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1. What is Heat?

Heat is energy to be transferred to or from a thermodynamic system without

transfer of matter.



2. What is the measuring unit of heat?

The unit of heat is the joule (J). It is also the energy dissipated as heat when an

electric current of one ampere passes through a resistance of one ohm for one

second.

However, in many applied systems, calorie (Cal) which is the amount of energy

transfer required to raise the temperature of one gram of pure liquid water by one

degree Celsius is used. Sometimes the kilo-calorie (kcal) is specified as a unit of

heat; 1 kcal = 1000 cal.

The standard unit for the rate of heat transferred is the watt (W), defined as one

joule per second.



Heat is transferred from one medium or object to another, or from an energy

source to a medium or object. Such energy transfer occurs in three ways:

conduction, convection and radiation.

3. What is Heat Transfer?





Heat conduction occurs when heat is

transferred inside a solid by the

collision of atoms from a region of

higher temperature to a region of lower

temperature. As the atoms collide, they

get hotter.

In heat conduction, all

movement is happening

at an atomic level. When

a metal pan is put onto a

hob the heat is

transferred from the hob

through the metal in the

bottom of the pan by

conduction. Most metals

are good conductors,

but some metals are

more conductive than

others.

Heat by Conduction



Solids, such as the metal rod,

transfer heat by conduction.

The particles at the end of the

rod nearest the fire vibrate,

causing neighboring particles

to vibrate in turn. Eventually

the other end of the rod will

become hot even though it is

not above the fire.



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 of decreasing

temperature – For metals, especially

good electrical conductors, the

electronic mechanism is responsible

for the major portion of the heat flux

except at low temperature).





Heat by convection occurs when the motion of a

fluid (liquid or gas “air”) carries energy from a

warmer region to a cooler region. It’s the main

process of heat transfer in cooking.

Fluids (both liquids

and gases) transfer

heat by convection.

The hotter air

particles rise

upwards from the

fire and eventually

cool. The cooler air

particles sink

towards the fire and

so are heated by it.

This process sets up

what is known as a

convection current.



Heat convection (along with conduction) is believed to take place inside the Earth,

transferring kinetic energy from the inner core through the outer core and mantle

to the crust. In this situation, the outer core and the mantle behave like liquids

over long periods of time.







When hot, all objects radiate heat.

Radiation doesn’t need a medium to

carry heat – it can even carry heat

through a vacuum.

Radiation is used in two forms of cookery

- grilling and microwaving.

Radiation does not require an intervening

medium; it can occur through a vacuum.

Radiation is responsible for the warming

of the Earth by the sun.

Heat by Radiation



Microwave ovens use high frequency electromagnetic waves which penetrate the

food and are absorbed by the water molecules inside. The water molecules vibrate

when hit by a microwave at exactly the right frequency and this vibration

generates heat. The food is further heated by the energy from this molecule being

transferred by conduction to neighboring molecules.





The properties of radiant heat in general,

are similar to those o light. Some of the

properties are:

i. Radiant heat does not require the

presence of a material medium or its

transmission.

ii. Radiant heat can be reflected from the

surfaces and obeys the ordinary laws of

reflection.

iii. Radiant heat travels with velocity of

light.

iv. Like light, Radiant heat shows

interference and polarization etc.

v. Radiant heat follows the law of inverse

square.











4. What is Electric Heating?

Electric heating is any process in which electrical energy is converted to heat. Common

applications include heating of buildings, cooking, and industrial processes. The heating element

inside every electric heater is simply an electrical resistor and works on the principle of Joule

heating: an electric current through a resistor converts electrical energy into heat energy.





Video1: Heating Elements (Click to play)



(a) Direct Resistance Heating

In this type of heating, electric current is

passed directly through the body to be

heated. Since the body has resistance,

current causes heat generation in the body.

Hence, it raises the body temperature.

Applications

i. electrode boiler for heating water

ii. resistance welding

(1) Resistance Heating

Resistance heating can be classified into 3

types: direct resistance heating, indirect

resistance heating and infra-red heating.

5. Power frequency heating

Power frequency heating can be classified into

two types; resistance heating and arc

heating.



(b) Indirect Resistance Heating

In this type of heating, electric current is passed

through a resistive element (heating element).

The power is delivered to the body to be heated by

convection or radiation.

Applications:

i. resistance ovens

ii. cooking

iii. heat treatment of metals

iv. immersion heaters



(c) Infra-red Heating

In this type of heating, incandescent lamp is

used for heating the body. The body is heated

due to electromagnetic radiations produced

by the lamp.

Applications: used for drying wet paints on an

object.



(a) Direct Arc Heating

An arc is produced between the electrode(s)

and body to be heated. Hence, the heat is

directly transferred to the body by conduction.

Applications: It is used in industrial furnaces.

(2) Arc Heating

Arc heating is based on the arc formation between

separated electrodes (carbon or graphite) causing

generation of high temperature (3000°C) due to air

ionization and electrical current flow between the

electrodes. This high temperature is responsible for

heating of a body. Arc heating can be classified into two

types, i.e., direct arc heating and indirect arc heating.

(b) Indirect Arc Heating

The arc is produced between two

electrodes. Hence, the heat generated in the

arc is transferred to the body by radiation.

Applications: It is used in furnaces.



Video 2: Direct arc heating (Click to play)



Video 3: Indirect arc heating (Click to play)
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