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4. Particle separation in a fluid flow  
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1. Effect of dynamic buoyancy

Page 1

a) Particle rotation

force field FG
→
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b) Non-uniform onflow of symmetric sphere

force field FG
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c) Non-uniform onflow profile of asymmetric body

force field FG
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u
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Flow-around of Smooth Spheres

FD = cD·Ap·ρf·u2/2
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Flow-around Pattern of Smooth Spheres Page 2

2. Flow-around ranges
    Prerequisites: uniform, laminar and stationary onflow of smooth sphere at rest

I) Viscous flow-around pattern, Re < 0.25, STOKES

II) Transition regime, 0.25 < Re < 103

IIa) Laminar flowing eddies, 24 < Re < 130

IIb) Eddy separation (separation point A), instationary eddy shedding, vortex street
       130 < Re < 1000

III) Square range of inertia, 103 < Re < 2·105, NEWTON

IV) Range of turbulent boundary layer flow at onflow (transition point U):

Fw,lam = 3·π·η·d·u

cw = 24
Re

u
A
A

cw = 0.07 to 0.3u
A
A

 

U
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3
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32
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24c W ++=or 

4.0
Re
4
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24c W ++=

2·105 < Re < 4·105

u

u

u
A
A

ηρ⋅⋅= /duRe f particle REYNOLDS
number
drag coefficient

drag force, generallyFw = cw·Ap ρ· f·u2/2

drag force, laminar
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To 4.1.1: Equivalent Falling Classes of Particles 
 balance of the forces of buoyancy, weight and fluid resistance 

 correlation between particle size d and the quasi-stationary settling velocity vs in the field of 

gravity g: 
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ρ
ρ−ρ

⋅=         (1) 

Ap onflow cross-sectional area of the particle  

cW   drag coefficient of the fluid flow pattern around the particle  

Vp  particle volume  

ρf , ρs fluid and solid density 

 for constant particle shape, “large” (i+1) and “lightweight” (L) particles settle just as fast as 

“small” (i) and “heavy” (S) particles.  
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Flow-around Pattern of Smooth Spheres
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4. Influence of turbulence intensity of particle onflow on the 
    drag coefficient cw  of moving spheres or spheres at rest
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6. Particle shape coefficient kψ  of stationary settling velocity vs,ψ = kψ vs, sphere
 = body shape equival. sphere diameter

dV
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Flow-around of Single Particles

5. Ljascenko  number  Lj = Ω = f (Ar) of smooth spheres
v v
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Dimensionless Groups and their Significance 
Name Sym-

bol 
Formula Physical interpretation Comments 

Archimedes 
number 

Ar ( )
2
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η

ρ⋅ρ−ρ⋅  ( )2forceviscous
forcebuoyancyforceinertial ⋅  Particle settling 
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Flow of Bingham fluids = 
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Bingham Rey-
nolds number 
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η

ρ⋅⋅ fud  
forceviscous
forceinertial  Flow of Bingham fluids 

(i.e. viscoplastics) 
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( ) d1
u f

⋅ε−⋅η
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forceviscous
forceinertial  Flow through particle 

beds 
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2
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σ
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number, Eo 
 

Capillary num-
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Ca 

lg

u
σ

⋅η  
forcetensionsurface

forceviscous  Two-phase flow, free sur-
face flow 
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β
⋅ρ 2

f u  forceilitycompressib
forceinertial  Compressible flow, hy-

draulic transients 

Cavitation 
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σ 
2/u

pp
2

l

c

⋅ρ
−

 headvelcocity
pressurevaporabovepressureexcess
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Centrifuge 
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z 
g

R
g
a 2ω⋅

=  forcegravity
forcelcentrifuga  Centrifugal fields,  

= Froude number 

Dean number De 
( ) 2/1

Rc D/D
Re  forcelcentrifuga

forceinertialnumberynoldsRe ⋅  Flow in curved channels 

Deborah num-
ber 

De ω⋅relaxt  
timesticcharacteriflow

timerelaxationfluid  Viscoelastic flow 

Degree of tur-
bulence 

Tu 

u
'u 2

 rateflowfluid
nsfluctuatiorateflowofsquaredmeanroot  Turbulence intensity 

Drag coeffi-
cient 

cW 
2/uA

F
2
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W

⋅ρ⋅
 

headvelocityareaprojected
forcedragfluid

⋅
 Flow-around objects, par-

ticle settling 

Elasticity num-
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2

f
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u
t

⋅ρ
η⋅  

forceinertial
forceelastic  Viscoelastic flow 
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2
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⋅

 Fluid friction in conduits 

Fanning friction 
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u
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=
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Δ⋅  
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Fluid friction in conduits, 
Darcy friction factor = 4.f 

Froude number Fr 
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u 2

⋅
 forcegravity

forceinertial  Often defined as 
Rg/uFr ⋅=  

Densometric 
Froude number 
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2
f

⋅⋅ρ−ρ
⋅ρ  forcegravity

forceinertial  
( ) ffP /dg

u´Fr
ρ⋅⋅ρ−ρ

=

 



OTTO-VON-GUERICKE-UNIVERSITY MAGDEBURG 
PROCESS ENGINEERING DEPARTMENT 
Mechanical Process Engineering Figure 4.9   
 

Fig_MPE_4.doc © Prof. Dr. J. Tomas Mechanical Process Engineering - Particle Technology 28.02.2011                                              Figure 4.9 

Hedstrom num-
ber 

He 
2

f0
2d

η
ρ⋅τ⋅

 
Bingham Reynolds number . Bing-

ham number 
Flow of Bingham fluids 
(viscoplastics) 
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2
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3
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g
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⋅
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⋅
 

Particle settling,  

Wc3
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⋅
⋅
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Mach number M 
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u  

velocitysonic
velocityfluid  Flow of compressible flu-

ids 

Newton number Ne 
2
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W

uA
F

⋅⋅ρ
 

forceinertial
forcedragfluid  Flow-around of particles, 

= cW fluid drag coefficient

Ohnesorge 
number 

Z 
( ) 2/1

lgf d σ⋅⋅ρ
η  ( ) 2/1forcetensionsurfaceforceinertial

forceviscous
⋅

 numberynoldsRe
numberWeber
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Peclet number Pe 
D

uDB ⋅  
transportdiffusive
transportconvective  Heat, mass transfer, mix-

ing, = Bodenstein number 
Bo 
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Pn 
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⋅
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5
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3
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forceinertial

forcedragimpeller  Agitation 

Prandtl velocity 
ratio 

u+ 
( ) 2/1
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u
ρτ

 velocity normalized by friction ve-
locity 

Turbulent flow near a 
wall, friction velocity = 

fw / ρτ  
Reynolds num-
ber 

Re 
η

ρ⋅⋅ fud
 

forceviscous
forceinertial  Fluid flow 

Schmidt num-
ber 

Sc 
ν
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frictionviscous
transportdiffusive  Turbulent Schmidt num-

ber 

Stokes number St 
D18

ud
Cu s

2

⋅η⋅
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⋅  
forcedragfluid

forceinertialparticle  Particle impact in fluid 
flow against tool 

Strouhal num-
ber 
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u
D'f R⋅  

vortex shedding frequency . char-
acteristic flow time scale 

Vortex shedding, von 
Karman vortex streets 

Weber number We 
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2
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σ
⋅⋅ρ  forcetensionsurface

forceinertial  Bubble, drop formation 

 

Nomenclature  SI Units 
a Acceleration m/s² 

Ap Projected particle area  m 
cS Sonic velocity  m/s 
d Characteristic particle dimension (diameter) µm 

DA Diameter of agitator m 
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DB Characteristic width of flow channel m 
DR Diameter of pipe or process chamber m 
Dc Diameter of flow channel curvature  m 
D Diffusivity m²/s 
Dt Turbulent Diffusion coefficient m²/s 
f´ Vortex shedding frequency 1/s 
FW Drag force N 
g Acceleration of gravity m/s 
H Static head (height of isostatic pressure) m 
n Rotational speed or number of revolutions 1/s 
p Pressure Pa 
pv Vapor pressure Pa 
p  Average static pressure Pa 

Δp Frictional pressure drop Pa 
P Power  W 
R Radius of process chamber or apparatus m 

trelax Fluid relaxation time  s 
u Local fluid velocity m/s 
u  Characteristic or average fluid velocity m/s 
v Wave propagation speed  m/s 
vs Particle settling velocity m/s 
V Volume of process chamber m³ 
Vp Particle volume m³ 
V&  Average volumetric flow rate m³/s 
β Bulk compression modulus Pa 
ε Porosity, void fraction m³/ m³ 
η (dynamic) fluid viscosity Pa ⋅ s 
ηp Infinite shear viscosity (Bingham fluid, ∞→γ& ) Pa ⋅ s 
ν Kinematic fluid viscosity m²/s 
ρf Fluid density kg/m³ 

ρg, ρl Gas, liquid densities kg/m³ 
ρp Particle or dispersed phase density kg/m³ 
σlg Surface tension N/m 
τ0 Yield shear stress of Bingham fluid Pa 
ω Characteristic frequency or reciprocal time 

scale of flow 
1/s 

In: Perry, R.H., Green, D.W., Maloney, J.O., Perry’s Chemical Engineers’ Handbook (CD version), pp. 6-49, 
McGraw-Hill, New York (1999) 
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4.1.2 Survey about Models of Uniformly Accelerated Particle Sedimentation (TOMAS 2010) 

Microproccess variables Laminar Flow-around of Particles Turbulent Flow-around of Particles 
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Flow-around of Particles - Swarm Confinement
Page 5

7. Swarm confinement at sedimentation of particle cluster
a) Free flow-around of particle swarm

fluid drag coefficient cW
settling velocity vs

vs

vs
vs

u

uu

u

b) Confined flow field, permeation of
     particle swarm

fluid drag coefficient cW    =f(ϕs)
settling velocity vs    =f(ϕs)

u u

uu
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vs
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8. Zone sedimentation of particle bed
Sedimentation and permeation (flow-through) of comparatively dense, 
agglomerated particle layers

fluid drag force FW      Δp    pressure drop
fluid drag coefficient cW      Eu = Δp/(ρf

.u2) = f(ϕs, dpore)  EULER number
settling velocity vs = f(ϕs) = f(d)

uu

vsvs

u

h(t)

Height h(t)

Time t

vs =         = const. 
dh
dt

h(t) = h0 - s(t)
h0 accelerated

stationary:

0

decelerated

hDS(t)
thickened sludge

hDS(t)
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b) as function of particle 
     volume fraction ϕs
     for 2 size fractions with 
     ϕs,G = ϕs,F and dG/dF as 
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Force Balance of Particle Sedimentation in a static Fluid at uniform (stationary) 

Onflow and (Statistically) Homogeneous Flow-Around and Flow-Through 
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Stressing and Flow of Wet Particle Dispersions
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Vortex Flow of Fluids

a)  Rigid body eddy                                                    b) Potential eddy (vortex flow)
                                                                                          frictionless, isoenergetic
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                                                                                    = vortex sink
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Turbulent Eddies in Fluids
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Particle Transport in Turbulent Fluid Flow
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Particle Flow Separation
Operation Principles and Separation Models

1. Operation principles of particle flow classification
 a) Cross-flow air classification (horizontal flow separator)

 
 b) Laminar cross-flow hydroclassification

 c) Turbulent cross-flow hydroclassification

d) Counter-current 
     classification
  A Feed
  FF Field force
  G Coarse
  F Fines
  Fl Fluid flow

A

( ) aA
V

ρ
η18

kk
1d F

fsψ
T

&
⋅

−ρ
⋅

⋅=
ϕ

Height coordinate

H2 discharge of fines

y

  0 feed

H1 discharge of coarse

±

A

G

FFF Fl⇓

cn,2.i

cn,0,i

cn,1,i

vG

u
Dt

va,i

FF

vF

cn,G,i

cn,F,i

cn,II,i(y)

cn,I,i(y)

3. Particle number concentration cn,i of size fraction i versus apparatus 
    height H at counter-current classification

2. Separation model of laminar cross-flow hydroclassification

page 1

concentration steps
at steady-state
operation

F

G⇓FF Dt

L

H´
VA
.

VG
.

.
VF

A

F

G

⇓FF

A

G

Fl

FF

F

A

⇓

 



OTTO-VON-GUERICKE-UNIVERSITY MAGDEBURG 
PROCESS ENGINEERING DEPARTMENT 
Mechanical Process Engineering Figure 4.25   
 

Fig_MPE_4.doc © Prof. Dr. J. Tomas Mechanical Process Engineering - Particle Technology 28.02.2011                                              Figure 4.25 

Prerequisites for Turbulent Cross Flow Separation Model 
(1)  Particle hold-up probability distribution (concentration per number cn,i,j) versus height y 
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5. Normalized separation function         
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Turbulent Counter-current Separation Model 
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1. Separation function T(vs(d)) and medium residence time τm(vs(d)) versus stationary
    settling velocity vs(d) for k1 = k2 = 1; H1 = H2 = 1 m
    a) Different counter-flow rates u for BODENSTEIN-number Bo = u H/Dt = 10

2. Separation function T(vs(d)) versus stationary settling velocity vs(d) for u = 0.5 m/s; 
    H = 1 m;       Bo = 10
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Derivation of the Multistage Separation Function 
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Separation Sharpness versus Stage Number and Volume Flow Rate Ratios 
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Assessment characteristics for multistage cross-flow separation in a symmetrical apparatus with 
zo = zu = z number of separation stages 
process goal Separation function 

Ttot(ξ/ξT) = 

Cut characteristic 

ξT = ξ50(Ttot = 0.5) = 

Separation sharpness  

κtot = ξ25/ξ75 = 

Fluid flow separa-

tion 

ξ = vs 

( )
( )

z
,dv

,dv
1

u

o sTTsT

ss

V
V

1

1
⋅⎥

⎦

⎤
⎢
⎣

⎡
ρ

ρ
−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

&

&

( )
T,PfT,W

T,PfsT
sT Ac

gV2
v

⋅ρ⋅

⋅⋅ρ−ρ⋅
=

 

( )
( ) 3lnV/Vlnz

3lnV/Vlnz

uo

uo

+⋅
−⋅

&&

&&

 

Classification 

ξ = d 

ρs= const. 

z
d
d1

G

F T

V
V1

1

⋅
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

α

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

&

&  

2

G

Fs,t

s

f
T V

Vln
h

D
g3

d
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅

⋅ρ⋅
ρ

≈
&

&

 

for spheres cW = 0.44 

( )
( )

α

⎥
⎦

⎤
⎢
⎣

⎡

+⋅
−⋅

1

GF

GF

3lnV/Vlnz
3lnV/Vlnz

&&

&&

 

Gravity separation 

ξ = ρs 

d = const. 
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LFo V,V,V &&&  overflow, fine or lightweight particle suspension volume flow rates,  underflow, coarse or heavy particle volume flow rates SGu V,V,V &&&

α = 2 laminar (Stokes), α = 0.5 turbulent (Newton) flow pattern acc. to   α∝ dvs



OTTO-VON-GUERICKE- UNIVERSITY MAGDEBURG 
FAKULTY FOR PROCESS AND SYSTEMS ENGINEERING 
Mechanical Process Engineering   
 

Fig_MPE_4.doc © Prof. Dr. J. Tomas Mechanical Process Engineering - Particle Technology 28.02.2011                                              Figure 4.36 

textile filter

cyclone

particle feed

filter
dustlight/fine

product
frequency
converter

air

fan

zigzag apparatus

heavy/coarse
product

PI-Flow Chart of the Test Rig "Aeroseparation"

TI
4

FI
3

PI
2

MI
1

PD
6

WI
6

MI
7

TI
8

WI
10

WI
11

PD
9

feeder

hopper

 
 



OTTO-VON-GUERICKE- UNIVERSITY MAGDEBURG / FRG 
FAKULTY FOR PROCESS AND SYSTEMS ENGINEERING 
Mechanical Process Engineering 
 

Fig_MPE_4.doc © Prof. Dr. J. Tomas Mechanical Process Engineering - Particle Technology 28.02.2011                                             Figure 4.37 

ha ll f loor
±0

 -4000

cellar floor

feed

In s ta lla tio n  P lan  o f Z ig zag  A erosep arator

light/fine
product

heavy/coarse
product  filter dust 



OTTO-VON-GUERICKE- UNIVERSITY MAGDEBURG / FRG 
FAKULTY FOR PROCESS AND SYSTEMS ENGINEERING 
Mechanical Process Engineering 
 

Fig_MPE_4.doc © Prof. Dr. J. Tomas Mechanical Process Engineering - Particle Technology 28.02.2011                                             Figure 4.38 

Classification of Log. Normal Distributed Glas Beads 

0.00

0.25

0.50

0.75

1.00

1.0 10.0
particle size d in mm

se
pa

ra
tio

n 
fu

nc
tio

n 
T(

d)

 
particle fraction du,i - do,i in mm 2 - 16 
channel velocity u in m/s 13 
particle settling velocity vsT(du,i) in m/s 18.2 
mass flow rate in t/h sm& 0.12 

specific mass flow rate in t/(m2⋅h) A,sm& 3.0 

particle concentration μs,g in g/kg 82 
cut size dT in mm 5.4 
separation sharpness κ 0.89 
n = 7, effective separation stages ne 5.8 
utilisation of separation stages ηTr in % 83 
pressure drop ΔpZZ in Pa 440 
specific energy consumption Wm,ZZ in kWh/t 1.25 
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Classification of Sand, Split and Gravel 

0
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1

particle size d in mm
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tio

n 
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d)

0.6 1.0 10.0 30.0

sand/split
dT = 2.1 mm
u = 7.5 m/s
ne = 1.8
κ = 0.75
split
dT = 4.6 mm
u = 8 m/s
ne= 1.2
κ = 0.7
split/gravel
dT = 6.6 mm
u = 10 m/s
ne = 1.2
κ = 0.7

 
  •  

channel velocity u in m/s 7.5 8 10 
particle settling velocity vsT(dT) in m/s 11.5 15.6 18.7 
mass flow rate in t/h sm& 0.34 0.12 0.16 

specific mass flow rate in t/(m2⋅h) A,sm& 8.5 3 4 

particle concentration μs,g in g/kg 262 82 94 
cut size dT in mm 2.1 4.6 6.6 
separation sharpness κ 0.75 0.7 0.7 
n = 7, effective separation stages ne 1.8 1.2 1.2 
utilisation of separation stages ηTr in % 26 17 17 

pressure drop ΔpZZ in Pa 440 440 700 

specific energy consumption Wm,ZZ in kWh/t 0.39 1.25 1.72 
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 Gravity Separation of Partially Liberated Aggregate Fragments of a 

B 35 Concrete 

0.8 0.9 1 1.1
0

0.4

0.6

0.8

1

0.2

1.2

se
pa

ra
tio

n 
fu

nc
tio

n 
 T

(ρ
s/ρ

s,
T)

normalised particle density ρs/ρs,T

ne=1.0

ne=13

ne=3 

30032V/V SL =&&

00042V/V SL =&&

30035V/V SL =&&

 
particle fraction du,i - do,i in mm • 6.3 - 8  8 - 10 X 10 - 12
channel velocity u in m/s 13.6 15.5 16.5 
particle settling velocity vsT(du,i) in m/s 18.2 21.1 23.0 
particle flow rate in t/h sm& 0.12 0.17 0.13 

specific particle flow rate in t/(m2⋅h) A,sm& 3.1 4.2 3.3 

particle concentration μs,g in g/kg 52 62 45 
cut density ρs,T in g/cm3 2.2 2.4 2.3 
separation sharpness κ 0.66 0.94 0.84 
n = 15, effective separation stages ne 1 13 3 
utilisation of separation stages ηTr in % 7 87 20 
misplaced product μLS(ρs < 2.3 g/cm3) 0.19 0.27 0.11 
pressure drop ΔpZZ in Pa 1500 1600 1900 
spec. energy consumption Wm,ZZ  kWh/t 6.9 5.5 9.5 
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Gravity Separation of a Concrete-Brick-Mixture 
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)

 
particle fraction du,i - do,i in mm 8 - 12 
channel velocity u in m/s 14 
particle settling velocity vsT(du,i) in m/s 20.3 
mass flow rate in t/h sm& 0.12 

specific mass flow rate in t/(m2⋅h) A,sm& 3.0 

particle concentration μs,g in g/kg 50 
cut density ρs,T in g/cm3 2.1 
separation sharpness κ 0.7 - 0.9 
n = 15, effective separation stages ne 1 - 7 
utilisation of separation stages ηTr in % 7 - 47 
pressure drop ΔpZZ in Pa 1600 
specific energy consumption Wm,ZZ in kWh/t 8.0 
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Gravity Separation of a Concrete-Brick-Mixture 
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1.8 2.0 2.2 2.4 2.6 2.8 3.0

 
particle fraction du,i - do,i in mm 8 - 10 
channel velocity u in m/s 12.5 
particle settling velocity vsT(du,i) in m/s 21.7 
mass flow rate in t/h sm& 0.15 
specific mass flow rate in t/(m2⋅h) A,sm& 3.7 
particle concentration μs,g in g/kg 68 
cut density ρs,T in g/cm3 2.4 
separation sharpness κ 0.86 
n = 7, effective separation stages ne 3.8 
utilisation of separation stages ηTr in % 54 
pressure drop ΔpZZ in Pa 815 
specific energy consumption Wm,ZZ in kWh/t 2.75 
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Gravity Separation of a Concrete-Brick-Rubber-Mixture 
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particle density ρs in g/cm³  
particle fraction du,i - do,i in mm • 4 - 5  5 - 6.3 

channel velocity u in m/s 8.5 8.5 
particle settling velocity vsT(du,i) in m/s 14.3 14.9 
mass flow rate in t/h sm& 0.15 0.63 
specific mass flow rate in t/(m2⋅h) A,sm& 3.7 15.8 
particle concentration μs,g in g/kg 98 417 
cut density ρs,T in g/cm3 2.1 1.8 
separation sharpness κ 0.80 0.78 
n = 7, effective separation stages ne 3 3.4 
utilisation of separation stages ηTr in % 43 49 
pressure drop ΔpZZ in Pa 350 350 
specific energy consumption Wm,ZZ in kWh/t 0.83 0.19 
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Gravity Separation of a Concrete-Brick-Mixture 

 particle fraction 8 - 12 mm particle fraction 10 - 12 mm 
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separation process characteristics concrete brick mixture 
particle fraction du,i - do,i in mm 8 - 12 10 – 12 
channel velocity u in m/s 14.0 14.0 
particle settling velocity vsT(du,i) in m/s 19.9 22.3 
particle flow rate in t/h sm& 0.12 0.12 

specific particle flow rate in t/(m2⋅h) A,sm& 3.0 3.0 

particle concentration μs,g in g/kg 50 50 
cut density ρs,T in g/cm3 2.1 2.1 
separation sharpness κ 0.7 - 0.8 0.82 
n = 15, effective separation stages ne 1 - 5 3 - 5 
utilisation of separation stages ηTr in % 7 - 33 20 - 33 
misplaced product μLS(ρs < 2.3 g/cm3) 0.30 0.22 
pressure drop ΔpZZ in Pa 1600 1700 
specific energy consumption Wm,ZZ in kWh/t 8.0 8.0 
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Assessment characteristics for multistage cross-flow separation in a symmetrical apparatus with 
zo = zu = z number of separation stages 
process goal Separation function 
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Gravity separation 

ξ = ρs 

d = const. 
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LFo V,V,V &&&  overflow, fine or lightweight particle suspension volume flow rates,  underflow, coarse or heavy particle vol-

ume flow rates, α = 2 laminar (Stokes), α = 0.5 turbulent (Newton) flow pattern acc. to  
SGu V,V,V &&&

vs
α∝ d
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Summary and Conclusions 

1) The separation efficiency of multistage turbulent cross flow process 
principle of zigzag apparatus could be proved to be 

 good to very good separation sharpness κ = 0.67 – 0.9, 

 sufficient to good utilisation of separation stages ηTr = 17 to 54 %, 

 small specific energy consumption down to 0.2 kWh/t, 

 variability of  apparatus geometry, 

for fragments with small density differences ρs,L/ρs,S = 1.7/2.6 = 0.65 or 
in terms of classification with a sharp particle cut size.  

2) Light weight material ρs,L ≤ 1.2 g/cm3 can be completely separated. 

3) Suitable separation of partially liberated aggregate fragments κ = 
0.74 – 0.94 with sufficient to good utilisation of separation stages 27 to 
87 % after successful liberation in an impact crusher. 

4) These practically essential results will be pointed out here by the 
adaptability of multistage turbulent dispersion model being suitable 
for apparatus design in order to develop a full-scale recycling process. 
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Particle Separation and Classification 
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4. Screw classifier, version SKET   1 Sheet metal trough
  2 Suspension level
  3 Adjustable over-
     flow sill
  4 Feed launder
  5 Discharge of coarse
  6 Screw conveyor
  7 Drive motor
  8 Gear
  9 Drive pinion
10 Gear of discharge 
     screw
11 Lift mechanism

Page 2

F

A

G

A

F

G

5. Arrangement of horizontal or cross-flow classifiers, version Rheax
a) Counter-current arrangement             b) "Phalanx" arrangement

3. Cross-flow classifier with mechanical discharge device of coarse product 
    (mechanical classifier), schematic:
a) Rake classifier                                           b) Screw classifier
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Counter-current  
classifier  
Version TAK Amberger  
Kaolinwerke 
for  sand, cut size: 
above 200 - 500 µm 
F feed   
K1 coarse product    
K2 fine product    
Fl fluid 
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Counter-current Control in Counter-current Classifiers 

 

 

 

 

 

 

 

 

 

 

F feed,  K1 coarse product,  K2 fine product, Fl fluid 
1 pump control by revolution number 2 height adjustable diving cone insert 
3 feed valve      4 walls to separate segments 
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Particle Flow Separation by Hydrocyclone 

Schematic view of fluid 
flow 

Oblique or horizontal built-in is 
possible 
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Particle Flow Separation by Hydrocyclone Particle Flow Separation by Hydrocyclone 

Version TAK Amberger Kaolinwerke Version TAK Amberger Kaolinwerke 
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Multi-cyclones, Cyclone Batteries 

• pre-processing or replacement of thickeners 
• separation of clay and solid, non-soluble 

constituents 
• thickening/cleaning of suspensions 
• multistage cyclone arrangements 
• washing  by cyclones 

Fig_MPE_4.doc © Prof. Dr. J. Tomas Mechanical Process Engineering - Particle Technology 28.02.2011                                             Figure 4.60 
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Feed distribution vessel of cyclone battery 

with wear-resistant lining by ceramics 

Feed vessel during assembly 

Multi-cyclones, Cyclone Batteries 
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Dust Separation 

Crude gas volume flow rates to vacuum for dust separation 

Locations of vacuum crude gas volume flow rate in m³/minV&

Transfer of belt conveyors 10 ... 40 

Bucket elevators   10 ... 40 

Bunkers  10 ... 30 

Comminution machines 15 ... 150 

Magnetic separators 30 ... 40 

 

 Process application data of dust separation 

Process data Centrifugal 

separation 

Electrical 

separation 

Filtration Wet sepa-

ration 

High separation function (fraction 

separation efficiency) Ti → 1 at par-

ticle sizes di in μm 

> 10 > 1 > 0,5 > 0,1 

Crude gas dust concentration cs,g,roh 

in g/m³ 

< 1000 < 50 < 100 < 10 

Achieved clean gas dust concentra-

tion cs,g,rein in mg/m3  

100 - 200 < 50 < 30 50 - 100 

Pressure drop Δp in Pa 300 - 2500 50 - 150 500 - 1500 100 - 1000

max. gas temperature θg in °C 450 450 (1000) 140 (350) 300 

Range of crude gas volume flow 

rate  in m³/h V&
3000 - 

200,000 

10 000 - 

300,000 

1000 - 

100,000 

3000 - 

100,000 
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Dust Separation

3. Dust vacuum covers (hoover)
         

a) Central dust separation              b) and c) decentral sparation directly located 
                                                                             at dust emitter

a) transfer between two                      b) Interface between transfer chute and 
            belt conveyors                                                           belt conveyor

2. Cover to vacuum (collect) dust

a) open rectangular               b) periphere vacuum         c) with obstacles 
     vacuum cross-section           (comparatively small        (small cross-section)
                                                      vacuum cross section)

clean gas

dust
crude gas
pipe

cover of dust emitter

dust
sepa-
rator washing

liquid

dust emitter

dust
separator

clean gas

dust dust emitter

cover of 
dust emitter

1. Spatial arrangement of dust separation units

page 1



OTTO-VON-GUERICKE- UNIVERSITY MAGDEBURG / FRG 
FAKULTY FOR PROCESS AND SYSTEMS ENGINEERING 
Mechanical Process Engineering 
 

Fig_MPE_4.doc © Prof. Dr. J. Tomas Mechanical Process Engineering - Particle Technology 28.02.2011                                             Figure 4.64 



OTTO-VON-GUERICKE- UNIVERSITY MAGDEBURG / FRG 
FAKULTY FOR PROCESS AND SYSTEMS ENGINEERING 
Mechanical Process Engineering 
 

Fig_MPE_4.doc © Prof. Dr. J. Tomas Mechanical Process Engineering - Particle Technology 28.02.2011                                             Figure 4.65 

Aerocyclones

6. Various designs of aerocyclones 7. Experiences to design
    tangential aerocyclones

a) to c) tangential feed                 d) axial feed    
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5. Aerocyclone with characteristic flow rates
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