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Metallurgy & Material Science
(Mechanical Engineering)

Time: 3 hours                                                                                        Max Marks: 70
Answer any FIVE Questions from the following

All questions carry equal marks (14 Marks each)

* * * * *

1. a) Define crystal, space lattice, unit cell and atomic packing factor. 6M

b) Calculate the number of atoms in the unit cell of FCC structure and calculate the
atomic packing factor of FCC structure.

8M

2. a) With neat sketch explain substitutional solid solutions and interstitial solid solutions. 6M

b) Explain Hume-Rothary rules for the formation of substitutional solid solutions. 8M

3. Explain the following with two examples:

a) Eutectic system 7M

b) Peritectic system 7M

4. Draw neatly the micro structure and explain:

a) White cast iron 7M

b) Spheroidal cast iron 7M

5. a) Define heat treatment and heat treatment cycle. 4M

b) Explain with diagrams the various steps involved in the construction of TTT
diagram.

10M

6. Differentiate between brasses and bronzes and explain the following: 5M

a)  brasses 3M

b) ( +  ) brasses 3M

c) Tin bronzes 3M

7. What are various types of composites and explain dispersion reinforced composites,
fibre reinforced composites and cermets?

14M

8. a) Explain the difference between Iron and Steel. 3M

b) With neat sketch and reactions explain the acid bessemer process for steel making. 11M

***
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Answer any FIVE Questions from the following
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* * * * *

1. a) Explain homogeneous and heterogeneous systems giving suitable examples of each. 04M

b) A pump discharges a liquid into a drum at the rate of 0.032m3/s. the drum, 1.50 m in
diameter and 4.20 m in length, can hold 3000 kg of the liquid. Find the density of the
liquid and the mass flow rate of the liquid handelled by pump.

10M

2. a) Explain the zeroth law of thermodynamics. 04M

b) A new absolute temperature scale is proposed. On this scale the ice point of water is
1500S and the steam point is 3000S. Determine the temperature in 0C that corresponds
to 100 0S and 4000S respectively. What is the ratio of the size of 0S to the size of 0S to
the Kelvin?

10M

3. a) Establish the equivalence of Kelvin-Planck statement and Clausius statement. 04M

b) Air of mass 0.5 kg as an ideal gas executes a Carnot Cycle having a thermal
efficiency of 50 %. The heat transfer to the air during the isothermal expansion is
40kJ. At the beginning of isothermal expansion the pressure is 7 bar and the volume
is 0.12 m3. Determine

(a) The maximum and minimum temperatures for the cycle,

(b) The volume at the end of isothermal expansion,

(c) The work and heat transfer for each of the four processes.

10M

4. a) Give the criteria of reversibility, irreversibility, and impossibility of a thermodynamic
cycle.

06M

b) How is the entropy change of a reversible process estimated? Will it be different for
an irreversible process between the same end states?

08M

5. a) What is critical state? Explain the terms critical pressure, critical temperature and
critical volume of water.

08M

b) Why cannot a throttling calorimeter measure the quality if the steam is very wet?
How is the quality measured then?

06M

6. a) What are the fundamental property of gases with respect to product pv? 06M

b) An ideal gas at temperature T1 is heated at constant pressure to T2 and then expanded
reversibly, according to the law PVn = Constant, until the temperature is once again
T1. What is the required value of n, if the change of entropy during the separate
processes are equal?

08M

7. a) Two tanks are connected by a valve. One tank contains 2kg of CO2 gas at 77oC and
0.2 Bar. The other tank holds 8kg of the same gas at 27o C and 1.2 Bar. The valve is
opened and gases are allowed to mix while receiving energy by heat transfer from the
surroundings. The final equilibrium temperature is 42o C. Determine the final
equilibrium pressure and the heat transfer for the process.

10M

b) Show that for an ideal gas the internal energy depends only on its temperature. 04M

8. a) Explain the mixed or duel cycle. 04M

b) An Ericsson cycle operating with an ideal regenerator works between 1100 K and
288 K. the pressure at the beginning of isothermal compression is 1.013 bar.
Determine –

a. The compressor and turbine work per kg of air and

b. The cycle efficiency

10M
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