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A semiconductoris a material with electrical conductivity due to electron flow (as opposed to ionic 
conductivity) intermediate in magnitude between that of a conductor and an insulator. 
Semiconductor materials are the foundation of modern electronics, including radio, computers, 
telephones, and many other devices. Such devices include transistors, solar cells, many kinds of 
diodes including the light-emitting diode, the silicon controlled rectifier, and digital and analog 



integrated circuits. Similarly, semiconductor solar photovoltaic panels directly convert light energy 
into electrical energy.  

  In a metallic conductor, current is carried by the flow of electrons. In 
semiconductors, current is often schematized as being carried either by the flow of electrons or by 
the flow of positively charged "holes" in the electron structure of the material. Actually, however, 
in both cases only electron movements are involved.

Common semiconducting materials are crystalline solids, but amorphous and liquid semiconductors 
are known.  

Silicon is used to create most semiconductors commercially. Dozens of other materials are used, 
including germanium, gallium arsenide, and silicon carbide. A pure semiconductor is often called 
an “intrinsic” semiconductor. The electronic properties and the conductivity of a semiconductor can 
be changed in a controlled manner by adding very small quantities of other elements, called 
“dopants”, to the intrinsic material. In crystalline silicon typically this is achieved by adding 
impurities of boron or phosphorus to the melt and then allowing the melt to solidify into the crystal. 
This process is called "doping". 

- A semiconductor is a substance, usually a solid chemical element or compound, that can 
conduct electricity under some conditions but not others, making it a good medium for the control 
of electrical current. Its conductance varies depending on the current or voltage applied to a control 
electrode, or on the intensity of irradiation by infrared (IR), visible light, ultraviolet (UV), or X 
rays.  

The specific properties of a semiconductor depend on the impurities, or dopants, added to it. An N-
type semiconductor carries current mainly in the form of negatively-charged electrons, in a manner 
similar to the conduction of current in a wire. A P-type semiconductor carries current 
predominantly as electron deficiencies called holes. A hole has a positive electric charge, equal and 
opposite to the charge on an electron. In a semiconductor material, the flow of holes occurs in a 
direction opposite to the flow of electrons. 

(i) (ii) Vortex tube or Hilsch tube. 

The vortex tube, also known as the Ranque-Hilsch vortex tube, is a mechanical device that 
separates a compressed gas into hot and cold streams. It has no moving parts.Pressurized gas is 
injected tangentially into a swirl chamber and accelerates to a high rate of rotation. Due to the 
conicalnozzle at the end of the tube, only the outer shell of the compressed gas is allowed to 
escape at that end. The remainder of the gas is forced to return in an inner vortex of reduced 
diameter within the outer vortex. 



There are different explanations for the effect and there is debate on which explanation is best 
or correct. 

What is usually agreed upon is that the air in the tube experiences mostly "solid body rotation", 
which simply means the rotation rate (angular velocity) of the inner gas is the same as that of 
the outer gas. This is different from what most consider standard vortex behaviour — where 
inner fluid spins at a higher rate than outer fluid. The (mostly) solid body rotation is probably 
due to the long time which each parcel of air remains in the vortex — allowing friction between 
the inner parcels and outer parcels to have a notable effect. 

It is also usually agreed upon that there is a slight effect of hot air wanting to "rise" toward the 
center, but this effect is negligible — especially if turbulence is kept to a minimum.One simple 
explanation is that the outer air is under higher pressure than the inner air (because of 
centrifugal force). Therefore the temperature of the outer air is higher than that of the inner air. 

Another explanation is that as both vortices rotate at the same angular velocity and direction, 
the inner vortex has lost angular momentum. The decrease of angular momentum is transferred 
as kinetic energy to the outer vortex, resulting in separated flows of hot and cold gas. 

This is somewhat analogous to a Peltier effect device, which uses electrical pressure (voltage) 
to move heat to one side of a dissimilar metal junction, causing the other side to grow 
cold.When used to refrigerate, heat-sinking the whole vortex tube is helpful. 

The vortex tube was invented in 1933 by French physicist Georges J. Ranque. German physicist 
Rudolf Hilsch improved the design and published a widely read paper in 1947 on the device, 
which he called a Wirbelrohr (literally, whirl pipe). The vortex tube was used to separate gas 
mixtures, oxygen and nitrogen, carbon dioxide and helium, carbon dioxide and air in 1967 by 
Linderstrom-Lang. Vortex tubes also seem to work with liquids to some extent. In 1988 
R.T.Balmer applied liquid water as the working medium. It was found that when the inlet 
pressure is high, for instance 20-50 bar, the heat energy separation process exists in 
incompressible (liquids) vortex flow as well. 

Efficiency 

Vortex tubes have lower efficiency than traditional air conditioning equipment. They are 
commonly used for inexpensive spot cooling, when compressed air is available. Commercial 
models are designed for industrial applications to produce a temperature drop of about 45 °C 
(80 °F). With no moving parts, no electricity, and no Freon, a vortex tube can produce 
refrigeration up to 6000 BTU using only filtered compressed air at 100 PSI. A control valve in 
the hot air exhaust adjusts temperatures, flows and refrigeration over a wide range. 

Proposed applications 

Dave Williams, of dissigno, has proposed using vortex tubes to make ice in third-world 
countries. Although the technique is inefficient, Williams expressed hope that vortex tubes 
could yield helpful results in areas where using electricity to create ice is not an option. 

There are industrial applications that result in unused pressurized gases. Using vortex tube 
energy separation may be a method to recover waste pressure energy from high and low 
pressure sources.[8]

Vortex Tube/Hilsch Tube Advantages:

1. No moving parts, reliable, maintenance free 



2. No coolant 
3. Compact and lightweight 
4. Low cost application 
5. Maintenance free units 
6. Instant cold air in environmental chambers 
7. No spark or explosion hazard 
8. Interchangeable generators 

The vortex tube was discovered in 1930 by French physicist Georges Ranque. 
Vortec was the first company to develop this phenomenon into practical, effective 
cooling solutions for industrial applications. Here's how it works. 

Fluid that rotates about an axis -- like a tornado -- is called a vortex. A vortex tube 
creates a vortex from compressed air and separates it into two air streams -- one hot 
and one cold. Compressed air enters a cylindrical generator which is 
proportionately larger than the hot (long) tube where it causes the air to rotate. 
Then, the rotating air is forced down the inner walls of the hot tube at speeds 
reaching 1,000,000 rpm. At the end of the hot tube, a small portion of this air exits 
through a needle valve as hot air exhaust. The remaining air is forced back through 
the center of the incoming air stream at a slower speed. The heat in the slower 
moving air is transferred to the faster moving incoming air. This super-cooled air 
flows through the center of the generator and exits through the cold air exhaust 
port. 


















































