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Abstract An enclosed cyclone passageway (ECP) dust-collecting fan is discussed. The ECP fan separates dust by

centrifugal force originating from a driven spiral airflow, and its design takes the constraints of Chinese underground coal

mines into consideration. Using the force equilibrium law, a general equation for dust removal in the centrifugal dust

removal section (CDRS) of the ECP fan is deduced. This general equation is simplified using the CDRS structure and the

fan operating parameters and is analysed numerically. The attractive results show that increases in the airflow rate of the

fan, the structural ratio of the ECPs and the radius of the extended axis can improve the dust removal performance of the

CDRS. Furthermore, the effects of the structural ratio and the radius on dust removal dominate over that of the flow rate,

and the effect of the structural ratio is more significant than that of the radius.

Keywords Dust removal � Driven spiral airflow � Structural and operating parameters � ECP fan

1 Introduction

Overexposure to airborne respirable dust can cause dis-

abling, even fatal, respiratory disease in mineworkers.

Therefore, exposure to coal dust is always an important

occupational health concern. According to official statistics

for Chinese coal mines, over 2.65 million workers were

exposed to coal dust, the pneumoconiosis detection rate

was 7.2 % and the accumulated number of pneumoconiosis

patients was over 57,000 (Zheng 2011). The occupational

health risks mineworkers faced for being exposed to coal

dust clouds are related to the metamorphic degree of the

coal, the dust concentration and the cumulative exposure,

among other factors (Naidoo et al. 2005; Belle and Phillips

2009; Onder and Yigit 2009; Qin and Liu 2009; Zhang

et al. 2013). Statistical data from the US National Institute

for Occupational Safety and Health (NIOSH) indicate that,

with the increasing intensity of mining operations, the

pneumoconiosis detection rate among workers exposed to

coal dust in underground coal mines in the USA rose from

4 % in 1999 to 9 % in 2007 (Hall 2008). To reduce the

pneumoconiosis detection rate among coal workers, or at

least prevent it from increasing, the isolation and removal

of dust at working/heading faces is the key measure,

because the working face usually has the highest concen-

tration of coal dust in a mine. Currently, the most effective

method appears to be the isolation and removal of dust by

ventilation or by collection with a dust catcher (Reed et al.

2004; Guo 2007; Li et al. 2007, 2012; Wei 2008; Liu et al.

2009, 2012; Liu 2011; Kuznetsov et al. 2012).

The dust catchers that are used in underground coal mines

can be classified, on the basis of the dedusting mechanisms

that they employ, as filtering, centrifugal separation and
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comprehensive systems (Colinet et al. 2005; Black et al. 2007;

Shorokhov et al. 2009; Koo et al. 2010; Faschingleitner and

Hoflinger 2011; Torano et al. 2011; Konorev and Nesterenko

2012; Li et al. 2013). In Germany, fibre bag precipitators are

usually adopted in underground coal mines because of their

high dust collection efficiency. However, they are very bulky.

In Poland, cyclone dust collectors have a large share of the

market. They bear advantages of a collection efficiency of up

to 99.3 % and a dewatering efficiency of up to 98 %. Their

disadvantages lie in an operating resistance of over 2,300 Pa

and an even greater bulk than fibre bag precipitators.

The collection efficiency of the above-mentioned dust

precipitators is usually higher than 95 %, but they are not

suitable for Chinese underground mines. Because of limi-

tations imposed by technology, economics and engineering

geology, the excavation sections of Chinese underground

mines are usually less than 15 m2 in area, and in most

mines they are smaller than 10 m2, especially in Hunan,

Jiangxi, Guizhou, Yunan, Sichuan and Chongqing. There-

fore, the advanced dust precipitators used in Germany and

Poland for example are too bulky or have a too high

operating pressure drop for most Chinese underground coal

mines. The performance of the dust collectors that are

currently used in these Chinese mines is poor in a number

of aspects: their efficiency of dust removal is low (about

80 %), their dewatering rate is low (less than 85 %) and the

operating resistance is high (more than 2,200 Pa), and,

even though they are smaller than the advanced precipi-

tators used elsewhere, they are still too large (longer than

10 m or wider than 2.5 m) and in huge weight.

To improve mine air quality and dust collection perfor-

mance, an enclosed cyclone passageway (ECP) dust-collect-

ing fan has been designed and developed. This is a novel dust-

collecting fan, which separates dust by the centrifugal force

exerted by a driven spiral airflow. Its dust removal mechanism

is thus different from those of existing dust collectors. In this

study, a general equation for dust removal in the centrifugal

dust removal section (CDRS) of ECP fan is deduced by

applying the classic force equilibrium principle, which states

that the centrifugal force on a dust particle should be equal to

the aerodynamic resistance of the corresponding spiral airflow

at a given spatial point. The equation is then simplified, and

case studies are conducted for the ECP fan using the simplest

form of the equation. Finally, the effects of structural and

operating parameters on centrifugal dust removal in the CDRS

are analysed through an engineering case study.

2 ECP fan and dust removal in CDRS

As illustrated in Fig. 1, the ECP fan consists of a fan

(section B), a CDRS (the section between B and E) and a

dewatering section (section E).

The polluted airflow (‘A’ in Fig. 1), carrying coal dust

particles, is sucked into the ECP fan when the fan is run-

ning. Constrained by ECPs, the polluted airflow is trans-

formed into a driven spiral airflow with axial, radial and

tangential flow velocities (Mondal et al. 2004; Eldrainy

et al. 2009). The dust particles are separated from the

polluted airflow by the centrifugal force exerted by the

tangential velocity of the driven spiral airflow, and the

separated particles are captured by the water in the water

sink. The wet airflow with the partly or fully separated dust

cloud from the CDRS is dewatered by water baffles, and is

then transformed into the purified airflow (‘F’ in Fig. 1).

3 Force analysis and centrifugal dust removal in CDRS

In the CDRS, the driven spiral airflow carries dust parti-

cles, which are acted upon by axial, radial and tangential

force components.

The tangential force on a dust particle is not equal to the

force from the polluted airflow. If the centrifugal force on

the dust particle is larger than the force from the polluted

airflow, then the dust particle may escape from the stream

tube of the polluted airflow and will possibly move towards

the inner wall of the CDRS, finally being captured by the

water in the CDRS. This is the process by which single dust

particles are separated by the driven spiral airflow and

captured by the water. The process is cyclical as the pol-

luted airflow flows through the CDRS, and the dust is

removed continuously.

Figure 2 illustrates the structural parameters of the

CDRS. They are related as follows:

R0 �R�R1 ð1Þ
L1 ¼ N1L2 ð2Þ
L2 ¼ N2L0 ð3Þ

where R1 is the radius of the CDRS cylinder (m), R0 is the

radius of the extended axis (m), R is the radius at which a

separated particle is located (m), L0 is the step length of the

Fig. 1 Sketch of ECP fan, 1 inlet bell, 2 fan, 3 spraying nozzle, 4

spiral blades of CDRS, the blades are fixed and cannot spin, 5

dewatering baffles, A polluted airflow, B fan section, D water sink,

E dewatering section, F purified airflow, X, Y, Z, coordinate axes,

H–H cross-section for Fig. 3
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multiple ECPs along the Z axis (m), L1 is the total length of

the multiple ECPs along the Z axis (m), L2 is the total

length of a single enclosed driven cyclone passageway

along the Z axis (m), N1 is the number of multiple ECPs

and N2 is the number of L0 lengths within an angle of 2p
radians in a single enclosed driven cyclone passageway.

Substitution of Eq. (2) into Eq. (3) gives

L1 ¼ N1N2L0 ð4Þ

Referring to Fig. 2, it can be seen that

L0

R1 � 2p � N�1
1

¼ L2

R1 � 2p � N2 � N�1
1

¼ L1

R1 � 2p � N2

ð5Þ

Both practical engineering experience and research have

shown that Bradley’s balance orbit theory is suitable for the

force analysis of floating large diameter dust particles

(larger than 1 lm) and of falling dust (not smaller than

10 lm) (Bradley and Pulling 1959; Clayton et al. 2011).

The theory is applied in this study to analyse the force and

velocity on a coal dust particle in the CDRS. Figure 3,

which is a cross-section of Fig. 2, illustrates the CDRS

structural parameters and the force analysis for dust parti-

cles in the CDRS. A dust particle moving towards the inner

wall of the CDRS is subjected to a viscous drag force

exerted by a stream tube of the driven spiral airflow. On the

other hand, the dust particle, transported by the driven

spiral airflow, is also subjected to a centrifugal effect,

namely a centrifugal force. Under approximately ideal

conditions, ignoring other effects, the motion of the particle

can be taken to be determined by these two forces. Under

the action of the centrifugal force, with a radial velocity

component, the particle moves continually towards the

inner wall of the CDRS. At the same time, the drag force

on the particle increases continuously, eventually becom-

ing equal to the centrifugal force. When these forces are

equal, the particle is in dynamic balance. The radius at

which this condition holds is called the dynamic balance

radius. In the CDRS, the centrifugal force and the drag

force exerted by the airflow on the particle are given by

Bradley and Pulling (1959) and Clayton et al. (2011),

C ¼ mpu2
a=R ð6Þ

S ¼ 0:5nFpqax
2
p ð7Þ

respectively, where mp ¼ pd3
p qp � qa

� �
=6 is the relative

mass of the particle (kg), ua is the linear velocity of the

airflow in the spiral direction (m/s), R is the radius at which

the moving particle is located in the spiral channel (m), n is

the drag coefficient of the particle (dimensionless), Fp ¼
0:25pd2

p is the projected area of the particle (m2), qp is the

density of the dust particle (kg/m3), qa is the density of the

airflow fluid (kg/m3), dp is the diameter of the particle

(m) and xp is the tangential velocity of the particle relative

to the airflow (m/s).

For CDRS dust removal efficiency, the forces on dust

particles should be in balance. This means that the drag

force and centrifugal force on a particle should be equal

(Kissell 2003; Masuda et al. 2010). From this condition, we

can obtain the following Equation:

mpu2
a=R ¼ 0:5nFpqax

2
p ð8Þ

Furthermore, the square of the tangential velocity can be

written as

Fig. 2 Structural parameters of the CDRS in the ECP fan

Fig. 3 Force analysis and structural parameters of the CDRS at

cross-section H–H in Fig. 1, R1 radius of CDRS cylinder, R0 radius of

extended axis, Rx the minimum radius at which particle separation is

possible, R radius at which separated particle is located, C centrifugal

force; S drag force, xp tangential velocity, vp radial velocity, a, b, c,

representatives of particle cloud
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x2
p ¼ 4

3
� dp

R
� 1

n
�

qp � qa

� �

qa

� u2
a ð9Þ

Generally speaking, the smaller the dust particle, the

more difficult it is for the particle to fall out of the flow. If a

particle of 2.3 lm diameter can be separated by a centrif-

ugal force, then a particle larger than 2.3 lm can also be

separated. At a temperature of about 25 �C and a pressure

of 1 atm (760 mmHg), if the relative velocity of a 2.3 lm

particle is greater than 9.4 m/s, then the Reynolds number

of the particle is greater than 2, and the relation between

Reynolds number and the drag coefficient is in the transi-

tion region (Kulkarni et al. 2011).

For a flow rate of 160 m3/min and a channel radius of

0.300 m, the average velocity of the airflow is no less than

9.42 m/s (160/(60 9 0.3 9 0.3 9 3.14) = 9.426). At a

flow rate of 360 m3/min, the Reynolds number of a 65 lm

diameter particle is less than 1,000. The majority of the

coal dust particles of interest in this study the Reynolds

number is in the range from 2 to 800. Thus, the drag

coefficient is given by the equation applicable to the

transition region between the laminar and turbulent flow

regimes (Lu 2008):

n ¼ 10 �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

l
xpdpqa

r
ð10Þ

where l the dynamic viscosity coefficient (Pa s).

Assuming that a dust particle can be represented by a

rigid sphere and substituting Eq. (10) into Eq. (9), the

tangential velocity of the particle can be calculated as

xp ¼ dp �
1

qa � l

� �1
3

�
2 qp � qa

� �

15R

" #2
3

�u
4
3
a ð11Þ

It is found experimentally (Sun et al. 2003; Liu et al.

2009) that the radial velocity of a spiral flow in a cyclone

passageway is usually far lower than its overall speed in the

spiral direction. Thus, the spiral linear velocity of the

polluted airflow in the CDRS in Fig. 2 or Fig. 3 may be

approximated as

ua ¼ Q

30N2
1

� R

R2
1 � R2

0

� �
L0

ð12Þ

where Q is the volume flow rate of a local fan in the ECP

fan (m3/min). At a temperature of about 25 �C and a

pressure of 1 atm (760 mmHg), the density of air is

1.18 kg/m3. The density of a dust particle is of the order of

103 kg/m3, and is thus much greater than that of air.

Substituting Eq. (12) into Eq. (11), the tangential velocity

xp can be calculated as

xp ¼ dp

225
�

R qp � qa

� �

2q0:5
a l0:5

 !2
3

� Q

N2
1 R2

1 � R2
0

� �
L0

" #4
3

ð13Þ

At a given instant, the tangential velocity of a dust

particle is defined as the ratio of the infinitesimal length

travelled by the particle in an infinitesimal time and is

expressed as

xp ¼ 2p � dR

dt
ð14Þ

Substituting Eq. (13) into Eq. (14) gives

dt ¼ 450p
dp

2q0:5
a l0:5

qp � qa

 !2
3

N2
1 R2

1 � R2
0

� �
L0

Q

� �4
3dR

R
2
3

ð15Þ

Mainly under the action of the centrifugal force, the dust

particle moves from the minimum radius at which particle

separation is possible to the inner wall of the CDRS. The

time s taken for the particle to travel this distance can be

obtained by integrating the left hand side of Eq. (15) from

t = 0 to t = s and the right hand side from Rx (the mini-

mum radius at which particle separation is possible) to R1

(the radius of the CDRS cylinder):

Z s

0

dt ¼ 450p
dp

2q0:5
a l0:5

qp � qa

 !2
3

N2
1 R2

1 � R2
0

� �
L0

Q

� �4
3
Z R1

Rx

dR

R
2
3

ð16Þ

Thus, s is found to be

s ¼ 1; 350p
dp

2q0:5
a l0:5

qp � qa

 !2
3

N2
1 R2

1 � R2
0

� �
L0

Q

� �4
3

R
1
3

1 � R
1
3
x

	 


ð17Þ

According to the basic theory of dust removal, the

relaxation time for a dust particle can be calculated as

(Kulkarni et al. 2011)

s0 ¼
qpd2

p

18l
ð18Þ

Comparing Eq. (17) with (18), it can be seen that the

relaxation time for the dust particle is far smaller than its

travel time to the wall of the CDRS. So the acceleration of

the particle as it moves through the CDRS can be ignored.

According to Eq. (5), in the spiral direction of the CDRS,

the average travel time of a moving dust particle can be

calculated as

t0 ¼

R

R�R�R1

t0;RdR

R

R0�R�R1

dR
¼

R

R0 �R�R1

R�2p�N2

ua
dR

R

R0�R�R1

dR
ð19Þ

where t0 is the average travel time of the airflow from

CDRS inlet to CDRS outlet (s).

By substituting Eq. (12) into Eq. (19), the average travel

time can also be expressed as
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t0 ¼
60 � p � N2 � N2

1 � R2
1 � R2

0

� �
� L0

Q
ð20Þ

The dust removal mechanism in the CDRS relies mainly

on dust separation by the centrifugal force and dust capture

by the water surface, with the former playing the more

important role. The necessary condition for a dust particle

to reach the inner wall of the CDRS is that the time taken

for the particle to travel to the inner wall in the radial

direction should be no greater than the time taken for it to

travel from the CDRS inlet to the outlet in the axial

direction. That is,

s� t0 ð21Þ

Substituting Eqs. (17) and (20) into Eq. (21) gives

R
1
3

1 � R
1
3
x �

dp

22:5

qp � qa

2q0:5
a l0:5

� �2
3 N3

2
Q

N2
1 R2

1 � R2
0

� �
L0

" #1
3

ð22Þ

Then the minimum radius at which it is possible to

separate particles can be expressed as

R
1
3
x
�R

1
3

1 �
dp

22:5

qp � qa

2q0:5
a l0:5

� �2
3 N3

2
Q

N2
1 R2

1 � R2
0

� �
L0

" #1
3

ð23Þ

In the CDRS, the higher the airflow flow rate, the

smaller this minimum radius, and vice versa. In other

words, the greater the minimum radius for separating

particles is, the lower the probability of particle separation

by centrifugal force is. If the particle can be separated from

the airflow at the minimum flow rate, which is the mini-

mum volume flow rate of the ECP fan, then it must be

possible to separate it by centrifugal force when the flow

rate is higher than the minimum flow rate.

Assuming that the diameter of the dust particle is dp, if R

(the radius at which the moving particle is located in the

CDRS inlet) is larger than Rx (the minimum radius at which

particle separation is possible), the particle can reach (‘fall

to’) the CDRS inner wall; otherwise, the particle will be

carried by the airflow out of the CDRS. Thus, the minimum

possible radius allowing separation of dust particles is a

critical value, dividing the CDRS into a ‘fallen zone’ and a

‘non-fallen zone’. Under the condition Rx B R B R1, the

annular area is the fallen zone. Obviously, under the con-

dition R0 B R \ Rx, the annular area is the non-fallen

zone; additionally, under the condition 0 B R \ R0, the

radius at which the particle is located in is less than the

minimum possible radius for particle separation and so the

annular area is again the non-fallen zone. The differential

volume elements (m3) of the fallen and non-fallen zones of

the particle cloud in the CDRS are given by

dV1 ¼
p R2

1 � R2
x

� �

N1

dz ð24Þ

dV2 ¼ pR2
x

N1

dz ð25Þ

respectively, where dz is a differential length element

(m) along the axial axis of the CDRS.

Assuming that the distribution of dust particles is

homogeneous in the polluted airflow, the grade efficiency

of a particle of diameter dp in the CDRS can be expressed

using the statistical probability method (Kissell 2003;

Masuda et al. 2010; Kulkarni et al. 2011). The hierarchical

efficiency of a dust particle of diameter dp is

gdp
¼ dV1

dV1 þ dV2

ð26Þ

Substituting Eqs. (24) and (25) into Eq. (26) gives

gdp
¼ 1 � R2

x

R2
1

ð27Þ

and then, on substituting Eq. (23) into Eq. (27), it is found

that

gdp
� 1 � 1 � dp

22:5R
1
3

1

qp � qa

2q0:5
a l0:5

� �2
3 N3

2
Q

N2
1 R2

1 � R2
0

� �
L0

" #1
3

8
<

:

9
=

;

6

ð28Þ

Assuming that the structural ratio of the CDRS is

N ¼ N4
2

N1

ð29Þ

where N is the structural ratio of CDRS (dimensionless).

And substituting Eqs. (29) and (4), Eq. (28) becomes

gdp
� 1 � 1 � dp

22:5R
1
3

1

qp � qa

2q0:5
a l0:5

� �2
3 NQ

R2
1 � R2

0

� �
L1

" #1
3

8
<

:

9
=

;

6

ð30Þ

Equation (30) is the general Eq. describing the effects of

physical, structural and running parameters on the grade

efficiency of a dust particle of diameter dp. Thus, the first

objective of this study has been achieved.

Equation (30) involves nine variables (gdp
, R1, R0, N, qp,

dp, L1, l, and Q) and one constant. To improve the effi-

ciency of dust removal, it is necessary to optimise these

nine variables, and to do this, a simplification procedure

will be applied to Eq. (30).
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4 Simplification and case study

The nine variables in Eq. (30) are affected by each other,

and can be analysed only by numerical computation. A

numerical approach is also required to optimise the struc-

tural and operating parameters of the ECP fan so that it

meets the engineering requirements for employment in

Chinese underground mines. The steps of the numerical

computation are as follows.

Step 1, it is assumed that the particles are of density

qp = 1.4 9 103 kg/m3 and that l = 1.86 9 10-5 Pa�s at a

temperature of about 25 �C and a pressure of 1 atm

(760 mmHg). These values are substituted into Eq. (30).

Then Eq. (30) is simplified.

Step 2, depending on the application conditions, the

required quantity of airflow is calculated, and the capacity

of fan dust collection is chosen. It is assumed that the

required airflow rate is known and that FBD No 6.0 has

been chosen as the local fan. The parameters of FBD No

6.0 are as follows: (1) the radius R1 of the cylinder inner

wall is 0.300 m; (2) the volume flow rate ranges from 150

to 370 m3/min; (3) the total pressure ranges from 4,601 to

1,363 Pa; (4) the motor capacity is 2 9 15 kW; (5) the

rotation speed is 2,900 rev/min.

Step 3, the radius R1 of the CDRS inner wall is deter-

mined according to the exit radius of the chosen fan. In the

case study, the chosen fan is FBD No 6.0, with

R1 = 0.300 m. This value is substituted into Eq. (30).

Then Eq. (30) is simplified.

Step 4, taking account of the constraints imposed by

engineering conditions in Chinese under-ground coal

mines, it is assumed that L1 = 1 m. This value is substi-

tuted into Eq. (30). Then Eq. (30) is simplified.

Step 5, gdp
may take any value from 0 to 100 %. When

the grade efficiency is 50 %, this means that there is a

50 % possibility of a dust particle being separated by the

CDRS, and the diameter of the dust particle is then called

the cut-off aerodynamic diameter, or simply the cut

diameter. According to the theory of dust removal, the

smaller the cut diameter, the greater is the efficiency of

CDRS dust removal, and so the cut diameters can be

compared directly in the analysis of CDRS dust removal

performance. Therefore, a grade efficiency of 50 % is

assumed, and gdp
= 0.5 is substituted into Eq. (30). Then

Eq. (31) is simplified.

Equation (30) is simplified by Steps 1–5 and becomes

dp � 583:9 � 10�6 �
0:09 � R2

0

� �

NQ

� �1
3

ð31Þ

Step 6, from Eq. (4), when L1 = 1 m, N1�N2�L0 = 1 m.

It is assumed in turn that L0 = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,

0.7, 0.8, 0.9 and 1.0 m. By definition, N1 must be a positive

integer. Then, the value of N2 is calculated. For engineer-

ing applications, N2 must also be a positive integer. The

calculated values of N2 are shown in Table 1.

From Table 1, when L0 = 1 m and N1 = 1, N2 = 1, so

N = 1.000 from Eq. (29). For L0 = 0.5 m, when N1 = 1,

N2 = 2, so N = 16.00, and when N1 = 2, N2 = 1, so

N = 0.500. For L0 = 0.2 m, whenN1 = 1, N2 = 5, so

N = 625.0, and when N1 = 5, N2 = 1, so N = 0.200. For

L0 = 0.1 m, when N1 = 2, N2 = 5, so N = 312.5, when

N1 = 5, N2 = 2, so N = 3.200, when N1 = 10, N2 = 1, so

N = 0.100. Therefore, N = 0.100, 0.200, 0.500, 1.000,

3.200, 16.00, 312.5 or 625.0. These values are substituted

into Eq. (31) in turn. Then Eq. (31) is simplified.

Step 7, when the fan has been chosen, the range of the

volume flow rate is determined; that is, Q can be evaluated.

Assuming Q = 280, 320, 360 or 400 m3/min when the

chosen fan is FBD No 6.0, these values are substituted into

Eq. (31) in turn. Then Eq. (31) is simplified.

Step 8, it is noted that it is impossible for the radius of

the extended axis to be larger than the radius of the CDRS

inner wall, that is, R0 B R1. If R0 = R1, there are no more

spiral blades in the CDRS, which is not a realistic situation.

Nor is the case R0 = 0, which indicates that there is no

extended axis in the CDRS. Therefore, Eq. (31) can be

further simplified by taking R0 in the range 0 \ R0 \ R1.

When R1 = 0.300 m, assuming that 0.05 \ R0 \ 0.20 and

that the step value of R0 is 0.001, the value of dp can be

calculated using the simplified Eq. (31).

Equation (30) is simplified by Steps 1–5, and the case

studies are conducted for the ECP fan using the simplest

Eq. (31) in Steps 6–8. Thus, the second purpose of this

study is fulfilled.

5 Results and discussions

When Q and N are assumed constant, there are only two

variables in Eq. (31), namely dp and R0. The numerical

calculation of Eq. (31) is implemented using the MATLAB

package.

The results of the numerical calculations for the rela-

tionships between dp and R0 for different values of Q are

Table 1 Values of N2 calculated from L0 and N1 in the case study

N1

1 2 5 10

N2 1.000 1.0 L0

2.000 1.000 0.5

5.000 1.000 0.2

5.000 2.000 1.000 0.1
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shown in Figs. 4 5, 6, 7, 8 and 9, from which the following

can be seen:

(1) Fig. 4 shows that when Q = 160 m3/min, dp

increases with decreasing N and decreases with

increasing R0.

(2) Figs. 5, 6, 7, 8 and 9 show that higher values of

N and R0 are beneficial to dust removal in the CDRS.

(3) The results of the numerical calculations for the

relationships between dp and Q for different values

of R0 are shown in Figs. 10, 11, 12 and 13, from

which the following can be seen:

(4) Fig. 10 shows that when R0 = 0.05 m and

Q = 160 m3/min, dp decreases very significantly

from 102.9 lm to 5.6 lm as N increases from 0.100

to 625.0. Additionally, when Q = 360 m3/min and

R0 = 0.05 m, as shown in Fig. 4, dp decreases very

significantly from 78.5 lm to 4.3 lm as N increases

from 0.100 to 625.0.

Fig. 4 Relationship between dp and R0 for Q = 160 m3/min

Fig. 5 Relationship between dp and R0 for Q = 200 m3/min

Fig. 6 Relationship between dp and R0 for Q = 240 m3/min

Fig. 7 Relationship between dp and R0 for Q = 280 m3/min

Fig. 8 Relationship between dp and R0 for Q = 320 m3/min

Fig. 9 Relationship between dp and R0 for Q = 360 m3/min

Fig. 10 Relationship between dp and Q for R0 = 0.05 m
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(5) Figs. 11, 12 and 13 show that larger values of Q are

beneficial to dust removal in the CDRS.

(6) Comparing Figs. 4 and 13, it can be seen that the

effect of N is more significant than the effect of R0

and that the effect of R0 is more significant than the

effect of Q.

(7) A combined optimisation of N and R0 may be

possible, with the combination being related directly

to a critical value of R0. Therefore, one direction for

future work would be to investigate this critical

value.

6 Conclusions

(1) A general equation expressing the grade efficiency in

terms of the particle diameter has been derived.

(2) With constraints imposed by the boundary condi-

tions of an engineering application, the general

equation has been simplified step by step, and the

simplest equation, which expresses the effects of

structural and running parameters on the grade

efficiency, has been applied in a case study.

(3) It is found that the efficiency of dust removal in

CDRS should improve with increasing airflow rate,

radius of extended axis and structural ratio. The

effects of the radius and structural ratio on the

efficiency are far more significant than that of the

flow rate.

(4) The effect of the structural ratio on the efficiency

dominates over that of the radius, but an increased

radius can further improve dust removal under the

condition of a fixed structural ratio. Furthermore,

this beneficial effect of the increased radius becomes

more and more noticeable as the radius approaches

that of the CDRS cylinder.

(5) The next work of dust removal in CDRS should be

focused on the optimization of de-dusting efficiency

and energy loss, and be building up a prototype of

FECP, and be fulfilling its experiment tests.
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