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Compressor Types



Homework from Session 1

Week 2



Homework for Week 1 – Block Diagram

 Draw a block diagram of your compressed air system.
 No P&ID drawings please.

 Include supply side and demand side if possible.
 Indicate compressor type and horsepower.
 Show dryer type and any filters.



Homework for Week 1 – Example Diagram
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Homework for Week 1 
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Presentation Notes
Brent McDaris, Complex Engineer�Albany OperationOffice 606-387-2392, Mobile 270-459-2816�Brent.McDaris@Tyson.com



Homework for Week 1 
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Homework for Week 1 
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Nate Kirkeby, PE | Principal EngineerEnterprise Facility Engineering701.412.6692 (C) | 701.551.7489 (W)  | marvin.com



Homework for Week 1 (JSW Steel ) 
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Abhijeet Kalantri | Mechanical EngineerJSW Steel USA Plate Mill | Mechanical Maintenance5200 East McKinney Rd, Baytown, TX 77523
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Presenter Notes
Presentation Notes
Felipe RochaMechanical Reliability Specialist Cabot Canada Ltd 800 Tashmoo AvenueSarnia, ON, Canada N7T 7N4felipe.rocha@cabotcorp.com 



Homework for Week 1

Presenter Notes
Presentation Notes
 Carlos Zacarias Silva RodriguezCompany: __Honda Mexico



Homework for Week 1

Presenter Notes
Presentation Notes
 Nadeem AhmadEnergy Engineer IIO: +1-610-859-4317ClearResult 



Homework for Week 1

Presenter Notes
Presentation Notes
 



Homework for Week 1
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Homework for Week 1 (Sun Opta) 
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Compressor Types

Week 2



Compressor Types 

Two types of compressors:

 Positive Displacement – Typically Rotary Screw
 Dynamic Compressors – Typically Centrifugal



Compressor Types

 Positive displacement compressors can be reciprocating or rotary. 

       Reciprocating Compressor         Rotary Compressor
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Presenter Notes
Presentation Notes
Positive displacement compressors are compressors in which successive volumes of air or gas are confined within a closed space, and the space is mechanically reduced, resulting in compression.  Air is ingested, trapped, and its volume reduced.  Positive displacement compressors can be reciprocating or rotating as well as oil lubricated or oil-free.



Compressor Types

 Dynamic compressors can be axial or centrifugal. 
      Axial Compressor                        Centrifugal Compressor
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Presenter Notes
Presentation Notes
Centrifugal compressors operate on a very simple principle that converts air velocity into an increase in air pressure. In a centrifugal compressor, the velocity of the incoming air is increased by the rotating impeller.  The velocity is increased by centrifugal force.  A centrifugal compressor's output capacity and pressure are directly related to the rotational speed of the shaft on which the impeller is mounted.



Other Types of Compressors

Presenter Notes
Presentation Notes
Liquid Ring, Rotary Vane, Scroll, lobe



Reciprocation Compressors

 Reciprocating 
compressors can 
be either single 
acting or double 
acting.
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Presenter Notes
Presentation Notes
Single acting reciprocating compressors are the oldest and world most common compressors. You will find them in smaller (hobby) air compressors, in trucks for the pneumatic system, multi-stage for higher pressures, but also in your fridge, doing his job quiet. Most of these compressors are splash oil lubricated; some are dry running on PTFE to make Oil-Free air. Air-cooled is common and the power is mostly limited to 15kWDouble acting compressors have crossheads which generate a pure strait movement after the crankshaft & connection rod. This technology in only used in heavy duty industrial and process compressors from 45kW on, as this is a more expensive way of construction.



Reciprocation Compressors

 Compressors can be single-stage or multistage units.
 Can be1 horsepower up to hundreds of horsepower 
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Presenter Notes
Presentation Notes
Compressors can be single-stage or multistage units.  A single-stage compressor compresses air once from the inlet pressure to the final discharge pressure.  Multistage compressors compress air to one pressure, then compress it to a higher pressure in another stage or stages.  The first stage compressed air is cooled by an intercooler - this allows the air to be cooled between stages, increasing the compression efficiency and the compressor’s ability to reach higher pressures.



Reciprocation Compressors

 Single-stage compressors compress air once from the inlet pressure to 
final discharge pressure.

 Multi-stage compressors compress air to one pressure, then compress 
it to a higher pressure in another stage or stages.
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Single-Stage Two-Stage

Presenter Notes
Presentation Notes
Compressors can be single-stage or multistage units.  A single-stage compressor compresses air once from the inlet pressure to the final discharge pressure.  Multistage compressors compress air to one pressure, then compress it to a higher pressure in another stage or stages.  The first stage compressed air is cooled by an intercooler - this allows the air to be cooled between stages, increasing the compression efficiency and the compressor’s ability to reach higher pressures.



Reciprocation Compressors

Presenter Notes
Presentation Notes
Heat of compression8-hp in, 1-hp out = 7-hp heat	This is called, opportunityExample: single-acting often air-cooled, one direction of compression, one head/valve (70°F to 320°F and 0 psig to 100 psig); least power efficient at full load; part load/full load to full idle almost instantly.Video stage notes: 1: As the piston recedes, increasing the available space, the under-pressure causes the inlet valve to open and air to be drawn into the compressor chamber.2: Subsequently, after the piston has passed its turning point, the inlet valve closes as the air pressure starts to increase. As the volume of the compression chamber decreases, the air pressure increases.3: Finally, when the pressure has reached a predetermined value, the discharge valve opens, and the compressed air leaves the compression chamber.



Single Vs Two Stage

Presenter Notes
Presentation Notes
Must remove the heat of compression. By removing heat between compression stages, the intercooler allows for higher compression ratios without excessive temperature rise, leading to better efficiency. An interstage cooler in a reciprocating compressor typically removes heat by cooling the compressed air within a range of 20-30 degrees Celsius 68F to 86F) below the discharge temperature of the first compression stage. In a two-stage reciprocating compressor, the first stage typically produces a significant amount of heat, with the discharge temperature reaching around 250°F (121°C),every 1 hp of fully loaded compressor power produces about 2,545 btu per hour of heat.



Double Acting 

 Cooling water jackets normally are 
incorporated in the cylinders and 
cylinder heads to remove some of the 
heat of compression, maintain thermal 
stability and improve lubrication, 
reducing carbonization of valve parts.  

 Water cooling jackets around valves 
and piston rod packing are essential 
due to localized heating.  
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Presenter Notes
Presentation Notes
The multi-stage double acting reciprocating type of compressor is a heavy duty, continuous service compressor.  Cooling water jackets normally are incorporated in the cylinders and cylinder heads to remove some of the heat of compression, maintain thermal stability and improve lubrication, reducing carbonization of valve parts.  Water cooling jackets around valves and piston rod packing are essential due to localized heating.  Valves may be located in the cylinders or in the cylinder heads.



Three Step



Five Step Using Clearance Control

 The principle of 5-Step Clearance Control Regulation is to increase the cylinder clearance by 
definite and equal steps as shown by the diagram, thus reducing the cylinder capacity 
whenever the demand falls off. 

 When one clearance valve is open, the volume of that pocket is added to the normal cylinder 
clearance volume. 

 This cuts in half the amount of air taken into that end of the cylinder. 
 The sizes of the pockets are proportioned so that when both pockets at one end are opened, 

no air is taken into that end of the cylinder when operating at rated pressure.

Presenter Notes
Presentation Notes
The principle of 5-Step Clearance Control Regulation is to increase the cylinder clearance by definite and equal steps as shown by the diagram, thus reducing the cylinder capacity whenever the demand falls off. When one clearance valve is open, the volume of that pocket is added to the normal cylinder clearance volume. This cuts in half the amount of air taken into that end of the cylinder. The sizes of the pockets are proportioned so that when both pockets at one end are opened, no air is taken into that end of the cylinder when operating at rated pressure.
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Water-cooled, 900 HP
 Two Stage, Double Acting, Recip
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Two Stage, Double Acting, Recip



Double-Acting Reciprocating Compressors

29

Presenter Notes
Presentation Notes
These use both sides of the piston and cylinder for air compression, doubling the capacity for a given cylinder size. A piston rod is attached to the piston at one end and to a crosshead at the other end. The crosshead ensures that the piston rod travels concentrically with the piston. These compressors may be single or multi-stage, depending on discharge pressure and hp size. Lubricant-free versions also are available. Double-acting air compressors generally have cooling water jackets around the cylinder body and in the cylinder head. This, combined with their relatively slow speed of operation and water cooled intercooling (on multi-stage units), results in excellent compression efficiency. 



Double-Acting Reciprocating Compressors
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Presenter Notes
Presentation Notes
These use both sides of the piston and cylinder for air compression, doubling the capacity for a given cylinder size. A piston rod is attached to the piston at one end and to a crosshead at the other end. The crosshead ensures that the piston rod travels concentrically with the piston. These compressors may be single or multi-stage, depending on discharge pressure and hp size. Lubricant-free versions also are available. Double-acting air compressors generally have cooling water jackets around the cylinder body and in the cylinder head. This, combined with their relatively slow speed of operation and water cooled intercooling (on multi-stage units), results in excellent compression efficiency. 



Oil Free Reciprocating

 Oil-free or oil-less reciprocating compressors 
do not have any lubricant fed to the cylinder 
or cylinders.  

 Piston rings and rod packing usually are of 
PTFE based materials, carbon, or other 
synthetic materials, which can operate 
without added lubrication.

37

Presenter Notes
Presentation Notes
Oil-free or oil-less reciprocating compressors do not have any lubricant fed to the cylinder or cylinders.  Piston rings and rod packing usually are of PTFE based materials, carbon, or other synthetic materials, which can operate without added lubrication. Polytetrafluoroethylene (PTFE) is a synthetic fluoropolymer that's commonly known by the brand name Teflon



Oil-Less

 Oil-less compressors  have no oil in the compression chamber or 
in the crank case. They can be Reciprocating or Rotary.
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Presenter Notes
Presentation Notes
Oil-less compressors have no oil in the compression chamber or in the crank case.  They can be reciprocating or rotary air compressors, most have sealed bearings packed in grease and Teflon type piston components or scroll ring technology.  Some Oil-less compressors are used as the base compressor for medical applications and the heart of NFPA 99 packaged specifications.



Load/Unload Scroll

Presenter Notes
Presentation Notes
The orbiting motion creates a series of gas pockets traveling between the two scrolls. On the outer portion of the scroll the pocket draw in gas, then move it to center of the scroll where it’s discharged. As the gas moves in the increasing smaller inner pocket, the temperature and pressure increase to the desired discharged pressure.Even with compressors that are “oil-free” there is usually oil in a gear boxThe scroll compressors have no oil anywhere whatsoever.



Gear Drive Rotary Screw Air End

Presenter Notes
Presentation Notes
The bearings used are heavy duty industrial type. They all carry a minimum B‑10 life of 50,000 hours with a safety factor of 5 which ideally extends bearing life to 250,000 hours.Radial bearings are employed to compensate for radial load on the shafts of each rotor, and to position the rotors in the stator. In addition, thrust bearings are mounted at the discharge end of each rotor to compensate for thrust load created by the stages of compression. The shaft seal, located on the input shaft serves two purposes. First, it retains‑the fluid within the compressor housing. Secondly, it prevents dirt from being drawn in around the shaft.



Direct Drive Rotary Screw Air End



Rotary Screw





Presenter Notes
Presentation Notes




Rotary Screw

Presenter Notes
Presentation Notes
A mixture of compressed air and lubricant travel from the air end and pass into a sump/separator where most of the lubricant is removed from the compressed air.  Directional and velocity changes are used to separate most of the liquid. The compressed air then passes through a coalescing type filter/separator, which further separates remaining aerosols, so the discharged compressed air contains only a few parts per million of lubricant. This is what determines the quality of the compressed air delivered into the system. 





Rotary Screw Compression

 Rotary Screw compression process--traps consecutive 
quantities of gas between the male lobe and female flute.  

 As screw turns, the enclosed volume decreases, thus 
increasing the pressure.  

 Compressed air is then pushed out of the element at the 
discharge port.



Low pressure gas is drawn axially into the unit as the 
rotors turn past the intake port in the housing



The rotors have turned past the intake port; gas is 
trapped in the unit housing and rotor cavities.



As the rotors continue to turn, lobes reduce the volume in 
the cavities, raising the pressure of the trapped gas.



The cycle is completed as compressed gas is discharged through the 
outlet port at the bottom of the housing to atmosphere or to some 

positive pressure as may be required by the process



Rotary Screw

 In an oil injected rotary screw compressor, the air and lubricant mix for cooling, 
sealing and lubrication, the lubricant is separated later, within the full compression 
cycle.
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Presenter Notes
Presentation Notes
A mixture of compressed air and lubricant travel from the air end and pass into a sump/separator where most of the lubricant is removed from the compressed air.  Directional and velocity changes are used to separate most of the liquid. The compressed air then passes through a coalescing type filter/separator, which further separates remaining aerosols, so the discharged compressed air contains only a few parts per million of lubricant. This is what determines the quality of the compressed air delivered into the system. 



Rotary Screw

 A minimum pressure valve assures proper lubricant circulation and 
separation.  Once separated, it is returned to the air/oil reservoir.  

 A lubricant thermal mixing valve is used to maintain a constant and correct 
injection temperature.
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Presenter Notes
Presentation Notes
A minimum pressure valve on the compressor package insures that the required minimum pressure builds up in the lubricant reservoir before air is allowed to pass downstream.  This allows for proper circulation of lubricant through the package and assures proper separation from the compressed air.  After the lubricant has been separated from the air and returned to the lubricant reservoir (air/oil sump tank), it is cooled by passing through an air to air heat exchanger (oil-cooler) or in the case of water cooled compressors; a water to air heat exchanger.  To help keep the oil at correct operating temperatures, some of the lubricant is allowed to bypasses the cooler.  The cooler oil mixes with the warmer lubricant by way of a thermal mixing valve.  The function of this valve is to maintain a correct and constant lubricant injection temperature into the air end and throughout the air/oil compression cycle.



Rotary Screw

 Suitable design temperature and viscosity of the lubricant are required for proper 
lubrication, sealing and cooling.

 Avoid excessive temperatures to avoid breakdown of lubricant.
 Important to keep lubricant clean.
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Presenter Notes
Presentation Notes
Generally, a suitable design temperature and viscosity of the lubricant are required for proper lubrication, sealing, and cooling; temperature being one of the most important, so as to avoid condensation forming in the lubricant reservoir (sump).  It’s also necessary to avoid excessive temperatures which could cause breakdown of the lubricant, resulting in reduced lubrication quality and life. Increases in operating temperature and/or environmental temperature accelerate the pace of oxidation, the chemical reaction between a lubricant and oxygen that “ages” the lubricant and diminishes its service life. Typically, a lubricant’s service life is cut in half for every 18°F (10°C) increase in operating temperature above 180°F (82°C).  It is also important that the lubricant is kept clean by its passing through an oil filter to ensure purity as it enters the air end.









Rotary Screw

 Lubricated rotary screw compressors are available in single stage, 
operating from 60-200 psig.  As well as two stage compressors, which 
can operate as high as 290 psig.
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Single Stage Compressor

Two Stage Compressor

Two Stage Compressor

Presenter Notes
Presentation Notes
Single-stage lubricant-injected rotary screw compressor packages are available from 3-700 horsepower, ( 8-3,000+ cubic feet per minute) with discharge pressures from 50-200 psig.  A Two-stage rotary screw compressors may have the individual stages mounted side by side, either in separate air ends or with a common multi-purpose housing.  Alternately, the stages may be mounted in tandem, with the second stage directly in line with the first stage.  Two-stage versions may improve energy efficiencies and can achieve pressures as high as 290 psig.







Oil Free Rotary

 Lubricant-free rotary screw air compressors are also a positive 
displacement type - Two distinct designs are available:
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Dry Rotary Screw Water Injected Screw

Presenter Notes
Presentation Notes
Lubricant-free rotary screw air compressors are also a positive displacement type.  The principle of compression is similar to that of a lubricant-injected rotary screw air compressor, but without hydrocarbon lubricant being introduced into the compression chamber.  Two distinct types are available – the dry type and the water-injected type.



Lubricant-Free Rotary Screw Compressors

 Since there is no injected fluid to remove the heat of compression as done with 
lubricant injected two stage compressors, most oil free designs use two stages 
of compression, with an intercooler between the stages and an aftercooler after 
the second stage. 

 Operating efficiency:  18-22 kW/100 cfm



Oil Free Rotary

 Dry-type lubricant-free rotary screw compressors have a range up to 1,200 
horsepower and over 5,000 CFM

 Single-stage units can operate up to 50 psig, while two-stage compressors 
can generally achieve 150 psig.

64

Timing 
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Oil-free Rotors & 
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Single Stage Compressor Two Stage Compressor

Oil-free Rotors & 
Casing

Oil 
Seals

Presenter Notes
Presentation Notes
In the dry type, the intermeshing rotors do not come in contact with each other and the relative positions are maintained by means of lubricated timing gears external to the compression chamber.  Since there is no injected fluid to remove the heat of compression, most designs use two stages of compression with an intermediate cooler (inter-cooler) between the stages and an aftercooler prior to the discharge valve which, reduces the discharge air outlet temperatures.  Without a liquid cooling media to help seal the compression chamber tolerances the rotors are operated at higher rotational speeds, this assures the expected design compression efficiency.  The dry-type lubricant-free rotary screw compressors may have a range of up to 1,200 horsepower and over 5,000 cubic feet per minute (CFM).  Single-stage units can operate up to 50 psig, while two-stage compressors can generally achieve 150 psig.



Oil Free Rotary

 Lubricant-free rotary screw compressors ‘do’ utilize lubricants but it’s 
main purpose is to lubricate bearings, gears and supply casing jacket 
cooling to help prevent casing thermal growth.  
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Oil-free Rotors & 
Casing

Timing 
Gears & Oil 
Casing

Oil 
Seals

Casing Cooling 
Jackets

Presenter Notes
Presentation Notes
Lubricant-free rotary screw compressors do utilize lubricants for the lubrication of bearings, gears and cooling in the casing jackets to help prevent casing thermal growth.  All oils (lubricants) are isolated from the compression chamber by the use of highly efficient oil seals.  A lubricant pump is used to assure lubricant flows immediately at startup and during shutdown (compressor regulated stop) in the event of power failure or emergency stop.  A lubricant filter protects bearings, gears, and the lubricant pump from damage.



Oil Free Rotary

 With water injected rotary screw compressors – liquid (water) is used for cooling, 
sealing and lubrication.  This coolant in the compression chamber allows these 
single stage designs to operate at higher pressures (150 to 190 psig)
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Presenter Notes
Presentation Notes
With a water injected rotary screw compressor design, the function of the water is similar to that of an oil injected design – where the liquid (water in this case) is used for cooling, sealing and lubrication. Coolant in the compression chambers allows this single stage design to operate at higher pressures (150 to 190 psig) – the water helps remove heat of compression – where as oil-free rotary screw designs (no coolant in the compression chamber) need to be two-stage and can only operate at an approximate maximum pressures of 125 psig and 145 psig with lobe designs as well also needing ‘inter-cooling’ between stages to help dissipate the higher heat of compression with the oil free chamber designs. With water injected compressors the induced water, together with condensed moisture from the atmosphere, is removed from the discharged compressed air by a conventional moisture separation device.Similar to the lubricant injected type, lubricant free rotary screw compressors generally are packaged for sound attenuation for ease of installation.



Dynamic Comrpressors - Centrifugal

 Centrifugal compressors operate on a very simple 
principle that converts air velocity into an increase 
in air pressure.

 In a centrifugal compressor, the velocity of the 
incoming air is increased by the rotating impeller.  

 The velocity is increased by centrifugal force.  
 A centrifugal compressor's output capacity and 

pressure are directly related to the rotational 
speed of the shaft on which the impeller is 
mounted.
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Presenter Notes
Presentation Notes
Centrifugal compressors operate on a very simple principle that converts air velocity into an increase in air pressure. In a centrifugal compressor, the velocity of the incoming air is increased by the rotating impeller.  The velocity is increased by centrifugal force.  A centrifugal compressor's output capacity and pressure are directly related to the rotational speed of the shaft on which the impeller is mounted.



Dynamic Compressors



Inlet Guide Vanes – Open and Closed





Dynamic Comrpressors

 Dynamic-type compressors are compressors in which air or gas is compressed by 
mechanical action of rotating impellers.  Centrifugal compressors are Dynamic type.
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Third Stage Impeller

Second Stage Impeller

First Stage Impeller

Presenter Notes
Presentation Notes
Dynamic-type compressors are compressors in which air or gas is compressed by the mechanical action of rotating impellers, imparting velocity and pressure to a continuously flowing medium (compressed air).  A centrifugal compressor is an example of a dynamic type of compressor and is usually designed with several stages of compression.





Centrifugal Compressor
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Centrifugal Compressor Terminology

Moie



Three Stage 

161

Multistage centrifugal compressors are designed to try and balance the load between stages

Presenter Notes
Presentation Notes
Multistage centrifugal compressors are designed to try and balance theload between stages. So, for a three-stage compressor to produce 100 psigair the stages would be design as follows: 114.5/ 14.5 = 7.89 compressionratio. Since this would be divided among the 3 stages, it would be the cuberoot of 7.89 or 1.99. Pressure drop from the inlet filters, the inner coolersand after cooler would increase this slightly starting with the 1st stage sothe actual may be closer to the figure



Effects on dynamic compressor performance

 Inlet pressure
 Inlet air temperature
 Cooling water temperature
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Centrifugal Compressor Control Derived from Water Pump
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Centrifugal Compressor Control
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 Nomenclature
Surge Line

Pressure Rise to 
Surge

Requested Flow point

Design Point

Choke

Turn Down

Control Line Blow-off
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Curve showing air compressor performance at a 95°F inlet 
and 110 psig discharge pressure:

Presenter Notes
Presentation Notes
The four colored lines represent the operating curves of the unit at various inlet guide vane positions, by guide vane angle. The red line is the flow curve with the inlet valve 100% open (0 degrees and 0% throttled). The air compressor is rated for 2,313 scfm maximum delivery at these operating conditions



Curve showing air compressor performance at a 119°F inlet 
and 110 psig discharge pressure:
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Presenter Notes
Presentation Notes
Notice how the operating curves have all shifted to the left (less flow at any given pressure). At 119F inlet temp, maximum flow has been reduced from 2,313 to 2,092 scfm, a loss of nearly 10%.



Discharge
Pressure %   100

Power at
Coupling %   100

Inlet flow (weight/volume) percent   100

Decrease in inlet pressure
reduces flow

Decrease in inlet pressure
reduces power required

Inlet pressure
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Effects on dynamic compressor performance



Inlet air temperature influence

Discharge
Pressure %

Power 
at
Couplin
g %

Inlet flow (weight/volume) %       100

Decrease in air temperature
increases flow

Decrease in air temperature
increases power

Increase in air temperature
reduces flow

Increase in air temperature
reduces power

Design point

100

100
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Effects on dynamic compressor performance



Discharge
Pressure %   100

Power at
Coupling %   100

Inlet flow (weight/volume) %            100

Colder water
increases flow

Colder water increases
power requirement

Warmer water
decreases flow

Warmer water decreases
power requirement

Cooling water temperature
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Effects on dynamic compressor performance



Cooling water temperature

Cooling Water Effects On Dynamic Compressor Performance
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 Lets say that 29C (84F) is the cooling water 
temperature that is on you spec sheet.  That is the 
sweet spot for your compressor. 

  It is all determined in the first stage cooling.  That is 
the air that is delivered to the 2nd and 3rd stages.  

 The cooler the air delivered, the more mass flow.  The 
hotter the air delivered, the less mass flow.  
Manufacturers can  redraw the performance curve on 
a centrifugal with various water temperatures so you 
can actually see the difference in flow.  

 This of course is true because cooling water 
temperature variations will directly affect the 
temperature of the air entering the second, third and 
subsequent stages where there are intercoolers 
located between stages.
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Centrifugal Compressor Terminology

Presenter Notes
Presentation Notes
By design, centrifugal compressors excel when it comes to flow capacity at both low and high pressures. For lower pressures, a single compression stage is used.  With the use of multiple stages, centrifugal compressors can achieve higher pressures and efficiencies.  
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Centrifugal Compressor Terminology
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Centrifugal Compressor Terminology



Compressor Room Ventilation



Ventilation

 Compressors generate heat; this heat must be removed to make sure the 
temperature in the compressor room is at an acceptable level. Therefore, 
proper ventilation is important when designing an efficient compressor room.
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Presenter Notes
Presentation Notes
When choosing a location it is important to find an area that provides an adequate supply of cool, clean, dry air.  Consideration must also be given to any harmful gases that may be in the area.  Some compressors and other critical downstream end uses will experience problems when the compressor is located where there are hydrocarbon, ammonia or chlorine vapors.  Your local compressor supplier will provide you with this important information regarding the best location for your compressed air system.



Ventilation

 When choosing a location, it is important to find an area that provides 
an adequate supply of cool, clean, dry air.  

 Consideration must also be given to any harmful gases that may be in 
the area. 

 Some compressors and other critical downstream end uses will 
experience problems when the compressor is located where there are 
hydrocarbon, ammonia or chlorine vapors.  

 An ambient temperature of 40 – 100°F should be maintained at all 
times to keep compressors running properly. 

 Compressor after coolers are typically designed to cool compressed air 
to a temperature of  “ambient +15° F.”
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Presenter Notes
Presentation Notes
When choosing a location it is important to find an area that provides an adequate supply of cool, clean, dry air.  Consideration must also be given to any harmful gases that may be in the area.  Some compressors and other critical downstream end uses will experience problems when the compressor is located where there are hydrocarbon, ammonia or chlorine vapors.  Your local compressor supplier will provide you with this important information regarding the best location for your compressed air system.



Ventilation

 Conversely, if compressor room temperatures drop below 
freezing, condensate lines can freeze and cause ice to form in the 
in the after cooler, discharge line or dryer. 

 As ice forms, it will expand and potentially damage any of these 
components. 

 Cold temperatures will also increase coolant viscosity, requiring 
the motor to use more power to turn the airend. 

 In turn, it will drive up energy and maintenance costs due to the 
malfunctioning of the motor and bearings.
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Presenter Notes
Presentation Notes
When choosing a location it is important to find an area that provides an adequate supply of cool, clean, dry air.  Consideration must also be given to any harmful gases that may be in the area.  Some compressors and other critical downstream end uses will experience problems when the compressor is located where there are hydrocarbon, ammonia or chlorine vapors.  Your local compressor supplier will provide you with this important information regarding the best location for your compressed air system.



Ventilation
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Presenter Notes
Presentation Notes
One of the leading complaints by plant workers and causes of unscheduled shutdowns is heat.  Because compressed air systems generate such large amounts of heat, extensive ventilation is required.  This is true particularly with air cooled compressor packages with integral radiator coolers.  Increased air temperature at the compressor inlet also reduces the mass flow of the air entering the compressor and being supplied to the system.  Consideration should be given to having the air to the compressor inlet drawn from outside the compressor room.  The location of this inlet must be chosen carefully to avoid possible contaminants.



Ventilation

Presenter Notes
Presentation Notes
One of the leading complaints by plant workers and causes of unscheduled shutdowns is heat.  Because compressed air systems generate such large amounts of heat, extensive ventilation is required.  This is true particularly with air cooled compressor packages with integral radiator coolers.  Increased air temperature at the compressor inlet also reduces the mass flow of the air entering the compressor and being supplied to the system.  Consideration should be given to having the air to the compressor inlet drawn from outside the compressor room.  The location of this inlet must be chosen carefully to avoid possible contaminants.



Ducting

 If the design of the compressor room makes it too difficult for 
cooling air to flow across the compressor, then ducting is the best 
alternative. 

 You have the option of ducting both the inlet and outlet air, or just 
one, depending on your current setup. 

 Make sure to review the manufacturer’s specifications on airflow 
and how to size your ventilation ducting in order to keep 
backpressure at a minimum. 

 Most cooling fans are not designed to work effectively with more 
than 1/10 psi of backpressure. (about 3 inches water pressure)

Presenter Notes
Presentation Notes
When choosing a location it is important to find an area that provides an adequate supply of cool, clean, dry air.  Consideration must also be given to any harmful gases that may be in the area.  Some compressors and other critical downstream end uses will experience problems when the compressor is located where there are hydrocarbon, ammonia or chlorine vapors.  Your local compressor supplier will provide you with this important information regarding the best location for your compressed air system.



Examples of Mistakes in Ducting:

 Using rectangular bends
 This will increase the pressure 

drop
 Solution: using more rounded 

bends



Examples of Mistakes in Ducting:

 Interconnecting the Ducting
 Results in heating problems
 Solution: installing a separate 

ducting for both compressors



Examples of Mistakes in Ducting:

 Ducts are too long or there 
are too many bends
 Will create excessive pressure 

drop and back pressure for 
aftercooler fan resulting in 
heating problems or shut down

 Solution: design the duct to 
keep distance and bends 
minimal



Examples of Mistakes in Ducting:

 Extra turbulence will create 
a higher pressure drop 
 Configuration on the left will 

cause possible shutdown from 
high temperature 

 Solution: direct the ducting as 
shown on the right in figure 1



Ventilation
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Presenter Notes
Presentation Notes
It is important not to block the air flow to the compressor inlet filter.  If you have a multiple compressor installation, it is important, especially with air cooled units, that the heat discharge of one compressor does not go directly into the inlet of another compressor.  This will cause shutdowns due to high temperature.



Rotary Screw

 All air-cooled air compressors need to operated in well ventilated  
and clean environments with fairly constant temperatures. 
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Presenter Notes
Presentation Notes
It is not uncommon for air compressors to be located in poorly ventilated areas with higher than normal room temperatures.  In these circumstances, proper ventilation should always be considered.  Most rotary air compressors are air cooled; however, water-cooled versions are also available.  The discharge temperature from an aftercooler usually can be  up to 30 degrees above ambient temperature.  The warmer the compressed air the more moisture it can hold which affects the selection and rating of any dryer, most commonly refrigerated dryers.  All cooler heat exchanger components (air/air or air/water tube & shell) must be kept clean for efficient operation, air/air are directly affected by the environment in which they are located.  Dusty environments would of course require more frequent heat exchanger cleaning maintenance. 



Ventilation
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 Ensuring that the air flow to the compressor inlet filter is not obstructed 
is crucial. 

 In installations with multiple compressors, particularly in air-cooled 
systems, it is vital that the heat expelled from one compressor does not 
directly enter the inlet of another. 

 Such a situation can lead to shutdowns caused by elevated 
temperatures.

Presenter Notes
Presentation Notes
It is important not to block the air flow to the compressor inlet filter.  If you have a multiple compressor installation, it is important, especially with air cooled units, that the heat discharge of one compressor does not go directly into the inlet of another compressor.  This will cause shutdowns due to high temperature.



Capturing the Heat

 Air-cooled rotary screw compressors
 Adding ductwork with auxiliary fans to compressor package
 Recover to space or reject outdoors with thermostatic controls

 Water-cooled compressors
 Install heat exchangers to recover to space or reject outdoors
 Produce non-potable (gray) or potable hot water
 Compressors using water-cooled motors offer further opportunity (above 1000hp)

 Engine driven compressors
 Heat can be recovered from engine jackets and exhaust stream
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Remember this slide from session one? 
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Leaks

Delivered compressed air is 
only 15%

Heat loss 85%

Compressed 
Air delivered by 

compressors 

Artificial Demand

Inappropriate uses

Production

Electricity 
consumed by the  

compressors 

Presenter Notes
Presentation Notes
Compressed Air’s Inefficiency:  85% of the power of the prime mover is converted into an unusable form of energy (HEAT)  1 hp = 2545 BTU/hrAnd to a lesser extent, into friction, misuse and noise



Oilcooler Aftercooler

Air inlet filter

Screw element

Separator

OilfilterWater 
separator

Air Cooled Oil injected compressor

 Energy recovery from lubricant







Oil Free Compressor Heat Capture

Presenter Notes
Presentation Notes
According to the laws of thermodynamics the energy used to compress air is transformed into heat. The major portion of this heat - more than 90% - remains in the compressed air and lubrication oil. A small part is lost to the environment through radiation.



Ventilation Equation Derived:

 Exhaust ventilation can be used to remove excess heat and/or humidity if a 
replacement source of cooler air is available. 

 To determine the required general ventilation, one must estimate the 
acceptable temperature or humidity rise. 

 The first step in determining the required volumetric flow is to determine the 
sensible and latent heat load. 

 Next, determine the volumetric flow to dissipate the sensible heat and the 
volumetric flow to dissipate the latent heat. 

 The required general ventilation is the larger of the two volumetric flows.  
 Since the sensible heat is always the larger value in a compressor room, we 

will only work with this equation.
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Presenter Notes
Presentation Notes
Sensible heat is literally the heat that can be felt. It is the energy moving from one system to another that changes the temperature rather than changing its phase



Ventilation Equation Derived:

 Sensible heat is literally 
the heat that can be felt. It 
is the energy moving from 
one system to another that 
changes the temperature 
rather than changing its 
phase.
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Presenter Notes
Presentation Notes
Sensible heat is literally the heat that can be felt. It is the energy moving from one system to another that changes the temperature rather than changing its phase



It takes 0.24 BTU of heat to change the 
temperature of one pound of air by one degree F

Ventilation Equation Derived:

 The sensible heat rise can be determined by the following:

Where:
  Hs = sensible heat gain, BTUs per hour
  Qs = volumetric flow for sensible heat, CFM
  ρ = density of air, lb/ft3

  Cp = specific heat of the air, BTU/lb-deg F
  ∆T = change in temperature, degrees Fahrenheit
   For air Cp = 0.24 BTU/lb-deg F and ρ = 0.075 lb/ft3;

𝑯𝑯𝒔𝒔 = 𝑸𝑸𝒔𝒔 × 𝝆𝝆 × 𝑪𝑪𝒑𝒑 × 𝜟𝜟𝜟𝜟 × 𝟔𝟔𝟔𝟔 ⁄𝒎𝒎 𝒉𝒉𝒓𝒓



Ventilation Equation Derived:

 In order to use this equation, it is necessary to first 
estimate the heat load. 

 This will include sunshine, people, lights, and motors 
as well as other particular sources of heat. 

 Of these sunshine light and motors are all completely 
sensible heat. 

 The people heat load is part sensible and part latent 
and can be ignored in a compressor room situation. 

 In using the sensible heat equation, one must decide 
the amount of temperature rise that will be permitted. 

 A 10° rise is very common for a compressor room 
environment.

𝑯𝑯𝒔𝒔 = 𝑸𝑸𝒔𝒔 × 𝟔𝟔.𝟔𝟔𝟎𝟎𝟎𝟎𝒍𝒍 ⁄𝒃𝒃 𝒄𝒄𝒇𝒇 ×.𝟐𝟐𝟐𝟐𝑩𝑩𝜟𝜟 ⁄𝑼𝑼 𝒍𝒍𝒃𝒃−𝐝𝐝𝐝𝐝𝐝𝐝× 𝜟𝜟𝜟𝜟 × 𝟔𝟔𝟔𝟔 ⁄𝒎𝒎 𝒉𝒉𝒓𝒓

𝑯𝑯𝒔𝒔 = 𝑸𝑸𝒔𝒔 × 𝟏𝟏.𝟔𝟔𝟎𝟎 × 𝜟𝜟𝜟𝜟

𝑸𝑸𝒔𝒔 =
𝑯𝑯𝒔𝒔

𝟏𝟏.𝟔𝟔𝟎𝟎 × 𝜟𝜟𝜟𝜟

Consequently, the equation becomes:

Or



Exhaust Size Fan Ventilation Simplified Equation

 The following formula can be used to determine the fan size 
needed to vent a compressor room given a certain horsepower 
online and venting into the room:

 1 HP = 2,545 BTU / hr
 The heat load is sensible duty only.
 Temp rise is above make-up air temp. 
 A 10-degree rise is all you really need.
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( / )Fan cfm=
1.08 Temp Rise (deg  )

Heatload BTU Hr
F×



Ventilation Example 100 HP Compressor
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×
( / )Fan cfm=

1.08 Temp Rise (deg  )
Heatload BTU Hr

F

( )×

× 0
2,545100

Fa
 /

n cfm=
1 0 1

 
. 8

BTU Hr

Fan cfm=23,564

Fan cfm=23,564

Presenter Notes
Presentation Notes
One of the leading complaints by plant workers and causes of unscheduled shutdowns is heat.  Because compressed air systems generate such large amounts of heat, extensive ventilation is required.  This is true particularly with air cooled compressor packages with integral radiator coolers.  Increased air temperature at the compressor inlet also reduces the mass flow of the air entering the compressor and being supplied to the system.  Consideration should be given to having the air to the compressor inlet drawn from outside the compressor room.  The location of this inlet must be chosen carefully to avoid possible contaminants.



Water Cooled Comrpressors

 A water-cooled compressor 
makes little demand on the 
ventilation of the compressor 
room.

 Most of the produced heat is 
absorbed by the cooling water

 The cooling water from a water- 
cooled compressor contains 
90% of the heat energy 
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Presenter Notes
Presentation Notes
A compressors cooling water system can be designed based either an Evaporative Cooling tower or fully sealed re-circulating system 



Presenter Notes
Presentation Notes
Normal conditions of temperatureThis is the cooling lubrication system. The heat of compression originates in the compressor unit. Heat is carried away from the compressor unit by the fluid and the fluid collects in the separator/sump.The sump tank siphon line directs fluid to the thermal valve. The thermal valve element senses the fluid temperature and regulates the amount of fluid flow to, and around the cooler. The fluid is cool enough to bypass the cooler start‑up. As the temperature rises, the thermal element begins to direct flow to the cooler. From the cooler, the fluid then passes through the main filter element. The fluid then continues down line to the fluid stop valve. Upon start‑up the piston, in the fluid stop valve, receives an air/fluid signal from the discharge check valve area. The valve then opens, allowing fluid flow to the compressor unit.



Presenter Notes
Presentation Notes
Normal oil cooler delta but why did the injection increase?



Presenter Notes
Presentation Notes
Oil cooler is the problem here



Presenter Notes
Presentation Notes
Lubricant flow slowing down.  Something is restricting flow



Compressed Air Maintenance



A Maintenance Case Study

 Compressors tripping from high temperature at full load forced the 
company to run extra compressors to “share” the load.

 Six compressors part loaded at 60% capacity, 91% power
 Remedy: Clean coolers, address water quality
 Results: Two compressors shut down, savings = $103,000 

annually
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Six Common Maintenance Mistakes

1. Not performing leak management
2. Not maintaining filters, end-use filters, and lubricators
3. Ignoring air dryer and condensate trap maintenance
4. Poor ventilation
5. Not taking temperature measurements
6. Not performing lubricant analysis
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1. Not Performing Leak Management

 Leaks can make up 20-30% of total system demand
 Proactive leak maintenance programs target 5%
 In addition to wasting energy leaks also:
 Cause a drop in pressure causing end uses to function less effectively, adversely 

affecting production
 Leaks shorten the effective life of all system equipment
 Leaks can lead to adding unnecessary compressor capacity
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2. Filters, End-Use Filters and Lubricators

 Clogged filters cause pressure drop reducing effectiveness at end-use 
or additional energy at the compressor(s)

 Filter only to the level required for each point of use
 Use low pressure drop, long-life filters
 Understand flow characteristics of devices, prevent re-entrainment
 Replace elements when the cost of their pressure drop exceeds the 

cost of a replacement element
 Point of use filters, regulators and lubricators:

 Provide tools with clean, stable lubricated air supply
 Can cause tools to wear prematurely if not maintained
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3. Dryers and Condensate Traps

 Liquid water is a natural byproduct of the compression process
 Poorly maintained dryers cause quality problems for end uses
 Moisture in compressed air is responsible for costly problems such as:

 Rusting and scaling in pipelines
 Clogging of instruments
 Sticking of control valves
 Freezing of outdoor lines
 Product spoilage

 Condensate traps stuck in the closed position can cause quality 
problems

 Condensate traps stuck in the open position (or bypass valves left 
open intentionally) waste energy
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Is the condensate drain even working?

VS



Condensate removal without the loss of compressed air

VS



Condensate removal without the loss of compressed air

VS

Presenter Notes
Presentation Notes
The orientation and location of the Drain-All trap should be adjusted to best accommodate piping and discharge direction to drain considering available space. Balance Lines should be connected back to the vessel at a location with the same pressure as the condensate drain. Balance line should have no low spots that can hold condensed liquid that would stop proper air flow. Heaters and heat tracing on the pipes is required due to environmental conditions. Insulate trap to prevent freezing. Control air should come from a clean, dry air source 



4. Poor Ventilation

 Heat is a common cause of unscheduled shutdowns
 Compressed air systems require extensive ventilation whether they are 

air cooled or water cooled
 Good planning is required to ensure effective ventilation

 Avoid recirculating heated ventilation air
 Allow for adequate clearance for access to the package
 Avoid areas that are extremely humid or where temperatures exceed the capabilities of 

system components
 Addressing these issues reduces required maintenance of lubricant, 

heat exchangers, bearings and hoses
 Proper ventilation reduces energy costs
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5. Not Taking Temperature
 Measurements

 Temperature is an indicator of how systems are performing
 The following measurements are important:

 Air Intake Temperature
 Ambient Air Temperature (cooling air)
 Intercooler Approach Temperature (multi-stage compressors)
 Lubricant Injected Rotary Screw Oil Temperature
 Reciprocating Compressor Cylinder Discharge (Valve) Temperature
 Compressor Discharge Temperature
 Thermo-mixing Valve Temperature (Oil in, Oil out, and to sump cooler)
 Aftercooler Outlet Temperature
 Dryer Inlet Temperature
 Dryer (Condenser) Ambient Temperature (air-cooled)
 Dryer (Condenser) Water Inlet and Outlet Temperatures (water-cooled)
 Motor Temperatures
 Bearing Temperatures
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6. Not Performing Lubricant Analysis

 Lubricant analysis is an indicator of compressor condition
 Key variables to watch in lubricant analysis include:
 Particle count (ISO code)
 Total acid number (TAN)
 Anti-oxidant level 
 Lubricant life remaining 
 Viscosity 
 Contamination … other lubricants 
 Water ppm 
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Presenter Notes
Presentation Notes
The bearing filter prevents particulate from reaching the orifices through which the bearings, gears and shaft seal are lubricated. It is extremely Important to the life of the compressor unit to constantly monitor the bearing filter. An indicator or gauge (mounted on the instrument panel) monitors the differential across the bearing filter. This should be checked daily. The bearing filter should be changed every 1000 hours. In dirty environments the change interval may need to be shortened. Any external orifices on the compressor unit should be inspected as a routine maintenance procedure. The lines from the bearing filter manifold should be checked daily. This can easily be done by touching each line to make sure hot fluid is traveling through them.NOTE:	The filter is equipped with an internal relief valve, which permits the fluid to bypass the media at 20 lbs. restriction. Do not let this happen.



Other Important Maintenance Issues

 Condensate Sampling
 Bearing Analysis (Centrifugals)
 Bearing Analysis – Anti-friction (Rotary Screws)
 Motor Rewinding
 Trending
 Cooler cleaning
 Measuring Approach Temperature or CTD
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Approach Temperature or CTD

 Aftercooler approach 
temperature is 15°F

 Cooling air moving 
through fins is 90°F

 Compressed air leaving 
this aftercooler should 
be 105°F







Final Notes on Compressor Room 
Design



Proper Compressor Room Design

 Creating a designated compressor room allows for better control of the 
compressor’s air quality in addition to ensuring the compressors are 
kept at the proper temperature through the use of HVAC or ventilation.

 Ideally, your compressor room should be located as close to its point of 
use as possible. Most companies try to locate the compressor room in 
a centralized location to minimize the distance air must travel to reach 
all of its processes.

 This also helps minimize the amount of compressed air piping, 
pressure drop and potential leak points.
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Presenter Notes
Presentation Notes
When choosing a location it is important to find an area that provides an adequate supply of cool, clean, dry air.  Consideration must also be given to any harmful gases that may be in the area.  Some compressors and other critical downstream end uses will experience problems when the compressor is located where there are hydrocarbon, ammonia or chlorine vapors.  Your local compressor supplier will provide you with this important information regarding the best location for your compressed air system.



Clearance

 Always consult your compressed air manufacturer for proper clearance 
required in cooling and equipment maintenance. 

 For example, compressors with canopies may have doors swinging on 
hinges or doors needing to be completely removed. 

 Each of these options will require a different type of clearance. 
 Another example takes into consideration large maintenance issues, 

requiring the use of larger tools such as hoists or jacking equipment. 
 These special circumstances need enough clearance height and floor 

space for maintenance personnel to access the machines.
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Presenter Notes
Presentation Notes
When choosing a location it is important to find an area that provides an adequate supply of cool, clean, dry air.  Consideration must also be given to any harmful gases that may be in the area.  Some compressors and other critical downstream end uses will experience problems when the compressor is located where there are hydrocarbon, ammonia or chlorine vapors.  Your local compressor supplier will provide you with this important information regarding the best location for your compressed air system.



Summary

 In an ideal world, we would all have plenty of space, time and 
money to create the perfect compressed air system. 

 Remember to keep the compressors cool, minimize piping 
pressure drop and to allow sufficient room around the equipment 
for service.

 Even the best engineered systems will perform poorly unless 
maintenance is properly performed..

 Poor maintenance practices lead to increased equipment and 
energy costs, downtime, production problems, poor product 
quality.



Homework for Week 2 – Compression Ratio

 What's the compression ratio of the single stage compressor 
listed below:
 13.5 psia inlet pressure
 113.5 psia discharge pressure



Homework for Week 2 

 What are some problems you are experiencing related to your 
compressed air system?



Compressor Controls
Re-Visit MEASUR Tool
Re-Visit LogTool

Next Session 3



Questions?
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