ChE 372 Exam 2 Wednesday, October 29, 2003

Instructions

1. Write your name at the top of each answer sheet and on the front page of the
exam questions.

2. Start each problem at the top of a new page.
3. The exam consists of three problems. NOTE: They are not equally weighted.
4. Useful integrals and equations are listed beginning on page 5.
5. Return the exam questions or you will receive a grade of zero.
R = 82.06 cm3-atm/gmole-K; R = 1.987 cal/gmole-K

) . . 9lnK _ AH°
The van’t Hoff relation is 5T = BT

Problem 1
[40 POINTS] An adiabatic PFR will be used for the gas phase reaction

A+B— D+E r=kP\Ps k= 200,000exp(—14,000/T)

The units for the rate are Ibmoles/hr-ft3, P; is in atm and T is in °R. The feed enters at
500 °F and 2 atm total pressure. The inlet molar feed rate of B is Ngy = 0.17 Ibmole/hr.
The feed only contains A and B at a molar ratio of 3:1 A:B (i.e., the molar flow rate of A
is 3 times the molar flow rate of B). The heat of reaction is AH, = —58,000 Btu/lbmole
and the molar average heat capacity of the fluid phase is C'p = 95 Btu/lbmole-R. You
may assume AH, and C'p remain constant.

Determine the reactor volume required to realize a conversion of B of 85% (xp = 0.85).
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Problem 2
[40 POINTS] The following liquid-phase reaction will take place in a CSTR

A+B— C r=kcy

The feed enters at 75 °F, a total volumetric flow of @)y = 226.34 ft3 /hr, and consists of
a mixture of A and B having molar flow rates of Nay = 35 lbmol/hr and Ny = 500
Ibmol/hr. The remaining process parameters are listed in the table below. You may
assume the thermodynamic properties are constant with temperature. This reactor has
one unstable and two stable operating conditions and you are to find the upper stable
operating condition; use 7" = 800 R and/or c4 = 0.1 X cay as your initial guess for
a solution. If you elect a trial and error solution, make four iterations and quit after
telling us what your next guess would be in the event your solution has not converged.

Variable | Value Units
Cpa 35 Btu/lbmol-R
CpB 18 Btu/lbmol-R
Cpo 46 Btu/lbmol-R
Hya -60,000 Btu/lbmol
Hyp -100,000 Btu/Ibmol
Hyo -386,000 Btu/Ibmol
Vi 50 ft3

T, 85 °F

U 500 Btu/hr-ft2-R
A 40 ft2

k 9.0 x 10'2 exp(—19,628/T) | hr~!; T in Rankine
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NOTE The problem had an error and was pulled from the exam state-
ment.



Design Equations

Batch Reactor
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Continuous Stirred Tank Reactor (constant phase)
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Useful Integrals
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Simpson’s three-eighth’s rule for numerical integration:
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Integration of N + 1 points, where N is even:
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