	3) Production of compressed air


This chapter will deal with the question how we transform normal air (with its impurities and atmospheric pressure) into compressed air.

	3.1) The compressor
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	Compressors are used to make compressed air out of normal atmospheric air. Many types of compressors are known varying in their principles or construction.

The types of compressors can be sub-divided into dynamic and volumetric compressors.

The principle of dynamic compressors is moving of the gas being subject to kinetic energy which is being transformed into a pressure.

Volumetric compressors are a direct application of the law of Boyle-Marotte (p x V = p1 x V1 = constant) where a decrease of volume results in increase of pressure.
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3.1.1) The piston-compressor
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	The piston-compressor is a widely used compressor. It is based on the principle as described in chapter 2.

If the volume in the cylinder increases by moving the piston outwards, pressure in the cylinder will drop. The pressure in the cylinder will get less than atmospheric pressure. On the inlet valve we will get atmospheric pressure on one side and an underpressure on the other side. This makes the valve to go open and air from the atmosphere can enter the cylinder.

After the piston has fully moved outwards it will start to move back in. This causes pressure to rise in the cylinder. The inlet valve will close as soon as pressure in the cylinder reaches atmospheric pressure. The piston will continue to move inwards causing pressure to further rise. When pressure in the cylinder reaches the (high) pressure in the buffer the outlet valve will open and the pressurized air in the cylinder can escape into the buffer.

When the piston moves outwars again, volume will increase, pressure will drop, outlet valve will close, inlet valve will open, atmospheric air can enter, ….

Used as single stage compressor the piston-compressor can create a pressure of about 10 bar. If higher pressures are needed then multi-stage is used where more pistons will be placed in series.
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3.1.2) The screw-compressor
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	Two parallel positioned and counter-directional rotating axes are fitted with a screw-like profile and gear into each other. 

In-between the screw-profiles and the chambers in which it is all housing an amount of air will be enclosed which will be pushed forward by the rotation of both axes.

Continues compression is one of the advantages this sort of compressor has. Besides single stage also multi-stage compressors and oil free srew-compressors exist.
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3.1.3) Other compressors
Most commonly used are above described screw- and piston-compressors. Other principles will not be within scope of this course. Some of the other types of compressors (membrane-compressor, blade-compressor, …) can be found on this website
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Blade-compressor
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Roots-compressor
	


 

	3.2) Treatment of compressed air


More and more a high dependability, long lifetimes and easy maintenance of installations is demanded. Last couple of years, there is the trend to make the valves smaller and smaller and having small openings. Here it is very important to have the compressed air as pure as possible. 

Also it is very important to maintain pressure on a constant level. In order to achieve this we will have to apply a certain treatment to the air.

	3.2.1) The airfilter


What’s in the air that we’d rather not have in it?
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Water(vapour). The air that is being sucked into the compressor contains vapour. Therefore also the compressed air will contain water.
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Oil. The moving parts of the compressor need to be greased. This oil will get into the air as well and needs to be removed. Because this oil has been exposed to high temperatures in the compressor, the oil more gets like a pollution rather than a lubricant.
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Solid particles. The compressor will suck in polluted air. By the effect of water and acids corrosive particles will be formed. Carbon particles will be formed and the various components in the system will release little particles during time.
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Removal of water and oil

With the use of compressed air an airflow will arise. In the filter this stream of air is being bend in such a manner that a rotation of air will consist.

Due to this centrifugal movement water is being “thrown” out of the air onto the inner face of the reservoir and will drip down to the bottom. The separation plate creates a calm area beneath and prevents the liquid to get back into the stream of air above.

The liquid has to be removed as soon as the level of liquid reaches a certain point. This can be performed automatically by means of a floater or manually. In the symbol above the blue part indicates automatic removal of liquid.

Removal of vapour

In order to remove water vapour out of the air, air dryers are to be applied. This is based on the principle of cooling down the air and thus liquefying the vapour in it. When the vapour is then liquid it can be absorbed or drained away. 


Blockage of solid particles

Depending on the application the accuracy of the filtration for solid particles will be chosen. The right choice of accuracy is important; not filtering enough will cause failures in the installation. A filter which is too dense will cause unnecessary resistance in the system and therefore loss of performance. For normal industrial applications a filter as shown in the picture will do the job. Air flows through a filter element which blocks the tiny particles. In some cases a filter of 40m will be sufficient. Filters of 10 to 25m can be applied when using very precise equipment. Special filters have to be used when even better filtration is required.
	3.2.2) The pressure-regulator


	With an installation of compressed air it is necessary to use the right pressure level in the system. When pressure is too low some of its functions will not be fulfilled. When pressure is too high unnecessary energy is put into the creation of the pressure and the equipment will decay faster. 
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The pressure of the air coming out of the regulator has to be adjusted to a certain level. This air will press to the membrane. If pressure is high enough it will cause a force high enough to impress the spring and thus closing the valve which is connected on the rod. Flow has stopped now until there is air being used in the system after the regulator causing a drop of pressure and therefore enabling the spring to unfold and open the valve.

Using the knob on top we can adjust the strength of the spring and thus the pressure after the valve. The greater the strength of the spring, the greater pressure should be to close the valve.

Upper picture: Valve is open.

Lower picture: valve is closed.

Keep in mind: this pressure-regulator is used to adjust pressure in the system, not to adjust the flow. A speed regulator valve is used for adjustment of air-flow.




	3.2.3) The lubricator


	A very fine haze of oil is used for lubrication of the air. Lubrication of the air has positive influences on the lifetime and efficiency of equipment used in the system. Lubrication reduces friction and thus minimizing decay. Lubrication has to be applied to equipment where it is explicitly indicated. However in most cases it is indicated that the equipment is suitable for lubricated as well as non-lubricated compressed air.
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These equipment have been treated with a special lubricant during manufacturing or it does not contain any sensitive parts. In these cases it is not necessary to lubricate to achieve longer lifetimes. 

In some applications where extreme circumstances are demanded from the cylinders lubrication can be necessary. For instance where it operates at high speeds, quick reactions, very high or low temperatures. Ask for advise at your reseller / manufacturer when in doubt.

In some applications it is not even allowed to lubricate the air. For instance the air through a vacuum pump must be dry otherwise the oil-particles will stick onto the inner surfaces of the pump.

Equipment that once has been exposed to lubricated air should always be continued to be used with lubricated air.
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Operation

Air enters from the left and flow to the right. Part of the air is flowing into the oil-reservoir. This pressure causes the oil in the reservoir to be pressed down and through the tube pressed up.

By adjusting the screw on top the oil flow can be adjusted. A small amount of drops of oil will be pushed through and falls in to the venturi where it is blended in to the passing air.

Please mind; this will only work when air flow from left to right since the principle of the venturi only applies for moving air. If no flow is present there will not be a difference in pressure between oil reservoir and the end of the venturi and therefore oil will not be pressed down in the reservoir and pressed through the tube.

There are possibilities to achieve a finer haze of oil.
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