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1.a)
Bring out the differences between intensive and extensive properties with the help of examples.

   b)
Derive steady flow energy equation and apply it to diffuser.

2.a)
Establish the equality of ideal gas temperature and Kelvin temperature.

b)
A heat engine is used to drive a heat pump.  The heat transfers from the heat engine and from the heat pump are used to heat the water circulating through the radiators of a building.  The efficiency of heat engine is 27% and the COP of the heat pump is 4.  Evaluate the ratio of the heat transfer to the circulating water to the heat transfer to the heat engine.

3.a)
Derive the expression for maximum work obtainable from two bodies at temperatures T1 and T2.

b)
What do you understand by high grade and low grade energy?  Explain with examples.

4.a)
Compare otto, diesel and dual cycles on the basis of same compression ratio and the same maximum pressure and temperature using P-V, T-S diagrams.

b)
In an air standard otto cycle the compression ratio is 7, and compression engines at 34oC, 0.11 Mpa.  The maximum temperature of the cycle is 1110oC.  Find the temperature and pressure at the cardinal points of the cycle.  Also find the heat supplied per kg of air.

5.a)
Derive an expression for COP of a Bell-Coleman refrigeration cycle.

   b)
Explain the various losses in Rankine power cycle when applied in practice.

6.a)
What are the applications of Bernoulli’s equation? Mention a few.

b)
A venturimeter is installed in a pipeline carrying water and is 30 cm in diameter.  The throat diameter is 12.5 cm.  The pressure in pipe line is 140 kN/m2, and the vacuum in the throat is 37.57 cm of mercury.  Four percent of the differential head is lost between the gauges.  Working from first principles find the flow rate in the pipeline in liters/second, assuming the venturimeter to be horizontal.
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7.a)
What do you understand by Reynold’s number?
b)
A lubricating oil of viscosity  7 poise and specific gravity 0.9 is pumped through a 30 mm diameter pipe.  If the pressure drop per meter length of pipe is 20 kN/m2, determine:

(i) The mass flow rate in kg/min.  (ii) The shear stress at the pipe wall.               (iii) The Reynolds number of flow.

8.a)
Define drag and lift and explain their significance.

   b)
Explain the concept of boundary layer along a thin flat plate.
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1.a)
Write short notes on the following:


(i) intensive property  (ii) pure substance  (iii) Thermodynamic equilibrium.

b)
A milk chilling unit can remove heat from the milk at the rate of 41.87 MJ/h.  Heat leaks into the milk from the surroundings at an average rate of 4.187 MJ/h.  Find the time required for cooling a batch of 500 kg of milk from 45oC to 5oC.  Take the Cp of the milk to be 4.187 kJ/kgok.

2.a)
State and prove Carnot’s theorem.

b)
In a particular ice making plant, a refrigerator absorbs energy as heat from water at 0oC producing ice and rejects energy as heat to the ambient atmosphere at 27oC.  If a heat engine, which uses a source at 150oC and the ambient atmosphere as sink, is used to run the refrigerator, calculate: 

(i) The energy removed as heat from the cold body by the refrigerator for each kJ of energy taken in by the engine.  Assume both the engine and the refrigerator to be reversible.

(ii) Energy rejected to the ambient atmosphere for each kJ of energy absorbed by the engine from the source.

3.a)
Derive an expression for entropy change in a polytropic process.

b)
An ideal gas is flowing through an insulated pipe at the rate of 3 kg/s.  There is a 10% pressure drop from inlet to exit of the pipe.  What is the rate of energy loss because of the pressure drop due to friction?  Take R=0.287 kJ/kg k and             To = 300 k.

4.a)
Plot the efficiency of the air standard otto cycle as a function of the compression ratio for compression ratios from 4 to 16.

   b)
What are cyclic and non-cyclic heat engines?  Give examples.
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5.
A dual combustion cycle operates with a volumetric compression ratio rk=12 and with a cut-off ratio 1.615.  The maximum pressure is given by pmax=54p1, where p1 is the pressure before compression.  Assuming indices of compression and expansion of 1.35, show that the m.e.p of the cycle.



Pm=10 p1
Hence evaluate (i) temperature at cardinal points with T1=335K and (ii) cycle efficiency.

6.a)
How does the actual vapour compression cycle differ from the ideal arc?

b)
A vapour compression refrigeration system uses R-12 and operates between pressure limits of 0.745 and 0.15 MPa.  The vapour entering the compressor has a temperature of -10oC and the liquid leaving the condenser is at 28oC.  A refrigerating load of 2 kW is required.  Determine the COP and the swept volume of the compressor if it has a volumetric efficiency of 76% and runs at 600 rpm.

7.a)
Sketch the velocity distribution for uniform irrotational flow.

b)
Water is flowing at the rate of 35 lit/s through a tapering pipe.  The diameters at the bottom and upper ends are 250 mm and 150 mm respectively.  If the intensities of pressure at the bottom and upper ends are 225 kN/m2 and 75 kN/m2 respectively, find the difference in datum head.

8.a)
What is a flow net?  Enumerate the methods of drawing flow nets.

b)
A jet plane weighing 25 kN and having a wing area of 17 m2 flies at a velocity of 1000 km/h.  When the engine delivers 6125 kW, 70% of the power is used to overcome the drag resistance of the wing.  Calculate the coefficients of lift and drag for the wing.  Take density of atmospheric air = 1.2 kg/m3.

- - -
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1.a)
What do you understand by thermodynamic equilibrium?
b)
A balloon which is initially collapsed and flat, is slowly filled with helium from a cylinder, forming the balloon into a sphere of 5m in diameter.  The ambient pressure is 1 bar.  During the filling the temperature of helium inside the cylinder remains constant at 300oK.  Determine the work done by the cylinder balloon system.

2.a)
Show that entropy is property of a thermodynamic system.

b)
The efficiency of a Carnot engine can be increased either by decreasing the sink temperature while keeping the source temperature constant or by increasing the source temperature and keeping the sink temperature constant. Which of the above two is more effective?

3.a)
State and prove inequality of Clausius.

b)
In a certain process a vapour is condensed at 500oC by transferring energy to water, which in turn is vapourized at 250oC.  The resulting water vapour is used in a Carnot engine with the ambient atmosphere at 25oC as its sink.  Determine the fraction of the available energy lost due to the irreversible energy transfer.

4.
Air flows through a nozzle at the rate of 1 kg/s.  The inlet conditions are 500 kPa, 250oC.  The velocity of the gas at the inlet is 10 m/s.  The gas leaves the nozzle at 100 kPa.  Assuming the process to the reversible and adiabatic, find the exit velocity and the exit area of nozzle.  Air may be treated as an ideal gas.

5.a)
An engine operates on an air standard Diesel cycle.  The condition at the start of the compression stroke are given by 100 kPa and 300 K.  The compression ratio is 15 and the maximum temperature in the cycle is 2000 K.  Determine the thermal efficiency and the mean effective pressure.

   b)
Write a note on Brayton cycle.
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6.a)
Distinguish between dynamic and kinematic viscosity.  State the units of both.

b)
A square metal plate 1.8 m side and 1.8 mm thick weighing 60 N is to be lifted through a vertical gap of 30 mm of infinite extent.  The oil in the gap has a specific gravity of 0.95 and viscosity of 3 N s/m2.  If the metal plate is to be lifted at a constant speed of 0.12 m/s, find force and power required.

7.a)
Discuss (i) Rotational and irrotational flow  (ii) stream line and streak line.

b)
For a two dimensional flow the velocity function is given by the expression    (=x2-y2.


(i) Determine velocity components in x and y directions.


(ii) Show that the velocity components satisfy the conditions of continuity and irrotationality.

8.a)
Define :

(i) Boundary layer  (ii) Boundary layer thickness  (iii) Momentum thickness 

(iv) Energy thickness.

b) The water is flowing through a tapering pipe having diameters 320 mm and      155 mm, at sections 1 and 2 respectively.  The discharge through the pipe is 40 lit/s.  The section 1 is 10 m above datum and section 2 is 6 mm above datum.  Find the intensity of pressure at section 2 if that at section-1 is 400 KN/m2.

- - -
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1.a)
Define the following:


(i) Control volume  (ii) Continuum  (iii) pure substance  (iv) Quasi static process.

b)
A system receives 200 kJ of energy as heat at constant volume.  Then it is cooled at constant pressure.  During the constant pressure process 50 kJ of work was done on the system while it rejects 70 kJ of energy as heat.  Supposing the system is restored to the initial state by an adiabatic process, how much work will be done by the system?
2.a)
Derive Maxwell’s equations for a pure substance.

b)
Energy is transferred as heat by conduction from a reservoir at 480 k to a reservoir at 300oK at the rate of 50 kJ/min.  Evaluate 
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 if a reversible heat engine is operated between these two reservoirs?  How much work would have been done by the engine?

3.a)
Write Kelvin-Planck and Claussius statements of second law of thermodynamics and prove their equivalence.

b)
A lump of steel weighing 30 kg at a temperature of 427oC is dropped in 150 kg of oil at 27oC.  Estimate the entropy change of the steel, the oil and the system containing both.  Take Cp of steel 0.5 kJ/ok kg.  Cp of oil 2.5 kJ/ ok kg.
4.a)
How do you improve the efficiency of Rankine cycle?

   b)
Compare Brayton and otto cycles.

5.a)
Superheated steam at 400oC enters the turbine of a thermal power plant operating on a Rankine cycle.  The exhaust steam leaves the turbine at 5 kPa.  Calculate the Rankine cycle thermal efficiency and moisture content of the exhaust steam if the turbine inlet pressure is 1 MPa.

   b)
Show that the mean effective pressure of an air standard diesel cycle is 
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ro=compression ratio; rc=cut off ratio γ=ratio of specific heats p1=inlet pressure.
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6.a)
State and prove Pascal’s law.

b)
Two pressure points in a water pipe are connected to a manometer which has the form of an inverted U-tube.  The space above the water in the two limbs of the manometer is filled with toluene (specific gravity = 0.875).  If the difference of the water column in the two limbs is read as 12 cm, what is the corresponding difference of pressure in kg/cm2.

7.a)
Explain the construction and principle of pitot tube.

b)
A 5 cm X 2.5 cm venturimeter with a coefficient of discharge of 0.98 is to be replaced by an orifice meter having a coefficient of discharge of 0.6.  If both the meters are to give the same differential mercury manometer reading for a discharge of 11 lit/sec and the inlet diameter is to remain 5 cm, what should be the diameter of orifice be?

8.a)
Derive the relation between stream function and velocity potential.

b)
If the expression for stream function is described by 
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 determine whether flow is rotational or irrotational.  If the flow is irrotational, then indicate the correct value of the velocity potential of the two given below:
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