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INTRODUCTION

o Hydrocyclones major application
is granulometric classification in
closed circuit milling, but it is
possible to highlight its operation in
desliming, selective classification,
thickening and pre-concentration.

o It is a versatile, high capacity and
without moving parts equipment.
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HYDROCYCLONE EMPIRICAL MODELS

o Within the empirical models used to
hydrocyclones dimensioning the most
used is the model proposed by Plitt (1976).
This model can be used to predict the
hydrocyclones operation without
additional experimental data for a wide
range of operational conditions.
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HYDROCYCLONE EMPIRICAL MODELS

0,46 10,6 11,21
50,5 Do “°D; "Dy~ 0.063¢

50C — 0,71
Du h0,38Q0,45(pS — P )0,5

o Where:

o Qs the volumetric flow .
rate of hydrocyclone i
feed [I/min];

o p,is the liquid phase D«

—— Conical section

density [g/cm3];
o p,is the solid density
[g/cm3] and

o ¢is the volumetric
fraction of solids in the
feed [%].
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0,6
dco. = o | Plitt (197¢)
D0,71h0,38 0,45( o ) ’
u Q ps pl
] Plitt et al (19280)
.
0,46 0,6 11,21
; 50,5 DC Di Do u0’590’063(1)
50c — 0,71
DY71h0.38Q045(ps — pl )05
Addiction of the fluid dynamic viscosity («) B
P N
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Plitt (1976)

Flintoff et al (1987)

50,5 D246 pYpl2l g0,063¢
dsoc = 0,711.0,38 ~0,45 0,5
Du h Q (ps - p])
39,7 DD Dyt p0se0063¢
dsoc = kg

D3’71h°'38Q0'45 (951_6 P1 )a

Calibration factor (k;) dependent on the solid fed in the hydrocyclone
and a constant (o) dependent on the feed flow rate
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W _ 505 pYtépepl2l ¢0,063¢
206 50,714,038 045 LS
: Q" (ps— p;)
; 14,8 Do*°D"°Dg %t e0063¢
50c —
© Dy"'h038Q045 (pg — p))

Plitt (1976)

Valaddo et al (2007)

High volumetric fraction of solids pulp and the difference between the
solid and the liquid density is raised by one (not by 0.5)
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50,5 D2;46D?,6Dé,21 80’063(1)
dSOC - 0711 0.38 ~0 45 o5 | Plitt (197¢6)
Du’ h ’ Q ] (ps . pl)
v Gupta e Yan (2006)
”
2,6892 D2’46D?'6D(1;21 10/5 0,063
dSOC — kz D0,71h0 — —
u 38Q%%> (ps — p1)®
e
. Calibration factor (k,) N
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50,5 D246 DYepl2t g0.063¢
) C 1 0)
dco. = 038 04 o5 | Pltt (1976)
Dy " h™Q™ ™ (p, — p;)

l | Luz (2005) |
- 52,45 DY*0 DY pLAt ¢0.063¢ '
) C (0)
dsoc = o731 0,38 0145 0,5

Du’ h® Q (ps_pl)’
=~

.| Another calibration factor
7
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HYDROCYCLONES TYPICAL
GEOMETRIES

o Three main hydrocyclones families:

D/D. D,/D. /D, L/D._ 6
Bradley | 0.133 0.200 0.330 6.850 9.0°
0.267 0.159 5.874 12.7°

Rietema| 0.280 0.340 0.400 5.000 °°

20.0°
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MATHEMATICAL MODEL PROPOSITION

o Hydrocyclone operation simulations
were redlized to generate the

proposed mathematical model l\
using three hydrocyclone
geometries. i B

oThe adopted pulp was composed
by iron ore (p, = 3.53 g/cm?) and
water (p, = 1.00 g/cm3).
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MATHEMATICAL MODEL PROPOSITION

o The volumetric fraction of solids in the
feed (¢) assumed eleven different

p values: 0.5, 5.0, 10.0, 15.0, 20.0, 25.0,

30.0, 35.0, 40.0, 45.0 and 50.0%.

W/

= | o Ten volumetric flow rate (Q) of
hydrocyclone feed were used (from
0.5 to 5.0 m3/h with increment equals
= | to 0.5 m3/h).
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MATHEMATICAL MODEL PROPOSITION I

° D D,' D DU h O
[c,%] [cm] [cm] [em] [em] °1T
B Bradley | 10,0 1.33 200 1.00 65.20 9.0

Krebs | 10.0 2.67 1.59 1.00 54.74 12.7

Rietema| 10.0 2.80 3.40 2.50 46.00 20.0
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MATHEMATICAL MODEL PROPOSITION

o Altogether 330 simulations (110
simulations for each geomeiry) were
realized. Exponential regressions were l\
made using the corrected cut size
calculated in the simulations for each
B geometry, infending to recalculate Plitt’s
model coefficients and therefore
proposing a model which fits better to the
calculated data.
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50,5 DY46 DY pl-2t g0.063¢
dco. = 038 04 o5 | Pltt (1976)
Dy "h™7*Q™* (p, — ;)
- z
0,46 10,6 11,21 0,5,0,063
b 2,54 D "°D;"°Dy " po°e0063¢
50c — 0,71
Du h0,38Q0,45 (pS —_ pl )0,5
. Proposed model - constant model and the adoption of fluid dynamic i
. viscosity in agreement with equation proposed by Plitt et al (1980) N
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Proposed model (red line) versus simulated data (black dots) for a Rietema hydrocyclone
operation with 4.5 m3/h of iron ore pulp
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PROPOSED MODEL VALIDATION

o Experimental data from 60 hydrocyclone
tests published by Vieira (2006) were used

to validate the proposal model. l\
o Phosphate ore (o, = 2.98 g/cm?3) pulps in a
wide range of volumetric fraction of solids |
P and volumetric flow rate feed.

o 15 different hydrocyclone geometries
were tested with 4 different volumetric
9 flow rate of hydrocyclone feed.
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Correlation between experimental and calculated d;,. using Plitt’s model (1976)
for all 60 hydrocyclone tests
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Correlation between experimental and calculated d;,. using Plitt’s model (1976)
for 40 hydrocyclone tests (purging the worst results)
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Correlation between experimental and calculated d;,. using the proposed
model for all 60 hydrocyclone tests
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CONCLUSIONS

o Through the study of the models
based on Plitt’'s model (1976) was
possible to propose a new empirical
model.

olt is possible to affirm that the
proposed model is more able of
accurate calculate the ds,. for
pulps with low volumetric fraction of
solids in the feed.
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CONCLUSIONS

o More experimental work are needed to
test the new model against wide chances

< in operational variables, pulps with two or DN
more types of ores, fluid dynamic
viscosity, volumetric flow rate of i i
> hydrocyclone feed and even pulp

temperature.
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