
UNIT-1 

INTERDUCTION AND CONDUCTION HEAT TRANSFER 

Heat:- 

“The energy in transit is termed heat”. According to the modern or dynamical theory of heat: “Heat is a 

form of energy. The molecules of a substance are in parallel motion. This mean kinetic energy per 

molecule of the substance is proportional to its absolute temperature”. The heat is flow one region to 

another region due to difference in temperature. The heat flows in a direction from higher to lower 

temperature.  

Heat transfer:- 

Heat transfer is a branch of thermal science. It defined as “the transmission of energy from one region 

to another as a result of temperature gradient”. 

 The Study of heat transfer is carried out for the follows purposes: 

i. To estimate the ration of flow of energy as heat through the boundary of a system under study.

ii. To determine the temperature field under steady and transient conditions.

Thermodynamics:- 

It is a branch of thermal science that deals with the amount of heat has to be supplied or rejected from a 

system in order to undergo a process from one equilibrium state to another equilibrium state. 

Thermodynamics, basically entails four laws or axioms known as zeroth, first, second, and third law of 

thermodynamics.  

Zeroth law: 

It deals with thermal equilibrium and establishes a concept of temperature. 

First law: 

The first law provides relationship between heat flow, energy stored and energy generated in a system. 

Second law: 

This law gives the direction of heat flow and postulates that the energy from the higher temperature to 

lower temperature through a system boundary.  

Third law: 

Third law defines absolute zero entropy. 

These laws are based on experimental observations. 
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Thermodynamics systems:- 

System:- 

A system is a finite quantity of matter or a prescribed region of space. 

             

 

 

 

Boundary:- 

The actual or hypothetical envelop enclosing the system is the boundary of the system. The boundary 

may be fixed or it may move, as and when a system containing a gas is compressed or expanded. The 

boundary may be real or imaginary. 

 

Open system: 

An open system is one in which matter flows into or out of the system. Most of the engineering systems 

are open. 
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Isolated system: 

An isolated system is that system which exchanges neither energy nor matter with any other system or 

with environment.                                                               ~ 

Adiabatic system: 

An adiabatic system is one which is thermally insulated from its surroundings. It can, however, changed 

work with its surroundings. If it does not, it becomes an isolated system. 

Phase: 

A phase is a quantity of matter which is homogeneous throughout in chemical composition and physical 

structure. 

Homogeneous system: 

A system which consists of a single phase is termed as homogeneous system.  

Examples: Mixture of air and water vapour, water plus nitric acid and octane plus heptane. 

Heterogeneous system: 

A system which consists of two or more phases is called a heterogeneous system.  

Examples: Water plus steam, ice plus water and water plus oil. 

Modes of heat transfer:- 

Heat transfer which is defined as the transmission of energy from one region to another as a result of 

temperature gradient takes place by the following three modes: 

                         (i) Conduction;                   (ii) Convention;                   (iii) Radiation. 

 

(i) Conduction:- 

"Conduction" is the transfer of heat from one part of a substance to another part of the same substance, 

or from one substance to another in physical contact with it, without appreciable displacement of 

molecules forming the substance. 

In solids, the heat is conducted by the following two mechanisms: 

(i) By lattice vibration (the faster moving molecules or atoms in the hottest part of a body transfer heat 

by impacts some of their energy to adjacent molecules). 

(ii) By transport of free electrons (Free electrons provide an energy flux in the direction. decreasing 

temperature - For metals, especially good electrical conductors, the deletion, mechanism is responsible 

for the major portion of the heat flux except at low temperature). 

(ii) Convention:- 

“Convention’ is the transfer of heat within a fluid by mixing of one Portion of the fluid with another. 
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Generally, there are two types of convention (i) Normal      (ii) Forced. 

 Convention possible only in a fluid medium and is directly linked with the transport of a medium 

itself. 

 Convection constitutes the macro form of the heat transfer since macroscopic particles of a fluid 

moving in space cause the heat exchange. 

 

 The effectiveness of heat transfer by convection depends largely upon the mixing motion of the 

fluid. 

 

(iii) Radiation:- 

"Radiation” is the transfer of heat through space or matter by means other than conduction or 

convention. 

 Heat is transferred from sun to earth. 

 Transfer of heat from a thermos flask. 

FOURIER'S IAWS OF HEAT CONDUCTION:- 

Fourier's law of heat conduction is an empirical law based on observation and states as follows: 

"The rate of flow of heat through a simple homogeneous solid is directly proportional to the area of the 

section at right angles to the direction of heat flow, and to change of temperature with respect to the 

length of the path of the heat flow. 

Mathematically, it can be represented by the equation: 

𝑄 𝛼 𝐴.
𝑑𝑡

𝑑𝑥
 

where, 

Q = Heat flow through a body per unit time (in watts), W, 

A = Surface area of heat flow (perpendicular to the direction of flow), m2, 

dt = Temperature difference of the faces of block (homogeneous solid) of thickness ‘dx' through which 

heat flows, °𝑐 or K, and 

dx   = Thickness of body in the direction of flow, m.  

𝑄 = −𝐾. 𝐴.
𝑑𝑡

𝑑𝑥
 

where,  

k = Constant of proportionality and is known as thermal conductivity of the body. 
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The - ve sign of k is to take care of the decreasing temperature along with the direction increasing 

thickness or the direction of heat flow. The temperature gradient 
𝑑𝑡

𝑑𝑥
  is always negative along positive x 

direction and, therefore, the value as Q become +ve. 

Assumptions: 

The following are the assumptions on which Fourier's law is based: 

 

 1. Conduction of heat takes place under steady state conditions. 

2. The heat flow is unidirectional. 

3. The temperatures gradient is constant and the temperature profile is Linear. 

4. There is no internal heat generation. 

5. The bounding surfaces are isothermal in character. 

6. The material is homogeneous and isotropic (i.e., the value of thermal conductivity is constant in all 

directions).  

Some essential features of Fourier's low: 

Following are some essential features of Fourier's law: 

 

1. It is applicable to all matter (may be solid, liquid or gas). 

2. It is based on experimental evidence and cannot be derived from first principle. 

3. It is a vector expression indicating that heat flow rate is in the direction of decreasing temperature 

and is normal to an isotherm. 

4. It helps to define thermal conductivity ‘k' (transport property) of the medium through which heat is 

conducted. 

THERMAL CONDUCTIVITY OF MATERIALS:- 

 

Thus, the thermal conductivity of a material is defined as follows: 

"The amount of energy conducted through a body of unit area, and unit thickness in unit time when the 

difference in temperature between the faces causing heat flow is unit temperature difference" 
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Thermal conductivity (a property of material) depends essentially upon the following factors: 

(i) Material structure                    (ii)   Moisture content 

(ii) Density of the material           (iv) Pressure and temperature (operating conditions). 

 

THERMAL RESISTANCE (𝑹𝒕𝒉):- 

When two physical systems are described by similar equations and have similar boundary conditions, 

these are said to be analogous. The heat transfer processes may be compared by analogy with the flow 

of electricity in an electrical resistance. As the flow of electric current in the electrical resistance is 

directly proportional to potential difference (dV); similarly heat How rate, Q, is directly proportional to 

temperature difference (dt,) the driving force for heat conduction through a medium. 

 

 

 

 

 

HEAT TRANSFER BY CONVECTION:- 
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HEAT TRANSFER BY RADIATION:- 
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THERMAL DIFFUSIVITY:- 

It is defined as the ratio of thermal conductivity to the thermal capacity. It is represented by 𝛼. 

Mathematically, 

𝛼 =
𝑘

𝜌𝑐𝑝
. 𝑚2/𝑠 

Materials having higher value of ‘𝛼′ will have faster heat diffusion rate and change in temperature with 

time. 

Thermal conductance:- 

The ratio KA/L is called thermal conductance and is the reciprocal of thermal resistance. It is represented 

mathematically as, 

𝐾𝑡ℎ =
𝐾𝐴

𝐿
 

Thermal resistance:- 

It is defined as the reciprocal of thermal conductance. It is denoted by 𝑅𝑡ℎ and mathematically 

represented as,  

𝑅 =
𝑑𝑥

𝑘𝐴
=

𝐿

𝐾𝐴
 

It is helpful in making calculations on heat flow. 

 

Thermal contact resistance:- 

At the contact surface of two bodies, the surface roughness and voids causes the contact surfaces to 

touch at discrete locations. This reduces the area of contact at the interface and results in resistance to 

flow of heat. This resistance is known as thermal contact resistance. Thermal contact resistance results 

in drop in temperature at the interface of the two materials. 

 

 

Thermal contact resistance 

=
(𝑇2−𝑇3

𝑄/𝐴
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General heat conduction equation in spherical coordinates:- 

Consider an element volume having the coordinates (r, ∅,𝜃) for the three dimensional heat conduction 

analysis, as shown in fig. 

The volume of the element = dr. rd𝜃. 𝑟𝑠𝑖𝑛𝜃𝑑∅ 

Let, 𝑄𝑔𝑒𝑛 = heat generation per unit volume per unit time. 

Further let us assume that k (thermal conductivity), 𝜌 (density), c (specific heat) do not alter with 

position. 
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