

UNISIM. el aladily craas o¥) Alla) da gliial Auadil) khadall (9-3)
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Conclusion and Recommendations




(Conclusion) 43l 1-4
Al e Ul 8 ) S50 ) il Aalal duale 5 25 Ailail Canal) 138 30
38y ALY el 5l Slat dudd s ol Sl ol JS8 S, i dleliall

BLSlaall Anagia Zlad (usSad Al A ja gall Glaliitul) e de gana (A Sial Gald
Pl

:(Numerical Simulation Efficiency) 433l 3lSlaal) 3¢S 3

Al dlslas e Slaie YU (UniSim Design Suite) geels s alaio of gl coil
Sadl Jiall Cag pda as GaanSY) o gl 5l 8 4lle 433 3 5 (Peng-Robinson)
Al 5 Cpsigall 2o 2 ya s Aial L) dcaie Jias e 73 sall 138 a8l 3 5l
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