Date:
May 29, 2015
From:
Dr. G. Norval


Graeme.norval@utoronto.ca
To:
CHE 324F Students

Process Simulation Tutorial #4
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 week #2.
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.

We also recognize that the conditions of our process are such that the compressed gas is not ideal; we need to take the non-ideality into account.  And, we need to operation of the condensers as counter-current heat exchangers.

The Solution

Equations of State
An EOS is a mathematical expression which defines a thermodynamic property as a function of T and P.  The ideal gas equation state expresses molar density as a function of T and P (n/V = P/RT).  And, there are expressions for enthalpy, entropy and free energy.

A variety of EOS have been developed, either for families of chemicals or for specific chemicals.  The Steam Tables EOS is for steam (water).  

First, select Properties.  Go to the Left Hand Pane, and  select the Methods folder, and Specifications.  Under Method Filter – choose ALL.  You will see the long list of EOS.

ASPENPLUS provides a filter – it recommends EOS depending on the type of chemicals that you have.  For light gases – we call this Gas Processing.  Peng-Robinson is a good choice for these types of chemicals.  Select it.

Having changed the EOS, the simulation can be run again.
The 2 stream tables are shown below.  The change in the EOS makes a substantial difference in the simulation results.  There is no liquid ethane.  So – you can try to boost the pressure, and or reduce the temperature.
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  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


Critical Pressure

The problem is that ethane has a critical pressure of 48.9 bar.  We have taken the system supercritical.  There can only be one phase.

We can adjust the pressure profile to be 15 bar at the exit of COMP1, and 45 bar at the exit of COMP2, and we find that a temperature of -40C will give a 2 phase separation.
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  NITROGEN


  125.0000


  125.0000


  125.0000


  125.0000


  125.0000


  118.4836


  6.516407


  ETHANE


  62.50000


  62.50000


  62.50000


  62.50000


  62.50000


  30.09470


  32.40530


  ETHENE


  62.50000


  62.50000


  62.50000


  62.50000


  62.50000


  36.57222


  25.92778


Total Flow


kmol/hr


  250.0000


  250.0000


  250.0000


  250.0000


  250.0000


  185.1505


  64.84950


Total Flow


kg/hr


  7134.398


  7134.398


  7134.398


  7134.398


  7134.398


  5250.063


  1884.335


Total Flow


l/min


1.02984E+5


  13094.82


  3504.488


  2337.744


  1125.320


  1057.700


  67.62159


Temperature


C


  25.00000


  293.8095


  5.000000


  57.77814


 -40.00000


 -40.00000


 -40.00000


Pressure


bar


  1.000000


  15.00000


  25.00000


  45.00000


  45.00000


  45.00000


  45.00000


Vapor Frac


  1.000000


  1.000000


  1.000000


  1.000000


  .7406002


  1.000000


       0.0


Liquid Frac


       0.0


       0.0


       0.0


       0.0


  .2593998


       0.0


  1.000000


Solid Frac


       0.0


       0.0


       0.0


       0.0


       0.0


       0.0


       0.0


Enthalpy


cal/mol


 -1875.368


  1065.017


 -2218.667


 -1779.817


 -3358.470


 -1638.257


 -8269.806


Enthalpy


cal/gm


 -65.71570


  37.31979


 -77.74542


 -62.36745


 -117.6858


 -57.77534


 -284.6058


Enthalpy


cal/sec


-1.3023E+5


  73959.51


-1.5407E+5


-1.2360E+5


-2.3323E+5


 -84256.71


-1.4897E+5


Entropy


cal/mol-K


 -11.50728


 -9.964528


 -18.93642


 -18.55863


 -24.49175


 -18.03259


 -42.93312


Entropy


cal/gm-K


 -.4032322


 -.3491720


 -.6635605


 -.6503224


 -.8582277


 -.6359436


 -1.477546


Density


mol/cc


4.04594E-5


3.18192E-4


1.18895E-3


1.78235E-3


3.70265E-3


2.91750E-3


  .0159834


Density


gm/cc


1.15461E-3


9.08043E-3


  .0339298


  .0508638


  .1056647


  .0827276


  .4644313


Average MW


  28.53759


  28.53759


  28.53759


  28.53759


  28.53759


  28.35565


  29.05705


Liq Vol 60F


l/min


  288.0612


  288.0612


  288.0612


  288.0612


  288.0612


  199.8864


  88.17489




Heat and Material Balance Table

Stream ID 1 2 3 4 5 6 7

From COMP1 HX1 COMP2 HX2 B1 B1

To COMP1 HX1 COMP2 HX2 B1

Phase VAPOR VAPORVAPOR VAPORMIXED VAPORLIQUID

Substream: MIXED              

Mole Flow kmol/hr             

  NITROGEN   125.0000  125.0000  125.0000  125.0000  125.0000  118.4836  6.516407

  ETHANE   62.50000  62.50000  62.50000  62.50000  62.50000  30.09470  32.40530

  ETHENE   62.50000  62.50000  62.50000  62.50000  62.50000  36.57222  25.92778

Total Flow kmol/hr  250.0000  250.0000  250.0000  250.0000  250.0000  185.1505  64.84950

Total Flow kg/hr   7134.398  7134.398  7134.398  7134.398  7134.398  5250.063  1884.335

Total Flow l/min 1.02984E+5  13094.82  3504.488  2337.744  1125.320  1057.700  67.62159

Temperature C   25.00000  293.8095  5.000000  57.77814 -40.00000 -40.00000 -40.00000

Pressure bar   1.000000  15.00000  25.00000  45.00000  45.00000  45.00000  45.00000

Vapor Frac   1.000000  1.000000  1.000000  1.000000  .7406002  1.000000        0.0

Liquid Frac        0.0        0.0        0.0        0.0  .2593998        0.0  1.000000

Solid Frac        0.0        0.0        0.0        0.0        0.0        0.0        0.0

Enthalpy cal/mol  -1875.368  1065.017 -2218.667 -1779.817 -3358.470 -1638.257 -8269.806

Enthalpy cal/gm  -65.71570  37.31979 -77.74542 -62.36745 -117.6858 -57.77534 -284.6058

Enthalpy cal/sec -1.3023E+5  73959.51-1.5407E+5-1.2360E+5-2.3323E+5 -84256.71-1.4897E+5

Entropy cal/mol-K -11.50728 -9.964528 -18.93642 -18.55863 -24.49175 -18.03259 -42.93312

Entropy cal/gm-K -.4032322 -.3491720 -.6635605 -.6503224 -.8582277 -.6359436 -1.477546

Density mol/cc4.04594E-53.18192E-41.18895E-31.78235E-33.70265E-32.91750E-3  .0159834

Density gm/cc 1.15461E-39.08043E-3  .0339298  .0508638  .1056647  .0827276  .4644313

Average MW   28.53759  28.53759  28.53759  28.53759  28.53759  28.35565  29.05705

Liq Vol 60F l/min   288.0612  288.0612  288.0612  288.0612  288.0612  199.8864  88.17489


Sizing a Heat Exchanger

The next issue is to size the heat exchangers.  We recall that Q = UADTLM.  

HX1 has a duty of -228 kcal/s.  Water has a heat capacity of 1 kcal/kgC; hence for a cooling water temperature rise of 20C, the flowrate is about 10 kg/sec.

In PROPERTIES/COMPONENTS – we will add water.

We delete heater HX1, and we add a HEATX Block (a countercurrent heat exchanger).  We connect Stream 2 to the HOT INLET, and STREAM3 to HOT OUTLET, and we add a COLD INLET stream, and a COLD OUTLET stream.  Stream 8 is water, at 15C, 2 bar and flowrate = 10 kg/s.  The HEATX specification is HOT STREAM OUTLET = 25C.
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Mole Flow


kmol/hr


 


 


 


 


 


 


 


 


 


  NITROGEN


  125.0000


  125.0000


  125.0000


  125.0000


  125.0000


  118.4836


  6.516407


       0.0


       0.0


  ETHANE


  62.50000


  62.50000


  62.50000


  62.50000


  62.50000


  30.09470


  32.40530


       0.0


       0.0


  ETHENE


  62.50000


  62.50000


  62.50000


  62.50000


  62.50000


  36.57222


  25.92778


       0.0


       0.0


  WATER


       0.0


       0.0


       0.0


       0.0


       0.0


       0.0


       0.0


  1998.304


  1998.304


Total Flow


kmol/hr


  250.0000


  250.0000


  250.0000


  250.0000


  250.0000


  185.1505


  64.84950


  1998.304


  1998.304


Total Flow


kg/hr


  7134.398


  7134.398


  7134.398


  7134.398


  7134.398


  5250.063


  1884.335


  36000.00


  36000.00


Total Flow


l/min


1.02984E+5


  13094.82


  6587.120


  2993.729


  1125.322


  1057.700


  67.62159


  597.8763


  609.2481


Temperature


C


  25.00000


  293.8095


  25.00000


  129.6628


 -40.00000


 -40.00000


 -40.00000


  15.00000


  34.42319


Pressure


bar


  1.000000


  15.00000


  15.00000


  45.00000


  45.00000


  45.00000


  45.00000


  2.000000


  2.000000


Vapor Frac


  1.000000


  1.000000


  1.000000


  1.000000


  .7406020


  1.000000


       0.0


       0.0


       0.0


Liquid Frac


       0.0


       0.0


       0.0


       0.0


  .2593980


       0.0


  1.000000


  1.000000


  1.000000


Solid Frac


       0.0


       0.0


       0.0


       0.0


       0.0


       0.0


       0.0


       0.0


       0.0


Enthalpy


cal/mol


 -1875.368


  1065.017


 -1957.543


 -982.8317


 -3358.467


 -1638.257


 -8269.806


 -68919.24


 -68541.10


Enthalpy


cal/gm


 -65.71570


  37.31979


 -68.59526


 -34.43990


 -117.6857


 -57.77534


 -284.6058


 -3825.599


 -3804.609


Enthalpy


cal/sec


-1.3023E+5


  73959.51


-1.3594E+5


 -68252.20


-2.3323E+5


 -84256.71


-1.4897E+5


-3.8256E+7


-3.8046E+7


Entropy


cal/mol-K


 -11.50728


 -9.964528


 -17.07946


 -16.38073


 -24.49174


 -18.03259


 -42.93312


 -40.76696


 -39.49698


Entropy


cal/gm-K


 -.4032322


 -.3491720


 -.5984899


 -.5740054


 -.8582273


 -.6359436


 -1.477546


 -2.262910


 -2.192415


Density


mol/cc


4.04594E-5


3.18192E-4


6.32548E-4


1.39180E-3


3.70265E-3


2.91750E-3


  .0159834


  .0557056


  .0546658


Density


gm/cc


1.15461E-3


9.08043E-3


  .0180513


  .0397185


  .1056646


  .0827276


  .4644313


  1.003552


  .9848204


Average MW


  28.53759


  28.53759


  28.53759


  28.53759


  28.53759


  28.35565


  29.05705


  18.01528


  18.01528


Liq Vol 60F


l/min


  288.0612


  288.0612


  288.0612


  288.0612


  288.0612


  199.8864


  88.17489


  601.1564


  601.1564




Heat and Material Balance Table

Stream ID 1 2 3 4 5 6 7 8 9

From COMP1B2COMP2HX2B1B1 B2

To COMP1B2 COMP2HX2B1 B2

Phase VAPORVAPORVAPORVAPORMIXEDVAPORLIQUIDLIQUIDLIQUID

Substream: MIXED                 

Mole Flowkmol/hr                 

  NITROGEN   125.0000  125.0000  125.0000  125.0000  125.0000  118.4836  6.516407       0.0       0.0

  ETHANE   62.50000  62.50000  62.50000  62.50000  62.50000  30.09470  32.40530       0.0       0.0

  ETHENE   62.50000  62.50000  62.50000  62.50000  62.50000  36.57222  25.92778       0.0       0.0

  WATER        0.0       0.0       0.0       0.0       0.0       0.0       0.0  1998.304  1998.304

Total Flowkmol/hr  250.0000  250.0000  250.0000  250.0000  250.0000  185.1505  64.84950  1998.304  1998.304

Total Flowkg/hr  7134.398  7134.398  7134.398  7134.398  7134.398  5250.063  1884.335  36000.00  36000.00

Total Flowl/min1.02984E+5  13094.82  6587.120  2993.729  1125.322  1057.700  67.62159  597.8763  609.2481

TemperatureC  25.00000  293.8095  25.00000  129.6628 -40.00000 -40.00000 -40.00000  15.00000  34.42319

Pressure bar  1.000000  15.00000  15.00000  45.00000  45.00000  45.00000  45.00000  2.000000  2.000000

Vapor Frac   1.000000  1.000000  1.000000  1.000000  .7406020  1.000000       0.0       0.0       0.0

Liquid Frac        0.0       0.0       0.0       0.0  .2593980       0.0  1.000000  1.000000  1.000000

Solid Frac        0.0       0.0       0.0       0.0       0.0       0.0       0.0       0.0       0.0

Enthalpycal/mol -1875.368  1065.017 -1957.543 -982.8317 -3358.467 -1638.257 -8269.806 -68919.24 -68541.10

Enthalpycal/gm -65.71570  37.31979 -68.59526 -34.43990 -117.6857 -57.77534 -284.6058 -3825.599 -3804.609

Enthalpycal/sec-1.3023E+5  73959.51-1.3594E+5 -68252.20-2.3323E+5 -84256.71-1.4897E+5-3.8256E+7-3.8046E+7

Entropycal/mol-K -11.50728 -9.964528 -17.07946 -16.38073 -24.49174 -18.03259 -42.93312 -40.76696 -39.49698

Entropycal/gm-K -.4032322 -.3491720 -.5984899 -.5740054 -.8582273 -.6359436 -1.477546 -2.262910 -2.192415

Density mol/cc4.04594E-53.18192E-46.32548E-41.39180E-33.70265E-32.91750E-3  .0159834  .0557056  .0546658

Density gm/cc1.15461E-39.08043E-3  .0180513  .0397185  .1056646  .0827276  .4644313  1.003552  .9848204

Average MW   28.53759  28.53759  28.53759  28.53759  28.53759  28.35565  29.05705  18.01528  18.01528

Liq Vol 60Fl/min  288.0612  288.0612  288.0612  288.0612  288.0612  199.8864  88.17489  601.1564  601.1564


If we look at the Bloack Results (left hand pane) – Thermal results – we find:

Calculated heat duty:

209900.025
cal/sec

Required exchanger area:
13.4974605
sqm

Actual exchanger area:
13.4974605
sqm

Percent over (under) design:
0

Average U (Dirty):

0.0203019012
cal/sec-sqcm-K

Average U (Clean):


UA:



2740.2411
cal/sec-K

LMTD (Corrected):

76.5991086
C

LMTD correction factor:
1

Thermal effectiveness:


Number of transfer units:


Number of shells in series:
1

Number of shells in parallel:


SUMMARY

Today things got a little harder.  The simulator can calculate anything – it can do the right calculation, and it can do the wrong calculation.  Just because the simulation converges, does not mean that it is close to reality.  

In all simulations, there must be a comparison against something that is known to be correct and real.  This is either plant data, or it is pure component thermodynamic data.  

Keep working on the simulation – you may to have liquid propane flashing on the discharge side of the second heat exchanger.

