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FIRST PROFESSIONAL B.TECH DEGREE EXAMINATION

MAY/JUNE 2007

MECHANICAL ENGINEERING
Answer all the questions.

Draw diagrams wherever necessary.
Use of Scientific calculator is permitted.

Time : Two Hours                                                                             Maximum : 100 Marks

Part A

1. Find the most appropriate answer from the choices. Each question carries 1 mark.
(i) The door of a domestic refrigerator inside a room is left open. What happens?

(a) Room will be cooled to the temperature inside the fridge

(b) Room will be slowly cooled to reach an equilibrium temperature 

(c) Room temperature is unaffected

(d) Room gradually starts warming up 

(ii) Food can be cooked quicker in a pressure cooker because
(a) Less heat is lost
(b) High pressure steam has high temperature
(c) Steam remains in the cooker
(d) It is made of metal
(iii) Air leaking from a punctured tube is an example of 
(a) Throttling
(b) Adiabatic expansion
(c) Isothermal expansion
(d) Isochoric expansion
(iv) The thermal efficiency of an automotive diesel engine as compared to that for an automotive petrol engine, both running at their rated horse power, is
(a) lower
(b) higher
(c) the same
(d) cannot be predicted
2. Pick all the right answers. No partial marks. Each question carries 1 mark.
(i) During sensible cooling process,
(a) Specific humidity remains constant
(b) Partial pressure of vapour remains constant
(c) Relative humidity increases

(d) Wet bulb Temperature decreases
(ii) The gases that exhibit drop in temperature upon expansion
(a) Carbondioxide
(b) Oxygen
(c) Hydrogen
(d) Helium
(iii) On which plot, isotherms will not be a straight line?
(a) P and T

(b) S and T

(c) V and P

(d) PV and V

(iv) The efficiency of an ideal Carnot engine depends on

(a) Density of the working substance

(b) Temperature of source

(c) Temperature of sink

(d) Height above sea level

3. In an isobaric process, the volume of a gas changes from 20 m3 to 25 m3 at 105 Pa. Calculate the work done.
4. What is the specific humidity if the barometric pressure is 1.01325 bar and vapour pressure is 0.03056 bar at 30°C WBT?
5. Air is compressed in a reversible isothermal steady flow process from 1 bar at 40°C to
10 bar. Determine the work done on 1 kg of the gas.
6. A non-flow quasi static process occurs for which p = – 3 V + 16. What is the work done when V changes from 2 to 6 m3?
7. A new linear temperature scale – Chinnu’s scale is devised so that the melting point of ice and boiling point of water are 0 °Chinnu and 360 °Chinnu respectively. What will be the absolute zero (0 K) in this scale?
8. 1 kg of steam expands during a non-flow process according to the relation PVⁿ = C. Initial pressure and volume is 10.5 bar and 0.08778 m3/kg and the final conditions are 1.05 bar and 0.6796 m3/kg. Calculate the index of expansion, n.
9. In his web page, Mr. Deepak, an engineer advertises his new invention – an engine which uses ice, water and steam. The engine works between 100 K and 100 °C. He explains a lot of other features like efficiency of 65 % etc. What do you feel, should I buy it or not?
10.  5 kg of a diatomic gas is heated at constant pressure from 30 °C to 250 °C. If the initial volume is 3 m3, calculate
(i) Final volume

(ii) Heat added (take Cp = 1 kJ/kgK)

11. Ms. Shine Thomas bought a new fridge. Its freezer maintains a temperature of -15 °C. The ambient air temperature is given by tonight’s DD News (take the maximum temperature). If heat leaks into the freezer at a continuous rate of 1.75 kJ/s, what is the least power necessary to pump this heat out continuously?
12. A cold storage is to be maintained at –5 °C while the surroundings are at 35 °C. The heat leakage from the surroundings into the cold storage is estimated to be 29 kW. The actual COP of the refrigeration plant used is 1/3rd of an ideal plant working between the same temperatures. Find the power required to drive the plant.
Questions 13-16 : 8 marks each.
13. 1 kg of ice at 0 °C floats on 10 kg of water at 30 °C, the whole system being thermally isolated. What will be the change in entropy of the system when thermal equilibrium is reached? 
Take specific heat of water = 4.2 kJ/kgK and  Latent heat of fusion of ice = 336 kJ/kg.
14. 4 m3 of air at a pressure of 500 kPa and a temperature of 27 °C expand reversibly in a cylinder to a pressure of 100 kPa. The final volume is 20 m3. Calculate the heat transferred. (Assume specific heat to be constant during the process).
15. A heat engine is supplied heat at the rate of 1 700 kJ/min and gives an output of 9 kW. Calculate the thermal efficiency and the rate of heat rejection.
16. Air enters an air turbine at a pressure of 7 kgf/cm², 65 °C with a velocity of 90 m/s and leaves the turbine at 1.4 kgf/cm², 5 °C and 60 m/s velocity. There is no heat transfer from the turbine. Assume air to be an ideal gas with constant specific heat. Determine the reversible work per kg of air for the change of state that occurs in the turbine, and compare this with actual work done by the turbine.

Part B
17. Answer any one of the following. 12 marks

(i) Draw the PV and TS diagrams for an Otto cycle. An engine working on the Otto cycle is supplied with air at 0.1 MPa, 35 °C. The compression ratio is 8. Heat supplied is 2 100 kJ/kg. Calculate 

(a) The maximum pressure of the cycle

(b) The maximum temperature of the cycle

(c) Cycle efficiency 

(d) The mean effective pressure.

(ii) Draw the PV and TS diagrams for a Diesel cycle. In an air standard diesel cycle, the compression ratio is 16 and at the beginning of isentropic compression, the temperature is 15 °C and the pressure is 0.1 MPa. Heat is added until the temperature at the end of the constant pressure process is 1 480 °C. Calculate 

(a) The cut off ratio

(b) the heat supplied per kg of air

(c) cycle efficiency

(d) m.e.p.

18. Answer any one of the following. 12 marks
(i) In a closed cycle turbine the following data apply. 

	Working substance is air, regarded as a simple gas with Cp = 0.24 and  = 1.4

	Ambient temperature 
	27 °C

	Top Temperature 
	823 °C

	Pressure at compressor inlet
	1 kgf/cm²

	Pressure ratio
	4

	Compression efficiency
	80 %

	Turbine efficiency
	85 %

	Heating value of fuel
	10 000 kcal/kg

	Heater loss
	10 % of heating value


Find the following:

(a) Compressor work kcal/kg

(b) Heat  supplied kcal/kg

(c) Turbine work kcal/kg

(d) Net work kcal/kg

(e) Thermal efficiency

(f) Air rate kg per shaft horse power hour (SHP)

(g) Air : Fuel ratio

(h) Specific fuel consumption kg/SHP hour

(i) Work ratio

(ii) Master Madhav wants his house to be air conditioned for 60 people including his friends and relatives. The out door conditions are DBT = 30 °C, R.H. = 60 %. The quantity of air supplied is 24 m3/min. The enthalpy at inlet is 82 kJ/kg at 75% RH, 30 °C DBT. The air dehumidified and cooled to the condition enthalpy=34.1 kJ/kg at dew point. Taking the specific volume to be 0.888 m3/kg, Find the capacity of the cooling coil.
Also, if the enthalpy at the heated condition is 42.3 kJ/kg at 20 °C DBT and 60 % Rh, what is the capacity of the heating coil?
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