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1.
A first order irreversible exothermic reaction A( B occurs in a batch reactor in liquid phase. Steam and cold water through the jacket act as heating and cooling medium for the reactor. Derive the component continuity equations and energy equations for the system assuming the volume of the batch and the density of the reaction liquid as constant.

2.
A mixture of two immiscible liquids is fed into a decanter. The heavier liquid ( settles to the bottom of the tank. The lighter liquid ( forms a layer on the top. The two interfaces are detected by floats and are controlled by manipulating the two flows F( and F(. 

F( = K( h(
F( = K( ( h( + h( )

The controllers increase or decrease the flows as the levels rise or fall. The total feed rate is FO. The weight fraction of liquid ( in the feed is x(. The two densities (( and (( are constant. Write the equations describing the dynamic behavior of this system.
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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 & B.

4. a)
Explain the Mass transfer and Reaction steps in gas-liquid-solids reactors with a neat sketch.

b)
Explain the types of three phase reactors and selection of reactor for combinations of Mass transfer and reactions steps.

5.
A blend of 50% toluene liquid volume and 50%benzene liquid volume is being separated by fractionation into an overhead product that has 10.0 mole percent toluene and a bottom product that has 0.5 mole percent  benzene . The blend is fractionated at the rate 10000 gal/day . How many gallons of each product is produced , if the reflux ratio is 4. A sample of  vapour  from one of the trays  above  the feed tray was taken and found to contain 20% toluene. What was the composition of the liquid  from the  tray along the point of which the sample of vapour was taken?

6.
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.
7.
Develop a mathematical model for isothermal CSTR in which an irriversible reaction
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 takes place. Assuming constant hold up in the reactor, discuss an algoritm for solving the modeled equations. 

8. a)
What is dynamic response? State the purpose of obtaining dynamic response for a system.

    b)
Illustrate and clearly explain the dynamic response curves of a gravity flow tank?
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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 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.
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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 & B.


4. 
Derive the equation for the time required to achieve desired conversion in Batch reactor for Non-isothermal operation and Adiabatic operation.
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5.
1000 kg/hr of an acetone-water solution containing 50 mol% acetone is to be separated into two products one containing 98 mol% acetone and the other 5 Mol% acetone.  The separation is to be carried out in a fractionating column equipped with a total condenser and a partial reboiler using a reflux ratio of 4.5.  The feed temperature is 40oC.  the temperature of distillate and bottom products are 56.8oC and 75.8oC respectively

Calculate (i) The heat input to the reboiler and (ii) The heat removed on the condenser.

The heat capacities of water and acetone liquids are 1.0 and 0.55 Kcal/kgoC respectively.  The latent heats of water and acetone are 54.0 and 124 Kcal/kg. 

6.
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.

7.
Develop a mathematical model for a system of three ideal CSTRs (isothermal) connected in series. Draw an anolog computer simulation circuit diagram for solving the model equations. 

8.
State and explain the governing equations and the various variables that describe a binary distillation column. What are the degrees of freedom? Clearly mention nomenclature?
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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; (a) consecutive                (b) simultaneous (c) reversible.


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. 

k

        A (  B

The concentration of component A in the inflowing feed stream be 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. 

The CSTR is with a cooling coil inside the tank that can remove the exothermic heat of reaction ( (cal/g.mol of A reacted). The normal convention is that ( is negative for an exothermic reaction and positive for an endothermic reaction. The rate of heat generation (energy per time) due to reaction is the rate of consumption of A times (. 

QG = - ( V CA k.

The rate of heat removal from the reaction mass to the cooling coil is –Q (energy per time). The temperature of the feed stream is To and the temperature in the reactor is T (K). Write the energy equation for the system. State all the assumptions made. Explain the nomenclature used.
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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 & 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.
Discuss in detail the effect of following terms in binary distillation column  

(a)  
Feed Tray location 

(b) 
Total reflux  

(c) 
Min. Reflux Ratio

(c) 
Optimum Reflux Ratio.

5. 
A Simple  batch still is used to distill 1000kg of a mixture containing 60 mass% ethyl alcohol and 40 mass% of water. After distillation, the bottom product contains 5 mass% of alcohol. Determine the composition of the over head product, its mass and the mass of the bottom product. The data on the equilibrium composition  are given below, where x stands for  weight percent ethyl alcohol in the liquid  and y stands for weight percent ethyl alcohol in the equilibrium vapour:

X       5      10       20       30      40       50       60

Y       36     51.6   65.5    71      74      76.7      78.9

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 for isothermal CSTR in which an irriversible reaction 
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takes place. Assuming variable hold up in the reactor, discuss an algoritm for solving the modeled equations.

8. a)
What are the three phases of batch cycle. Write on their significance?

b)
Write and explain the different equations for the jacket in a batch reactor with 2.5 atmospheres pressure steam in the jacket?
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1.
Write (a) Total continuity equation (mass balance) (b) Component continuity equation (component balance) and (c) Energy equation. Explain the notation scheme used and state the assumptions made clearly.

2.
An incompressible, Newtonian liquid is flowing through a cylindrical pipe and its shear force is proportional to the shear rate or velocity gradient is given by:

( rz = -  ((/gc) (vz/(r , where

( rz = Shear rate (Shear force per unit area) acting in z-direction and perpendicular to r-axis.

vz  = Velocity in the z-direction

(vz/(r = Velocity gradient of vz  in the r-direction

( = Viscosity of fluid.

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

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. a)
Define relative volatility.  Show that  
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  represents the relation between equilibrium compositions of a constant relative molalitiy 
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   b) 
Discuss the equation 
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  in usual notation. 

5.
An ethanol- water mixture containing 36% by weight of ethanol is differentially distilled at 1 atm. Pressure and the mixture is reduced to a maximum ethanol concentration of 6 mole%. Determine the composition of the distillate.

Mol.Wt  of ethanol  = 36

The VLE data are :

Mole Fr in liquid (x)       0.18      0.16         0.14        0.12         0.10     0.08     0.06

Mole Fr  in vapor (y)     0.517    0.502      0.485      0.464       0.438   0.405    0.353

Contd…2

Code No: NR-410805


.2.



Set No: 4

6.
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.

7.
Develop a mathematical model for a binary distillation column. State all the assumptions made and make a pictorial representation of the model.


8.
Define and explain their significance of the following in a multi – component distillation system.

(a)
Bubble and due point

(b)
Vaporization and constant

(c)      Relative volatility.

(d)
Activity Co- efficient.
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