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ABSTRACT: The effect of addition of secondary inlet on particle collection efficiency of cyclone separator was
studied. The centrifugal force acting on the particles was varied by providing double inlets to the cyclone separator
and hence its particle collection efficiency was altered. A cyclone separator with dual inlets was fabricated.
Experiments were conducted in order to analyze its performance by considering the individual gas flow rates in each
inlet, gas flow rate ratio of the two inlets and particle to air ratio (particle concentration) as the parameters. The
proposed cyclone separator had a difference in performance in collecting the particles from gas-solid mixture and
the actual performance was observed after conducting experiments. To study the operation of cyclone separator,
calculate the inlet gas velocity, collection efficiency, air flow measurements in rotameter and flow rate of air.
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I.INTRODUCTION

Cyclone separator is a type of gas —solid separator employing centrifugal force, and are widely used. They
are basically simple constructions, can be made from a wide range of materials and designed for high temperature
and pressure operation. Cyclones are also extensively used for separating solid from liquids, especially for the
purpose of classification. Here, we use cement and sand as the feed. Dual inlets were used which leads to the
increase in particle collection efficiency of cyclone separator. When the flow rate gets increase, particle collection
efficiency simultaneously gets increased. Due to the usage of two inlets in cyclone separator, centrifugal force will
also increase. Three manometers and two orifice meters are used to measure the pressure drop and flow rate. These
are the arrangements used in this project.

1. THEORY

Cyclone is the most widely used centrifugal separation equipment for separating dust or mist from gases. It
consists of a vertical cylinder with a conical bottom, a tangential inlet near the top, and an outlet for dust at the
bottom of the cone. The incoming dust laden air travels in a spiral path around and down the cylindrical body of the
cyclone. The centrifugal force developed in the vortex tends to move the particles radially toward the wall, and the
particles that reach the wall slide down into the cone and are collected. The cyclone is basically a settling device in
which a strong centrifugal force, acting radially, is used in place of a relatively weak gravitational force acting
vertically.
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I11.DESCRIPTION
The set up consists of 1.D. blower connected to discharge side of cyclone separator .A flow meter with
manometer is provided to measure flow of air. Collector is provided to collect solid particles .Flow control valve and
by pass valve are provided for control the flow.

IV.MATERIALS AND METHODS, BLOCK DIAGRAM:
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experimental setup

The setup consists of three u-tube manometers and two orifice meters. There are two inlets and one outlet.
One u-tube manometer is used to measure the flow rate of air inlet 1. Second u-type manometer is used to measure
the flow rate of air inlet 2. Third u-tube manometer is used to measure the pressure drop between two air inlets. Two
orifice meters are used to regulate the flow rate of air inlets 1 and 2, respectively. Particle storage vessel is placed at
the bottom of the cyclone separator to collect dense particles. There are two feed sections for sending the solid
particles into the experimental setup. Initially air is fed into the air inlet 1 and 2, Meanwhile the feed is allowed to
enter the chamber. We can measure the flow rate with the help of two manometers. The pressure drop across the air
inlets 1 and 2 can be measured with the help of u-tube manometer. The finer particles leave the cyclone along with
the outlet gas. At the same time, dense particles are collected at the particle storage vessel. By varying the air inlet
flow rate, particle collection efficiency can be varied. The performance of cyclone separator is analyzed by varying
the individual gas flow rates in each inlet, gas flow rate ratio of the two inlets, particle to air ratio. The centrifugal
force determines the efficiency of cyclone separator. The centrifugal force can be increased by providing double
inlet to the cyclone separator. Due to increase in the centrifugal force, there will be a good increment in efficiency of
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cyclone separator. After setting the flow rate of air inlet 1 and 2 at a range, the mass of a particles collected for
known time is measured. The experiment is repeated for different flow rates of air. The experiment can be
conducted for the opening of gas inlet 1 and 2 separately. The particle collection efficiency can be compared with
one gas inlet and two gas inlets. The particle collection efficiency is plotted against the flowrate and particle size at
inlet 1, 2.

V.EXPERIMENTAL PROCEDURE

% STARTING PROCEDURE:

Prepare feedstock of cement ,fine sand with constant average particle size. Note down the weight and
size of particle of the feed. Switch ON the power supply. Start the cyclone separator. Fix the flow rate of air by
adjusting the flow control. Note down the manometer reading. Feed the dust particles by opening the valve.
Collect the particles from bottom. Measure the weight of particles collected from the bottom of cyclone. Repeat
the experiment for different particle size. Repeat the experiment for different flow rate of air.

% CLOSING PROCEDURE:
When the experiment is over switch OFF the power supply.

VI.NOMENCLATURE:

NOM COLUMN HEADING UNITS TYPE
A Cross sectional area of pipe m? calculated
Cv Coefficient of pitot tube * Given
D Diameter of the pipe for pitot tube m Given
G Acceleration due to gravity m/sec’ Given
hi, h, Reading of manometer cm Measured
Q Flow rate of air m3/sec Calculated
S Size of particle mm Measured
\% Inlet gas velocity of air m/sec Calculated
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W Weight of particle fed to cyclone kg Measured
We Weight of particle collected at the bottom of kg Measured
the cyclone
AH Head loss m of Calculated
H,o0
Pa Density of air Kg/im?3 Given
Pm Density of manometric fluid Kg/m3 Given
H Collection efficiency % Calculated
Data:
Acceleration due to gravity g =9.81 m/sec?
Diameter of pipe pitot tube d =0.042 m
Density of manometricfluid =1000kg/m®
Density of air =1.21kg/m’
Coefficient of pitot tube c, =0.98
FORMULA USED:
AH=(h1-h2/100)(p,,,/p4-1)(m of H,0)
A=n/4 &(m?)
V=CV\/2gAH (m/sec)
Q=VA*10"-3(m*/sec)
N =w¢/w x100(%)
Feed:cement+sand
S Manometer reading Manometer W W, n Manometer Manometer Manometer
Reading kg kg reading reading reading
inlet 182 inlet 1 inlet 2 inlet 1&2
mm inlet 1 Inlet 2 (cm) (cm) (cm)
(cm) (cm) (cm)
hl hz hl hz hl hz AH \% Q AH \% Q AH \% Q
0.32 14.8 14.2 145 14.8 15.8 15.2 120 95 76.1 0.04 0.96 1.33 0.02 0.68 0.94 0.04 0.96 1.33
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0.42 149 141 14.8 143 159 151 120 108 90 0.07 0.18 1.63 0.04 0.87 1.13 0.07 0.18 1.63
0.52 15 14 151 14.2 16 15 120 114 95 0.08 1.27 1.72 0.07 1.18 154 0.08 1.27 1.72
Inlet gas velocity =0.83 m/sec

Collection efficiency =87.03%
Flowrate of air=1.441m>/sec

VILAIRFLOW MEASUREMENT IN ROTA METER:

FORMULA USED:

pg = 1.21 kg/m®

pm =1000 kg/m®

A, = 3.14*D,%,

D./D:- B

H:Rm(pm'pa/pa)

Qact: CO* A2 \/Z/\/l_— ﬁ4*\/ﬁ
Co- Slope/ A2 /2g/V1 = p*

Qi = AV

Q= A2,/29/V1 - p*

Rota meter Manometer Reading inlet 1 Manometer Reading inlet 2
Reading
LPM | m%/sec ht | h2 | Qn |H |VH | hl h2 Qn |H | VH

50 | 0.00083 | 251 | 248 | 0.0014 | 1.6 |1.26 | 35.1 | 34.8 0.0014 | 1.6 | 1.26

45 | 0.00075 | 245 | 23.8 | 0.0037 | 1.4 | 1.21 | 345 | 3338 0.0037 |14 | 121

40 | 0.00067 | 24.2 | 23.6 | 0.0032 | 1.3 |1.14 | 342 | 336 0.0032 | 1.3 | 1.14

35 10.00058 | 23.1 | 236 | 0.002 |12 |109|33.1| 336 0.002 | 1.2 |1.09

Co =0.60Co = Qact/Qtn = 0.62
VIILRESULT

The particle collection efficiency was studied by varying the particle size of the feedstock. These values
were tabulated in Table 1. Using these values a graph 1 was drawn which shows that as the particle size increases
efficiency increases. The flow rate values of inlet 1& 2 and its efficiency were tabulated in Table 1. Using the
corresponding readings graph 2, 3 & 4 were drawn from which it was concluded that as the flow rate increases
efficiency increases. So, it can be concluded that the usage of dual inlet increases particle collection efficiency.
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IX.CONCLUSION

As the addition of secondary inlet to the cyclone separator can make significant changesin the centrifugal

force acting on the solid particles, it is expected that the proposed cyclone separator could have better performance
in collecting solid particles from a gas-solid mixture.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

REFERENCES

Sanjay Bishnoi and Gary T.Rochelle, (2000), Absorption of carbon dioxide into aqueous piperazine: reaction kinetics, mass transfer and
solubility, Chem. Eng. Science.Vol.55, pp. 5531-5543.

Edward B.Rinker, S. Ashour Sami and Orville C. Sandal, (2000),Kinetics and modeling of carbon dioxide absorption into aqueous solutions
of N-methyldiethanolamine , Vol.50, pp. 755-768.

Martinez.lI, Romano. M. C, Ferndndez. J. R, Chiesa. P, Murillo. R, Abanades. J. C . (2013), Process design of a hydrogen production plant
from natural gas with CO,capyure based on a novel Ca/Cu chemical loop , science direct,vol: 114 pp. 192-208.

Weilong Wang, Jing Xiao, Xiaolan Wei, Jing Ding, Xiaoxing Wang and Chunshan Song (2013), Development of a new clay supported
polyethylenimine composite for CO, capture, J. for Applied Energy, Vol.113, pp. 334-341.

Xu XC, Song CS, Andresen JM., Miller BG, Scaroni AW. Novel polyethylenimine modified mesoporous molecular sieve of MCM-41 type
as high-capacity adsorbent for CO, capture (2002), Energy Fuels; vol: 16; 1463-9.

Qi G, Wang Y, Estevez L, Duan X, Anako N, Park AA, et al. High efficiency nanocomposite sorbents for CO, capture based on amine-
functionalized mesoporous capsules(2011); Energy Environ Sci;vol:4;444-52.

Franchi RS, Harlick PJE, Sayari A. Applications of pore-expanded mesoporous silica. 2. Development of a high-capacity, water-tolerant
adsorbent for CO, (2004). IndEngChem Res; vol: 44; 8007-13.

Kim S, Ida J, Guliants VVV, Lin JYS. Tailoring pore properties of MCM-48 silica for selective adsorption of CO, (2005). J PhysChem B;
vol: 109; 6287-93.

Zheng F, Tran DN, Busche BJ, Fryxell GE, Addleman RS, Zemanian TS, et al. Ethylenediamine-modified SBA-15 as regenerable CO,
sorbent(2005).IndEngChem Res ;vol:44; 3099-105.

Tan, C.S., Chen, Absorption of carbon dioxide with piperazine and its mixtures in a rotating packed bed (2006). Sep.Purif. Technol. 49,
174.

Wang, G.Q., Xu, O.G., Xu, Z.C., Ji, J.B.; New HIGEE-rotating zigzag bed and its mass transfer performance (2008). Ind. Eng.Chem; Res.
47; 8840.

Wang, M., Zou, H.K., Shao, L., Chen, J.F.; Controlling factors and mechanism of preparing needlelike CaCOs under high-gravity
environment (2004). Powder Technol. 142, 166

Susan Krumdieck, Jamie Wallace, Owen Curnow, Compact, low energy CO, management using amine solution in a packed bubble column
(2008), ChemEng J; vol: 135; pp. 3-9.

J. Wallace, S. Krumdieck, Carbon dioxide scrubbing from air with amine solution in a packed bubble column (2005), J. Mech. Eng. Sci;
vol: 219; pp.1225-1233

0.J. Curnow, S.P. Krumdieck, E.M. Jenkins, Regeneration of carbon dioxide saturated monoethanolamine-glycol aqueous solutions at
atmospheric pressure in a packed bubble reactor (2005), Ind. Eng. Chem. Res; vol: 44; pp. 1085-1089.

S.H. Lin, C.T. Shyu, Carbon dioxide absorption by amines: system performance predictions and regeneration of exhausted amine solution
(2000), Environ.Technol; vol: 7; pp.1245-1254.

W.D. Deckwer, A. Schumpe, Improved tools for bubble column reactor design and scale-up (1993), Chem. Eng. Sci; vol: 48; pp. 889-911.
J.T. Yeh, H.W. Pennline, Study of CO, absorption and desorption in a packed column (2001), Energy Fuels;—278 vol: 15; pp. 274.

R.J. Hook, An investigation of some sterically hindered amines as potential carbon dioxide scrubbing compounds (1997), Ind. Eng. Chem.
Res; vol:36; pp.1779-1790.

Hamid Reza Godini, DariushMowla, Selectivity study of H,S and CO, absorption from gaseous mixtures by MEA in packed beds (2008);
ChemEngResrch and Design; vol:86; pp.401-409.

Copyright to NIRSET www.ijirset.com 10268



