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(F) | Candidates are directed to write answers only in the prescribed space of Question-Answer Booklet. Do not
write answer outside the border line. Answer written outside the border line will not be checked.
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(J) | Mobile Phone, watch, smart watch or any other electronic gadget in the examination hall is strictly
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Warning: If a candidate is found copying or if any unauthorized material is found in his/her possession, F.LR.
would be lodged against him/her in the Police Station and he/she would liable to be prosecuted under Rajasthan
Public Examination (Measures for Prevention of Unfair Means in Recruitment) Act, 2022, other laws
applicable and Commission’s Regulations. Commission may also debar him/her permanently from all future
examinations.
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PAPER-IV : MECHANICAL ENGINEERING - IT
Total Marks : 200

Total Questions : 37
Part - A
Note: Attempt all questions. Answer each question in 15 words. Each question carries 2 marks.

1. What is the temperature (°C) and pressure (kPa) at the triple point of water?

2.  State the principle of increase of entropy.
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3.  For the same maximum temperature and pressure and same heat rejection rate, arrange the
efficiencies of Otto, Diesel and Dual cycles in ascending order.
4.  Write down relations of maximum pressure ratio, optimum pressure ratio, maximum

net work done and cycle efficiency in terms of maximum and minimum temperatures of a
Brayton cycle.
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5. Define fin efficiency and fin effectiveness.

6.  Write Dittus-Boelter correlation for cooling of the fluid in convection heat transfer.

»
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7.  Define the term ‘Radiosity’ in case of radiation heat transfer.
8.  Write expression for maximum possible rate of heat transfer in parallel flow and counter

flow heat exchanger. Which fluid will experience maximum possible heat transfer?
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9.  Whatis the condition of stability of a floating body with reference to its metacentric height?

10. Define the local and convective acceleration.

r
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11. Define boundary layer thickness.

12.  Write down relation for minimum speed for starting a centrifugal pump.
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13. Write chemical formula of R-11 and R-134a refrigerants.

14. Which three fluids are used in Electrolux-vapour absorption refrigeration system?
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15. Define relative humidity.

16. Define room sensible heat factor.
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17. What is Cetane number?

18. Write the expression for critical pressure ratio for maximum discharge in steam nozzle.

|
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19. Mention four essential components of a nuclear reactor.

20. Why gas power cycles produce less net power output than steam power cycles?
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Part - B

Note: Attempt all questions. Answer each question in 50 words. Each question carries 5 marks.

21. Anideal gas of molar mass 28 kg/kmol at 5 bar and 400 K undergoes ideal expansion in a
turbine to 2 bar. If the ratio of specific heats is 1.4 and mass flow rate of gas is 5 kg/s,
E determine power output of the turbine. (Universal gas constant = 8.31 kJ/kg.K)
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22. Let Q be the rate of heat transfer from reservoir A at T to reservoir B at T2. Derive the
expression for change in entropy for the isolated system comprising the reservoirs and the

rod.
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23. A diesel engine has a compression ratio of 14 and cut-off takes place at the 6% of the stroke.
Determine the air standard efficiency.
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24. A storage chamber of interior dimensions 10 m X 8 m X 2.5 m high has its inside maintained
at a temperature of —20°C whilst the outside is at 25°C. The walls and ceiling of the chamber
have three layers made of -

60 mm thick board (k = 0.2 W/m-deg) on the inside
90 mm thick insulation (k = 0.04 W/m-deg) at mid
240 mm thick concrete (k = 1.8 W/m-deg) on the outside

: Neglecting flow of heat through the floor, determine the rate at which heat can flow towards
F inside of the chamber.




MIVIMETEM RN




AR

09 21

25. Determine the view factors from the base of the pyramid as shown in Figure to each of its
four side surfaces. The base of pyramid is square and its side surfaces are isosceles

triangles.
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26. A solid cylinder of diameter 4.0 m has a height of 4.0 m. Determine the metacentric height
of the cylinder if the specific gravity of the cylinder material is 0.6 and it is floating in
water with its axis vertical. State whether the equilibrium is stable or unstable.
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27. The tests conducted on a one-fifth scale model of a Francis turbine under a head of 1.5 m
indicated that it could develop 1.5 kW power at 450 rpm. Determine the speed and power
of a full-sized turbine while working under a head of 30 m.
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28.

Write the net effect of suction pressure, discharge pressure, superheating and subcooling
on the performance of vapour compression refrigeration system.
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29. Derive an expression for Bypass factor of heating and cooling coil during sensible
heating/cooling.
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30. Explain the reasons why multi-cylihder engines prove to be more attractive than a single
cylinder engine once the total displaced volume of the engine exceeds a few hundred cubic

centimetres?
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31.

Discuss hydrology and hydrological cycle.
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32. A gas turbine plant operates on the Brayton cycle between Tmin = 300 K and
Tmax = 1073 K. Find the maximum work done per kg of air and corresponding cycle
efficiency. How does this efficiency compare with the Carnot efficiency operating between
the same two temperatures?
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Part - C

Note: Attempt all questions. Answer each question in 200 words. Each question carries 20 marks.

33.

One kg of ice at —5°C is exposed to the atmosphere which is at 20°C. The ice melts and
comes into thermal equilibrium with the atmosphere. Determine :

(a) The entropy increase of the universe.

(b) What is the minimum amount of work necessary to convert the water back into ice at
—=5°C? C, of ice as 2.093 kJ/kg K and latent heat fusion of ice is 333.3 kJ/kg.
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34. Derive an expression for the steady state temperature distribution along the length of a pin
fin and obtain an expression for the effectiveness of the fin.
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35. Derive the expression for volumetric flow rate, ratio of maximum velocity to average
velocity of flow and loss of pressure head for the fully developed laminar flow through a
circular pipe.
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36. An aircraft refrigeration plant has to handle a cabin load of 30 tonnes. The atmospheric
temperature is 17°C. The atmospheric air is compressed to a pressure of 0.95 bar and
temperature of 30°C due to ram action. This air is then further compressed in a compressor
to 4.75 bar, cooled in a heat exchanger to 67°C, expanded in a turbine to 1 bar pressure and
supplied to the cabin. The air leaves the cabin at a temperature of 27°C. The isentropic

efficiencies of both compressor and turbine are 0.9. Calculate the mass of air circulated per
minute and the C.O.P. For air, C; = 1.004 kJ/kg.K and C,/Cy = 1 4.
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37.

The air enters the compressor of an open cycle constant pressure gas turbine at a pressure
of 1 bar and temperature of 20°C. The pressure of the air after compression is 4 bar. The

isentropic efficiencies of compressor and turbine are 80% and 85% respectively. The
air-fuel ratio used is 90 : 1. If flow rate of air is 3.0 kg/s, find :

(i) Power developed.

(i1) Thermal efficiency of the cycle.

Assume Cp = 1.0 kJ/kg.K and y = 1.4 for air and gases.
Calorific value of fuel = 41800 kJ/kg.
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