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              (2) All questions carry equal marks.
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1. Air flows steadily at the rate of 0.4 kg/s through an air compressor, entering  6 m/s with a pressure of 1 bar and specific volume of 0.85 m3/kg, and leaving at 4.5 m/s with a pressure of 6.9 bar and a specific volume of 0.16 m3/kg. The internal energy of the air leaving is 88 kJ/kg greater than that of the air entering. Cooling water in a jacket surrounding the cylinder absorbs heat from the air at the rate of 59 kJ/s. Calculate the power required, to drive the compressor and the inlet and outlet pipe cross-sectional areas. 

2. A furnace wall is constructed of 230 mm. firebrick, 80 mm. insulating brick and 90 mm red brick. The temperature at the inner surface of the wall is 8200C- and that of the outer surface is 650C. The thermal conductivities of the three types of brick are 1.2, 0.12 and 0.87 W/mK respectively. Calculate the heat, loss per m2 per hour and the interface temperatures. 

3. A steam power plant operates between a boiler pressure of 42 bar and a condensor pressure of 0.035 bar. Calculate for these limits the cycle efficiency, the work ratio and the specific steam consumpti6n'for a Rankine Cycle with dry saturated steam at entry to the turbine. 

4. A engine works on the ideal dual-combustion cycle, the compression ratio being 11.0. The pressure at the commencement. of compression is 1bar and the temperature 900C. If the maximum pressure in the cycle is 50 bar and the constant,pressure heat reception continues for 1/20 of the stroke, find the work done per kg for air and the ideal thermal efficiency. (CP = 1.005 kJ/kg K, CV = 0.718 kg K).

5. In the theoretical cycle for a jet propulsion unit both the compression and the expansion are considered isentropic and the heat is supplied at constant pressure. Show that the thrust developed per kg of air per second when the velocity of approach is neglected is ( 2 CPT(q – 1) (rr-1 -  1) where q is the ratio of the absolute temperatures after and before combustion, r is the volume compression ratio, and T is the absolute temperature of the atmosphere. 

6. The analysis of the dry exhaust from an internal-combustion engine gave   12% C02 ; 2% CO; 4% CH4; 1 % H2; 4.5%O2 and the remainder nitrogen. Calculate the proportions by mass, of carbon to hydrogen in the fuel, assuming it to be a pure hydrocarbon.

7. During a trial on a six cylinder petrol engine, a Morse test was carried out as the means of estimating the indicated power of the engine. When running at full load, all cylinders in, the breaker powers out put was 52kW. The measured breake power outputs, in Kw, when each cylinder was cut out in turn and the load reduced to bring the engine back to its original speed were were as follows :-

	1
	2
	3
	4
	5
	6

	40.5
	40.2
	40.1
	40.6
	40.7
	40.0


        From this data estimate:- 

(a) The indicated power of the engine. 

(b) The mechanical efficiency of the engine. 

8. Air flowing through a diverging tube has at one section a temperature of 00C pressure 1.4 bar. The velocity 900 m/s a little further along the tube the velocity has fallen to 300 m/s. Assuming a friction less adiabatic flow-wait is the increase in pressure temperature and internal energy per kg of air. Take CP = 1.006 kJ/kg K   CV = 0.717kJ/kg K. 

9. A heat pump uses ammonia as the working fluid between salutation temperature limits of - 160Cand 400C. The vapour is dry saturated after isentropic compression. The heated air at 200C enters a building of 300m3 volume and there are 4 changes per hour, the ambient air temperature being 130C, pressure 1.103 bar. Determine  :

(a) heat extracted per kg ammonia.

(b) Circulation of ammonia in kg/min.

 R air = 0.287kJ/kg K, CP = 1.005kJ/kg K. 
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Answers

Answer for Question No. 1

104.4 kw

0.057m2
0.014m2
Answer for Question No. 2

2826.539 kJ

6700C

146.310C

Answer for Question No. 3

0.368

0.996

3.64 kg/kwh

Answer fro Question No. 4

793.61 kJ/kg

Answer fro Question No. 6

7.35 : 1

Answer for Question No. 7

69.9

74.4%

Answer for Question No. 8

3560C

24.5 bar

255 kJ/kg

Answer for Question No. 9

876 kJ

0.2106 kg/min

