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Answer any Five questions

All questions carry equal marks

- - -

1.
What is a mathematical model? Write about the classification of models giving examples. Write about the different phases involved in a process model building.

2.
An incompressible, Newtonian liquid is flowing through a cylindrical pipe and its shear force is proportional to the shear rate or velocity gradient.
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Where 
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= shear rate (shear force per unit area) acting in Z direction and perpendicular  to r-axis.


V2 = velocity in the Z- direction
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= velocity gradient v2 in the r direction
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 = viscosity of fluid

Derive the appropriate force-balance equation for the system assuming laminar flow.

3.
Liquified  petroleum gas is fed into a pressurized vapourizer and the liquid in the tank is thoroughly mixed. Heat is added at the rate “Q” to hold the desired pressure in the tank by vapourising the tank liquid at a rate wv (mass per time). Heat losses and the mass of the tank walls can be assumed negligible. Gas is drawn off the top of the tank at a volumetric flow rate ‘Fv’. Assuming that cv = cp for the liquid and enthalpy of the vapour leaving the vaporizer to be equal to “cpT + 
[image: image5.wmf]l

”, derive the equations for total continuity, state, energy and vapor pressure, considering only “ Liquid Phase Dynamics Model”.

4.
Two functions are of the form :


f1(x1,x2) = 0


f2(x1,x2) = 0


Explain the procedure to solve them by Newton-Raphson method.

Contd…2.

Code NO. 410605



-2-



Set No.1

5.
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.
 [image: image6.png]



Figure - 1

6.
Develop simulation logic for a binary distillation column. Assume equiondal overflow, constant relative volatility and theoretical plates. Explain the notations used.

7.
Explain the convergence procedure to find the bubble point temperature of a  binary vapour-liquid mixture.

8.
Explain the following iterative convergence methods.


(a)
interval halving 

(b) 
Newton-Raphson method.
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1.
Write the following equations. Discuss about the equations.



a)
Total continuity equation (mass Balance)



b)
Component continuity equation (Component Balances)



c)
Energy equation 



d)
Equation of motion.


Explain the notations used clearly.

2.
In a gas phase reversible reaction of A to form B out a specific rate k1 and B reacting back to A  cut specific reaction rate k2 the stoichicmetry of the reaction is such that Va moles of A react to form Vb moles of B. Deduce an expression for chemical equilibrium and define the value of equilibrium constant.

3.
Explain the convergence procedure to find the bubble point temperature of a binary vapour  liquid mixture.

4.
Give the iterative procedure to find the steady state outlet temperatures of the oil, TH2 and cooling water Tc2, and the heat transfer rate Q, given the inlet temperatures, flow rates heat transfer coefficient and area of a counter current heat exchanger.

5.
Under numerical integration methods of ordinary differential equations (ODES) discuss about explicit Euler algorithm in detail. Compare it with implict Euler  algorithm. Write  about their relative advantages and disadvantatages.

6.
Two functions are of the form


(1(x1, x2)  = 0


(2(x1, x2)  = 0


Explain the procedure to solve them by Newton – Raphson method.
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7.
An irreversible exothermic reaction is carried out in a single perfectly mixed non isotnermal reactor. The reaction is 

                                             k



   A                             B

 
The reaction is nth  order in reactant A and has a heat of reaction 
[image: image7.wmf]l

(energy units/mole of A reacted). Assume negligible heat losses and constant densities. To remove the heat of a reaction, a cooling jacket surrounds the reactor. Cooling water is added to the jacket at a volumetric flow rate FJ and with an inlet temperature TJ0 . The volume of water in the jacket VJ is constant. The mass of the metal walls may be assumed negligible.
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Develop mathematical model for the non isothermal CSTR. The CSTR has a perfectly mixed cooling jacket.  State any other assumptions made. Indicate the notation scheme used clearly.

8.
Write short notes on 


(a)  Transport equations  (b)  Continuity equations (c) Energy equation


(d) Equations of state.
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1.
A fluid is following through a constant diameter cylindrical pipe as shown below:
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V=velocity; S=density; t=time; z=position in the axial direction dz= Slice thickness; L=length of the cylindrical pipe.
The flow is turbulent and plug flow conditions can be assumed so that each 

“ Slice” of the liquid flows down  the pipe as a unit. There  are no radial gradients in velocity or any other properties. But axial gradient can exist. If the density and velocity can change as the fluid flows along the axial gradient can exist. If the density and velocity can change as the fluid flows along the axial or Z – direction set up the continuity equation for the above system.

2.
What is a mathematical model? Write about the classification of models, giving examples. Write about the different phases involved in a model building.

3. For an ideal binary distillation column, write the total continuity equation and component equation for 

a) Condesnser and Reflux drum

b) Top Tray

c)    Feed tray 




d)  Reboiler and column base.

4.
Explain the convergence procedure to find the bubble point temperature of a binary vapour liquid mixture.  State the assumptions made and explain the notations used clearly.

5.
Explain the following iterative convergence methods.


(a)   False – position    (b)   Newton- Raphson method

6.
Give the iterative procedure to find steady sate outlet temperature of the oil, TH2  and wastes outlet temperature Tc2 and the heat transfer rate Q, given the inlet temperatures, flow rates, heat transfer coefficient and area of the counter current heat exchanger.
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7.
Solve the equation 
[image: image11.wmf]dx

dy

= x+y for five iterations by Eulers method with x(0) = 0 , y(0) = 1.0 and a step size of 0.1

8.
Write short notes on the following


(a)  Transport equations  (b)  Continuity equations  (c) Energy equations


(d)  Equations of state.
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1.a)  Write about the uses of mathematical models in  Chemical Engineering applications.

b) A fluid is flowing through a constant diameter cylindrical pipe of length Z under plug flow condition.  Derive continuity equation for the flow assuming no radial gradients for the fluid properties.

2.
A first irreversible exothermic reaction A(B occurs in on series of three perfectly mixed CSTRS.  Feed enters the first reactor and product leves the third reactor.  Derive the mass balance and component continuity equations considering constant and variable holdups.  Assume isothermal operation and constant density for the system.

3.
For an ideal binary distillation column, write the total continuity equation and component continuity equation for


a) First tray  (b) Top tray  (c) Next to top tray (d) Feed tray.

4.
Write about titration curve method of development of mathematical model of PH systems.

5.
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 a stepwise procedure or algorithm to calculate the bubble point through an iterative method.  The total pressure and liquid composition of the system can be assumed to be given.

6.
Under numerical integration methods of ordinary differential equations, discuss about explicit Euler algorithm in detail compare it with implicit Euler algorithm.  Write about their relative advantages and disadvantages.

7.
Solve the following differential equation by

i) Euler method

ii) Runge-Kutta fourth order method.
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y(0) = 0.5 solution required for 1 ( x  ( 0.

 8.
Write short notes on the following iterative convergence methods.

a) Interval halving
b)  Newton-Raphson method
********
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