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Note:    a)  No additional answer sheets will be provided.

          

b)  All sub-parts of a question must be answered at one place only, otherwise it will not be valued.

          

c)  Missing data can be assumed suitably.

ANSWER ANY FIVE QUESTIONS. EACH QUESTION CARRIES 14 MARKS.
	1.
	a)
	Discuss the three kinds of boundary conditions needed for the analysis of heat conduction problem.
	[7M]

	
	b)
	Derive the three dimensional general heat conduction equation in Cartesian Coordinate.
	[7M]

	
	
	
	

	2.
	a)
	Derive the expression for time constant of thermo couple.
	[7M]

	
	b)
	The temperature of an air stream flowing with a velocity of 3 m/s is measured by a copper-constantan thermocouple which may be approximated as a sphere of 3 mm in diameter. Initially the junction and air are at a temperature of 250C.If the air temperature suddenly changes to and is maintained as

2000C, determine:

(i) The time required for the thermocouple to indicate a temperature of 1500C,

(ii) The thermal time constant, and

(iii) The temperature indicated by the thermocouple at that instant.

The thermocouple junction properties are: Density ρ=8685 kg/m3; specific heat c=383 J/kg0C; thermal

conductivity k=29 W/m0C; and convective coefficient h=150 W/m2 0C.
	[7M]

	
	
	
	

	3.
	
	Air at 300C flows over a flat plate, 0.4m wide and 0.75m long with a velocity of 20m/s. Determine the heat flow rate from the surface of the plate, assuming that the flow is parallel to the 0.75m side. Plate is maintained at 900C. Use correlations:

NuL= 0.664 Re0.5 Pr1/3 for laminar flow, and

NuL = [0.036 Re0.8 - 836] Pr1/3 for turbulent flow.

Take average properties of air at 600C : ρ = 1.06 kg/m3, Pr = 0.708, K = 0.0285 W/mK, Cp = 1.008 kJ/kgK, ν = 18.97×10-6 m2/s.
	[14M]

	
	
	
	

	4.
	a)
	What is Rayleigh number? Give its value that sets the criterion of laminar or turbulent nature of flow.
	[7M]

	
	b)
	A vertical plate 30mm wide and 1.2m height is maintained at 700C and is exposed steam at 1 atmospheric pressure. Calculate (i) the heat transfer coefficient and (ii) total mass of steam condensed per hour.
	[7M]

	
	
	
	

	5.
	a)
	Two large plates are maintained at a temperature of 900K and 500K respectively. Each plate has area of 6m2. Compare the net heat exchange between the plates for the following cases:

i. Both plates are black

ii     Plates have an emissivity of 0.5
	[7M]

	
	b)
	Two large parallel planes with emissivities of 0.3 and 0.5 are maintained at temperatures of 5270C and 1270C respectively.  A radiation shield having emissivities of 0.05 on both sides is placed between them. Calculate:

i. Heat transfer rate between them without shield

ii     Heat transfer rate between them with shield
	[7M]

	
	
	
	

	6.
	a)
	State and explain Fick’s law of diffusion.
	[7M]

	
	b)
	Air at 350C and 1 atm flows over a wet plate 50 cm long at a velocity of 30 m/s. Calculate the mass transfer coefficient of water vapour in air at the end of the plate.
	[7M]

	
	
	
	

	7.
	a)
	Derive a relation for conduction resistance through cylindrical wall.
	[7M]

	
	b)
	Derive general equation for fin.
	[7M]

	
	
	
	

	8.
	a)
	Derive an expression for heat transfer with constant heat flux on a semi infinite solid.
	[10M]

	
	b)
	What is meant by lumped system analysis, when it is applicable.
	[4M]
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