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Anna University Exams Nov / Dec 2017 – Regulation 2013 
Rejinpaul.com Unique Important Questions – 5th Semester BE/BTECH 

ME6502 Heat and Mass Transfer 
UNIT 1 

1. Explain the mechanism of heat conduction in solids 
2. At a certain instant of time, temperature distribution in a long cylindrical tube is T = 800 +100 r- 5000 

r2 where, T is in oC and r in mm. The inner and outer radii of the tube are respectively 30 cm and 50 
cm. the tube material has a thermal conductivity of 58 W/m.K and a thermal diffusivity of 0.004 
m2/hr. Determine the rate of heat flow at inside and outside surfaces per unit length, rate of heat 
storage per unit length and rate of change of temperature at inner and outer surfaces 

3. A furnace wall is made up of three layer thickness 25cm, 10cm, and 15cm with thermal conductivities 
of 1.65w/mk and 9.2 w/mk respectively .the inside is exposed to the gasses at 12500c with is 
convection coefficient of 25 w/m20c and inside surface of 11000c ,the outside surface is exposed to 
the air at 250c with convection coefficient of 12 w/m2K .determine (1)the unknown thermal 
conductivity (2) THE overall heat transfer coefficient (3) ALL surface temperature   

4. A composite wall consists of 2.5 cm thick copper plate, a 3.2 cm layer of asbestos insulation and 
a5cm layer fiber plate .thermal conductivities off the material are respectively 355,0.110 and 0.0489 
w/mk.  The temperature difference across the composite wall is 5600c the side and 0c on the other 
side. The find the heat flow through the wall per unit area and the interface temp .between asbestos 
and fiber plate 

5. The cylinder of a 2-stroke SI engine is constructed of aluminum alloy (K=186 w/mk ).The height and 
outside diameter of the cylinder are respectively 15cm and 5cm.understand operating condition ,the 
outer surface the cylinder is at500k an is exposed to the ambient air at 3000K ,with a convention 
heat transfer coefficient of50 w/m2K equally spaced annular fins are attached with cylinder to 
increase the heat transfer .there are five such fins with uniform thickness ,t=6mm and the length 
,l=20mm. calculate the increase in heat transfer due to the addition fins 

6. A steel rod of diameter 112mm and 60mm long with insulated end that has a thermal conductivity of 
32w/m0c is to be used as a spine .it is expressed to surrounding with a temperature at 600c and heat 
transfer coefficient of 55w/m2 .the temperature the base of the fin is 950c .calculate the fin 
efficiency,the temperature at the edge of the spine and the heat dissipation 

7. A plane wall 10cm thick generator heat at rate of 4*104wm3 when a electric current is passed through 
it. the convective heat transfer coefficient between each face of the wall and ambient air is50 
w/m3.determine (a) surface temperature (b) the maximum air temperature the wall assume that  
ambient air temperature to be 200c and the thermal conductivity of the wall material  to be 15 w/m k   

8. Derive the general heat conduction equation in cylindrical coordinate system 
Unit II 

1. Discuss briefly the development of velocity boundary layer for flow through a pipe. 
2. Water at 60°c and a velocity of 2cm/s flow over a 5m long flat plate which is maintained at a 

temperature of 20°c. Determine the total drag force and the rate of heat transfer per unit width of 
the entire plate. 

3. Castor oil at 30°c flows over a flat plate at a velocity of 1.5 m/s. The length of the plate is 4 m. The 
plate is heated uniformly and maintained at 90°c. Calculate the following. Hydrodynamic boundary 
layer thicknesses, Thermal boundary layer thickness, Total drag force per unit width on one side of 
the plate, Heat transfer rate 

4. A steam pipe 80mm in diameter is covered with 30mm thick layer of insulation which has a surface 
emissivity of 0.94.the insulation surface temperature is 85oC and the pipe is placed in atmospheric air 
at 15oC. If the heat is lost both by radiation and free convection find the following: The heat loss from 
5m length of the pipe, the overall heat transfer coefficient, Heat transfer co-efficient due to radiation 
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5. Air at 30oC flows over a plate at a velocity of 2m/s .The plate is 2m long and 1.5m wide. calculate the 
following; Hydrodynamic and thermal boundary layer thickness at the trailing edge of the plate , 
Total drag force , Total mass flow rate through the boundary layer between x=40cm ,  x=85cm 

6. Air at 20C at atmospheric pressure flows over a flat plate at a velocity of 3 m/s. if the plate is 1 m 

wide and 80C, calculate the following at x = 300 mm.  

Hydrodynamic boundary layer thickness,  

Thermal boundary layer thickness,  

Local friction coefficient, 
Average friction coefficient,  
Local heat transfer coefficient 
Average heat transfer coefficient, 
Heat transfer.     

Unit III 
1. Water at atmospheric pressure is to be boiled in polished copper pan. The diameter of the pan is 380 mm 

and is kept at 115C. calculate the following: 

1) Power required to boil the water 

2) Rate of evaporation  

3) Critical heat flux 
2. Calculate for the following cases, the surface area required for a heat exchanger which is required to cool 

3200 kg/hr of benzene(Cp = 1.74 kJ/kgK) from 72C to 42C. the cooling water (Cp = 4.18 kJ/kgC) at 15C has 

a flow rate of 2200 kg/hr. 

(i) Single pass counter flow 

(ii) 1 — 4 exchanger (one-shell pass and four-tube passes) and 

(iii)  Cross flow single pass with water mixed and benzene unmixed.  

Assume all the cases U =0.28 kW/m2K  
3. Water at the rate of 4 kg/s is heated from 40° C to 55° C in a shell and tube heat exchanger. On shell side 
one pass is used with water as heating fluid (m = 2 kg/s), entering the exchanger at 95° C The overall heat 
transfer co-efficient is 1500 W/m² ° C and average water velocity in the 2 cm diameter tubes is 0.5m/s. 
Because of space limitations the tube length must not exceed 3 m. Calculate the number of tube passes 
keeping in mind the design constraint. 
4. In a cross flow heat exchanger, air is heated by water. Air enters the exchanger at 15°C and a mass flow 
rate of kg/s while water enters at 90°C and a mass flow rate of 0.25 kg/s. The overall heat transfer coefficient 
is 250 W/m .K. If the exchanger has a heat transfer area of 8.4 m2, find the exit temperatures of both the 
fluids and the total heat transfer rate 
5. Hot exhaust gases which enter a cross-flow heat exchanger at and leave at 100°C are used to heat water at 
a flow rate of from 35 to 125°C. The specific heat of the gas is 1000 J/kgK and the. Overall heat transfer 
coefficient based on the gas side surface is 100 W/m2.K Find the required gas side surface area using the NTU 
method and LMTD method 
6. A 10 by 10 array of horizontal tubes of 1.27 cm diameter is exposed to pure steam at atmospheric 

pressure. If the tube wall temperature is 98C, estimate the mass of steam condensed assuming a tube of 
length 1.5 m 
Unit IV 
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1. Two parallel plates of size lm x lm spaced 0.5m apart are located in very large room, the walls are 
maintained at a temperature of 27°C. One plate is maintained at a temperature of 900°C and the 
other at 400°C. Their emissivities are 0.2 and 0.5 respectively. If the plates exchange heat between 
themselves and surroundings, find the heat transfer to each plate and to them. Consider only the 
plate surface facing each other 

2. A double walled cylindrical vessel used for storing liquid oxygen at -18°c The inner wall is coated with 
a point with ε = 0.02. The temperature of the inner surface of the outer wall is 2°c. It is also coated 
with same painting. The inner wall surface area is 80% of outer the inner wall surface area is 0.15 m2. 
Determine heat radiated 

3. Two very large parallel planes are respectively. 0.8 and 0.3. To minimize the radiation exchange 
between the planes, a polished aluminum radiation shield is placed between them. If the emissivity 
of the shield is 0.04 on both sides, find the percentage reduction in heat transfer rate. 

4. Show from energy balance consideration that the radiation heat transfer from a plane Composite 

surface area A4 and made up of plane surface area A2 and A3 to plane surface area A1 is given by A4F41 

= A3F31 + A2 F21. and F14 + F12 +F13 

5. Derive Wien’s displacement law of radiation from plank’s law. 
6. Discuss briefly the variation of black body emissive power with wave length for different 

temperatures      
7. A furnace is approximated as an equilateral triangular duct of sufficient length so that end effect can 

be neglected. The hot wall of the furnace is maintained at 900k and has the same emissivity. Find the 
net radiation heat blur leaving the wall. Third wall of the furnace may be assured as a reradiating 
surface Two of the surfaces of a long equilateral triangular furnace are maintained at uniform 
temperature while the third wall is reradiating surface 

Unit V 
1. The molecular weights of the two components A and B of gas mixture are 24 and 48 respectively. The 

molecular weight of gas mixture is found to be 30. If the mass concentration of the mixture is 1.2 kg m3, 

determine the following.   

 (i) Density of Component A and B  

 (ii) Molar fractions  

 (iii) Mass fractions  

(iv)Total pressure if the temperature of the mixture is 290K 
 

2. Air at 1 atm and 250C containing  small quantities of iodine flow with a velocity of 6.2 m/s inside a 35 mm 

diameter tube, calculate mass transfer co– efficient for iodine.  The thermo physical properties of air are  

   ῠ= 15.5 x 10-6 m2/s 

  D = 0.82 x 10-5 m2/s 
3. Atmospheric air at 400C flows over a wet bulb thermometer and it shows 250C. Calculate the concentration 
of water vapour in the free stream and also its relative humidity. Take D (Air – water) = 0.256 x 104 m2/ S. It 
temperatures of dry and wet bulb are 300°C and 250°C respectively. What would be the corresponding 
values? 
4. The diffusivity of CC14 in air is determined by observing the steady state evaporation of CC14 a tube of 1 
cm diameter exposed to air. The CC14 liquid level is 10 cm below the top level of the tube. The system is held 
at 250°C and 1 bar Pressure. The saturation pressure of CC14 at 250°C is 14.76 kPa. If it is observed that the 
late of evaporation of CC14  0.1 g / hour determine the diffusivity of CC14 into air 
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5. CO2 and air experience equimolar counter diffusion in a circular tube whose length and diameter are 1 m 
and 50mm respectively the system of total pressure of 1 atm and a temperature of 25°C the ends of the tube 
are connected to large chambers in which the species concentration are maintained at fixed values. The 
partial pressure of CO2 at one end is 190mm of Hg while at the other end is 95mm  Hg. Estimate the mass 
transfer rate of CO2 and air through the tube 
6. Explain the phenomenon of equimolar counter diffusion drive an expression for equimolar counter 
diffusion between two gases (*or) liquids 
7. The temperature recorded by a thermometer whose bulb covered by a wet wick in a dry air at 
atmospheric pressure is 220C. Estimate the true air temperature     
8. An open pan 20cm in diameter and 8 cm deep contains water at 250C and is exposal to day atmospheric 
air. It the late of diffusion of water vapour is 8.54 x 10-3 Kg/s. Estimate the diffusion coefficient of water in air 
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