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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.  

So far, we can build simple flowsheets, and analyse the outputs.  And, we understand that Equations of State are important for the model.  Next, we need to learn about reactor models.

The Problem

A reactor will be used for the oxydehydrogenation of ethane to ethane; there are 2 side reactions.

C2H6 + ½ O2 => C2H4 + H2O

C2H6 + O2 => C2H2 + 2 H2O

C2H6 + 7/2 O2 => 2 CO2 + 3 H2O

The stoichiometric ratio of the reactions is 94%, 5% and 1%.  The feeds enter at atmospheric pressure, and the process will operate at 5 bar pressure.

The Solution

This is a light gas process, so we will select a Gas Processing Unit, with Metric Units.  This uses Peng Robinson as the default EOS.
There are 7 species, 6 are the chemicals in the reaction, plus nitrogen, form the air.  We can always add the argon and CO2 later to the air stream later.

The process has 2 feeds (ethane and air).  Each is compressed to 5 bar in a separate compressor.  The two feeds enter a STOICHIOMETRIC REACTOR (RSTOIC).  The reactor product is cooled in a HEATX block, generating steam, and the then sent to a water cooled heat exchanger.  In my flowsheet, I have named boiler feedwater (BFW), and steam, as well as cooling water In (CWIN and out (CWOUT).
[image: image1.emf]


Stream 1 is the ethane feed (25C, 1 bar, and 100 kmol/hr).  Stream 3 is the air feed (25C, 1 bar, and 300 kmol/hr – use the mole fraction for composition).

BFW enters at 80C and 5 bar pressure.  We are not sure how much steam we can make, so let’s enter 100 kmol/hr for starters.  For the CWIN, use 25C, and 1 bar, with 1000 kmol/hr of flow.

The two compressors are isentropic, with discharge pressures of 5 bar.  The mechanical efficiencies are 95% with isentropic efficiency of 0.72.

The steam generator will be specified as having a cold stream vapour fraction of 1, and a cold stream pressure of 5 bar.

The cooler will have a hot stream discharge temperature of 35C.

This leaves the reactor.  We don’t know the temperature, but we know the pressure is 5 bar, and the Duty = 0 (adiabatic).  The reactor is stoichiometric – so you need introduce the three stoichiometric equations (reactants have negative stoichiometric coefficients!).  Next, add the ratio of the three reactions (94%: 5%: 1%).  Finally, select the basis on which the mass balance will be done – use ethane as limiting reagent.

Now, we are ready to run.  My output is below.

<< Loading Simulation Engine 09:24:51 Tue Jun 2, 2015>>

->Processing input specifications ...

      INFORMATION

      BINARY PARAMETERS PRKIJ (DATA SET 1) FOR MODEL ESPRSTD

      ARE RETRIEVED FROM SDF TABLE.  TABLE NAME = ESPRSTD

  Flowsheet Analysis :

 COMPUTATION ORDER FOR THE FLOWSHEET:

 COMP2 COMP1 B3 B4 B5

->Calculations begin ...

   Block: COMP2    Model: COMPR

   Block: COMP1    Model: COMPR

   Block: B3       Model: RSTOIC

   Block: B4       Model: HEATX

   Block: B5       Model: HEATX

->Generating block results ...

    Block: B4       Model: HEATX

    Block: B5       Model: HEATX

->Simulation calculations completed ...

  ***  No Warnings were issued during Input Translation ***

  ***  No Errors or Warnings were issued during Simulation ***

The system converged.  But, when we inspect the steam generator, we see that the temperature decreased from 809.5C to 599.3C.  We can generate much more steam.  The 1000 kmol/hr of cooling water enters at 30C, and exits at 101.5C, with 21.6% vapour.  See if you find a better solution to the system, which generates more steam.
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Stream ID


1


2


3


4


5


6


7


BFW


CWIN


CWOUT


STEAM


Temperature


C


      25.0


     131.7


      25.0


     262.8


     809.5


     165.0


      35.0


      80.0


      30.0


      71.4


     152.8


Pressure


bar


     1.000


     5.000


     1.000


     5.000


     5.000


     5.000


     5.000


     5.000


     1.000


     1.000


     5.000


Vapor Frac


     1.000


     1.000


     1.000


     1.000


     1.000


     1.000


     0.771


     0.000


     0.000


     0.000


     0.889


Mass Flow


tonne/hr


     3.007


     3.007


     8.655


     8.655


    11.662


    11.662


    11.662


     5.585


    36.031


    36.031


     5.585


Volume Flow


cum/hr


  2458.215


   662.093


  7432.778


  2677.539


  8155.044


  3280.454


  1777.418


     5.946


    36.427


    38.007


  1893.375


Enthalpy


Gcal/hr


    -2.003


    -1.856


    -0.001


     0.503


    -1.353


    -4.396


    -6.010


   -20.972


  -137.255


  -135.641


   -17.928


Density


kg/cum


     1.223


     4.542


     1.164


     3.232


     1.430


     3.555


     6.561


   939.182


   989.121


   947.988


     2.950


Mole Flow


MMscmh


 


 


 


 


 


 


 


 


 


 


 


  ETHANE


     0.002


     0.002


          


          


          


          


          


          


          


          


          


  ETHENE


          


          


          


          


     0.002


     0.002


     0.002


          


          


          


          


  ETHYNE


          


          


          


          


   < 0.001


   < 0.001


   < 0.001


          


          


          


          


  O2


          


          


     0.001


     0.001


   < 0.001


   < 0.001


   < 0.001


          


          


          


          


  N2


          


          


     0.005


     0.005


     0.005


     0.005


     0.005


          


          


          


          


  CO2


          


          


          


          


   < 0.001


   < 0.001


   < 0.001


          


          


          


          


  H2O


          


          


          


          


     0.002


     0.002


     0.002


     0.007


     0.045


     0.045


     0.007


*** VAPOR PHASE ***


 


 


 


 


 


 


 


 


 


 


 


Mole Flow


MMscmh


     0.002


     0.002


     0.007


     0.007


     0.010


     0.010


     0.008


 


 


 


     0.006


Volume Flow


cum/hr


  2458.215


   662.093


  7432.778


  2677.539


  8155.044


  3280.454


  1775.523


 


 


 


  1892.655


Compressibility


     0.992


     0.983


     0.999


     1.001


     1.001


     0.995


     0.993


 


 


 


     0.969


HeatCapRatio


     1.193


     1.155


     1.401


     1.384


     1.203


     1.303


     1.345


 


 


 


     1.353




Heat and Material Balance Table

Stream ID 1 2 3 4 5 6 7 BFW CWINCWOUTSTEAM

Temperature C       25.0     131.7      25.0     262.8     809.5     165.0      35.0      80.0      30.0      71.4     152.8

Pressure bar      1.000     5.000     1.000     5.000     5.000     5.000     5.000     5.000     1.000     1.000     5.000

Vapor Frac      1.000     1.000     1.000     1.000     1.000     1.000     0.771     0.000     0.000     0.000     0.889

Mass Flow tonne/hr     3.007     3.007     8.655     8.655    11.662    11.662    11.662     5.585    36.031    36.031     5.585

Volume Flow cum/hr  2458.215   662.093  7432.778  2677.539  8155.044  3280.454  1777.418     5.946    36.427    38.007  1893.375

Enthalpy Gcal/hr     -2.003    -1.856    -0.001     0.503    -1.353    -4.396    -6.010   -20.972  -137.255  -135.641   -17.928

Density kg/cum     1.223     4.542     1.164     3.232     1.430     3.555     6.561   939.182   989.121   947.988     2.950

Mole Flow MMscmh                     

  ETHANE      0.002     0.002                                                                                          

  ETHENE                                              0.002     0.002     0.002                                        

  ETHYNE                                            < 0.001   < 0.001   < 0.001                                        

  O2                          0.001     0.001   < 0.001   < 0.001   < 0.001                                        

  N2                          0.005     0.005     0.005     0.005     0.005                                        

  CO2                                            < 0.001   < 0.001   < 0.001                                        

  H2O                                              0.002     0.002     0.002     0.007     0.045     0.045     0.007

*** VAPOR PHASE ***                      

Mole Flow MMscmh     0.002     0.002     0.007     0.007     0.010     0.010     0.008           0.006

Volume Flow cum/hr  2458.215   662.093  7432.778  2677.539  8155.044  3280.454  1775.523        1892.655

Compressibility      0.992     0.983     0.999     1.001     1.001     0.995     0.993           0.969

HeatCapRatio      1.193     1.155     1.401     1.384     1.203     1.303     1.345           1.353


Final Thought

Is it appropriate to specify the steam generator in the fashion that we did?  Steam generators have a hot gas entering, and leaving, and water boils on the shell side.  It is better to specify a hot gas exit temperature of 10C higher than the steam temperature.  
It is important that we keep the reality in perspective.  The model is just the solution to a set of mathematical equations.  We need to start with the simplest set of equations, and then to make them more and more real; but reality adds complexity, which makes them more difficult to solve.

