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Total No. of Questions : 6]

[Total No. of Pages : 4

[4163] - 40B
T.E. (Production) (Production S/W)

  PROCESS PLANNING AND INDUSTRIAL STATISTICS
(2003 Pattern) (Sem. - II)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answers to two sections must be written in separate answer books.
2) All questions are compulsory.
3) Draw diagrams wherever necessary.
4) Assume suitable data wherever necessary.
5) Non - programmable calculator is permitted to be used.

P1692

SECTION - I
Q1) a) Define Process Engineering? List functions of process engineering. [6]

b) Carry out part print analysis for following part. [10]

OR
a) What do you understand by process engineering? How to integrate

information from other departments to support Process Engineering
Functions. [6]

b) “Product Engineering is the pre - function of process engineering”.
Discuss. [10]

Q2) Explain following with suitable example. [16]
a) Principal Process Operations.
b) Basic Process Operations.
c) Auxiliary Process Operations.

OR

SEAT No. :

P.T.O.

Material : C45, No. of parts to
be produced :1000 per shift



For the component shown in fig. 5.23 to be manufactured by using standard
lathe machine, explain following : [16]
a) Locating Area.
b) Supporting Area.
c) Holding Area.
for chamfering operation, step turning operation. Explain how will you achieve
location control, mechanical control and geometric control for the above
component during machining.

Q3) Prepare a process plan for a component to be produced by using standard
lathe machine as shown in fig. 2.5. [18]

OR
For a operating arm as shown in following figure a keyway is required to be
produced by milling process. [18]

[4163]-40B  2



Prepare a process plan.
SECTION - II

Q4) a) What is the purpose and utilization of Tolerance Charts? [8]
b) What are the three basic methods by which surface roughness is

measured? Explain. [8]
OR

Explain with suitable example how tolerance stacking is carried out. [16]

Q5) a) Discuss various methods of collecting Primary data. [8]
b) From the following data obtain the two regression equations. [8]

Sales 91 97 108 121 67 124 51 73 111 57
Purchase 71 75 69 97 70 91 39 61 80 47

OR
Explain any two of following [16]
a) X bar and R chart.
b) P chart.
c) np chart.

Q6) a) What is meant by hypothesis? Explain the applications of Chi - square
test. [12]

b) Explain following [6]
i) Standard Deviation.
ii) Statistical Mean.
iii) Mode.
iv) Median.

[4163]-40B  3



OR
Explain in brief any three of the following : [18]
a) Control chart for variables and attributes.
b) OC curve.
c) Procedure of testing hypothesis.
d) AQL and LTPD
e) Measure of central tendency.
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[4163] - 97
T.E. (Petroleum Engineering)

  PROPERTIES OF RESERVOIR ROCKS AND FLUIDS
(2003 Pattern) (Sem. - II)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:

1) Answers to the two sections must be written in separate answer books.
2) Attempt three questions from each section.
3) Figures to the right indicate full marks.
4) Neat diagrams should be drawn wherever necessary.
5) Use of a non - programmable calculator is allowed.
6) Assume suitable data if necessary.

P1697

SECTION - I
Q1) Derive the linear flow equation for turbulent gas flow. [18]

Q2) Write an essay on stress on rock properties. [16]

Q3) Define Rs, Bo, co, μo, Bg, μg, cg, Bw, cw and explain each with a variation
in pressure. Explain how each is experimentally calculated. [16]

Q4) a) Define porosity and He porosimeter. [6]
b) Write a note on two phase relative permeability. [5]
c) Derive an expression for liquid flow in layered porous media. [5]

SECTION - II

Q5) Draw a phase diagram for a crude oil and explain in detail. [16]

Q6) a) What are K values? Explain. [8]
b) Explain in detail how a flash calculation is done. [8]

Q7) a) Derive the Laplace’s equation and explain its significance. [9]
b) Explain one method to measure relative permeability. [9]

Q8) Derive the Sauve EOS in terms of Z. What is Zv and Zl. [16]

SEAT No. :



Total No. of Questions : 12]
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[4163] - 98
T.E. (Petroleum)

 PETROLEUM PRODUCTION ENGINEERING - I
(2003 Pattern) (Sem. - II)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answer Q.No. 1 or 2, Q.3 or 4, Q.No.5 or 6 from Section - I and Q.No. 7 or 8,
Q.No. 9 or 10. Q.No. 11 or 12 from Section - II.

2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of logarithmic tables, slide rule, Mollier charts, calculator is allowed,
6) Assume suitable data, if necessary.

P1698

SECTION - I
Q1) Define and explain all the PVT properties with the help of graph. [18]

OR
Q2) a) State and explain Vogel and Fetkovich correlation used to construct IPR curve.

[9]
b) Draw and explain the generic nature of graph for PI, GOR and pressure

against time or for a water and gas cap drive reservoir. [9]

Q3) a) What is the meaning of single phase, two phase, and three phase flow
explain. [6]

b) Discuss in detail vertical lift performance. [10]
OR

Q4) a) Explain critical and sub critical flow through chokes. [8]
b) What is the difference between PI and specific PI? Write the unit of it.

Draw the relevant graphs and explain the concept of IPR. [8]

Q5) a) Describe in detail any one mathematical model of well fracturing. [10]
b) Draw the sketch of a typical fracture geometry and explain all the

specifications of it. [6]
OR

Q6) a) What is Matrix Acidization job? Describe the necessary elements and the
general design considerations to accomplish a Matix Acidization job.[10]

b) State and explain equations to calculate pressure drop because of
formation damage. [6]

SEAT No. :
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SECTION - II
Q7) Write short notes on the following. [18]

a) Workover problems of gas well.
b) Water and gas shut off job.
c) Gravel pack completion.
d) Well productivity.

OR
Q8) a) How will you design a workover job for sand control problem in a vertical

well? Explain. [12]
b) Discuss the production advantages of Horizontal Well Technology. [6]

Q9) a) Design a two phase vertical separator using the following data : [10]
Gas flow rate (Qg) = 11 MMscf/day
Oil flow rate (Qo) = 2100 bbls/day for 42°API
Operating Pressure = 980 psia.
Operating Temperature = 60°F
Specific Gravity of Gas = 0.6
Gas Compressibility = Z = 0.83
From graph, value of k = 0.284 (Constant based on liquid gas properties)
Liquid drop to be separated = dm = 100 micron.
Assume slenderness ratio of 3 & 4. Retention time 2, 2.5, & 3 minutes.

b) Discuss the mechanism of oil and gas separation used in three phase
horizontal oil and gas separator. [6]

OR
Q10) a) Draw the neat schematic sketch and explain the principle of operation

and working of any one emulsion treating equipment used in the oil and
gas processing facility. [12]

b) Explain, ‘inlet diverter’ in brief. [4]

Q11) a) Write a note on Safety at oil and gas production facility. [8]
b) Discuss the process flow diagram of Group Gathering Station. [8]

OR

Q12) Explain the following [16]
a) Central processing facility.
b) Heater treater.
c) Skimmer tank.
d) Demulsification.
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[4163] - 117
T.E. (Polymer Engineering)
  POLYMER MATERIALS - II

(2003 Pattern) (Sem. - II)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:

1) All questions are compulsory.
2) Answers to the two sections should be written in separate books.
3) Figures to the right indicate full marks.

P1704

SECTION - I
Q1) a) Give a typical formulation of phenolic resin and additives involved in it. [9]

b) Give the compounding and applications of polyester resin. [8]
OR

Q2) a) Enlist the properties of cured epoxy resins. Correlate the applications
with properties. [9]

b) What are amino resins? Give the formulation for any one type of amino
resin. [8]

Q3) a) Discuss synthesis, properties and applications of silicone resins. [9]
b) Write a note on properties and applications of polyimide resin. [8]

OR
Q4) a) Based on properties of polyimide resins prove that it is high performance

polymeric resin. [9]
b) Give the curing reactions for allyl and silicone resins. [8]

Q5) a) Define paint. How is paint prepared? Mention various additives and their
role. [8]

b) What is adhesion? Explain the mechanism of adhesion and structural
requirements of polymer to show adhesive properties. [8]

OR
Q6) a) What is primer? Explain the importance of the same. [8]

b) Give two examples each of solvent, plastisizer, hardner and thickening
agent used in adhesives. [8]

SEAT No. :

P.T.O.



SECTION - II
Q7) a) Discuss the manufacture process of rubber from latex. [9]

b) Explain basic terminologies - raw rubber & vulcunizate. [8]
OR

Q8) a) Discuss how molecular structures of elastomers are different from usual
polymers. [9]

b) Explain how mastication affects polymer molecular weight? Discuss
various compounding processes for raw rubber. [8]

Q9) Write a note on :
a) Tackifiers. [9]
b) Antiozonents. [8]

OR
Q10) Write a note :

a) Reinforcement by chords and fabrics. [9]
b) Particulate C black. [8]

Q11) a) Give the manufacture, properties and applications of acrylic rubber. [8]
b) Discuss thermoplastic elastomers. How do they work? [8]

OR

Q12) a) Differentiate nitrile and butyl rubber. [8]
b) Write a note on [8]

i) SBR.
ii) Fluoro rubber.
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[4163] - 40A
T.E. (Production) (Production S/W)

MANUFACTURING ENGINEERING TECHNOLOGY
(2003 Pattern) (Sem. - I)

Time : 3 Hours]          [Max. Marks :100
Instructions to the candidates:

1) Answers to the two sections should be written in separate books.
2) Neat diagrams must be drawn wherever necessary.
3) Assume suitable data, if necessary.
4) Figures to the right indicate full marks.
5) Use non-programmable electronic calculators is allowed.

�����

SECTION - I

Q1) a) Discuss the method of obtaining criticality of a component or sub-
system using Risk Priority Number. [9]

b) Draw and explain various symbols used in Fault Tree Analysis. Explain
the procedure to evaluate overall failure rate. [9]

OR

Q2) a) What is TQM? Describe internal and External customer and supplier
link conception TQM. [9]

b) Differentiate between : [9]
i) Inspection and quality control.
ii) Cost of quality and value of quality.

Q3) Explain the following : [16]
a) ‘Poke Yoke’.
b) Six-sigma.
c) Zero defect
d) QFD

OR

Q4) Discuss the metrological properties of measuring instruments. [16]

������
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Q5) a) Explain how Just-in Time (JIT) system is used in mass production

organization. [8]

b) Explain the basic concept of World Class Manufacturing. [8]

OR

Q6) Write short notes on any three : [16]

a) Pareto Analysis.

b) Scatter diagram.

c) Fish bone Diagram.

d) Electrical Comparators.

SECTION - II

Q7) a) Explain the process of manufacturing of slip gauges. [9]

b) Differentiate between : [9]

i) Accuracy and precision.

ii) Line and end standards.

iii) Gauges and comparators.

OR

Q8) a) Explain with neat sketch the sigma comparator. [9]

b) Write a short note on Parkinson gear tester. [9]

Q9) Write short notes on : [16]

a) Three wire method.

b) Thread cursors and their effects.

c) Auto collimeter.

OR

Q10)a) For 20° pressure angle gear having 40 teeth and 4 mm module, calculate

diameter of plug which fits in tooth space with its center on pitch circle

and distance over the plug in opposite tooth space. [8]

b) Explain Tool makers microscope. [8]
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Q11)Write short notes on : [16]

a) CMM

b) CNC performance test.

c) Surface plates.

OR

Q12)a) Explain the principles of alignment tests. Discuss any three alignment

tests on lathe machine. [8]

b) Define flatness. Explain with neat sketch flatness testing methods. [8]
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[Total No. of Pages : 2

[4163] - 70
T.E. (Instru. & Control)

  INDUSTRIAL MANAGEMENT
(2003 Pattern) (Sem. - II)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answer three questions from Section - I and three questions from Section - II.
2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.

P1768

SECTION - I
Q1) a) Define management. Explain various functions of management. Explain

the role of an entrepreneur in a changing business environment. [10]
b) State and explain the concept of business process Re - engineering and

its contribution to business development. [8]
OR

Q2) a) Explain the following concepts. [12]
i) Balanced score card.
ii) Mind Mapping.
iii) Ishikawa diagram.

b) Write a short note on Functional organisation. [6]

Q3) Define strategic management. How mergers and take - overs considered as a
potential business strategy in a liberalised market? Explain. [16]

OR
Q4) Briefly explain the following : [16]

a) WTO & International Trade.
b) Patent & Copy Right.
c) ISO - 9000 Series.

Q5) Define Inventory Control with its objectives and importance. Explain
quantitative technique with EOQ model. How Economic Order Quantity
(EOQ) is derived? [16]

OR

SEAT No. :
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Q6) State and explain the objectives, functions and Techniques of production
planning and production control. [16]

SECTION - II
Q7) a) Define Motivation. Explain Need heirarchy theory of motivation

propounded by Maslow. [9]
b) What is Leadership? Explain contingency theory of leadership. [9]

OR
Q8) a) State and explain various methods of training imparted to workers. [9]

b) Define man power planning. Briefly explain the objectives and functions
of manpower planning. [9]

Q9) What is capital structure? Explain various sources of working capital and problems
associated with working capital management in a process industry. [16]

OR
Q10) a) Define capital Budgeting. Explain any two methods of capital budgeting. [8]

b) Explain the following : [8]
i) Letter of credit.
ii) Types of project costs.

Q11) State and explain the salient features of Factory Act, 1948 and company Act,
1956. [16]

OR

Q12) Write short notes : [16]
a) Types of Inspection.
b) Sources of Finance to business enterprises.
c) Value added tax.
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[4163] - 36
T.E. (Production)

  MACHINES TOOLS AND ADVANCE MANUFACTURING SYSTEMS

(2003 Pattern) (Sem. - II)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) From Section - I, solve Q.1 or Q.2, Q.3 or Q.4, Q.5 or Q.6. and from Section -
II, solve Q.7 or Q.8, Q.9 or Q.10, Q.11 or Q.12.

2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Use of electronic pocket calculator is allowed.
5) Assume suitable data if necessary.

P1790

SECTION - I
Unit - I

Q1) Referring Fig. No. 1, design the set of plate types of cams for a single
spindle automat machine. Assume suitable data of machining parameters for
mild steel material. The bar stock is Φ  30 × 65 and 200 pieces are to be
manufactured. Also draw the layout for turret cam. [18]

OR

Q2) a) Classify single spindle automatic machine and explain with sketch single
spindle automatic machine. [9]

b) Explain parallel and progressive action multi - spindle machine with neat
sketches. [9]

Unit - II
Q3) a) How NC/CNC machines are classified with different considerations?

Explain with a neat block diagram CNC and DNC machines. [8]

SEAT No. :
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b) Explain the different systems employed on CNC machines for
enhancement of productive machine. [8]

OR
Q4) a) Explain with a neat sketches, open loop and closed loop control systems.

Explain the advantages of closed loop systems over open loop systems.[8]
b) Explain the axis identification employed on CNC machine tools for

primary, secondary and tertiary axes. Discuss absolute and incremental
co-ordinate system. [8]

Unit - III
Q5) a) Explain the reasons for applying surface coating on the material. Give

different steps followed in a powder coating process. [8]
b) Write a short note on : [8]

i) Nano machining
ii) Micro machining.

OR
Q6) Write SHORT NOTES [16]

a) Chemical vapour deposition.
b) Phosphating.
c) Galvanizing.
d) Ion - implantation.

SECTION - II
Unit - IV

Q7) a) Describe with a sketch any three types of rotary transfer mechanisms.[6]
b) Discuss any two methods of balancing a transfer line. [6]
c) In a six station Geneva mechanism, the driver rotates at 3 rpm. Determine

the cycle time of indexing mechanism, the process time and the time
spent by each cycle in indexing the table to the next working position.[6]

OR
Q8) a) The precedence relationships and element times for assembling a new

model of product is given in the table below. The ideal cycle time is
0.53min. [10]

Work element 1 2 3 4 5 6 7 8 9 10 11
Te (min.) 0.32 0.10 0.20 0.05 0.10 0.23 0.20 0.05 0.32 0.10 0.30
Predecessor -- -- 1, 2 2 4 3 6 6 5, 7, 8, 9 10

i) Construct precedence diagram.
ii) By using largest candidate rule assign work element to stations.

Compute balance delay.
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b) Explain the offline and online inspection methods employed on any
machine tools. [4]

c) Give a classification of automated material handling equipments. [4]
Unit - V

Q9) a) What is difference between fixed automation, programmable automation
and flexible automation? [8]

b) What is Product Flow Analysis? Explain in detail. [8]
OR

Q10) a) Classify robots on the basis of configuration. Explain the robot volume
and degree of freedom. [8]

b) What is cellular manufacturing system? Explain with an appropriate
example, how it overcomes the shortcomings of functional layout. [8]

Unit - VI
Q11) a) Describe the factors which affects the quality and performance of CNC

machines. [8]
b) What is adaptive control? Explain with sketch, the adaptive control used

in CNC machine. [8]
OR

Q12) a) How control systems are classified? Explain pre selective control system
used in machine tools. [8]

b) Discuss preventive and breakdown maintenance.  [8]
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T.E. (Civil)

FLUID MECHANICS - II

���(2003 Pattern) (Sem. - I)
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T.E. (Civil)
STRUCTURAL DESIGN - II
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Total No. of Questions : 12]
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[4163] - 5

T.E. (Civil)

CONSTRUCTION TECHNIQUES & MACHINERY
(2003 Pattern) (Sem. - I)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answer Q.No. 1 or 2, 3 or 4, 5 or 6 from Section - I and 7 or 8, 9 or 10, 11 or
12 from Section - II.

2) Answers to the two sections should be written in separate answer books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Electronic pocket calculator is permitted.
6) Assume suitable data, if necessary.

P957

Q1) a) With a suitable example each, explain the concepts of labour - oriented
& equipment oriented works. Discuss the drawbacks of both. [8]

b) Explain the sentence ‘construction activity plays an important role in
national & global development’. [6]

c) Write short notes on [4]
i) Demolition techniques.
ii) Quality control for prefab - elements.

OR
Q2) a) Discuss the merits & demerits of the precast & prefabricated construction

giving suitable field examples. [8]
b) Enlist the various equipments used for material handling & with a neat

labelled sketch explain tower crane. [6]
c) Write short notes on

i) Autoclave curing.
ii) Safety parameters in using construction equipments. [4]

Q3) a) Discuss the advantages & various applications of pumped concrete.[6]
b) Explain the methods of dewatering in brief. [6]
c) Write short note on ‘transit mixer’. [4]

SEAT No. :
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OR
Q4) a) What do you mean by RMC? What are the advantages of RMC? Describe

the production process of RMC at plant with the help of a neat sketch.[8]
b) Write short notes on [8]

i) Dredging techniques.
ii) Tunnel form work.

Q5) a) Give the classification of crushers & explain any one of them detail. [6]
b) What are the likely damages or defects that can lead the floor? What are the

factors considered while designing & constructing industrial flooring? [6]
c) Write short note on ‘Gunitting’. [4]

OR
Q6) a) Describe crushing & screening plant giving the flow chart of aggregate

processing plant. [8]
b) Write short notes on [8]

i) Air compressors.
ii) Tunnel boring machine.

SECTION - II
Q7) a) Discuss the various factors affecting the selection of earth moving

equipments. [10]
b) Distinguish between power shovel & back hoe giving sketches, working

operations & uses of each. [8]
OR

Q8) a) Compare scrapers with respect to all other earthmoving equipments.[8]
b) Explain the advantages of trenching machines over any other excavators.

Also justify your answer giving suitable examples. [6]
c) Explain the terms [4]

i) work cycle.
ii) bucket fill factor.

Q9) a) State any two applications where slipform techniques has been used? What
are the advantages & disadvantages of slip forming? What are the
precautions to be taken while performing the slipforming operations? [8]

b) Explain the various important properties of aggregate, required in asphalt
mix production. [6]

c) Write short note on ‘dry lean concrete’. [2]



OR
Q10) a) What do you mean by Pavement Quality Control? Explain P.Q.C in brief

with the help of neat sketch. [6]
b) Briefly describe the hot mix & cold mix plant of bituminous concrete

mix. [8]
c) Give the classification of asphalt. [2]

Q11) a) What do you mean by depreciation? Explain any one method of
depreciation in detail. [6]

b) What do you mean by economic life of an equipment? What are the
aspects considered while preparing the life tables for equipments. [6]

c) Write short note on ‘equipment working rates’. [4]
OR

Q12) a) What do you mean by hourly production of equipments? How the
production rate for an equipment can be found out? [4]

b) Write short notes on [12]
i) Overheads.
ii) Record keeping.
iii) Preventive maintenance.
iv) Scrap & salvage value.

[4163]-5 3
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T.E. (Civil)

TRANSPORTATION ENGINEERING - I
(2003 Pattern) (Sem. - II)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answer three questions from Section - I and three questions from Section - II.
2) Answers to the sections should be written in separate books.
3) Figures to the right indicate full marks.
4) Assume suitable data, if necessary.

P959

SECTION - I
Q1) a) Write a note on organization of Indian Railways and also mention the

various zones of Indian Railways. [4]
b) Explain in brief the ‘Necessity of uniformity of gauge in our country.[4]
c) Enlist the various types of sleepers & explain any one in brief. [4]
d) Define Ballast. State various ballast materials used for track with their

suitability. [6]
OR

Q2) a) State the comparison between wooden sleepers  & concrete sleepers.[6]
b) Define Creep. What are its effects. How it is adjusted. [6]
c) Draw a typical cross section of Broad Gauge single line railway track in

embankment. [6]

Q3) a) Explain in brief the advantages & disadvantages of fishplated & welded
rails. [4]

b) Define gradient. Enlist various types of gradients with their permissible
values adopted on Indian railways. [4]

c) Define the following terms : [8]
i) Actual cant.
ii) Cant excess.
iii) Negative superelevation.
iv) Cant deficiency.

SEAT No. :
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OR
Q4) a) What is negative superelevation. Under what circumstances it is provided.

Draw a neat sketch to justify your answer. [6]
b) Draw a neat sketch of left hand turnout. [4]
c) Explain with a neat sketch overriding and undercut switches. [6]

Q5) a) Draw a neat sketches of the following : [6]
i) Water column
ii) Buffer stop
iii) Fouling mark.

b) Write a short note on stations and yards. [6]
c) What are the types of rail maintenance. Also state the importance of

track maintenance. [4]
OR

Q6) Write a short notes on following : [16]
a) Measured shovel packing (MSP)
b) Tram Line method of plate laying.
c) Metro Railway
d) Directed Track Maintenance.

SECTION - II
Q7) a) What is Tunnel. State the merits and demerits of tunnel. [6]

b) Explain with a neat sketch ‘Transfering centre line in tunnel. [4]
c) What are portals. What points are considered while designing portals.[4]
d) Explain in brief pilot Tunnel and Twin Tunnels. [4]

OR
Q8) a) Draw a neat sketches of different shapes of Tunnel. Also state when

each one is preferred. [6]
b) Compare advantages and disadvantages of tunnels with open cut. [4]
c) Write a note on various drilling patterns. [4]
d) Explain with a neat sketch heading and Bench Method. [4]

Q9) Write a short notes on following : [16]
a) Grass Hopper Method.
b) Shotcreting and Rock Bolting.
c) Tunnel Ventilation.
d) Tunnel Linings.



OR
Q10) a) Discuss in brief safety precautions taken in tunnelling operation. [4]

b) Explain in brief the various methods of providing tunnel ventilation. [4]
c) Explain in brief the drift method of tunnelling. [4]
d) Explain any one method of tunnelling in soft rock. [4]

Q11) a) State the requirements of Natural Harbour. [4]
b) Explain in brief the following : [8]

i) Fender.
ii) Jetty.
iii) Wharf.
iv) Guay.

c) Write a short note on merits & demerits of water transportation. [4]
OR

Q12) a) Define port. What are their requirements. [4]
b) Explain in brief Natural Harbour and Artificial Harbour. [4]
c) Differentiate between Jetty and Wharf. [4]
d) State comparison between Dry Dock and Wet Dock. [4]

[4163]-10 3
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T.E. (Mechanical)

DESIGN OF MACHINE ELEMENTS
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Total No. of Questions : 12]
SEAT No. :

[Total No. of Pages : 4

[4163] - 46
T.E. (Electrical)

POWER SYSTEM - II
(2003 Pattern) (Sem. - II)

Time : 3 Hours]          [Max. Marks :100
Instructions to the candidates:

1) Answer any 3 questions from each section.
2) Answer 3 questions from Section - I and 3 questions from Section - II.
3) Answers to the two sections should be written in separate books.
4) Neat diagrams must be drawn wherever necessary.
5) Figures to the right indicate full marks.
6) Use of logarithmic tables slide rule, Mollier charts, electronic pocket

calculator and   steam tables is allowed.
7) Assume suitable data, if necessary.
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SECTION - I

Q1) a) What is an equivalent π and equivalent T circuit of long transmission
line? Derive an expression for the parameters of equivalent π circuit in
terms of line parameters. [8]

b) A 350 km. long line has total series impedance of 180∠75° ohms/ph
a total shunt admittance to neutral per phase of 1 × 10–3∠90 siemens.
i) Find the constants of equivalent π circuit.
ii) Compare these constants with the constants of nominal π circuit

and comment on the results. [8]

OR

Q2) a) Explain in detail concept of surge impedance loading, with the methods
to improve it. [8]

b) What do you mean by line regulation and compensation. [8]

Q3) a) What is the significance of single line diagram in power system? With
an illustration explain how to obtain the reactance diagram from the
single line diagram. [8]

������
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b) Draw the reactance diagram for a given power system represented by a
single line diagram. [8]

OR

Q4) a) Analyse and explain when sudden three phase short circuit fault occurs

on an unloaded alternator, in connection with subtransient, transient,

and steady state current and reactances. [8]

b) Explain what do you understand by d.c. offset current, and the effect

of the instant at which short circuit occurs on the R-L circuit. [8]

Q5) a) What are symmetrical components used to analyse the unsymmetrical

faults? Compare the fault analysis done for symmetrical and

unsymmetrical faults. [8]

b) Derive the expression for three phase a.c. power, using symmetrical

components of voltages and currents. [10]

OR

Q6) a) Obtain the expression for zero, positive, and negative sequence

reactances for fully transposed transmission lines with self impedance

of Z
S
 ohms and mutual impedance of Z

m
 ohms between the two lines.

[10]

b) Derive the expression for fault current in case of double line to ground

fault considering its sequence network. [8]
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SECTION - II

Q7) a) Explain the significance, advantages and nature of elements of a bus

admittance matrix. [6]
b) Explain the Newton-Raphson method for load flow study along with

the flowchart. [10]

OR

Q8) a) Write the general form of power flow equations for a bus power system

and explain : [10]
i) Nature and characteristics of equations.

ii) Various constraints to be considered.

iii) Types of buses

b) Determine Y bus matrix for the three-bus system for which line series

impedances are as follows : [6]

Line (bus to bus) Impedance (per unit)

1-2 0.06 + j 0.18

1-3 0.03 + j 0.09

2-3 0.08 + j 0.24

Neglect the shunt capacitances of lines.

Q9) a) Define power system stability. Explain different types of power system
stability. [8]

b) A 50 Hz four pole turbo-generator rated 100 MVA, 11kV has an
inertia constant of 8 MJ/MVA. [8]
i) Find the energy stored in the rotor at synchronous speed.
ii) If the mechanical input is reduced to 80 MW for an electrical load

of 50 MW. Find rotor acceleration, neglecting mechanical and
electrical losses.

iii) If the acceleration calculated in part (ii) is maintained for 10 cycles,
find the change in torque angle and rotor speed in rpm at the end

of this period.

OR
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Q10)a) Derive the swing equation of a synchronous machine connected to an

infinite bus. Discuss its applications. [8]
b) Discuss different factors affecting transient stability and methods to

improve it. [8]

Q11)a) Give classification of HVDC transmission systems. State any two HVDC

transmission systems in India. [8]
b) Compare              transmission with HVDC transmission with advantages

and disadvantages. [10]

OR

Q12)a) Explain the main components of HVDC transmission systems. [10]

b) Explain constant excitation angle control scheme in case of HVDC

transmission system. [8]

����
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[4163] - 59
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ELECTROMAGNETIC WAVES & RADIATING SYSTEMS
(2003 Pattern) (Sem. - II)

Time : 3 Hours]          [Max. Marks :100
Instructions to the candidates:

1) Answer 3 questions from Section - I and 3 questions from Section - II.
2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Assume suitable data, if necessary.
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SECTION - I

Q1) a) Derive the Electrostatic boundary conditions at an interface between
conductor and free space. Also derive magneto static boundary
conditions. [10]

b) Verify that within a conductor carrying current I, the magnetic field

strength at a distance r from the centre of the wire is given by 2R2

Ir
H = ,

Where R is the radius of the wire. Assume that current density is uniform
over the cross section of the conductor. [8]

OR

Q2) a) State and explain Gauss’s Law. Also explain application of Gauss’s
Law. [8]

b) Write a short note on continuity equation of current. [6]
c) What is open surface and closed surface? Which is the surface used in

Divergence theorem? Why? [4]

Q3) a) State and explain Poynting Theorem. Also show that instantaneous
power flow contains stored energy and the total power flowing in
volume. [8]

b) The magnetic field intensity is given by H = yz (x2 + y2)a
x
 – y2xza

y
 +

4y2x2a
z
 A/m. Determine J at (1, 2, 0). [8]
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OR

Q4) a) State and explain Maxwell’s Equation for time varying fields and

modify them for free space. [8]

b) Show that continuity equation is contained in Maxwell’s Second

equation. [8]

Q5) a) Derive vector Helmholtz equations for electric and magnetic fields in a

lossless dielectric medium. [8]

b) A plane wave at 100 MHz is propagating in a lossy material. The

phase of the electric field shifts 90° over distance of 0.5m and its peak

value is reduced by 25% for each meter travelled. Find α, β and V.[8]

OR

Q6) a) Define the following terms with mathematical expressions : [8]

i) Intrinsic impedance.

ii) Velocity of propagation.

iii) Depth of penetration.

iv) Surface impedance.

b) Electric field of electromagnetic wave in conducting medium is given

by E = 16e–0.05z sin(2 × 108t – 2z) a
x
 A/m

Find propagation constant, wavelength, wave velocity and skin depth.[8]

SECTION - II

Q7) a) What is reflection on transmission line? What are disadvantages of the

same? Explain in brief the terms : reflection coefficient and SWR. [8]

b) State and explain the primary constants of a transmission line. [8]

OR

Q8) a) What is single stub matching? Explain the merits and demerits of single

stub matching. [8]
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b) Prove that the characteristic impedance of λ/4 line is geometric mean

of source and load impedance, and also justify that λ/4 line will acts as

an impedance inverter. [8]

Q9) a) Write a short note on antenna parameters (any four). [8]
b) An antenna has a radiation resistance of 72Ω, a loss resistance of 8Ω

and a power gain of 12 dB. Determine antenna radiation efficiency

and directivity. [8]

OR

Q10)a) Draw and explain equivalent circuit of transmitting and receiving

antenna. [8]
b) Explain the concept of near field and far field and show that both the

fields become equal at a distance of λ/6 from the transmitting antenna.

[8]

Q11)a) What do you mean by pattern multiplication? Write down the array

factor formula for N element linear array with uniform amplitude and

spacing and explain every term involved therein. [8]
b) Write a short note on (any two) : [10]

i) Yagi Uda arrays.

ii) Turn stile antenna.

iii) Helical antenna.

OR

Q12)a) A 10 element broadside array of isotropic radiators is to have directivity

of 7 dB. What is the minimum element spacing that achieves this

directivity? [8]

b) Write a short note on (any two) : [10]

i) Parabolic reflector.

ii) Micro strip antenna.

iii) Horn antenna.
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Instructions to the candidates:

1) Answer 3 questions from Section - I and 3 questions from Section - II.
2) Answers to the two sections should be written in separate answer books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Assume suitable data, if necessary.
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SECTION - I

Q1) a) Explain Source Coding Theorem? How data compaction is used for
source coding. [8]

b) A discrete source transmits messages x1 & x2 with probabilities 5/6 and
1/6. The source is connected to channel as shown by figure. Calculate
entropies, mutual information. [8]

OR

Q2) a) Calculate a binary optimal code for probabilities symbols using
Huffman procedure and calculate code efficiency. [8]
0.2, 0.18, 0.12, 0.1, 0.1, 0.08, 0.06, 0.06, 0.06, 0.4

b) i) Prove that for a finite variance 2, the Guassian Random variable
has the largest differential entropy attainable by any Random
variable. [4]

ii) Show that entropy is given by 
2
1

 log
2
[2π e σ2]. [4]
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Q3) a) Explain following terms : [6]
i) Data compression.
ii) Rate distortion function.

b) Show that Shanon’s limit for an AWGN channel is equal to –1.6 db in
the information capacity theorem. [10]

OR

Q4) a) Explain sphere packing problem in the information capacity theorem.

[8]

b) Explain M-ary PSK & M-ary FSK system with reference to Shanon’s

limit. [8]

Q5) a) What is meant by burst? How burst error correction takes place? Explain

with suitable example. [6]

b) For a systematic linear block code, 3 parity check bits are given by

C
4
, C

5
, C

6
[12]

C
4
 = d

1
 ⊕ d

2
 ⊕

 
d

3

C
5
 = d

1
 ⊕ d

2

C6 = d1 ⊕ d3

i) Construct a Generator Matrix.

ii) Construct code generated in this matrix.

iii) Determine error correcting capability.

iv) Prepare a decoding table.

v) Decode the received word

101100 and 000110

OR

Q6) a) i) Explain features of Golay codes. [4]

ii) Comment on error detection capability of CRC codes. [4]

b) Find a generator polynomial g(x) for a systematic (7, 4) cyclic code

and find the code vectors for the following data vectors 1010, 1111,

0001, 1000 given x7 + 1 = (x + 1) (x3 + x + 1) (x3 + x2 + 1) [10]
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SECTION - II

Q7) a) A Rate 1/3 convolution encoder has generating vectors as g
1
 = 100,

g
2
 = 111, g

3
 = 101 [12]

i) Sketch the encoder

ii) Draw the state diagram and trellis diagram.

iii) If input message sequence is 10110 determine the output sequence

of the encoder.

b) Explain the necessity of inter leaver in turbo codes. [6]

OR

Q8) a) Explain viterbi algorithm with suitable example. [8]

b) Explain : [5]

i) Distance Bound.

ii) Performance bound related to convolution codes.

c) Explain types of Error control. [5]

Q9) a) Find minimal polynomial of GF(23) whose transfield is GF(2) with

permittive polynomial x3 + x + 1. [8]
b) State note on : [8]

i) JPEG.

ii) An optimal modulation system.

OR

Q10)a) What is Cryptography technique. Explain secret key Cryptography

technique in detail. [8]
b) What is Reed soloman code? Compare it with BCH code with relevant

example. [8]

Q11)a) Compare TDMA, FDMA, CDMA, and SDMA wireless

communication system. [8]
b) Explain various Kepler’s law with respect to satellite communication.[8]

OR
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Q12)a) i) Write short note on cell splitting in mobile communication. [4]

ii) Explain the terms : [4]

1) Frequency leuse.

2) Hand off.

3) Cluster.

b) For a satellite earth station receiver with equivalent noise temp. of 200°k,

a noise band width of 18MHz and a receiving Antenna gain of 50db.

determine gain to equivalent noise temperature ratio, noise density and

total noise power, [8]

Assume carrier frequency of 12 GHz kate (10.75).
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T.E. (Petrochemical)
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1) Answer Q1 or Q2, Q3 or Q4, Q5 or Q6  from Section - I and Q7 or Q8, Q9 or
Q10, Q11 or Q12 from Section - II.

2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of electronic pocket calculator is allowed.
6) Assume suitable data, if necessary.
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SECTION - I

Q1) a) Determine all basic feasible solutions to the system of equations. [6]

x
1
 + 2x

2
 + x

3
 = 4

2x
1
 + x

2
 + 5x

3
 = 5

b) Solve the following LPP problem using simplex method : [10]

Max Z = x
1
 + x

2
 + 3x

2

Subject to constraints :

3x
1
 + 2x

2
 + x

3
 ≤ 3

2x
1
 + x

2
 + 2x

3
 ≤ 2

x
1
, x

2
, x

3
 ≥ 0

OR

Q2) a) Write the dual of the following LP problem : [6]

maximize Z = 2x
1
 + 3x

2
 + x

3

Subject to the constraints

4x
1
 + 3x

2
 + x

3
 = 6

x
1
 + 2x

2
 + 5x

3
 = 4

x
1
, x

2
, x

3
 ≥ 0
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b) A firm produces 3 products A, B, C. The profits are Rs. 3, Rs. 2 and

Rs. 4 respectively. The firm has 2 machines and below is the required

processing time in minutes for each machine on each product. [10]

Product

A B C Machine Minutes available

Machine G 4 3 5 2000

H 2 3 4 2500

Firm must manufacture 100 A’s, 200 B’s and 50 C’s. Formulate the

problem as LPP for maximum profit.

Q3) a) Solve the following assignment problem for minimum time, where

the time required by each job on each machine is as follows : [6]

       Job
I II III IV V

Machine

A 3 5 10 15 8

B 4 7 15 18 8

C 8 12 20 20 12

D 5 5 8 10 6

E 10 10 15 25 10

b) Solve the following transportation problem for minimum cost, using

vogel’s Approximation method : [10]

                    Destinations

D
1

D
2

D
3

D
4

Availability

O
1

1 2 1 4 30

Origins O
2

3 3 2 1 50

O
3

4 2 5 1 20

Requirement 20 40 30 10

OR
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Q4) a) Solve the following assignment problem for minimum cost where the
operating cost of each job on each mach is as follows : [6]

Jobs

1 2 3 4

A 10 12 19 11

Machine B 5 10 7 8

C 12 14 13 11

D 8 15 11 9

b) Use Vogel’s Approximation method to find the optimal solution of

the following transportation problem : [10]

Destinations

D1 D2 D3 Availability

1 8 6 5 150

Source 2 6 6 6 150

3 10 8 4 150

4 8 6 4 150

Requirement 200 200 200

Q5) a) Following are the values of import of raw material and export of

finished product in suitable units. Calculate the coefficient of correlation

between them. [7]

Export 10 11 14 14 20 22 16 12 15 13

Import 12 14 15 16 21 26 21 15 16 14

b) An unbiased coin is thrown 10 times find the probability of getting[6]

i) exactly 6 heads

ii) atleast 6 heads

c) In a Poisson Distribution if [5]

p(r = 1) = 2p(r = 2)

Find p(r = 3)

OR
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Q6) a) Find the lines of regression for the following data : [7]

x 10 14 19 26 30 34 39

y 12 16 18 26 29 35 38

b) In a certain examination test, 2000 students appeared in a subject of

statistics. Average marks obtained were 50% with standard deviation

5%. How many students do you expect to obtain more than 60% of

marks, assuming that marks are normally distributed. [5]

Given Z = 2

area = 0.4772

c) A nationalized bank utilizes four windows to render fast services to the

customers, on a particular day, 800 customers were observed. They

were given services at different windows as follows. Test whether the

customers are uniformly distributed over windows. [6]

Window No. Expected No. of customers

1 150

2 250

3 170

4 230

Given 2
3χ , 0.005 = 7.815

SECTION - II

Q7) a) With usual notations prove the following : [8]

i)
12

2

+
+=

ii) δ = Δ (1 + Δ)–1/2 = ∇  (1 – ∇ )–1/2

b) Find the value of dxx∫ −
2/

0

2 )sin162.01(
π

 using simpson’s one-third

rule taking 
12
π=h . [9]

OR



��������	
 �

Q8) a) Determine by Lagrange’s method the percentage number of patients
over 40 years using the following data : [8]

Age over (x) yrs 30 35 45 55

% no. of patients 148 96 68 34

�� Find the first and second derivatives of y = f(x) at x = 1.5 from the
following data : [9]

x 1.5 2.0 2.5 3.0 3.5 4.0

y 3.375 7.0 13.625 24 38.875 59.0

Q9) a) Find the root of the equation x3 – 5x – 7 = 0 that lies between 2 and 3

by the method of false position. [8]
b) Solve the following system of equations by Guass elimination method.

[9]
x + 2y + 3z + 4u = 10
7x + 10y + 5z + 2u = 40
13x + 6y + 2z – 3u = 34

11x + 14y + 8z – u = 64

OR

Q10)a) Solve the following system of equations by Guass-Seidel’s method.[9]
30x – 2y + 3z = 75
x + 17y – 2z = 48

x + y + 9z = 15

b) Find the equation of best fitting straight line to the following data. [8]

x 0 5 10 15 20 25 30

y 10 14 19 25 31 36 39

Q11)a) Use Runge-Kutta method of fourth order to obtain the numerical

solutions of 22 yx
dx

dy +=  y(1) = 1.5.

in the interval (1, 1.2) with h = 0.1 or find y(1.2). [8]
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b) Solve 02

2

2

2

=
∂
∂+

∂
∂

y

u

x

u
 at the nodal points of square grid using the

boundary values indicated. [8]

OR

Q12)a) Use Euler’s modified method to find the value of y satisfying the

equation 
dx

dy
 = log (x + y) y (1) = 2 for x = 1.2 and x = 1.4 and

h = 0.2. [8]

b) Solve the poisson equation 2

2

2

2

y

u

x

u

∂
∂+

∂
∂

 = – 4(x2 + y2) over the square

mesh with sides x = 0, y = 0, x = 3, y = 3 with μ = 0 on the boundary
and mesh length 1 (h = 1, k = 1). [8]
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5) Use of electronic pocket calculator is allowed.
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SECTION - I

Q1) a) Explain different types of hazards encountered in combinational and
sequential circuits. How to eliminate these hazards? [6]

b) Write down the steps for designing of asynchronous FSM. [2]
c) Draw an ASM chart for the FSM given in fig. 1. [8]

Where A, B, C are the states, W is the input and Z is the output.

OR

������
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Q2) a) Analyze gated D latch as an asynchronous circuit constructed with

NAND gates. [8]
b) Compare Moore and Mealy types of state machines with the help of

block diagram and suitable example. Also state the advantages and
disadvantages of state machines described with state diagrams compared
to ASM charts, truth table and karnaugh map. [8]

Q3) a) Explain the difference between signal and variable. [4]
b) Explain entity and architecture. [4]
c) Write VHDL code for 3:8 decoder. [4]
d) Explain synthesis and implementation. [4]

OR

Q4) a) Write VHDL code for 4-bit up counter with reset input. [8]
b) Explain different modeling styles of VHDL.  [8]

Q5) a) Solve using Booth’s algorithm and bit pair recoding technique,
(+ 14)

10
 × (–5)

10
[8]

b) Perform non-restoring division of following, [10]
Dividend = 1010
Divisor = 0011
Also state merits and demerits of non-restoring division.

OR

Q6) a) Explain different IEEE standards for representing floating point
numbers. [8]

b) Represent the following in single precision format [6]
i) –1.5 ii) 15

c) What are the rules to perform multiplication and division of floating
point numbers. [4]

SECTION - II

Q7) a) Explain with suitable example execution of a complete instruction using
single bus organization. [12]

b) Differentiate between stack and queue. [4]

OR



�������	� �

Q8) a) Explain following addressing modes with suitable examples. [12]
i) Immediate addressing mode.
ii) Direct addressing mode.
iii) Indirect addressing mode.
iv) Register addressing mode.
v) Index mode.
vi) Auto increment mode.

b) Explain the role of stack in execution of subroutines. [4]

Q9) a) Explain an interrupt instructure with suitable example (any processor).
[8]

b) Explain memory mapped I/O and I/O mapped I/O. [8]

OR

Q10)a) List out different system buses along with their features. [8]

b) Explain different bus arbitration methods. [8]

Q11)a) Explain the concept of virtual memory. How virtual address is translated

to physical address? [8]

b) Explain different types of RAMs in detail. [6]

c) Explain memory hierarchy. [4]

OR

Q12)a) With respect to cache memory explain the following [8]

i) Write through policy.

ii) Write back policy.

b) Explain with suitable diagram, interleaving of memory. [5]

c) What are performance considerations? [5]
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SECTION - I
Q1) a) Define and explain the term Path of approach, path of recess and path of

contact between two mating gears. [6]
b) Two involute gears with number of teeth 28 and 45 are in mesh. If they

have standard addendum (a = 1m) and pressure angle is 20º. Find the
following:
i) Path of approach
ii) Path of recess
iii) Contact ratio
iv) Angle of approach for pinion if pinion is driver.
Assume module = 3mm. [10]

OR
Q2) a) What do you mean by undercutting and interference in involute gears.[8]

b) Compare Involute gear tooth profile with the cycloidal profile. [8]

Q3) a) What do mean by gear Torque and tooth load in epicyclic gear train.[10]

b) Explain the tabular method for obtaining the velocity ratio of epicyclic
gear train? [6]

P.T.O.
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OR

Q4) Gear wheel A having 14 teeth is rigidly mounted on the driving shaft. It gears
with compound wheel B-D. B gears with fixed annular wheel C and D gears
with annular wheel E. The compound wheel B-D, revolves freely on a pin.
The annular wheel E is rigidly mounted on the driven shaft.

Modules of all gears are same. The driving shafts and the annular wheels are
coaxial. Number of teeth on gear C, E and D are 100, 98, 41. Driving shaft
rotates at 1000 rpm and transmits 20 kW power. [16]

a) Sketch the arrangement.

b) Find the speed of driven shaft.

c) Find the torque transmitted by the driven shaft.

Q5) Draw the profile of a cam operating a flat face follower reciprocating follower
and with the following data:

Minimum radius of cam = 40 mm, Lift = 35mm,

The cam lifts the follower for 90º with SHM followed by a dwell period of
60º. Then the follower lowers down during 150º of the cam rotation with
uniform acceleration and deceleration followed by a dwell period. If the cam
rotates at a uniform speed of 300 rpm, calculate the maximum velocity and
acceleration of the follower during the descent period. [18]

OR

Q6) The following data relates to a cam operating an oscillating roller follower:[18]
Minimum radius of cam = 30 mm
Radius of roller = 10 mm
Length of follower arm = 45 mm
Distance of fulcrum centre from cam centre = 550mm
Angle of ascent = 80º
Angle of descent = 120º
Angle of dwell at maximum lift = 50º
Angle of oscillation of follower = 28º
Draw the cam profile. Assume follower follows SHM for both outstroke and
return stroke.
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SECTION - II
Q7) a) A transmission shaft of cold drawn steel 27 Mn2 (Sut = 500 N/mm2 and

Syt = 300 N/mm2) is subjected to a fluctuating torque which varies from
-100 N-mm to + 400 N-mm. The factor of safety is 2 and the expected
reliability is 90%. Neglecting the effect of stress concentration, determine
the diameter of the shaft.
Take Ka = 0.8, Kb = 0.85, Kc = 0.897
Assume the distortion energy theory of failure. [8]

b) Explain the effect of following modifying factors on endurance strength:[8]

i) Surface finish factor

ii) Size factor

iii) Reliability factor

iv) Modifying factor to account stress concentration.

OR
Q8) a) What is Stress concentration? What are its causes and explain the methods

of reducing stress concentration. [8]
b) Explain the terms with neat sketches: [8]

i) Soderberg diagram

ii) Modified Goodman diagram.

Q9) A spur pinion having 20 teeth is to mesh with a gear having 43 teeth. The
pinion and gear are to be made of plain carbon steels having ultimate tensile
strengths of 600 N/mm2 and 400 N/mm2 respectively. The pinion is to be
driven by a three phase induction motor having a speed of 1440 r.p.m. and 10
kW rating. The starting torque of the motor is twice the working torque. If the
surface hardness of the gear pair is to be 400 BHN, design a gear pair with a
factor of  safety of 1.5.
Assume velocity factor accounts for the dynamic load.
Assume 20º full depth involute tooth system.
Y = 0.484 - (2.87/Z) and b = 10 m
First choice of std. modules in mm recommended by ISO:
1, 1.25, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, 20, 25, 32, 40.
K = 0.16 [BHN/100]2 Ka = 2 and Km = 1 [18]
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OR
Q10)a) Explain the Equivalent spur gear and virtual number of teeth related to

helical gear. [8]
b) Derive the relationship for the beam strength of a helical gear pair. [10]

Q11)a) Explain bearing life with the help of graph of percentage bearings in
operation Vs the bearing  life. [10]

b) Explain the procedure of selection of bearing from manufacturer’s
catalogue. [6]

OR
Q12)a) A deep-groove ball bearing having bore diameter of 60 mm and rotating

at 1440 rpm is subjected to a radial force of 2000 N and an axial force of
1000 N. The radial and thrust factors are 0.56 and 2.0 respectively. The
load factor is 1.2. If the expected rating life is 25000 hours, calculate the
required basic dynamic capacity of the bearing. [8]

b) Describe with neat sketches, the different types of rolling contact bearings.
[8]
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SECTION - I
Q1) a) The dynamics of a process is given by [12]

dt
dx1  = 5x1 + 2x2 +2x3

dt
dx2  = 3x1 + 6x2 + 3x3

dt
dx3  = 6x1 + 6x2 + 9x3.

Find eigenvalues and eigenvectors of linear matrix A if system of equation

is represented as dt
dx

 = Ax where x = (x1, x2, x3)

b) Consider system of equations. [6]
2x1 – x2  = 7
–x1 – 2x2 – x3 = 1
–x2 + 2x3 = 1
Use Gauss - Seidel method and perform three iterations.

P.T.O.
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OR
Q2) a) State the convergence criteria for the Gauss Seidel method. [9]

b) State and explain three categories in which systems of linear algebric
equations can be classified. [9]

Q3) a) In a chemical process water vapour is heated to sufficient high temperature
where sufficient portion of water dissociates to form O2 and H2 as [10]

H2O        H2 + 
2
1

  O2

It is assumed that, this is only reaction involved, the mole fractions of
H2O (x) that dissociates can be represented by

Kp = x
x
−1

x
pt

+2
2

where Kp = reaction constant = 0.04568

  Pt = total pressure = 2 atm

Determine the values of x  that satisfy the above equation by using   Newton
Raphson method.

b) Explain three error sources in computations. [6]

OR

Q4) a) Explain the  graphical interpreation of Euler’s method.      [8]

b) The table below shows temperature as a function of time [8]
t 1 2 3 4 5 6 7
T 81 75 80 83 78 70 60

Where t denotes time and T denotes Temperature. Use Simpsons 8
3

rule

to estimate ∫
7

1

)( dttf .
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Q5) Solve 2

2

dx
yd

 + y = 0 with boundry conditions y = 0 when x = 0, y = 0 when

x = 1. Find y at x = 0.5 [16]

OR
Q6) a) Using the finite difference method solve the boundry value problem.

1
2

2
2 =+

dx
dyx

dx
ydx

With y (1) = 0, y (1.4) = 0.05666
Find y (1.1), y (1.2) and y (1.3) [10]

b) What are different types of boundry conditions applied to partial
differential equation. [6]

SECTION - II
Q7) a) Fit a curve y = axb using following data

x 2000 3000 4000 5000 6000
y   15  15.5   16   17   18

Find the values of a and b [8]
b) Explain the principle of least square method to show the sum of the

squares of residual is minimum. [8]

OR
Q8) a) Fit a parabola to the following data using the method of least squares.[8]

x 1.0 1.2 1.4 1.6 1.8 2.0
y 0.98 1.40 1.86 2.55 2.28 3.20

b) What are the quantification of error in linear regression.  [8]

Q9) a) Explain vector and Tensor components in curvilinear co-ordinates. [8]

b) Show that 2x
Ap
∂
∂

 is not a tensor eventhougth Ap is a covarient tensor of

rank one. [8]
OR

[4163]-81 3



Q10)a) State the fundamental operations with tensors. [8]
b) Show that the velocity of a fluid at any point is a contravarient tensor of

rank one. [8]

Q11)a) What is process optimization and state different methods of optimization.
[6]

b) Maximize Z = 500 x1 + 600x2

Subject to conditions
x1 + 2x2 < 15
3x1 + 2x2 < 18
x1, x2 > 0

Find the optimal solution and maximum value of Z. [12]

OR
Q12)a) Maximize Z = 14x + 20y [12]

Subject to condition
20x + 6y < 1000
40x + 8y < 500
x, y > 0

b) State the applications of optimization and explain one in short. [6]

( ( (
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SECTION - I
Q1) a) In an O2-N2 gas mixture at 1 std atm, and 25ºC, the concentrations of

oxygen at two planes 2 mm apart are 10 and 20 vol.% respectively.
Calculate the flux of diffusion of the oxygen for the case where: [12]
i) The N2 is nondiffusing.
ii) There is an equimolar counterdiffusion of the two gases.
DAB = 1.81 × 10–5 m2/sec
What is percentage change in flux if total pressure is doubled?

b) Compare molecular diffusion with eddy diffusion. [4]

OR
Q2) a) Calculate the rate of diffusion of acetic acid (A) across a film of

nondiffusing water (B) solution 1 mm thick at 17ºC when the
concentrations on opposite sides of the film are 9 and 3 wt % acid
respectively. The diffusivity of acetic acid in the solution is 0.95 × 10–9

m2/sec. At 17ºC density of the 9 and 3 wt % solutions is 1012 and
1003.2 kg/m3, respectively. [8]

P.T.O.

SEAT No. :



b) i) Compare direct contact of two immiscible phases with direct contact
of miscible phases. [4]

ii) Explain different characteristics of mass transfer operation that will
influence on the methods of conducting the mass transfer operations.[4]

Q3) a) Derive Reynald’s analogy between heat, mass and momentum Transfer.[8]
b) Explain the concept of interphase mass transfer and derive an expression

relating local and overall mass transfer co-efficient. [8]
OR

Q4) In a wetted wall column there is absorption of SO2 by means of water which
is flowing down as a thin liquid film on the inside surface of the column. SO2-
air mixture is flowing from bottom to top of the column. The equilibrium
relation at given separating conditions as follows:

xso2 0.07 0.21 0.285 0.33 0.385

yso2 0.03 0.12 0.20 0.275 0.42

SO2 composition in main gas stream is 0.37 mol fraction, that in main liquid
stream is 0.13 and equilibrium composition at fixed conditions of temperature
and pressure are 0.2 and 0.285 respectively in gas and liquid phase. Determine
an individual mass transfer coefficient for liquid and overall mass transfer
coefficient. Also determine the mass transfer flux. Ky = 1.47 × 10–3      [16]

Q5) The equilibrium partial pressure of CO2 over aqueous solutions of ethanolamine
(30%) are: [18]

mol CO2/mol solution 0.058  0.06 0.062 0.064 0.066 0.068 0.07
Partial pressure of CO2 5.6 12.8 29.0 56.0 98.7 155 232
(mm Hg) at 25ºC

A plant manufacturing dry ice will burn coke in air to produce a flue gas
which, when cleaned and cooled, will contain 15% CO2, 6% O2, and 79% N2.
The gas will be blown into a sieve tray tower scrubber at 1.2 std atm, 25 ºC,
to be scrubbed with a 30% ethanolamine solution entering at 25 ºC. The
scrubbing liquid, which is recycled from a stripper, will contain 0.058 mol
CO2/mol solution. The gas leaving the scrubber is to contain 2% CO2. Assume
isothermal operation.
a) Determine the minimum liquid/gas ratio, mol/mol.
b) Determine the number of theoretical trays for an L/G ratio of 1.2 times

the minimum.
The specific gravity of the solution is 1.012.
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OR
Q6) a) What is minimum liquid-gas ratio for absorbers? How it is determined

and Explain its significance during the design of absorption column. [8]
b) Starting from basic principles derive Kremser-Brown-Souders (or simply

Kremser) equation to calculate the number of theoretical plates for gas
absorption. [10]

SECTION - II

Q7) a) Explain web bulb temperature and derive tG – tw = 
( )

y

G

ww

k
h

YY ′−′λ
[10]

b) Explain the term ‘Lewis Relationship’ [6]

OR

Q8) a) Derive the relation tG1 – tas = 

)( 1as YY ′−′

 

1S

as

C
λ

 for adiabatic saturation curve.

[8]
b) The DBT and WBT of air are found to be 30ºC and 20ºC respectively.

By using humidity chart calculate: [8]
i) Absolute humidity ii) Molar Humidity
iii) % Relative Humidity iv) %Saturation
v) Humid Volume

Q9) a) Explain about multistage absorption towers with neat sketches and Explain
certain design features generally used in tray design. [10]

b) Give brief regarding the pressure drop and channelling in the packed
column. [8]

OR
Q10)a) Explain Proprietary Trays with neat sketches. [8]

b) Compare Point efficiency with Murphree tray efficiency. [6]
c) Write a note on ‘Entrainment’. [4]
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Q11)a) Explain different zones in the continuous countercurrent dryer with sketch.
[6]

b) An uninsulated, hot air countercurrent rotary dryer is to be used to dry
ammonium sulphate from 3.5 to 0.2% moisture (wet basis). The dryer is
1.2 m in diameter, 6.7 m long. Atmospheric air at 25ºC, 50% humidity,
will be heated by passage over steam coils to 90 ºC before it enters the
dryer and is expected to be discharged at 32 ºC. The solid will enter at
25 ºC and is expected to be discharged at 60ºC. Product will be delivered
at a rate of 900 kg/h. Estimate the air and heat requirements for the dryer.
The heat capacity of dry ammonium sulphate is Cs = 1507 and that of
water 4187 J/kg. K. The estimated combined convection and radiation
heat transfer coefficient from dryer to surrounding is 12 W/m2.K. [10]

OR

Q12)a) Derive 

( ) ( ) ( )
( ) ⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−
−

−+−= *
2

*
*

1T Int
XX
XXXXXX

AN
L C

CC
C

s

 to calculate total

drying time. [8]
b) A batch of the solid is to be dried from 25 to 6% moisture (on wet

basis). The initial weight of the weight solid is 160 kg and the drying
surface is 1 m2/40 kg dry weight. Determine the total time for drying.
XC = 0.2 (dry basis) [8]

X 0.2 0.18 0.16 0.14 0.12 0.10 0.09 0.08 0.07 0.064
103N 0.3 0.266 0.239 0.208 0.18 0.15 0.097 0.07 0.043 0.025

( ( (
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SECTION - I
Q1) a) Define Instrumentation and explain the purpose of instrumentation in

Chemical process industries. [6]
b) Distinguish between self operated and power operated instruments. [4]
c) What is calibration? State methods for calibrating the instruments. [8]

OR
Q2) a) Explain static and dynamic characteristics of measuring instruments.[8]

b) Evaluate the temperature at which Fahrenheit and Centigrade Scale
coincide. [6]

c) Explain the importance of Instrumentation the process industries. [4]

Q3) a) Describe the operating principle, construction and working of optical
pyrometer. [8]

b) Explain working of Industrial mercury in glass thermometer, with the
help of a neat diagram. [8]

OR
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Q4) a) Write Short notes on. [8]
i) Liquid filled thermometer ii) RTD

b) Explain Seebeck effect and its application in working of a temperature
measuring instrument. Name the instrument with its working diagram.[8]

Q5) a) Enumerate the desirable characteristics of manometric liquids. Name some
of the manometric liquids and point their fields of application, advantages
and limitations. [10]

b) Explain inclined leg manometer. [6]

OR
Q6) a) Explain any one type of high pressure sensor in detail. [8]

b) Explain construction and working of Pirani vacuum gauge. [8]

SECTION - II
Q7) a) Explain the principle, construction and working of Venturi meter. [8]

b) Describe with the help of a neat diagram, construction and working
operation of pitot static probe. [8]

OR
Q8) a) Describe the principle, construction and working of Electromagnetic flow

meter. [10]
b) Describe Vena Contracta in orifice. [6]

Q9) a) Explain construction and working of Air purge method and its application.
[8]

b) Write short notes on. [8]
i) Dip Stick method ii) Diaphragm box method

OR
Q10)a) Explain with neat diagram Air trap system for liquid level measurement.[8]

b) What are the objectives to use of Sight Glass and float Glass for level
measurement? [8]
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Q11)a) Describe various viscosity measuring devices. [8]
b) Explain Chromatography in detail. [10]

OR
Q12)Write short notes on: [18]

a) Emission spectroscopy
b) Mass Spectroscopy
c) Conductivity Cell
d) I.R. Absorption Spectroscopy.

( ( (
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SECTION - I
Q1) a) Explain the selection of gasket & bolt design. [8]

b) The pressure vessel has inside diameter 1450 mm and a plate thickness
of 4.5 mm. The inside diameter of flange is 1480mm. A gasket is provided
over the flange face. Gasket factor is 2.0 and gasket seating stress is 120
kg/cm2. ID of gasket is 1483mm. Pressure inside the vessel is
2.7 kg/cm2, permissible stress in bolts under atmospheric condition is
600 kg/cm2. Permissible stress in bolts at operating condition is
550kg/cm2. Diameter of bolt is 20 mm. Calculate: [10]
i) The bolt load
ii) Bolt area
iii) Flange thickness.

OR
Q2) a) Explain the design and types of heads with neat diagrams. [8]

b) Using shear strain energy theory criterion, calculate the equivalent stress
if the shell (cylindrical) is subjected to combined loadings. [10]
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Q3) A multilayer vessel having an inside diameter 30cm and an outside diameter
59cm has been formed by shrink fitting. The vessel is to operate under an
internal pressure of 1330 kg/cm2 and is constructed of three shells. The interface
diameters are 37.5 cm and 46.8 cm respectively. Determine the
a) Maximum combined stresses at the interfaces of the concentric shells.
b) The hoop stress variation in each of the three shells. [16]

OR
Q4) a) Explain the various stresses induced in the cylindrical shell of the skirt

support. [8]
b) A tall vertical vessel 1.4m in diameter and 12.8 m high is to be provided

with the skirt support. Weight of the vessel with all its attachment is
80,000 kg. Diameter of the skirt is equal to the diameter of vessel. Height
of the skirt is 2.3m. Wind pressure acting over the vessel is 100 kg/m2.
Seismic coefficient is 0.08m, permissible tensile stress of skirt material is

960 kg/m2, permissible compressive strength is 3
1

rd yield stress of

material. Yield stress is 24000 kg/cm2. Estimate the thickness of skirt
support. [8]

Q5) a) Explain in detail the design procedure for a saddle support. [8]
b) Explain various types of roofs used for storage vessels. [8]

OR
Q6) a) Discuss various types of losses during storage of volatile liquids. [8]

b) Explain detailed design procedure for design of cylindrical storage vessel
with cone roof. [8]

SECTION - II
Q7) 13000kg/hr of water available at 95ºC is to be cooled to 48ºC in a shell and

Tube Heat Exchanger. This heat is to be utilized for preheating of water from
16ºC to 46ºC. Cold water is to be circulated through the tubes, while hot
water on shell side. Tubes of ID 20mm are to be used and the maximum
velocity through the tubes should not be more than 0.55 m/sec. Due to space
limitations the tube length is to be restricted to 3.2m. Overall heat transfer
coefficient for heat exchanger is 1460 W/m2K. Fouling resistance and metal
wall resistance may be neglected. Suggest a suitable design for the shell and
Tube heat exchanger.            [16]
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OR
Q8) a) Discuss the fouling of plate heat exchanger. [6]

b) Estimate the size needed for a counter current Bayonet heat exchanger
and estimate the cooling water rate required. Data given is:
Inlet and outlet temperature of hot fluid.
T1 = 232ºC & T2 = 176ºC
Inlet and outlet temperature of cold fluid.
t1 = 140ºC & t2 = 154ºC
ID of inner tube = 2.54cm
OD of outer tube = 5.08cm
Heat capacity of hot fluid = 2594 J/kgºC
Heat capacity of cold fluid = 2427 J/kgºC

Overall heat transfer coefficient of inner tube = 114 Cºm
W
2

Overall heat transfer coefficient of outer tube = 57 Cºm
W
2

Overall flow rate of hot fluid = 0.279 kg/sec. [10]

Q9) 4kg/sec of liquid with 10% solids available at 21ºC is to be concentrated to
50% solids. The vacuum can be used at 13.3 kN/m2. BPR of the solution can
be neglected. The heat capacity of solution = 4180 J/kg K.
Temperature of steam at 205 kN/m2 = 121ºC
Temperature of vapor at 13.3 kN/m2 = 52ºC
Latent heat of steam at 52ºC = 2377 kJ/kg
Latent heat of steam at 121ºC = 2200 kJ/kg
OD of the tube = 75mm
Length of the tube = 2.0m
Down-comer area = 70% of the total cross-sectional area. Arrangement of the
tubes are square pitch with centre to centre distance equal to 1.25 times the
OD of tube. Design the evaporator as triple effect with backward feed
arrangement. Overall heat transfer coefficients.
are → U1 = 2500 W/m2K

U2 = 2000 W/m2K
U3 = 1600 W/m2K [16]

OR
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Q10)Ammonia vapors are to be condensed at 1500kN/m2. Saturation temperature
of ammonia vapors is 42ºC, flow rate of vapors = 0.3 kg/sec. Water is available
at 28ºC. 25mm OD tubes are arranged on triangular pitch of 31mm and 5m in
length are available.
Overall heat transfer coefficient for condensing ammonia vapors = 1000 to
2500 W/m2K. Properties of liquid ammonia:
Density = 600 kg/m3,
Viscosity = 0.085 × 10–3 N.Sec/m2.
Thermal conductivity = 0.502 W/mK.
Fouling factor on ammonia side = 0.0002 [W/m2K]–1

Fouling factor on water side = 0.0004 [W/m2K]–1

Latent heat of ammonia vapors = 1092 kJ/kg
Properties of water: Density = 1000kg/m3.
Viscosity = 0.7 × 10–3 N.sec/m2,
Thermal conductivity = 0.63 W/mk.
Design 1:4 type shell and tube heat exchanger. [16]

Q11)a) With neat sketch, explain plate and frame filter press. [9]
b) Explain the working of a Basket type centrifuge with a neat sketch. [9]

OR
Q12)a) How filters are classified? Explain the working of a rotary drum filter

with a neat sketch. [9]
b) Explain in detail the pressure filters and state their advantages and

disadvantages. [9]

( ( (
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SECTION - I
Q1) a) Explain various methods of determination of partial molar properties.[8]

b) For N2 gas, compressibility factor is the function of pressure and it is
given by
Z = 1– 0.36 × 10–2P.
Calculate fugacity of N2 gas at 10 and 50 atm. [8]

OR
Q2) a) What are the characteristics of an ideal solution what is Lewis-Randall

rule? [8]
b) Show that the fugacity of a gas obeying vanderwaals equation of state is

given by [8]

ln f = bV
RTln

RTV
29

b - V
b

−
+−

where a and b are vanderwaals constants.
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Q3) a) The excess Gibbs free energy is given by

RT
GE

 = –3x1 x2 (0.40x1 + 0.5x2)

Find expressions for ln x1 and ln x2  [10]

b) For a binary mixture of A and B, activity coefficient data for A is available
over the entire composition range while only one point data is available
for B. Show how would you determine the activity coefficient for B over
the entire range of composition. [8]

OR

Q4) Chloroform and ethanol (2) forms an azeotrope at 760 kPa and 53.5ºC and
x1 = 0.65 using the van Laar model calculate the VLE data at 53.5ºC At 53.5ºC

sat

1
P  = 587 kPa, p2

sat = 484 kPa.

The Antoine constants are given as [18]
Compound     A       B    C
Chloroform 6.95465 1170.966 226.232
Methanol 8.08097 1582.271 239.726

Q5) a) For the system ethyl ethonate (1)/n-heptane (2) at 343.15k (70ºC)
ln x1= 0.95 x2

2, ln x2 = 0.95 x1
2

sat

1
P  = 79.80 kPa, P2

sat = 40.50 kPa

Calculate:
i) P and yi for T = 70ºC, x1 = 0.05
ii) P and xi for T = 70ºC, y1 = 0.05 [12]

b) Discuss the modified Raoults law and its assumptions. [4]

OR
Q6) The vapor pressures of acetone (1) and acetonitrile (2) can be evaluated by

Antoine equations

ln P1
S = 14.5463 – 35.93 -T

2940.46

ln P2
S = 14.2724 – 49.15 -T

2945.47
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Where T is in K and P is in kPa. Assuming the solution formed by these is
ideal. Calculate:
a) x1 and y1 at 327 K and 65 kPa.
b) T and y1 at 65 kPa and x1 = 0.40
c) P and y1 at 327 K and x1 = 0.40
d) T and x1 at 65 kPa and y1 = 0.40
e) P and x1 at 327 K and y1 = 0.40 [16]

SECTION - II
Q7) a) The simplest expression for GE/RT capable of predicting LLE is the one

parameter equation GE/RT = A x1 x2.
Derive the equations resulting from application of this equation to LLE.[8]

b) Explain the liquid-liquid equilibrium diagram on a triangular coordinates
for a system in which two pairs are partially soluble. [8]

OR
Q8) a) Derive the following expression for solid - liquid equilibrium

iψ  = exp dt
RT

HHT

Tmi
2∫

− s
i

l
i

where ψ i = l
i

s
i F/F

l
iH and s

iH  are the molar enthalpies for the species i in the liquid and
solid phases. Tmi is the melting temperature (freezing point) of pure
species i. [10]

b) Explain T X Z diagrams.  [6]

Q9) a) Derive an expression showing the effect of temperature on equilibrium
constant. [10]

b) A system initially containing 2 mol C2H4 and 3 mol O2 undergoes the
reactions

C2 H4 (g) + 
2
1

 O2 (g) →  <(CH2)2> 0 (g)

C2 H4 (g) + 3O2 (g) 

→

 2CO2(g) + 2H2O(g)
Derive expressions for the mole fractions of the reacting species as
functions of the reaction co-ordinates for the two reactions. [8]

OR
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Q10)a) Methanol can be produced according to the reaction
CO(g) + 2H2 (g)

→

 CH3 OH (g). Estimate the degree of conversion of
CO(g) into methanol at 500 K and 5 bar if
i) an equimolar mixture of CO and H2 is fed to a reactor.
ii) Stoichiometric mixture of CO and H2 is fed to a reactor.
iii) CO and H2 in the ratio 1:4 enter the reactor.
At 500 K, Ka = 4.973 × 10–3 [12]

b) Explain phase rule and Duhems theorem for reacting species. [6]

Q11)a) Calculate the equilibrium constant at 298K for the reaction
C2H4 (g) + H2O (g) 

→

 C2H5 OH(g) with the help of following data. Also
comment about feasibility of reaction. [8]

Sº298, J/mol.K Hº298, J/mol.K
C2H4(g) 220.85 48986
H2O (g) 189.12 –241997
C2H5OH(g) 278.00 –238941

b) The standard heat of formation and standard free energy of formation of
ammonia at 298K are – 46100 J/mol and –16500 J/mol respectively.
Calculate the equilibrium constant for the reaction
N2 (g) + 3H2 (g) 

→

 2NH3(g)
at 500K assuming that the standard heat of reaction is constant in the
temperature range 298 K 500K. [8]

OR
Q12)a) A feed stock of pure n-butane is cracked at 750 K and 1.2 bar to produce

olefins. Only two reactions have favourable equilibrium conversions at
these conditions.

C4H10 

→

 C2H4 + C2H6 - (I) K1 = 3.856
C4H10 

→

 C3H6 + CH4  - (II) K2 = 268.4
If these reactions reach equilibrium, what is the product composition?[10]

b) Explain multireaction equilibrium. [6]

( ( (

[4163]-85 4



Total No. of Questions : 12]

[Total No. of Pages : 4

[4163] - 86

T.E. (Chemical)
CHEMICAL REACTION ENGINEERING - I

(2003 Pattern) (Sem. - II) (Common to Bio-Tech.)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answer 3 questions from section I and 3 questions from section II.
2) Answers to the two sections should be written in separate answer books.
3) Neat diagrams must be drawn wherever necessary.
4) Use of logarithmic tables, slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
5) Assume suitable data, if necessary.

P1006

SECTION - I
Q1) a) Give detail classification of chemical Reactions useful in Reactor design

with an example. [6]
b) Define rate of reaction. Write rate of reaction in various forms. [6]
c) Explain temperature dependent term of rate equation. [6]

OR
Q2) a) A reaction with stoichiometric equation [6]

2
1

 A + B        R + 
2
1

S

has the following rate expression

B
0.5
AA CC2=− r

What is the rate expression for this reaction if stoichiometric equation is
written as A + 2B        2R + S

b) The reaction between acetic acid and ethanol is studied in a Laboratory.
CH3COOH + C2H5OH        CH3 COOC2H5 + H2O.
It is observed that 0.667 moles of ester is formed when one mole of
acetic acid is mixed with one mole of ethanol.Calculate the equilibrium
constant for the above reaction [8]

P.T.O.
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c) A certain reaction has a rate given by
– rA = 0.005 CA

2 mol/cm3.min
If the concentration is expressed in mol/lit and time in hours. What would
be the value and units of rate constant. [4]

Q3) a) For a homogeneous first order gas phase reaction
SO2 Cl2→SO2 + Cl2

The half life time is 445. Calculate the time required for the concentration
of SO2 Cl2 to be reduced to 2% of the original value. [8]

b) Explain the term Reactions of shifting order with an example. [8]

OR
Q4) a) Derive an expression for autocatalytic irreversible reaction in a batch

reactor.      [8]
b) The reaction between triethyl amine and methyl iodide is carried out with

nitrobenzene as solvent at 25ºC. The reaction is second order with reaction
rate constant 0.033 lit/mol-sec. Initial concentration of both the reactants
is 0.02 mol/lit each. Calculate the time required for 30%, 70% and 90%
conversion. How much conversion can be achieved in 30 minutes. [8]

Q5) a) Explain mixed flow reactors of different sizes in serises and determine
the best system for a given conversion. [8]

b) A second order irreversible vapour phase reaction is carried out in a plug
flow reactor. The reaction is represented as [8]
P 

→

 Q + 2C
Calculate
i) The length of plug flow reactor required for 68% conversion.
ii) The error in length calculation if volume change is neglected.
Given data: Reaction rate constant K = 4.2 lit/mol.sec.
Cross sectional area A = 150 cm2.
Volumetric flow rate Vo = 1.3 lit.sec.
Initial concentration of p is Cpo = 0.025 mol/lit.

OR
Q6) a) It is planned to operate a mixed reactor to convert A into R. This is a

liquid reaction with the stoichiometry A 

→

 R. The rate equation is given
in table below. What size of mixed flow reactor is needed to achieve
75% conversion of feed stream of 1000 mol of A/hr with CAO = 1.2 mol/lit
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CA mol/lit 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1.0 1.3  2.0
 – rA mol/lit min 0.1 0.3 0.5 0.6 0.5 0.25 0.1 0.06 0.05 0.045 0.042

[8]
b) Describe term space time and space velocity. [4]
c) A vapour phase reaction with unknown kinetics is carried out in plug

flow reactor. The reaction is represented as [4]
2A 

→

B+2C
The space velocity is 1.5 min–1 and the conversion achieved is 80%
calculate.
i) Space time of plug flow reactor.
ii) Holding time in plug flow reactor.

SECTION - II
Q7) a) What reaction schemes and conditions would you use to have maximum

concentration of R for the following parallel reactions?

A + B 

→

 R (desired) rR = 15.e–273/T

B
0.5
A CC

A + B →  S (undesired) rS = 200.e–2000/T .

BA.CC

[8]
b) Write a note on concentration - time curves for the elementary reversible

parallel reactions. [10]

OR
Q8) a) Derive rate expression for two step irreversible serise - parallel reaction.

The reactions are as follows: [8]
 A + B ⎯→⎯ 1K  R

R + B ⎯→⎯ 2K S
b) Liquid reactant A decomposes as per the following reaction scheme[10]

With rates
rR = K1CA

2 K1 = 0.4 m3/(mol. min)
rS = K2CA K2 = 2 (min)–1

an aqueous feed containing A with CAO = 40 mol/m3 enters the reactor,
decomposes and a mixture of A,R and S leaves the reactor. Find the
operating condition XA, τ  and CR which maximises CR in a mixed flow
reactor.
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Q9) a) The standard heat of gas phase reaction at 25ºC

A + B 

→

2R is 

o
RΔH

 = ΔHR(298ºK) = –50000J
Indicating that the reaction is strongly exothermic. It is planned to run
this reaction at 1000ºC. What is the value of heat of reaction at that
temperature? Is reaction is still exothermic at 1000ºC? [8]

b) Write note on optimum temperature progression. [8]
OR

Q10)Determine the equilibrium conversion for the following elementary reactions
between 0ºC & 100ºC. [16]
A   R

at 298°K 

Δ

 Gº = –14130 J/mol. 

o
RΔH

= –75300 J/mol
CPA = CPR = constant
a) Construct a plot of temperature u/s conversion.
b) What restrictions should be placed on a reactor operating isothermally if

conversion of 75% or higher is desired.

Q11)In order to study the residence time distribution in a CSTR operating at
steady state a tracer is introduced in the feed stream. The tracer concentration
in the effluent stream is monitored as a function of time and the data is tabulated
as shown below [16]
t(sec) 0 100 200 300 460 500 670 735 840 960 1100
Tracer
concn g/m3 0 2.9 8.7 12.4 10 6.5 3.0 1.5 0.5 0.0 0.0
Time is measured relative to that at which tracer is injected. Calculate

a) The average residance time of fluid and F(t) curve for the system.
b) The variance of the response to the pulse input.
c) Dispersion number.

OR
Q12)Write a note on [16]

a) Residance time distribution (RTD)
b) Dispersion model.

( ( (
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SECTION - I
Q1) a) Describe solvay process with detailed process flow diagram and reactions.

Also discuss the major engineering problems involved. [12]
b) Compare unit operations and unit processes. [6]

OR
Q2) a) What are the various sea chemicals obtained from sea water? Describe

the recovery process in detail. [12]
b) Explain production of aluminium. [6]

Q3) a) Explain production of phosphoric acid from phosphate rock. [8]
b) Explain urea production with its engineering problems. [8]

OR
Q4) a) Describe the process for ammonia production. [8]

b) Discuss the production process of sulphuric acid. [8]

Q5) a) Explain sugar production process. [8]
b) Describe absolute alcohol manufacturing process. [8]

P.T.O.

SEAT No. :



OR
Q6) a) Discuss production of starch derivatives. [8]

b) Explain procedure for paper making. [8]

SECTION - II
Q7) a) Describe destructive distillation of coal. [8]

b) Explain hydrogenation of oil. [8]
OR

Q8) a) Discuss the soap manufacturing process. [8]
b) Write a note on Inter esterification of fats. [8]

Q9) a) Describe the production of water gas and producer gas. [10]
b) Write a note on refinery operations. [8]

OR
Q10)a) Explain the following refinery operations.(any two) [12]

i) Alkylation ii) Reforming
iii) Catalytic cracking.

b) Explain how natural gas is recovered. [6]

Q11)Draw the process flow diagram and explain in breif. [any 4] [16]
a) Vinyl chloride b) Methanol
c) Cumene d) Isopropyl alcohol
e) Formaldehyde f) Acetone

OR
Q12)a) Describe phenol manufacturing by toluene oxidation. [10]

b) Explain phthalic anhydrade production. [6]

( ( (

[4163]-88 2



Total No. of Questions : 12]

[Total No. of Pages : 3

[4163] - 89

T.E. (Chemical)
MASS TRANSFER - II

(2003 Pattern) (Sem. - II)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answers to the two sections should be written in separate answer books.
2) Neat diagrams must be drawn wherever necessary.
3) Figures to the right indicate full marks
4) Your answers will be valued as a whole.
5) Use of logarithmic tables, slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
6) Assume suitable data, if necessary.

P1008

SECTION - I
Q1) a) 100 moles of benzene (i) and toluene (ii) mixture containing  50% mole

of benzene is subjected to a differential distillation at atmospheric pressure
till the composition of the benzene in the residue is 33%. Calculate the
total moles of the mixture distilled. Average relative volatility is 2.16.[10]

b) Explain Azeotropic distillation and extractive distillation. [8]

OR
Q2) a) 1000 kg moles/hr of an ethanol  propanol mixture containing 65 moles

percent ethanol is to be separated in a continuous plate column operating
at 1 atmosphere total pressure. The desired terminal compositions in
units of mole fraction of ethanol are
xD = 0.92 and xW = 0.07
The feed is a saturated vapour and total condencer is used. When the
reflux flow rate is four times the amount of top product, find the number
of theoretical plates required for the separation.
Relative volatility of ethanol - propanol system may be taken as = 2.10[14]

b) Explain relative volatility. [4]

P.T.O.
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Q3) Picric acid is to be extracted from a dilute solution containing 0.1 mol picric
acid per liter of solution using benzene as a solvent. 80% of the original picric
acid is to be recovered.

The equilibrium data for benzene - picric acid - water system at 298K are as
follows

Cs × 102 0.0932 0.225 1 2 5 10 18

A

S

C
C

2.23 1.45 1.705 0.505 0.32 0.24 0.187

Where, CS and CA  are the equilibrium concentrations of picric acid in mol/lit
in benzene and aqueous phase respectively. Determine the quantity of benzene
required per 1 litre of aqueous solution for  [16]

a) Single stage operation

b) Three stage cross current operation using equal quantities of fresh solvent
in each stage.

OR

Q4) a) Give the classification of liquid-liquid extraction equipments.      [6]

b) Write short note on effect of temperature and pressure on equilibrium
diagram in liquid-liquid extraction. [6]

c) What are the advantages of rectangular co-ordinates over equilateral
triangular co-ordinates. [4]

Q5) Experiments on decolourization of oil yielded the following equilibrium
relationship

y = 0.5 x0.5

y = gm of colour removed / gm of adsorbent

x = colour in the oil, gm of colour/1000 gm of colour free oil

100 kg of oil containing 1 part of colour to 3 parts of oil is agitated with 25 kg
of the adsorbent. Calculate the % of colour removed if

a) all 25 kg adsorbent is used in one step

b) 12.5 kg adsorbent is used initially, followed by another 12.5 kg of
adsorbent. [16]
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OR
Q6) a) Write principles of ion exchange process and rate of ion exchange. [8]

b) State and explain types of adsorption and explain industrial adsorbents.[8]

SECTION - II
Q7) a) Crushed oil seeds containing 55% oil by weight are to be extracted at the

rate of 4000 kg/hr using 6000 kg/hr of hexane containing 5% oil by
weight as the solvent. A countercurrent two stage extraction system is
used. The oil seed retain 1 kg of solution per kg of oil free cake. Calculate
the percent recovery of oil (based on the original feed) obtained under
the above conditions. [12]

b) Discuss the method of operation of liquid - solid contacting in teaching.[6]

OR
Q8) a) Classify teaching equipments and explain one of them in brief. [10]

b) Write a material balance of single stage teaching system.  [8]

Q9) a) A saturate solution of Mg SO4 at 353K (80ºC) is cooled to 303 K (30ºC)
in a crystallizer. During cooling 4% solution is lost by evaporation of
water. Estimate the quanlity of the original saturated solution to be fed to
the crystalizer per 1000 kg of Mg SO4. 7H2O crystals. [12]

b) Explain crystallization kinetics. [4]
OR

Q10)a) Write principle and working of vacuum crystallizer with neat sketch.[10]
b) Describe methods of super saturation. [6]

Q11)a) Explain reverse osmosis with neat sketch. [6]
b) Define nanofiltration and give industrial applications. [6]
c) State membrane material selection criteria. [4]

OR
Q12)a) Give advantages of membrane separation over conventional process.[6]

b) Explain electrodialysis with neat sketch. [6]
c) What are the various membrane modules? Define membrane fouling.[4]

( ( (
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SECTION - I
Q1) a) Define Management. Explain various functions of Management. [10]

b) Explain Management by objectives. [6]

OR
Q2) Distinguish between Partnership and Private Limited company. Explain in detail

the formation of Public Limited Company. [16]

Q3) a) Explain Maslow’s theory of Motivation. [8]
b) What is performance appraisal. Explain. [8]

OR
Q4) What is Manpower planning? Enlist the objectives and methods of Manpower

Planning. [16]

Q5) a) State and explain the functions of stores management. [9]
b) What is Economic Order Quantity? (EOQ) How it is derived? Explain

the assumptions and objectives of EOQ? [9]

P.T.O.
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OR
Q6) Write short notes on the following: [18]

a) ABC Analysis.
b) LIFO system.
c) Vendor Development.

SECTION - II
Q7) a) State and explain the objectives and importance of advertising and sales

promotion. [8]
b) Differentiate between Marketing and selling. [8]

OR
Q8) What is Market Research? Explain various methods of Market research. How

it helps an enterprise to position its business in a competitive business
environment? Explain. [16]

Q9) a) Explain the concept of TQM. [8]
b) What is a copyright? Distinguish between copyright and Patents. [8]

OR
Q10)a) What is anti-dumpling duties? How is it levied? Explain the impact of

anti-dumpling in International Business. [8]
b) State and explain the functions of Export Promotion Council. How it

facilitates International Trade? [8]

Q11)Write short notes on the following. [18]
a) FEMA. b) Type of Contracts.
c) MRTP Act.

OR
Q12)a) Explain the concept of workstudy and its objectives. [8]

b) Explain in details [10]
i) Flow process charts. ii) Therbligs.

( ( (
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SECTION - I
Q1) a) Discuss principle of operation of a heat pump with help of neat sketch.[5]

b) What is absorption refrigeration? How it differs from normal refrigeration
cycle. [6]

c) Discuss Joule Thomson Expansion and its usefulness. [5]

OR
Q2) a) Discuss various laws of Thermodynamics with help of mathematical

expression and their physical interpretations. [10]
b) With help of neat sketch discuss Carnot Cycle and write down equation

of its efficiency. Highlight its usefulness as well. [6]

Q3) a) With help of neat diagram discuss the operation of Centrifugal pump.[6]
b) Write a short note on standard dimensions of a agitated vessel. Provide

relevant diagrams. [6]
c) Discuss important characteristics of a centrifugal pump. [6]

OR
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Q4) a) Define following: [6]
Mach Number, Stagnation Property, Subsonic flow.

b) Discuss flow of compressible fluid moving through Converging - Diverging
nozzle. [6]

c) With help of diagram explain various types of regime possible for
multiphase flow through a pipe. [6]

Q5) a) Obtain mathematical expression for 1st order reaction carried in a
continuously stirred tank reactor. [8]

b) What is a Catalyst? Discuss its usefulness. [4]
c) Differentiate between molecularity and order of reaction. [4]

OR
Q6) a) Define: Flash point and Detonation. [4]

b) Obtain the expression for chemical equilibrium for the following reversible
reaction: [6]

2NH3 ↔N2 + 3H2

c) With help of real life example explain the importance of knowledge of
Combustion Engineering for Petroleum Field Engineers. [6]

SECTION - II
Q7) a) Define following: [6]

Critical Temperature, Critical Pressure and Triple Point.
b) What are modifications needed in ideal gas laws in order to make it more

practical. Discuss all the modifications in details. In this context write
down van der Waal’s equation of state with proper discussion on all the
symbols. [8]

c) Write down short note on Compressibility Factor. [4]

OR
Q8) a) The critical temperature and pressure of ethane are 305.43 K and 48.84

bar. Calculate molar volume of the gas at 500 K and 4.2 MPa using. [8]
i) Ideal Gas Law
ii) Van der Waals equation of state
iii) Truncated form of virial equation
The virial coefficients are B = –1.89 × 10–4 m3 / mol and
C = –1.7 × 10–8 (m3 / mol)2

b) Write down three different equations of state for real gases. Explain all
the symbols therein. Discuss their application domain. [10]
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Q9) a) Discuss the Gibbs-Duhem equation and provide its expression in different
forms. In this context highlight its major field of application. [8]

b) What is vapour liquid equilibrium? Explain its significances. Briefly discuss
how VLE of a system can be determined experimentally. [8]

OR
Q10)a) Define following with proper thermodynamic basis: [8]

i) Chemical Potential
ii) Partial Molar Properties.

b) Define bubble point and dew point. Discuss the stepwise procedure to
obtain bubble point of a multi-component mixture. [8]

Q11)a) 1m3 of gas hydrate sample analyzed to contain almost 456 m3 of ethane
gas at STP and 1m3 of water. From this information will it be possible to
calculate the density of the sample of gas-hydrate. [8]

b) Gas Hydrates may be the major cause of Sunami even mysterious
Bermuda Triangle - Elaborate and explain. [8]

OR
Q12)a) With help of neat diagram explain different structures possible for gas

hydrates - discuss their stabilities as well. [8]
b) With help of phase diagram explain formation of Gas Hydrates in the

pipelines. [8]

( ( (
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P1011

SECTION - I
Q1) Methanol (A) - water (B) solution containing 50 wt % methanol at 26.7 ºC to

be continuously rectified at 1 atm at a rate of 5000 kg/h to provide a distillate
containing 95% methanol and residue containing 1.0% methanol (by weight).
The feed is preheated at 37.8 ºC. The distillate is totally condensed at bubble
point. A reflux ratio of 1.5 times the minimum is to be used. Determine
a) quantity of products,
b) minimum reflux ratio,
c) minimum number of theoretical stages and
d) number of theoretical stages at the specified condition. [18]

x 0 0.1 0.3 0.4 0.6 0.8 0.9 1.0
y* 0 0.4 0.67 0.73 0.84 0.92 0.95 1.0

OR
Q2) a) Differentiate between packed tower and tray towers. [8]

b) Draw  the neat x – y* diagram in graph paper for a binary system having
relative volatility value of 0.87. Comment on the separability of the mixture.

[6]
c) Write down Fick’s law and discuss its applicability in real life situation.[4]

P.T.O.

SEAT No. :



Q3) a) Differentiate between Physical adsorption and Chemisorption. [8]

b) What are novel separation processes? Name five such processes and
discuss any one of them with help of neat diagram. [8]

OR

Q4) a) Derive Reynold’s analogy correlating Heat, Mass and Momoentum
Transfer. Discuss its importance. [8]

b) Write a short note on Gas Absorption Process. Mention important
characteristics of the solvent to be utilized. [8]

Q5) a) How the routing of fluids to be done through heat exchangers. Explain
with help of suitable examples. [6]

b) Write a short note on various types of compact heat exchangers. [6]

c) Discuss the need of baffles in shell and tube heat exchangers. [4]

OR

Q6) A speciality chemical M is to be cooled from 165ºC to 34ºC at a rate of 356
kg/hr in a countercurrent double pipe heat exchanger, with water as coolant
flowing through inner tube side. Raw water is available at 30ºC and maximum
temperature rise possible is of 10ºC. [16]

a) Obtain heat duty of the exchanger.

b) Calculate flow rate of raw water.

c) If overall heat transfer coefficient be 662.3 W / (m2. K), obtain the length
of the required exchanger.

Data:

Inner Tube: ID = 21mm, OD = 25.4 mm, kwall = 74.5 W / (m. K)

Outer Pipe: ID = 41 mm, OD = 48mm

For Chemical S : Cp= 1.88 kJ / (kg. ºC), μ  = 0.37 cP, 

ρ

 = 860 kg/ m3

and k = 0.154 W / (m. K)

For raw water: 

μ

 = 0.77 cP and k = 0.613 W / (m. K)
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SECTION - II
Q7) a) “We should not waste water, instead should develop means and

mechanism to reuse and recycle it” - Explain with help of suitable examples
from domestic front as well as industrial front. [8]

b) Indicate the immediate and long term impacts of air pollution on human
and animal life. Name the major pollutants causing air pollution and briefly
discuss each of them. [8]

OR
Q8) a) Discuss and Explain : Ozone Layer Depletion, Green House Effect, Acid

Rain, BOD Test. [8]
b) What is HAZOP study? With a suitable example explain the HAZOP

study also highlight its necessity. [8]

Q9) a) What is plot plan? Discuss briefly how plot plant development for a new
commercial venture is executed. [6]

b) With help of neat sketch discuss all the major sections of a typical Rig
Layout. Highlight importance of the Rig. [6]

c) Write a short note on plant process engineer and his duty and
responsibility. [4]

OR
Q10)a) Fair Chemical decided to set up its plant for Specialty Chemicals. Discuss

all the important factors need to be considered to choose appropriate
location of the plant. Comment on the points. [8]

b) Discuss in details the development of P & ID for a chemical process and
role of various persons involved. In this context explain the need and
usefulness of the developed P & ID. [8]

Q11)a) Name four methods to check the health of process piping. Discuss any
one of them in details. [6]

b) Write down advantages of Cross Country piping over other methods of
transport. [6]

c) Write a short note on Assembly and Erection of Equipments. [6]
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OR
Q12)a) What is the need of insulation for process pipelines? Discuss briefly

how these are executed in real plants. Name four different insulating
materials. [6]

b) Define economic diameter of a pipe - Explain its significance. [4]
c) Describe construction and working of (any four): [8]

i) Needle Valve.
ii) Butterfly Valve.
iii) Gate Valve.
iv) Solenoid Valve.
v) Ball Valve.

( ( (
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P1012

SECTION - I

Q1) a) A binary gas mixture at a total pressure of 1.0 atm and 21ºC has a molar
composition of 30% CO and 70% CO2. The absolute velocities of CO
and CO2 are 6.0 m/s and 3 m/s, respectively, all in the direction of the
z-axis.

i) Calculate the mass average velocity, v, and the molar average
velocity, V, for the mixture.

ii) Determine the four fluxes: jCO,Z, nCO,Z, JCO,Z, NCO, [8]

b) Derive from fundamentals the expression for steady state diffusion of
gas R through another Nondiffusing gas S. [8]

OR
Q2) The solute HCl (A) is diffusing through a thin film of water (B) 2.5mm thick at

283 K. The concentration of HCl at point 1 at one boundary of the film is 11.0
wt% HCl (density ρ1 = 1065.7 kg/m3), and at the other boundary of the film
at point 2 it is 8.0 wt% HCl (density 

ρ

2 = 1035.3 kg/m3). The diffusion
coefficient of HCl in water is 2.5 × 10–9 m2/s. Assuming steady state and one
boundary impermeable to water, calculate the flux of HCl. [16]

P.T.O.
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Q3) A 0.20-m-long test tube was used to study the diffusion process in which
liquid A diffuses into gas B. In one study the level of liquid A was initially
0.1m below the top of the tube. The temperature was 25ºC and the total
pressure was maintained at 1 atm. The molar flux of component A at the top
of the test tube was found to be 1.6 × 10–3 kgmol/m2.h. Find the diffusion
coefficient for A into gas B. Assume that gas B is insoluble in liquid A. The
partial pressure of A at the surface of the liquid was 0.06 atm. [18]

OR

Q4) a) Water evaporating from a pond does so as if it were diffusing across an
air film 0.12 cm thick. The diffusion coefficient of water in 20ºC air is
about 0.25 cm2/s. If the air out of the film is 50% saturated, how fast will
the water level drop in one day?      [8]

b) An absorption tower has been proposed to remove selectively two
pollutants, hydrogen sulfide and sulfur dioxide, from an exhaust gas
stream with molar composition 4.0% H2S, 6.0% SO2, and 90.0% air.
The gas mixture is at 373 K and 1 atm. using an appropriate empirical
correlation, calculate the diffusivity of:

i) Hydrogen sulfide in the gas mixture.

ii) Sulfur dioxide in the gas mixture.

Data: Molecular Volumes for hydrogen sulfide, sulfur dioxide and Air
are 20.96 cm3/gmmole, 41.1 cm3/ gmmole and 20.1 cm3/gmmole
respectively. [10]

Q5) Diffusivity of vapor of volatile liquid in air can be conveniently determined by
Winklemann’s method in which liquid is contained in a narrow vertical tube
maintained at constant temperature. Air stream is passed over the top of tube
rapidly to measure the partial pressure of vapor remains approximately zero.
On the assumption, vapor is transferred from surface of liquid to a stream by
molecular diffusion. Calculate the diffusivity of CCl4 vapor in air at 321 ºK
and 1 atm. pressure from following experimental data. Derive the equation
you have used in this problem.
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Data:

Time from commencement of Liquid Level
experiment (ks) (cm) (mm)

0 0 0

1.6 0.25 0.025

11.1 1.29 0.129

27.4 2.32 0.232

80.2 4.39 0.439

117.2 5.47 0.547

168.6 6.70 0.670

199.7 7.38 0.738

289.3 9.03 0.903

383.1 10.48 1.048

Additional Data: Vapor pressure of CCl4 at 321 K is 37.6 kN/m2 and
density of liquid is 1540 kg/m3. The kilogram molecular volume is
22.4 m3. [16]

OR

Q6) Write short Notes on: [16]

a) Classification of Mass Transfer Operations.

b) Molecular and Eddy Diffusion.

c) Theories of Mass Transfer.

d) Analogy between heat, mass and momentum transfer.

[4163]-103 3



SECTION - II

Q7) Air flows through a cylindrical tube made of naphthalene at a velocity of
5 m/s. The diameter of the tube is 0.1 m and the temperature of the air is
20 ºC.

a) Using the correlation proposed by Linton and Sherwood given below,
calculate the mass transfer coefficient for the transfer of naphthalene to
air.

Sh = 0.023 Re0.83 Sc1/3

Sh = 

AB

c

D
dk

, Re = μ
ρdv

, Sc = 
ABD
ν

b) Compare this result with the values obtained using the analogies of:

i) Reynolds

ii) Prandtl

iii) Von Kármán

iv) Chilton-Colburn

Note that the friction factor for this system, Cf , can be estimated using
the equation :

2
fC

= (2.236 ln Re –4.639)–2

Data:

ρ
air = 1.8 × 10–5 kg/m.s

ρ

air = 1.2 kg/m3

DAB = 4.24 × 10–6 m2/s [18]

OR
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Q8) In an experimental study of the absorption of NH3 by water from an air-ammonia
mixture in a wetted-wall tower, the value of overall gas mass transfer coefficient,
KG was found to be:

90.25 × 10–2 k mole NH3/[(hr) (m2) (std. atm.)]

The operating pressure and temperature of the tower were 2 std. atm and 288
K respectively. For dilute solutions of ammonia in water at 288 K, the equilibrium
partial pressure is given by:

PA.i = 5(CA,i)

Where,

PA,i = equilibrium partial pressure of ammonia, std. atm.

CA,i = concentration of ammonia in water, k mole NH3/m
3 solution

At the top of the tower, the outlet gas contained ammonia 1% by volume and
inlet liquid, which this contacted with pure water. Assuming 75% of the total
resistance to mass transfer was contributed by the gas phase,
Calculate:
a) the gas film coefficient, Kg.
b) the liquid film coefficient, K1.
c) the overall liquid mass transfer coefficient, KL.
d) the interfacial concentrations PA,i and CA.

[18]

Q9) a) Discuss the constriction details and working principles of Wetted Wall
towers. [8]

b) Calculate the value of Mass transfer coefficient and flux of mass transfer
from a sphere of naphthalene to air at 40ºC and 1 atm flowing at velocity
of 0.45 m/s. The diameter of sphere is 25.4 mm. The diffusivity of
naphthalene in air at 45ºC is 6.92 × 10–6 m2/s and vapor pressure of solid
naphthalene is 0.55 mm of mercury.
Data: 

μ

 = 1.9 × 10–5 Pa.s, 

ρ

= 1.11 kg/m3 You may use the following
correlation : Sh = 2 + 0.552 Re0.53 + Sc0.33

Where, Sh = 

AB
c D

dpK′

. [8]
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OR

Q10)a) Compare tray towers versus packed towers. [6]

b) An air stream at 51.6 ºC and 2 atmospheres (abs.) flows through a duct
at 1.524 m/s past samples of solid naphthalene. Naphthalene diffusivity
at 0ºC and 101.32 kPa is 5.15 × 10–6 m2/s.

Estimate mass transfer coefficient CK′  for flow past the following shapes:

i) Parallel to a flat plate 150 mm long:

ii) Alone sphere of 12.7 mm diameter.

Data: at 52.6 ºC and 2 atm (abs.)

μ

 = 1.96 × 10–5 kg/m.s

ρ

 = 1.087 kg/m3

DAB = 3.51 × 10–6 m2/sec. [10]

Q11)The solubility of a specific molecule in a polymeric membrane has been
measured. The experimental data were obtained by taking a piece of film
1.0 cm × 5.0 cm of thickness 0.0127 cm and exposing it at 30ºC to the pure
vapour of this solute. The weight gain, measured in equilibrium, was 4.7 × 10–3 g.
The solute has a molecular weight of 70.0 g/mol. At 30ºC, the vapour pressure
of the solute is 76.0 mm Hg. The film weight, free of solute, is 0.0575g.
The film density, free of solute, is 0.9 g/cm3

a) Find the solubility coefficient of the solute in the film.

b) The permeability of this polymeric film to the solute is PM = 7.6 × 10–5

cm3 STP/ (cm2.s.atm/cm) at 30ºC. Calculate DAB at 30ºC.

c) The solute sits at the bottom of a glass tube at 30ºC. To retard evaporation,
a polymeric membrane is placed on top of the tube. If the thickness of
the polymer membrane is 0.0254 cm and the cross-sectional area is
0.2 cm2, what is the time required for 10 mg of the solute to pass through
the barrier? [16]
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OR

Q12)Write Short Notes on [16]

a) Releigh’s equation for Simple distillation.

b) Tray Efficiency.

c) Concept of Equilibrium.

( ( (
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P1013

SECTION - I
Q1) a) Discuss P-V-T relations in context of hydrocarbons. State their

applications. [8]
b) Calculate the specific volume of and hence the volume occupied by

150 kg of methanol vapor at 250K and 12 bar using ideal gas law and the
Van der Waals equation. Tc and Pc for methanol are 512.6 K and 81 bar
respectively. Compare your answers and give comments. [10]

Q2) a) State first law of thermodynamics for closed and open systems. Explain
the terms involved. [6]

b) Iron is treated with aqueous HCl at 250 K to give aqueous FeC12 and
hydrogen gas. Calculate the work done when 350 kg of iron reacts with
HCl in a [10]
i) closed vessel and ii) an open vessel.

Q3) Derive Maxwell relations. Comment on their importance. [16]

P.T.O.
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Q4) Write notes:
a) Joule Thomson Effect. [6]
b) Carnot Cycle for Heat Pump. [6]
c) Irreversibility and reversibility in thermodynamics. [4]

SECTION - II
Q5) a) Derive relationship of fugacity of a real gas to its pressure and temperature.

[6]
b) Estimate fugacity of gaseous propane at 12 atm and 300 K using the

following data: [12]
P 1.7 3.4 6.8 10.2 11.7 13.6
atm
V 0.3313 0.1609 0.0754 0.0468 0.0382 0.021
m3/kg

Q6) a) Define chemical potential. State its significance. [4]
b) State Gibbs Duhem equation in its different forms. Comment on their

relevance. [12]

Q7) a) Give the statement of equilibrium law applicable to VLE between nonideal
solution and nonideal vapor. Explain the terms involved. [6]

b) Sketch T-x-y diagrams for minimum and maximum boiling azeotropes.[4]
c) Discuss Margulle’s and Van Laar models of activity coefficients of

solutions. [6]

Q8) a) What is the criterion for chemical equilibrium? State how equilibrium
conversion can be calculated from the basic thermochemical data. [6]

b) Equilibrium constant for the ammonia formation reaction N2 + 3 H2 ---
→2 NH3 is given as 0.00015 at 665.K. For stoichiometric feed and 15
bar pressure, calculate maximum conversion of N2 and composition of
equilibrium mixture on mol% basis. Report the partial pressures at
equilibrium. [10]

( ( (
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P1014

SECTION - I
Q1) Attempt the following: [18]

a) Write a brief note on: Choice of Solvent for Gas Absorption.
b) Write a brief note on: Optimum reflux ratio for distillation.
c) Discuss in brief the principles and application of Crystallization.
d) Discuss the five possible feed conditions in distillation operations.

OR
Q2) A distillation column is separating mixture of water (MVC) and acetic acid

input to the column at two locations. Both feeds are 1000 kmol/hr but one
contains 65% water and the other 50%. The top and bottom products are
saturated liquids containing 98-mol% and 5 - mol% water. Determine the
optimal feed stage for each feed and the number of stages required, if the
column is operated at a reflux ratio 20% larger than the minimum reflux ratio.
The vapour liquid equilibrium data is given below. [18]
Data:

x 0.005 0.05 0.13 0.21 0.30 0.51 0.65 0.80 0.96
y 0.011 0.13 0.24 0.34 0.44 0.63 0.75 0.87 0.97

P.T.O.
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Q3) 1000  kg/hr of a mixture containing 42 mole percent heptane and 58 mole
percent ethyl benzene is to be fractionated to a distillate containing 97 mole
percent heptane and a residue containing 99 mole percent ethyl benzene using
a total condenser and feed at its saturated liquid condition. The enthalpy-
concentration data for the heptane-ethyl benzene at 1 atm pressure are as
follows: [16]
xheptane 0 0.08 0.18 0.25 0.49 0.65 0.79 0.91 1.0
yheptane 0 0.28 0.43 0.51 0.73 0.83 0.90 0.96 1.0
H1 (kJ/kmol) × 10–3 24.3 24.1 23.2 22.8 22.05 21.75 21.7 21.6 21.4
Hv (kJ/kmol) × 10–3 61.2 59.6 58.5 58.1 56.5 55.2 54.4 53.8 53.3

Calculate the following:
a) Minimum reflux ratio
b) Minimum number of stages at total reflux
c) Number of stages at reflux ratio of 2.5
d) Condenser duty
e) Reboiler duty.

OR
Q4) An Equimolar mixture of benzene and toluene is subjected to flash distillation

at a pressure of 1 bar in the separator. Determine the compositions (in mole
fraction benzene) of the liquid and Vapour leaving the separator when the feed
is 25% vaporized. Estimate the temperature in the separator.
Equilibrium data for benzene-toluene system at 1 bar is given in table given
below. [16]

Temperature   Mole fraction    Mole fraction
     (ºC) benzene in liquid benzene in Vapour

80.1 1.000
85.0 0.780 0.900
90.0 0.581 0.777
95.0 0.411 0.632
100.0 0.258 0.456
105.0 0.130 0.261
110.6 0.000 0.000

What are the concentrations in the Vapour and liquid, and the separator
temperature the feed is:
a) 0% vaporized b) 50% vaporized
c) 75% vaporized d) 100% vaporized
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Plot the operating lines for each of these cases and discuss how the operating
lines change as f changes.

Q5) a) Derive the expression y = ( )[ ]x
x

.1α1
α
−+ . [6]

b) Draw a equilibrium diagram and boiling point diagram for an azeotropic
binary system. [6]

c) Derive Fenske equation. State the important assumptions in this derivation.
[4]

OR
Q6) Write short notes on: [16]

a) Vacuum and Steam Distillation.
b) Azeotropic and Extractive distillation.
c) Shortcut design method for distillation column design.

SECTION - II
Q7) 80 tons per day of oil sand (25 mass % oil and 75 mass % sand) is to be

extracted with 40 tons per day of naphtha in a continuous counter current
extraction battery.  The final extract from the battery is to contain 40 mass%
oil and 60% mass naphtha, and the underflow from each unit is expected to
consist of 35 mass% solution and 60 mass% sand. If the overall efficiency of
the battery is 50%. How many stages will be required? [18]

OR
Q8) It is required to extract picric acid from a dilute aqueous solution containing

0.15 mole picric acid per liter of solution using benzene as solvent with a
recovery of 80% of the picric acid originally present. Determine the quantity
of benzene required per liter of aqueous solution by employing
a) single-stage extraction and
b) three - stage extraction (crosscurrent) using equal amounts of fresh solvent

in each stage. The equilibrium data for benzene-picric acid-water system
at 25ºC is given by:
Data:
CB × 102 0.093 0.225   1    2   5  10   18

A

B

C
Cm= 2.23 1.45 1.705 0.505 0.32 0.24 0.187

Where , CB and CA are the equilibrium concentrations of picric acid in benzene
and aqueous phases respectively in mole/liter. [18]
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Q9) a) Classify the commercial extraction equipments. State working principles
any one of them. [12]

b) Write a note on : Ternary Diagram. [4]

OR
Q10)Give the classifications of crystallizer. Explain the working principles and

construction of  any one type of crystallizer with neat sketch. [16]

Q11)a) Discuss in brief Process principles involved in PSA and TSA. [10]
b) Discuss in brief various adsorption isotherms. [6]

OR
Q12)Write Short notes on: [16]

a) Classification of Membrane separation processes.
b) Reverse Osmosis: Principles and application.
c) Pervaporation: Principles and applications.

( ( (
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P1015

SECTION - I
Q1) a) Define and explain [9]

i) Functionality ii) Oligomers.
b) Explain IUPAC systems for the nomenclature of polymers in detail giving

suitable examples. [8]
OR

a) Explain the following classifications of polymers with suitable examples.[9]
i) Addition and condensation.
ii) Based on functional groups

b) Explain why polymers are not unidispersed systems? [8]

Q2) a) Explain end group analysis technique for MW determination. [9]
b) Explain with suitable examples how will you calculate Mn for polymers?[8]

OR
a) Explain membrane osmometry in detail. [9]
b) Write a note on practical significance of molecular weight. [8]

Q3) a) Draw and interpret the curve for hypothetical polydispersed system and
a curve for polymer samples with same Mn but different polydispersity.[8]

b) Explain separation of polymer by fractional precipitation methods. [8]

OR
a) Explain MW determination technique that also gives MWD. [8]
b) Explain the concept of polydispersity. Mention its advantages and

drawbacks. [8]

P.T.O.
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SECTION - II
Q4) a) Discuss gas phase polymerization. [9]

b) Discuss interfacial polymerization. [8]
OR

a) Discuss plasma polymerization. [9]
b) Discuss interfacial polymerization. [8]

Q5) Explain initiation, propagation, termination and chain transfer reactions in :

a) Free radical polymerization. [9]
b) Cationic polymerization. [8]

OR
a) Explain in detail the anionic polymerization technique. [9]
b) Write a note on group transfer polymerization. [8]

Q6) a) Explain mechanism of ROP for any one monomer. [8]
b) Write a note on gelation and crosslinking. [8]

OR
a) What is stoichiometry? Explain the need for stoichiometric control. What

is stoichiometric imbalance? [8]
b) Write a note on polyaddition polymerization. [8]

( ( (
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P1016

SECTION - I
Q1) a) Carbon monoxide gas is flowing through membrane of polymer, which

is 1.2mm thick. The partial Pressure of gas is 100 mm of Hg on one side
and negligible on other side under STP conditions.
Solubility coefficient is 0.82 cm3gas STP/cm3 atm.
The diffusivity is 1.1*10–10 m2/sec.
Calculate permeability and rate of diffusion. [8]

b) Write a note on: [10]
i) Diffusion through crystalline solids.
ii) Mass, Heat and Momentum transfer analogies.

OR
Q2) a) By what percentage would the rate of absorption be increased or

decreased by increasing the total pressure from 100 to 200 kN/m2 in the
following case. The absorption of ammonia and air containing 10%
ammonia by volume. Using pure water as solvent, assume all the resistance
to mass transfer lies within the gaseous phase. Assume the diffusivity is
inversely proportional to the pressure. [10]

b) Write a note on Classification of Mass transfer Operations. [8]

P.T.O.
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Q3) a) Describe in detail any one equipment with necessary diagram used for
providing intimate contact of gas-liquid operation. [10]

b) Write a note on “Choice of Solvent” for gas Absorption. [6]
OR

Q4) a) Explain the terms Relative Volatility and Reflux ratio with their importance.
[8]

b) Create y-x diagram by using relative volatility term for Methanol - Water
system. [8]
Component Boiling  Point Vapor Pressure Vapor pressure

       (ºC)     at 65.5ºC      at 100ºC
       (kPa)       (kPa)

Methanol 65.5 104.54 351.76
Water 100 25.43 100.85

Q5) a) Explain the terms such as Free Moisture, Equilibrium Moisture, and Drying
time. [8]

b) Explain in detail Reverse Osmosis Technique. [8]

OR
Q6) a) Discuss with applicable terminologies the properties of water vapor air

mixture. [8]
b) Write a short note on: [8]

i) Diffusion through Porous solid.
ii) Adiabatic Saturation Temperature.

SECTION - II
Q7) a) Discuss the Danckwarts concept of Scale of Segregation and Intensity

of Segregation. [9]
b) Explain the concept “Scale of Scrutiny and Scale of Examination” for

describing State of Admixture. [9]
OR

Q8) a) A feed mixture containing 14% moisture was mixed in a mixer with 10
wt% of a tracer. After 3 min of mixing 12 random samples were taken
from the mixture and analyzed for the tracer material. The measured
concentration in the samples were, in wt% of tracer as below [16]

10.24 9.30 7.94 10.24 11.08 10.03
11.91 9.72 9.20 10.76 10.97 10.55

Calculate the mixing Index and the standard deviation.
b) Define Striation Thickness. [2]

[4163]-114 2



Q9) a) Write a note on Cross-Mixing devices used in the design of Two Roll
Mill in respect of Improving cross-mixing action. [12]

b) What rotation speed, in rpm, would you recommend for a tumbler 1200
mm in diameter charged with 5mm feed size. [4]

OR
Q10)a) Discuss in detail the Mixing mechanism with the help of construction,

working, Methods of Improving cross-mixing action and applications of
tumble Blenders. [10]

b) Discuss in detail construction, mixing action of Intensive Non Fluxing
Mixer. [6]

Q11)a) Write a short note on constructional features and mixing action in Ko-
Kneaders. [6]

b) Discuss in detail different additives to be used in PVC compounding
with any one PVC formulation. [10]

OR
Q12)a) Sketch and explain flow diagram for Rubber compounding. [8]

b) Sketch and explain flow diagram for calendaring plant for poly vinyl
chloride. [8]

( ( (
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Total No. of Questions : 11]

[Total No. of Pages : 2

[4163] - 92

T.E. (Petroleum Engineering)
PETROLEUM GEOLOGY - I

(2003 Pattern) (Sem. - I)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:

1) Answers to the two sections should be written in separate books.
2) Neat diagrams should be drawn wherever necessary.
3) Attempt any three questions from Section - I and Section - II.
4) Figures to the right indicate full marks.

P1673

SECTION - I

Q1) a) Using a sketch, explain relative abundance of igneous, sedimentary and
metamorphic rocks in terms of weight and volume proportion. [8]

b) Distinguish between conglomerate and breccia, residual and transported
soil, oligomict and polymict conglomerate, clasts supported and matrix
supported conglomerate. [8]

OR

Q2) a) Draw flowchart to explain various processes involved in the formation
of sedimentary rocks. [8]

b) Explain the term ‘Rock Cycle’ with the help of a neat diagram. [8]

Q3) a) How hydrolysis and solution processes are responsible for
decomposition of rocks? Explain with suitable examples. [8]

b) Discuss with the help of neat diagrams, different types of convergent
plate boundaries. [8]

OR

Q4) a) Describe elastic rebound theory for earthquakes with the help of neat
sketches. [8]

b) How is mass movement classified on the basis of moisture content and
velocity? [8]

P.T.O

SEAT No. :



Q5) a) What is a fault? How faults are interpreted in the absence of any visible
displacement? [10]

b) Explain flexure slip fold and shear slip fold with the help of suitable
examples. [8]

OR
Q6) a) Describe classification of folds based on interlimb angle. How is the

relationship of wavelength and amplitude useful in ascertaining the
persistence and penetration of folds? [10]

b) Discuss in brief “Quantitative Description of Discontinuity”. [8]

SECTION - II

Q7) a) What is a depositional sedimentary environment? Distinguish between
environment of erosion, equilibrium and deposition. [8]

b) Draw a cross-sectional view of a sedimentary basin to show the relationship
between facies, environment and time. [8]

OR
Q8) a) What are clay minerals? Distinguish between cohesive and in cohesive

clay minerals. How are these recognized in the field? Discuss their
signification in the sedimentary rocks. [8]

b) What are the digenetic changes taking place in sedimentary rocks with
increasing depth and temperature? [8]

Q9) Write notes on any two of the following : [16]
a) Statistical representation of sedimentary rocks.
b) Trace fossils as an indicator of environment of deposition.
c) Use of microfossils in the exploration of hydrocarbons.
d) Dolomite and dolomitization.
e) Marine depth zones.

Q10)a) Write “Geological Time Scale” in a tabular form with important events in
each era. [10]

b) What is a bedform? Explain in brief about generation of bedforms in
relation to velocity of flow of water. [8]

OR
Q11)a) Explain transgression and Regression with the help of suitable diagrams.

What is an onlap (Prograding) and offlap (Retrograding) sequence? [12]
b) Discuss in brief classification of Petroliferous basins in India as suggested

by ONGC. [6]


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Total No. of Questions : 10]

[Total No. of Pages : 3

[4163] - 61

T.E. (Instrumentation & Control)
MICRO CONTROLLER TECHNIQUES

(2003 Pattern) (Sem. - I)
Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answer any 3 questions from each section.
2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of logarithmic tables, slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
6) Assume suitable data, if necessary.

P992

SECTION - I

Q1) a) With the help of neat diagrams, explain the interfacing of external program
and data memory to 8051. [8]

b) Explain the following instructions of 8051 [8]
i) DJNZ R5, label ii) ADD 53H, 63H
iii) LCALL DISPLAY iv) MOVC A, @A+DPTR

OR
Q2) a) Draw and explain the internal structure of port pins of Port 0 and Port 3

of 8051. [8]
b) Write a program to generate a decimal up counter in register R3, going

through all the even stages only. [8]

Q3) a) Write a program to generate a square wave of 1 KHz with a 50% duty
cycle at P1.0. Make use of internal timers of 8051 and explain the SFRs
used for the same. Show calculations if any in detail. Assume crystal
frequency as 6 MHz. [10]

b) Explain the different mode 1 and mode 2 of timers in 8051 with neat
diagram. [8]

P.T.O.

SEAT No. :



OR
Q4) Write a program to measure width of a pulse using 8051 [6]

Also draw the flowchart for the same. [4]
With neat diagram explain the connections done to measure pulse width. [2]
If the Timer registers read a value of 35F1H, interpret the pulse width in
microseconds if FOSC = 6 MHz and if FOSC = 2 MHz [6]

Q5) With neat diagrams write short notes on: (any two) [16]
a) Interfacing of LCD display to 8051.
b) Interfacing of DAC.
c) Multiplexed LED display using 8051.

SECTION - II
Q6) a) With a neat diagram, explain the interfacing of RTC to 8051. [8]

b) Compare RS 232 and RS 485 with respect to following points: [10]
i) No. of drivers
ii) No. of receivers
iii) Supports Half Duplex, Full Duplex or both
iv) Maximum Distance
v) Maximum Speed at Maximum distance.

OR
Q7) An 8051 based 2 tank level control system is to be designed. The pump of

lower tank is turned on and off with a relay. Level switches are used for level
sensing. The system is user friendly and has a 4 × 2 keys keyboard.
The working is as follows:
a) When the level in the overhead tank reaches high level, or the level in the

underground tank goes below low level, the pump stops.
b) When the level in the overhead tank reaches low level, or the level in the

underground tank reaches high level, the pump starts.
Draw the scheme in detail covering the following points:
i) Block Diagram. [4]
ii) Keyboard interfacing     [4]
iii) Relay Interfacing for pump on off. [4]
iv) Power on indicator. [2]
v) A general flowchart for the system. [4]

[4163]-61 2



Q8) a) Write a program in PIC to complement the remaining bits of Port B
when the Port B interrupt occurs. [8]

b) Explain the following instructions of PIC [8]
i) DECFSZ f, d ii) BSF f, b
iii) BTFSC f, b iv) SLEEP

OR

Q9) a) Write a program in PIC to add 2 16 bit numbers. [8]
b) Explain the structure of stack and role of stack in PIC 16CXX. [8]

Q10)Write short notes with respect to PIC 16F8XX (any two) [16]
a) Interrupt structure.
b) Capture, Compare and PWM Module.
c) Architectural features.

( ( (
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SECTION - I
Q1) a) A 4 pole, 50Hz, 440V three phase induction motor develops 25h.p.

inclusive of mechanical losses. When this motor runs at speed 1440 rpm
the motor power factor is 0.82 lag. Calculate [10]
i) Rotor copper loss.
ii) Total input if stator losses are 1800W
iii) Line Current.
iv) Slip
v) Overall efficiency if mechanical losses are 750W (1hp = 135.5W)

b) Explain the following characteristics of DC series motor. [8]
i) Torque & armature current
ii) Speed & torque.

OR
Q2) a) Explain the features of three phase synchronous motor. [6]

b) Compare squirrel cage induction motor with slip ring induction motor
with respect to construction, performance & application. [6]

c) Explain Universal motor with diagram. Give its applications. [6]
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Q3) a) List 3 types of stepper motors and explain the construction & working
principle of permanent magnet stepper motor. [6]

b) Explain the following terms in relation to stepper motor. [6]
i) Maximum Pull in Rate ii) Maximum Pull out rate
iii) Maximum Pull torque.

c) What are the differences between Stepper motor & DC servomotor.[4]

OR
Q4) a) Explain in detail brush less DC Servomotor and its applications. [8]

b) A 4 pole, lap wound dc shunt generator has 64 slots each carrying 10
conductors. Its shunt field resistance is 70Ω  & armature resistance of
0.03

Ω

. Find the speed of the machine when supplying 100kW at a terminal
voltage of 250V. [8]

Q5) a) What is a level Switch? Explain its working with neat sketch. Develop an
electrical wiring diagram for controlling a level at high & low level of an
overhead tank. State the assumptions clearly. [10]

b) Draw and explain industrial contactor. Give its 2 applications. [6]

OR
Q6) a) What is a Pressure Switch? Explain its working with neat sketch. Develop

an electrical wiring diagram for controlling compressor pressure. State
the assumptions clearly. [10]

b) Compare EMR with SSR. [6]

SECTION - II
Q7) a) Develop an electrical wiring diagram, using standard symbols for reversal

of electric motor. [6]
b) Define the term interlock. Explain its necessity with suitable example.[6]
c) Draw wiring diagram and Explain the overload protection circuit in Mixer

grinder. [6]
OR

Q8) a) What is braking of motors. What are the various methods of braking.
Draw electrical wiring diagram for any one type. How direction of 3
phase induction motor can be reversed. Develop electrical wiring diagram
for the same. [10]

b) List 4 types of starters and explain any one starter in detail. [8]

[4163]-63 2



Q9) a) Explain the pneumatic power supply with neat sketch. [8]
b) Draw a pneumatic circuit for controlling cylinder A and cylinder B. The

sequence is A + B + A- B-. Use limit switch 1  and Limit switch 2 for
cylinder motion control. Draw step displacement diagram. [8]

OR
Q10)a) Write short notes and draw timing diagram for [8]

i) Pneumatic On Time delay valve.
ii) Pneumatic Off Time delay valve.

b) Draw the Pneumatic circuit for the automatic To & Fro motion of the
piston (Reciprocating motion). [8]

Q11)a) Explain Meter-in & Meter-out control in details. [8]
b) Compare Hydraulic & Electrical system. [8]

OR
Q12)a) Explain Hydraulic power supply in detail with neat sketch. [8]

b) Explain with neat sketch working of pressure reducing valve in hydraulic
circuit. [8]

( ( (

[4163]-63 3



Total No. of Questions : 12]

[Total No. of Pages : 2

[4163] - 64

T.E. (Instrumentation & Control)
ANALYTICAL INSTRUMENTATION

(2003 Pattern) (Sem. - I)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answer 3 questions from Section I and 3 questions from Section II.
2) Answers to the two sections should be written in separate answer books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of logarithmic tables, slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
6) Assume suitable data, if necessary.
7) Your answers will be valued as a whole.

P994

SECTION - I
Q1) a) Explain principle and instrumentation used for potentiometry. [8]

b) Explain principle and instrumentation used for voltametry. [8]

OR
Q2) a) Draw electromagnetic spectrum and write one source, one detector and

one instrumental method for each range. [10]
b) What are the advantages of instrumental methods over classical methods?

[6]

Q3) a) State Beer-Lambert’s law and write a note on “Deviation of Beer-
Lambert’s law” [10]

b) Differentiate: [6]
i) Prism and Diffraction grating ii) Filter and Monochromator.

OR

P.T.O.

SEAT No. :



Q4) a) With a neat diagram, explain working of Flame photometer. [8]
b) Explain with a neat diagram working of a hollow cathode lamp. [8]

Q5) a) Explain the principle of Flame photometry. With a neat diagram explain
working of Flame Photometer. [9]

b) Explain working of Inductively Coupled Plasma source. [9]

OR
Q6) Write notes on [18]

a) IR detectors.
b) Photo Multiplier Tube.
c) Interference filter.

SECTION - II
Q7) a) Explain with a block diagram working of Mass Spectrometer. [8]

b) Enlist various types of Mass Analyzers and explain one Mass Analyzer
in detail [8]

OR
Q8) a) Explain with a neat diagram working of a Gas Chromatograph (GC).

What are ideal characteristics of carrier gas? [8]
b) Write a note on Flame Ionization Detector. [8]

Q9) a) Explain working of NMR spectrometer. What is chemical shift in NMR.[8]
b) What is fluorescence. Explain with a neat diagram principle and working

of a Spectrofluorimeter. [8]

OR
Q10)a) Explain working of O2 analyzer. Also explain importance of gas analyzers.

[8]
b) What is Raman effect? Explain working of Raman Spectrometer. [8]

Q11)a) Explain Bragg’s law and also explain working of X-ray diffractometer.[9]
b) What is Auger electron? Explain Auger spectroscopy. [9]

OR
Q12)Write notes on [18]

a) Abbey refractometer.
b) GM Counter.
c) Mass spectrometer detectors.

( ( (
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SECTION - I
Q1) a) Explain Q meter with respect to [8]

i) Principle of working with circuit diagram.
ii) Practical Q meter circuit.

b) Explain Automatic Test equipment with neat Block diagram. State its
advantages and disadvantages. [10]

OR
Q2) a) Explain circuit diagram of RMS convertor used in digital multimeter.[8]

b) Find True RMS value of sine wave with peak amplitude Vp=4volts
superimposed on d.c. voltage of 4 volts. [4]

c) Short note on Peak-to Peak reading voltmeter. [6]

Q3) a) Explain any four pulse characteristics with the help of suitable diagram.[8]
b) Give four differences between function generator and Frequency

synthesizer. [8]
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OR
Q4) a) Explain pulse generator using Astable multivibrator, differentiator and

Monostable multivibrator. [12]
b) Short note on Function Generator. [4]

Q5) a) Explain working of sampling Oscilloscope with neat block diagram and
waveform. [10]

b) Explain vertical sensitivity and Bandwidth with respect to Dual trace
Oscilloscope. [6]

OR
Q6) a) Explain practical set up to measure relay contact changover using Digital

storage oscilloscope with waveform. [8]
b) Explain significance of roll mode and pretrigger Mode in Digital storage

oscilloscope. [8]

SECTION - II
Q7) a) Calculate conversion time for 12 bit successive approximation type ADC

if clock frequency is 1 MHz. [4]
b) Explain any four performance characteristics of ADC. [12]
c) Give one difference between Flash type ADC and dual slope integrating

type ADC. [2]

OR
Q8) a) Explain significance of sample & hold circuit and multiplexer in ADC.[6]

b) Explain single slope ramp type of ADC with the help of neat diagram.[6]
c) Short note on data logger. [6]

Q9) a) Explain following sources of errors in universal counter [8]
i) + 1 count error ii) Time base Error

b) Explain Autoranging and autozeroing techniques in digital instrument.[8]

OR
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Q10)Explain following Modes of universal counter with neat diagram and waveform.
[16]

a) Ratio Mode b) Time interval Mode
c) Totalizing Mode d) Period Mode.

Q11)a) What is necessity of Distortion meter? Explain following Fundamental
suppression methods used in distortion meter. [12]
i) Bridge T network ii) Wein Bridge.

b) Short note on virtual instrumentation. [4]
OR

Q12)a) Explain logic analyzer with neat block diagram. [8]
b) What is modulation? Give three difference between Amplitude Modulation

and Frequency modulation. [8]

( ( (
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SECTION - I
Q1) a) Find the Z-Transform of the following signals including its ROC: [10]

i) x1[n] = e–n/40 u[n]; ii) x2[n] = e–n/40 sin ⎟
⎠
⎞

⎜
⎝
⎛

8
π2 n

u[n].

b) A system described by the following difference equation: [6]

[ ] [ ] [ ] [ ] [ ]12
8
11

4
3

−+=−+−+ nxnxnynyny

i) Find impulse response of the system.
ii) Realize the system using parallel form.

OR
Q2) a) Explain the effect of finite word length in digital filter. [6]

b) Determine Direct form-I and Direct form - II of [10]
i) 2y[n] + y [n – 1] – 8y [n –3] = 2x[n] + 9x[n – 5].
ii) y[n] – 0.15y [n – 1]  + 0.8y [n –2] – x[n] – 2x[n – 1] = 0.
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Q3) a) Determine the 4-point DFT of the following sequences: [6]

i) x[n] = u[n] – u[n–4]

ii) x[n] = cosπ n       0 < n < 3.

b) State and prove the Circular convolution and Periodic property of DFT.[6]

c) Determine the circular convolution of x [n] = {2, 1, 2, 1} and y [n] = {1,2}[4]

OR

Q4) a) Compute the 8-point DFT of x[n] = (0.5)n Using DIF - FFT. [8]

b) Deduce the derivation of radix-2 DIT-FFT algorithm. [8]

Q5) a) List out and explain the different types of window functions used for
finite impulse response (FIR) filter design. [6]

b) Design the symmetric FIR LPF for the following constraints:

otherwise
e c

Tj
d ω|ω|

0
)(ωH ≤= − ω

The length of filter should be 7 and cω  = 1 rad per samples. Use Hamming
window. [12]

OR

Q6) a) Compare FIR and IIR filters with their advantages and disadvantages.[6]
b) Determine the FIR filter coefficient for M = 7 for the following

specifications. [12]

π |ω|
4
π

4
π|ω|

4
π

0
)(ωH 3j

≤≤

≤≤−= ω−ed

Use Hamming window with N = 7.

SECTION - II
Q7) a) Explain Impulse invariance scheme. What is the drawback and how Bilinear

transformation overcomes it. Explain concept of frequency pre-warping.
[8]
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b) With the help of Bilinear z-transformation, design a digital Butterworth
filter which satisfies the following constraints: [10]

πωπ75.0
π5.0ω0

20
4|)(|

1|)(|
10
9

j

j

≤≤
≤≤

≤

≤≤

ω

ω

eH

eH

OR
Q8) a) Compare impulse invariance method and bilinear transformation method

of infinite impulse response (IIR) filters. [5]
b) Explain the frequency transformations to convert low-pass filter to high-

pass filter, and band-pass filter. [4]
c) Convert an analog filter with system function H(s) into digital IIR filter.

Using impulse invariance method. [9]

107
10)(

2 ++
=

ss
sH

Q9) a) List out any four applications of [8]
i) Fixed-point processor
ii) Floating point processor.

b) What are the different data types supported by the TMS320 C67xx DSP
processor? Also explain their ranges in detail. [8]

OR
Q10)a) List out the salient features of TMS320 C67xx processor. [8]

b) Explain in detail the cross path in DSP processor. [8]

Q11)a) Write a short note on: [8]
i) Fetch packet and execute packet.
ii) Logical instructions.

b) Draw and explain the architecture of Harvard and modified Harvard
architecture. [8]

OR
Q12)a) List out any eight applications of TMS320 C67xx platform. [8]

b) List out the four features of Instruction set of TMS320 C67xx processor.
[8]

( ( (
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SECTION - I
Q1) What do you mean by unit process and unit operation. Discribe any from

each of them with symbols. [16]

OR
Q2) Discribe basic concepts and principals of commonly used Unit Operations

with the processes and their study related to distillation and drying. [16]

Q3) What is the role of kinetics and thermodynamics in process industries. [16]

OR
Q4) What are the types of reaction and reactors. Discuss in detail. [16]

Q5) What is energy balance and heat transfer coefficient. Discuss with suitable
example. [18]

OR
Q6) What is material balance and mass transfer coefficient. Discuss with suitable

example. [18]
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SECTION - II
Q7) Explain in detail about crushing, grinding, size seperation and screening. [16]

OR
Q8) Explain in detail about forth flotation and hydro cyclone. [16]

Q9) Explain basic concepts of corrosion & protection from corrosion. [16]

OR
Q10)Explain in detail about heat & surface treatments on metals. How will you

select metals & alloys used in construction of field instruments. [16]

Q11)Draw and explain Process flow diagram for Cement industries. [18]
OR

Q12)Draw and explain Process flow diagram for Paper Industries. [18]

( ( (
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SECTION - I
Q1) a) Draw and explain a typical level control loop using P & ID symbols.[8]

b) Design a signal conditioning circuit for a sensor whose output range is
10 to 150 mV. with linear variation in temperature. The circuit must provide
high input impedance with 0 to 5V output. [10]

OR
Q2) a) Draw P & ID symbols for the following with proper application. [12]

i) Level Alarm Low ii) Converter
iii) Flow Element iv) Pressure Switch

b) A level range of 2 to 3 m is linearly represented by a standard current
range of 3 to 15 psi. What current will result from 2.3 m? What temperature
does 9.5 mA represent? [6]

Q3) a) What are different types of converters used in process industries. Explain
any one type with a neat sketch. [8]

b) Explain with the help of block diagram the working of SMART. [8]

OR
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Q4) a) Explain various process lags. [8]
b) Explain the Calibration of an electronic transmitter for a range of 50mm

to 250mm Hg. [8]

Q5) a) Compare proportional, Integral and derivative control actions. [10]
b) Explain Time Proportional Controller. [6]

OR
Q6) a) Name and explain algorithms used in digital controllers. [8]

b) Compare Ziegler - Nichols method and process reaction method of
tuning. [8]

SECTION - II
Q7) a) Explain with proper block diagram the different functions of input module

of Programmable Logic Controller. [8]
b) Explain different types of timers. Develop ladder diagram for Flashing

light with 2 seconds ON and OFF time. [10]

OR
Q8) a) Explain different PLC instructions. [8]

b) Develop ladder diagram for bottle filling plant. Assume suitable sequence.
[10]

Q9) a) Explain different control valve characteristics. [8]
b) Compare double seated and single seated globe valves. [8]

OR
Q10)a) Explain the need of Valve Positioner. [8]

b) Define the following: [8]
i) Valve Coefficient ii) Rangeability
iii) Turndown iv) Valve trim

Q11)a) Explain various ISA sequences for an Alarm annunciator. [8]
b) What is purging? What are its types. [8]

OR
Q12)a) Explain Volumetric type of feeders. [8]

b) Explain the need of square root extractor. [8]

( ( (
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SECTION - I
Q1) a) Draw & explain block diagram of automatic control system in detail.

Explain it with suitable example. [10]
b) Explain different types of errors in measurement. Also explain methods

to overcome these errors. [8]
OR

Q2) a) Explain the following terms. [10]
i) Accuracy ii) Precision
iii) Resolution iv) Reproducibility
v) Threshold

b) Explain the term servomechanism with suitable example. [8]

Q3) a) Define the term transducer. Explain with suitable examples classification
of transducers. [8]

b) Explain construction and working of LVDT in detail. [8]
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OR
Q4) a) What are the different methods for humidity measurement. Explain any

one method in detail. [8]
b) Define the term strain gauge. Explain different types of strain gauge. [8]

Q5) a) Explain role of optodevices in printing applications. [8]
b) Draw and explain first order low pass Butterworth filter. Explain its design

steps. [8]

OR
Q6) a) Write a short note on sample and hold circuit. [8]

b) Explain LASCR in detail. [8]

SECTION - II
Q7) a) Explain the following terms: [10]

i) Degree of freedom ii) Process Lag
iii) Control Lag iv) Process Equation
v) Process Load.

b) Explain Bang. Bang controller in detail. [8]

OR
Q8) a) With suitable example explain final control operation. [8]

b) Draw the output response of proportional, P+I, P+I+D, P+D controller
when unit step input is applied. Also write the equation for P+I+D
controller. [10]

Q9) a) With the help of circuit diagram explain electronic P+D controller. What
are its limitations. [8]

b) Explain microprocessor based flow control system. What is the role of
controllers in printing applications? [8]

OR
Q10)a) What is the standard output of pneumatic controller. Explain pneumatic

proportional plus integral controller. [8]
b) Explain operational amplifier base proportional controller in detail. [8]
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Q11)a) Define the term PLC. Draw & explain the architecture of PLC. [8]
b) Draw & explain block diagram & ladder diagram for bottle filling plant.

[8]

OR
Q12)a) Write a short note on SCADA. [8]

b) Draw and explain data logger system in detail. [8]

( ( (
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