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CEE 452/652
 Week 12, Lecture 1 –Cyclones
 Dr. Dave DuBoisDivision of Atmospheric Sciences,
 Desert Research Institute
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2
 Today’s topics
 • Today’s topic: cyclones• Read chapter 4• Homework on ch. 3, due Thurs.• Select presentation topic by Thurs. Nov. 15
 – See next slide for potential topics• Reminder: all lecture materials are on
 course website: http://wolfweb.unr.edu/homepage/daved/CEE_452-652.html
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 List of Potential Topics• Pick a control technology that we talked about and get vendor information,
 costs, places that have it installed and briefly discuss• Pick a product that you use and do some research on how it is made and what
 pollutants are produced in the products and what kinds of controls are used• Issues in electrical generation such as the current state of affairs of the
 industry, trends, controls• Current issues in regulations• Air quality in Clark County• Mobile sources: trends, controls, models, emissions• Urban growth issues and how it affects air quality• Agricultural issues in air pollution control• Air toxics and hazardous air pollutant issues• International issues in air pollution control• Mercury in the atmosphere, transport pathways, controls• Indoor air quality issues• Nanotechnology issues in pollution control• Discuss a particular air quality model• Greenhouse gas emissions and controls• Pollution prevention
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 Standard Cyclone• Most widely used particle
 control devices• Outer and inner vortex• Inexpensive• No moving parts• Can withstand harsh
 operating conditions• Centrifugal force and
 inertia cause particles to move outward, collide with outer wall and slide down to bottom of device
 • Used as pre-cleaners for more efficient devices such as a baghouse
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 Vane Axial Cyclone
 http://clarage.com/clarage/pdfs/CLBU5030.pdf
 Dust enters
 Gas exit flow
 Dirty are enters the top of the control device
 Vanes direct the flow and smooth rotational flow
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 Particle Discharge Systems
 Handbook of Air Pollution Control Engineering & Technology,Mycock, McKenna and Theodore, Lewis Publishers, 1995.
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 Cyclone Collection EfficiencyCyclones are typically characterized by one of three types
 High efficiency –highest pressure drop
 High throughput –large volumes of gas with low pressure drop
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 High Efficiency Cyclone(on it’s side)
 http://www.emtrolcorp.com/images/EquipmentPhotos/C1749-1_IndCyc.jpg
 Gas in
 Gas out
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9http://www.conformaclad.com/images/Literature/SuccessStories/cyclone.jpg
 Input
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 Two stage cyclone-filter
 system
 http://images.grizzly.com/grizzlycom/cyclone/cyclone_callouts_small.gif
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 Larger parallel draw through design with fans
 on discharge side feeding to exhaust stack
 http://www.kogerair.com/
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 General Dimensions
 General guidelines:• H < S• W < (D - De)/2• Lb + Lc > 3D• Cone angle = between 7° and 8°• De/D = 0.4~0.5, • (Lb + Lc )/De = 8, S/De = 1
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 Collection Efficiency• Number of revolutions in the outer vortex,
 Ne
 ⎥⎦⎤
 ⎢⎣⎡ +=
 21 c
 beLL
 HN
 H = height of inlet duct, mLb = length of cyclone body, mLc = length of cyclone cone, m
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 Gas Residence Time
 • Time it takes to go from outer vortex to the wall of the cyclone
 i
 e
 VRNt π2
 =Δ
 Δt = gas residence time, sR = cyclone body radius, mVi = gas inlet velocityNe = number of revolutions in outer vortex
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 Size threshold• Assuming spheres in Stokes flow under
 centrifugal force the terminal velocity is
 • Smallest diameter collected is then
 )(9
 gpiep VN
 Wdρρπ
 μ−
 =
 So for all d>dp, theoretically this says that there should be a 100% collection efficiency. However this is not the case!
 RVd
 tWV igpp
 t μρρ
 18)( 22 −
 =Δ
 =
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 Lapple Formulation• In reality, there is a slowly varying cut-off
 diameter and not a step function. Lappledefined a 50% cut diameter, dpc
 • And if we know the size distribution we can estimate the collection efficiency using a curve and the following definition of efficiency
 )(29
 gpiepc VN
 Wdρρπ
 μ−
 =
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 Estimate collection efficiency• The collection
 efficiency of any size particle dpj is
 ηj = collection efficiency for the jth particle size rangedpj = characteristic diameter of the jth particle size range
 2
 1
 1
 ⎟⎟⎠
 ⎞⎜⎜⎝
 ⎛+
 =
 pj
 pc
 j
 dd
 η
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 Cyclone Collection EfficiencyOverall efficiency is
 ∑= jjo mηη
 ηo = overall collection efficiency for all particle sizes
 mj = mass fraction of particles in the jth particle size range
 Penetration, Pt = 1 - η
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 Pressure Drop• The Shepherd and Lapple equation for
 pressure drop
 Where Hv = pressure drop, expressed in number of
 inlet velocity heads, unitlessK = constant that depends on cyclone
 configuration and operating conditions
 2e
 v DHWKH =
 Use K = 16 for normal tangential inlet
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 Static Pressure Drop
 WhereΔP = pressure drop, PaHv = pressure drop in heads, unitlessρg = gas density, kg/m3
 Vi = inlet gas velocity, m/s
 vig HVP 2
 21 ρ=Δ
 Common ranges for pressure drops:Low efficiency cyclone 2-4 inches of water (500 – 1000 Pa)Medium efficiency cyclone 4-8 inches of water (1000 – 2000 Pa)High efficiency cyclone 8-10 inches of water (2000 – 2500 Pa)
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 Power Requirements
 • Fluid power requirements can be calculated as
 PQwf Δ⋅=&
 /sm rate, flow volumetric
 Wfluid, theinto rateinput work 3=
 =
 Q
 wf&
 Higher flow velocity results in a higher efficiency at the cost of a higher pressure drop (and hence power)

Page 22
                        

22
 Costs
 • Operating cost, electricity to run fans• Electricity cost in $ per kilowatt-hr• Kilowatt-hour = # instantaneous kilowatts x
 hours run
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 Large Scale Applications: Parallel• Use cyclones in parallel when large
 volumes of gas must be filtered
 http://www.flex-kleen.com/html/cyclone.htm
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 Large Scale Applications: Series
 • Increases overall efficiency but significant increase in pressure drop
 • Most particles removed in first unit, second unit usually has lower overall efficiency than first
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 Detailed Design Process• Given - particle size distribution and densities
 and gas flow rate, temp, pressure, viscosity• Specify - desired removal efficiency and
 pressure drop• Select desired design geometry• Select body diameter• Calculate other dimensions from geometry – use
 Table 4.1 p.127• From inlet area, calculate inlet velocity,
 Vi = Q/(WH)
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 Detailed Design – part II• Calculate number of turns, Ne from eqn 4.1
 From inlet velocity, 50% particle removal diameter – eqn 4.6
 • Using particle diameters - calculate particle collection efficiency for each size – eqn 4.7
 • Using mass fraction mj in size class dj, calculate mass removed – right side eqn 4.8
 • Calculate overall removal efficiency by summing – eqn 4.8
 • If set terms in spreadsheet, can rapidly calculate overall removal efficiency from several body diameter diameters and plot a curve!
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 Design – part III: Pressure Drop
 • Calculate number of velocity heads – eqn 4.12• Calculate pressure drop – eqn 4.13• Calculate power requirement, eqn 4.14• See example 4.4 for pressure drop using
 English units (k = 0.0001575)• If have in spreadsheet – can calculate pressure
 drop vs body diameter
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 Check your work
 • Compare removal efficiency and pressure drop to specifications
 • If OK, stop. If not, adjust body diameter and repeat until you have a solution
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 New concept, constrained design
 • Smaller body diameter is your friend –increases centrifugal forces, increases collection efficiency
 • Smaller body diameter is your enemy, increased velocity means increased pressure drop, increased energy cost
 and
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 See example 4.5
 • Iterative calculation to find body diameter range that has acceptable pressure drop and acceptable collection efficiency
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 What are the constraints?• Minimum acceptable efficiency – specifies upper
 limit on body diameter
 • Maximum acceptable pressure drop – specifies lower limit on body diameter
 • The two constraints force you to design within a “window” (or range), of acceptable body diameters
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 Caution
 • Wrong choice of cyclone geometry can leave you with no solution
 • Widest window – high efficiency geometry, - highest collection efficiency for a given pressure drop
 • Medium window – standard geometry• Narrowest window – high throughput
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 Geometry you pick depends on client’s priorities
 • If priority is highest efficiency for given pressure drop high efficiency geometry
 • If priority is lowest pressure drop for given flow rate (meaning that it’s a precleaner or collection efficiency doesn’t matter a lot high throughput geometry
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 Uses in Agriculture
 • They commonly use “2D2D” or “1D3D”designs
 • First 2 digits refer to barrel length in units of barrel diameter, second 2 digits refer to cone length in units of barrel diameter
 • Example 2D2D– Barrel length = 2x diameter of barrel– Cone length = 2x diameter or barrel
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