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Sr. No. 8

EXAMINATION OF MARINE ENGINEER OFFICER

Function:  Marine Engineering  at Management Level
THERMODYNAMICS AND HEAT TRANSMISSION

M.E.O. Class II

(Time allowed - 3hours)

India (2003)                                               
         Afternoon Paper                          Total Marks  100
  NB :
(1) Answer SIX  Questions only.

        
(2) All Questions carry equal marks


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


(4) Illustration of an Answer with clear sketches / diagrams carries weightage.
1. In a Freon-12 refrigerating plant the compressor takes the refrigerant in at 0.8071 bar and discharges it at 12.19 bar and 65°C.  At condenser outlet the Freon is saturated liquid at 12.19 bar.  If compression is isentropic and the flow of the refrigerant is 15 kg/min, calculate the refrigerating effect and the coefficient of performance.
2. In a compression ignition engine working on the ideal dual-combustion cycle, the volumetric compression ratio is 12.5:1. The cycle consists of (a) adiabatic compression from 1.013 bar, 35°C, (b) heat received at constant volume to a maximum pressure of 40 bar, (c) heat received at constant pressure to a maximum temperature of 1425°C, 

(d) adiabatic expansion to the initial volume, (e) heat rejected at constant volume.  Make a sketch of the pV diagram and calculate the mean effective pressure.

[image: image2.wmf]1

/

2

2

1

ln

)

(

2

r

r

T

T

-

pl

Take  = 1.4 for 
air and products of combustion, area under an  adiabatic curve


3. The steam consumption of an engine is 18.9 Mg/h when the power developed is 1800kW, and 25.5 Mglh when the power is 3000 kW.  State Willans' law for this engine and calculate the specific steam consumption in kg/kWh  when the power is 2500 kW.

4. A steam pipe 140 mm outside diameter and 25 m   long is   lagged with insulating material of thermal conductivity 0.13 W/m K.  Steam passes along the pipe at the rate of 1200 kg/h ,  entering at 18 bar dry saturated and leaving at the same pressure   0.985 dry. The outside surface temperature of the lagging is 35°C  and the inside surface may be taken as equal to the steam temperature. Calculate the thickness of the lagging taking the rate of  heat transfer through the insulating material, in J/s per unit  length of pipe, as:
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5. A single-stage single-acting air compressor, running at 5 rev/s, takes in 22.8 litres of atmospheric air per stroke at 1 bar and 25(C and compresses it to 5.7 litres according to the law pV1-2 = C. Calculate (I) the temperature of the air at the end of compression,  (ii) the volume of air delivered per second to the reservoirs if it is cooled at constant pressure to its initial temperature through after-coolers, (iii) the mass of air delivered per second, (iv) the mass of sea water circulating through the cooler per second if the difference in temperature between inlet and outlet is 11(C . Take the values, R for air = 0.287 kJ/kgK, Cp for air=1.005 kJ/kgK, spec. heat of sea water = 4.12 kJ/kgK.

6. The analysis of a sample of coal burned in the furnace of a boiler is 80% carbon, 5% hydrogen, 4% oxygen, and the remainder ash etc. Calculate (a) the theoretical mass of air required per kg of coal for perfect combustion, (b) the actual mass of air if it is supplied with 70% excess, (c) the percentage mass analysis of the products of combustion, (iv) the percentage analysis of the dry flue gases by volume.

7. The overall volume expansion ratio of a carnot cycle working in temperature limits of 600 K and 300 K, is 18. Determine the volume ratios of the isothermal and adiabatic processes the thermal efficiency of the cycle. Take ( = 1.4.

8. In a combined separating and throttling calorimeter the total quantity of steam passed was 2 kg ; water collected from the separator 0.166 kg; steam pressure in the steam main 10 bar ; temperature of steam after throttling 125(C and pressure 1.1 bar. Determine the dryness fraction of steam before inlet to the calorimeter. The specific heat of superheated steam may be taken                         as 2.09 kJ/kg K.

9. Calculate the bore and stroke of a 4-stroke, single-cylinder oil engine designed to the following particulars:  25 kW brake power when running on oil having composition by mass C 85%, H 15% and lower calorific value of 41000 kJ/kg; the oil is burned with 25% excess air; volumetric efficiency reckoned on atmospheric conditions of 1.01325 bar and 10(C is 0.8; mechanical efficiency 0.9; and indicated thermal efficiency 0.35. Take R = 0.287 kJ/kg K and bore/stroke as 1:1.2.
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