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Name o f Techno logy:  Cyclones

This  type o f tech nolog y is a part of the group of air pollution controls collectively referred to as “preclea ners,”

because they are oftentimes used to reduce the inlet loading of particulate matter (PM) to downstream

collection devices by removing larger, abrasive particles.  Cyclones are also referred to as cyclone collectors,

cyclone separa tors, cen trifugal sep arators, and inertial separators.  In applications where many small cyclones

are operating in parallel, the entire system is called a multiple tube cyclone, multicyclone, or multiclone.

Type of Techno logy:  Removal of PM by centrifugal and inertial forces, induced by forcing particulate-laden

gas to change direction.

Applicable Pollutants:

Cyclones are used to control PM, and primarily PM greater than 10 micrometers (µm)  in aer odynam ic

diameter.  However, there are high e fficiency cyclo nes de signed to  be effec tive for PM  less than  or equa l to

10 µm and less than or equal to 2.5 µm in  aero dynamic  diameter (PM10 and PM2.5).  Although cyclones may

be used to collect particles larger than 200 µm, gravity settling chambers or simp le mom entum sepa rators

are usually satisfactory and less subject to abrasion (Wa rk, 1981; Perry, 1984).

Achievable Emission Limits/Reductions: 

The collection efficiency of cyclones varies as a function of particle size and cyclone design.  Cyclone

efficiency gene rally increases with (1) par ticle size and /or dens ity, (2) inlet duct velocity, (3) cyclone body

length, (4) number of gas revolutions in the cyclone, (5) ratio of cyclone body diameter to gas exit diameter,

(6) dust loading, and (7) sm ooth ness of th e cyc lone in ner w all.  Cyc lone e fficiency w ill decrease with increases

in (1) gas  viscosity, (2) b ody diam eter, (3) ga s exit diam eter, (4) ga s inlet duct a rea, and  (5) gas d ensity.  A

common  factor contributing to decreased control efficiencies in cyclones is leakage of air into the dust outlet

(EPA, 1 998). 

Control efficiency ranges for single c yclones are  often ba sed on  three clas sifications o f cyclone, i.e.,

conventio nal,  high-efficiency, and high-throughput.  The control efficiency range for conventional s ingle

cyclones is estimated to be 70 to 90 percent for PM, 30 to 90 percent for PM10, and 0 to 40 percent for PM2.5.

High efficiency single cyclones are designed to achieve higher control of smaller particles than conventional

cyclones.  According to Cooper (1994), high efficiency single cyclones can remove 5 µm particles at up to

90 percent efficiency, with higher efficiencies achievable for larger particles.  The control efficiency ranges for

high efficiency single cyclones are 80 to 99 percent for PM, 60 to 95 percent for PM10, and 20 to 70 percent

for PM2.5.  Higher efficiency cyclones come with higher pressure  drops, which require higher energy costs to

move  the waste gas through the cyclone.  Cyclone design is generally driven by a specified pressure-drop

limitation, rather than by meeting a specified control efficiency (Andriola, 1999; Perry, 1994).

According to Vatavuk (1990), high throughput cyclones are only guaranteed to remove particles greater than

20 µm, altho ugh co llection of sm aller particles  does o ccur to s ome  extent.   The control efficiency ranges for

high-throughput cyclones are 80 to 99 percent for PM, 10 to 40 percent for PM10, and 0 to 10 percent for PM2.5.



EPA-CICA Fact Sheet Cyclones2

Multicyclones are reported to achieve from 80 to 95 percent collection efficiency for 5 µm particles (EPA,

1998).

Applicable Source T ype:  Point

Typical Industrial Applications:

Cyclones are designed for m any a pplications.  Cyclones themselves are generally not adequate to meet

stringent air pollution regulations, but they serve an important purpose as precleaners for more expensive final

control devices such as fabric filters or electrostatic precipitators (ESPs).  In addition to use for pollution

control work, cyclones are used in many process applications, for example, they are used for recovering and

recycling food products and process  materials such as catalysts (Coope r, 1994).

Cyclones are used extensively after spray drying operations in the food and chemical industries, and after

crushing, grinding and calcining operations in the mineral and chemical industries to collect salable or useful

ma terial.   In the ferrous and nonferrous metallurgical industries, cyclones are often used as a first stage in the

control of PM emissions from sinter plants, roasters, kilns, and furnaces.  PM from the fluid-cracking process

are removed by cyclones to facilitate catalyst recycling.  Fossil-fuel and wood-waste fired industrial and

commercial fuel combustion units com monly use m ultiple cyclones (generally upstream of a w et scrubber,

ESP, or fabric filter) which collect fine PM (< 2.5 µm) with greater efficiency than a single cyclon e.  In some

cases, collec ted fly a sh is  reinjected into the combustion unit to improve PM control efficiency (AWMA, 1992;

Avallone, 1996; STAPP A/ALAPCO , 1996; EPA, 1998).

 

Emission Stream Characteristics:

a. Air Flow:  Typical gas flow rates for a single cyclone unit are 0.5 to 12 standard cubic meters per

second (sm3/sec) (1,06 0 to 25,40 0 standa rd cu bic feet per minute (scfm)).  Flows at the high end

of this range and higher (up to approximately 50 sm3/sec or 106,000 scfm) use multiple cyclones

in parallel (Cooper, 1994).  There are single cyclone units employed for specialized applications

which have flow rates of up to approximately 30 sm3/sec (63,500 scfm) and as low as 0.0005

sm 3/sec (1.1 scfm) (W ark, 1981; Andriola, 1999).

b. Temperature:  Inlet gas temperatures are only limited by the materials of construction of the

cyclone, and have been operated at temperatures as high as 540/C (1000/F) (W ark,  1981 ; Perr y,

1994).

c. Pollutant Loading:  W aste  gas pollutant loadings typically range from 2.3 to 230 grams per

standard cubic meter (g/sm3) (1.0 to 100 grains per standard cubic foot (gr/scf)) (Wark, 1981).  For

specialized applications, loadings can be as high as 16,000 g/sm3 (7,000 gr/scf), and as low as l

g/sm3 (0.44 gr/scf) (Avallone, 1996; Andriola, 1999).

d. Other Considerations:  Cyclones perform more efficiently with higher pollutant loadings, provided

that the device does n ot beco me c hoke d.  Highe r pollutant load ings are g enerally ass ociated w ith

higher flow designs (Andriola, 1999).

Emission Stream Pretreatment Requirements:

No pretreatment is necessary for cyclones.
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Cost Information:

The following are cost ranges (expressed in 2002 dollars) for a single conventional cyclone under typical

operating conditions, developed using an EPA c ost-estimating spreadshee t (EPA, 1996), and referenced to

the volum etric flow rate  of the wa ste strea m tr eate d.  Flo w rate s high er tha n app roxim ately 10 sm3/sec (21,200

scfm) usually employ multiple cyclones operating in parallel. For purposes of calculating the example cost

effectiveness, flow rates are assumed to be between 0.5 and 50 sm3/sec (1,060 and 106,000 scfm), the PM

inlet loading is assumed to be approximately 2.3 and 230 g/sm3 (1.0 to 100 gr/scf) and the control efficiency

is assumed to be 90 percent.  The costs do no t include costs for disposal or transport of co llecte d m ateria l.

Capital cos ts ca n be h igher  than  in the ranges shown for applications which require expensive materials.  As

a rule, smaller units controlling a waste stream with a low PM concentration will be more expensive (per unit

volum etric  flow rate and per quantity of pollutant controlled) than a large unit controlling a waste stream with

a high PM concentration.

a. Capital Cost:   $4,600 to $7,400 per sm3/sec ($2.20 to $3.50 per scfm )

b. O & M  Cost:   $1,500 to $18,000 per sm3/sec ($0.7 0 to $8.50  per s cfm ), ann ually

c. Annualized Co st:  $2,800 to $29,000 per sm3/sec ($1.3 0 to $13.5 0 per  scfm ), ann ually

d. Cost Effectiveness:  $0.47 to $440 per metric ton ($0.43 to $400 per short ton), annualized

cost per ton per year of pollutant controlled

Flow rates higher than approximately 10 sm3/sec (21,200 scfm), and up to approximately 50 sm3/sec (106,000

scfm),  usually employ multiple cyclones operating in parallel.  Assuming the same range of pollutant loading

and an ef ficiency o f 90 percent, the following cost ranges (expressed  in third quarter 1995 dollars) were

developed for multiple cyclones, using an EPA cost-estimating spreadsheet (EPA, 1996), and referenced to

the volumetric flow rate of the waste stream treated.

Theory of Operation:

Cyclones use inertia to remove particles from the gas stream.  The cyclone imparts centrifugal force on

the gas stream, usually within a conical shaped chamber.  Cyclones operate by creating a double vortex

inside the cyclone body.  The incoming gas is forced into circular motion down the cyclone near the inner

surface of the cyclone tube.  At the bottom of the cyclone, the gas turns and spirals up through the center

of the tube and out of the top of the cyclone (AW MA, 1992).

Particles in the gas stream are forced toward the cyclone walls by the centrifugal force of the spinning gas

but are opposed by the fluid drag force of the gas traveling through and out of the cyclone.  For large

partic les, inertial m om entu m o verc om es the fluid  drag  force so t hat th e par ticles  reac h the  cyclon e wa lls

and are collected.  For small particles, the fluid drag force overwhelms the inertial momentum  and causes

these particles to leave the cyclone with the exiting gas.  Gravity also causes the larger particles that

reach the cyclone walls to travel down into a bottom hopper.  While they rely on the same separation

mechanism as mom entum separators, cyclones are more effective because they have a more complex

gas flow  pattern (A W MA, 19 92).  

Cyclones are generally classified into four types, depending on how the gas stream is introduced into the

device and how the collected dust is discharged.  The four types include tangential inlet, axial discharge;

axial inlet, axial discharge; tangential inlet, peripheral discharge; and axial inlet, peripheral discharge.  The

first two types  are the m ost com mon  (AW MA, 19 92).   
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Pressure drop is an important parameter because it relates directly to operating costs and control

effic iency.  High er co ntrol e fficiencies for  a give n cyc lone c an be  obta ined b y highe r inlet veloc ities, b ut this

also increases the pressure drop.  In general, 18.3 meters per second (60 feet per second) is considered

the best operating velocity.  Common ranges of pressure drops for cyclones are 0.5 to 1 kilopascals (kPa)

(2 to 4 in. H 2O) for low -efficienc y units (high thr oughp ut), 1 to 1.5 k Pa (4 to 6  in. H2O) for  med ium-

efficienc y units (con ventiona l), and 2 to 2.5  kPa (8  to 10 in. H 2O) for h igh-efficien cy units (AW MA, 19 92). 

W hen high -efficienc y (which req uires sm all cyclone dia mete r) and larg e throug hput are  both des ired, a

number of cyclones can be operated in parallel.  In a multiple tube cyclone, the housing contains a large

number of tubes that have a common gas inlet and outlet in the chamber. The gas enters the tubes

through axial inlet vanes which impart a circular motion (AWM A, 1992).  Another high-efficiency unit, the

wet cyclonic separator, uses a combination of centrifugal force and water spray to enhance control

efficienc y.  

Advantages:

Advantages of cyclones include (AW MA, 1992; Coop er, 1994; and EPA, 1998):

1. Low ca pital cost;

2. No moving parts, therefore, few maintenance requirements and low operating costs;

3. Relatively low pressure drop (2 to 6 inches water column), compared to amount of PM removed;

4. Temperature and pressure limitations are only dependent on the materials of construction;

5. Dry collection and disposal; and

6. Relatively small space requirements.

Disadvantages:

Disadvantages of cyclones include (AW MA, 1992; Coop er, 1994; and EPA, 1998):

1. Relatively low PM collection efficiencies, particularly for PM less than 10 µm in size ; 

2. Unable to handle sticky or tacky materials; and

3. High efficiency units may experience high pressure drops.

Other Considerations:

Using multiple cyclones, either in parallel or in series, to treat a large volume of gas results in higher

efficienc ies, but at the  cost of a  significant inc rease in p ressur e drop.  H igher pre ssure d rops tran slate to

higher energy usage and operating costs.  Several designs should be considered to achieve the optimum

combination of collection efficiency and pressure drop (C ooper, 1994).
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