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PAPER - I

SECTION A

1. Answer any four of the following :

(10 × 4 = 40)

(a) Prove that the velocity profile in a laminar flow of a Newtonian fluid through a circular pipe

is a parabola.

(b) (i) Differentiate between differential and cumulative analysis to find the average size of

the sample.

(ii) Derive the expression for the critical speed of a ball mill. Mention the meanings of

symbols and their units clearly.

(c) Define humidification and dehumidification, Explain the working of a water cooling tower

with a neat diagram.

(d) Derive the relation between rate of heat transfer and resistances in series in a composite wall.

2. (a) Starting from the first principles, obtain Bernoulli’s equation from momentum balance in

potential flow and extend the equation for practical applications.

(10)

(b) Define capacity and effectiveness of a screen. Derive an expression for the overall

effectiveness of a screen.

(10)

(c) Explain different types of fluidisation and their applications.

(10)

(d) Give a critical account of Rittinger’s and Bond’s laws.

(10)

3. (a) Explain the mechanism of drying during the constant rate and failing rate periods. Discuss the

effects of humidity and velocity of the gas on drying rate.

(10)

(b) Mention the various types of crystallisation equipment used in the process industry. Explain

the working of any one of the crystallisers with a neat diagram.

(10)

(c) Write the suitable conditions for liquid- liquid extraction. Discuss the importance of

equilibrium distribution coefficient and selectivity in the choice of a solvent.

(10)

(d) Write the procedure in detail for the design of a distillation column by Mc Cabe-Thiele

method.

(10)

4. (a) Discuss briefly the various regimes in boiling heat transfer.

(10)

(b) Describe the construction of shell and tube heat exchanger with a neat sketch.

(10)

(c) Define the capacity and steam economy of an evaporator. Discuss the effect of boiling point

elevation on evaporator performance.

(10)

(d) Air is heated in air heather from 30° C to 110°C and the hot gases are cooled from 210° C to

145°C. calculate the LMTD in parallel and counter glows. Give critical comments of the

values obtained.

(10)

SECTION B

5. Answer any four of the following:

(10 × 4 = 40)

(a) Discuss various types of membranes.

(b) Write the design procedure of either torispherical head or elliptical head.

(c) Mention the principal stresses induced in a vessel. How they act over the vessel.

(d) Differentiate between pneumatic and electronic controllers.

(e) List the various liquid level measuring instruments. Give their range and applications.

6. (a) Compare and contrast the terms— osmosis” and “reverge osmosis”.

(10)

(b) Discuss the principles of ultrafiltration. Mention its applications.

(10)

(c) Describe the processes of dialysis and also of electrodialysis. Write their applications.

(10)

(d) Briefly discuss about “Super critical fluid extraction”.

(10)

7. (a) Discuss the selection of material of construction for pressure vessels.

(10)

(b) Explain the design procedure for vertical type storage vessels.

(c) Mention various types of heads commonly used in cylindrical vessels and list their

applications.

(10)

(d) Define joint efficiency. Mention the factors influencing the choice of supports.

(10)

8. (a) Explain the working principles involved in various pressure measuring instruments.

(10)

(b) (i) Explain the negative and positive feedback control system.

(5)

(ii) Explain the servo and regulatory control problems.

(5)

(c) What are the elements of computer based process control? Explain their functions.

(10)

(d) What are phase and gain margins? Discuss the bode stability criterion.

(10)

PAPER - II

SECTION A

1. Answer any four of the following (Maximum 150 words):

(a) Discuss reversible thermodynamic processes.

(10)

(b) Write short note on fugacity.

(10)

(c) Write short note on reactors in series.

(10)

(d) A solution of naphthalene, C10H8, in benzene, C6 H6, contains 25 mole per cent of

naphthalene. Express the composition of the solution in weight percent.

(10)

(e) A solution of Sodium Chloride in water contains 230 grams of NaCl per liter at 20°C. The

density of solution at this temperature is 1.148 grams per cubic centimeter, calculate :

(i) Volumetric percent of water

(ii) Composition in mole percent

(iii) Modality.

Note : density of water at 20° C = 0.998 g/cc.

2. (a) The liquid phase reaction,

(where K1=8 liter/mol.min

K2=3 liter/mol.min)

is carried out in 150 litre stirred tank reactor under steady state conditions. Reactants A and B

are fed to the reactor at equal volumetric flow rates. The concentrations of A and B streams

are 2.8 mole A/ litre and 1.6 mole B/litre. What should be the flow rate of each stream to get

75% conversion of the limiting reactant?

(25)

(b) Prove that the heat transferred equals the enthalpy change of the system for a mechanically

reversible, constant-volume, constant-pressure, non- flow processes.

(15)

3 (a) A steel casting [Cp = 0.5 kJ kg-1 K-1] weighing 40 kg and at a temperature of 450°C is

quenched in 150 kg of oil [Cp = 2.5 kJ kg-1 K-l at 25°C. If there are no heat losses, what is the

change in entropy of :

(i) the casting,

(ii) the oil and

(iii) both considered together? (25)

(b) Derive the expression for the design equation of tubular reactor. (15)

4. (a) One litre/mm of liquid containing A and B [CA0 = 0.10 mol/litre, CBO =0.01 mol/litre] flow

into a mixed reactor of volume of one litre. The materials react in a complex manner for

which the stoichiometry is unknown. The outlet streak from the reactor contains A, B and

C(CAf = 0.02 mol/litre, Cbt= 0.03 mol/litre, Ccf = 0.04 mol/litre). Find the rate of reaction of

A, B and C for the conditions within the reactor. (20)

(b) Chlorobenzene is nitrated using a mixture of nitric acid and sulphuric acid. During the pilot

plant studies, a charge consisted of 100 kg chlorobenzene (CB), 106.5 kg 65.5% (by weight)

nitric acid and 108 kg 93.6% (by weight) sulphuric acid. After two hours of operation, the

final mixture was analysed. It was found that the final product contained 2% unreacted

chlorobenzene. Also the product distribution was found to be 66% p-nitrochlorobenzene and

34% o-nitrochloro benzene, calculate:

(i) The analysis of charge

(ii) The percentage conversion of chlorobenzene.

(20)

SECTION B

5. Answer any four of the following in brief (Maximum 150 words):

(a) PERT

(10)

(b) Break-even analysis

(10)

(c) Biogas

(10)

(d) Essential oils

(10)

(e) Norms for air emission.

(10)

6. Describe manufacture of ammonia giving neat flow diagram and discuss its major pollution

problems.

(40)

7. (a) Suggest and justi1’ a location for a soda ash plant.

(20)

(b) Discuss greenhouse effect.

(20)

8. (a) Discuss cracking in brief.

(20)

(b) The original value of a piece of equipment is Rs. 22,000. Its salvage value is Rs. 2,000 at the

end of service life of 10 years. Determine the book value of the equipment at the end of 5

years using:

(i) Straight-line method

(ii) Textbook declining-balance method

(iii) Double declining-balance method.

(20)
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PAPER - I

SECTION A

1. Answer any four of the following

(10 × 4 = 40)

(a) (i) How is friction factor defined and what are the parameters on which it is dependent?

(5)

(ii) What are the different types of conveyers available for bulk solid transportation?

(5)

(b) Distinguish between ‘Adiabatic Saturation Temperature’ and ‘Wet Bulb temperature’.

Explain why both these are same for air-water system.

(10)

(c) Discuss caking of crystals and its prevention.

(10)

(d) Distinguish between resistances in series and resistances in parallel through which heat is

being conducted under steady-state condition. Explain using electrical analogy.

(10)

(e) Differentiate among nucleate boiling, pool boiling and subcooled boiling.

(10)

2. (a) How do you use stress-strain relationship to explain the rheological classification of fluids?

Explain with examples.

(10)

(b) Derive the continuity equation. State the assumptions.

(10)

(c) (1) List the advantages and disadvantages of plate and frame filter press.

(5)

(ii) State the two laws of crushing and write suitable mathematical relationships for the

two laws.

(5)

(d) (i) Explain the basis for the selection of mixing impellers.

(5)

(ii) Briefly explain the mechanism of fluidization.

(5)

3. (a) (i) Bring out clearly the concept of film transfer coefficient and overall transfer

coefficient in mass transfer.

(5)

(ii) Explain briefly the diffusivity of gases and liquids.

(5)

(b) (i) Discuss the mass transfer resistances in a wetted column.

(5)

(ii) Write briefly on Shank system of leaching.

(5)

(c) With a neat drying rate curve, explain different zones of drying.

(10)

(d) What a1e the limitations of McCa1e-Thiele method? How are these overcome in Ponchon-

Savarit method?

(10)

4. (a) (i) What is LMTD, and why and where is it used?

(5)

(ii) Obtain the relationship between individual and overall heat transfer coefficients.

(5)

(b) (i) State and explain the Stefan-Boltzmann law of radiation.

(5)

(ii) Write a note on absorption of radiation by opaque solids.

(5)

(c) (i) What is the influence of boiling point elevation on evaporator performance?

(5)

(ii) Briefly describe a vapour compression evaporator.

(5)

(d) Write the design procedure for a double pipe heat exchanger.

(10)

SECTION B

5. Answer any four of the following

(10 × 4 = 40)

(a) Explain the principle, of reverse osmosis. What are its limitations and applications?

(10)

(b) List out the factors to be considered in the design of vessels.

(10)

(c) Name the different supports used for process vessels mentioning their advantages and

disadvantages.

(10)

(d) Explain with sketches the working principles, installation and applications of thermocouples

for temperature measurement.

(10)

(e) Explain the working of a PID control system. Draw a pneumatic control circuit for this

system and explain the characteristics.

(10)

6. (a) Explain the principle of ultra filtration and list out its industrial applications.

(10)

(b) Discuss the industrial applications of ion exchange process.

(10)

(c) Explain any two methods for separating a binary liquid mixture stating the underlying

principles.

(10)

(d) Explain the working of an instrument based on electro dialysis.

(10)

7. (a) Explain the design equations for calculating the thickness of cylindrical and spherical

shells. How will you select a standard plate for fabricating a shell?

(10)

(b) Write down the stepwise procedure for the design of an elliptical head.

(10)

(c) Name the different stresses acting on a tall vessel which is to be installed in a seismic zone.

(10)

(d) Mention any five industrially important alloys of Nickel and Copper. Give their approximate

composition and application.

(10)

8. (a) With a neat diagram, describe the radioactive vacuum gauge method for measuring pressrue

in a process industry.

(10)

(b) Sketch the following function

and obtain the Laplace transform.

(10)

(c) (i) Explain in practical terms, how one tunes a feedback controller for an existing process

in a chemical plant.

(5)

(ii) Define phase margin and gain margin, and show how you can compute them from

Bode Plot.

(5)

(d) Develop a transfer function between the pressure drop and the manometer reading h for a

mercury manometer. List the assumptions made.

(10)

PAPER - II

SECTION A

1. Answer any four of the following (in 150 words, maximum)

(a) Discuss about proximate analysis of coal. (10)

(b) Discuss about Mollier diagrams. (10)

(c) An aqueous solution contains 40% Na2CO3 by weight. Express the composition in mole per

cent. (10)

(d) A natural gas has the following composition, in volumetric per cent:

Calculate

(i) Composition in mole per cent.

(ii) Composition in weight per cent. (10)

(e) Discuss the mathematical statement of second law of thermodynamics. (10)

2. (a) Mono-chloroacetic acid (MCA) is manufactured in a semi batch reactor by the action of

glacial acetic acid with chlorine gas at 373 K in the presence of PC13 catalyst. MCA thus

formed will further react with chlorine to form dichloroacetic acid (DCA). To prevent the

formation of DCA, excess acetic acid is used. A small-scale unit, producing 5000 kg/d MCA,

requires 4536 kg/d of chlorine gas. Also, 263 kg/d of DCA is separated in the crystallizer to

get almost pure MCA product. Find the % conversion, % yield of MCA and selectivity. (25)

(b) Discuss about the heat of reaction. (15)

3. (a) For the reaction A → R, K = 0.02 min. It is desired to produce 4752 g moles of R per 10

hours a day and 99% of A entering the reactor is to be converted in a batch reactor. To charge

the reactor and heat it to reaction temperature requires 0.26 hours. To discharge the reactor

and to prepare it for the next run takes 0.9 hours. Calculate the volume of the reactor

required. Pure A with molar density of 8 g mole per liter is charged to the reactor. (25)

(b) Discuss about phase rule. (15)

4. (a) Discuss ideal solution and its properties. (20)

(b) Derive an expression for design equation for an ideal batch reactor. (20)

SECTION B

5. Write short notes on any four of the following (in 150 words, maximum)

(a) PVC (10)

(b) Principles of piping layout (10)

(c) Coal chemicals (10)

(d) Alternative investments (10)

(e) Effects of air pollution (10)

6. (a) Describe the manufacture of penicillin using fermentation route. (20)

(b) List the mathematical methods for profitability evaluation and describe any one. (20)

7. List various environmental protection laws and give the main features/provisions of any four in brief.

(40)

8. (a) Discuss the estimation of capital investment. (20)

(b) Discuss petroleum refining briefly. (20)
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PAPER - I

SECTION A

1. Answer any four of the following

(4 x 10 = 40)

(a) What is Bernoulli equation? Determine it for the flow of a compressible fluid in a pipeline.

(b) Discuss, with the help of a sketch, the principle of steam jet ejector for creating vacuum.

(c) Explain the mechanism of heat transfer in nucleate pool boiling of liquids.

(d) Discuss penetration theory of mass transfer. How does it differ from surface renewal theory?

(e) Describe the construction and working of a Swenson-Walker crystalliser.

2. (a) Discuss differential and cumulative methods of screen analysis.

(10)

(b) Explain the construction and operation of a plate and frame filter press.

(10)

(c) What is area meter? Explain its operation.

(10)

(d) Determine an expression for terminal velocity of solid particles settling freely in a fluid

stream. Modify the above expression for the case of hindered settling.

(10)

3. (a) Differentiate between free and forced convection. Describe the procedure to calculate heat

transfer coefficient under free convection.

(10)

(b) Explain effectiveness of a heat exchanger. Obtain its expression for a parallel flow heat

exchanger in terms of NTU and capacity ratio.

(10)

(c) Discuss the effect of boiling point elevation on the capacity of an evaporator.

(10)

(d) Define emissivity of a body. How is it related to absorptivity?

(10)

4. (a) Derive Rayleigh equation for differential distillation of a binary system.

(10)

(b) Discuss pressure drop characteristics of packed columns and explain the significance of

flooding point.

(10)

(c) Explain the mechanism of moisture movement during drying of a solid.

(10)

(d) Briefly explain the construction and operation of a packed extraction tower.

(10)

SECTION B

5. Answer any four of the following

(4 x 10 = 40)

(a) Explain the concept of cross flow micro filtration along with its advantages over conventional

filtration.

(b) Name various types of heads commonly used in cylindrical vessels. Draw their sketches and

list areas of applications.

(c) Mention stepwise procedure for the design of a torispherical head for a cylindrical vessel.

(d) What is final value theorem? How is it used to determine response of a system? Explain it

with suitable examples.

(e) Discuss cascade control and its application in process industries.

6. (a) Describe procedure of immersion precipitation process for the production of membranes.

(10)

(b) Explain, with the aid of a sketch, the working of an electro dialysis.

(10)

(c) What is pervaporation? Explain it with the help of a neat sketch and also indicate areas of its

application.

(10)

(d) Discuss ion-exchange separation process for the demineralization of water.

(10)

7. An autoclave of 7.9 m3 volume capacity has ellipsoidal heads (major to minor axis ratio = 2:1) at its

top and bottom ends. The autoclave is subjected to a maximum pressure of 8 MN/m2. The allowable

stress of the material (carbon steel) is 1040 MN/m2. Weld joint efficiency is 85 per cent.

Determine optimum dimensions of the autoclave if the following cost ratios are applicable:

(a) The cost of fabricated shell is estimated to vary inversely with D”4 where D is the inside

diameter of the autoclave.

(b) The fabricated cost of top and bottom heads per unit weight is 1.5 times the fabricated cost of

shell per unit weight. A 12 mm plate is available in store. Check if it can be used for the

fabrication of shell of the autoclave. Alternatively, suggest the suitable thickness of plate

required for the fabrication of shell of the autoclave.

(40)

8. (a) What are phase margin and gain margin? Discuss their utility in control tunnings.

(10)

(b) Discuss procedure for plotting of open loop transfer function by root locus method.

(10)

(c) How do you measure liquid level if the liquid contains suspended solid particles? Suggest

measuring instrument along with the principle of working.

(10)

(d) Explain elements of a computer control system.

(10)

PAPER - II

SECTION A

1. Answer any four of the following:

(a) Find the first-order rate constant for the disappearance of A in the gaseous reaction 2A → R,

holding the pressure constant, the volume of the reaction mixture starting with 80 per cent A

decreases by 20 per cent in 3 mm.

(10)

(b) A solution contains 50 per cent benzene, 30 per cent toluene and 20% xylene by weight at

100° C. The vapours are in contact with the solutions. Calculate total pressure and mole per

cent composition of liquid and vapour:

(10)

(c) Show that the internal energy of an ideal gas is a function of temperature only.

(10)

(d) For adiabatic batch reactor, derive an expression to determine the time required to achieve a

desired conversion.

(10)

(e) Define Bubble point and Dew point. Explain in detail how to calculate bubble point or dew

point of given binary mixture.

(10)

2. The elementary reaction. A + B → R + S is effected in a set up consisting of a mixed reactor into

which two reactant solutions are introduced followed by a PFR. A large enough of excess of B is

used so that the reaction is first order w.r.t. A. It is proposed to reverse the order of two units. How

does this change affect the conversion?

(40)

3. A high purity limestone is burnt in a lime kiln which is fired externally with a coal containing 75.5

per cent C, 5.5 per cent H, 1.6 per cent N, 1.1 per cent S, 7.6 per cent and rest ash. The stack gas

analysis is 20.2% CO2, 7.1% O2 and rest N2,

Calculate-

(a) kg limestone burnt/kg of coal;

(b) excess air used for combustion.

(40)

4. One mole of an ideal gas initially at P1 and T1 is compressed reversibly and adiabatically till the

pressure is P2 and then it is cooled at constant volume to the initial pressure, finally the gas is

restored to the initial state through an isobaric process. Calculate the work done by the process.

(40)

SECTION – B

5. Answer any four of the following:

(a) Define depreciation. What are the different methods for determining depriciation? Explain

the method, sum of the years digit method.

(10)

(b) Explain briefly the factors to be considered for the location of a chemical plant.

(10)

(c) Describe the manufacture of caustic soda by either diaphragm or mercury cell process.

Discuss the pollution aspects of this industry.

(10)

(d) Explain briefly the pollutants emitted from a tanning industry.

(10)

(e) Explain the cracking and polymerisation of petroleum fractions.

(10)

6. (a) Explain the break-even analysis and its equation.

(10)

(b) A Project can produce 12000 units per year at 100 per cent capacity. The variable cost per

unit is Rs. 3 at 100 per cent capacity. Fixed costs are Rs. 10,000 per year. Find the break-even

point if the selling price is Rs. 5/ unit. Now the manufacturer finds that he can sell only 80%

at Rs 5/ unit. How much should he charge for additional units if he brings production upto

100 per cent capacity and increases profits after taxes by an additional amount of Rs. 1,000?

Use tax rate for the above problem 52 per cent. .

(30)

7. (a) Describe the process with neat flow sheet of the manufacture of ethyl alcohol.

(30)

(b) Discuss the applications of following products:

(10)

(i) Enamel paint

(ii) Rancidity.

8. (a) Discuss the methods possible for preventing various industrial hazards.

(20)

(b) Explain primary treatment method of waste-water treatment.

(20)
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PAPER - I

SECTION A

1. Answer any four of the following

(10 x 4 = 40)

(a) (i) What is time dependent flow ? With the help of this phenomenon, explain the

meaning of Thixotropic liquid and Rheopeptic substances.

(ii) Write the power law equation for dilatant and pseudo plastic fluids, and explain the

terms ‘flow consistency index’ and ‘flow behaviour index’.

(b) Derive an equation for steady conduction in the radial direction of a hollow cylinder. From

the equation, explain the term log-mean radius. Under what condition, can the log-mean

radius be replaced by arithmetic mean radius?

(c) In a double pipe heat exchanger, a hot fluid is cooled from 150 to 100°C by using cold water,

which is heated from 30 to 50°C. Derive a suitable expression to prove that there is a distinct

advantage of using the exchanger in counter-current flow over that of using it in parallel flow.

(d) Explain how thermal condition of feed influences the liquid or vapour flow rate around the

feed plate of a rectification column. What common factor can be used for characterizing five

different feed conditions? From the value of this common factor, explain the meaning of

horizontal and vertical feed lines.

(e) Explain the phenomenon of primary nucleation in the process of crystallization, and illustrate

the difference between homogeneous and heterogeneous nucleation.

2. (a) For an incompressible fluid, write the Bernoulli equation for fractionizes flow. What

correction would you apply for incorporating fluid friction? Explain the difference between

skin friction and form friction.

(10)

(b) What is terminal velocity? Write the equation for terminal velocity for the flow of a single

particle through a fluid under the action of

(i) gravity and

(ii) centrifugal force.

How is the equation for terminal velocity under free settling condition modified for hindered

settling conditions?

(10)

(c) What is a ball mill? Derive an equation for the critical speed of a ball mill.

(10)

(d) What is a venture meter? Describe the principle of working of a venture meter and write an

expression for the venture coefficient.

(10)

3. (a) An air water system has a dry bulb temperature of 65.5°C and a wet bulb temperature of

54.5°C.

(i) If the air is cooled to 37.8°C, what per cent of the moisture will condense?

(ii) If the air is again heated to 65.5°C, how much heat will be required per kg of dry air?

Specific heat of air = 0.23 kcal/ (kg 0C).

(10)

(b) A spherical particle of ethanol of 10 mm diameter is evaporating in an air stream at 26°C.

The thickness of the stagnant air surrounding the particle is 1.5 mm. Vapour pressure of

ethanol at 26°C is 60 mm Hg and the mole fraction of ethanol in the main stream of the air is

0.005. The diffusion coefficient of ethanol in air is 1.04 × 10-5 m2/sec and the value of R is

82.06 × 10-3 m3 atm/kg mole.

Determine,

(i) The mole fraction of ethanol at different positions across the stagnant layer.

(ii) Rate of evaporation of the particle per second.

(10)

(c) What are different types of packing that are used in an absorption tower? Explain a simple

procedure for calculating the height of a packed tower for absorption of a single component

from a gas mixture.

(10)

(d) What is critical moisture content? Describe the method for drying of a wet solid before it

reaches the critical moisture content.

(10)

4. (a) Develop a relation between heat transfer and fluid friction by using the Reynolds’s Analogy.

(10)

(b) (i) What is a radiation shield? How does it help in reducing radiant heat loss?

(ii) A double walled spherical container is used for storing liquid oxygen. The diameter of

the inner and outer walls of the container is 30 cm and 36 cm, respectively. The

surfaces of both the spheres are plated, so that their emissivity is 0.05. Determine the

rate at which oxygen will evaporate at -183°C, when the outer wall of the sphere is

maintained at 20°C. Latent heat of evaporation of oxygen is 57.2 kcal/kg.

(5 + 5)

(c) What are drop wise and film wise condensation? Mention the conditions that favour drop

wise condensation. Describe how the heat transfer coefficient in a vertical condenser is

influenced by the height of the condenser.

(10)

(d) What is effectiveness of a heat exchanger? Derive a relation between the effectiveness and

number of transfer units for a countercurrent heat exchanger.

(10)

SECTION B

5. Answer any four of the following

(10 × 4 = 40)

(a) What are the relative advantages and disadvantages of the proportional, integral and

derivative control actions? What are their characteristic effects on the closed loop response

for a process?

(b) Explain briefly the essential elements of a computer controlled process system.

(c) What is reverse osmosis? How can it be used for the separation of a solute from an aqueous

solution?

(d) What is molecular distillation? With a neat sketch describe the working of a molecular

distillation unit.

(e) Discuss how wind load is taken care of in the design of a tall vertical vessel.

6. (a) Illustrate the principle of separation of gases by using non-porous membrane.

(10)
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(b) Discuss about electrolytic regeneration of mixed bed ion exchange resins.

(10)

(c) Explain the process of diffusion dialysis and mention its applications.

(10)

(d) What are absorption and extraction type separation processes? Illustrate them with examples.

(10)

7. (a) Discuss how to find the frequency response of a proportional + integral controller,

(10)

(b) Explain how a strain gauge is used for pressure measurement.

(10)

(c) Illustrate the process of feed forward control.

(10)

(d) Write a relationship that will give the molar or specific enthalpy of a multi-component liquid

at temperature T, with known composition for N components. What are the principal control

considerations that affect the scope of mathematical modeling of a chemical process?

(10)

8. (a) Illustrate the method for the design of a conical head of a cylindrical pressure vessel.

(10)

(b) Discuss about major loads and subsidiary loads that must be considered for the design of a

pressure vessel.

(10)

(c) What are skirt supports? Discuss the method for calculating the thickness of a skirt support.

(10)

(d) Discuss the method for calculating the thickness of the shell of a thin wall pressure vessel.

(10)

PAPER - II

SECTION A

1. Answer any four of the following

(a) Explain the graphical procedure for finding the concentrations in a series of mixed reactor.

(10)

(b) A solution of FeCl3 in water contains 64.1% FeC13 by weight. Calculate the yield of

FeC13.6H2O crystals obtained from 1000 kgs solution, if cooled to 27°C. Solubility at 27°C =

68.3% by weight.

(10)

(c) Derive the following relation from the fundamentals.

(10)

(d) Explain the procedure to calculate the bubble pressure 8 dew pressure for a given ideal

Binary mixture.

(10)

(e) Derive the performance equation for a given 1st order Ideal CSTR operating at steady-state

conditions.

(10)

2. A Producer gas with composition by volume 27.3% CO, 5.4% CO2, 0.6% O2, 66.7% N2 is burnt

with 20% excess air. If the combustion is 98% complete, calculate the composition, by volume, of the flue gas.

(40)

3. Substance A in a liquid reacts to produce R & S as follows:

A feed (CA0 = 1, CR0 CS0 = 0) enters two mixed reactors in series (τ1 = 2.5 min, τ2 = 5 min).

Knowing the composition in the final reactor ( ) 1 1 1 CA = 0.4, CR = 0.4, CS = 0.2 , find the compositions leaving the 2nd reactor.

(40)

4. The system (1) n-pentane (2) n-hexane (3) n-heptane obeys Raoults law, for a system at 105°C. In a

flash drum has overall composition of Z1 = 0.25, and Z2 = 0.45.

Determine,

(a) Bubble pressure, Dew pressure and its composition.

(b) L (Liquid rate), V (Vapour rate) and xiyi when

The data of Antoine’s constants are: (40)

SECTION B

5. Answer any four of the following

(a) What are the various steps involved for calculating Total Product Cost?

(10)

(b) What is profitability? Discuss different methods for evaluating the profitability.

(10)

(c) Briefly explain the concept of straight and mixed fertilizers. List out various sources for the

manufacture of Ammnonium sulphate.

(10)

(d) Describe in detail the activated sludge process.

(10)

(e) What is polymerization? Explain different methods of polymerization.

(10)

6. The total capital investment for a chemical plant is Rs. 15, 00,000 and the plant produces 30 laths kg

of product annually. The selling price of the product is Re. 0.41/kg. Working capital amounts to 15%

of total capital investment. Raw material costs for the products are Re. 0.045/kg, labour cost Re.

0.04/kg. Distribution costs are 5% of the total product cost.

Estimate:

(a) Manufacturing cost/kg of product

(b) Total product cost/year

(c) Profit/kg of product before taxes.

(40)

7. (a) Describe with neat flow sheet the manufacture of soap by continuous process.

(20)

(b) With a neat flow sheet explain the manufacture of LDFE.

(20)

8. (a) Explain the thermal processes for the treatment of solid wastes.

(20)

(b) Discuss the various sources of air pollutants and their effect on man and his environment.

(20)

IFS 2003 CHEMICAL ENGINEERING

PAPER-I

SECTION A

1. Answer any four of the following:

(10 x 4 = 40)

(a) What is an incompressible fluid? Determine an expression for pressure drop in an

incompressible fluid flowing in a pipe under the condition of laminar flow.

(b) Discuss the working of a centrifugal pump along with its operational problems and remedial

measures.

(c) Describe the procedure to calculate number of equilibrium stages in the fractionation of a

binary system by Ponchon-Savant method.

(d) Explain LMTD correction factor. How is it calculated in the use of multipass shell and tube

heat exchangers?

(e) Develop a relation between heat transfer coefficient and friction factor by using colburn

analogy.

2. (a) Discuss flow pattern caused by a turbine type impeller in an agitated tank and suggest ways

to prevent swirling and vortex formation.

(10)

(b) Explain the principle of pilot tube and its application. Also discuss how average velocity can

be calculated?

(10)

(c) Discuss the construction and operation of a notary drum filter. How is rate of filtration related

to speed of rotation?

(10)

(d) What is fluid energy mill ? Explain its principle.

(10)

3. (a) Explain the term critical thickness of insulation. Determine an expression for it for a spherical

vessel.

(10)

(b) Saturated steam of atmospheric pressure condenses on a cold tube of 25 mm diameter and 1

m long. Determine per cent change in heat transfer rate if the orientation of tube is changed

from horizontal to vertical.

(10)

(c) Compare forward feed double effect evaporator with backward feed double effect feed

evaporator.

(10)

(d) Briefly discuss the procedure to calculate radiant heat load of an oil fired furnace.

(10)

4. (a) Define diffusivity term, Discuss the method of measurement of diffusivity of a binary system

in a laboratory.

(10)

(b) Describe the procedure to calculate minimum liquid-gas ratio for absorbers.

(20)

(c) Discuss the working principle of a forced draft cooling tower.

(10)

(d) What are constant rate and falling rate periods in the drying of solids? Develop an expression

for time of drying of a solid under falling rate period.

(10)

SECTION B

5. Answer any four of the following:

(10 x 4 = 40)

(a) Explain the phenomena of reverse osmosis. Discuss the characteristics of membrane required

for this process.

(b) Discuss the failure of vessels based on theory of plasticity.

(c) Name various types of heads commonly used in cylindrical vessels, alongwith their sketches

and areas of application.

(d) Determine an expression for frequency response of a transportation lag. Show it graphically

also.

(e) Discuss ratio control and its application in process industries. Give two examples.

6. (a) What is ultrafiltration? Discuss the dependence of membrane permeation rate on applied

pressure difference, feed solute concentration and cross flow velocity for ultrafiltration.

(10)

(b) Discuss low pressure distillation along with its application in industries.

(10)

(c) Explain (i) membrane fouling, and (ii) membrane selectivity in separation processes using

membrane.

(10)

(d) Explain the working principle of dialysis.

(10)

7. (a) Explain Coate’s theoretical analysis for bending stress at the head-shell junction of a vessel,

(10)

(b) Discuss the design procedure of skirt supports for vertical vessels.

(10)

(c) A process requires a shell to be designed to contain a working pressure of 200 MN/m2. The

shell temperature is 400°C, Inside diameter and length of the shell have been estimated to be

500 mm and 4000 mm, respectively. If carbon steel having an allowable stress of 10.40 x 102

MN/m2 is used as material of construction of the shell, determine suitable]e thickness of the

shell.

(20)

8. (a) What are various devices which can be used for absolute pressure measurement ? Discuss any

one of them which can be used with continuous recording system.

(10)

(b) Discuss two important characteristics of a control valve,

(10)

(c) Describe the procedure for the design of sampled data controller in a system.

(10)

(d) How do you find the frequency response of a PID controller? Explain it,

PAPER - II

SECTION A

1. Answer any four of the following:

(a) The normal boiling point of benzene (C6H6) is 80.1°C and its latent heat of vaporization is

33.655 kJ/mol. Estimate the vapour pressure of benzene at 45°C.

(10)

(b) Prove that two reversible, adiabatic lines cannot intersect.

(10)

(c) Prove that

(10)

(d) For an ideal batch reactor, derive an expression to determine the time required to achieve a

desired conversion.

(10)

(e) Compare the size of plug flow and mixed flow reactors for first and second order reactions.

(10)

2. Ethane (C2H6) is initially mixed with oxygen to obtain a mixture of 80% ethane by volume. His

mixture is burned in an engine with 200% excess air. During combustion 80% of ethane burns to

CO2 10% of ethane burns to CO and 10% of ethane remains unburned. Determine the composition of

the exhaust gas on dry basis.

3. (a) For a particular binary system the activity coefficients are adequately represented by ln γ =

0.5 X22

and ln γ2 = 0.5 X2

1 . The saturation pressure of the components at 800C are P1

S = 900 toor and

P 2

S = 600 torr (1 torr = 1 mm Hg column). Is it possible for the system to exhibit azeotropy at 800C?

If so, what is the azotropic composition?

(20)

4. Consider the reaction

Equal volumetric flow rates of A and B streams are fed to the reactor and each stream has a

concentration of 20 mol/liter of reactant. or 90% conversion of A, calculate the concentration of R in

the product stream or-

(a) a plug flow reactor;

(b) a mixed flow reactor.

(40)

SECTION B

5. Answer any four of the following:

(a) Name the principal varnish resins and describe, in brief, the method of production of varnish.

(10)

(b) Describe the production of penicillin by fermentation.

(10)

(c) Explain the terms : Deflagration and Detonation, and distinguish between them.

(10)

(d) With the help of neat sketches, describe adiabatic lapse rate and its effect on different types

of plume behaviour.

(10)

(e) Discuss the factors which must be considered in the design of activated sludge system.

(10)

6. Present a neat flow diagram and describe the method of production of sucrose from sugarcane.

Discuss the major engineering problems associated with the production of sucrose from sugarcane.

(40)

7. (a) A proposed manufacturing plant requires an initial fixed capital investment of Rs. 5 crores

and a working capital of Rs. 1 crore. It is expected that the annual income will be Rs. 4 crores

and the annual expenses including depreciation will be Rs. 1.2 crores, before taxes. A

minimum annual return of 25 per cent before income taxes is required. Income tax amount to

40 per cent of all pretax profits. Determine (a) the annual per cent return on the total initial

investment after income taxes, and (b) the annual per cent return on the average investment

before income taxes, assuming straight line depreciation and zero salvage value.

(40)

8. (a) Develop mass balance equations for the food and biomass in a typical activated sludge

system.

(20)

(b) Define BOD and COD, and explain the methods of controlling BOD and COD in tannery

effluents.

(20)

IFS 2002 CHEMICAL ENGINEERING

PAPER - I

SECTION A

1. Answer any four of the following: (10 × 4 = 40)

(a) What is the physical significance of Bernoulli’s equation? How can this equation be modified

to account for friction losses?

(b) What are the laws of size reduction? Explain them, mentioning the ranges of their.

applicability.

(c) Discuss the procedure for evaluating mass transfer coefficient using Wetted Wall Column.

(d) Discuss briefly the diffusion and capillary mechanisms involved in moisture movement in

drying of solids.

(e) “By using the analogy suggested by Osborne Reynolds, develop a relation between heat

transfer coefficient and friction factor.”

2. (a) Considering fluid flow through a circular pipe, derive the Hagen-Poiseuille equation.

(b) Explain the principle of Pitot tube.

(c) List three industrial filters, specially indicating their applications.

(d) Discuss the degree of mixing and determination of power of mixing. (10 × 4 = 40)

3. (a) Explain “Point efficiency”. Murphree tray efficiency and overall tray efficiency.

(b) Explain how to calculate minimum liquid—gas ratio for absorber.

(c) Explain how you would determine number of stages for double solvent extraction.

(d) Discuss Mier’s super saturation theory. (10 × 4 = 40)

4. (a) What are the effects of various operating conditions on overall heat transfer coefficient in an

evaporator unit?

(b) What do you understand by geometric shape factor in thermal radiation 7 Determine the

geometric shape factor for a very small disc of area dA and large parallel di4c of area A

located above the smaller one.

(c) Differentiate between equivalent diameters for heat transfer and pressure drop for flow of a

fluid through the annulus of a double pipe heat exchanger.

(d) With a neat sketch, describe briefly the scheme used for solar water heating. (10 × 4 = 40)

SECTION B

5. Answer any four of the following: (10 × 4 = 40)

(a) Discuss absorption and extraction type separation.

(b) Write the design procedure for flat heads.

(c) Explain cathodic protection to prevent corrosion.

(d) How do you find the frequency response of a PI controller? Explain.

(e) With a neat sketch, describe a suitable device for controlling the process outlet temperature of

a heat exchanger that uses steam as the heating medium.

6. (a) Explain the theory of electrical separations.

(b) Discuss the electro-dialysis and its applications.

(c) Explain the parallel leaf-type ultra filtration module.

(d) Discuss on very low pressure distillation conducted industrially for heat-sensitive substances.

(10 × 4 = 40)

7. (a) Discuss the criteria for shell failure based on theory of elasticity.

(b) Distinguish between External bolting chair and Centered anchor-bolt chair.

(c) Name the various types of heads used for closing ends of cylindrical shells, indicating their

applications.

(d) Write the stepwise procedure for determining the standard plate thickness for fabricating a

cylindrical shell operating at internal pressure.

(10 × 4 = 40)

8. (a) Explain how strain gauge is used in pressure measurement.

(b) Discuss the working of an optical pyrometer.

(c) Derive the transfer function of an RC circuit. Show that the time constant of an RC circuit is

the product of R and C.

(d) Explain the graphical rules for Bode plots.

(10 × 4 = 40)

PAPER - II

SECTION A

1. Answer any four of the following:

(a) What is proximate analysis of Coal? How do you classify Coals? Give examples. (10)

(b) Discuss the Second Law of Thermodynamics and its applications. (10)

(c) What are the ideal reactors? Emphasize the basic assumptions. Write the performance

equations for each of these reactors (No need for derivation). (10)

(d) Discuss the concepts of Effective Diffusivity, Effective thermal conductivity and

Effectiveness factor. (10)

(e) Discuss the concepts of fugacity, activity and chemical potential. (10)

2. A natural gas having a composition of CH4: 80% (by vol), C2H6 : 8.0, C3H8 : 4.5, C4H10: 2.0,

C5H12:1.0, CO2 :2.5 and N2: 2.0 is burnt with excess air in a burner. The burner gases contain (on

dry-basis) CO2 : 10.3, N2 : 85.9 and O2 : 3.8. Calculate the per cent excess air supplied and also the

composition of the burner gases on wet basis. (40)

3. Calculate the equilibrium constant for the vapour-phase dehydration of ethanol to ethylene at 350°C.

The reaction is :

Data:

Values of the constants in the heat capacity equation:

(40)

4. What is the importance of pore-diffusion in gas-solid (porous catalyst) reactions? Derive an

expression for the effectiveness factor for I order kinetics and single cylindrical pore. (40)

SECTION B

5. Answer any four of the following:

(a) What are the various raw materials! Feed stocks used to produce hydrogen in the manufacture

of ammonia?

(10)

(b) What are the various routes to produce VCM? Discuss their relevance to India.

(10)

(c) How the industrial solid wastes are disposed?

(10)

(d) What is the Environment (Protection) Act 1986? Discuss the provisions under it.

(10)

(e) What are the various factors taken into consideration in laying out of a chemical plant?

(10)

6. (a) What are the by-products/co-products of sugar manufacture and their uses?

(10)

(b) Sugar plant is an example of total energy recovery concept. Elaborate.

(10)

(c) Describe with a neat flow-sheet a modern sugar production plant.

(20)

7. (a) What are the major industrial liquid pollutants (in the effluents) ?

(10)

(b) List the techniques used for removal of dissolved organic solids.

(10)

(c) Discuss the principle and operation of a Tricklebed filter (with a neat sketch) in liquid

effluent treatment.

(20)

8. (a) What is Project Scheduling?

(10)

(b) What is the difference between PERT and CPM?

(10)

(c) Draw up a typical PERT/CPM Charts for setting up a medium scale chemical plant.

(20)

IFS 2001 CHEMICAL ENGINEERING

PAPER-I

SECTION A

1. Answer any four of the following

(10 x 4 = 40)

(a) Explain free settling and hindered settling. What is the functional relationship between

terminal velocity and particle size?

(b) What are enthalpy-concentration diagrams? How do you construct it?

(c) What do you understand by primary nucleation and secondary nucleation during

crystallization?

(d) Explain critical thickness of insulation. How do you find it for cylindrical shapes? Assume

the thermal conductivity of the insulation as k. Heat transfer coefficient is h.

(e) Define the following:

(i) Mixing index for granular solids

(ii) Sphericity

(iii) Relative volatility

(iv) Emissivity

2. Answer the following:

(10 × 4 = 40)

(a) Explain briefly about random packings used in packed towers. What are the characteristics

considered during their selection?

(b) Differentiate between skin drag and form drag. Where do they exist and under what

conditions?

(c) Describe the differential and cumulative screen analyses.

(d) Compare the venturi meter and orifice meter.

3. (a) Derive the Fenske equation to calculate the minimum number of plates in distillation.

(20)

(b) Explain a mixer-settler extraction system.

(10)

(c) Discuss the experimental measurement of diffusivity in a binary system.

(10)

4. (a) Estimate the heat transfer coefficient using available empirical correlation for the following

case:

A lubricating oil is flowing through a long smooth tube of 25 mm inside diameter. The inlet

and outlet oil temperatures are 21°C and 55°C. The average wall temperature is assumed to be 65°C.

The Reynolds number for the prevailing flow conditions has been found to be 10020.

Data : At the average temperature, oil has Viscosity = 31 cp

Specific heat = 1.88 kJ/kg K

Specific gravity = 0.91

Thermal conductivity = 0.123 W/m K

Viscosity at 65°C = 12 cp

Any missing data may be suitably assumed with justification.

(20)

(b) Discuss the method of estimation of the radiant heat duty of an oil fired furnace.

(10)

(c) Describe the different methods of feeding a multiple effect evaporator.

(10)

SECTION B

5. Answer any four of the following: (10 × 4 = 40)

(a) Explain about ultra filtration.

(b) Write briefly on the dielectric method of level measurement.

(c) Write the stepwise procedure for the design of a 2: 1 elliptical head.

(d) Describe the flapper-nozzle assembly used in process control.

(e) Describe the procedure for the design of sampled data controllers.

6. (a) For membrane processes, explain about (15)

(i) Dependence of permeability on temperature and its prediction

(ii) Membrane selectivity

(b) Explain about the following: (15)

(i) Commercial dialyzers

(ii) Membranes for dialysis

(c) What is Pervaporation? Elaborate. (10)

7. A flat-bottomed vertical cylindrical tank having a conical roof is to be designed for storing a

petroleum product having a specific gravity of 0.8. The capacity of the storage tank should be 250

m3. Assume height to diameter ratio as unity. The width of the plate to be used for each course is 1.8

m. The allowable stress value of the material of construction is 14 kg/mm2. Assume a weld joint

efficiency factor of 0.85. Determine the thickness required for each course of the cylindrical shell of

the storage tank. (40)

8. Answer the following: (10 × 4 = 40)

(a) Describe the electromagnetic flow meter. What are their advantages and limitations?

(b) Find the frequency response (AR and phase angle) of a proportional + integral controller.

Give a sketch of the Bode diagram of the same.

(c) Write briefly on Feed forward control.

(d) What axe the elements of a computer control system? Explain briefly

PAPER-II

SECTION A

1. Answer any four of the following

(a) Distinguish between adiabatic flame temperature and actual flame temperature.

(10)

(b) What is Joule-Thomson coefficient and what is inversion point? Sketch the isenthalpic curves

for a gas and show the inversion curve and explain the significance of Joule-Thomson

coefficient.

(10)

(c) Define effectiveness factor. On what parameters does the effectiveness parameter of a first

order reaction depend? What is meant by the regime of strong pore resistance?

(10)

(d) What is an azeotrope? Draw the P-X-Y and T-X-Y diagrams for maximum boiling and for

minimum boiling azeotropes. What kind of azeotrope a system is likely to form if it exhibits

large positive deviations from Raoults law?

(10)

(e) What are performance equations of different reactors? Derive the performance equation for a

plug flow reactor operating at steady state conditions? How would you graphically represent

these performance equations?

(10)

2. A hydrocarbon fuel of unknown composition is burned with air and the volumetric composition of

the resulting combustion products on dry basis is CO2 = 7.26% CO = 2.42%, O2 = 7.5% and N2 =

82.82%, Determine the composition of the fuel on mass basis and the per cent excess air used for

combustion.

(40)

3. Industrial grade methanol is produced according to the reaction

CO(g) + 2H2 (g) → 4 H3 OH(g).

Assuming that the reaction mixture attains a state of equilibrium. Estimate the degree of conversion

at 500 K and 5 bar pressure. The enthalpy of vaporization of CH3 OH at 298.15 K is 37.988 kJ/mol.

The saturation pressure of CH3OH at 298.l5 K is 0.l67l6 bar. The isobaric molar heat capacities of

the reactants and products are expressed as Cp= a + bT = cT2 where, C is in kJ/mol K and T is in K.

For CH3 OH (1) it is known that ΔH°f298 = -238.648 kJ/mol and ΔG°f296 = -166.215 kJ/mol.

(40)

Data:

Substance a b × l03 c × 106 ΔH0 f298 (kJ/mol) ΔG°f298 (kJ/mol)

CO(g) 28.07 4.63 — -110.532 -137.327

H2(g) 27.01 3.51 — — —

CH3OH(g) 18.38 101.56 -28.68 — —

4. What is autocatalytic reaction? How do you calculate the conversion X of a reactant at a given time

t? Derive the required expression assuming the initial concentration of reaction A to be CA0. Which

reactor arrangement would you suggest for obtaining the highest achievable conversion? Explain

using a rate-concentration curve.

(40)

SECTION B

5. Answer any four of the following :—

(a) What is coking? What are the different coking processes employed in the industry? Discuss

in brief, the basic process variables, which contribute to the quality and yields of Delayed

Coking products.

(10)

(b) What are the major engineering problems faced in fermentation processes? Enumerate the

different methods for the production of ethyl alcohol. Describe in brief the process of

production of ethyl alcohol by fermentation.

(10)

(c) What are the various factors which should be considered while making a feasibility survey of

a proposed design project?

(10)

(d) What is acid rain and what are the possible causes for it? Elaborate on the adverse effects of

acid rain.

(10)

(e) What is meant by Ozone depletion? Describe the various Ozone destruction cycles in brief.

How is the presence of Ozone in the stratosphere beneficial?

(10)

6. How would you define cement? List the various types of port land cement along with their

characteristic properties and composition. Describe in detail, with the help of a neat flow sheet, the

process of production of Portland cement.

(40)

7. A plant designer has to choose between equipment 1 and equipment 2, the details of which are given

below:-

Equipment 1 Equipment 2

Cost Rs. 500,000 Rs. 200,000

End of the year

Maintenance cost — Rs. 10,000

Salvage value Rs.50,000 —

Service life 8 Years 4 Years

If the interest rate is 10% compounded annually, calculate the present worth of investment be made

for each equipment and choose the equipment which has the lower present worth. (40)

8. (a) Describe the different meteorological variables which influence severity of pollution. Define

lapse rate and temperature inversion. (20)

(b) Explain the different techniques employed to use forest biomass solid waste as domestic and

industrial fuel supplement. (20)

IFS 2000 CHEMICAL ENGINEERING
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SECTION A

1. Answer any four of the following: (10 x 4 = 40)

(a) Develop an expression for predicting the minimum fluidisation velocity.

(b) Explain about the penetration theory of mass transfer.

(c) With a neat sketch, explain the working principle of a spray drier.

(d) Discuss the merits and demerits of different feed conditions in a multiple effect evaporator.

(e) Briefly explain about the effectiveness NTU method for the design of double pipe and shell,

and tube heat exchangers.

2. Briefly explain the working principles of the following equipments : (10 x 4 = 40)

(a) Ball mill

(b) Plate-and-frame filter press

(c) Pneumatic conveyor

(d) Rotary pump.

3. Answer the following:

(a) Write on equilibrium and differential distillation. (10)

(b) What do you understand by bound moisture and unbound moisture of a solid material? (10)

(c) Briefly explain about the design of cooling towers. (10)

(d) Define the following:

(i) Absorption factor

(ii) Theoretical number of plates

(iii) Optimum reflux

(iv) Plait point

4. (a) Develop an equation for the radiative heat transfer between two concentric cylinders with

diameters d1 and d2 and emissivities e1 and e2 radiating heat at temperatures T1 and T2 K

respectively.

(20)

(b) Draw a neat sketch of the floating head heat exchanger with one pass on shell side and two

passes on tube side and explain the function of its various components.

(20)

SECTION B

5. Answer any four of the following: (10 x 4 = 40)

(a) Explain clearly about ion-exchange separation process.

(b) What are the materials generally used in process vessel construction? Briefly explain about

the basic characteristics of (i) carbon steels and (ii) high alloy steels.

(c) Mention about various types of supports for (i) vertical vessels and (ii) horizontal vessels.

With neat sketches, explain about saddle support and skirt support.

(d) Enlist the different types of pyrometers. Describe the working principle of any one type of

pyrometer.

(e) Explain the importance of frequency response study in control system. Define corner

frequency and mention its importance.

6. (a) Explain clearly about (i) dialysis, (ii) osmosis and (iii) reverse osmosis. (15)

(b) With neatsketches, explain the working principles of batch dialysis and continuous dialysis

and types of equipments used for this purpose. (25)

7. Calculate the cylindrical shell thickness, the conical roof thickness and the thickness of bottom plates

for carbon steel (structural) conical roof storage tank to store 250,000 litres of liquid of density 940

kg/m3. Slope of the roof-one in five.

Superimposed load on the roof= 125 kg/m2. Permissible stress in steel = 1450 kg/cm2. Specific

gravity of steel = 7.7.

Modulus of elasticity = 2 x 106 kg/cm2

Assume diameter of the tank equal to its height. Draw a free-hand sketch of the tank indicating the

essential fittings on it.

(40)

8. (a) How do you measure liquid level if (i) the liquid is corrosive and (ii) the liquid contains

suspended solid particles? Suggest the instruments to be used in these two cases. Briefly

describe their principles of functioning.

(20)

(b) Write about the following:

(i) Control valve characteristics (8)

(ii) Block diagram (5)

(iii) PID controllers (7)

PAPER-II

SECTION A

1. Answer any four of the following:

(a) Define theoretical amount of air and excess air supplied for combustion of coal and sulphur.

(10)

(b) Define heat of reaction. How do you calculate heat of reaction at a given temperature and

pressure?

(10)

(c) What are the ideal reactors? Emphasise the assumptions involved in defining the same.

(10)

(d) ‘The entropy of the universe is ever increasing’. Discuss.

(10)

(e) How do you analyse kinetic data collected in ad experimental batch reactor finally to arrive at

the rate equation for the given reaction? (10)

2. A fuel gas containing CO2: 2.1%, C25H42: 7.0%, CO: 33.8%, H2: 40.6%, C12H44: 11.2% and N2:

5.3%

is burnt with 30% excess air. Calculate the fuel gas (burner outlet gas) analysis on dry basis. Assume

complete combustion in the burner. (40)

3. For the catalytic dehydrogenation of 1-butene (C4H8) to 1,3-butadiene (C4H6)

C4H8(g) → C4H6(g) + H2(g)

carried out at 900 K and 1 atm, and with a ratio of 10 mol of steam per mol of butene, determine the

extent of reaction at equilibrium. Determine the same in absence of the steam too. (40)

4. In an experimental catalytic packed- bed reactor, using a fixed feed rate of FA0 = 10kg- mol/hr, for

the reaction A → R, the following kinetic data were collected

Find the rate equation.

(40)

SECTION B

5. Answer any four of the following:

(a) What are the feed stocks used to produce polystyrene commercially?

(10)

(b) What are the major differences in structures and physical properties of low density

polyethylene (LDPE), high density polyethylene (HDPE) and linear low density polyethylene

(LLDPE)?

(10)

(c) What are the permissible limits of the constituents in the ambient air for residential and

protected areas in India?

(10)

(d) Write short notes on :

HAZOP/HAZAN studies

(10)

(e) What factors you take into consideration in determining a chemical plant layout?

(10)

6. How is paper produced commercially? Describe paper production from the raw materials, with the

help of a neat flow sheet.

(40)

7. (a) What is ‘greenhouse’ effect? Discuss how various greenhouse gases contribute to the effect.

What are your suggestions to minimize the ‘greenhouse’ effect?

(24)

(b) How do ground level concentration of pollutant emitted from a chimney vary with

meteorological conditions?

(16)

8. (a) Define fixed capital and working capital. How do you arrive at them?

(20)

(b) Discuss briefly the utility of PERT/CPM charts.

(10)

(c) Explain the different components in Profit and Loss Account.

(10)

