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Tutorial 1

Use Aspen Plus V8.8 to solve all the problems.

1) Develop a process flow sheet for the liquefaction of propane. The process starts with propane vapor at ambient
conditions (298 K and 1 bar), which is compressed to 15 bar, cooled back down to 298 K, expanded through an adiabatic
valve to 1 bar, and then the resulting gaseous and liquid streams are separated. Use Peng-Robinson equation of state as

the thermodynamic model and consider no recycle of the gaseous stream.

2) Repeat Problem 1 with Soave-Redlich-Kwong equation of state. Compare the compressor work required and the

amount of liquefied propane produced with the values obtained using the Peng-Robinson equation.

3) Repeat Problem 1 with the Peng-Robinson equation of state using an increased compressor outlet pressure of 20
bar. Compare the compressor work required and the amount of liquefied propane produced with the operation at 15

bar.



4) All the previous examples were once-through calculation. Practically, it would not be acceptable to release the
propane vapor leaving the separator to the atmosphere as propane is explosive as well as valuable resource. A simple
way to deal with this is to recycle the propane vapor back into the process by mixing it with the feed and returning it
to the compressor. This would increase the flows of all the process streams, since they would now be the sum of the
feed flow and the recycle flow, increase the work needed in the compressor, and affect the heat to be removed in the
heat exchanger, but would have the advantage that only liquid propane would be produced in the process. Repeat
Problem 1 with recycle calculation using the Peng-Robinson equation of state. Compare the compressor work

required and the amount of liquefied propane produced against the once-through operation.
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@ Adiabatic flash for specified outlet pressure (pressure changer)
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@ Required Input Complete

@) Qutlet pressure 1 bar

) Pressure drop bar
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. - [*3]

EBlDCk Options 5 I—>Generating block results I -
I g EC Medeling = =
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[ g Dynamic Configuration =
‘[ m » Maolar Enthalpy CALMOL -25031.8 -232626 -28862.8 -28862.8 -261446 -30812.3
- Mass Enthalpy CAL/GM -567.659 -527.537 -654.536 -654.536 -502.,804 -604.211
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[J Solids . " ”
[ Comp-G.roups Items to be included in report file CI I C k O n St rea l I l N
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A Models Total CO2e preduction [kg/hr] 0
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Polytropic efficiency
EQ Medel components
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I L& EO Maodeling i - |
[ Results Units COMPIN - COMPOUT - HEXOUT ~  LQUID ~  VAPOR ~  VLVOUT ~ -
T Stream Results b From CoMP HEX FLASHDRM FLASHDRM VALVE
[ Stream Results (Cus
- To COMP HEX VALVE FLASHDRM
A Summary
£ Utilities Substream: MIXED All streams
[ Reactions Phase: Vapar Vapar Liguid Liquid Vapar Mixed
| g Convergence H H =
e otons Component ileFiow information can be
[+ [ Model Analysis Tools PROPA-0L KMOL/HR 1.36065 1.36065 1.36065 0.827838 0.532814 1.36065 se I ected an d co ied to
I L EO Configuration Component Male Fraction p
4 [ Results Summary PROPA-01 1 1 1 1 1 1 |
[ Run Status exce .
E Strearms Compaonent Mass Flow
-EI Convergence PROPA-01 KG/HR 60 60 60 36,5048 234953 60 L
0] ting Cost
E pera ”Tg . ot Companent Mass Fracticn
[ CO2 Emissions
E Streams [Custom) = PROPA-01 1 1 1 1 1 1
¥ Models Male Flow KMOL/HR 1.36065 1.36065 1.36065 0.827838 0532814 1.36065 Se | ect a I I ->CO py a | |
4 Equipment Mass Flow KG/HR 60 60 60 36,5048 23,4953 60
[ g Dynamic Configuration =
P m » Wolume Flow L/MIN 552.553 44,6261 203024 1.04474 164.638 165.683
- Temperature L0 24.85 126.217 24.85 -42.5381 -42.5381 -42.5381
- Properties
L5 oe Pressure BAR 1 15 15 1 1 1 .
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Clipboard ] Fant Fl Alignment Fl Mumber Fl Styles Cells Editing
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1 Units COMPIN COMPOUT  HEXOUT Liauip VAPOR VLVOUT

2 |From CONMP HEX FLASHDRM FLASHDREM VALVE
3 |To COMP HEX VALVE FLASHDREM

4 |Substream: MIXED
5 Phase: Vapor Vapor Liquid Liquid Vapor Mixed

& |Component Mole Flow . .

7 PRDEJ&-OI KMOL/HR 1.360652 1.360652 1.360652 0.8278375 0.5328141 1.360652 PaSte the Informatlon

& Component Mole Fraction .

9 |PROPA-01 1 1 1 1 1 1 In Excel

10 |Component Mass Flow

11 |PROPA-01 KG/HR 60 60 60 36.50475 23.49525 60

12 |Component Mass Fraction

13 |PROPA-01 1 1 1 1 1 1

14 |Mole Flow KMOL/HR 1.360652 1.360652 1.360652 0.8278373 0.5328141 1.360652

15 |Mass Flow KG/HR 60 60 60 36.5 23.5 60

16 |Volume Flow L/MIN 552.5534 44.62607 2.030243  1.044739 164.6382 165.6829

17 |Temperature C 24.85 126.2168 24.85 -42.53807 -42.53807  -42.53807

18 | pressure BAR 1 15 15 1 1 1 [ ]

19 |Vapor Fraction 1 1 0 0 1 0.3915875

20 |Liquid Fraction 0 0 1 1 o 0.6084125

21 |Solid Fraction 0 0 o o o o

22 |Molar Enthalpy CAL/MOL -25031.77  -23262.55 -28862.77 -30612.27 -26144.56  -28862.77

23 |Mass Enthalpy CAL/GM -567.6587 -527.5372  -654.5362 -694.2105 -592.854 -654.5362

24 |Enthalpy Flow CAL/SEC -9460.978 -8792.286  -10908.94 -7039.44  -3869.498 @ -10908.54

25 |Molar Entropy CAL/MOL-K  -64.35947 -64.35946  -81.42603 -87.95393 -68.58067 @ -80.36761

26 |Mass Entropy CAL/GM-K  -1.459513 -1.459513  -1.846541 -1.994578 -1.55524 -1.822539

27 |Molar Density MoL/cc 4.10E-05 0.000508168 0.0111698 0.0132064 5.39E-05 0.000136873

28 |Mass Density GM/cC 0.00180978 0.0224084 0.4925518 0.5823587 0.00237847 0.00603563

29 |Average Molecular Weight 44.09652 44.09652  44.09652 44.09652  44.09652 44,09652

30

Sheetl




Results

Property methods

Peng-Robinson  Soave-Redlich- Kwong (SRK)

Liquid flow, Kg/hr 36.5 36.3
Vapor flow, Kg/hr 23.5 23.7
Compressor work required, kKW 2.8 2.8
Compressor outlet pressure, bar 15 15
Property methods
Peng-Robinson Peng-Robinson
Liquid flow, Kg/hr 36.5 36.5
Vapor flow, Kg/hr 23.5 23.5
Compressor work required, KW 2.8 3.1

Compressor outlet pressure, bar 15 20
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Results

Without Recycle Recycle

Liquid Propane, Kg/hr 36.5 60
Compressor work required, kW 2.8 4.2
Energy cost, W per Kg liquid Propane per hr 76.7 70.0

Conclusion: Recycle process is more efficient in terms of the energy required per kg of liquid propane produced apart from
Stopping the venting the vapor propane.
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