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(a) Direct Induction Heating

This method is based on electro-magnetic

induction. The currents are induced in the

body to be heated by electro-magnetic

induction. When a power supply sends an

electrical current through a copper coil,

electromagnetic field is created within the

coil. When a metal to be heated is placed within

the induction coil and enters the magnetic field,

circulating eddy currents عكسيتيار are

induced within the metal-part (to be heated).

These eddy currents flow against the

electrical resistivity of the metal, generating

precise and localized heat without any direct

contact between the metal-part and the coil.

6. High Frequency Heating

High frequency heating can be classified into two types:d

induction heating and dielectric heating .

(1) Induction Heating: Induction heating can be

classified into two types: direct induction heating

and indirect induction heating.

Applications:

• heat treatment of metals by eddy

current heaters.

• used in furnaces.



Video 4: Induction heating (Click to play)



(b) Indirect Induction Heating

This method is also based on electro-magnetic induction. The currents are induced in

the heating element by electro-magnetic induction. These currents cause the heating

element to heat up. The heat developed in the heating element is transferred to the

body to be heated by convection or radiation.

Applications: heat treatment of metals by induction oven



Dielectric heating - also known as electronic, radio

frequency, and high-frequency heating - is the

process in which a radio frequency (RF) alternating

electric field, or radio wave or microwave

electromagnetic radiation heats a dielectric material.

At higher frequencies, this heating is caused by

molecular dipole rotation within the dielectric

material. A microwave oven uses dielectric heating to

cook food.

(2) Dielectric Heating



What is wave frequency?

Wave frequency is the number

of waves that pass a fixed point in a given

amount of time. The SI unit for wave

frequency is the hertz (Hz), where 1 hertz

equals 1 wave passing a fixed point in 1

second. A higher-frequency wave has

more energy than a lower-frequency

wave with the same amplitude.





Video 5: Electromagnetic radiation (Click to play)



Video 6: Spectroscopy (Click to play)



Video 7: Molecular spectra (Click to play)



What does dielectric mean?

A dielectric material is a substance that is

of poor conductivity to electricity, i.e.,

insulator. Unlike metals, dielectric material

has no loosely bound or free electrons that

may move inside the material. Instead of

electron movement, electric polarization

occurs for the material molecules.





What does the dielectric constant tell us?

The dielectric constant is a measure of the amount of electric potential energy to

be stored as induced polarization in a given volume of material under the action of

an electric field. It is expressed as the ratio of the dielectric permittivity of the material to

that of a vacuum or dry air.

What does dielectric loss mean?

Dielectric loss is the dissipation of energy through the movement of charges in an

alternating electromagnetic field as polarization switches direction.

What is meant by dielectric property?

Dielectric properties of materials are defined as a molecular property that are capable of

impending electron movement resulting in polarization within the material on

exposure to an external electric field.

What is Permittivity?

The ability of a material to be polarized and store charge within it.

What is the dielectric strength?

The maximum electric field that can be maintained by a dielectric material

(insulating) without a breakdown (conducting).





7. Dielectric heating (Dipole rotation)

Molecular rotation occurs in materials

containing polar molecules having an

electrical dipole moment, with the

consequence that they will align

themselves in an electromagnetic field. If

the field is oscillating, as it is in an

electromagnetic wave (like microwave) or

in a rapidly oscillating electric field, these

molecules rotate continuously by aligning

with it (microwave or electrical field). This

is called dipole rotation, or dipolar

polarization.



Video 8: Polarity of water molecule (Click to play)



As the electrical field alternates, the molecules

reverse direction. Rotating molecules push,

pull, and collide with other molecules

(through electrical forces or microwave),

distributing the energy to adjacent

molecules and atoms in the material. This

consequently is associated with the conversion

of material molecules kinetic energy/energy of

motion into heat and the increase of the

material temperature. Thus, dipole rotation is

a mechanism by which energy in the form of

electromagnetic radiation (microwave) can

raise the temperature of an object.

Dipole rotation is the mechanism normally referred to as dielectric heating and is most widely

observable in the microwave oven where it operates most effectively on liquid water, and also,

but much less on fats and sugars. This is because fats and sugar molecules are far less polar

than water molecules.





Video 9: Polarity of water molecule



The microwave absorption is done by the material to be heated in a non-contact process due to

the material molecules dipole rotation. The microwave absorption is related to the material

loss tangent. The higher the loss tangent, the higher is the microwave absorption.

Microwave heating

Microwave heating, is a sub-category of dielectric

heating at frequencies above 100 MHz, where an

electromagnetic wave can be launched from a small

dimension emitter and guided through space/air to the

target. Typical domestic microwave ovens operate at

2.45 GHz, but 915 MHz ovens also exist. In general,

the microwave wavelengths are bracketed between

1mm (more penetrative) to 1m (less penetrative).

Application for

industrial microwave

heating:

1. Pasteurization

2. Flash pasteurization

3. Microwave chemistry

4. Sterilization

5. Food preservation

6. Biofuel production







The higher the loss tangent of a material, the higher its ability to absorb microwave. The

loss tangent is always dependent on the temperature







8. Comparison between Conventional and Microwave Heating



9. Industrial Heat treatment
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