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1.
Write (i) Total continuity equation (mass balance) (ii) Component continuity equation (component balance) and (iii) Energy equation. Explain the notation scheme used and state the assumptions made clearly.

2.
A fluid of constant density ( is pumped at a flow rate Fo into a cone shaped tank of total volume H(R2/3 where H & R are height and radius of the conical tank respectively. The flow out of the bottom of the tank F is proportional to the square root of the height h of the liquid in the tank. Derive the equations describing the system.

3.
For a jacketed Batch reactor derive the equations for Heating and cooling phase.

4.
A distillation column is fed with a mixture of benzene and toluene in which the mole fraction of benzene is 0.35.  The column is to yield a product containing 0.95 mole fraction benzene and a waste containing 0.05 mole fraction benzene.  The column is provided with a total condenser and the reflux is admitted at boiling point.  The tower is operated at one atmosphere.  Assuming equimolal overflow, find the number of theoretical plates required and location of feed plate.  The feed is saturated liquid and the reflux ratio is 3.0
5.
The height h of a liquid in a gravity flow tank and the liquid velocity v leaving through the outlet of the tank are given by the following equations. 

dv/dt = ph – qv2
dh/dt = r – sv
where p,q,r and s are constants. Explain the procedure to solve these equations for v and h by fourth order Runge – Kutta method.


6.
A system consisting of three isothermal constant holdup CSTRs is shown in the figure below. Product B is produced and A is consumed in each of three perfectly mixed reactors by a first order reaction occurring in the liquid. Assume density is constant throughout the system. Simulate the system using Euler method and write the algorithm to determine the outlet concentration if a step change in feed is given.  
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7.
Develop a mathematical model for a gravity flow tank into which an incompressible liquid is pumped at a variable flow rate of Fo (m3/s) .This inflow rate can vary with time because of changes in operations in the upstream The height of the liquid in the vertical cylindrical is h (m) .The flow rate out of the tank  is F (m3/s).Discuss the Explicit first order Euler method for solving the modeled equations.


8.
Show  that the performacne of three C.S.T.R.  in series is better than a single C.S.T.R. with same equivalent  residence time. State all assumptions.
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1.
Consider a continuous stirred tank reactor in which a consecutive chemical reaction is taking place in the liquid in the tank. Component A reacts to B at a specific reaction rate k1, but B can react at specific reaction rate k2 to form a third component C. 



k1
k2
        A (  B   (  C
The concentration of component A in the inflowing feed stream be CAO and in the reactor CA. Assuming first order reactions, write the component continuity equations (component balances) and the total continuity equation (mass balance) for the above system. State the assumptions made and explain the nomenclature used clearly.
2.
An irreversible exothermic reaction A ( B occurs in a series of three perfectly mixed CSTRs. Feed enters the first reactor and product leaves the third reactor. Assume the reaction is nth order in reactant A. Derive the mass balance and component continuity equations considering variable holdups. Assume constant density for the system, which is a binary mixture of A & B.

3.
Explain the Mass Transfer phenomena in a Reactor with a case study.

4.
A jacketed kettle is originally charged with 30 moles of a mixture containing 40 moles of Benzene and 60 moles of toluene.  The vapors from the kettle pass through directly to a total condenser and the condensate is withdrawn.  Liquid of the same composition as the charge is continuously added to the kettle at a rate of 15 moles/hr.  Heat to the kettle is regulated to generate vapor at 15 moles/hr.  So that the total molar content of the kettle remains constant.  The mixture is ideal and the average relative volatility is 2.51.  The distillation is essentially differential.  How long will the still have to be operated before vapor containing 50% mole Benzene is produced and what is the composition of the composite distillate.
5.
Solve the equation dy/dx = x + y for five iterations by Euler’s method with x(0) = 0, y(0) = 1 and a step size of 0.1.
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6.
Suppose the VLE data of a binary system like benzene-toluene mixture is given. Further the component benzene is more volatile and the system can be assumed to be ideal. Write the stepwise procedure or algorithm to calculate the bubble point through an iterative method. The total pressure and the liquid composition of the system can also be assumed to be given.
7. 
Develop a mathematical model and explain elaborately the Newton - Raphson algorithm to simulate the gravity flow tank into which an incompressible liquid is  pumped at a variable rate Fo for the two different initial conditions of flow and the liquid level in the tank: 

(i) when the initial flow rate is 50% of the design rate

(ii) when the initial flow rate is 67% of the design rate.

8.
Derive using the  material balance, the performance equations of an open loop three C.S.T.R. in series in which a reversible reaction A  = B  takes place?

-*-*-*-
Code No: NR-410805

IV-B.Tech. I-Semester Supplementary Examinations, May-2004

PROCESS MODELLING AND SIMULATION

(Chemical Engineering)

Time: 3 Hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1.
Write the component continuity equations for a tubular reactor with consecutive reactions occurring:

k1        k2
     
A 
(  B  
(  C
        
State the assumptions made and explain the nomenclature used.


2.
A first order irreversible exothermic reaction A ( B occurs in a series of three perfectly mixed CSTRs. Feed enters the first reactor and product leaves the third reactor. Derive the mass balance and component continuity equations considering isothermal & constant holdups. Assume constant density for the system, which is a binary mixture of A & B.

3.
Derive the Mathematical Model equations for a Binary distillation column.

4.
A binary mixture of benzene and toluene containing 40 mol%  benzene is to be distilled at atmospheric pressure to recover 95% of the benzene .Estimate the mol%  of the mixture which should be distilled and the composition of the distillate obtained, if the distillation is carried out by

a) simple equilibrium distillation.
b) Differential distillation collecting all the distillation together.

5.
Under numerical integration methods of ordinary differential equations, discuss about the explicit Euler algorithm in detail. Compare it with implicit Euler algorithm. Write about their relative advantages and disadvantages.

6.
Explain the following convergence methods.
(a) Interval Halving

(b) Newton Raphson method.

7.
Discuss the general “Runge–Kutta” algorithm to determine the dew point temperature for a binary system of components 1 and 2. Assume the system is ideal, Raoult’s and Dalton’s laws are applicable.


8.
Describe with a neat block diagram an idealized closed loop three C.S.T.R. process. Compare this with actual system?
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1.
Explain the different principles of formulation involved in developing a mathematical model. 

2.
An irreversible exothermic reaction is carried out in a single perfectly mixed non-isothermal CSTR. The reaction is A ( B. The reaction is nth order in reactant A and has heat of reaction ( (energy units/mole of A reacted). Negligible heat losses and constant densities are assumed. To remove the heat of reaction, a cooling jacket surrounds the reactor. Cooling water is added to the jacket at a constant volumetric flow rate. Develop a mathematical model for the system assuming that the CSTR has a perfectly mixed cooling jacket. State all the assumptions made and explain the notation scheme used clearly.    

3.
Derive the Model equations to describe the Batch distillation of a multicomponent mixture.

4.
100 moles of benzene (A) and toluene (b) mixture containing 50% mole of benzene is subjected to a differential distillation at atmospheric pressure till the composition of the benzene in the residue is 33%. Calculate the total moles of the mixture distilled. Average relative volatility is 2.16.

5.
Explain the convergence procedure to find the bubble point temperature of a binary vapour-liquid mixture.

6.
Explain the following convergence methods.

(a) False Position


(b) Explicit Convergence methods.
7.
Discuss the general “Newton - Rapshan” algorithm to determine the bubble point temperature for a binary system of components 1 and 2. Assume the system is ideal, Raoult’s and Dalton’s laws are applicable.

8.
Derive a nonlinear O.D.E. for jacketed non – isothermal , exothermic continuous stirred tank reactor with variable flow rate and holdup, fitted with two proportional controllers one for liquid level and other for cooling water. State all assumptions clearly. Give a neat block diagram.
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