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Process Simulation Tutorial #7
In this tutorial, we learn about electrolyte models, and recycles.
Drawing the Flowsheet

For this simulation, two streams are sent to an FLASH2 block.  The product goes to a heater, and then to a second Flash2 block.    

Components

The components are HCl, H2O, N2, O2, CO2 and NaOH.  The liquid from this system will contain dissolved species, so we use the electrolytes wizard (The button is on the components form).  
Pressing the electrolytes wizard button allows you to select the set of ions which will be involved in the process.  Make sure that all components are included in the simulation, and watch as the various aqueous species and equilibria are identified.

Stream/Block Definition

The first feed is at 95C and 99 kPa, with a flowrate of and is a gas mixture of 750 kmol/hr of composition: 25% HCl, 5% O2, 20% N2, 5% CO2 and balance water.  The second feed is at the same T and P, with 750 kmol/hr and 30 mol% NaOH, balance water.
The reactor should be adiabatic and at pressure of 0.99 atm.
Set the heater to 313 K and 0.98 atm, and the flash block to be adiabatic and 0.97 atm.

Results

At this stage, you should be able to run the simulation, and get results.  Save the information for product composition, T and P.

Take a look at the reactor product – does the phase chemistry make sense?  If you don’t want the phases as calculated – then you need to adjust the FASH2 specifications of T, P and Q.

Alternate Cases

Now – if we look at the liquid product from the Flash block – we see that it is a mixture of solids and liquids.  We can imagine a filter that removes the solids.  For this, we use a SEP block (under separators).  We can define 2 product streams – and we can designate that 100% of the solid species goes to one stream, and the rest goes to the other stream.
Closing the Recycle Loop

At this stage, we can now imagine that we want to recycle the water to the inlet of the process.  This is a recycle process.  The solution to a recycle mass balance requires an iterative solution.  It will take more time to converge, and is more likely to fail to converge.

It is tempting to close the recycle loop, and let the program solve the problem; all that is needed is a lot of time and iterations.  A better way to close the loop is to recycle part of the stream, and purge the rest.  It is easier for the system to converge with a 10% recycle, than with a 100% recycle.  Then, you can adjust the fraction which gets recycled.
Insert a second SEP block onto the end of the liquid product line.  And send 50% of the water (only) back to the inlet of the FLASH2.  Take a look at the composition of the solids – after the recycle.  Notice that recycling water makes the system more dilute.
We can add one feed stream to the FLASH2.  We can adjust the 2nd feed to be a 50 – 50 mol ratio of NaOH and water, and then have 200 kmol/hr of water in the new stream.
You may find that the system has a hard time converging now. Remember the TEAR issue – you may need to have the blocks use a 10-5 ERR/TOL ratio, so that the loop can close at 10-4.

Sensitivity

It is possible to run this simulation many times, and to keep track of all of the comparisons.  However, there is a useful tool that enables the program to do multiple cases, and then to provide a tabulation of the results.

Go to Data, Model Analysis Tools, and Sensitivity.  Create a new set called S-1.  We want to vary the flowrate of water in the water only stream, and see the impact on the amount of recycle.

Define three variable names (for temperature, flowrate and composition).  The program will prompt you for the type of variable (remember the difference between a block variable and a stream variable).  You select the block or stream and the exact variable that you want.  When done, go to VARY, and define the variable that we want to look at – the temperature of the stripper (from 50 to 200 kmol/hr).  Next go to tabulate and define the structure of the results table that you want.

Run the simulation – it takes longer, but is repeating the calculation multiple times.

