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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 5 OUT OF 8 QUESTIONS. EACH QUESTION CARRIES 14 MARKS.

Bloom's Cognitive Levels of Learning (BCLL)

	Remember
	L1
	Apply
	L3
	Evaluate
	L5

	Understand
	L2
	Analyze
	L4
	Create
	L6


	
	 
	
	BCLL
	CO(s)
	Marks

	1.
	a)
	Derive general heat conduction equation in Cartesian coordinates.
	L2
	CO1
	[10M]

	
	b)
	An aluminum pan whose thermal conductivity is 237 W/ m 0C has a flat bottom with diameter 100 mm and thickness 6 mm. Heat transferred steadily to boiling water in the pan through its bottom at a rate of 500 W. If the inner surface of the bottom of the pan is at 150 0C, determine the temperature of the outer surface of the bottom of the pan.
	L3
	CO1
	[4M]

	
	
	
	
	
	

	2.
	a)
	Temperature distribution in a slab of 1 m thickness is given by: T(x) = 900 – 300x – 50x2. Heat transfer occurs across an area of 10 m2 and there is uniform heat generation at a rate of qg = 1000 W/m3. Assume density r = 1600 kg/m3, thermal conductivity k = 45 W/(mK) and specific heat cP = 4 kJ/(kgK). Calculate:

(i) Maximum temperature in the slab

(ii) Energy entering the left face (i.e. at x = 0)

(iii) Energy leaving the wall at right face (i.e at x = 1 m)
	L3
	CO2
	[8M]

	
	b)
	Derive equation for heat transfer through infinite fin.
	L2
	CO2
	[6M]

	
	
	
	
	
	

	3.
	a)
	Explain the physical significance of: 

i) Reynolds number 

ii) Prandtl number, and
 iii) Nusselt number
	L2
	CO3
	[6M]

	
	b)
	Water is flowing through a tube of 6 mm ID at a rate of 4 kg/s. A constant heat flux of 250 W per metre length is provided at the surface. If the water enters at 20°C and exits at 70°C, what is the length of tube required? Also, what is the surface temperature at exit?
	L3
	CO3
	[8M]

	
	
	
	
	
	

	4.
	a)
	A flat, vertical electrical heater is 0.5 m x 0.5 m in size and dissipates heat to still, ambient air at 20°C. Heat generation rate is 1 kW/m2. Determine the average heat transfer coefficient and the average surface temperature.
	L3
	CO4
	[7M]

	
	b)
	A 20 cm diameter disk, being ground at 3000 r.p.m. has its surface at 70°C. Surrounding air is at 30°C.Find the value of convection coefficient
	L3
	CO4
	[7M]

	
	
	
	
	
	

	5.
	a)
	Explain different types of boiling processes.
	L2
	CO5
	[7M]

	
	b)
	Derive NTU of parallel flow heat exchanger.
	L2
	CO5
	[7M]

	
	
	
	
	
	

	6.
	a)
	Derive an expression for the shape factor in case of a radiation exchange between two surfaces.
	L2
	CO6
	[7M]

	
	b)
	Window glass transmits radiant energy in the wavelength range 0.4 mm to 2.5 mm. Determine the fraction of total radiant energy which is transmitted, when the source temperature is: i) 5800 K (i.e. sun’s surface temperature), and




         ii) 300 K (i.e. room temperature).
	L3
	CO6
	[7M]

	
	
	
	
	
	

	7.
	a)
	Define thermal diffusivity? What is the significance of thermal diffusivity in heat conduction process?
	L2
	CO1
	[5M]

	
	b)
	In order to reduce heat loss from a furnace wall, the thickness of its brickwork is increased by 100%. The temperature of the inner surface of the brickwork is 660°C. The temperature of the outer surface, before increasing the wall thickness was 235°C. Calculate the percentage decrease in the heat loss due to increase in brickwork thickness. Assume that the thermal conductivity and heat transfer coefficient remain constant. Take atmospheric temperature as 35°C.
	L3
	CO2
	[5M]

	
	c)
	Explain the difference between natural and forced convection in laminar and turbulent flow.
	L2
	CO3
	[4M]

	
	
	
	
	
	

	8.
	a)
	Using Dimensional analysis for natural convection prove Nusselt number is a function of Grashoff number and Prandtl number.
	L3
	CO4
	[5M]

	
	b)
	In a shell-and-tube heat exchanger, tubes are 4 m long, 3.1 cm OD, 2.7 cm ID. Water is heated from 22°C to 45°C by condensing steam at 100°C on the outside of tubes. Water flow rate through the tubes is 10 kg/s. Heat transfer coefficient on steam side is 5500 W/(m2K) and on waterside, 850 W/(m2K). Neglecting all other resistances, find the number of tubes.
	L3
	CO5
	[5M]

	
	c)
	Calculate the net radiant heat interchange per m2 for two large parallel plates maintained at 800°C and 300°C. The emissivities of two plates are 0.3 and 0.6, respectively.
	L3
	CO6
	[4M]
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