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a- To avoid tl1e air contamination in tl1e industrial work
environment. To get tl1is goal the dust must be
captured at its production sources by exhaust hoods.

ABSTRACT
The local exhaust ventilation systems used to capture
the air contaminated witl1 dusts are provided with
different kinds of equipments to recover the captured
dusts. Among them, the cyclone is the most common
equipment when the dust toxicity is not very high.

b- To avoid tl1e externa! atmospheric pollution which
can produce contaminative effects in soils,
superficial water and ground water, with nocive
effects in persons, animais and vegetables.
c- To increase the powder material recovery in the
industrial plant.

The overall collection efticiency in cyclones has
been studied experimentally as a function of the inlet air
velocity to the equipment. The goal was to maximize tl1e
overall collection efficiency, minimizing at the sarne
time, the system energy consumption. Besides this, the
exhaust system duct diameter is related with the cyclone
diameter. This is important for tl1e correct system
design. Experimental work has been done in a Pilot
Plant ventilation system, measuring dust transport
velocities, collection efticiencies and pressure drops in
the cyclone. The main conclusion is tl1at tl1e cyclone
design using high inlet velocities is not convenient from
the processsing and economical points of view, because
the overall collection efticiency is decreased and tl1e
exhaust system pressure drop (and tl1erefore the required
power) is increased.

As it was said, the high efficiency cyclone is tl1e
most used equipment. Cyclone separators utilize a
centrifugai force generated by a spinning gas stream to
separate the particle matter from tl1e carrier gas. When
tl1e particle matter to be
separated is a high toxic dust it is necessary to use
equipments that achieve higher efficiencies for
removing small particles, like fabric íilters or
electrostatic precipitators.
The cyclones great advantages are their simplicity
and low investment cost, but if tl1eir design is not
correct, tl1ey can produce high pressure drops in the
systems, increasing its operating cost. Many designs of
high efficiency cyclones have been done with small
differences in tl1em (Stairmand, 1951; Lapple, 1951;
Zenz and Othmer, 1960). This job has been done using a
cyclone with the Lapple's design which is the most
common kind of cyclones used in exhaust systems.
Figure 1 shows the design configuration of the used
cyclone, in which De = 20 cm, and where ali dimensions
are related to the cyclone diameter, De.

INTRODUCTION

The local exhaust ventilation systems used to
capture dusts are important in many kinds of industrial
plants, such as tl1ose of mining industry and extractive
metallurgy processes. ln these industrial processes dust
is produccd in many operations related with tl1e handling
and proccssing of dry solid materiais like grinding,
transport and storage of powders, roasting of minerais,
etc.

The most satisfactory expression for cyclone
performance is still the empírica! one developed by
Lapple (Lapple, 1951) and confirmed by a theoretical
model (Zenz and Otl1mer, 1960). It correlated the
collection efticiency in terms of the cut size, de. This is
tl1e size of those particles that are collected with 50 %
efficiency. Particles larger than de will have a collection
efficiency greater tl1an 50 % while the smaller particles

Proper design of local exhaust ventilation systems is
important dueto different factors:
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will bc collected with lesser efficiency. The cut size is
givcn hy:

de

= 0.85

,U De

(1)
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Bc Hc

whcre:

Q: air tlow in the exhaust systcm, m 3/s

=BeHc: cyclonc inlet cross-sectional arca, m 2

where:

Ac

de: cut diamcter, cm

The most common way of cxprcssing thc cyclone
cfficicncy is in tcrms of thc weight of material caught or
retained hy thc cyclonc comparcd to thc total amount
cntcring thc cyclonc. This is known as overall cfficiency
or total efticicncy,n, and it is usually expressed as a
percentagc (R ao, 1991 ).

De: cyclonc diamctcr, m

JL: gas viscosity, g/cm s
p: gas density, g/cm 3

Ps: solid particle density, g/cm 3

T]

vc: cyclonc inlet velocity, m/s
Nc: numhcr of turns a gas makes in traversing the
cyclone. Lapplc takes Nc = 5 (Pcrry, 1963)

=100 x

W cight of material collected
Total amount of material cntering

(3)

ln particulate collection systcms, the efticiency of
collection varies with particle sizc. This variation is
often expressed in the form or fractional cfticiencies for
parti eles of ditlcrcnt size-range (Rao, 1991 ). ln many
cases a good approximation is ohtaincd i f the overall
collection efticiency is taken as cqual to the cumulative
percentage of material with size particle dP > de in the
dust fed to the cyclone (Pcrry, 1963).
The cyclone used in an exhaust ventilation system
must he designed to gct a high overall collection
efficiency keeping tl1e pressure drop into an admissib1e
range.

· Bc = DJ4

D.

Equation ( 1) shows that, for given v alues of the other
variahles, it is:

L,

k
d --

c-F:

Hc = DJ2
De= Dcl2

(4)

where the constant k dcpends on the values of 0 0 , Jl, Pa
and p for a given case.

Lc = 2 De

Then, according to Perry's approximation (Perry,
1963) it should he (approximately):

Zc = 2 De

z,

17

Se= DJ8

=k'F:

(5)

where k' is another constant.

Jc = DJ4

It has heen determinated experimentally that for a
cyclone with De = 0.20 m, working with magnetite dust
3
(Ps = 4.7 g/cm ) and air (p = 1.20 x 10- 3 g/cm 3 and J1 =
0.00018 g/cm s ), k' = 21.5. Thcn, for tl1is particular
case, it is:

dust outlet

Figure 1: Design contiguration of Lapple's cyclones

17 =

The cyclone inlet is rectangular, and the gas inlet
velocity to the cyclone is defined as:
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This rclationship is represcnted in Figure 2.
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where ~ = vclvmin is the dirnensioniess air inlet velocity.
The mineral dusts studied are included in T able I.
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Table I: Mineral dusts studieel experimentally. Particle
size dp< 147 )lm
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Figure 2: Graphic rcpresentation of 1J vs. Yc

EXPERIMENTAL RESULTS

Mineral dusts

Ps (g/cm 3)

Vmin

Ulcxite

2.1 I

4.0

1.40

Colemanite

2.42

4.5

1.45

Sand

2.91

4.8

1.60

Clinker

3.10

4.9

1.70

Magnetite

4 .82

5.8

1.80

Galena

6.70

6.4

1.85

(m/s)

~opt.

As examples oí the expenmental results obtamed,
Figures 3 and 4 show the representation of the
relationship (7) for colemanite and magnetite.

Minimum transport vclocity, Ymin• in the exhaust
ventilation duct was lakc n as thc saltation velocity
(Pocoví ct al., 1997). This is the averagc pipe linc
velocity below which thc particles hegin to hounce (that
is moving along in scrics of short intcrmitent jumps). An
exhaust ventilation system with a duct diameter of 70
mm and tot al length or

97
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approximately 5 m was uscd. It was constructed of PVC,
hut with a scction of l m made oftransparent plastic, to
permit lhe ohservation of lhe hehaviour of the tlowing
mixture or air and dust. A cyclone collector (as the one
represente<.! in Figure 1) was used to remove the dust
from the air and an cxhaust centrifugai fan was used to
produce the rcquired air Jlow lhrough the systcm. The
cyclone pressure elrop was measured wilh an U-tube
manomeler connccted to lhe cyclone inlel air eluct and to
the oulet air duct. The volumetric air llow rate
mcasuremcnt was made hy the Throat Suction Method
(ACGIH, 19X6; Pocoví, 1999). This method involves the
measun:ment of the static pressure hy means of a U-tuhe
manometer which is situatcd three duct diameters
downstream from the duct inlct. The air tlow was
conlrolled using a hutterlly valve.
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Figure 3: 1J
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3

= f( ~) for colcmanite

1J'% 95

For each mineral dust stuelied Ymin was determined
anel then , working with different tlows, the values of
cyclonc pressure drop (ôP) anel overall efficiency (17)
werc abo measurcd. t.P was proport.ional to vc 2 , as it is
exprcssed in ali puhlished correlations (Perry, I 963;
Rao, 199 I). The valucs of 7) were expressed as a
function or thc inlct air 11ow velocity to the cyelone
given as a dimensionless relation vJv 11 ,i11 :
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Figure 4: 1J

=f( ~) for magnetite

Experimental results indicate that the Equation
(6) and its graphic reprcse ntation given in Figure 2. or
similar equations that can be derived for other minerais.
are only valid within low vclocities ranges of the air
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inlet velocity to the cyclone. Equation (6) gives a
parabolic relationship between 1J and vc, indicating that
there is a proporcional increase of 1J with Vcv'. But
experimental curves, as the ones corresponding to
Figures 3 and 4, show than 1J reaches a maximun value
( 1Jmax) for a given optimum v alue of ~ ( ~ opt.). That is to
say:
For~=~

opt.

is

1}

= 1]max

Q

The design velocity, which is tl1e velocity used to
operate tl1e system, has to be higher than Vmi'" having
value enough to protect the system against different
practical contingencies, such a sticky or wet material,
electrostatic effects. etc. The relation between the two
velocities can be written as:

1.5

1

I

(1 1)

where F, is a safety factor higher tl1an one. Taking
values of F, = 3 - 3.5, the Vct values obtained are in the
order of the practical values recommended by the
Industrial Ventilation Manual (ACGIH, 1986).
If it is not possible to determine Vmitu the following
empírica! relationship can be used. It agrees quite well
with the experimental values (Pocoví, 1997):
vmin

= 5·4 Ps

0.37d 0.26
P

(12)

where Vmin is given in m/s, p, expressed in g/cm3 and dr
inmm.

The empírica! equation that corresponds to this
experimental curves is:

cp

F, > 1

Vct = F, Vmin

The ~ opt. values can be correlated with the dusts
densities (p,). This is shown in Figure 5.

'2

(10)

Vct: design velocity of the exhaust duct, m/s

This fact has a great importance because many
authors studying cyclones design recommend to carry
out it using an inlet <Úr velocity of Vc= 15 m/s or higher
than it (up to 21 m/s) (Perry, 1963; Rao, 1991). These
values are much higher than the given by the
experimental v alues of Table I and produce a decrease in
17 and a corresponding increase in ~P (this produces an
increase in the energy consumption of the exhaust
ventilation system).

2.5

d

~

where:

(8)

p,0.24

d2

4

vd

According to Table I the values of ~ ort.• that give the
maximum value of 1}, are in the range of 1.4 to 2. This
means v alues of in1et velocity, v"' between ( 1.4 to 2)vmill'
These results are mentioned without enough precision in
another paper (Casal and Martínez-Benet, 1989).

~ = 1.21

Jr'

According to the equation of continuity applied
to incompressible t1uids (in ventilation, air can be
considered as an incompressible t1uid) it is:

(9)

Jr'

R?f

d2

Q =Vd - - =veBeHe
4

If Vct = F, Vmim Vc = ~ opt. Vmin
Lapple's design cyclone, it is:

0.5

(13)

and considering a

2
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and then:

3

Figure 5: Graphical representation of

~

(1 4)

D, =d

vs. p,

P"'</>opt.

F,

( 15)

This equation is very important because it expresses
the cyclone diameter in terms of the duct di ame ter.

CONCLUSIONS

To carry on the cyclone design for an exhaust
ventilation system, the first requirement is to know the
diameter, d, of tl1e exhaust duct, which is a function of
the air 11ow (Q) required to solve the ventilation
problem. Then:
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With this design criterium the cyclone is operating
near the condition of maximum overall efficiency and
the pressure drops are sharply lower than the
corresponding va1ues obtained using the tradi ti ona!
method.
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