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Q [L/min] G [-] [mm] ut [m/s] u 1 [m/s] K1 [-] K2 [-] K3 [-] q0 [L/min]

600 1.0 6.5, 8, 9.5,11 17.3 27.0 3.63 0.275 0.10 165
600

0.4 11
43.0 44.3

5.45 0.275 0.10
165

800 57.7 59.4 220

Note: r1=0.019m, r2=0.022m, r3=0.050m

Table 2.1 Experiment conditions and coefficients to calculate Dp50
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Dp = part ic le  diameter [m]

Dp 5 0 = 50% cut  s ize of  par t ia l  separat ion eff ic iency curve

E c = yield of  coarse part ic les  [-]
E f = yield of  f ine part icles [-]
F c = centr i fugal  force induced by vortex f low [N]
FD =  [N]
f c (Dp ) =  [m- 1]
fF(Dp ) = frequency of  f ine part ic le  s ize dist r ibution [m- 1]
K1 =  [ -]
K2 =  [ -]
K3 =  [ -]
m = rat io of  CS area to  cross  sect ion at  t ip  par t  of  s l i t  [ - ]
mF ,m c = mass of  total  par t ic les in  inside and outs ide col lect ion 

box [kg]

Q = rate  of  inlet  gas  f low into cyclone Main flow rate  [m3/s]
q = Blow-up f low rate  [m3/s]

q0 = inlet  f low rate  to  s l i t  from cyclone exit  [m3/s]
r1 = radius of  lower part  of  corn of  cyclone [m]
r2 = dis tance of  middle point  of  1  f rom center  l ine of  cyclone [m]
r3 = radius of  outs ide collect ion box [m]
S = area of  CS Control  Surface  [m2]
S i = sect ional  area of  blow-up nozzle [m2]
S i n = cross-sect ional  area of  cyclone inlet  [m2]
T = torque to  act  inner  surface of  s l i t  [N m]
u1 = veloci ty to  pass  CS 

or  velocity induced by blow-up f low [m/s]

u i = veloci ty in  blow-up nozzle [m/s]
u i n = veloci ty of  gas  f low at  cyclone inlet  [m/s]
u t = veloci ty of  converged gas f low by inlet  guide vane [m/s]
u 1 = tangent ial  veloci ty of  q0 [m/s]
u 2 = tangent ial  veloci ty of  q0+ q [m/s]
u 3 = tangent ial  veloci ty of  blow-up f low rate  q  [m/s]

= part ia l  separat ion eff ic iency [-]
= vert ical  width of  s l i t  [m]

1 = width of  s l i t  a t  inlet  [m]
= incl ination angle  of  s l i t  [degree]
= dynamic viscosi ty of  ai r  [Pa s]

p = true densi ty of  par t ic le  [kg/m3]
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No. Relational 
expression Description

1

The flow rate q0 can be estimated based on results from our
previous study as q0=0.275Q. The value of q0 is the significant air-
flow rate that determines Dp50 at q=0. The air enters into the
channel and exits with the same flow rate q0. We confirmed that
the relational expression was completed with respect to ranging
from 8 mm to11mm, and G ranging from 0.4 to 1.0.

2

The tangential velocity u 1 can be estimated from the relationship
u 1=1.03ut, as was obtained from the tangential velocity
distribution in the cyclone using Meissner and Loffler (1978)
model that has been reviewed by Cortes and Gil (2007). The
estimation needed the friction factor coefficient, which was
assumed to be 0.0058 based on the study of Muschelknautz and
Trefz (1990). Here, ut is the air velocity at the cyclone entrance.
The tangential velocity u 1 is exactly equal to the tangential
velocity at the radius of the throat r1 in the tangential velocity
distribution (Hoffman and Stein, 2008).

3
The velocity u 3 is the flow-out air velocity from the blow-up

flow nozzle. The contribution of blow-up flow for the tangential
velocity of particles can be estimated based on u 3.

Q275.0q 0 =

in

t
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03.11

=
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iS
qu Δ=3θ

Table 3.1 Relational expression and 
description to use for the estimation of Dp50 
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A = constant parameter on shape of device [-]
a = centrifugal acceleration [m/s2]
CD = drag coefficient in Stokes’ law [-]
d = inside diameter of the blow-up nozzle [m]
Dp = particle diameter [m]
Dp25 = 25% cut-off size of the partial separation efficiency curve [m]
Dp50 = 50% cut-off size of the partial separation efficiency curve [m]
Dp75 = 75% cut-off size of the partial separation efficiency curve [m]
Ec = yield of coarse particles [-]
FC = centrifugal force induced by vortex flow [N]
FD = drag force induced by main flow and blow-up flow [N]
fc(Dp) = frequency of coarse particle size distribution [m-1]
fF(Dp) = frequency of fine particle size distribution [m-1]
K = ratio of v 0 to u 1 [-]

= length of slitter [m]

M = ratio of control surface (CS) area to cross section of 
channel [-]

mF, 
mc

= mass of total particles within the inside and outside 
collection boxes [kg]

N = number of blow-up nozzles [-]
n = exponent in Eq. (3) [-]

Q = rate of inlet air flow into cyclone (primary flow rate) [L/min]
or [m3/s]

q0 = flow rate of air into channel through throat of cyclone [L/min]
or [m3/s]

q* = constant parameter relative to te/ =1 in Eqs. (9) and (A6) [m3/s]
r = radius of tip of slitter from center of cyclone [m]
r1 = radius of throat of cyclone [m]
r2 = representative radius of CS from center of cyclone [m]
r3 = radius of outside collection box [m]
S = area of CS [m2]
te = residence time from turnaround point to CS in Eq. (A5) [s]
u i = velocity within blow-up nozzle [m/s]
u in = velocity of air flow at cyclone inlet [m/s]
u r = velocity of air flow along channel [m/s]
u t = velocity of converged air flow by inlet guide vane [m/s]
u = tangential velocity of air [m/s]
u 1 = tangential velocity of air in throat of cyclone [m/s]
u 2 = tangential velocity of q0+ q [m/s]
u 3 = tangential velocity of blow-up flow rate q  [m/s]



v r = velocity of particle along channel [m/s]
v = tangential velocity of particle at CS [m/s]
v 0 = tangential velocity of particle with q=0 at CS [m/s]

= constant parameter on shape of device and property of 
particle [-]

q = blow-up flow rate of air [L/min]
or [m3/s]

u r = velocity of air induced by blow-up flow along channel [m/s]
= partial separation efficiency [-]
= vertical width of channel [m]
= inclination angle of slit [degree]

q = inclination angle of blow-up nozzle [degree]
= classification sharpness index (=Dp25/Dp75) [-]
= viscosity of air [Pa s]

ai r = true density of air [kg/m3]

p = true density of particle [kg/m3]
= relaxation time of particle [-]
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a = Centrifugal acceleration [m/s2]

c = Particle concentration [kg-solids/kg-
gas]

d = Inside diameter of the blow up nozzle [m]
Dp = Particle diameter [m]

Dp25 = 25% cut-off size of the partial separation efficiency 
curve [m]

Dp50 = 50% cut-off size of the partial separation efficiency 
curve [m]

Dp75 = 75% cut-off size of the partial separation efficiency 
curve [m]

Ec = Yield of coarse particles [-]
F = Powders feed rate [kg/min]
Fc = Centrifugal force induced by vortex flow [N]
FD = Drag force induced by main flow and blow-up flow [N]
fc(Dp) = Frequency of coarse particle size distribution [1/m]
fF(Dp) = Frequency of fine particle size distribution [1/m]

= Length of slitter [m]

mF,mc = Mass of total particles within the inside and outside 
collection boxes [kg]

N = Number of blow-up nozzles [-]
n = Exponent in Eq. (4.3) [-]

Q = Rate of inlet air flow into cyclone  
(primary flow rate) [m3/s]

Q t = Rate of inlet air flow (Q+q’) into cyclone [m3/s]

q0 = Flow rate of air into channel through throat of 
cyclone [m3/s]

q’ = Secondary flow injection of air [m3/s]
q* = Constant parameter in Eq.(4.4) [m3/s]
r = Radius of tip of slitter from center of cyclone [m]
rp = Radius of particle trajectory [m]
r1 = Radius of throat of cyclone [m]
r2 = Representative radius of CS from center of cyclone [m]
r3 = Radius of outside collection box [m]
S = Area of CS [m2]
u i = Velocity within blow-up nozzle [m/s]
u in = Velocity of air flow at cyclone inlet [m/s]
u r = Velocity of air flow along channel [m/s]
u t = Velocity of converged air flow by inlet guide vane [m/s]
u = Tangential velocity of air [m/s]
u 1 = Tangential velocity of air in throat of cyclone [m/s]



v r = Velocity of particle along channel [m/s]
v = Tangential velocity of particle at CS [m/s]

q = Blow-up flow rate of air [m3/s]
= Partial separation efficiency [-]
= Vertical width of channel [m]
= Inclination angle of slit  [degree]

q = Inclination angle of blow-up nozzle [degree]
= Classification sharpness index (=Dp25/Dp75) [-]
= Viscosity of air [Pa s]

p = True density of particle [kg/m3]
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