
UNIT I 
 

CONDUCTION 
1.1 Heat Energy and Heat Transfer 

 
Heat is a form of energy in transition and it flows from one system to another, without 

transfer of mass, whenever there is a temperature difference between the systems. The process of 

heat transfer means the exchange in internal energy between the systems and in almost every 

phase of scientific and engineering work processes, we encounter the flow of heat energy. 

1.2 Importance of Heat Transfer 
 

Heat transfer processes involve the transfer and conversion of energy and therefore, it is 

essential to determine the specified rate of heat transfer at a specified temperature difference. 

The design of equipments like boilers, refrigerators and other heat exchangers require a detailed 

analysis of transferring a given amount of heat energy within a specified time. Components like 

gas/steam turbine blades, combustion chamber walls, electrical machines, electronic gadgets, 

transformers, bearings, etc require continuous removal of heat energy at a rapid rate in order to 

avoid their overheating. Thus, a thorough understanding of the physical mechanism of heat flow 

and the governing laws of heat transfer are a must. 

1.3 Modes of Heat Transfer 
 

The heat transfer processes have been categorized into three basic modes: Conduction, 

Convection and Radiation. 

Conduction It is the energy transfer from the more energetic to the less energetic particles of a 

substance due to interaction between them, a microscopic activity. 

Convection - It is the energy transfer due to random molecular motion a long with the 

macroscopic motion of the fluid particles. 

Radiation -      It is the energy emitted by matter which is at finite temperature. All forms of 

matter emit radiation attributed to changes m the electron configuration of the 

constituent atoms or molecules The transfer of energy by conduction and 

convection requires the presence of a material medium whereas radiation does 

not. In fact radiation transfer is most efficient in vacuum. 



All practical problems of importance encountered in our daily life Involve at least two, 

and sometimes all the three modes occuring simultaneously When the rate of heat flow is 

constant, i.e., does not vary with time, the process is called a steady state heat transfer process. 

When the temperature at any point in a system changes with time, the process is called unsteady 

or transient process. The internal energy of the system changes in such a process when the 

temperature variation of an unsteady process describes a particular cycle (heating or cooling of a 

budding wall during a 24 hour cycle), the process is called a periodic or quasi-steady heat 

transfer process. 

Heat transfer may take place when there is a difference In the concentration of the 

mixture components (the diffusion thermoeffect). Many heat transfer processes are accompanied 

by a transfer of mass on a macroscopic scale. We know that when water evaporates, the heal 

transfer is accompanied by the transport of the vapour formed through an air-vapour mixture. 

The transport of heat energy to steam generally occurs both through molecular interaction and 

convection. The combined molecular and convective transport of mass is called convection mass 

transfer and with this mass transfer, the process of heat transfer becomes more complicated. 

1.4 Thermodynamics and Heat Transfer-Basic Difference 
 

Thermodynamics is mainly concerned with the conversion of heat energy into other 

useful forms of energy and IS based on (i) the concept of thermal equilibrium (Zeroth Law), (ii) 

the First Law (the principle of conservation of energy) and (iii) the Second Law (the direction in 

which a particular process can take place). Thermodynamics is silent about the heat energy 

exchange mechanism. The transfer of heat energy between systems can only take place whenever 

there is a temperature gradient and thus. Heat transfer is basically a non-equilibrium 

phenomenon. The Science of heat transfer tells us the rate at which the heat energy can be 

transferred when there IS a thermal non-equilibrium. That IS, the science of heat transfer seeks 

to do what thermodynamics is inherently unable to do. 

However, the subjects of heat transfer and thermodynamics are highly complimentary. 

Many heat transfer problems can be solved by applying the principles of conservation of energy 

(the First Law) 



1.5 Dimension and Unit 
 

Dimensions and units are essential tools of engineering. Dimension is a set of basic 

entities expressing the magnitude of our observations of certain quantities. The state of a system 

is identified by its observable properties, such as mass, density, temperature, etc. Further, the 

motion of an object will be affected by the observable properties of that medium in which the 

object is moving. Thus a number of observable properties are to be measured to identify the state 

of the system. 

A unit is a definite standard by which a dimension can be described. The difference 

between a dimension and the unit is that a dimension is a measurable property of the system and 

the unit is the standard element in terms of which a dimension can be explicitly described with 

specific numerical values. 

Every major country of the world has decided to use SI units. In the study of heat 

transfer the dimensions are: L for length, M for mass, e for temperature, T for time and the 

corresponding units are: metre for length, kilogram for mass, degree Celsius (oC) or Kelvin (K) 

for temperature and second (s) for time. The parameters important In the study of heat transfer 

are tabulated in Table 1.1 with their basic dimensions and units of measurement. 

Table 1.1 Dimensions and units of various parameters 
 

Parameter Dimension Unit 
Mass M Kilogram, kg 
Length L metre, m 
Time T seconds, s 
Temperature 

 

 Kelvin, K, Celcius oC 
Velocity L/T metre/second,m/s 
Density ML 3 kg/m3 
Force ML 1T 2 Newton, N = 1 kg m/s2 
Pressure ML2T 2 N/m2, Pascal, Pa 
Energy, Work ML2T 3 N-m, = Joule, J 
Power ML2T 3 J/s, Watt, W 
Absolute Viscosity ML 1T 1 N-s/m2, Pa-s 
Kinematic Viscosity L2T 1 m2/s 
Thermal Conductivity MLT 3 1 W/mK, W/moC 
Heat Transfer Coefficient MT 3 1 W/m2K, W/m2oC 
Specific Heat L2 T 2 1 J/kg K, J/kgoC 
Heat Flux MT 3 W/m2 



Q 

1.6 Mechanism of Heat Transfer by Conduction 
 

The transfer of heat energy by conduction takes place within the boundaries of a system, 

or a cross the boundary of t he system into another system placed in direct physical contact with 

the first, without any appreciable displacement of matter comprising the system, or by the 

exchange of kinetic energy of motion of the molecules by direct communication, or by drift of 

electrons in the case of heat conduction in metals. The rate equation which describes this 

mechanism is given by Fourier Law 

Q kAdT / dx 
 

where     = rate of heat flow in X-direction by conduction in J/S or W, 
 

k = thermal conductivity of the material. It quantitatively measures the heat conducting 

ability and is a physical property of t he material that depends upon the composition of the 

material, W/mK, 

A = cross-sectional area normal to the direction of heat flow, m2, 

dT/dx = temperature gradient at the section, as shown in Fig. 1 I The neganve sign IS 

Included to make the heat transfer rate Q positive in the direction of heat flow (heat flows in the 

direction of decreasing temperature gradient). 

 
Fig 1.1: Heat flow by conduction 



1.7 Thermal Conductivity of Materials 
 

Thermal conductivity is a physical property of a substance and In general, It depends 

upon the temperature, pressure and nature of the substance. Thermal conductivity of materials 

are usually determined experimentally and a number of methods for this purpose are well known. 

Thermal Conductivity of Gases: According to the kinetic theory of gases, the heat 

transfer by conduction in gases at ordinary pressures and temperatures take place through the 

transport of the kinetic energy arising from the collision of the gas molecules. Thermal 

conductivity of gases depends on pressure when very low «2660 Pal or very high (> 2 × 109 Pa). 

Since the specific heat of gases Increases with temperature, the thermal conductivity Increases 

with temperature and with decreasing molecular weight. 

Thermal Conductivity of Liquids: The molecules of a liquid are more closely spaced 

and molecular force fields exert a strong influence on the energy exchange In the collision 

process. The mechanism of heat propagation in liquids can be conceived as transport of energy 

by way of unstable elastic oscillations. Since the density of liquids decreases with increasing 

temperature, the thermal conductivity of non-metallic liquids generally decreases with increasing 

temperature, except for liquids like water and alcohol because their thermal conductivity first 

Increases with increasing temperature and then decreases. 

Thermal Conductivity of Solids (i) Metals and Alloys: The heat transfer in metals arise 

due to a drift of free electrons (electron gas). This motion of electrons brings about the 

equalization in temperature at all points of t he metals. Since electrons carry both heat and 

electrical energy. The thermal conductivity of metals is proportional to its electrical conductivity 

and both the thermal and electrical conductivity decrease with increasing temperature. In contrast 

to pure metals, the thermal conductivity of alloys increases with increasing temperature. Heat 

transfer In metals is also possible through vibration of lattice structure or by elastic sound waves 

but this mode of heat transfer mechanism is insignificant in comparison with the transport of 

energy by electron gas. (ii) Nonmetals: Materials having a high volumetric density have a high 

thermal conductivity but that will depend upon the structure of the material, its porosity and 

moisture content High volumetric density means less amount of air filling the pores of the 

materials. The thermal conductivity of damp materials considerably higher than the thermal 

conductivity of dry material because water has a higher thermal conductivity than air. The 



thermal conductivity of granular material increases with temperature. (Table 1.2 gives the 

thermal conductivities of various materials at 0oC.) 

 
 

Table 1.2 Thermal conductivity of various materials at 0oC. 
 
 
 

 
Material 

Thermal 
conductivity 

(W/m K) 

 
Material 

Thermal 
conductivity 

(W/m K) 

 

Gases  Solids: Metals   

Hydrogen . 0175 Sliver, pure 410  

Helium 0141 Copper, pure 385  

A" 0024 AlumllllUm, pure 202  

Water vapour (saturated) 00206 Nickel, pure 93  

Carbon dioxide 00146 Iron, pure 73  

(thermal conductivity of helium  Carbon steel, I %C 43  

and hydrogen are much higher  Lead, pure 35  

than other gases. because then 
molecules have small mass and 
higher mean travel velocity) 

 Chrome-nickel-steel 
(18% Cr, 8% Ni) 
Non-metals 

16.3  

Liquids  Quartz, parallel to axis 41.6  

Mercury 821 Magnesite 4.15  

Water* 0.556 Marble 2.08 to 2.94  

Ammonia 0.54 Sandstone 1.83  

Lubricating 011  Glass, window 0.78  

SAE 40 0.147 Maple or Oak 0.17  

Freon 12 0.073 Saw dust 0.059  

  Glass wool 0.038  

* water has its maximum thermal conductivity (k = 068 W/mK) at about 150oC 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 


