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Application of dimensional analysis and experi-
ment to the operation of a hydrocyeclone yielded an
equation of the form:

Q —_ Klp(d-l)/l 5((!—8)/’ ‘uﬂ-‘)

This equation shows that the volume throughput Q
is a function of the pressure differential P, the density
d and the viscosity u of the medium. The constant K,
and the coefficients of the pressure differential, den-
sity and viscosity were shown by statistical analysis to
be relatively simple functions of the dimensions of
the body and orifices of small glass hydrocyclones
used with liquid media.

Hydrocyc]oncs are used extensively in the mineral industry
and in the pulp and paper industry for operations such as
classification, thickening and dewatering. This wide acceptance
has been achieved because the hydrocyclone is efficient and has
no moving parts. However, despite the apparent simplicity of
the hydrocyclone, the principles governing its operation are not
well understood. This is not because of lack of effort; much
work has been done using both theoretical hydrodynamic®-?
and empirical approaches®.4.9,

The relationship between the throughput of the hydrocyclone,
and the pressure drop across it, has been found to have the form

Q = kP~

The generally accepted value of 7 is 0.50, and this is supported
by gas cyclone theory® and by the theoretical hydrodynamic
treatments of Banerji and Roy®, Bradley® and Trawinski®.
In addition, Chaston® analyzed the results of hydrocyclone
tests done by several investigators and concluded that the equa-
tion, Q = kP5, was adequate to represent the relationship
between these two variables.

However, the results of experimental hydrocyclone tests by
Kelsall®, Haas et al.® and Matschke and Dahlstrom®® indicate
that for both large and small hydrocyclones the value of 7 lies
in the range 0.42 to 0.46.

The work reported in this submission was begun with the
object of resolving the factors responsible for causing the varia-
tion in the power to which the pressure term is raised. The
first attempts made to resolve the results were empirical, and
when this work was reviewed for publication it was suggested
by a reviewer®™ that dimensional analysis might be used to
resolve a relationship for correlating the results. The develop-
ment of this relationship, and its use in correlating the results
of pressure variation on the throughput of a small glass cyclone
operated with liquid only, will be discussed.
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L’application de I’analyse dimensionnelle et de
mesures expérimentales au fonctionnement d’un
hydrocyclone conduit & une équation de Ia forme:

Q =K1P(d-1)/! 6(11-8)/2 !‘(2—4)

Cette expression montre que la capacité volumétrique
Q est une fonction de la différence de pression 3, de
la densité § et de la viscosité g du milieu. On trouve,
a partir de P’analyse statistique, que la constante K,
et les coefficients respectifs de la différence de pres-
sion, de la densité et de la viscosité sont des fonctions
plutot simples des dimensions du corps et des orifices
des petits hydrocyclones en verre utilisés dans les
milieux liquides.

Development of Relationships

Preliminary experiments, done with a small glass hydro-
cyclone using a water medium to which various quantities of
sugar had been added to increase the medium density, indicated
that the variables influencing the throughput of the hydrocyclone
were the pressure drop across it and the density and viscosity
of the medium. In addition, it seemed reasonable to believe
that the geometry of the hydrocyclone, as represented by the
diameter of the inlet, overflow and underflow openings, as well
as the diameter of the hydrocyclone itself, would influence the
throughput.

The functional relationship between these variables was
expressed by the equation:

Q = f(P,5, K, Dly D2y “ee -D-).
To permit application of dimensional analysis, the diameters

1....D,. were replaced by a single variable, D, having the
dimension of length, and the result was:

Q = f(P, 8, m, D).

Assuming a simple power relationship between the variables,
the following equation was obtained:

Q = KPeSueDé. ... ................ (1
When the appropriate mass, length, and time units®? were

substituted in Equation (1) the following relationship was
obtained:

(L3T-1) = (MLT-t)s( ML-3p( ML-1T-1)L4,

Equating the indices of the three basic dimensions, A, I.
and 7, on both sides of this equation yielded:
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