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Process Simulation Tutorial #2
Remember
There are 5 things that one must do in order to solve a chemical engineering mass and energy balance.  You need to define the chemical species; you need to have the physical property data (a property method), you need a flowsheet, you need the inlet stream flows (T, P and composition), and you need operating conditions for the process units.  

Accessing ASPENPLUS

Start up your ECF account.  Move from the Start key to Chem Software, to ASPENTECH, select Process Modelling V8.0, then ASPENPLUS, the ASPENPLUS V8.0.  Indicate that you are an academic user – and the click OK on the next window.

ASPEN will now load – don’t be impatient.
Open the simulation from last week.
The Problem

A process gas stream (250 kmol/hr, 25C, 1 bar) containing 25% ethane, 25% ethylene and 50% nitrogen needs to be purified.  The suggested process involves compression, cooling and phase separation.  If necessary, a second stage of compression, cooling and separation can be used.

The Solution

Starting with the previous simulation, go to the Properties/Components page.  You can delete rows of unnecessary chemicals, and you can add the target chemicals.

Be sure to specify the total flowrate of the stream, and the mole fraction of the components.

Once the simulation has executed – look at the data for Stream 3.  You will see that the stream is 100% vapour at 25C.  
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Substream: MIXED



Mole Flow kmol/hr



NITROGEN

125

125

ETHANE

62.5

62.5

ETHENE

62.5

62.5

Total Flow kmol/hr
250

250

Total Flow kg/hr
7134.398
7134.398

Total Flow l/min
8620.027
4131.529

Temperature C
348.9105
25

Pressure bar

25

25

Vapor Frac

1

1

Liquid Frac

0

0

Solid Frac

0

0

Enthalpy cal/mol
1810.576
-1869.566

Enthalpy cal/gm
63.4453
-65.51241

Enthalpy cal/sec
125734
-129830

Entropy cal/mol-K
-9.722687
-17.88586

Entropy cal/gm-K
-0.3406975
-0.6267473

Density mol/cc
0.000483371
0.00100851

Density gm/cc

0.0137942
0.0287802

Average MW

28.53759
28.53759

Liq Vol 60F l/min
288.0612
288.0612

We could choose to make the stream colder, or we could compress some more.  Let’s add a second compressor (150 bar), and cool to the same conditions.  Add the blocks, then select Stream 3 – right mouse click – and select “RECONNECT DESTINATION”.  Connect that to the inlet of the second compressor.  Then, add streams to connect the compressor and the heat exchanger, and a discharge stream to the heat exchanger.
The process looks like this.
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Now, there is a 2-phase mixture leaving the cooler (Stream 5).  We add a FLASH2 (2-phase vapour-liquid separator) to the system.  We define the conditions as isothermal (25 C), and adiabatic (DUTY = 0).
Save the File, under a new name.

The Stream Table is:
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HX2
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FLASH1


To


COMP1


HX1


COMP2


HX2


FLASH1


Phase


VAPOR


VAPOR


VAPOR


VAPOR


MIXED


VAPOR


LIQUID


Substream: MIXED


 


 


 


 


 


 


 


Mole Flow


kmol/hr


 


 


 


 


 


 


 


  NITROGEN


  125.0000


  125.0000


  125.0000


  125.0000


  125.0000


  117.1291


  7.870888


  ETHANE


  62.50000


  62.50000


  62.50000


  62.50000


  62.50000


  24.19213


  38.30787


  ETHENE


  62.50000


  62.50000


  62.50000


  62.50000


  62.50000


  32.01673


  30.48327


Total Flow


kmol/hr


  250.0000


  250.0000


  250.0000


  250.0000


  250.0000


  173.3380


  76.66203


Total Flow


kg/hr


  7134.398


  7134.398


  7134.398


  7134.398


  7134.398


  4906.832


  2227.565


Total Flow


l/min


1.03288E+5


  8620.027


  3854.385


  1026.310


  647.8782


  477.6669


  170.4752


Temperature


C


  25.00000


  348.9105


  5.000000


  171.2292


  25.00000


  25.00000


  25.00000


Pressure


bar


  1.000000


  25.00000


  25.00000


  150.0000


  150.0000


  149.9269


  149.9269


Vapor Frac


  1.000000


  1.000000


  1.000000


  1.000000


  .6930917


  1.000000


       0.0


Liquid Frac


       0.0


       0.0


       0.0


       0.0


  .3069083


       0.0


  1.000000


Solid Frac


       0.0


       0.0


       0.0


       0.0


       0.0


       0.0


       0.0


Enthalpy


cal/mol


 -1869.566


  1810.576


 -2050.875


 -381.4864


 -2057.100


 -477.5680


 -5628.121


Enthalpy


cal/gm


 -65.51241


  63.44530


 -71.86572


 -13.36786


 -72.08388


 -16.87049


 -193.6927


Enthalpy


cal/sec


-1.2983E+5


1.25734E+5


-1.4242E+5


 -26492.11


-1.4285E+5


 -22994.63


-1.1985E+5


Entropy


cal/mol-K


 -11.49367


 -9.722687


 -18.51523


 -17.40956


 -21.93208


 -16.39179


 -34.45550


Entropy


cal/gm-K


 -.4027556


 -.3406975


 -.6488014


 -.6100573


 -.7685329


 -.5790536


 -1.185792


Density


mol/cc


4.03402E-5


4.83371E-4


1.08102E-3


4.05985E-3


6.43125E-3


6.04808E-3


7.49493E-3


Density


gm/cc


1.15121E-3


  .0137942


  .0308497


  .1158584


  .1835324


  .1712083


  .2177799


Average MW


  28.53759


  28.53759


  28.53759


  28.53759


  28.53759


  28.30789


  29.05696


Liq Vol 60F


l/min


  288.0612


  288.0612


  288.0612


  288.0612


  288.0612


  183.9120


  104.1493




Heat and Material Balance Table

Stream ID 1 2 3 4 5 6 7

From COMP1 HX1 COMP2HX2 FLASH1 FLASH1

To COMP1HX1 COMP2 HX2 FLASH1

Phase VAPORVAPOR VAPOR VAPORMIXED VAPOR LIQUID

Substream: MIXED              

Mole Flow kmol/hr             

  NITROGEN   125.0000  125.0000  125.0000  125.0000  125.0000  117.1291  7.870888

  ETHANE   62.50000  62.50000  62.50000  62.50000  62.50000  24.19213  38.30787

  ETHENE   62.50000  62.50000  62.50000  62.50000  62.50000  32.01673  30.48327

Total Flow kmol/hr   250.0000  250.0000  250.0000  250.0000  250.0000  173.3380  76.66203

Total Flow kg/hr   7134.398  7134.398  7134.398  7134.398  7134.398  4906.832  2227.565

Total Flow l/min 1.03288E+5  8620.027  3854.385  1026.310  647.8782  477.6669  170.4752

Temperature C   25.00000  348.9105  5.000000  171.2292  25.00000  25.00000  25.00000

Pressure bar   1.000000  25.00000  25.00000  150.0000  150.0000  149.9269  149.9269

Vapor Frac   1.000000  1.000000  1.000000  1.000000  .6930917  1.000000        0.0

Liquid Frac        0.0        0.0        0.0        0.0  .3069083        0.0  1.000000

Solid Frac        0.0        0.0        0.0        0.0        0.0        0.0        0.0

Enthalpy cal/mol  -1869.566  1810.576 -2050.875 -381.4864 -2057.100 -477.5680 -5628.121

Enthalpy cal/gm  -65.51241  63.44530 -71.86572 -13.36786 -72.08388 -16.87049 -193.6927

Enthalpy cal/sec -1.2983E+51.25734E+5-1.4242E+5 -26492.11-1.4285E+5 -22994.63-1.1985E+5

Entropy cal/mol-K -11.49367 -9.722687 -18.51523 -17.40956 -21.93208 -16.39179 -34.45550

Entropy cal/gm-K -.4027556 -.3406975 -.6488014 -.6100573 -.7685329 -.5790536 -1.185792

Density mol/cc 4.03402E-54.83371E-41.08102E-34.05985E-36.43125E-36.04808E-37.49493E-3

Density gm/cc 1.15121E-3  .0137942  .0308497  .1158584  .1835324  .1712083  .2177799

Average MW   28.53759  28.53759  28.53759  28.53759  28.53759  28.30789  29.05696

Liq Vol 60F l/min   288.0612  288.0612  288.0612  288.0612  288.0612  183.9120  104.1493


Summary

We have begun to use the simulator as a tool for exploring chemical processes.  We can determine the impact of various process conditions on a system.  We keep the simulation as simple as possible, and try to get close to our desired solution.  As we get closer to the desired outcome, we begin to add complexity to the simulation.

For the rest of the tutorial, look into process options to improve the degree of hydrocarbon recovery.
