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                                         (2) All questions carry equal marks.

                (3) Neatness in handwriting and clarity in expression carries weightage

1. A single-stage single-acting air compressor, running at 6 rev/s, takes in 20.8 litres of atmospheric air per stroke at 1 bar and 250 C and compresses it to 5.5 litres according to the law PV1.2 = C. Calculate  

(a) the temperature of the air at the end of compression, 

(b) the volume of air delivered per second to the reservoirs if it is cooled at constant pressure to its initial temperature through after-coolers, 

(c) the mass of air delivered per second, 

(d) the mass of sea water circulating through the cooler per second if the difference in temperature between inlet and outlet is 10" C. 

Take the values, R for Air = 0.287 KJ/kg K, C. for air = 1.005 KJ/kg K, specific heat of water = 4.12 KJ/kg K. 

2. Two rows of a velocity compounded impulse turbine have a mean blade speed of 160 m/s and a nozzle velocity of 700 m/s. The nozzle angle is 200. The exit angles of the first moving row, fixed and second row of moving blades are 250, 250 and 300 respectively. There is a 10% loss of velocity due to friction in all blades. The steam flow is 5 kg/s. Determine:- 

(a) the power output of the turbine, (b) the diagram efficiency. 

3. The following results were obtained in a trial of a 9 cylinder four stroke engine 200mm bore by 300mm stroke when running at 750 rev/min. Brake load is 22.3 KN at 0.565m radius ; fuel consumption per minute 3.15 kg of calorific value 42700 KJ/kg   air supply per minute 51.12 kg at 1.25 bar and 280C. Calculate:-  

(a) the brake thermal efficiency, 

(b) the brake mean effective pressure, 

(c) the specific fuel consumption in kg/KWh, 

(d) the volumetric efficiency when running under the given conditions.

 
Take R for air = 0.287 KJ/kg K. 

4. The piston swept volume of an engine working on the ideal dual combustion cycle is 0.1250 m3 and the clearance volume is 10000 cm3. At the beginning of compression the pressure is 1 bar and temperature 350C. The maximum pressure in the cycle is 47 bar and maximum temperature 15500 C. Taking v = 1.4 and Cv = 0.715 KJ/kg  K for air and products of combustion. Calculate :- 

(a) the pressure, volume and temperature at the state points of the cycle, 

(b) the thermal efficiency of the cycle,

(c) the work done per cycle, 

(d) the proportion of heat received at constant volume to that received at constant pressure. 

5. Dry saturated steam at 60 bar is supplied through a pipe which has two layers of insulation. Outside Diameter of the pipe is 150mm, inner layer of insulation 75mm thick and its thermal conductivity 0.05 W/mK. The outer layer of insulation is 40mm thick and its thermal conductivity 0.15 W/mK. The heat transfer coefficient for the outside surface of the lagging is 8 W/m2K. The ambient temperature is 250C. Calculate 

(a) the condensation rate per metre length of pipe per hour, 

(b) the temperature of the outside surface of the lagging. 

Neglect the thermal resistance of the pipe itself. Assume that the inside surface of the pipe is at the steam temperature. Neglect radiation. 

6. An open circuit, continuous combustion, constant pressure gas turbine receives air from the atmosphere at 150C and compresses it to five times the intake pressure in a rotary compressor whose isentropic efficiency is 80%. The compressed air then passes through a heat exchanger, whose effectiveness is 60%. In the heat exchanger heat is transferred from the turbine exhaust to the compressed air. From the heat exchanger the air passes through a combustion chamber at constant pressure, in which its temperature is raised to 8000C. From the combustion chamber the air expands through a gas turbine to atmospheric pressure and at this pressure passes through the heat exchanger to exhaust. The isentropic efficiency of the turbine  is 0.82. The flow of air through the plant is at the rate of 2.5 kg/s. Neglect the mass of fuel and take v=1.4 and CP =1.006 KJ/kg K, throughout. Determine :- 

(a) the net power output of the turbine if the turbine is coupled to the compressor, 

(b) the temperature of the air leaving the heat exchanger to enter the combustion chamger, 

(c) the thermal efficiency of the plant. 

7. An ammonia refrigeration plant operates between temperature limits of -220C and 340C. The refrigerant leaves the evaporator as saturated vapour. The vapour is dry-saturated at the end of compression and leaves the condenser as liquid with no undercooling. Determine the Coefficient of performance of the plant:- 

(a) when the compression is isentropic, 

(b) when the isentropic efficiency of the compressor is 0.86. 

8. Steam is supplied to a turbine at 40 bar, 3500C and the condenser pressure is 0.04 bar. The power developed is 6 MW when the steam consumption is 26.5 tonnes/h. Calculate:- 

(a) the ideal efficiency of the Rankine Cycle,

(b) the actual efficiency of the engine,

(c) the efficiency ratio, 

(d) the state of the exhaust steam from turbine at 0. 04 bar, considering the above efficiency ratio. 

9. A certain gas has a density of 1.38 kg/m3 at 1.01325 bar and 100C. When 0.05 m3 of this gas at 1.5 bar and 270 is compressed adiabatically to a temperature of 1040 C the work done is 4736 J. Calculate:- 

(a) the characteristic gas constant R, 

(b) the specific heat of the gas' at constant volume and at constant pressure, 

(c) the adiabatic index, 

(d) the pressure and volume of the gas at the end of compression. 

------------------------------X--------------------------

78HE-1

Sr. No. 9

EXAMINATION OF MARINE ENGINEER OFFICER

HEAT ENGINES

CLASS I

(Time allowed - 3 hours)

INDIA (2001)                                                       Afternoon Paper
                                Total Marks  100

                         N.B. -      (1) Attempt  SIX questions only.

                                         (2) All questions carry equal marks.

           (3) Neatness in handwriting and clarity in expression carries weightage

Answers

Answer for Question No. 1

(a) 115.60C

(b) 25.6 LTR

(c) 0.1459 kg/sec

(d) 0.322 kg/sec

Answer for Question No. 2

(a) 983.17 kw

(b) 80.257

Answer for Question No. 3

(a) 44.14%

(b) 18.67

(c) 0.1909 kg/kwh

(d) 90%

Answer for Question No. 4

(a) Pressure = 38.23 bar    Volume = 0.017 m3         Temperature = 799.28

(b) 61.1%

(c) 82.26 kJ

Answer for Question No. 5

(a) 165.93 kJ/m

(b) 35.20C

Answer for Question No. 6

(a) 286.4 

(b) 3250C

(c) 26.889

Answer for Question No. 7

(a) 3.834

(b) 3.297

Answer for Question No. 8

(a) 37.3%

(b) 27.4%

(c) 0.7339

(d) 0.886

Answer for Question No. 9

(a) R = 12594

(b) 0.8962 kJ/kg

(c) 1.407

(d) 3.337

