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Obtain the following relationship between the characteristic Mach number (M*)
and actual Mach number (M) at a point in a flow field :
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A normal shock stands in a duct. The fluid is air, which can be considered as an
ideal gas. Properties at upstream of the shock are T =5°C, p, = 65 kPa and
V| =668 m /s. Determine the static temperature, static pressure and stagnation
temperature downstream of the shock. For air, take Cp =1-005kJ/kg-K and
Yy=1-4.
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Explain why most of the medium-sized automobile engines are close to square
shape with the cylinder bore diameter approximately equal to the stroke length.
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In a gas turbine plant, air at 1:0 bar and 27 °C is compressed to a pressure of
6:0 bar in a compressor with isentropic efficiency of 85%. The air then passes
through the combustion chamber where fuel is added. The hot gases expand in
the turbine with an isentropic efficiency of 90%. The maximum temperature in
the cycle is 1300 °C. The calorific value of the fuel is 44 MJ/kg. If the net power
output is 3:0 MW, calculate the following :

(i) Cycle efficiency, (iij) Work ratio, (iij) Mass flow rate of air, (iv) Brake-specific fuel
consumption (kg/kWh)
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Consider the working fluid to have the properties of air throughout the cycle.
Assume  ing; =iNgages. Neglect all other losses. For air, y=1-4 and
Cp = 1-005 kJ/kg-K. Also, draw the T-s diagram of the cycle. ' 20
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A six-cylinder four-stroke SI engine is required to develop 190 kW of power running
at 4500 r.p.m. The brake thermal efficiency is 32%. The air/fuel ratio is 12:5:1
and the volumetric efficiency at this speed is 68%. If the stroke/bore ratio is 0-8,
determine the engine displacement required and the dimensions of bore and
stroke. The calorific value of the fuel is 44200 kJ/kg and the free air conditions are
1:013 bar and 15°C. If the mechanical efficiency is 80%, calculate the

brake-specific fuel consumption and the indicated thermal efficiency.
R,y = 0-287 kJ/kg-K. 20
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What are the environmental and safety properties of an ideal refrigerant? 10
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