CHE 201 CHEMCAD Exercise 1

Godsfor thisexercise:
Introduce the ChemCAD flowsheet Smulator.
Reinforce key concepts of sensible and latent heet and vapor-liquid equilibrium.

Problem Statement 1:
100 mol/min of benzene a 120 °C and 1 atm enters a condenser. (A condenser is a heat exchanger
that cools avapor stream until some of it (or dl of it) condenses, and then lets the liquid drain off
separate from the vapor.) The norma boiling point of benzeneis 80.10 °C.
If you cool the mixture to 100 °C in the condenser,
o what will the composition and flow rate of the gas be?
o what will the composition and flow rate of the liquid be?
0 how much heat must be transferred to/from the utility stream to accomplish this?
If you cool the mixtureto 15 °C in the condenser,
o what will the composition and flow rate of the gas be?
o what will the compostion and flow rate of the liquid be?
0 how much heat must be transferred to/from the utility stream to accomplish this?

Problem Statement 2:
100 mol/min of 50 mol % benzene and 50 mol % toluene at 120 °C and 1 atm enters a condenser. The
norma boiling point of toluene is 110.62 °C.
If you cool the mixture to 100 °C in the condenser,
o what will the composition and flow rate of the gas be?
o what will the compaosition and flow rate of the liquid be?
0 how much heat must be transferred to/from the utility stream to accomplish this?
If you cool the mixture to 15 °C in the condenser,
o what will the composition and flow rate of the gas be?
o what will the compostion and flow rate of the liquid be?
0 how much heat must be transferred to/from the utility stream to accomplish this?

Problem Statement 3:
100 mol/min of a contaminated air stream a 120 °C containing 10 mol % benzene and 10 mal %
toluene enters a condenser.
If you cool the mixture to 100 °C in the condenser,
o what will the composition and flow rate of the gas be?
o what will the compostion and flow rate of the liquid be?
0 how much heat must be transferred to/from the utility stream to accomplish this?
If you cool the mixture to 15 °C in the condenser,
o what will the composition and flow rate of the gas be?
o what will the composition and flow rate of the liquid be?
0 how much heat must be transferred to/from the utility stream to accomplish this?



CHEMCAD Solution Procedure— Use ChemCAD to calculate heat duty and compositions of
product streams

1)

2)

3)

4)

5)

6)

7)

8)

Sart ChemCAD. Double click onthe CHEMCAD icon on the desktop. Click on File > New
Job. Pick aname for your job and saveit. Saveyour job periodicaly.

Get ready to draw your process flow sheet. Click on “Edit Howsheet” if you seeit onthe
toolbar. Y ou need that oot to say “Run Smulation” in apae font. An equipment module paette

should appear.

Select the modul es you need and place them on the drawing one at a time. The module names
gopear under the iconsin the pa ette when you move the cursor there. Modules are in aphabetica
order. Left click the module you want in the pa ette and then left click on the spot in the drawing
field where you want the symbol placed. Right click on amodule in the paette to get different
configurations. Right click in the drawing field to sdect modules to delete, rotate or flip. For this
exercise, select a“Flash”, a“Feed” (red arrow) and two “Products’ (purple arrows). (A
condenser looks to us like a heat exchanger, but the “FHash” module isthe signd to ChemCAD that
vapor-liquid equilibrium (VLE) isinvolved here. Use aflash module to smulate flash tanks and
partial and total condensers. Pick the configuration that looks most like what you want. | like Hash
#3 for a condenser.)

Connect the modules with streams. Left click on the streamicon (aline with ared and ablue
end) in the module paette. Draw streams between the modules as needed.  Start and end each
stream using the left mouse button. Use the left mouse button to mark any corners you want in the
dreams. Usearight dlick to erase aline or line segment. Each line should begin on ared circle and
end on abluecircle.

Get ready to run the flowsheet simulator. Left click on“Run Smulation” if you seeit on the
toolbar. Y ou need that spot to say “Edit Flowsheset.”

Specify the units you want to use. Click on Format > Engineering Units. Y ou can use the buttons
at the bottom of the screen, or use the drop-down menus for individua quantities. Y ou can change
the units later, and ChemCAD will automaticaly convert dl of your vaues to the new units.

Input the list of components you will usein your simulation. Left click on Thermophysica >
Component Ligt. The computer may hesitate here. Use the search fidld to find the components you
need. Add them to the component list with the“Add” button. Left click on “OK” when you're
done. For thisexercise, sdlect “Benzene’, “Toluene” and “Air”. You can add or delete
components later.

Choose your thermodynamics. ChemCAD can use any of severa models to caculate vapor-
liquid equilibrium (VLE) and enthdpies. (It uses modesingtead of huge tables of red vaues)
Different moddswork better for different chemica systems, and changing models can sometimes
change your resultsby alot. ChE students learn about these models as juniorsin Thermodynamics.
As sophomores, the only VLE caculations you understand are idedl ones, based on Raoult’s Law
and Henry’s Law, so for this exercise we will usethose. Left click on Thermophysica > K-vaues.
Select “Ided Vapor” from the drop-down menu. To set the modd used to caculate enthalpies,



left click on Thermophysica > Enthdpy. Sdect SRK.

9) Set the conditions of the feed streams. Left click on Specifications > Feed Streams. Enter the
temperature, pressure, and flow rate of each component from the problem statement. Note that
you aso have the option to enter the vapor fraction (0—1). You can only enter two of the
following three parameters. temperature, pressure, vapor fraction. Specifying any two aong with
the stream composition automatically fixesthethird. (Y ou should understand why.) Also, note that
ChemCAD uses a0 to mean “no entry”, which sometimes leads to trouble when you want the value
to be 0. If you want avaue of 0, you may need to enter asmal number like 0.000000001 to get it
to work correctly.

10) Set the operating characteristics of the modules. Left click on Specifications > Selected Units
and then left click on the module you want to work with, or just double click on the module itsalf.
The different calculations that ChemCAD can perform on a flash module are shown in a drop-down
menu. For this problem, sdlect “ Specify T and P, caculate V/F and heat”. After you select this
option, new boxes will appear where you should enter the operating (outlet) temperature and
pressure of the condenser.

11) Run the simulation. Left cdlick on Run> Run All. (If you have amore complex flow shest, you
may choaose to run only sdlected modules.)

12) Look at your results. Left click on Results, and then choose what you want to look at. Y ou can
look at the streams (to see flow rates and compositions) or at the units (to see heat duty). The
resultsare in Rich Text Format, so they can be imported directly into word documents.

Discussion of the Problems

Problem Statement 1

Thisisthe smplest kind of VLE problem you can have: a pure compound thet is volatile (can be
vaporized) and condensable. At 100 °C and 1 atm (above the boiling point), benzeneis dl vapor. The
vapor stream exiting the condenser is of the same composition and molar flow rate as the vapor stream
entering. Thereisno liquid stream exiting. At 15 °C and 1 atm (below the normd boailing point), the
benzeneisdl liquid. Theliquid stream exiting the condenser is of the same composition and molar flow
rate as the vapor stream entering the condenser. There is no vapor stream exiting.

Problem Statement 2

Thisisamore complex VLE problem. Here, you have a mixture of volatile, condensable components.
At 100 °C and 1 am, you are between the boiling points of the two compounds. Y our exiting streams
could be dl vapor (same compasition and flow rate as the inlet vapor), dl liquid (same composition and
flow rate as the inlet vapor), or aliquid stream and a vapor stream in equilibrium with each other (at the
same temperature, but different compostions). To see what Stuation we will bein, let’slook a a Txy
diagram.



Drawing a T-xy Diagram with ChemCAD
1) Sdect Plot > Tpxy.

2) Choose the two components from the drop-down menus. Select “constant
pressure’ mode. Enter the pressure. No need to estimate temperature. Ask for
mole fractionsfrom O to 1.

3) A table may appear. If it does, closeit or move it to see the T-xy diagram.

The T-xy diagram for the benzene-toluene system shows that a 50/50 molar mixture of the two
isal vapor at 100 °C and 1 am. If you want to produce both avapor and aliquid stream from
your condenser, pick atemperature within the two-phase region. Play with different
temperatures and observe how the compositions and flow rates of the vapor and liquid streams
change. At 15 °C and 1 atm (below the normd boiling points of both components), the mixture
isdl liquid, of the same composition and flow rate asthe inlet vapor stream.

Problem Statement 3

Often, we think of air as being “non-condensable’. In other words, we assume that 100 % of
the air dways staysin the vapor phase. That assumption smplifiesthistype of VLE problem.
At temperatures below the saturation point, we have aliquid mixture of benzene and toluene,
and avapor phase mixture of dl three. Inthiscase, a 100 °C and 1 atm, the materid exiting
the condenser is dl vapor with the same composition and flow rate asthe inlet vapor. Try
different operating temperatures with ChemCAD until you get condensate (liquid out). How
does this temperature compare with the dew point temperature from the T-xy diagram for the
benzene-toluene sysem?

Evenat 15 °C and 1 atm, below the bailing point of both benzene and toluene, thereis il
benzene and toluene in the vapor stream. (Remember, thereiswater (humidity) inthe air even
at temperatures below 100 °C.) The mole fraction of organics in the vapor phase may surprise
you. A condenser probably wouldn’t be enough to help you meet EPA emissons regulationsin
agtuation like this. In the presence of a noncondensable component, NEVER assume that
100 % of the condensables go out with the condensate.

Another useful way to look at this problem isto think of it asjust like Problem 2. The only way
to get dl of the benzene and toluene into the liquid phase is to condense the whole mixture, and
that won't happen until you get below the bailing point of all components, including air (nitrogen
and oxygen).

If itisjudt like Problem 2, then why isn't there ar in the liquid phase a 15 °C? Thereis. If you
caculated it by hand, you would probably assume that there was't, but ChemCAD doesn't
assumethat. Thereisalittle bit of ar dissolved in the liquid benzene and toluene. In some
cases, that little bit can be important. Thelittle bit of oxygen found in liquid water isvery
important to fish, for example. Theidedized way to handle vapor-liquid equilibrium when you
have avapor (ar) that isonly dightly soluble in the liquid (benzene-toluene), and you want to
know how much of the vapor isintheliquid, isHenry’s Law.



