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1.
Write the component continuity equations for a tabular reactor with consecutive reactions occurring:       k1       k2
A(  B ( C  .

2.
Write the energy equation for the CSTR in which consecutive first order reactions occur with exothermic heats of reaction (, and (2:




K1

K2


A

B





(1

(2

3.
Develop a mathematical model for a non-isothermal CSTR provided with a perfectly mixed cooling jacket.

4.
Develop a liquid and vapor phase dynamic model for a single component vaporizer.

5.
Develop a mathematical model for a batch reactor in which a first order consecutive reaction:





   k1       k2
A(  B ( C    takes place.

6.
Explain the iterative convergence method to calculate vapor liquid equilibrium bubble point.  Write down the Algorithm.

7.
Explain Runge-Kutta Fourth order method to integrate an ordinary differential equation.

8.
Discuss the simulation method of two isothermal CSTRs in series with constant hold up in which an irreversible reaction,   

         k1           takes place.

      A(  B
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1. Write the component continuity equations describing the CSTR with the following simultaneous first order isothermal reactions taking place:

               K1

  K2
         A            B            A            C

2.
Write the component continuity equations for a perfectly mixed batch reactor with first order isothermal.

a) reversible reactions occurring

b) consecutive reactions occurring

3.
Develop a mathematical model for a 3 stage constant volume CSTRs in series.

4.
Develop a liquid phase dynamic model for a single component vaporizer.

5.
Develop a mathematical model for an ideal binary distillation column.  Discuss the degrees of freedom.

6.
Discuss the methods of Interval halving, Newton-Raphson methods with their merits and demerits for solving non-linear algebraic equations.

7.
Explain  Runge – Kutta forth order method to integrate an ordinary differential equation.

8.
Write model equations for batch reactor and explain the simulation method to solve these equations.

- x -
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1.
The liquid phase hydrolysis reaction of acetic anhydride to form acetic acid is carried out in a constant volume adiabatic batch reactor. The reaction is exothermic with the following stoichiometry.



(CH3C)2 O  + H2O              2 CH3 COOH  + Heat

Derive the mass and energy balances for the system assuming it as a first order reaction.

2.
Express the partial pressure and vapour pressure relations of an ideal boiling mixture according to Dalton’s and result’s law.  Describe the step wise convergence procedure to compute the bubble point and vapour composition of the binary system.

3.
The mass and energy balances of a chemical reactor are of the form



dC1


----  = f1 (C1 , T )



dt



dC2


----  = f2 (C1 , C2 )



dt



dT



----  = f3 (C1 , C2, T )



dt

Where C1 and C2 are concentrations of chemical species and T is the temperature. Write a program in C or Fortran to solve these equations using Runge-Kutta fourth order method.
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4. In a shell and tube heat exchanger, liquid  flows through the inner tube and it is being heated by steam that flows counter currently around the tube.  The temperature of the liquid not only changes with time but also changes along the axial direction from the value of temperature at exit. Develop an expression for the energy balance characterizing the temperature.

5. The model of a simple system is represented by the equation of the form

dy

                      ------   =    x + y

                  dx

Where y and x are the dependent and independent variables. Solve the system   equation for 3 iterations by using Runge – Kutta forth order method assuming x(0)=0, y(0) = 1 with a step size of 0.1.

6. A fluid is flowing through a constant diameter cylindrical pipe of length z under plug flow conditions. Derive continuity equation for the flow assuming no radial gradients for the fluid properties.

7. A first order irreversible exothermic reaction  A( B  occurs in a series of three perfectly mixed CSTR’s. Feed enters the first reactor and product leaves the third reactor.  Derive mass balance and component continuity equations for the system considering constant as well as variable holdups. Assume isothermal operation and constant density.

8. Write the total continuity and component continuity equations for reboiler, all trays and reflux drum of a multicomponent batch distillation. Assume theoretical trays, equimolal overflow, constant relative volatility, and constant vapour and liquid flow rates.

- x -
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1.
A  liquid enters to a heating tank with a flow rate of F1(m3/min) and a temperature

of T1(ok), where it is heated with a steam having a flow rate of Fs(kg/min). Let F and T be the flow rate and temperature of the stream leaving the tank.  The tank is considered to be well stirred. Derive model equation for rate of change of height, h and temperature, T in the tank.

2.
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

                      ------   =    ph-qv2
                  dt

dh

                      ------   =    r-sv

                  dt

where p, q, r and s are constants.  Express the procedure of solving these equations using Runge-Kutta fourth order method.

3.
A first order irreversible exothermic reaction A(B occurs in a batch reactor in liquid phase. The volume of the batch and the density of the liquid are assumed to be constant.  Heating and cooling is carried out by steam and cold water in the jacket.  Write down the component continuity and energy equations for the system.

4.
Two functions of a system are of the form



f1(x1, x2) = 0



f2(x1, x2) = 0

Describe the procedure of solving these equations using Newton-Raphson method.  Write a C or Fortran program to express the solution of these equations.
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5.
The following reaction



         k1



A+B  ( X



         k2


B+X ( Y



         k3


B+Y ( Z

Occur in an isothermal continuous stirred tank reactor of constant volume.  The reaction is sequential (A(X(Y(Z) as well as parallel with respect to B.  Assuming second order kinetics, write the mass balance for the system.

6.
The model of a simple system is represented by the equation of the form



dy



--
= x+y



dx

 where y and x are dependent and independent variables.  Solve the system equation for 5 iterations by using Euler’s method assuming x(0) = 0, y(0)=1 with a step size of 0.1.

7.
Two streams 1 and 2 are being mixed in a well stirred tank, producing a product stream 3.  Each of the two feed streams is composed of two components A and B with molar concentrations CA1, CB1 and CA2, CB2 respectively.  Also let F1 and F2 be the volumetric flow rate of the two streams and T1 and T2 be their corresponding temperatures.  Let CA3, CB3, F3 and T3 be the concentrations, flow rate and temperature of the product stream.  Develop state equations for volume V, concentration CA3 and temperature T3 for the fluid in the tank.

8.
Classify the mathematical models according to their derivation.  Describe how the mathematical models are helpful in process analysis and control.
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