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Hello everyone. In this class we are going to talk about again another demonstration 

involving two units. So, far we have been focusing only on the distillation column and try to 

and we have explored the variations of the you know distillate fractions using changing the 

feed stage or changing the or adding an entrainer etcetera but it is mostly using one unit. So, 

in this one we are going to see two units or more than two units also.  
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So, the first example problem that we are going to study here and of course we will also 

explore apart from distillation column reactors and other separators flash vaporizers and all. 

The first problem that we are going to study is glucose fermentation. So, in this case you are 

having we are having this fermenter which is essentially a reactor as you can see which is fed 

with the Broth this Broth mixture.  
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So, the Broth mixture is actually mixture of glucose and water and you allow that 

fermentation to happen and after the fermentation you get ethanol and you know CO2. So, 

now to and also some unreacted water and unreacted glucose etcetera everything is there. So, 

that is then again fed to the you know this distillation column to get or to have this improved 

you know this ethanol from this distillation column. So, it is just to separate the water etcetera 

from the system.  

(Refer Slide Time: 2:00) 

 
So, now let us try to design the problem here, thus you can see that the specifications are 

mentioned that the total feed flow rate is 1 kg per hour glucose I mean this is like equimolar 

mass fraction temperature is 25 we choose because the reaction chemistry is known very 

well-known we choose the RStoic stoichiometric type reactor, reactor temperature 25 

pressure is slightly higher 1.5 bar.  

Equilibrium conversion we allow up to 90 percent of the glucose. In the column, or the 

distillation column, we see that the total five stages con total condenser and Reboiler duty, 

Reflux ratio everything is mentioned feed stage is above stage three and the product stream 

ledge is liquid condenser at the top stage pressure is 1 bar.  

(Refer Slide Time: 2:56) 
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So, let us try to frame this frame the process flow sheet and specify these conditions and work 

out this problem. So, I have selected this is a new file and as I have said we will choose with 

the blank simulation, create. So, the first step is to define the chemicals, in this case it is 

glucose water CO2 and ethanol. Define the units as metric system let us say, first component 

is glucose. So, glucose is selected chemical name is dextrose C6H12O6. Then we have water, 

then we have ethanol and we have CO2 carbon dioxide, all are standard chemicals that is why 

they are easily detected by writing their name or their short chemical formulas.  
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Next is to define the methods. So, we will quickly go through these steps because this is 

something which we have elaborated detail in the previous class. So, the base method will 

choose let us say UNIFAC or UNIVAC whatever, next we will move to the simulation 

because now all the required you know properties input is complete, you can see next we go 

to the simulation and then try to frame the process flow sheet.  

765



So, the important unit operations are the reactor. So, we will take the stoichiometric reactor 

just drag it there or click and click it here to paste and, in the column, we will choose, maybe 

RADFRAC why not, next is the stream connections. So, one reactor stream feed to the 

reactor now this is the important bit in this case for the distillation the input to the distillation 

is the output of the reactor.  

So, this is an internal stream. So, now we will not be specifying the feed conditions of the 

distillation column as opposed to the previous class where we have specified what is the feed 

composition etcetera but now this feed composition to the distillation is actually the output of 

the this reactor. So, unless we solve the reactor we will not be knowing. So, this is a 

sequential solution where the solution of the reactor or the output of the reactor will act as a 

feed to the distillation column.  

So, there is no explicit information or user information needed for the feed stream to the 

reactor which will be taken from the output of the reactor. So, for the distillation column the 

user need not to specify the feed conditions. Like what is the feed composite that is unknown 

there is a part of the internal solution. So, let us connect these two streams the output or the 

product stream of the reactor as the feed stream to the distillation column.  

So, make sure this connection is done properly because it will if it is done properly it will not 

show any red column and this connection is done properly. So, if you want to change the 

connection if you want to have a different connection then you can of course delete it and do 

it once again another option is there also to so select the stream and then click and see that if 

you can if you wish to reconnect either source or destination.  

So, if there is a complex network let us say and I do not want to you know delete a particular 

stream. So, again I have to specify the connection etcetera but I want to change it is 

destination then only the destination will be deactivated and you can connect it again. 

Similarly, you can you know have the reconnection of the source if it is by mistake connected 

to a different place. Source means the start point and destination in end points of the stream. 

So, for complex problem this becomes quite crucial. So, other streams are the from the 

distillation top and the bottom. So, let us define the rename the feed stream to the reactor as 

Broth, this is like fermenter output FERM let us write a FERM. This is like the top of the 

distillation column which is like our desired product desire and this is the waste because this 

will be mostly water glucose etcetera. So, this flow sheet is done. It is visible properly. So, 

this is block B 1 this is block B 2 let us not confuse with that.  
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So, now is the time to define the reactor conditions and the distillation conditions. So, for the 

reactor you have to define the temperature and the pressure. So, the reactor temperature is let 

us define in centigrade 25 pressure let us define in bar that is 1.5 bar and let us define the 

reactions. So, it is only one reaction in this case. So, reaction 1 component is glucose, water 

and the product is ethanol and CO2. So, we have to write please remember we have to write 

balanced reaction. So, here the coefficient should be 2, 2 and this is 1.  

So, water is not taking part of the reaction. So, let us remove it. So, it is only conversion of 

glucose to ethanol and water but sorry ethanol and CO2 but water is there with the stream but 

not in part in the reaction. So, let us not write water here. Fractional conversion we write 90 

percent of glucose. So, this will set the reaction conditions or the reactions for this problem. 

So, the reaction is defined. So, that is all the definitions that is needed for the reactor. 
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Now, let us go to the distillation column you know the required definitions, first is the 

number of stages as for the problem only five stage condenser total type and then it is said 

that we define the reflux ratio in terms of mass that is point 3 is there in the problem 

statement itself and instead of the distillate rate the Reboiler duty is mentioned and the 

Reboiler duty is given in terms of you can choose your units, units are very vary and the 

software has paid a lot of attention on the selection of the different types of units. So, units 

are very important.  

(Refer Slide Time: 10:55) 
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So, you select the unit appropriately. Then the stream. So, the feed stream the fermenter 

which is the output of the reactor is above the third stage pressure of the condenser that is 1 

bar. So, all the specifications are set now it is time to only define the input stream. So, the 

input stream is defined by I mean with the temperature and the pressure. So, input stream is 

temperature is 25 centigrade. Pressure is let us say 1 bar. Total flow rate is 1 kg and 
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composition let us say mass fraction glucose is 0.5 and water is 0.5, 1 kg per hour total flow 

basis mass, so kg per hour.  

So, this is all set as far as the stream definition is concerned. So, now we have specified the 

pressure of the feed stream as one but in the reactor is 1.5. So, no issues it will you know be 

pressurized as it goes into the stream. So, if there is a difference in the pressure is too much 

then you might need a compressor otherwise it will be difficult to make it pressurize in the 

reactor, I mean physically this is what happens same will happen here also.  

(Refer Slide Time: 12:37) 
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So, once everything is done let us save it and then let us try to run the simulation. So, no 

resetting is required because we have not run it before. So, there is no change in the. So, there 

is no solution actually available. So, changing the input to get the new solution is not 

applicable here because there is no existing solution present. So, you run it. So, once the run 

is complete it will show that the results is available check status.  

So, no error message summary this is done. So, now we see the streams. So, if you see the 

streams, you will see that in the in the case of the glucose sorry not glucose the ethanol 

stream which is the desired product is more in the desired fraction compared to the waste 

fraction. So, waste is the bottom of the distillation column and desired is the top product of 

the distillation column.  

So, we see that in the top the flow rate of ethanol is actually more than the bottom and this is 

what we are looking forward to is it and this is the desired product and the water in the waste 

or the bottom is actually more compared to the top. So, it is not more but still it is more. So, 

you might need another distillation column to separate further or to improve or increase the 

number of stages or whatever but essentially ethanol is mixed with CO2 this is what you see 

it here but since CO2 is will be in the gaseous state at 1 bar pressure you can easily separate 

the you know liquid ethanol from the CO2 this is just a phase extraction.  
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So, that is not a concern of a worry again CO2 is more volatile that is why it is not there in 

the waste stream. So, in the waste stream you mostly see your unreacted glucose and water 

and in the desired stream you have this water but it also have a lot of ethanol. So, ethanol is 

diluted by water in the top stream but insignificant amount of glucose. So, you can just you 

can also look into the rest of the enthalpy-entropy values you can also try to you know 

modify this to get the you know this what you call the values of the mole fractions, mass 

fractions and all those things it is also possible that in the summary these things are also 

tabulated.  
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Liquid fraction then you have the vapor fraction because CO2 is there. So, that will basically 

there will be some amount of vapor fraction. So, this is what we see that the component mole 

flow in terms of kilo mole per hour we can also change it to mole I cannot get the mass flow I 

was actually looking for the mass flow let me see how to bring the mass flow. So, please note 
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this option that if you want to change some of the report options in this simulation block at 

the beginning there is the setup node.  
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So, in this setup there is something known as the report option. So, if you click on this report 

option and it will show general then flow sheet then block etcetera and then there is a stream 

option. So, now in the stream option if you see that in this case only flow basis is mentioned 

as mole I can also click the mass option and fraction also I can set the mole and the mass. So, 

all these will now be included in the report. So, let us see that. So, I have to change it and 
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rerun the calculation once again because I have selected some new features to be tabulated in 

the report let us reinitialize and rerun, running is complete.  

(Refer Slide Time: 17:36) 
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So, now if I go to the reports sorry the results summary and click on this stream I guess now 

you can see that what is the same mole fraction is represented and mass flow which is what is 

very important because we have defined most of the things in terms of mass. So, is the mass 

flow that you can see is also you know specified now as well as the mass fraction. So, 

glucose mass fraction is very low in the desired stream and water is around 30 percent but the 

important is the ethanol.  

So, ethanol is around 36 percent compared to 0.001 percent in the bottom. So, that you get 

maximum recovery of your ethanol and this one actually separates the you know glucose 

etcetera from here the next you can add another in distillation column for further separation 

of ethanol and water mixture the top of the distillation column can you can have it into 

another distillation column for further purification of your ethanol and water that is possible.  

(Refer Slide Time: 18:43) 
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So, this is a problem that I thought that I should you know show to all of you as how do we 

connect two-unit operations. This stream table can be also pasted if I click on the stream table 

into the main flow sheet I mean many fabricators may want some standard you know 

calculations or results of this simulation. So, you can paste this on the stream this table also 

there is an option to, if you go in the top there is a flow sheet there is something known as 

modify and format.  

So, and there is an also option of the view but I think there is one more option which I want 

to show to you that is regarding the, not here, yes. So, see if you click on the flow sheet 

option if you click on this modify there are these options of specifying the temperature 

pressure vapor fraction. So, if I click on these temperatures these according to the PFD or the 

P and ID diagram specifications these will be listed.  

So, temperature is listed as a circle then pressure is left listed as a hexagon vapor fractions or 

liquid fractions can also be listed down for example I can also write down the mass flow rate 

here. So, these properties of the different streams that you get in the output will also be listed 

down here in the main flow sheet you can include these information’s and you can also 

specify that how many number of decimal places are you interested to display.  

So, three decimal places for the mass flow and rest is, as you know this is in kelvin 

temperature pressure is in bar and the mass flow is in sorry yes the mass flow or the mass 
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fraction is the mass flow units is in kg per hour. So, this is one problem I am going to also 

talk about the problem of multiple flash units.  

(Refer Slide Time: 21:23)  

 
So, this is a single stage flash and then we will have you know again some more further flash 

we will add two stage flash we will do. So, in this flash we put a mixture of you know 

acetone and water all the specifications are given to you and then to further enrich. So, let us 

say in the top you will get more of acetone on the bottom you will get more of water. So, this 

again then we will try to enrich using another you know set of you know flash and then we 

will have some recycle streams into this system.  

So, let us try to work this out work this problem. So, the first problem states that you know 

please note down all the this specifications of the flash total fluid flow rate is 100 kg per hour 

it is equivalent amounts of acetone and you know water by mass is present feed conditions is 

50 degree and one atmosphere and this I have made the t x y diagram and you can see that at 

50 degrees there could be a significant separation of this sorry that is the feed condition and 

the flash condition is 75. So, at 75 you can see there are distinct you know variation of the 

vapor and the liquid fractions of acetone. So, it can be very nicely separated at 75. 

(Refer Slide Time: 23:00)  

784



 
So, this t x y diagram helps you to identify what should be the appropriate you know this 

temperature choice for the flash or for a distillation column and in the next case we will keep 

the same settings but we will have two additional flash to further purify the acetone or to 

further purify you know this whatever we are getting from the bottom flash. So, again it 

suggests that if you are adding one more flash unit to the top.  

So, it means that this TP2 will be further enriched with acetone and to improve the chances 

what we do is that the bottom which is mostly water of the second stage flash is again 

recycled back. So, we do not waste any amount of acetone that may be present there we are 

recycling it back similarly for the bottom flash the top product is again enriched with acetone 

and water. So, that is something is again recycled back.  

So, that we do not waste it and the bottom most BP2 is enriched with water. So, TP2 and BP2 

I mean this you know outlets from the second stage after this recycling steel streams is further 

more enriched compared to a single stage flash and you know that the flash conditions has to 

be also changed. So, the bottom is more the bottom flash or the flash three that you see the 

second stage bottom side is actually contains more water.  

So, we need to increase the temperature. So, that to obtain more amounts of acetone that is 

why the flash three condition is 90 the flash 2 which is the second stage of this flash after the 

first flash will contain more amounts of acetone. So, probably there we need lower 
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temperature than the first stage flash. So, that is why I have selected that as 60 degrees. So, 

this is the subsequent of the follow up problem on the single stage flash let us try to work it 

out in the aspen platform.  
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786



So, this is a blank simulation I have started I have to specify first the you know components 

in this case components are only water and acetone. So, I write water and acetone. Methods I 

will select the base method as UNIFAC you can also choose the other ones but you must be 

sure that what is something you are choosing and what are the limitations of that method. So, 

this is the required property inputs are complete next we go to the simulation.  
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So, in the simulation let us hide this top ribbon in the beginning only itself let us specify the 

report options to include all the you know mass and the mass fractions because we are 

dealing with mass everything here. So, that those things are specified in the beginning now 

coming to the flow sheet. So, let us include one flash. So, flash is included in the separator it 

is not part of the column.  
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So, it is flash two only two outlet streams next week sorry we connect the streams. So, one 

inlet, outlet. So, this one let us rename the streams as feed, this is like top product 1, this is 

like bottom product 1, let us define this as flash 1, single flash. So, first define the flash 1 

conditions temperature we specify as 75 and pressure is 1 atmosphere streams sorry I click 

the feed streams only feed stream needs to be specified for this problem.  

So, the feed stream temperature let us say we specify some temperature of the feed stream 

you can set it to be preheated close to the flash temperature let us say 70 degrees bring it 

close to the flash or 50 degrees because that is what it is specified pressure is 1 atmosphere 

and total flow rate in terms of mass is 100 kg per hour and this is 0.5, 0.5 water and acetone 

both are equivalent.  

So, this completes the required input you see the bottom message required input is completed. 

So, before running let us save this simulation let us run it and try to see the results, results are 

available since we have already selected the mass flow and the mass fraction these results are 

highlighted here. So, the feed stream here is not showing the mass fraction as we have 

specified in the problem. So, that is something we need to check.  
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So, we will go back and we will see the feed stream input and if you see it here it is 

mentioned that the composition is provided terms of mass flow which is bit of incorrect we 

need to specify the mass fraction. So, now it is the appropriate definition or the proper setting 

of the problem let us reset it that is why in the results you do not see the mass fraction to a 0.5 

and 0.5 for the field stream, run it again let us go to the feed stream summary. 
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Now, you see that this for the feed it is 0.5 and 0.5 for both water and acetone and the top 

stream acetone is more around 85 percent and water is the remaining and in the bottom 

stream water is almost 85, 86 percent and acetone is remaining. So, this is what the expected 

scenario. Now the thing is that I want to add subsequent flash to further enrich the stream 

fraction or the mass fractions of acetone and water as the respective you know top and 

bottom.  

(Refer Slide Time: 30:23) 
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So, I want to improve the recoveries you can click this stream table. So, this will be you 

know pasted in the flow sheet. So, that is there we zoom out you will see that this table is 

there now let us work with the adding another you know flash to the top and the bottom and 

adding the bottoms to be recycling of the top flash.  

So, let us works add some more flash to flash streams I have added just click the flash button 

and click in the flow sheet it will add that let us rename this as flash 2, this has flash 3. Now, 

please note that this stream needs to be connected as the input to this flash but since we have 

added this new flash you know stream sorry new flash block this stream is not connected. So, 

instead of deleting the stream and connecting once more let us try to reconnect the 

destination.  

So, you see this reconnect sorry right click then you click reconnect destination. So, this if I 

clicked this stream will be collected there. So, you connecting destination similarly this one 

also reconnect destination. So, if I select the destination that is the inlet of the flash 3 it will 

connect it there. So, this is where the top and the bottom streams are connected back. Now let 

us try to connect another stream for the top output and here as the bottom output similarly 

here also and this stream we are recycling it back to the feed this is added back similarly this 

one I need to reconnect the destination because I want to connect it here.  
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So, let us change little bit like this. So, three streams are now, this name is hidden. So, I am 

just trying to shift the name. So, this is the possible recycling. So, from the top of as I said the 

top of flash 3 contains more amount of acetone which we want to recover similarly the 

bottom of flash 2 contains very low amount of acetone but that is something we want to again 

recycle it back to reuse or to use it as much as possible.  

So, now you have two recycling streams in this problem. So, it is not a you know 

unidirectional computation part of the solution of flash 2 and flash 3 goes to the input of flash 

1 is not it let us rename these streams. So, this one let us rename as BP2 because bottom 

product of flash 2 this one as TP3 top product of flash 3 this one is top product of flash 2 and 

this one is bottom product of flash 3 and also define the condition.  
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So, this in this case the temperature would be slightly lower because this is the top one where 

more amounts of acetone will be handled pressure is 1 atmosphere, that is flash 2 and flash 3 

needs higher temperature because here the water fraction will be more and pressure is again 

1. So, this completes the specification no further stream conditions are needed because these 

two streams are part of the internal calculations now as the feed anyway they are also part of 

the output stream and these are also input streams from the first flash BP1 and TP1 to the 

second flash. So, now all the required inputs are complete. So, let us try to you know reset the 

problem, save it and then run it.  

(Refer Slide Time: 35:16) 

797



 

 

798



 

 
So, if you click on this control panel you will see what are the different steps or you know 

iterations that has been done and it took almost nine iterations to get a convergence. 

Recycling streams of course needs a lot of iterations. So, calculation is done results are 

available. So, let us see the results now result summary we go to the streams. So, let us put 

the feed in the first one this alphabetical order, let us not worry.  
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So, mass fraction you see the first column that is TP1 the top product of the first column you 

have acetone 84.7 almost 85 percent but the top product of the second flash that is the upper 

one is 95 percent. So, it is improving and the bottom product of the first flash has water of 

almost 86 percent but the bottom product of the third flash that is the lower is 96 percent. So, 

the water is getting you know I mean it means that the acetone is getting lower and lower 

with subsequent number of flash.  

So, this is the same way I mean the multi stage distillation operation also works. So, in the 

multi stage distillation we all I mean the purpose of having multiple stage is to enrich it and 

these recycling streams in this case of the flash is nothing but sort of the you know reflux 

actually for a multi stage process. So, this is like a two-stage distillation column is not it, 

individual flash units can be considered when they are present in sequence can be considered 

as to be part of the distillation column.  

So, you can also connect some more flash and try to see that how the acetone fraction can be 

enriched you can also explore what happens if you do not recycle back these streams and how 

does the composition changes. So, these are the things that you can work out you can also 

work out the you know this sensitivity trying to vary the input feed sorry the input you know 

the composition or changing the temperature how much it is sensitive to the temperatures of 

all the three flash that is something can also be worked out.  

So, I hope this gives you a quite a good understanding of the multiple units when you have 

more than one units how the calculations are actually coupled or combined and what 

essentially the how the internal streams are involved in the part of the calculation rather than 

they are standalone solution streams or user defined streams. Here we have seen two 

problems today one is involving a reactor and then another one is involving some flash units.  

So, in the next class essentially we will talk about a complex network this Haber-Bosch 

process of ammonia synthesis and there we will discuss something related to the convergence 

problem or how convergence issues can be handled in such complex problem or such 

complex network problems involving a lot of in you know units as well as lot of you know 

this recycling streams thank you I hope all of you enjoyed this class.   
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