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Code No: NR-420805
IV-B.Tech. II-Semester Regular Examinations, April/May-2004

OPTIMISATION OF CHEMICAL PROCESSES
(Chemical Engineering)

Time: 3 Hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1.a)      Mention briefly the method of determining optimal boiler operating conditions.     

   b)    By means of a graphical sketch the common pattern of the thermal efficiency, nitrogen  oxide emissions and hydrocarbon emissions as function of air/fuel ratio.                            

   c)      Represent graphically, the fuel input as a function of the normal practice of boiler 

            operating regime showing discontinuity.                                                                                  
2.  
What are commonly used criterion for the estimation of the coefficients in a model from experimental data. Mention the relative advantages and disadvantages.                             
3.      
Identify the stationary points of the following and determine if any extreme exit

f(x) =  4 +  4.5x1- 4x2 + x12 + 2x22 - 2x1x2 + x14 - 2x12x2 

4. 
Examine the following problem

maximize 
y =  3x1 + x2 + x3

subject to 
x1 ¨C 2x2 + x3  ¡Ü 11



-4x1 + x2 + 2x3  ¡Ý  3



2x1 ¨C x3 = -1



x1,x2,x3  ¡Ý 0 

Is there a basic feasible solution in the problem? Answer Yes or No and explain. 

5.
An engineer working on the selection of optimal evaporation equipment must list what is “known”, “unknown”, and “features to be determined”. What are the terms to be included in the list? Also mention the terms under utility consumption.
6.a)
Describe how the nonlinear regression technique (least  squares) can be used to fit vapor-liquid equilibrium data.  Use Van Laar model with two adjustable parameters to correlate the VLE data.
b)
For the determination of the optimum reflux ratio for a staged distillation column write the equality constraints with the help of a flow sheet.  (Use Eduljee correlations).
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7.     The cost function C representing the annual costs of a pipe line transporting a fluid is given by

                     C =  C1 D1. 3 L + 0.142 (C0 /()m2.8 (0.2(-2.0D-4.8L

         where   the cost coefficients are considered as C0 =  Rs. 0.59 and C1 = Rs. 5.7. The mass flow rate of fluid  m = 25 kg/s, density ( = 1000 kg/m3 ,  ( = 1.08 x 10-3 N/sm2 , the pumping efficiency  ( = 0.60 and the pipe length  L= 10 m. Find the  optimal pipe diameter Dopt .

8.
The steady state dependence of chemostat variables, namely, cell mass concentration x and substrate concentration s are expressed by the following equations:
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   where D is the dilution rate. The parameter values are: maximum specific growth rate (max=1.0 h-1,  yield factor Yx/s = 0.5,  substrate growth rate constant Ks=0.2 g/lit and substrate feed concentration sf = 10.0 g/lit.  Describe the steady state behavior of x and s as a function of D as D increases from 0 to (max .
-*-*-*-
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1.a) 
Explain briefly the method of determining the optimum distillation reflux.     

   b) 
By means of a neat sketch, represent the normal pattern of optimal reflux for different fuel costs.                                                                                                                                 

   c)     Represent by means of a diagram, the common pattern of total profit for different fuel costs.                                                                                                                                          
2.
Briefly write about factorial design of experiments, and through an example point out the simplifications that follow.        
3.         For f(x) = 3x12 + 2x1x2 + 1.5x22   find the equation for the principal axes  and determind a transformation x = Vz such that f = a11z12 + a22z22    thus eliminating the interaction term.
4. 
Use the simplex procedure with un restricted variables 


minimize 
f(x) = x1 +  4 x2


subject to 
x1 + x2  ¡Ü  3




-x1 + x2  ¡Ü   1


x1 unrestricted, x2 ¡Ý  0

Find the optimal values of x1 and x2? 
5.
Mention the variables that must be considered by an engineer while making an analysis for the selection of optimal evaporation equipment.
6.
Explain the procedure involved for determining the optimum reflux ratio for a staged distillation column applying the one dimensional search technique of optimization.
7.      The following first reaction takes place in a well mixed batch reactor
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            The initial concentrations in mol/lit  are: 

                 cAo =1.0 and cBo = cCo = cDo = 0.0 

            The reaction rates in h-1are:

                 k1 = 0.01,  k2 = 0.01,  k3 = 0.025  and  k4 = 0.002   
            Calculate the optimal residence time to yield a maximum concentration of B.

8.

The dynamic model of a continuous  flow biological chemostat is given by 


where e, c and s are biomass, metabolic and substrate concentrations in gmol/lit, respectively. The values of rate constants k1, k2  and k3 are 0.9 lit/mol.h, 0.7 h-1 and 0.0, respectively. The limiting feed substrate concentration so =10.0 mol/lit and the parameter ( = 0.09. The dilution rate D is an independent variable. The objective is to maximize the steady state production of biomass given by  f = De. Obtain the steady state responses of e, c and s  as a function of D and show that the system exhibits washout condition at D=0.553. 
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1.a)  
Describe the essential features of optimization problems.                                                   

   b) 
Show schematically feasible region for an optimization problem involving two  

         
independent variables – x1 and x2.                                                                                         

2.
Explain the consideration of the time value of money with reference to future worth and present worth.    
3.a) 
Show that f = ex1 + ex2 is convex  is it also strictly convex?

   b) 
Show that f = | x | is convex.

4. 
Solve the refinery blending problem given in equations using the simplex methods?


f(x) = 8.1 x1 + 10.8 x2--------(1)


A Gasoline
x3  ¡Ü 24000;  0.80 x1 + 0.44 x2 ¡Ü   24000------(2)


B Kirosine
x4 ¡Ü  2000; 0.05 x1 + 0.10 x2   ¡Ü 2000---------(3)


Fuel oil
x5   ¡Ü 6000; 0.10 x1 + 0.36 x2   ¡Ü6000-------(4)




X1 ¡Ý   0




X2   ¡Ý 0

First formulate the problem as a minimizing problem. 

5.
Give the general procedure for the optimization of number of stages and determining the optimal performance ratio in a multistage evaporator.                                                                                                                 
6.a)
Discuss about the classification of optimization problems for steady state distillation.
   b)
Describe how the nonlinear regression technique (least squares) can be used to fit vapor-liquid equilibrium data. Use van Laar model with two adjustable parameters to correlate the VLE data.
7.  

The following reaction takes place in a well mixed batch reactor


               


           k3
      C


                         k1                                       
               A                            B                                

                            

           k4
        D


                                 k2                                                                                              
(Contd…2)
Code No:420805



:: 2 ::



     Set No:3
            The initial concentrations are:

                 cAo = 100.0 mol/lit, cBo = 10.0 mol/lit,  cCo = 0.0 mol/lit and cDo = 0.0 mol/lit

            The reaction rates are:

                 k1 = 2.0 h-1,  k2 = 1.0 h-1,  k3 = 0.20 h-1 and  k4 = 0.60 h-1,  
            Calculate the optimal residence time to yield a maximum concentration of B.

8.
The steady state dependence of chemostat variables, namely,  cell mass concentration x and substrate concentration s are expressed by the following equations:




      where D is the dilution rate. The parameter values are: maximum specific growth rate (max=1.0 h-1,   yield factor Yx/s = 0.5, substrate growth rate constant Ks=0.2 g/lit and substrate feed concentration sf = 10.0 g/lit.  The rate of cell mass production per unit reactor volume is Dx. Show that the system exhibits washout condition at D =(max .
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1.
Describe the general procedure for solving optimization problems, indicating the six steps used to solve optimization problems.                                                                                        
2. 
Describe the normally used measures of profitability and write the formulae for 

evaluating profitability.                                                                                                       
3.
The future worth s of a series of n uniform payments each of amount p is 

s = (p/i) [(1+i)n-1] 

where i=interstate per period. If i is considered to be the only variable, is it discrete of continuous. Explain repeat for n?

4. 
Solve the following linear programming



maximize  
f = x1 + x2





x1 + 3x2  ¡Ü  12





x1 ¨C x2  ¡Ü   1





2x1 ¨C x2  ¡Ü 4





2x1 + x2  ¡Ü  8





xi ¡Ý  0             (i = 1,2) 

Does the solution via simplex method exhibit cycling? 

5.
How can we determine the optimum number of stages and optimal performance ratio in a multistage evaporator? Explain the procedure.
6.a)
Discuss about the classification of optimization problems for steady state distillation.
   b)
For the determination of the optimum reflux ratio for a staged distillation column write the equality constraints with the help of a flow sheet. (Use Eduljee correlations).
7.   
The following first order series reaction 

                        k1                                        k2
               A                            R                                S   
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with k1 = k2  = 1 min-1 and cAo =1.0 mol/lit  occurs in a batch reactor. Find  the optimal time and the maximum concentration of R at that time. 

8.
The dynamic model of a continuous  flow biological chemostat is given by 


      where e, c and s are biomass, metabolic and substrate concentrations in gmol/lit, respectively. The values of rate constants k1, k2  and k3 are 0.9 lit/mol.h, 0.7 h-1 and 0.0, respectively. The limiting feed substrate concentration so =10.0 mol/lit and the parameter ( = 0.09. The dilution rate D is an independent variable. The objective is to maximize the steady state production of biomass given by  f = De. Obtain the steady state responses of e, c, s and f as a function of D, 0.2 (  D ( 0.6. Plot the responses and find the value of D that provides maximum of  f.

-*-*-*-
Set No:


1





Set No:


2





Set No:


3





Set No:


4





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








_1105788844.unknown

_1105793760.unknown

