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1. Prosedur penentuan dimensi Entrainment separator

[¢]

Outlet
Pl

//

Other dimensions can be provided upon request
for replacement of the existing separator

A v B c D
in cfm in in in
1 32 3 24 1/2
11/4 50 4 26 1/2
11/2 72 4 28 3/4
2 130 6 32 3/4
21/2 200 8 32 1
3 289.7 8 32 1
4 515 10 36 2
5 805 12 38 2
6 1,160 12 40 2
8 2,060 18 48 3
10 3,220 24 60 3
12 4,630 30 72 3
14 6,310 30 90 3
16 8,240 36 100 3
18 10,430 42 108 3
20 12,880 42 120 3
24 18,540 a4 144 3
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Selection Procedure

1. Calculate Volume Flow Rate V (cfm)
V=M x S8V /60 Where: M - mass flow rate { Ib/hour )
SV = specific volume ( cub. fi/1b )

2. Select diameter of inlet & outlet nozzles A.

3. Select diameter B & length C.

Sample Calculations:

Select Carbon Steel Horizontal Separator for 10,000 Ib/hour
saturated steam (@ 10 psig.

From Steam Thermodynamic Tables:
Specific Volume = 16.67 cub. ft/lb

V =10,000x 16.67/60 = 2,779 cfm

From Selection Table:
A=10"; B=24": C=60"

Model Selected : He=10-24=60

» The Volume Flow Rate V takes into consideration the
optimal flow velocity in the separator.

» Pressure drop depends on the actual flow rate and
stream density. Please consult the factory,

» Weight of the separator depends on the design.
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Performance of a Venturi scrubber in the removal of fine powder from a
confined gas stream
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Renato Coury-
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905 S&o Carlos - SP, Brazil

ABSTRACT

Experimental results on the performance of a laboratory scale rectangular Venturi
scrubber in the removal of fine mineral particles from a confined air stream are
presented, and a new correlation is proposed and evaluated. The scrubber was
operated with air velocities in the throat varying from 58 m/s to 75 m/s and liquid
flow rates varying from 280 ml/min to 900 mi/min. Liquid was injected as a jet
emerging from a 1.0 mm orifice at the throat. Results for dust collection grade
efficiency varied from 87% to 98% for particles from 0.1 um to 2.0 pm.

Keywords: venturi scrubber, collection efficiency, gas cleaning, pollution control

1. Introduction

Venturi scrubbers are widely used equipments for simultaneous separation of fine
particulate matter and toxic gases from industrial gaseous effluents. Venturi
scrubbers find application in many industries such as iron and steel foundries,
metallurgic industries, cement production, ceramic industries and others. They are
usually compact equipments of simple construction, and can handle well hot gases
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and sticky or inflammable particles. Their main disadvantage is the power
required for operation?.

A typical Venturi scrubber is shown if Figure 1. It consists of a convergence, a
throat, and a diffuser. The gas is accelerated in the convergence to reach a velocity
between 45 m/s to 120 m/s in the throat. In the diffuser the gas is decele rated
allowing some pressure recovery. Liquid is most often introduced as jets through
orifices at the beginning of the throat. The high energy of the gas promotes the
atomization of the jets into a large number of small droplets.

Ligquid Injection

T J/’—")

oL

Diffuser
Figure 1. Schematic representation of a Ventun scrubber.

Convergence

The collection of particulate matter occurs due to collisions between particles and
droplets and it is a complex function of scrubber geometry, gas and liquid flow
rates, jet penetration, dust size, droplet size distribution, droplet dispersion in the
throat and fraction of liquid flowing as a film on the walls of the equipment™®.

The purpose of the present study is to investigate experimentally the performance
of a laboratory scale Venturi scrubber in the collection of fine powder, as a
function of gas and liquid flow rates, and to propose a correlation for the observed
data.

2. Experimental Arrangement

The rig used in this work is shown in Figures 2 and 3. The dimensions of the
rectangular Venturi scrubber, mounted horizontally, are shown in Table 1. Liquid
was injected in the throat through a single 1 mm orifice. A cyclone for liquid-gas
separation, a blower and a dust generation system were also part of the rig.
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waler powder  plower
dispersor ¢

sampling injegtion _

air sampling
system

Figure 2. The rig used in this work.

Figure X The rectangular Ventun Scrubber was constructed in modules,
allowing the study of different throat lengths, The pressure taps and the
liguid injection orifice are also shown in the drawing, Refer 1o Table | for
the Veniun measuremenis.
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Table 1. Venturi scrubber dimensions.

Dimension Symbaol Length {mm)
Convergence length ¥ 280
Diffuser length Z 63.900r 117
Throat length Leg 99
Throat width W 23
Throat height A i5

The dust used was a mineral rock, insoluble in water, with density of 3030 kg/m®
and mass mean diameter of 5.8 um. The aerosol sampling system consisted of a
probe, a Millipore filter, a vacuum pump and a flow meter. The sampling was
isokinetic. The two sampling points were located before the scrubber and after the
cyclone, as shown in Figure 2. The sampled dust was weighted and analyzed for
size distribution with a Malvern Mastersize equipment, which uses laser
diffraction for particle sizing. The global and grade efficiencies were determined
by Equations 1 and 2 respectively.

m
Ne= 122
Mg

(1

_ f‘t’aur.rﬁur{dﬂ
iy finldp) (2)

-F?{I'.-Ir;d} = |.

where #iis the total dust mass flow rate, f(dy) is the fraction of particles of size d,
in the dust and the subscripts in and out refer to conditions at the inlet and outlet
of the Venturi, respectively.

The variables studied were the throat gas velocity (58.3, 66.6 and 74.9 m/s), liquid
flow rate (286, 586 and 886 ml/min) and throat length (63, 90 and 117 mm).

3. Results and Discussion

Grade efficiencies results are shown in Figures 4 to 7. It can be observed the
existence of a minimum in the grade efficiency curves, which occurs for particles
of approximately 0.3 um. Particles either greater or smaller than that are collected
more efficiently. This behavior is probably due to the presence of two collection
mechanisms: inertial impaction, responsible for the collection of larger particles,
and a diffusion mechanism acting primarily on the smaller particles.
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—— ()l = 286 ml/min

=B= ()l = 586 ml/min

—k— (}] = %86 ml/min
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Figure 4. Effect of the liquid fow rate in the collection grade efficiency.
Vg = 6.6 s and Li‘ =50 mim,
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Figure 5. Effect of the throat gas velocity on collection grade efficiency.
;=586 mlfmin and .[.£= 63 mm.
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Figure 6. Comparison between experimental and predicted collection grade

efficiency. V, = 74.9 m/fs, Q;= 586 ml/s, L= 90 mm.
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Figure 7. Comparison between experimental and predicted collection grade
efficiency. 'r;., = 66.6 mys, Oy =586 mlfs, J'.g: 63 mm,

The effect of the liquid flow rate can be seen in Figure 4. In general, increasing
the amount of liquid increases the efficiency. However, a combination of high
liquid usage with small orifices can lead to excessive jet penetration. In this
situation, the jet will atomize near the opposite wall facilitating droplet deposition
and thus decreasing the amount of liquid available as droplets.
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The effect of the throat gas velocity is illustrated in Figure 5. An increase in gas
velocity is normally accompanied by an increase in collection efficiency.
However, this increase is not linear, and beyond a certain gas velocity the gain in
efficiency is small and not justified in view of the higher pressure drop and higher
energy required for the operation.

A new correlation (Equation 3) has been proposed to take into account the trends
discussed above.

019

) (1 = E) oy Dy

Midp) =1 - exp [-51.9 |‘f..!{] 1:#”'}33“” (™14 2813Pe-0551)((3)
Ak Mg |

where Q and r, are the liquid flow rate and density, Dy is the droplet diameter,
calculated according to Boll et al.*, F; is the fraction of liquid flowing as film,
calculated according to Gongalves et al.?, A, is the throat cross sectional area, Hg
Is the gas viscosity, y is the inertial impaction parameter and Pe is the Peclet
number. This correlation assumes that there are two collection mechanisms
operating, the inertial mechanism, represented by the parameter y and the
diffusion mechanism, represented by the Pe number, given respectively by

prdpVyC

A (4)

(5
KT C :

Fe

where d, is the particle diameter, Kg is the Boltzmann Constant (1,38 x 10° J/K),
T is the temperature (K), and C is the Cunninghan coefficient.

Figure 8, which includes all the data from the present experiments, shows that the
values predicted by the new correlation are within 5% of the experimental data.
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Figure 8. Comparison between predicied and experimental collection grade
efficiencies,

4. Conclusions
From the above, it may be concluded that:

* Collection efficiency increases with liquid usage up to a certain point, when
excessive jet penetration may be responsible for a rapid increase in film fraction,
thus actually diminishing the effective amount of liquid available as droplets;
¢ Collection  efficiency increases  with  throat gas  velocity;
» Grade efficiency curves exhibit a minimum for particles of about 0.3 pm,
indicating that two collection mechanisms may be operating, one predominant for
greater  particles, and another ~ for  smaller  particles; and
* The new proposed correlation predicted the experimental values within 5%.
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