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EFFECT OF CYCLONE INLET VELOCITY AND
VORTEX FINDER HEIGHT ON COARSE WHEAT
BRAN DUST SEPARATION

Abdel-Hadi, M. A.*

ABSTRACT

Experimental study was performed for evaluating a vast number of
equations derived from reviews to determine the performance of cyclone
for overall collection efficiency, cut size diameter and pressure drop of
cyclone. These equations were used based on the geometrical design of
cyclones for operation at the ambient temperatures under different vortex
finder heights (0.0, 0.05, 0.10, 0.15 and 0.20 m) and inlet velocities (9.3,
11.5, 18.5, 25.4 and 28.3 m/s). The cut size diameter of coarse wheat
bran as inlet dust was estimated using direct empirical method and by
Stock’s number based on Euler's number. Both methods were also used to
predict the overall collection efficiency. Experimental data were
compared with the predictions of Lapple's theory and lozia & Leith's
logistic method. The results showed that only the pressures drop based on
Cocker model in the range of 9.3 to 18.5 m/s inlet velocity proved
accurate predictions. The operation at inlet velocity of 18.5 m/s was the
best operational condition due to high collection efficiency of 96.4, 98.9,
98.5, 98.3 and 98.7%; and low pressure drop of 1173, 1324, 1249, 1137
and 1419 Pa at vortex finder height of 0.0, 0.05, 0.10, 0.15 and 0.20 m
respectively, across the cyclone.
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NOMENCLATURE
inlet cross sectional area of cyclone flow, m?
diameter of the dust exit, m
weight of inlet dust, gram
weight of outlet dust, gram
cyclone body diameter, m
cut size diameter of particle which is collected with 50% efficiency, pm
the core diameter, m
cyclone air outlet or vortex finder diameter, m
cyclone inlet diameter, m
inlet hydrodynamic diameter, m
particle diameter, m or pm
average particle diameter of the ith fraction, m
Euler's number, dimensionless
gravity acceleration 9.81 (m/ sec?)
total height of the cyclone, m
height of the cylindrical part of cyclone, m
height of the conical part of cyclone, m
height of the dust tube, m
pressure head
height of the water of manometer tube, m
height of the air of manometer tube, m
distance between the outlet section and the cylindrical barrel top, m
distance between the inlet section and the cyclone center, m
natural vortex length (inner vortex), m
mass fraction of particles in the ith size range, %
number of cyclones in the system, in parallel
effective number of turns made in the cyclone
pressure, Pascal
Pascal
perimeter inlet tube, m
air flow rate, m%h or m¥/s
annular Reynold's number, dimensionless.
Reynold's number based on cyclone diameter, dimensionless.
Reynold's number based on inlet diameter, dimensionless.
Reynold's number based on the outlet diameter, dimensionless.
vortex finder height, m
Stock's number of a particle having a 50% probability of separation, dimensionless
axial air velocity in cylindrical part, m/s
inlet or tangential velocity, m/s
outlet velocity, m/s
the maximum air tangential velocity, m/s
specific gravity of air
specific gravity of water
core length, m
slope parameter
cyclone pressure drop, Pascal
collection efficiency for any particle size, %
overall dust collection efficiency, %
air viscosity,1.8 x 10-5 kg/m-sec
pressure drop coefficient, "head loss"
air density, 1.18 kg/m?
particle density, kg/m?
water density, kg/m?
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INTRODUCTION

n industrial processes, cyclones are one of the most useful equipment

for separating dispersed particles from their carrying material. The

material mixture flow enters the cyclone and centrifugal forces due
to its swirl motion cause the particles to gain a relative velocity in radial
direction leading to the separation of particles from the main flow.
However, cyclones also possess a relatively large effective collection
region and relatively low-pressure drop. In comparison with equipment
used for this process, cyclones are preferred for their simple design,
inexpensiveness to manufacture, low maintenance costs, and adaptability
to a wide range of operating conditions. In addition, they allow
continuous material removal with less clogging than the fabricated filters.
Against their apparent simplicity, flow and collocation characteristics of
cyclones are complicated and the performance of a cyclone is highly
sensitive to any change in geometrical design and operating conditions
(Qian et al., 2006). The main performance characteristics of cyclone
separators are collection efficiency, fractional efficiencies and pressure
drop. Various aspects of the cyclone have been thoroughly studied by
many researchers with the objective of improving or more efficiently
control its performance. Some of the work has been related to the
influence of cyclone design and operating parameters, some to
mathematical modeling and simulation, and others to design
modifications (Yalcin et al., 2003; Jiao et al., 2006 & Azadi et al., 2010).
The main objective of this study was to examine the effect of cyclone
vortex height and inlet velocity on the flow field behavior and
performance parameters via cut-diameter (dso), collection efficiency and
pressure drop. Furthermore, to assess the predictive validity of some
literature correlations in comparison with the measured data to put the
data into better use with the existing theories.

CYCLONE EQUATIONS ANALYSES

The particles' collection inside a cyclone is a result of the main forces
acting on them, which drive the solids to the cyclone walls: centrifugal,
drag and gravitational. In addition, there are other forces, not entirely
understood and often neglected, such as particle-particle and particle-wall
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friction, which can influence the collection process (Gil et al., 2001).
Moreover, the collection efficiency depends on the particle size and is
eventually referred to as “grade” efficiency. It increases from zero for
very tiny particles to 100% for coarse particles. The particle size
recovered up to 50% is called the cut-size or dso. Traditional cyclone
literature has given direct empirical correlations for dso based on the
cyclone geometry and flow properties as listed in Table 1.

Table 1: Traditional cyclone literature for dso.

Reference Equation Remarks
(Lapple, 1950 & 9u, D
dey= [——2—— 1
Wang, 2004) =\ 2z p VN, 1)
where: N, = h+(H-h)/2 )
Di
(lozia & Leith, g - | 24s'Q/N) (3) Qas (m¥h)

1990; Dirgo, 1988 \ 7Py ZcViax
& Ramachandran,

0.61 -0.74 -0.33
etal., 1991) where: Vtmax:6'1v(ij [&J (EJ (4)

p°) \D D
_Q/N
V=" ®)
2 ~(1-9)-{ (1512 J/BIDO or g8
Z,=(H-s) s e D for d, <B
d. =0.47 D[izj [&j (8)
D D

More modern cyclone design methods characterize the separation
efficiency of geometrically similar cyclones by the Stock's number
(Stkso) (Dewil et al., 2008) equation (9), because it contains the main
operating variables of the flow, dso and the air velocity in the cyclone
body (V¢) equation (10) (Overcamp & Scarlett, 1993).

Y
Stky, = Ppfs0 Ve (9)
184, D
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where: V, = LZ (10)
zD°14

Also, Svarovsky (1981 & 1986) found the relationship between

dimensionless Eu and Stksg as in equation (11).
12

Stkyy = —— (11)
(Euy
7°D*
where: Eu=¢& 16 A7 (12)

Euler's number influences by the pressure drop coefficient (&) in
cyclone. Many empirical models in the literature give the (&:). Four
empirical models have been chosen as shown in Table 2.

Table 2: The empirical models in the literature used for calculating the
pressure drop coefficient, & "head loss".

Reference Equation Remarks
(Shepherd & 16 A Tangential
Lapple, 1939) & _( D2 j (13) inlet; ambient
e air conditions
(Casal & A Y
Martinez, & = 11-3( _2j +3.33 (14)
1983) D,
1
Dirgo, 1988 _ o0 A /D ;
(Pirg )& ZO[ D,> \(H/D)n/D)B/D) 19)
A Comparative
(Coker, 1993) &, = 9.47(—2j (16) study of six
D. correlations

From equation (9, 11 and 12) another value of dso could be derived as

follows:
Stk.. 181 D
dy, = SWso 0Ly (17)
PpVe

For the prediction of the collection efficiency of any particle size (ni)
which is also known as a fractional efficiency curve, it can be expressed
as a function of particle diameter (dp) according to Wang (2004)
equation (18).
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n = 1/{1+ [3—?} ] (18)

Moreover, lozia and Leith (1990) determine the slope parameter (B) as fallow:

In ()= 0.62 -0.87 In(d,,(cm))+5.21 In (%j +1.05(In (%DZ (19)

So that the collection efficiency can be calculated through the logistic
equation together with the dso, value predicted by the method mentioned
earlier is obtained by equation (20) according to lozia & Leith (1990) and

Ramachandran et al. (1991).
B
n, =1/ 1+(%} (20)
pi

Cyclone pressure drop is one of the major performance parameters playing
a significant role in cyclone design and control. The cyclone static pressure
drop (AP) is usually calculated as the pressure difference between the inlet
and the average pressure across the vortex finder exit (Hoekstra, 2000). The
pressure drop is proportional to cyclone design assuming the square inlet
velocity (vi) and pressure drop coefficient (&) "head losses"”. According to
Shepherd & Lapple (1939) the cyclone pressure drop is calculated as:

2
ap=g Pt @1)
In Table 2 the & empirical model Shepherd & Lapple and Coker was
obtained by assuming static pressure, model Casal & Martinez obtained
from derived the statistical analysis on an experimental date and model
Dirgo as a function of cyclone dimension equation. Moreover, the
pressure drop equation (22) is related to the square air velocity in the
cyclone body (Vc) equation (10), i.e. based on the cyclone diameter and a
friction resistance referred to as the dimensionless Eu (Svarovsky, 1981,

1986). The pressure drop is hence written as:
2

PyVe

AP =Eu (22)

Zhu and Lee (1999) investigated the effects of the vortex finder length
(inner vortex) on the particle collection efficiency using seven different
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cyclones, and suggested that the difference between the cyclone cylinder
height and vortex finder length played a significant role in the particle
collection characteristics, and that the vortex finder length could be
optimized. The experience with industrial units has shown that, the
vortex finder length has a relevant influence in the collection efficiency
process; little experimental work has been done since the empirical
approach of Alexander (1949) was found as:
1/3

b 53D (D—Zj (23)

D D\ A
However, Bryant et al. (1983) found experimentally that Alexander
(1949) formula for the natural vortex length in many cases cannot predict
the length of the vortex. Therefore, they proposed the following formula.

L _ 2.26£&11£D—2) | (24)
D D A

The modern geometric design according to Ji et al. (1991) investigated
the following correlation:

_2.25 2 -0.361
1 = 2.4[& b° (25)
D D A

Moreover, Biittner (1999) found two distinct types of cyclone operation.
First type, when the operation with I, > H the natural vortex length is
equal or longer than the physical height of cyclone; the vortex end
reaches the bottom of the cyclone. This is the most advisable mode of
operation, since it leads to high collection efficiency. It corresponds to
cyclones with relatively high inlet Reynold's numbers (approximately
ranging from 2 x 10° to 2 x 10*) and H/D ratios within 2-10. Second type
when the operation with I,.< H the collection performance is poor,
because the vortex end attaches to the cyclone wall, disturbing the solids
strands that are already separated and decreasing the efficiency through
instability and re-entrainment. This mode of operation corresponds to a
low inlet Reynold's numbers (<10%) or very tall cyclones (H/D > 15).
Hoffmann et al. (1995 & 2001) found that, the height of the vortex
finder, S, does not influence the position of the end of natural vortex
length. On the contrary, the vortex finder diameter (outlet diameter, De)
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has been identified as a definite influence. The trend most frequently
observed is an increased natural length with an increased De (Hoffmann
et al., 2001). Owing to the difference in the size, geometry of the cyclone
and the operation condition, the ranges of the Reynold's number for the
cyclone in different laboratory studies are quite different (Kuo & Tsali,
2001). Table 3 shows different Reynold's number of the cyclone.

Table 3: Reynold's number of the cyclone in different laboratory studies.

Reference Equation Remarks
(Stairmand, 1951 & Chan, p,V; Dy, Based on
1984) Re;, = (26)  hydrodynamic
Hq ; :
inlet diameter
Dy, = 2A (27)
tube
V.D
R I i
- 7
(Beeckmans & Kim, 1977) Vg 5 diameter
Re, = Po¥o e (29) based on outlet
(Saltzman & Hochstrasser, Hy diameter
1983)
V.(D-D
Re = 2070 ()
24, based on
(Moore &  McFarland, cyclone and
1993) outlet diameter

MATERIALS AND METHODS

Experimental setup

A cyclone was constructed at the Agricultural Engineering Department,
Faculty of Agriculture, Suez-Canal University as shown in Fig. 1. It was
fabricated from galvanized steel sheet of 1.5 mm thick. The dimension
and specification of the experimental unit are tabulated in Table 4. The
air supply unit consists of an electric blower 0-16000 rpm model OK-405
APT. It was connected to the air inlet pipe and set of input dust particle,
as well as a manometer for pressure measurements made from the glass
diameter of 2.56 mm Plate 1. The inlet and outlet velocities (m/s) were
measured by anemometer fan type model MT-4005 Prokit's Industries
Co., New Taipei City, Taiwan.
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Particles collected
into the hopper
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Fig. 1. (a) Sketch of cyclone detail and (b) manometer attached to the
cyclone.

Exhaust = *Di

airin

D

Dust tube —=—

Cleaned air out

1 Outlet tube
Barrel
Dusty air in
Outer vortex
Inner vortex
Cone
5 Axial

Dust out

1- Distance between the outlet section and the cylindrical barrel top
2- Cylindrical part of cyclone 3-Watermanometer

4- Conical part of cyclone 5- Dust bin

6- Air supply unit 7- Set of input dust

Plate 1. Cyclone annexed to the water manometer and general flow
pattern of a cyclone.
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Table 4: Dimension and specification of the experimental setup.

Dimensions Designed values

Cyclone body diameter, D (m) 0.25

Cyclone inlet diameter, Di (m) 0.025

Dust exit diameter, B (m) 0.105

Flow rate based on inlet air velocity, (m®h) 16.4, 20.3, 32.7, 449 and
50.0

Height of the conical part of the cyclone, h, (m) 0.275
Height of the cylindrical part of cyclone, hiy(m) 0.255

Height of the dust tube, hs (m) 0.15

Inlet air velocity (m/s) 9.3,11.5, 18.5, 25.4 and 28.3
Outlet diameter, De (M) 0.025

Outlet air velocity (m/s) 5.1,6.2,9.6,12.4 and 14.2
Ambient temperature (K) 293

Total height of the cyclone, H (m) 0.53

Vortex finder height, S (m) 0.0, 0.05, 0.10, 0.15 and 0.20

Geometric design

One of the most popular design guidelines which suggested by Stairmand
(Kuo & Tsai, 2001) is the cylinder height and the exit tube length should
be 1.5 and 0.5 times the cyclone body diameter, respectively for the
design of a high-efficiency cyclone (Safikhani et al., 2010). A
comparison between Stairmand design and the fabricated experimental
unit is shown in Table 5.

Table 5: Comparison between Stairmand design and the fabricated
experimental unit.

Cyclone Di/D De/D H/D h/D S/ID B/D Li/D Le/D
Stairmand design 05 05 40 15 05 036 1.0 0.618
Vortex height of Exp. unit, S(m)
0.00 0.1 0.1 212102 00 0.420.884 0.8
0.05 0.1 0.1 212102 0.2 042 0.884 0.6
0.10 0.1 0.1 212 1.02 0.4 0.42 0.884 0.4
0.15 0.1 0.1 212 1.02 0.6 0.42 0.884 0.2
0.20 0.1 0.1 212 1.02 0.8 0.42 0.884 0.0
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Collection efficiency

If a size distribution of the inlet particles is known, the overall collection
efficiency of a cyclone can be calculated based on the cyclone fractional
efficiency (ni). The overall collection efficiency (7o) of a cyclone is the
weighted average of the collection efficiencies for the various size ranges
as given by the following equation:

M, = X1 m; (31)

For laboratory tests, representative samples of 50 grams were taken from
coarse wheat bran as inlet dust. Size analysis of the samples showed a
particle size of 96.7% passing 250 um sieve size and defined as powders
according to (Lees, 2005). The full-size distribution in particle diameter
(um) obtained by a combination of sieving is given in Fig. 2. The particle
density and specific gravity of the material were determined as 271.7
kg/m?® and 0.272, respectively.

The inlet and outlet dust were determined using the electric balance
model BS30-Series. The outlet dust was collected at the end of each test
run inside the dust bin, and it was used to estimate the overall dust
collection efficiency. The overall dust collection efficiency (no) is the
weight ratio of the dust collected to the dust entering the cyclone.

. [1— [%DHOO (32)

50 1 —m— Coarse wheat bran
X
= 40 A
2
5 30 T
2
B 20 A
©
S 10 A
(7}

0 - L

<40mu 40 - 61- 125 - 250 - 500 - > 1000

61 125 250 500 1000

Fig. 2. The full size per pm distribution obtained by a combination of
different sieves.
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Cyclone pressure drop

In this study, pressure drops (AP) per Pascal (Pa) were measured on the
cyclone by water manometer Plate 1 and estimated by following
equations (Frank, 2003 & Bruce et al., 2006).

w,L+w, L, =w,L, (33)
w L —wL
L= bWt (34)
Wg
—w,L
P (M]wg + g *1000 (35)
g

RESULTS AND DISCUSSION

Collection efficiency

Fig. 3 presents the collection efficiency of the experimentally measured
values with those of the conventional cyclone's Lapple model (Lapple,
1950) and lozia & Leith (1990) at different inlet velocities.

Calculated values (Lapple mode|)7

- ” " ” i
100 X X X X X
0

95

90 +

Calculated values (lozia & Leith model)

Overall collection efficiency no, %

85
80
75 1 —X= Atall vortex finder height —— Atvortex finder height,0.0m
—O-At0.05m ——At0.01m
—®-At0.15m —O-At0.20m
70 T T T T T 1
5 10 15 20 25 30 35

Inlet velocity, m/s

Fig. 3. Comparison between the calculated and measured values of
overall collection efficiency at different inlet velocities.
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The collection efficiencies of all cyclones are seen to increase with the
increase of the inlet velocity. But a very high inlet velocity would
decrease the collection efficiency because of increased turbulence and
saltation/re-entrainment of particles (Chuah et al., 2003). In the model
lozia & Leith, the collection efficiency increased by about 76.1, 77.8,
81.3, 83.4 and 84.7% at 9.3, 11.5, 18.5, 25.4 and 28.3 m/s, respectively;
with vortex finder height 0.0 m, while the collection efficiency decreased
with the increase of vortex finder height at the same inlet velocity. These
results are in agreement with the data published by Lim et al. (2004). The
Lapple model, not include the term vortex finder height and the
collection efficiency arrived at 99.9% at all inlet velocity. The maximum
collection efficiency of the experimentally measured and the calculated
values after the application of Lapple models were 98.9 and 99.9%,
respectively at vortex finder height 0.05 m and 18.5 m/s inlet velocity.
The result is in good agreement with those obtained from Chuah et al.
(2003), which found that the optimum operating velocity is around 18
m/s. The minimum collection efficiency of the experimentally measured
and the calculated values after application of Lapple models were 94.0
and 99.98%, respectively at vortex finder height 0.15 m and 9.3 m/s inlet
velocity. The minimum difference between the measured and the
calculated value was 1.1%, while the maximum was 6.0%. In order to put
the data into better use the experimental data obtained in this study were
compared with the existing theories. The Lapple model is easy to use and
acceptable to define the collection efficiency. The corresponding of
height collection efficiency maybe influenced by operation with natural
vortex length (In). The comparative of results with Biittner (1999) showed
that, the natural vortex lengths were 0.29, 0.5 and 18.5 m according to
(Alexander, 1949; Bryant et al., 1983 & Ji et al., 1991), respectively.
Meanwhile, the value according to Ji et al. (1991) was longer than a total
height of cyclone H 0.53 m, and H/D ratios equal 2.12 within 2-10 and
higher Reynold's numbers based on hydrodynamic inlet diameter and
inlet velocity from 15242 to 46381. This means that, the collection
efficiency is dependent on other dimensions of the cyclone, Reynold's
number, Stokes number and the ratio of the air density to the particle
density (Pant et al., 2002).
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The modern cyclone design methods characterize the separation
efficiency of geometrically similar cyclones by the Stkso. The calculated
values of dso using the direct empirical methods lozia & Leith, Lapple
and based the above mentions four models pressure drop coefficient,
Stkso are presented in Table 6. Both direct empirical methods and Stkso
methods based on & show that with the increase of inlet velocity, the cut
size diameter of the particles to be separated is decreased. As the inlet
velocity increases, the finer particle will be subjected to increasing
centrifugal force, leading to a greater degree of separation (Bose et al.,
2010). Except of predictions by Lapple model, none of the equations
showed accurate predictions of cut size diameter.

Table 6: Cut size diameter dsp um based on direct empirical and Stokes
number methods at vortex finder height of 0.0 m.

Inlet Cut size, um

Velocity, Direct empirical methods Based on Stkso

m/s lozia & Leith Lapple Digro Coker Casal & Shepherd &
Martinez Lapple

9.3 191 4.0 0.7 08 0.6 0.5
11.5 172 3.6 05 07 0.5 0.4
185 136 2.8 04 06 0.4 0.3
25.4 116 24 03 05 0.4 0.3
28.3 110 2.3 03 05 0.3 0.3

Cyclone pressure drop (AP)

Fig. 4 shows that the measured and the calculated pressure drops, based
on & and Eu, usually increased with the increase of inlet velocity
(Karagoz & Kaya, 2007). The comparison between the calculated
pressures drops showed that the values obtained based on & equal the
values obtained based on Eu at all vortex finder height and inlet velocity.
While the calculated values based on & and Eu, include Vi and V,
respectively.
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At vortex finder height, 0.0 m

9000 - 9000 -
8000 | Based on pressure 8000
7000 A drop Ec 7000 -
6000 - 6000 |
5000 - 5000
4000 - 4000 -
3000 - 3000
2000 - 2000
1000 - 1000
0 ‘ ‘ ‘
9000 - 9000 -
8000 - 8000 |
7000 - 7000 -
6000 - 6000 -
5000 - 5000 -
4000 - 4000 |
3000 - 3000 -
2000 - 2000 -
1000 - 1000 -
0 w 0

At vortex fi
9000 - 9000 -
8000 - 8000 -
7000 - 7000 -
6000 - 6000 -
5000 5000 -
4000 4000 -
3000 3000 -
2000 2000 -
1000 A 1000 -

;

Based on Euler's number, Eu

OoO———O0———
At vortex flnder height, 0.5 m

nder hequt, 0.10

9002 B At vbrg%ﬁipder height 0.15

8000 - 8000 1

7000 7 7000

6000 - 6000 -

5000 5000 -

4000 - 4000 4

3000 + 3000 A

2000 1 2000 -

1000 + 1000 -
0 ] 0 T

At vortex finder height, 0.20

9000 7 —-O-Dirgo, 1988 model 9000 1

8000 1 -C-Shepherd and Lapple, 1939 8000

7000 1 —o—Casal and Martinez, 1983 7000 1

6000 | —Coker, 1993 6000 4

5000 - ~@-Exp. measured 5000 -

4000 4000 1

3000 1 3000 -

2000 + 2000 -

1000 + 1000 A %
0 T T T - . 0 )
5.00 10.00 15.00 20.00 25.00 30.00 5.00 10.00 15.00 20.00 25.00 30.00

Inlet velocity, m/s

Inlet velocity, m/s

Fig. 4. The measured and the calculated pressure drops as a function of
inlet velocity for different vortex finder height.
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Also showed little difference between the measured and the calculated
pressure drop at 9.3 and 11.5 m/s for all vortex finder height, while the
difference increase with inlet velocity ranged from 11.5 to 28.3 m/s. A
comparison between the calculated values of &, at different vortex finder
height in Table 7 shows doubling the vortex finder length from 0.05 to
0.10 and from 0.10 to 0.20 m increases the & by 25 and 26%,
respectively by the model Dirgo (Dewil et al., 2008) the results are in
good agreement with the data published by (Elsayed & Lacor, 2013). In
addition to separation efficiency; pressure drop is considered as a major
criterion to design cyclone geometry and evaluate cyclone performance.
Accurate mathematical model is needed to determine the complex
relationship between the pressure drop and the cyclone characteristics.
The pressure drop in a cyclone separator can also be decreased or
increased by varying the cyclone dimensions. For an accurate optimal
design of a cyclone, it is quite necessary to use a reliable pressure drop
equation for it. Therefore, the best model to predict pressure drops in this
study was Cocker based on & or Eu, especially at inlet velocity from 9.3
to 18.5 m/s.

Due to using different assumptions and simplified conditions, different
theoretical or semi-empirical models can lead to a significant difference
between the calculated and the measured results. Predicted values by
some models are twice more than experimental values, and some models
are even conflicted as to which models work best (Swamee et al., 2009).
Table 7: Comparison between the calculated values of &c at different

vortex finder height.

. (Shepherd & (Casal & (Dirgo, (Coker,
Vortex height, - je 1939)  Martinez, 1983)  1988)  1993)
S (m)

& & & Ec
0.00 12.6 10.3 0.0 7.4
0.05 12.6 10.3 9.5 7.4
0.10 12.6 10.3 11.95 7.4
0.15 12.6 10.3 13.68 7.4
0.20 12.6 10.3 15.06 7.4

The pressure drop within a cyclone is a measure of the energy used by a
cyclone and is closely related to the collection efficiency. Usually, the
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collection efficiency of a cyclone is expected to be proportional to the
pressure drop (Lim et al., 2004). Fig. 5 shows the relationship between
the measured pressure drops and the overall collection efficiency. The
measured pressure drop increased with the increase of vortex finder
height at all inlet velocity; the maximum and minimum values at the
minimum inlet velocity were 264.9 and 359.5 Pa at 0.0 and 0.2 m vortex
finder height, respectively. While the maximum and minimum values
were 2459.7 and 2686.8 Pa at 0.0 and 0.2 m vortex finder height,
respectively at maximum inlet velocity.

Pressure drop of the cyclone AP, Pa

3000 + r 100
r 98
2500 - L o6
2000 - 9
r 92
1500 - F 90
--0--At vortex height 0.00 m
- AL0.05 M r 88
1000 1 -0-At0.10m L 86
~o-At0.15m
500 4 -X--At0.20 m -84
----- Pressure drop L 82
—Overall collection efficiency
0 T T T T T 80
5 10 15 20 25 30

Inlet velocity, m/s

Fig. 5. Relationship between the measured pressure drops and the
calculated collection efficiency at different vortex finder heights.

The overall collection efficiency increased with the increase of pressure
drops at 9.3 to 18.5 m/s inlet velocity and then slightly decreased at 18.5
to 28.3 m/s. The above mentioned results may be due to aerodynamic
properties of particle and Reynold's number at height inlet velocity. On
the other hand, the pressure drop influenced by the vortex finder height
and inlet velocity, while the collection efficiency influenced by inlet
velocity and the vortex finder height of more than zero. An accurate
operating condition of cyclone pressure drop is very important because it
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relates directly to operating costs. A trade-off must be made between
higher collection efficiency and low pressure drop of the cyclone.
Therefore, the operation of cyclones at inlet velocity 18.5 m/s is the
better operating condition due to high collection efficiency 96.4, 98.9,
98.5, 98.3 and 98.7% and low pressure drop 1173, 1324, 1249, 1137 and
1419 Pa at vortex finder height 0.0, 0.05, 0.10, 0.15 and 0.20 m
respectively, across the cyclone.

Reynold’s number

One of the problems in calculation of cyclone efficiency is the effect of
flow character in cyclones. In general, flow type is turbulent in big
cyclones, and assumed friction factors and corresponding results are
meaningful. However, this is not the case for small cyclones in which flow
and operational conditions, such as velocity, temperature, pressure,
viscosity or cyclone diameter, may be more important and their effects
may differ from cyclone to cyclone, since the flow can be laminar,
turbulent or transitional as mentioned by Blachman & Lippmann (1974).

5.E+05 4 O Recbased inlet velocity

5.E+05 - B Rean based inlet velocity
4.E+05 A 2 Reinbased inlet velocity
4.E+05 A

Re, based outlet velocity
3.E+05 -

3.E+05 -
2.E+05 -
2.E+05 -
1.E+05 1
5.E+04 -

0.E+00 | m—m——— @& @R

5.0 10.0 15.0 20.0 25.0 30.0

\elocity, m/s

Fig. 6. Reynold's number of the cyclone at different inlet velocity.

Fig. 6 shows the Reynold's number Rec, Reann and Rein based on inlet
velocity, and Re, based on outlet velocity. Overall, the Reynold's number
more than 10,000 except Re, 8362 at outlet velocity 5.1 m/s showed a
turbulent flow regime across the cyclone.
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CONCLUSIONS
This study included a vast number of equations to calculate the
pressure drop and separation efficiency of cyclones, generally
established for operation at the ambient temperatures 293 K and inlet
velocity 9.3, 11.5, 18.5, 25.4 and 28.3 m/s.
The overall collection efficiency was function to increase inlet
velocity in the range from 9.3 to 18.5 m/s. The best inlet velocity was
18.5 m/s where the overall collection efficiency were 96.4, 98.9, 98.5,
98.3 and 98.7%, the pressure drop were 1173, 1324, 1249, 1137 and
1419 Pa at vortex finder height 0.0, 0.05, 0.10, 0.15 and 0.20 m
respectively.
None of the literature correlations predicted the pressure drop with a
fair accuracy within the range of experimental operating conditions;
except Cocker application based on the pressure drop coefficient (&)
or Euler's number (Eu) at inlet velocity ranged from 9.3 to 18.5 m/s.
The maximum collection efficiency of the measured and predicted
value were 98.9 and 99.9%, respectively at vortex finder height
0.05 m and 18.5 m/s inlet velocity; while the minimum values were
92.0 and 99.9%, for the measured and the predicted values,
respectively at vortex finder height 0.15 m and 9.3 m/s inlet velocity.
The maximum difference between the measured and the predicted
value of collection efficiency was 7.9% while the minimum was
1.0%.
In order to put the data into better use, the experimental data obtained
in this study were compared with the existing theories. The Lapple
model is easy to use and acceptable to define the collection
efficiency.
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