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OPTIMIZATION OF HYDROCYCLONE WORK PARAMETERS BY THE APPLICATION OF

DISPERSION ANALYSIS

M. Golomeova, B. Krstev, B. Golomeov

Faculty of Mining and Geology Stip, Republic of Macedonia

ABSTRACT: The paper presents a procedure for optimization of laboratory hydrocyclone work by the
application of dispersion analysis and planning with Latin square. The application of this method makes a
significant reduction in the number of tests and close optimization of the whole process. Tests were
carried out by a D-100 mm hydracyclone. Optimization parameters are as follows: solid contents in the
pulp, underflow diameter and inlet pressure. The influence of optimization parameters on hydrocyclone
classifying efficiency using -0.074 mm size fraction is described by a mathematical model.

INTRODUCTION

The basic characteristics of the process of
classifying are efficiency and cut- size. They
depend, first of all, on working conditions in
which hydrocyclone works.

Parameters that may vary with
hydrocyclones are: constructive elements (the
diameter for underflow and overflow, the
relation between lengths of cylindrical and
conical parts, angle of conical part) as well as
working conditions in hydrocyclone (inlet
pressure, capacity and content of solid in

pulp).

EXPERIMENTAL

The subject of this investigation is the study
of the performance of laboratory cyclone D =
100 mm in classifying of copper ore
depending on three variable parameters.

Since with the traditional method of study

the total number of tests for three factors at ~
three levels amounts to 27, the authors

applied the dispersion analysis which makes
possible significant reduction of the number
of tests, simultaneous assessment of all
factors studied and close optimization of the
process.

Tests planning was done according to Latin square
and the factors studied were marked as follows:
- inlet pressure (I-III): I-0,5bar; 11-0.75 bar; III-1.0
bar
- content of solid in pulp (1-3): 1-20%;
3-40%
- underflow diameter (A-C): A-12mm; B-14mm; C-
16mm '

2-30%;

The pattern of various systems, according to Latin
square is such that each value of one factor combines
with a value of other two factors (Tab.1).

Table 1. Tests plan

1 II 11
1 A B C
2 C A B
3 B C A

Each test was performed twice and the content of
class -0.074 mm in underflow and overflow was
determined by screening analysis. The classifying
efficiency was calculated by the formula:

- (a—b)-(cﬁa) 4
_a(loo—a)-(c—b)'m

where:

a - the content of class -d+0 in inlet; (%)

b - the content of class -d+0 in underflow; (%)
¢ - the content of class -d+0 in vverflow; (%)
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RESULTS AND DISCUSSION

The results obtained for the values for
classifying efficiency calculated are written in

Table 2 with the tests plan.

Tab.2 Results for classifying efficiency
45.55 44.30 38.16
45,87 43.66 38.63
53.86 50.20 53.76
54.23 49.80 53.54
51.86 53.19 44.61
51.35 52.78 44,17

1. Calculation of sums for individual group of
factors Yi... Yy and general Y.

Y(I)=302.72
Y(II) = 293.93
Y(III) = 272.87
Y(1)=1256.17
Y(2)=315.39
Y(3)=297.96
Y(A) =280.20
Y(B)=298.47
Y(C)=290.85
Y(gen)= 869.52

2. Calculation of the sums of squares in lines,
columns and letters:

Y-l = Z[Y J———_73434
Y1-3= Z( 2)———308734
Y 4-C= Z[ ]l-uzsoﬂ

> gen= E}’l __473 164

3. Calculation of sum of the error for
reproductivity:

Yrep=Y gen-Y1-1-F1-3-Y 4-C

D rep=57.925

4. Degree of freedom for group of factors:
fimn =3-1=2 fi3=2 frc=2

5. Degrec—a of freedom for general dispersion:
foen =N -1=18-1=

6. Degree of freedom for general reproductivity:

fiep. = fgen - G = fi3 - fac=17-2-2-2=11

7. Dispersion of reproductivity is:

g - Zrep.

rep.

=5.266

S rep.
8. Dispersion of the influence of groups is:

ZI -1

S, = =3922
1-H11 fi "
i, = M3 5437
fis
IA-C
8l c= = 14.04
A-C

9. Assessment of the influence of factors according to
Fischer's criterion calculated is:

Siz il =7.45

Frm=

rep

I:v = Sl23

=2931-

r('p

2
Foos= Sfi =267

rep.

For the level of probability p = 95%, Fischer's
criterion amounts to Fy = 3.9. Since Fyp < Fu it
follows that the influence of all factors examined is
significant for the efficiency of classifying. The
influence of the content of solid in inlet pulp is the
largest.

10. Determination of coefficients of the model:

Yy =YN; a=Y/n-y; bi=Y/k-y; o=Yip-y;
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; =Y/N =869.52/18 = 48.307
a|:2.l47; a|]=0.632 ar| =-2.828‘,

b=-5.612; b,=4.258; b3;=1.353

ca=-1.607; cg=1.438; cc=0.168

11. Model of classifying efficiency.

Taking in consideration that according to
tabular values for the criterion of Student at
f=2 and the level of probability 90-95%, t =
2.92 and Spp=+/5.266 = 2.29, the model for
efficiency will be:

E = 48.307 + a +bi+ct67.

Maximum efficiency of classifying should
be expected at working conditions as follows:

P=0.5 bar; C=30%; d,=14 mm. At these
working conditions the efficiency would be:

E=48.307 +ay+ b3 +cp +6.7
E=48.307+2.147+4.258 + 1.438 £ 6.7
E=56.15+6.7

CONCLUSIONS

The application of dispersion analysis makes possible
significant reduction of the number of tests,
simultaneous assessment for all factors tested and
close optimization of the process. Tests planning in
the paper is done based on Latin square so that the
total number of tests for three factors at three levels
amounts to nine.

The mathematical model obtained and the values of
the coefficients make it possible to find out the
optimum conditions for the work of the hydrocyclone
for variable factors.

1t was determined that if classifying is carried out at
working conditions such as  P=0.5 bar; C=30%; dp
=14 mm, then efficiency of classifying of 56% could
be expected.
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