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1.
Define and explain the following:

a)   Thermal conductivity, Thermal Diffusivity and their units

b) Free and forced convection

c) Log mean temperature difference for parallel and counter flow heat exchangers.

d) Reynold’s number.

2.a)
Derive an equation for steady state heat conduction to a spherical pellet from an infinite stagnant fluid medium.

b)    During roasting of sulphide ores, pellets of diameter 2 cm are heated from 25 0C    

   with hot air at 900 0C.  If the thermal conductivity of ore pellets is 2 Wm-1 K-1   

   calculate the rate of heat transfer by conduction inside the pellet. 

3.a)
Discuss the laws of heat radiation.

b)    Give a few examples of metallurgical processes involving convective heat  

transfer.

4.
  Discuss with neat sketches the characteristic features of Arc and induction 

  furnaces.

5.
  Explain the principles of temperature measurement by Thermocouples.  How  

  Thermocouples are calibrated?  How cold junction correction is made?

6.
  State Wien’s law for black bodies.


  Describe with a neat sketch the principle, construction and temperature   

  measurement by a Disappearing filament – optical pyrometer.

7.
  Discuss the principles of a temperature measuring instrument in the range – 200 to 

  6000C with precision.  How correction is effected to get true temperature?

8.
  Write short notes on any FOUR:

a) Dimensionless groups.

b) Sources of heat losses in furnaces.

c) Sankey diagram.

d) Construction of Regenerators.

e) Characteristic features of muffle furnaces.
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1.a)
Derive an equation for steady state heat conduction through composite cylindrical walls.  Give typical industrial examples for the process.

b)    A furnace wall consists of three layers-inner refractory bricks followed by

   intermediate layer of insulating bricks and finally an outer steel shell of 8 mm  

   thickness.  The thermal conductivities are:

   Refractory brick = 5 Wm-1 K-1
   Insulating brick = 2.0 Wm-1 K-1
   Steel

   = 45 Wm-1 K-1
   Calculate the minimum thickness of the brick layer to give a heat loss of 5.6x104 

KJ m-2 h-1 with the condition that the temperature does not exceed 1400K for insulating bricks while the temperatures at refractory brick and steel surface are 1700K and 300K respectively.

2.
Describe the different modes of heat transfer giving examples of their application.

3.
Distinguish between:

a) Free and forced convection.

b) Luminous and non-luminous flames.

c) Regenerators and recuperators.

d) Thermal conductivity and thermal diffusivity.

4.a)
Discuss the characteristics of vertical shaft furnaces.

b) A regenerative furnace takes air 15000m3/hr at 250C.  The regenerator contains 

50 tons of refractory lining with mean specific heat 0.25 k Cal/kg/ oC Air enters during the half cycle of 20 minutes and over the other half cycle 16000m3/hr of waste gases enter at 12500C and leave at a mean temperature of 650 0C.  If mean specific heats of air and waste gases are 0.317 and 0.332 k Cal/m3/ oC respectively,  calculate the mean temperature of outgoing air, and the mean temperature rise of refractory bricks during heating cycle.  Assume 95% of the heat available reaches the regenerator.

5.
Discuss the principles, preparation and calibration of thermocouples.  What are their advantages and disadvantages?

6.a)
Explain the principles of construction, range and accuracy of measurement of resistance thermo-meters.

b)    Write a brief note on thermopile.  
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7.
Discuss the principles, construction, operation, advantages and disadvantages of any type of optical pyrometer.  What factors affect the measurement of temperature?

8.
Write short notes on any FOUR:

a) Log mean temperature difference.

b) Parallel and counter flow heat exchangers.

c) Induction furnaces.

d) Temperature controllers.

e) Lacos of monochromatic radiation.
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1.a)
Derive an equation for steady state conduction of heat through a spherical wall.

b) Sponge iron pellets of diameter 1.5 cm are heated from 250C with hot reducing gases at 11000C.  If the thermal conductivity of pellet is 1.75 Wm-1 K-1, calculate the rate of heat transfer by conduction inside the pellet.

2.a)
Write a brief note on dimensionless groups.

c) With neat sketches explain the different types of heat exchangers.

3.a)
Explain the principles and laws governing radiation of heat.

   b)     What are the sources of heat losses in furnaces?  How can the losses be    

minimised?

4.a)
   Discuss the characteristic features of vertical shaft furnaces.  Give typical   

examples.

b)    Write short notes on muffle furnaces.

5.a)
Explain seebeck, peltier and Thomson effects.

b)   What are the properties required for thermocouple elements.

c)
Compare measurement of e.m.f by milli – voltmeter and potentiometers.

6.
State Weins displacement law/with a neat sketch explain the construction and working of a disappearing filament type optical pyrometer.

7.
Discuss the principles of resistance thermometers.  What is the range of temperature measurement?  What is the precision attained?  Explain the correction necessary for measured temperature.

8.
Write short notes on any FOUR:

a) Free and forced convection.

b) Thermal efficiency of insulation

c) Muffle type furnaces.

d) Sankey diagrams.

e) Factors affecting temperature measurement by optical pyrometers.
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1.a)
Derive an expression for conduction of heat through a flat composite wall.  

a) A furnace wall is constructed with inner refractory bricks of 12 cm thickness and thermal conductivity 0.8k cal/hr-m- 0C.  After an air gap of resistance

0.8 hr-0C/ k Cal an insulating brick layer of 12 cm thickness and next an asbestos   plaster layer of 1.5 cm are formed.  Their thermal conductivities being 0.25 and

0.15k Cal/hr-m-0C respectively.  An air film of heat transfer coefficient 

15k Cal/m2-hr-0C with outside temperature of 25 0C exists next to plaster layer.  If the inside refractory temperature is 1100 0C, calculate the heat transfer rate and the interface temperatures.

2.
Explain Newton-Richman law.  A flat composite plate is made of aluminium and steel of 5 cm and 2 cm thickness and thermal conductivities 175 and 

39k Cal/m-hr-0C respectively.  A hot liquid of 200 0C and heat transfer coefficient 12k Cal/m2-hr-0C is in contact with Aluminium.  The cold surface of steel is in contact with a fluid at 25 0C, whose heat transfer coefficient is 25k Cal/m2-hr-0C.

Determine (i) The overall coefficient of heat transfer, and  (ii) The heat transfer rate from hot liquid to cold liquid through surface area of 10m2.

3.a)
State and explain Planck’s law, Stefan – Blotzman law and Weins displacement law. 

   b)
Explain different types of heat exchangers.

4.
Explain the principles and advantages of electric arc and induction furnaces for melting of metals.  What are their relative advantages or disadvantages?

5.a)
Define see-back, peltier and Thomson effects.

b)    Explain calibration and cold junction correction with respect to thermocouples.

6.a)
Explain the principles of resistance thermometers.

b)
Describe any one type of radiation pyrometer along with the precautions to get high degree of accuracy in measurement.

7.
Describe with a neat sketch the construction and working of a disappearing filament type of optical pyrometer.
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8.
Write short notes on any FOUR:

a) Dimensionless groups.

b)   Sankey diagram.

c)   Characteristics of vertical shaft furnaces.

d)   Noble and base metal thermocouples.


e)   Callender’s correction.


f)    Factors affecting optical pyrometer reading.
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