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Refrigeration Cycle and
Input Condition of Natural Gas
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What is the refrigerator?

» By letting-down the pressure of chilled and highly
compressed refrigerant, we can obtain a cold
temperature of refrigerant. By adjusting the
pressure letting-down level, we can obtain a
wanted temperature level of refrigerant.

» By cooling after compressing a vapor stream, we
can obtain a liquefied refrigerant.

iy
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Ideal refrigeration Cycle

Compressor
P A
Condenser
Pa Pp
Evaporator
Ps. Pc
Expansion
Valve @
<« >
H
Process Flow Diagram Pressure Enthalpy Diagram
By utilizing the Pressure-Enthalpy (P-H) diagram,
the refrigeration cycle can be broken down into four distinct steps :
@ Expansion
Evaporation
(c) Compression
(o) Condensation
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Input Condition of Natural Gas

Contents Value
Pressure (bar) 53
Temperature (°C) 45
Flow Rate (kg/hr) 625,000
Component Mole%
Nitrogen 0.22
Methane 91.33
Ethane 5.36
Propane 2.14
[-Butane 0.46
N-Butane 047
I-Pentane 0.01
N-Pentane 0.01
Total 100

=
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Cascade Refrigeration

9 N
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Cascade Refrigeration

EO1 EO04

Pressure drop(Hot Side) : 0.5bar Pressure drop(Hot Side) : 0.5bar
Minimum of [Hot Out-Cold In] Minimum of [Hot Out-Cold In]
and [Hot In-Cold Out] : 3 °C and [Hot In-Cold Out] : 3 °C
Refrigerant Component : C3 Refrigerant Component : C2-
Refrigerant Temp. : 11.075 °C Refrigerant Temp. : -69.74 °C

E02 EOS

Pressure drop(Hot Side) : 0.5bar . .
Minimum of [Hot Out-Cold In] Pressure drop(Hot Sld?) : 0.5bar
and [Hot In-Cold Out] : 3 °C Hot Product Temp. : -92 °C

: Refrigerant Component : C2-

Refrigerant Component : C3 : .
Refrigerant Temp. : -17.148 °C HEMEEEITE AT, § 4 4

02 03 04 05 06

stepll
PROAN Simulation
Somdn
ok

E06
Pressure drop(Hot Side) : 0.5bar
Minimum of [Hot Out-Cold In]
and [Hot In-Cold Out] : 3 °C
Refrigerant Component : C1
Refrigerant Temp. : -118.78 °C

EO7
Pressure drop(Hot Side) : 0.5bar
Minimum of [Hot Out-Cold In]
and [Hot In-Cold Out] : 3 °C
Refrigerant Component : C1
Refrigerant Temp. : -139.29 °C

07 08 09 10

StreamO1
Pressure : 53bar
Temperature : 45 °C
Flow Rate : 625,000 kg/hr

EO8 12
Pressure drop(Hot Side) : 0.5bar
Hot Product Temp. : -152 °C s

Refrigerant Component : C1

Refrigerant Temp. : -155 °C CNO1
EO3
Pressure drop(Hot Side) : 0.5bar Ccvol
Hot Product Temp. : -37 °C Pressure Drop : 0
Refrigerant Component : C3
Refrigerant Temp. : -40 °C FO1
Adiabatic : duty 0
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CN1 Condition & Result

Data Review Window - Flash (Water on Bottom) - °...

Help Owerview  Status Motes
[Iit: |END1 | Description: | P[DpE[t_'.-' Value Unitz
Specifization
Stream 12 Temperature in C = -162.00 within an absolute tolerance of 1.0000-008 Flazh Mame Fi
Flazh Dezcription
- Wariable- T emperature 16200000
Flash F1 Pressure in bar Lirnitz and e
Step Sizes... Freszure 0.911H @
[~ Parameters DF 480889 L 4
td aximum Mumber of [kerations: B0 = Frint Besults for Each Iteration
Duity 0.000044 %% 1076 Kcalthe
Action if Minimum/t asimum Limits are reached
(%) Accept as Solved if Limits are Feached
() Fail Uit and Stop Calculstions if Limits are Feached
() Fail Uit and Continue Calculations if Limits are Feached
Mext Unit Calculated after Contral Wariable iz Changed: Calculated .v
' Flash Unit v Co Close
0k Cancel | o2 b L} Py -
Exit the window after saving all dats E it the window without s&ving any data
STREAM 81" STREAH '12°
TOTAL UaPOR TOTAL LIQUID
RATE, KG-HOLFHR 35865 3581 35865 .3581 RATE, KG-MOL/HR 32158 . 4636 32158 . 4636
TEHPERATURE, C 45 .88 45.88 TEMPERATURE, C -162 _88 -162.088
PRESSURE, BAR 53.88 c3.88 PRESSURE, BAR 9 _1146E-81 9 _1146E-81
HOLECULAR WEIGHT 17.8239 17.8239 HMOLECULAR WEIGHT 17 9635 17.9635
FRACTION 1.8888 FRACTIOH 1.848a88

Rate of LNG Liquefaction
=Stream12 Total Rate/StreamO1 Total Rate X 100
= 32158.4636/35065.3581 X 100 = 91.71%
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Cascade Heating Curve
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Cascade Heating Curve

50
ol m
:5 [2]
F) ol |
=
et
o [41
—
2 100
E [51
ﬁ 61
; Flowrate of
4150 | < . - S Temperature Heat duty refrigerator
B G JE—— [8] °C *106 Kca' hr
< Ccl » ( ) ( / ) (kg/hr)
200 - - - : ‘ -
5 0 b 50 B0 HoD 150 Wb [1] 11.08 11.7401 337452.036
Heat duty(106 Kcal/hr) [2] -17.15 11.2082 117796.037
[3] -40.00 10.6854 106008.027
[4] -69.74 25.8445 253708.024
[5] -95.00 33.0099 296820.610
[6] -118.78 14.0877 149153.654
[7] -139.29 10.5958 95617.043
[8] -155.00 7.6387 64009.514
Total 124.8103
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Multi-Stage Cascade Refrigeration Cycle

.?dding Z3 Fiefrlgg__!rg;tliun Cycle

t Office Yisic =22

Propane

K08 Mo8 K07 Mo7 K06 Mo06

< cvoz

Methane

K03 Mo03 K02 Mo02 K01 Mo1




Three-Stage Refrigeration
of methane




Three-Stage Refrigeration System

Second Stage Discharge Pressure(K02)
= Second Suction Pressure * Ratio per stage
= 4.6250 * 2.7448
= 12.6947 bar

First Stage Discharge Pressure(K01)
= First Suction Pressure * Ratio per stage
= 1.685 * 2.7448
= 4.6250 bar
30>

K02 Mo02 Kol

N
N
N
iy
N
[=))

E09

21> 22)

|

P

P,

S

K

Ratio per stage

34.845
1.685

1/3
) =2.7448

E06

E07

Temperature of Refrigerator(E06)
= Dew point temperature of propane
at 4.6250 bar
= -118.78 °C

Temperature of Refrigerator(E07)
= Dew point temperature of propane
at 12.6947 bar
= -139.29 °C

v

(09 >
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Calculation of total flowrate of methane

Step0Z_Calculation C1 Flowrate
RO/ Simulation

cvo4
Vo3 Outlet Pressure :
1.6850 bar
Vo2 Outlet Pressure :
4.6250 bar ol =
Outlet Pressure : = =
cvni
12.6947 bar el =
[ews]
= =)
Help Owerview  Status  Motes Help Overviews  Status MNotes
Uik Description: | Uit Desciiption; |
Thermodynamic System; lDefauIt [PROT] b

Thermodynanic Systern: ]Dafault [FROT)
1~ Product Rate Specifications

Praduct Rate 5 pecifications
|Stream Specification Stream Specification
1 228 Stieam 22E Flowate of 4ll Components on a ‘Wt basis in kothr = (I s Farametar = ‘alis
1491524005 7 2 |48 Stream 248 Flowrate of &) Components on a Wet basis in kgdhr = 95611,
I = ¥alus:

- Options When Feed is Inadequate to Satisfe Product Rate Specifications:
(%) Satisfy Each Specification in Oider Untl Feed is Exhausted

() Satisfy Each Specification and Normalize Flowrates if Mesded

Optionz When Feed iz Inadequate to S atisfy Product R ate Specilications
(%) Satisfy Each Specification in Order Lintil Feed iz Exhausted

() Satishy Each Specification and Normalize Flowrates if Needed

| Pressure Specification... I

Change Stream Specification Order... |

Preszure Specification.. I Change Stream Specification Dider....

Caniel

Cancel

Exit the window after saving all data

Esit the wirdow after sévihg all data
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CN1 Condition & Result

PRO/Il - Feedback Controller THERMODYNAMIC SYSTEM PR

Help Owerview  Status Mates STREAM "21°
Urit [CNT | Description: | TOTAL LIQUID
Specificaton—— 0000 | TEEmm T mEm T
Stream 261 Flowrate of &Il Components on a YWet basis in kafhr = G4026. within a relative tolerance of RATE, KG-MOL/HR 35431.4336 35431.4336
1.0000e-008 TEWMPERATURE, C -92._88 -92.88
PRESSURE, BAR 3435 34 .35
HOLECULAR WEIGHT 16. 8428 16.8428
Y ariable FRACTIOHN 1.84800
Stream 271 Flowrate in kalhr Liriits and EHTHALPY, KCAL/KG-MOL -1362 4878 -1362 4878
Step Sizes... CP, KCAL/KG-C 2.3932 2.3932
Pararneters = HOLAR FLOWRATES, KG-MOL/HR
td airnuim Murnber of lterations; = [+] Print Rresults for Each Iteration 1 - N? 6.88a0 6.808a0
Action if Minimum/td azimum Limits are reached 2- 35431._h336 354314336
() Accept as Salved if Limits are Feached 3 -c2 8.08080 8.080080
4 - C3 8. 0060 a.80060
) Fail Unit and Stop Calculations if Limits are Feached 5 - ICh 8.8080 0.0000
6 - MNC4 8. 8060 a.8060
() Fail Unit and Continue Calculstions if Limits are Feached 7 - ICS 0.06000 0.00080
8 - NG5 a.08069 a.ae60
Mest Unit Calculated after Contral ¥ ariable is Changed; Calculated v 9 - C2- 6.8608 ﬂ'ﬂqu
HOLAR COMPOSITIONS
K Cancel | 1- N2 6. 0080 8.0080
2-0C1 1.8088 1.8088
E it the window after zaving all data 3 - G2 a.0080 a._8000
4 - C3 8. 8060 a.8060
5 - ICh4 a.0060 a.080060
6 - HC4 a.08069 a.ae60
Total Flowrate of methane 7 - 105 86060 86060
8 - HNCS a.080689 a.aa69
35431.4336 Kgmol/hr = 568419.403 kg/hr 9 - C2- 8.80008 8.68000
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Three-Stage Refrigeration Cycle e

K03 K02 K01
Outlet Pressure : 34.845bar Outlet Pressure : 12.6947bar Outlet Pressure : 4.6250bar
Adiabatic Efficiency : 70% Adiabatic Efficiency : 70% Adiabatic Efficiency : 70%
il
@
Koz
Ko
E09
Pressure drop(Hot Side) : 0.5bar
Hot Product Liquid Fraction : 1
2] ED| £
CVo4
=] Outlet Pressure :
GIUE =] 1.6850 bar o
Outlet Pressure : :
S 4.6250 bar
Outlet Pressure :
(1] 12.6947 bar
i
: 3
F02/F03/F04 =
Adiabatic : duty 0 2]
Stream21
Temperature : -92 °C
Bubble Point E06/E07/E08
Component : Methane Pressure drop(Hot Side) : 0.5 bar
Total Fluid Flowrate : 568420 kg/hr Cold Product Liquid Fraction : 0
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Two-Stage Refrigeration
of ethylene




Two-Stage Refrigeration System

First Stage Discharge Pressure(K04)
= Suction Pressure * Ratio per stage
= 1.665 * 3.1375
= 5.2239 bar

K04 Mo04

CVv05

Temperature of Refrigerator(E04)
= Dew point temperature of propane
at 5.2239 bar
= -69.74 °C

A

< 04

4

CVo6
F06

SP03 N

Ratio per stage

S

44>

N

16.390
1.665

1/2
) =3.1375

Condenser Heat Duty
of C1 Refrigeration Cycle(E09)
= 56.2055*106 Kcal/hr

06
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Calculation of total flowrate of ethylene

Stream Name

Temperature (°C)
Pressure (bar)

Flowrate
(kgmole/hr)

Flowrate
(kg/hr)

E09 Duty

Mates

Limits and
Step Sizes...

= ) 0 =
N2
44A 46
PRO/Il - Feedback Controller
Help Owerview  Shatus
-95.00 -95.00 rit: |EN2 | Description: |
Specification
1665 1665 Strlnjeam 4BtTemgerature inC = -95.000 within a relative tolerance of 1.0000e-006
18015.211 18015211 T
Strearn 448 Flowrate in ka-molhr
505395.121 505395.121 =

56.2055*106 Kcal/hr

Mzt Murmber of Iterations: =

[~ &ction i MinimumdMazimum Limits are reached
() Accept as Solved if Limits are Reached

() Fail Uriit and Stop Calculations if Limits are Reached

) Fail Unit and Continue Calculations if Limits are Feached

Mext Unit Calculated after Control % ariable iz Changed:

Prirt Resulks for Each [keration

Calculated |

Cancel |

Esit the windaw after saving all data

Stepld_Calculation C2 Flowrate
PRUAN Simulation
B2TRE
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Calculation of total flowrate of ethylene

Step05_Calculation C2 Flowrate
PRUA Sirmulation

CVo6
Outlet Pressure :
1.6650 bar

P

= e -:“>
. 448
Foe

CV05
Outlet Pressure :
5.2239 bar

e
)

H
[

1
EH

@ @ -S P04

PRO/Il - Splitter

Help Owerview  Statuz Maotes
Unit: | SPO3 Description: | Unit:  |SPO4 Description: |
Thermodynamic Syzstem; iDefault [PROT) v

| Thermodynamic System: lDelauIt [FRO1] V

PRO/I - Splitter

Help Owerview  Status  Motes

1~ Product Rate Specifications Product Fate 5 pecifications

[Gtream Speciication Stream S pecification
1 428 Stream 428 Flowrate of &1l Components on & Wet basis in kgfhr = £ Paral [ = 5
23575e+005 3 444 Stream 444 Flowrate of All Components on a'%/et basiz in kathr =
Faial = valus 5.0540e+005

1~ Options When Feed is Inadequate to 5 atisfy Product Rate Specifications-

Options "When Feed iz Inadequate to Satisfy Praduct Rate Specifications
(%) Satisfy Each Specification in Order Until Feed is Exhausted

(%) Satisfy Each Specification in Order Until Feed is Exhausted

{73 Satisfy Each 5 pecification and Momalize Flowrates if Meeded () Satisfy Each Specification and Mormalize Flowrates if Nesded

| Fressue Specification... I

Change Steam 5pecification Order... |

Prezsure 5 pecification. ] Change Stream 5pecification Order

Cancel }

Cancel

Exit the window after zaving all data

E st the window after sa\;ing all data
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CN3 Condition & Result

PEO/Il - Feedback Controller THERHODYHAHIC SYSTEH PR

Help Owerview  Statug  Motes STREAHM "u1°

Unit: |EN3 | Dezcription: J TOTAL LIQUID
Speciticato———— . TTTTTTmTTT . mmmmm e
Stream 44B Flowrate of &)l Comporients on a et basis in kathe = 2.9677e+005 within a relative tolerance of RATE, KG-MOL/HR 53164.75080 £3164.75080
1.0000e-008 TEMPERATURE, C -37.88 -37.848
PRESSURE, BAR 15 .89 15 .89
MOLECULAR WEIGHT 28.8538 28_08538
Vatiable _ FRACTION 1.80880
Strearm 41 Plowrate in kafhr Lirits and ENTHALPY, KCAL/KG-HOL -873.8281 -873.8281
Step Sizes... CP, KCAL/KG-C 8.7549 a.7549

F'arameh_els - = i ) MOLAR FLOWRATES, KG-HOL/HR
b arimurm Number of [terations: = [¥] Print Fresults for Each Iteration 1 - H? 0.6080 o.0660
Action if Minimunnt axirmum Limits are reached 2 -1 0.0000 a.0000
(%) Accept a5 Solved if Limits are Reached 3 -C2 6.68000 0.08000
4 - €3 8.8088 a. 0088
(3 Fail Unit and Stop Calculations if Limits are Feached C - ICh 8.80a88 8. 06608
e : e 6 - HCh 8.8088 a. 8888
() Fail Unit and Continue Calculations if Limits are Reached 7 - 15 0.00008 o. 06008
8 - HCS 8.8088 a. 08088
Mewt Uit Calculated after Control Vanable i Changed: Calculated ~/ 9 - c2- 53164.7500 53164.7500
HMOLAR COMPOSITIONS

i Cancel | 1 - N2 g.06000 0.0000
2 -0 8.8088 a. 08088
Exit the window after saving all data 2 - L2 g.0a808 a.08088
4 - C3 8.8088 8. 88088
5 - 1ICh 8.8088 a. 8888
6 — HCh 0.8008 8. 00084
Total Flowrate of ethylene S ooy b
53164.75 Kgmol/hr = 1491473.264 kg/hr 8 - NC5 0.0000 0. 8000
9 - C2- 1.8088 1.08888
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Two-Stage Refrigeration Cycle 1 e

K05
Outlet Pressure : 16.390bar
Adiabatic Efficiency : 70%

K04
Outlet Pressure : 5.2239bar
Adiabatic Efficiency : 70%

1
{2}
E10
Pressure drop(Hot Side) : 0 bar
Hot Product Temperature : 45°C
| |
E10 Ell
Pressure drop(Hot Side) : 0.5 bar [@v]
Ei] Hot Product Liquid Fraction : 1
E09
Bl Pressure drop(Hot Side) : 0.5bar
= [2v] E3) Hot Product Liquid Fraction : 1
FO5/F06 |
CVo05 Adiabatic : duty 0
Outlet Pressure :
5.2239 bar T @ B
ol I
ﬂl fi 4zl = l CVO6
Fos Outlet Pressure :
1.6650 bar
[5]
[=2]
Stream41 ' =
Temperature : -37 °C : =
Bubble Point
Component : Ethylene E04/E05
Total Fluid Flowrate : 1491500 kg/hr Pressure drop(Hot Side) : 0.5 bar
Cold Product Liquid Fraction : 0
@ 23/33



Three-Stage Refrigeration
of propane




Three-Stage Refrigeration System

Second Stage Discharge Pressure(K07)

First Stage Discharge Pressure(K06) Ratio per stage

= Second Suction Pressure * Ratio per stage = First Suction Pressure * Ratio per stage P, 1/n 15.885 \1/3
= 2.7013 * 2.4249 = 1.114 * 2.4249 (?) :( . '114 ) =2.4249
= 6.5505 bar = 2.7013 bar s ’
ks 7 Mos Koz 7 Moz K06 Mo6
l N ‘_ " |
74)
Condenser Heat Duty
of C2- Refrigeration Cycle(E11)
o N = 174.1497*10°% Kcal/hr
; . <65 o A 67> AN
/‘/61/\) <63, 5A2 \/‘/6 4\/ h A <§§j> \(’ )/
I—ﬂ%—/ézl [ :}
\ SP05 Vo8 SP06 CV09
cvo7 F07 :I FO8~T _’<I: F09
) o
% G U 634

N N4 /] N

01 02 03

N/ g 4 N 'u \\v/

EO1 EO02

Temperature of Refrigerator(E01)
= Dew point temperature of propane
at 2.7013 bar

-17.148 °C

Temperature of Refrigerator(E02)
= Dew point temperature of propane
at 6.5505 bar
= 11.075 °C
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Calculation of total flowrate of propane

Stream Name

Temperature (°C)
Pressure (bar)

Flowrate
(kgmole/hr)

Flowrate
(kg/hr)

E09 Duty

66A 68
-40.00 -39.99
1114 1114
39180.305 39180.305
1727714.258 1727714.258

174.1497*10°% Kcal/hr

PRO/Il - Feedback Controller

Help Owerview  Status Motes

Unit: |EN-’1 | Drezcription; |

S pecification
Stream 68 Temperaturs inC = -410.000 within a relative tolerance of 1.0000e-006

Wariable
Stream BEB& Flowrate in ka-molhr

Action it Minimum/M aximum Limits are reached
(=) Aceept as Solved if Limits are Reached

(3 Fail Uniit and Stop Calculatioris if Limits are Reached

{7 Fail Urit and Continue Calculations if Limits are Reached

Cancel

Lirnits and
Step Sizes...

[ Parameters
I awirmum Mumber of [terations: = Frint Results for Each lteration

Mext Unit Calculated after Control Yariable iz Changed: Calculated v

Exit the window after saving all data

Stepl7?_Calculation C1 Flowrate
FRO/ Simulation
E27kB
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Calculation of total flowrate of propane

I StepB.Calculation C2 Flowrate
FROA Simulation
L.

]

m

CV09
Outlet Pressure :
1.114 bar

(@V/0}]
Outlet Pressure :

cvo7 2.7013 bar

Outlet Pressure :
6.5505 bar

Help Overview  Status  Notes

Urit: [sPos Desciption: |

Thetmodyraric Systen: [ Defaul (FROT) v

1 Product Rate Specifications Help Overview  Status  Motes

[Stieam Specilication Usit |sPos Description: |
1 Stiesim 628 Flowtate of All Componsnts on a ‘et basis in kadhr — PRO/Il - Splitter
1 3608e+005 Thermadynamic System: | Defaul [PROTJ ¥ k

e 7
Product Rate Specifications Help Overview  Status  Mates

Stream Specification Linit: Description: ‘

Pai - valus
2 P8 Sieam 648 Flovirate of &l Componente on & wel basis in kahr = Themocgnaric Sytet [Defaull PROT) v
I L1762005 Pioduot Rate Specifications
Stream Specification
1 Options When Feed is Inadequate to Satisfy Product Rate Specifications 2 GEA 15%57? EEE};AUE\owrate of All Companents on a wet basis in kathr =
(5) Satisfy Each Spesiication in Order Untl Fesd is Exhasted — el
() Satisfy Each Specification and Normalize Flowrates if Needed
P Specificati Ch Sh Specification Ord
S R eA I S0 D S Pet iGe DT Rt Options When Feed is Inadequate to Satisty Product Rate Specifications
i Cancel (%) Satisty Each Specification in Order Until Feed is Exhausted
- () Satisty Each Specification and Nomalize Flowrates if Needed
Exit the window after saving all data
| Pressure Specification. I Change Stream Specification Order | - Options When Feed is Inadequate ta Satisfy Product Rate Speciications-

’—| () Satisty E ach Specification in Order Until Feed is Exhausted
A Laricel ) Satisy Each Specilation and Normalize Flowrates f Nesdsd

Exit the window alter saving all data
| Pressure Spesilication |

0K Cancel

Change Stream Specification Order

Exit the window after saving all data
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CN5 Condition & Result

PRO/Il - Feedback Controller THERMODYNAMIC SYSTEWM PR

Help Owerview  Statug  Motes STREAH "61°
Unit: |EN5 | Description: J TOTAL LIQUID
speciticato—— 0 0 0 0 . TTTmTmmTmTmss mmmmm e
Strearn GEE Flowrate of All Comporients on-a Wet basiz inkg/hr = 1.06012+005 within a relative tolerance of RATE, KG-HMOL/HR 87113.3668 87112.3668
1.0000e-008 TEHMPERATURE, C 45 _ 68 4598
PRESSURE, BAR 15.38 15 .38
: MOLECULAR WEIGHT Ly 8965 LYy B9465
Watiable _ FRACTION 1.0000
Strearn 61 Plowrate in kathr Lirits and ENTHALPY, KCAL/KE-HMOL 1363.2541 1363.2541
ZlERoEe CP, KCAL/KG-C 8.7693 9.7693
Farameters
: . = : : HMOLAR FLOWRATES, KG-HOL/HR
b MNumber of [terations: = Print Results for Each lterat '
axiriurm Mumber of [terations = rint Results for Each [teration 1- N 0.0808 0.0088
Action if Minimunnt axirmum Limits are reached 2 - ¢1 A.008008 A.0800a8
(%) Acoept as Solved if Limits are Reached 3 - C2 A.0808008 f.8o00a
— o 4 - C3 87112.2668 87112.3668
(3 Fail Unit and Stop Caleulations if Limits are Feached 5 — ICh 6.08088 0.60088
() Fail Unit and Continue Caleulations i Limits are Reached 6 — HCh 8.680080 8.08080
7 - IGS 8.0088 f.0086A
. 8 - HCS 8. 0088 a.080880
Mert Unit Calculated after Contral Varniable iz Changed: Calculated i 9 - LC2- 8.0008 f.0008
e : I | MOLAR COMPOSITIONS
: it 1 - N2 8.8008 8.0000
Exit the window after saving all data g : g; g'gggg g'gggg
4 - C3 1.068068 1.06060
5 - ICh 8. 0088 a.080880
Total Flowrate of propane 6 - NCh 0.9000 8.6008
- ¥ - IGS 0.0888 8.08080
87113.3668 Kgmol/hr = 3841394.579 kg/hr 8 — Moo 0. 0008 0. 0660
9 - C2- 8.0088 f.0086A
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StquS_.ﬂdding_CS Refrigeration Cycle

il Sirmulation

Three-Stage Refrigeration Cycle

K08 K07
Outlet Pressure : 15.885bar
Adiabatic Efficiency : 70%

Outlet Pressure : 6.5505bar

Adiabatic Efficiency : 70% K06
Outlet Pressure : 2.7013bar

Adiabatic Efficiency : 70%

E]

E]

g2 1
=1
E12
Pressure drop(Hot Side) : 0.5bar
Hot Product Liquid Fraction : 1
v ] 4] E09

Pressure drop(Hot Side) : 0.5bar
Hot Product Liquid Fraction : 1

2] B CVo09
= cVos Outlet Pressure :
cvo7 Outlet Pressure : Lol LD
Outlet Pressure : 2.7013 bar
6.5505 bar . :
o Ry

FO7/F08/F09
Adiabatic : duty 0

=) {1
Stream61 ) E01/E02/E03
Temperature . 45 °C Pressure drop(Hot Side) : 0.5 bar
Bubble Point Cold Product Liquid Fraction : 0

Component : Propane
Total Fluid Flowrate : 3841400 kg/hr
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Multi-Stage Cascade
Refrigeration Cycle
& Results




Multi-Stage Cascade Refrigeration Cycle

O_Multi-stage Cascade

| Simulation
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Results of Calculator

Refrigerator Contents Actual Work (kW)

KO8 6.97935E+04

Propane KO7 4.65535E+04

K06 3.26463E+04

Ethylene KOS5 4.93771E+04

K04 2.40789E+04

KO3 1.94100E+04

Methane K02 6.41777E+03

K01 1.91124E+03

Total 2.50188E+05
LNG Flowrate (kg/hr) 577679.6567

Specific Power for produced LNG [kWh/kg]
= 0.433 kWh/kg LNG
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Thank you
for your attention




