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Multi cyclonesMulti-cyclones
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General

A particulate matter control equipmentA particulate matter control equipment.

The principal collection force: Centrifugal force

Advantages:
Low cost equipment
No moving parts, hence low maintenance costs
C fCapable of capturing liquid and solid particulates

(noncorrosive particles)
Harsh operating conditions (high temperatures)
P t h l ( i 1940 )Proven technology (since 1940s)

Disadvantages:
Low efficiency for fine particles (dp<10 microns)Low efficiency for fine  particles (dp<10 microns)
High pressure drop High operating costs
Not suitable for adhesive particles
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Entrance structureEntrance structure

Tangential 
entarnceentarnce 
structures
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Entrance structureEntrance structure

Axial entrance 
structurestructure
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Dust collection mechanismsDust collection mechanisms
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Pressure Drops in a cyclonePressure Drops in a cyclone

 Total Pressure Drop (∆P) between entrance and exit of a Total Pressure Drop (∆P),between entrance and exit of a 
cyclone is composed of the following factors:

 1. Frictional losses in the entrance duct,
 2. Pressure drop due to sudden expansion in the entrance

of cylindrical bodyy y
 3. Frictional losses on the inside wall of the cyclone
 4. Pressure drop and kinetic energy losses due to

turbulence inside the cyclone (the most important)turbulence inside the cyclone (the most important)
 5. Pressure drop due to sudden contraction in the

entrance of exit duct
 6 Static pressure drop due to head difference between 6. Static pressure drop due to head difference between

entrance and exit
 7. Frictional losses in the exit duct
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Design CriteriaDesign Criteria

T i t t d i it i Two important design criteria

 1 Optimum Diameter 1. Optimum Diameter
 High rotational velocity for high efficiency

Decrease cyclone body diameter in order toy y
increase rotational (tangential) velocity
But, saltation occurs as velocity increases...
Therefore velocity should have an optimum valueTherefore, velocity should have an optimum value…
Cyclone body diameter is increased to decrease

rotational velocity…y
Hence, Optimum body diameter is considered

 2 Ch k f P D 2. Check for Pressure Drop…
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Optimum cyclone body diameterOptimum cyclone body diameter
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Standard Cyclone DimensionsStandard Cyclone Dimensions
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Standard Cyclone TypesStandard Cyclone Types

 1. High Efficiency Cyclones
 2 standard geometries

 2. High Througput cyclones 2. High Througput cyclones
 2 standard geometries

 3. Conventional Cyclones
2 2 standard geometries

 A total of 6 standard geometries20.10.2013 21

Standard Cyclone DimesionsStandard Cyclone Dimesions
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Real Scales of Standard CyclonesReal Scales of Standard Cyclones
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An Empirical Formula For Pressure DropAn Empirical Formula For Pressure Drop

∆P = 0.0033 ρf' uT
2 NH ….(English Units)

 ρf‘= ρf + c (ρp- ρf) : lb/ft3ρf  ρf c (ρp ρf) : lb/ft
 c : particle volume / gas volume

 ∆P : pressure drop in inches of water (in H O) ∆P : pressure drop in inches of water (in. H2O)

 ---------------------------------------------------------------------

 ∆P = 5 12 ρ ' u 2 N (SI Units) ∆P = 5.12 ρf' uT
2 NH ………(SI Units) 

 ρf‘= ρf + c (ρp- ρf) : gr/cm3

 c : particle volume / gas volume
 ∆P : pressure drop in cm of water (cm H2O)
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Design ProcedureDesign Procedure

1 Ch t d d l t di t 1. Choose a standard cyclone geometry according to
the data available and required efficiency

 2 Calculate optimum body diameter 2. Calculate optimum body diameter
 3. Check for Pressure Drop
 4. If Pressure Drop is Acceptable, then Design is OK.4. If Pressure Drop is Acceptable, then Design is OK.
 5. If Pressure Drop is NOT Acceptable, then

 -Choose alternative geometry and repeat calculations
for acceptable pressure drop, or

 -Divide gas flow into suitable parts and repeat
calculations for acceptable pressure dropcalculations for acceptable pressure drop.

6. When dimensional design is OK, go on for Efficiency
calculation
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Efficiency CalculationEfficiency Calculation

 The distance gas travels inside the cyclone

(Length of outer vortex in which PM capturing occurs)
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Efficiency CalculationEfficiency Calculation

 Residence time of gas on the outer vortex
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Efficiency CalculationEfficiency Calculation

 The minimum velocity (terminal velocity) for particles 
to be captured…)

Centrifugal forceCentrifugal force

Drag forceg
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Efficiency CalculationEfficiency Calculation

 Forces acting on particle:

 Fcentrifugal – Fdrag + Fbouyancy = Fnet = m acentrifugal drag bouyancy net 
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ρddt p

Efficiency CalculationEfficiency Calculation

 Re-arranging the force equilibrium…

WVρd 22

∆t

W

R18

Vρd
V ipp

t 
μ

 Diameter of the minimum particle to be 
captured

μ

captured
2

1

W9
d 



 μ

pie
p ρVπN

d








μ

20.10.2013 30



Efficiency CalculationEfficiency Calculation

 This equation says that,,

 Particles having diameter greater than dp will be g g p
captured at 100% efficiency

 which is NOT correct in reality…which is NOT correct in reality…

 Then Then,

Only theory is NOT sufficient to calculate 

the real efficiency…
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Efficiency CalculationEfficiency Calculation

 Lapple (1950) defined  a semi-empirical term

called  “50% CUT DIAMETER” …

 Cut diameter
 Use 0,5 for Efficiency term and solve for dp

 dpc: diameter of particles captured with 50% 
efficiency
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Efficiency CalculationEfficiency Calculation

 A semi-empirical individual 
removal efficiency for 

i l h i di dparticles having diameter dpj:



 ηj: individual removal 
efficiency for particles y p

 dpj: characteristic diameter of 
particles j
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Efficiency CalculationEfficiency Calculation

 Overall removal efficiency:

 You know that m / M = g You know that mj / M = gj
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