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SIMULATION MODELLING AND OPTIMISATION TECHNIQUES

(Chemical Engineering)
    Time: 3 Hours  






Max. Marks: 70 

Answer any FIVE questions 

All questions carry equal marks
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1.
Consider a CSTR in to which flows a liquid stream at a volumetric rate Fo m3/min and with a density of (o Kg/m3. The volumetric holdup of the liquid in the reactor is Vm3 and its density is (. The volumetric flow rate from the reactor is F and the density of the out flowing stream is the same as that of that reactors content. Write the total continuity equation and the component continuity equations describing the CSTR with:

(a) Simultaneous reactions (first order, isothermal)
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(b) Reversible (first order, isothermal)



     k1
A ⇌ B
     k2


Assume the concentration of component A in the flowing stream to CAo (moles of A per unit volume) and in the rector to be CA.
2.
Consider the system that has two stirred chemical reactors separated by a plug flow dead time of D seconds. Assume constant holdups (V1 and V2 ), constant throughput (F), constant density, isothermal operation at temperatures T1 and T2, and first order kinetics with simultaneous reactions:
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No reaction occurs in the plug flow section. Write the equations describing the system.

3.
Discuss about the following iterative convergence methods:

   a)
Interval halving method

   b)
Newton-Raphson method

   c)
False-position method
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OR
4.a)
Write the six general steps for the analysis and solution of optimization problems.

   b)
A poster is contain 300 cm2 of printed matter with margins of 6 cm at the top and bottom and 4 cm at each side. Find the overall dimensions that minimize the total area of the poster.

5.
For a two-stage adiabatic compressor where the gas is cooled to the inlet gas temperature between stages, the theoretical work is given by:
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Where k = Cp/Cv

P1 = inlet pressure


P2 = intermediate stage pressure


P3 = outlet pressure


V1 = inlet volume

We wish to optimize the intermediate pressure P2 so that the work is a minimum. Show that if P1 = 1 atm and P3 = 4 atm. P2opt = 2 atm.
6.
Suppose that you wished to curve-fit a set of data (shown below) with the equation.



Y = Co+C1e3x+C2e-3x


X
0
1
2
3



Y
1
2
2
1


Calculate Co, C1 and C2 (show what summations need to be calculated)

7.
Determine the convexity or concavity of the following functions:

   a)
f(x1, x2) = (x1-x2)2 +x22
   b)
f(x1, x2) = ex1 + ex2

8.
Solve the following linear programming problem by simplex method:


Minimize
f = -x1 + x2

Subject to
2x1-x2 ( -2




-x1+3x2 ( -2




-x1-x2 ( -4


x1 ( 0 , x2 ( 0
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