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NOTE:  Store your problem immediately after typing in the program and before typing ⇑F7.

Saving While in POLYMATH:

Anytime after you enter your equations you may save them by hitting “shift-F8” from
the equations screen. This will take you to a menu where you may type “S” to save your
problem. When you type “S” you will be asked for a directory. Enter “A:”. Then you will be
asked for a filename.  Type in the problem number (e.g. Pb3). Be careful not to save over
previous work (like accidentally saving problem 3 material over problem 2 material by using
the same name). Once the file is saved, you can go back to working on your problem.

The option to do this will be listed on your screen. The procedure for loading saved
problems is similar, you just type “L” rather than “S” at the appropriate step.

Note:  At the end of the exam, after saving all your files to a disk, delete all your problems from
the library.
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(25%) 1) Let’s go back to Problem 8-30 once more. Ethyl-benzene is fed at a rate (in the problem
statement) of  0.00344 kmol/s. The inlet steam to EB ratio is 14.5 to 1. The inlet
temperature is To = 900 K. All parameter values are the same as given in the problem.
However, we now want to operate the reactor isothermally.

a) What is the required heat exchanger duty (in Watts, i.e. J/s) to achieve isothermal
operation? Explain your result.

b) Now, say the inlet temperature is 500 K. How does the required heat exchanger duty
change? How is it different from the previous case qualitatively? Explain your
result.

[Hint: only two-three lines of Polymath code change/addition maybe required to
answer part (a)]

Isothermal Operation of PFR:

Isothermal ⇒ dT
dV

= 0

dT

dV
=

Q + ∆Hijrij∑
FiCPi∑ = 0 where Q = Ua(Ta - T)

⇒ Q = ∆Hijrij∑
Below are the results and Polymath code
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Why?  The reaction rates are high at the inlet – so more heat is consumed, hence more needs to be
put in.  Then as the reaction rates die down, we need to put in less heat.

Is this possible?  Yes, if we operate the coolant co-currently with sufficiently small flow rates, this
can, theoretically, be achieved.

(b.) T0=500 K
Now, the heat exchanger duty is much lower – also the percentage change along the length of the
reactor is small.

Why?  Because, at this temperature, reaction rates are so small, and practically no reaction occurs.
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(25%) 2)The following elementary reaction was also found to occur in the production of styrene
(P8-30).

  (4)  2 ethylene + toluene  →  ethylbenzene + propylene

(4)   2 CH2 CH2 + 

CH3 CH2CH3

+ C3 H6

Plot the exit temperature and exiting molar flow rates of ethylbenzene, styrene, toluene
and benzene as a function of entering temperature from 900 K to 1100 K and compare
your results with the case from the homework when the fourth reaction did not take
place.

  

∆HRx4T = −30,000 kJ kmole toluene

Heat capacity of propylene = 120 J mole K

−r4T = ρ 1− φ( )  exp 10.4 − 12000K
T

 
 

 
 

 PC2H4
PT  in kmol toluene m3 •s

Just add another reaction.  Modify the reaction rates of EB, Toluene, and Ethylene.  Modify the
dT/dV equation and Ftotal.  See program and results below.
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(50%) 3)Study Problem 8-9 revisited. The
formation of styrene from vinylacetylene is essentially irreversible and follows an
elementary rate law:

  2A  →  B

a) Determine the conversion achieved in a 5 dm3 PFR for an entering temperature of
675 K. Plot the temperature and conversion down the length (volume) of the reactor.

b) Vary the entering temperature and plot the conversion as a function of entering
temperature.

All other conditions of P8-9 remain the same.

2A → B

It is a gas phase reaction, but no points were deducted if assumed liquid phase

All further calculations assume gas phase

Mole Balance: 
dX

dV
=

−rA

FAo

Rate Law :  − rA =− kCA
2

Stoichiometry:   CA =
CAo 1-X( )

1+ εX( )
 

where =y Aoδ = 1* 0.5 −1( ) = −0.5

Energy Equation : 
dT

dV
=

Ua Ta − T( ) + (−rA) −∆H rx( )
FiC∑ Pi

CPA = 0.12222 kJ/mol K

∆Hrx = -231-0.012(T-298)

∆CP =− 0.012

CPB = CPA +∆ CP

Note : ∆CP is an order of magnitude lower than CPA

Therefore, CPA ≅ CPB

Hence, FiC∑ Pi
= FACPA + FBCPB ≅ FAoCPA (as used in the code below)

Or FiC∑ Pi
= FAo Θi C∑ Pi

+ ∆CPX( ) = FAo FAoCPi + ∆CPX( )
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