Simulation of Vapor Recompression

Refrigeration Cycle
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Estimation of the Evaporator Heat Duty



Refrigeration Cycle Example:

(1) Heat duty? 4

N\

K01 (2) Pressure?

/ > (6) Temperature?

\ 4

4
4 Compressor /

= (8) c/w flow rate?

. Power?
Process E02 Process : EO01 /
Fluid In Fluid Out Cooling wate Cooling water
-30°C Supply: 32°C Return: 40°C
Component Mole % \
CVo1
3 780 (7) Heat duty?
NC4 49.08 Flash \ \
Temperature (°C) 25.0
Pressure (bar) 192 (3) Pressure? (§) Tota}I refrigerant
circulation rate?
Flow Rate (Kg/hr) 15,078

\

(4) Refrigerant flow rate?

Use Peng-Robinson Equation of State.



Refrigeration Cycle Example:

Step Contents

0 » Draw a schematic diagram for vapor recompression refrigeration cycle
« Explain the principles of the propane refrigeration cycle

1 « Estimate the heat duty of the evaporator in 10° Kcal/hr.

2 » Determine the discharge pressure of the compressor.

3 » Determine the outlet pressure of the expansion valve.

4 « Determine the refrigerant mass flow rate feeding to the evaporator.

5 » Determine the total refrigerant circulation rate.

6 « Estimate the compressor power. Assume that that adiabatic efficiency of the compressor is 70%.
» Estimate the compressor discharge temperature.

7 » Determine the heat duty of the condenser.

8 « Determine the cooling water consumptions in tons per hour.

9  Complete the overall refrigeration cycle in one PRO/II file and compare its results with each step-by-step
simulation results.

10  Complete the overall refrigeration cycle for mixed refrigerants and compare their results with a single
refrigerant simulation results.




Step 0: Draw a Schematic Diagram of the Vapor Refrigeration
Cycle Using Propane

\KLT

\ 4

+/
Compressor
i =?
Process m Process = Power EO1
Fluid In Fluid Out Cooling wate 2 Cooling water
Supply Return
CVvo1

K01 : Compressor

EO1 : Condenser

CVO01: Pressure Let-down Valve
F01: Economizer

E02: Evaporator




Step 1. Evaporator Heat Duty?

02
BOG In m LPG Out
Component Mole % '3OOC

C3 7.80
IC4 43.12

NC4 49.08
Temperature (°C) 25.0
Pressure (bar) 1.2

Flow Rate (Kg/hr) 15,078




Step 1: Flow Sheet Drawing

S2 =)

EVAPORATOR

Step _01_Evaporator heat duty.prz



Step 1: Evaporator Heat Duty

P
Data Review Window - Simple HX - "EVAPORATOR'
Froperty Walue Initz
H Mame EVAPORATOR
Hx DescriEntin:nn
Dty T8 1076 Keal'hr
T n.fq
Heat Exchanger Unit ;I Copy loze
Exit the window without zaving any data




2 Determination of the Compressor Discharge
Pressure

11



Step 2. Compressor Discharge Pressure Determination

KO1  (2) Pressure?

/

» ».

A

E01

Cooling wate 2 Cooling water
Supply: 32°C Return: 40°C

45°C

v

» Compressor discharge pressure is equal to....

 \When the propane refrigerant is cooled down to 45°C, it should be
condensed and liquefied to saturate liquid state.

* In principle, compressor discharge pressure is equal to the bubble
point pressure of propane at 45°C using Peng-Robinson equation of
state.



Step 2a: Compressor Discharge Pressure: Flash Calculation

» Step 2a: Using Flash module

 Bubble pressure calculation of propane at 45°C using Peng-
Robinson equation of state.

S2—=
=) S1
S3 =
il Step _02a_Compressor outlet pressure.prz
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Step 2a: Compressor Discharge Pressure: Flash Calculation

-
PRCYT - Flash Drurn

UOkM  Define Range Help Owerviews  Status Motes
Urit; |F'| | Description; I
First Specification ]
Thermodynamic Sustem:
|Temperature |;| | 45.EIEI| C IDefauIt (FRO1) |;|

~ Second Specification

% Unit Specification:  [Bubble Paint 4
" Product Specification:

Farameter = wvalue within the default tolerance

Temperature E stimate; I C Froduct Phases. .. I
Freszure Estimate: I bar Print O phiohs... |
Pseudostrearn Flowrate: | I].EIEIEIEIEIl kag-rnol/hir ERbsnmenm |
Phaze Azzignment; | Diefault |;|

| K I Caricel

Exit the windoww after zaving all data




Step 2a: Compressor Discharge Pressure: Flash Calculation

-
Data Review Window - Flash (Water on Bottom) - 'F1° u
Property Yalue [nitz

Flazh Mame F1

Flazh Dlescription

Temperature 45,0000

Prezsure 16,3848 b

CLP 143845 by

Dty -D.32E|4|:-: 1076 K.calth

Flazh Linit LI Copy Close

E it the windoww withaut zawving any data




Step 2b: Compressor Discharge Pressure: Feed Calculation

» Step 2b: Using Feed stream only

* Feed stream thermal condition: Bubble point at 45°C using Peng-
Robinson equation of state.

Step _02b_Compressor outlet pressure.prz



Step 2b: Compressor Discharge Pressure: Feed Calculation

-

PROVI - Stream Data

1Ok Fange Help Tag Owverview  Status MHotes
Strean: |S1 | Dreszcription:
Tao Unit; [Froduct Stream]
~ Stream Type

Composition D efined | Flowrate and Composition... I

Petroleumn Aszay
Referenced ta Stream |

Solids Orly Stream Stream Saolids Data...

Streamn Polymer Data... |

~ Thermal Candition
First Specification:

|Temperature |;| | 45.00| C
Second Specification:
|Bubble Paint ||
Thermodynamic System: |Determined From Connectivity |;|
| oK I Cancel |

Ewit the window after zaving all data




Step 2b: Compressor Discharge Pressure: Feed Calculation

’
Data Review Window - Stream - 'S1" 23|
Property Walle Uitz
S trean M ame C1
T emperature 45,000 C
Preszsure 15,385 har
-IHUWHTE T gl /b

Property Label List ﬂ Copy Claze

E xit the window without 2aving any data




Step 2c: Compressor Discharge Pressure: Using Controller

» Step 2c: Compressor and condenser system with controller
* Feed stream thermal condition: Dew point at -40°C
e (Condenser outlet condition: saturated liquid state

e Controller: Specify EO1 outlet stream temperature as 45°C by
varying the compressor discharge pressure.

(2) Pressure?

Feed /

L A L

E01

Cooling water
Return: 40°C

Cooling water
Supply: 32°C

45°C



Step 2c: Compressor Discharge Pressure: Using Controller

=)—{31 %.E C1 CN1
52 v‘}—ss—-ﬁ

E1

Step_02c_Compressor outlet pressure with controller.prz

20



Step 2c: Compressor Discharge Pressure: Using Controller

7
Data Review Window - Stream - 'S2° [
Property Walle [hitz
Stream Mame 54
T emperature 24.901|
Prezsure 153848 bar
TFIHWI’EPE T OO -l b

Property Label List ;I Copy Close

Exit the window without zaving anyp data




Determination of the Valve Outlet Pressure

22



Step 3: Expansion Valve Outlet Pressure

v EO1
Cooling wate 2 Cooling water
Supply Return

CVvo1

-40°C : i 45°C

» Expansion valve outlet pressure is equal to....

 When the propane refrigerant is expanded to a lower pressure from

the saturated liquid state at 45°C, propane temperature should be
lowered to -40°C.

* In principle, expansion valve outlet pressure is equal to the dew point

pressure of propane at -40°C using Peng-Robinson equation of
state.




Step 3a: Expansion Valve Outlet Pressure: Flash Calculation

» Step 3a: Using Flash module

 Dew pressure calculation of propane at -40°C using Peng-Robinson
equation of state.

S2—=
=) S1
S3 =
il Step _03a_Compressor outlet pressure.prz
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Step 3a: Expansion Valve Outlet Pressure: Flash Calculation

-
PRCYI - Flash Crurmn

10k Define  Range Help Owerview  Statug Motes

Urit:  |F1 D escription:

Firzt Specification

Thermodenamic Systen:
ITemperature |;| | -4EI.EIEI| C IDefauIt (PR |;|

Second Specification

% Unit Specification: I Drew Point |;|

" Product Specification:

FParameter = wvalue within the default tolerance

Temperature E stimate; I C Product Phazes... I
Preszure Estimate: I bar Frint Options... |
Pseudostrearn Flowrate: | EI.EIEIEIEIEI| kg-nal/hr E ntrainment.. |
FPhase Aszignment; I D efalt |;|

| 0K I Cancel

E it the window after zaving all data




Step 3a: Expansion Valve Outlet Pressure: Flash Calculation

-
Data Review Window - Flash (Water on Bottom) - "F1° u
Froperty " alue Inits
Flazh Mame F1
Flazh Desc:riEntin:nn
Temperature -40.0000)
Freszure 1114 bay
DOF 01143 bar
Dty 010562 1076 Kealhr
Flash Uit ~| Copy Ciose
E it the window without zaving any data
|




Step 3b: Expansion Valve Outlet Pressure: Feed Flash

» Step 3b: Using Feed stream only

* Feed stream thermal condition: Bubble point at 45°C using Peng-
Robinson equation of state.

Step_03b_Compressor outlet pressure.prz



Step 3b: Expansion Valve Outlet Pressure: Feed Flash

”
PRCVI - Stream Data

10k Range Help Tag Owerview  Statuz  Motes

Stream: |S'I | Diezcription:

ToUnit: [Product Stream)

~ Stream Type
Composition Defined | Flovurate and Cormposition... I
Petroleurn Aszay
Referenced to Stream i
Solids Orly Stream Streamn Solids Data... |
Strearn Polymer D ata... |

~ Thermal Candition

Firzt 5 pecification:

|Temperature |;| | -A0.00( C
Second Specification:

|Dew Puaint |;|

Thermadynamic Systerm: |Determined Fraorm Connectivity |;|

| K; I Cancel |

E it the window after zaving all data




Step 3b: Expansion Valve Outlet Pressure: Feed Flash

-
Data Review Window - Stream - 'S1°

Property Walle itz
S trear M ame o |
Temperature 40,000 C
Freszure 1118 ba

-THUWHTE T e ol b

Property Label List ﬂ Copy Cloze

E st the window without 2aving any data




Step 3c: Expansion Valve Outlet Pressure: Using Controller

» Step 3c: Compressor and condenser system with controller
* Feed stream thermal condition: Bubble point at 45°C

e Controller: Specify CV01 outlet stream temperature as -40°C by
varying the expansion valve outlet pressure.

v EO1
Cooling wate 2 Cooling water
Supply Return

CVvo1

-40°C ; i 45°C




Step 3c: Expansion Valve Outlet Pressure: Using Controller

CM1

= —S1 4& S2 =

V1

Step_03c_Expansion valve outlet pressure with controller.prz
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Step 3c: Expansion Valve Outlet Pressure: Using Controller

-

PROVII - Stream Data

1Ok Fange Help Tag Owverview  Status MHotes

Stream: 51 | Dreszcription:

To Unit: W1
~ Stream Type

Compozition D efined
Petroleumn Aszay
Referenced ta Stream |

Flowwrate and Composition... I

Solids Orly Stream Stream Saolids Data...

Streamn Polymer Data... |

~ Thermal Candition
First Specification:

|Temperature |;| | 45.00| C
Second Specification:
|Bubble Paint ||
Thermodynamic System: |Determined From Connectivity |;|
| oK I Cancel |

Ewit the window after zaving all data




Step 3c: Expansion Valve Outlet Pressure: Using Controller

-
PROVT - Valve
Ul Define  Range Help Owerview  Status Motes
[t |‘-.f1 | D escription; I
Froduct Phases. .. | fecihnglpannets
" Pressure Drop: I bar
Thermodynamic System: & Dutlet Pressure: | 13000 b
| Detault (PRO1) |~
| K I Cancel |

E =it the window after zaving all data




Step 3c: Expansion Valve Outlet Pressure: Using Controller

-
PRCVII - Feedback Controller

10k Range Help Owerview  Statug Motes

nit: [CH1 D ezcription:

~ Specification
Strearn 52 Temperature in C = -40.000 within the default tolerance

~anable

Walve W1 Pressure in bar Limits and
Step Sizes...

~ Parameters

b aximurn Humber af terations: W Print Fesults for E ach [teration

Actian if MinimurnM aximumn Linits are reached
¢ Accept as Solved if Limits are Feached

™ Fail Urit and Stop Calculations if Limits are Feached

" Fail Urit and Continue Caleulations if Limits are Beached

Mert Unit Calculated after Contral % ariable iz Changed: | Calculated |;|

0K I Cancel I

Esit the window after zaving all data




Step 3c: Expansion Valve Outlet Pressure: Using Controller

p
Data Review Window - Stream - 'S2'

Property Walle [ rikz

abrean Mame

T emperature - C
b

Prezsure .

WE[E T OOy e -l b

Property Label List ;I Copy

E wit the window without zaving any data




4 Estimation of the Refrigerant Flow Rate to Evaporator
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Step 4: Refrigerant Flow Rate to the Evaporator

» Refrigerant flow rate feeding the evaporator
» Use utility option in evaporator simulation.

* |n principle, expansion valve outlet pressure is equal to the dew point
pressure of propane at -40°C using Peng-Robinson equation of
state.

E02

Process Process
Fluid In : Fluid Out
Cvo1
FO01
Flash| —

Adiabatic




Step 4a: Refrigerant Flow Rate to the Evaporator: Utility

» Step 4a: Use Ultility option in HX
 Choose propane as a refrigerant for cold side stream fluid.

S2 =

EVAPORATOR

Step 04a_Refrigerant flowrate to the evaporator.prz
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Step 4a: Refrigerant Flow Rate to the Evaporator: Utility

’
PRC/I - Heat Exchanger

| Process Sheam...

Process Strear...

[Itility Stream...

10w Define Range Help Overview  Status Motes
Unit:  [EVAPORATOR | Desciption:
~Hot Side ~ Cold Side
SEEn:ifin::atin:nn... I

Configuratior...

Ltility Stream...
Attach to Caolumn... Attach to Column... Zones Analyziz. .
Freszure Drop: Freszure Drop: Frint Optiors...
bar Im bar
Thermodynamic System: Thermodynamic Systemn:
|Default [FROT) |;| IDefauIt [FROT) LI oK |
Cancel |

Exit the window after zaving all data




Step 4a: Refrigerant Flow Rate to the Evaporator: Utility

"
Heat Exchanger - Cold Side LUiility

0w Define Range Help

¥ Use Utility for Cold Side

~ Utility Type W aker or Air Inlet and Outlet Conditions
" Water [rlet Ternperatune: I C
A Cutlet Temperature: I C
¥ Refrigerant

~ Refrigerant Component Selection and S aturation Conditions

Carmpaonent: S aturation Conditions:
C2 |;| " Pressure: I bar
% Temperature; | -40.00( C

~ Thermo Method for Air Cp Calculation
& |deal Themno Method

" Compatible with Simple Hx< AirYer, 8.2 and earlier

K I Carnicel

Exit the window after zaving all data




Step 4a: Refrigerant Flow Rate to the Evaporator: Utility

OPERATING CONDITIONS

DUTY, M*KCAL/HR
LMTD, C

HOT SIDE CONDITIONS

FEED
LIQUID PRODUCT
VAPOR, KG-MOL/HR
K*KG/HR
CP, KCAL/KG-C
LIQUID, KG-MOL/HR
K*KG/HR
CP, KCAL/KG-C
TOTAL, KG-MOL/HR
K*KG/HR
CONDENSATION, KG-MOL/HR
TEMPERATURE, C
PRESSURE, BAR

COLD SIDE CONDITIONS

REFRIGERANT, KG/HR
SATURATION PRESSURE, BAR

SATURATION TEMPERATURE, C

41

1.712
29.383
INLET OUTLET
s1
S2
264 .390
15.078
0.404
264 .390
15.078
0.490
264 .390 264 .390
15.078 15.078
264 .390
25.000 ~30.000
1.200 1.200
INLET OUTLET
16946.501  16946.501
1.109 <
~40.000

— 1.1143 bar



Step 4b: Refrigerant Flow Rate to the Evaporator: Controller

= S4
CN1
= S1 S2 =
EVAPORATOR
S3 | =
Step _04a_Refrigerant flowrate to the evaporator with controller.prz

42



Step 4b: Refrigerant Flow Rate to the Evaporator: Controller

-
PRV - Stream Data

0K Range Help Tag Owverview  Status Motes
Stream: |51 | Dezcrption:

To Unit: EVAPORATOR

~ Stream Type

Composzition Defined
Petroleumn Agzzay
Referenced to Stream |

Flawrate and Composition. .. I

S olids Orly Stream Streamn Solids Data...

Stream Polymer Data... |

~ Thermal Condition
Firgt Specification:

ITemperature |L| | 25.EIEI| C
Second Specification:
IF'ressure |;| | 1.2EIEIEI| bar
Thermodynamic: Systen: |Determined Fram Connectivity |;|
| o I Cancel |

Euit the window after zaving all data




Step 4b: Refrigerant Flow Rate to the Evaporator: Controller

-
Stream Data - Flowrate and Compaosition

10w Range Help Tag

Specify flowrate and composition for stream 51

Fluid Flowrate Specification

&+ Tatal Fluid Flowrate: | 15078, | kathr [T Total L'V or GV rate on an
" Individual Component Flowrates &djusted Standard B asis
™ Component Concentrations
Tatal Fluid Flovrate: I kgrmalshr

Copy Carmparent Composzition
Paste Mole

L3 7.8000

IC4 49,080

NC4 43120

Clear Compositions | Tatal 100.00
W Momalize Component Flowrates
— Bazed on Specified Fluid Flowrate
| 0k ] Cancel |

E sit the window after zaving all data




Step 4b: Refrigerant Flow Rate to the Evaporator: Controller

-
PRCVI - Stream Data

JOM  Range Help Tag Owerview  Status Motes

Stream: |53 | Dezcription;

T Unit; EVAPORATOR
~ Stream Type

Composition Defined |
Petraleur Azzay

Referenced to Stream '
Solids Orly Stream Stream Solids Data... |

Flawrate and Composition. .. I

Stream Polyrer Data. . |

~ Thermal Condition
Firzt Specification:

|Temperature |;| | -A0.00f C
Second Specification:
| Bubble Point ||
Thermadynaric System: |Determined Fram Connectivity |;|
[ Cancel I

E it the window after saving all data




Step 4b: Refrigerant Flow Rate to the Evaporator: Controller

-
Stream Data - Flowrate and Compaosition

10k Range Help Tag

Specify flowrate and compogition for stream 53

Fluid Flowrate Specification

% Total Fluid Flowrate: | 17000, | kgthr [T Total Ly ar GY rate on an
" Individual Component Flowrates Adjuzted Standard Basiz
" Component Concentrations I
Tatal Fluid Flowrate: kg-malshr
Copy Component Composition
Paste tole
- 100.00
IC4
MC4
Clear Canmpazitions Total: 100.00
v Mormalize Component Flowrates
o Bazed on Specified Fluid Flowrate
Ok Cancel |

Esit the window after zaving all data




Step 4b: Refrigerant Flow Rate to the Evaporator: Controller

-
Heat Exchanger - Specifications

Ok Define Ranhge Help

Specification: |I:|:|I|:I Product Liguid Fraction |;|
Value: | 0.00000]
Relative Tolerance: | 0.0001 EIEIl
Area: I rn®
-4 alue: I kcal/hr-me-k.
b amimurn Alloveable 54 I kcal -k
0k I Cancel

Esit the window after zaving all data




Step 4b: Refrigerant Flow Rate to the Evaporator: Controller

-
PRC/I - Feedback Controller

10k Fange Help Owerview  Statug Motes
drit: |CH1 Diezcription:
~ Specification
Heat Exchanger EYAPORATOR Duty in =z 1076 Kcal/he = 1.7115 within the default tolerance
~Wariable
Strearn 53 Flowrate in kadh Limits and
Step Sizes...
~ Parameters
b asirmurn Mumber of lterations: ¥ Print Fesults for E ach Iteration
Action iF Minirurn/M asirurn Limits are reached
% Accept as Solved if Limits are Feached
" Fail Unit and Stop Calculations if Limits are Reached
{~ Fail Unit and Continue Calculations if Limits are Beached
Mewxt Lnit Calculated after Contral W ariable iz Changed: IEaIcuIated |;|

1k I Cancel |

E it the window after zaving all data




Step 4b: Refrigerant Flow Rate to the Evaporator: Controller

OPERATING CONDITIONS
DUTY, M*KCAL/HR
HOT SIDE CONDITIONS

FEED
TOTAL, KG-MOL/HR
K*KG/HR
CONDENSATION, KG-MOL/HR
TEMPERATURE, C
PRESSURE, BAR

COLD SIDE CONDITIONS

FEED
VAPOR PRODUCT
TOTAL, KG-MOL/HR
K*KG/HR
VAPORIZATION, KG-MOL/HR
TEMPERATURE, C
PRESSURE, BAR

S1
264 .390
15.078

25.000
1.200

385.053
16.979

-40.000
1.114

49

264 .390
15.078
264 .390
-30.000
1.200

OUTLET

S4
385.053
16.979
385.053
-40.000
1.114



Step 4b: Refrigerant Flow Rate to the Evaporator: Controller
STREAM 1D S S2 S3 34
NAME

PHASE VAPOR LIQUID LIQUID VAPOR

THERMO 1D PRO1 PRO1 PRO1 PRO1
FLUID RATES, KG/HR

1 C3 909.3783 909.3783 16979.4860 16979.4860

2 1C4 7542 2557 7542 .2557 0.0000 0.0000

3 NC4 6626 .3660 6626 .3660 0.0000 0.0000

TOTAL RATE, KG/HR 15078 .0000 15078.0000 16979.4860 16979.4860

TEMPERATURE, C 25.0000 -29.9966 -40.0000 -40.0000

PRESSURE, BAR 1.2000 1.2000 1.1143 1.1143

ENTHALPY, M*KCAL/HR 1.5001 -0.2114 -0.3596 1.3519

MOLECULAR WEIGHT 57.0293 57.0293 44 0965 44 0965

WEIGHT FRAC VAPOR 1.0000 0.0000 0.0000 1.0000

WEIGHT FRAC LIQUID 0.0000 1.0000 1.0000 0.0000

50



5 Estimation of the Total Refrigerant Circulation Rate
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Step 5: Total Refrigerant Flow Rate

» Total refrigerant circulation rate

* A: Use proportional relation with valve and flash module

* B: Specify heat exchanger In principle, expansion valve outlet

pressure is equal to the dew point pressure of propane at -40°C
using Peng-Robinson equation of state.

4 Specify HX E02 heat duty as 1.7115x108 Kcal/hr

Process E02 4)cess
Fluid In ( ? >Fluid Out

Vary the refrigerant circulation rate.

/

/~ N\




Step 5a: Total Refrigerant Flow Rate

100 Kg/hr
\
I N
= 51— (5o
Wz S4|—m>

/

48.3217 Kg/hr

100:48.3217=x:16,979.486
X =35,138.4285

Step _05a_Total refrigerant circulation rate.prz
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Step 5a: Total Refrigerant Flow Rate

-
PRC/II - Feedback Controller

10k Fange Help Owerview  Statug Motes

drit: |CH1 Diezcription:

~ Specification
Stream 52 Temperature in C = -40.000 within an abzolute bolerance of 1.0000e-006

—ariable

W alve W1 Pressure in bar Limits and
Step Sizes...

~ Parameters
b asirmurn Mumber of lterations: ¥ Print Fesults for E ach Iteration

Action iF Minirurn/M asirurn Limits are reached
% Accept as Solved if Limits are Feached

" Fail Unit and Stop Calculations if Limits are Reached

{~ Fail Unit and Continue Calculations if Limits are Beached

Mewxt Lnit Calculated after Contral W ariable iz Changed: I Calculated |;|

o | Cancel |

E it the window after zaving all data




Step 5a: Total Refrigerant Flow Rate

STREAM 1D
NAME
PHASE
THERMO 1D

FLUID RATES, KG/HR
1 C3
2 1C4
3 NC4

TOTAL RATE, KG/HR

TEMPERATURE, C
PRESSURE, BAR
ENTHALPY, M*KCAL/HR
MOLECULAR WEIGHT
WEIGHT FRAC VAPOR
WEIGHT FRAC LIQUID

S1

LIQUID
PRO1

100.0000
0.0000
0.0000

100.0000

45.0000
15.3845
3.0915E-03
44 0965
0.0000
1.0000

55

S2
MIXED
PRO1

100.0000
0.0000
0.0000

100.0000

-40.0000
1.1143

3.0915E-03

44 _.0965
0.5168
0.4832

S3
VAPOR
PRO1

51.6783
0.0000
0.0000

51.6783

-40.0000
1.1143

4_1148E-03

44 .0965
1.0000
0.0000

s4
LIQUID
PRO1

48 3217
0.0000
0.0000

48.3217

-40.0000
1.1143

-1.0232E-03

44 0965
0.0000
1.0000



Step 5Sb: Total Refrigerant Flow Rate: controliers

Step _05b_Total refrigerant circulation rate with controller.prz

56




Step 5b: Total Refrigerant Flow Rate: controllers

-
PRCVI - Stream Data

JOM  Range Help Tag Owerview  Status Motes

Stream: |55 | Dezcription:

Ta Unit: W1
~ Stream Type

Compaszition Defined
Petroleurn Agzay

Referenced to Stream '
Solids Orly Stream Stream Solids Data... |

Flawrate and Composition. .. I

Stream Polyrner Data... |

~ Thermal Condition
Firgt Specification:

|Temperature |;| | 45.00| C

Second Specification:

| Bubble Point |~

Thermadynamic Spsten: |Determined Fram Connectivity |;|

| 0k I Cancel I

Exit the window after zaving all data




Step 5b: Total Refrigerant Flow Rate: controllers

p
Stream Data - Flowrate and Composition

0w Range Help Tag

Specify flowrate and composition for stream 55

Fluid Flowrate Specification

&+ Tatal Fluid Flovirate: | 36000, | kathr [T Total L'V or GV rate on an
" Individual Component Flowrates &djusted Standard B asis
™ Component Concentrations
Tatal Fluid Flowrate: I kg-malshr
Copy Compatient Compaozition
Paste tale
3 100.00
IC4
MC4
Clear Compozitions | Total: 100.00
¥ Mormalize Component Flowrates
= Bazed on Specified Fluid Flowrate
| {0k ] Cancel |

E st the window after zaving all data




Step 5b: Total Refrigerant Flow Rate: controllers

-
PRCYI - Feedback Controller

UOM  Range Help Owerviews  Status Motes

[nit: |CH2 Description:

~ Specification
Stream 56 Temperature in © = -40.000 within an absolute tolerance of 1.0000e-006

W anable

Walve W1 Pressure in bar Limits and
Step Sizes...

~ Parameters

k awirmurn Murnber of Ikerations: ¥ Print Fesults far E ach [teration

Action if Minirmurn/M aximun Limitz are reached
& Accept az Solved if Limits are Reached

™ Fail Urit and Stop Caleulations if Limits are Reached

= Fail Unit and Continue Calculations if Limits are Beached

Mext Uit Calculated after Control % ariable iz Changed: IEaIcuIated |;|

o I Cancel |

Exit the window after zaving all data




Step 5b: Total Refrigerant Flow Rate: controllers

-
PRCVI - Stream Data

JOM  Range Help Tag Owerview  Status Motes

Stream: |51 | Dezcription;

T Unit; E1
~ Stream Type

Composition Defined
Petraleur Azzay

Referenced to Stream '
Solids Orly Stream Stream Solids Data... |

Flawrate and Composition. .. I

Stream Polyrer Data. . |

~ Thermal Condition
Firzt Specification:

|Temperature |;| | 25.DD| C
Second Specification:
|F"ressure |;| | 1.2EIEIEI| bar
Thermadynaric System: |Determined Fram Connectivity |;|
| i I Cancel I

E it the window after saving all data




Step 5b: Total Refrigerant Flow Rate: controllers

-
Stream Data - Flowrate and Composition

UOM  Fange Help Tag

Specify flowrate and compozition for stream 51

Fluid Flowrate Specification

% Total Fluid Flownate: | 15078.| kahr [~ Tatal LY or GY rate on an
" Individual Component Flowrates Adjusted Standard Basis
" Component Concentrations I
T otal Fluid Flowrate: kg-malshr

Copy Comporent Composition
Pazte Mole

L3 7.8000

IC4 43.080

NC4 432120

Clear Camposzitions I Total: 100.00
W Mamalize Compaonent Flowrates
— Bazed on Specified Fluid Flowrate
| 0k; I Cancel I

Exit the window after zaving all data




Step 5b: Total Refrigerant Flow Rate: controllers

.
Heat Exchanger - Specifications

Ok Define Range Help

S pecification: |I:|:|I|:| Product Liquid Fraction |;|
Value: | 0.00000)
Relative Tolerance: | 0.000 EIEI|
Area: I m®
L4 alue: I keal/hr-rn®-k,
b amimum Allowable L= I kcaldhr-k.
K I Cancel

E st the window after zaving all data




Step 5b: Total Refrigerant Flow Rate: controllers

-
PRCYI - Feedback Controller

UOM  Fange Help Owervieww  Status Motes

drit: |CH1 Dezcrnption:

~ Specification
Heat Exchanger E1 Duby in = 1076 Kealthe = 1.7115 within the default bolerance

— Y arable

Strearm S5 Flowrate in kashr Limitz and
Step Sizes...

~ Parameters
t amimurn Mumber of Ikerations: ¥ Print Results for E ach Iteration

Action if Minimurn/d aximun Limitz are reached
' Accept az Solved if Limits are Feached

™ Fail Urit and Stop Caleulations if Limits are Reached

{~ Fail Unit and Continue Calculations if Limits are Beached

Mewt Uit Calculated after Control % ariable iz Changed: IEaIcuIated |;|

i I Cancel |

E it the window after zaving all data




Step 5Sb: Total Refrigerant Flow Rate: controliers

STREAM 1D S5 S6 S7
NAME

PHASE LIQUID MIXED VAPOR

THERMO 1D PRO1 PRO1 PRO1

FLUID RATES, KG/HR

1 C3 35138.3627 35138.3627 18158.9207

2 1C4 0.0000 0.0000 0.0000

3 NC4 0.0000 0.0000 0.0000
TOTAL RATE, KG/HR 35138.3627 35138.3627 18158.9207
TEMPERATURE, C 45.0000 -40.0000 -40.0000
PRESSURE, BAR 15.3845 1.1143 1.1143
ENTHALPY, M*KCAL/HR 1.0863 1.0863 1.4459
MOLECULAR WEIGHT 44 0965 44 0965 44 0965
WEIGHT FRAC VAPOR 0.0000 0.5168 1.0000
WEIGHT FRAC LIQUID 1.0000 0.4832 0.0000

A: 35,138.4285 Kg/hr
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Compressor Power (Adiabatic efficiency: 70%),
Compressor Discharge Temperature
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Step 6: Compressor Power & Discharge Temperature

[COMPRESSOR]

59 =

Step _06_Compressor power.prz
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Step 6: Compressor Power & Discharge Temperature

P'

PRCYT - Compressor

U0k Define  Range Help Owerviews  Status Motes

-

I After- Thermodynamic System: IDEfauIt PRO1] |;|
cooler...

Calculational Inlet Pressure: I
Method... bt
Outlet Temperature E stimate: I:lE

Unit: | COMPRESSOR |

[ Product
Phazes.__.

Drescripion: I

~ Machine Speed

I Machine Speed Mot Calculated |;|

" Single Molecular Weight Curves
~ Performance 5 pecification

~ Pressure, Work or Head Specification

|Dut|etF‘res&ure |;| | 15.384| bar Enter Curve. .. |

~ Efficiency or Temperature Specification

|.-'-‘-.|:Ii.E||:uE|ticEﬂicienc}I |;| | ?EI.DDDEI|F'ercent Enter Curve. .. |

£ Multiple Molecular wWeight Curves
Performance Specification

Multiple Outlet Pressure Cures ;I Head Basis €8 Length € Sp.Energy Enter Curve... |

b awirmurn Outlet Pressure: I bar

Felative Convergence Tolerance: I 0.0070000 Cancel |

Exit the window after zaving all data




Step 6: Compressor Power & Discharge Temperature

UNIT 5, "COMPRESSOR*

OPERATING CONDITIONS

INLET ISENTROPIC OUTLET
TEMPERATURE, C -40.00 59.87 84.90
PRESSURE, BAR 1.11 15.38 15.38
ENTHALPY, M*KCAL/HR 2.7978 3.8411 4.2882
ADIABATIC EFF, PERCENT 70.0000
POLYTROPIC EFF, PERCENT 74.9913
ISENTROPIC COEFFICIENT, K 1.0611
POLYTROPIC COEFFICIENT, N 1.1214
ASME "F'" FACTOR 1.0349
HEAD, M
ADIABATIC 12675.70
POLYTROPIC 13579.53
ACTUAL 18108.14
WORK, KW
THEORETICAL 1213.31
POLYTROPIC 1299.82
ACTUAL 1733.30
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7 Estimation of the Condenser Heat Duty & Cooling
Water Consumptions

69



Step 7: Condenser Heat Duty

€

.|
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=

Step _07_Condenser duty.prz
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Step 7. Condenser Heat Duty

-

Heat Exchanger - Specifications

10w Define Range Help

Specification:  [Hot Product Liquid Fraction

Value: | 1.0000|

Relative Tolerance: | 0.00m EIEI|

Area; I m?

LW e I kcalhr-me-K
i I Cancel

Exit the window after zaving all data




Step 7. Cooling Water Consumptions

-
Heat Exchanger - Cold Side Utility

U0k Define Range Help
¥ Use Utility for Cold Side

~ kility Type——— Wwéater or Air Inlet and Outlet Conditions
& ot Irlet Temperature: | 32.EIEI| C
0 Air Outlet Temperature:; | 4I:I.EIEI| [
™ Refrigerant

~ Refrigerant Component Selection and S aturation Conditions

Componernt; S aturation Conditions:
;I ¥ Pressure: I bar
' Temperature: I C

~ Thermo Method for Air Cp Calculation
% |deal Thermo Method

€ Compatible with Simple Hx AiYer. 8.2 and earlier

oK I Cancel

E xit the windoww after zaving all data




Step 7. Cooling Water Consumptions

OPERATING CONDITIONS

DUTY, M*KCAL/HR
LMTD, C

HOT SIDE CONDITIONS

FEED
LIQUID PRODUCT
VAPOR, KG-MOL/HR
K*KG/HR
CP, KCAL/KG-C
LIQUID, KG-MOL/HR
K*KG/HR
CP, KCAL/KG-C
TOTAL, KG-MOL/HR
K*KG/HR
CONDENSATION, KG-MOL/HR
TEMPERATURE, C
PRESSURE, BAR

COLD SIDE CONDITIONS

COOLING WATER, KG/HR
TEMPERATURE, C

3.202
25.737

796.851
35.138
0.514

796.851
35.138

84.901
15.384

400237 .921
32.000
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OUTLET

796.851
35.138
0.769
796.851
35.138
796.851
45.000
15.384

OUTLET

400237 .921
40.000



Overall Refrigeration Cycle Using Pure Propane
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Step 8: Overall Refrigeration Cycle

‘ll>(3N3

E2

S6

57 4;’

M1

N

F1
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C1
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E1

CN2 CN1
S4 .31$3 S3
VA

Step 09 Overall refrigeration cycle.prz
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Step 8: Overall Refrigeration Cycle

Step Item StepW|§e Overall Simulation
Calculation
1 Evaporator heat duty (10° Kcal/hr) 1.7115 1.7115
15.3845
2 Compressor discharge pressure (bar) (15.385) 15.3845
(15.384)
1.1143
3 Expansion valve outlet pressure (bar) (1.114) 1.114
(1.114)
. 16,946.501
4 Refrigerant mass flow rate to the evaporator (kg/hr) (16.979.486) 16,979.4872
. : : 35,138.4285
9 Total refrigerant circulation rate (kg/hr) (35.138.3627) 35,138.4597
6 Compressor power (kW) & compressor outlet stream 1733.30, 84.90 1.733.31. 84.901
temperature (°C)
7 Condenser heat duty (10° Kcal/hr) 3.202 3.2019
8 Cooling water consumptions (Ton/hr) 400.0 400.2

76




Pure Refrigerant vs. Mixed Refrigerants
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Step 9: Pure Refrigerant vs. Mixed Refrigerants

Component Mole% I
c2 0.50 |<:::
C3 98.5
Ic4 0.0 |
NC4 020 |
A A
EO02
Process -
Fluid In

Process
: Fluid Out

Adiabati
Flash

aN=s 9.‘

US 3=
ety &44E2 S0 Qe TR FEHAN 2
4 g} &eq THYUY FLAE A1
=3 24
K01
+ »
. Compressor
. Power=7? EO01
Cooling water Cooling water
Supply Return
cvo1 K01 : Compressor
EO01 : Condenser

CVO01: Pressure Let-down Valve
F01: Economizer
E02: Evaporator
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Step 9: Pure Refrigerant vs. Mixed Refrigerants

C1

ST¢S1B.3

M1
P -

¢ «
& P P =

CN2 CN1
S4 .jzﬁ S3
S6 Vi

F1

Step_10_Overall refrigeration cycle using mixed refrigeratns .prz
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Step 9: Pure Refrigerant vs. Mixed Refrigerants

Ste item Stepwise Overall Simulation Overall Simulation
P Calculation (Pure) (Mixed)
1 Evaporator heat duty (108 Kcal/hr) 1.7115 1.7115 1.7115
15.3845
2 Compressor discharge pressure (bar) (15.385) 15.3845 15.434
(15.384)
1.1143
3 Expansion valve outlet pressure (bar) (1.114) 1.114 1.108
(1.114)
Refrigerant mass flow rate to the 16,946.501
4 evaporator (kg/hr) (16,979.486) 16,979.4872 16,939.8899
: : . 35,138.4285
5 Total refrigerant circulation rate (kg/hr) (35.138.3627) 35,138.4597 35,026.3962
Compressor power (kW) & compressor 1733.30,
6 outlet stream temperature (°C) 84.90 1,733.31,84.901 1,736.0957, 85.7399
7 Condenser heat duty (10° Kcal/hr) 3.202 3.2019 3.2044
8 Cooling water consumptions (Ton/hr) 400.0 400.2 400.6
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Od .
of

E01/E02/E03 CN1
Spec : stream7 Temp -162 °C
Variable : CV01 Pressure

g
......................................................

Pressure drop : 0.5 bar

. g
.......................................................................................

HATpA cdzd =z -4zt adzx =z JTE8 =
(45°C) (-37°C) (-92°C) (-152°C) (-162°C)
— ] & - I O RC
E02 E03
-40°C -95°C -155°C
Propane Ref. Ethylene Ref. Methane Ref.
Hx name EO1 E02 EO03
Duty (108 Kcal/hr) 34.0145 58.5202 32.2301 =dt7|2 S0{7t= Wojo
O ZtS OF A O]
Refrigerant Flow (kg/hr) 337,452 526,206 270,075 € ag’dg 5, 5;6}}\84[2
dSAO[ 22| =7|doj
Stream name 1 2 3 4 w2 Fotoh
Temperature 45°C -37°C -92°C -152°C
Pressure 53 bar 52.5 bar 52 bar 51.5 bar




Cascade 3&:

-40°C (V) -95°C (V)

1
-92°C

-40°C (L) -37°C -95°C (L)
-40°C -95°C 155°C
Propane Ethylene Methane
S : e - e
45 C -37 C gzoc -1 52°




_ 45¢
%E 162°C

.)~ ) R wa e PR

-157°C =
1 38.11°C
Bl
: D= i Wea g Je=nl g1
(2] e El ]
€ € ¢ @ " : "
SMR Composition SMR input Condition
Component Mole % Stream 31 Value
Nitrogen 7.14 Temperature (°C) 38.11
Methane 1191 Pressure (bar) 1.3
Ethane 9.52
Propane 7143
Total Flow (Kg/hr) 4.2E+06




Cascade vs. SMR Y5

Cascade SMR
Component Compressor Actual Work Component Compressor Actual Work

c1 KO1 65,915 KO1 99,255
c2- K02 114,073 MR K02 98,265
c3 KO3 262,446 (C1, €2,.C3, N2) KO3 94,661

T‘z:,a"lkA(;:(tvt:’z;ll 442,434 K04 86,503

Ty
LNG Flowrate (kg/hr) LNG Flowrate (kg/hr)
Stream5 577,310 Stream5 577,157
Actual Work Actual Work

0.7700 kW/(kg/hr LNG) 0.6561 kW/(kg/hr LNG)




Cascade & SMR Heating Curve H|ul:

Temperature(C)

-100
-150

-200

— Hot
— Cold -
-37°C
124.7671*106
Kcal/hr ]
-92°C
34.0148 *106
Kcallhr
A
> E——— 2
58.5213*106 -152°C
Kcal/hr -1550C i
‘ ........ c1 ........ .>
32.2310*10¢
Kcal/hr
20 40 60 80 100 120 140
6
Heat duty(10” Kcal/hr)

Cascade Process
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—— Total Hot side
—— Total Cold side

MR Hot side
NG Hot side

e
e
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Si]q(maPIot 10,0 Motebook
BRE

SMA 2hE JNE
Si%maPlot 10,0 Moteboak
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HH Cascade 38 ACIE= HMEAL:

o j—‘{t Methane
3-stage

Ethylene
2-stage

= I
Propane
3-stage

> Hedt Z=EM

= D2EH Y AO|Z DAHCE EED WS A|E9
MMEA 53 E9 09
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THANK YOU




