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Code No: 410805

IV B.Tech. I-Semester Examinations, November-2003

PROCESS MODELLING AND SIMULATION
(Chemical Engineering)
Time: 3 hours






      Max. Marks: 80
Answer any FIVE questions 

All questions carry equal marks

- - -
1.
In a gas phase reversible reaction Vc moles of C react and form Vd moles of D. Derive an expression for chemical equilibrium and define the value of the equilibrium constant.

2.
A fluid is flowing through a constant-diameter cylindrical pipe as shown below:

The flow is turbulent and plug flow conditions can be assumed so that each of the 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 or z-direction, set up the continuity equation for the above system.








3.
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.    





4.
Explain the steady state model and thermal equilibrium model for LPG vaporiser with a neat diagram.
5.
A liquid mixture containing 50 Mol % of heptane (A), 50 Mol % n-Octane (B) were subjected to a differential distillation at atmospheric pressure, with 60 Mol% of the liquid distilled.  Compute the composition of the composited distillate and the residue.
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6.
Explain the convergence procedure to find the bubble point temperature of a binary vapour-liquid mixture.








7. 
Develop a mathematical model for a simple 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 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 Newton-Raphson algorithms for solving the modeled equations.





8. 
Discuss the computer simulation circuit diagram for an ice cube dropped into a hot, perfectly mixed, insulated cup of coffee. List all assumptions and define all terms. 
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1.a) 
What are the uses of mathematical models in Chemical engineering applications? 

b) 
Give the appropriate correlations and transport equations for Mass, Momentum and Heat transfer.










2.
Consider a tank of perfectly mixed liquid shown in the figure given below into which flows a liquid stream at a volumetric flow rate of Fo (m3/min) and with a density of (o (kg/m3). The volumetric hold-up of liquid in the tank is V (m3) and its density is (. The volumetric flow rate from the tank is F and the density of the out-flowing stream is the same as that of the tank’s contents. Write a total continuity equation for the above system. State clearly the assumption made.








3.
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 and constant holdups. Assume constant density for the system, which is a binary mixture of A and B.








4.
Derive the equations for liquid and vapor Dynamics model of single component vaporizer.
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5.
It is desired to concentrate a mixture of ethanol and water from 40.8 mole % to 70 mole % ethanol overhead product. The bottom waste shall have a maximum of 0.2 mole % ethanol. The feed enters at a rate of 5,00kg/hr at its boiling point .If the plates efficiency is 40% and a molar reflux ratio of 4.5 times the minimum is used, determine

i)
The number of theoretical and actual trays required.
ii) On which tray the feed should enter.

The equilibrium date in mole fraction ethanol:

X: 0.1     0.2         0.3        0.4        0. 5        0.6       0.8          0. 8         0.89

Y: 0.43   0.526     0.577    0.615    0.655    0.7       0.754      0.82        0.89
6.
Explain the following convergence methods:
(a) Interval Halving

(b) Newton Raphson method.







7.  
Develop a mathematical model and discuss the Milne’s algorithms for solving the modeled equations 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).  






8. 
Develop an algorithm with neat flow diagram to determine the exit temperatures for a counter current flow, double pipe, liquid-liquid exchanger with the following known values. The Known values are:




The two inlet temperatures are TSi and TTi.




The two flow rates are FS and FT.

The dimensions of the pipes and the heat transfer coefficients.
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1.
Define the equations and notations for Dalton’s law, Raoult’s law and relative volatility of an ideal vapour-liquid equilibrium system.






2.
Consider a continuous stirred tank reactor in which a chemical reaction is taking place in the liquid in the tank. Component A reacts irreversibly and at a specific reaction rate k to form product, component B. 


[image: image6.bmp]
The concentration of component A in the inflowing feed stream is CAO and in the reactor CA. Assuming a simple first order reaction, the rate of consumption of reactant A per unit volume will be directly proportional to the instantaneous concentration of A in the tank. Write the component continuity equations (component balances) and the total continuity equation (mass balance) for the above system.






3.
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 and B.




4.
Derive the equation for the time required to reach particular conversion in Batch Reactor.
5.
A mixture of 35 mole% A and 65 mole % B is to be separated in a bubble  cap fractionating column equipped with a total condenser and reboiler. The concentration of A in the distillate is 93 mole % and 96%. All A is to be in the distillate. The feed is half vapour and the reflux ratio is to be 4.  The relative volatility of A to B is 2.0.   How many equilibrium stages are required in the column?
6.
Explain the following convergence methods:
(a) False Position

(b) Explicit Convergence methods.
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7. 
Develop a mathematical model for the perfectly mixed reactor in which a first order irreversible reaction with specific rate constant k is taking place as per the reaction 
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Discuss the algorithm to solve the equations by Runge kutta method.   


8.a) 
Simulate the series of open loop three isothermal CSTRs using Newton –Rapshon method.










b) 
Simulate the series of closed loop three isothermal CSTRs using Newton –Rapshon method.
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1.
Write the component continuity equations for a perfectly mixed batch reactor (no inflow or outflow) with first order isothermal reactions: (i) consecutive (ii) simultaneous (iii) reversible.











2.
Consider a tubular reactor in which the following reaction takes place. Component A reacts irreversibly and at a specific reaction rate k to form product, component B. 
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As a slice of material moves down the length of the reactor the concentration of the reactant CA decreases as A is consumed. Density (, velocity v, and concentration CA can all vary with time and axial position z. Assume plug flow conditions so that there are no radial gradients in velocity, density or concentration. Apply the component continuity equation for the reactant A. State all the assumptions made and explain clearly the nomenclature used.












3.
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 and 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.










4.
Derive a mathematical model for the Batch reactor in which the First order consecutive reactions 
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takes place to get the product B.  Draw a diagram of the Reactor with the instruments and controls.

5.
A saturated vapor at 1 std. atm. Pressure, containing 50 mol% acetone and 50 mol% water, is subject to equilibrium condensation to yield 50 mol% of the feed as liquid.  Compute the equilibrium vapor and liquid compositions, the equilibrium temperature, and the heat to be removed, J/kmol of feed.
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6.
Explain the following convergence methods

(a) Wegstein method

(b) Muller method.







7. 
Develop a mathematical model for the perfectly mixed reactor in which a first order irreversible reaction with specific rate constant k is taking place as per the reaction 



          A 
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Discuss the algorithm to solve the equations by Runge kutta method.   


8. 
Discuss the general “Interval – Halving” 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.






^^^

 Set No.


  1



































Z=0





Z=L





z        z+dz





CAO(t)





v(t,z)





((t,z)


CA(t,z)





CAL(t)





dz








F(t)


((t)





V(t)





( (t)





Fo(t)


(o(t)





Z=0





Z=L





z        z+dz





v(t,z)





((t,z)





dz





 Set No.


  4





 Set No.


  3





 Set No.


  2








_1127724843.unknown

_1127724885.unknown

_1092657692.unknown

_1127724797.unknown

