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1.a)
What are the various factors to be taken into consideration to formulate an appropriate mathematical  model to represent  any given system ?

b)
Oil is flowing through a perfectly mixed two tank system at a constant flow rate. The following nomenclature  applies to the system;


P= Constant density of liquid


Cp = Heat capacity of liquid


V1, V2 = Constant volumes of tank 1 and tank 2 respectively.


To = Temperature of oil  entering Tank –1


T1, T2 = Temperature in Tank –1 and Tank – 2 respectively.


Q1= = Heat addition rate to Tank-1

Give the energy balance for the system assuming that no reaction is involved in the process. Also, check the Degrees of Freedom and hence confirm whether the system is correctly specified or not.

2.
Describe the formulation of the dynamic model and the steps to be carried  out in Titration Curve Method to control the ‘pH’ value in Chemical Process Industries.

3.
Explain the procedure to solve ordinary differential equations by the following schemes of Numerical Integration:

(i) EULER ALGORITHM


(ii) Fourth  order Runge-Kutta Algorithm. Discuss briefly the comparative merits and demerits of these two methods.

4.
Consider a batch reactor in which the following first order consecutive reactions take place as the time processes;




k1               k2

                A                  B                C

Reactant  is charged into the vessel and steam is fed into the jacket provided to the reactor  to bring the reaction mass upto a desired temperature. Then, cooling water must be added to the jacket to remove the exothermic heat of reaction and to make the reactor temperature  follow the prescribed  temperature – time curve.

Write the component continuity kinetic and Energy equations for the system. Also write relevant equations for the Jacket with steam  at 35 psia supply pressure. Give suitable notation for all the parameters used.
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5.
A liquid with constant density is pumped into a tank at a variable rate Fo(ft3/s) and the outlet flow rate is F(ft3s) and the height of the liquid in the tank is ‘h’(ft) . The schematic flow is given below.




F0





h






          F



        F

L=  Length of exit line, Ap = cross-sectional area off exit pipeline.

AT = Cross –sectional area of the tank

P= Density of the liquid

Derive the ordinary differential equation to describe  (i) the force balance  and (ii) Total continuity of the liquid system

Explain the procedure to solve the variables ‘V’ and ‘H’ as functions of time by applying SIMULATION technique suitable for the purpose.

6.
Explain the methods for approximation of a given polynomial using (i) Quadratic Interpolation and (ii)  Cubic Interpolation.
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7.
In a petroleum refining plant, Naptha is fed to a train (i.e. series) of Distillation columns to recover the solvent fractions. The feed Naptha has a value of Rs. 2000/bbl. The light ends fraction recovered as top product of distillation column-1 sell at Rs. 2500/bbl while the bottoms are passed through a second distillation column to yield a Medium solvent as top product and a Heavy solvent as bottoms product. The Medium solvent comprising 50 to 70% of the bottom product can be sold at  Rs. 3200/bbl  and remaining Heavy Solvent (30 to 50 % of bottom product of column-1) can be sold at Rs. 2000/bbl. The schematic arrangement of the process is shown below;
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60% bottoms


Heavy solvent (x5)
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The maximum quantity of the Medium Solvent that can be sold is 400 bbl/day and the maximum feed Naptha that can be processed in column–1 is 2000 bbl/day. The operational costs (i.e. the cost of utilities) associated with each column are Rs. 60/bbl feed. Formulate the above as a linear programming. Problem and solve the same to find the maximum profit that can be earned per day, subject to the given constraints.

8.a)
Give the important considerations required in the analysis of Optimal  Evaporation Equipment Selection.

   b)
What are the factors to be considered in the modeling of Chemical Reactors ?
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