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Pumping efficiency of screw agitators in a tube
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Abstract

Most information on pumping efficiency that is available in the literature is limited to the turbulent region (centrifugal pumps). The
aim of this paper is to show the effect of the Reynolds number on the pumping efficiency of screw agitators for a wide range of Reynolds
number values from creeping to the turbulent flow region. The dependence of the pumping efficiency on the Reynolds number extends our
knowledge about the efficiency of classical impeller pumps restricted usually to turbulent region.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Screw agitators rotating in tubes are very efficient tools
for the mixing and pumping of viscous liquids. They are also
suitable for cases where the viscosity changes during oper-
ation. The effect of the Reynolds number on pumping char-
acteristics was shown in Ref.[1]. The influence of geometry
on pumping characteristics of screw agitators was presented
in [2]. Paper[3] was devoted to the effect of the Reynolds
number on the power characteristics. Both the pumping and
power characteristics enable us to calculate the pumping ef-
ficiency defined as the ratio of fluid power to the power in-
put. The aim of this contribution is to show the effect of the
Reynolds number on the pumping efficiency.

2. Theoretical background

The pumping characteristic is the dependence of the spe-
cific energye (transferred to the unit mass of fluid by the
agitator) on the pumping capacityQ. As shown in[4] it is
advantageous to express this in a dimensionless form as

e∗ = f (Q∗, Re) (1)

As it can be seen from[1,2] for screw agitators, the depen-
dence ofe∗ on Q∗, for a givenRe, can be approximated by
a straight line:

e∗ = e∗
max

(
1 − Q∗

Q∗
max

)
(2)
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The valuese∗
max andQ∗

max are independent of the Reynolds
number in the creeping flow region. In the turbulent region,
the valuee∗

max ≈ Re andEq. (2) transforms to the form

e+ = e+
max

(
1 − Q∗

Q∗
max

)
(3)

independent of the Reynolds number.
The power characteristic is a dependence of the power

consumptionP on the specific energye. After an inspec-
tion analysis of the governing equations, the following
relationship for the dimensionless power characteristic was
proposed in Ref.[4]:

P ∗ = P ∗(e∗, Re) (4)

As it was shown in[3], the dimensionless power character-
istic can be approximated by a linear relation

P ∗ = c + ae∗ (5)

The values of coefficientsc and a are independent of the
Reynolds number in the creeping flow region. In the tur-
bulent region, values ofa and c/Re are independent ofRe
and the power characteristic can be approximated by the
following equation:

Po = c

Re
+ ae+ (6)

Pumping efficiencyη (defined as the ratio of fluid power to
the power input) can be calculated by the following relation
(see e.g.[5]):

η = eQρ

P
(7)
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Nomenclature

a, c coefficients inEq. (5)
d agitator diameter (m)
d1 root diameter (m)
Dt tube diameter (m)
e specific energy (J kg−1)
e∗ dimensionless specific energy,e∗ = e/νn

e∗
max maximum dimensionless specific energy

e+ dimensionless specific energy,e+ = e/n2d2

e+
max maximum dimensionless specific energy

L length (m)
n agitator speed (s−1)
P power (W)
P∗ dimensionless power,P ∗ = P/µn2d3

Po power number,Po = P/ρn3d5

Q volumetric flow rate (m3 s−1)
Q∗ dimensionless pumping capacity,Q∗ = Q/nd3

Q∗
max maximum dimensionless pumping capacity

Re Reynolds number,Re = nd2/ν

s pitch (m)

Greek letters
η efficiency
µ dynamic viscosity (Pa s)
ν kinematic viscosity (m2 s−1)
ρ density (kg m−3)

Fig. 1. The dependence of maximum dimensionless pumping capacity on the Reynolds number.

Fig. 2. The dependence of maximum dimensionless specific energy (e∗
max) on the Reynolds number.

or in dimensionless form:

η = Q∗e∗

P ∗ = Q∗e+

Po
(8)

3. Effect of the Reynolds number on the pumping
efficiency of a screw agitator in a tube

The procedure of the pumping efficiency calculation
will be illustrated on a screw agitator characterized by the
following dimensionless geometrical parameters:s/d =
1, d1/d = 0.2, L/d = 1.5, Dt/d = 1.1. With refer-
ence to[1] the plot of parametersQ∗

max and e∗
max on the

Reynolds number shown inFigs. 1 and 2can be obtained
using values presented in[2]. Inserting these values into
Eq. (2) we receive pumping characteristics depicted in
Fig. 3. Dimensionless specific energye+ instead of e∗
is recommended for regions with high Reynolds number
values. Dependence ofe+

max on the Reynolds number is
depicted inFig. 4. Inserting values fromFigs. 1 and 4
into Eq. (3), pumping characteristics shown inFig. 5 are
obtained.

Dependence ofc and a on the Reynolds number taken
from Ref. [3] are shown inFigs. 6 and 7. Inserting these
values into Eq. (5), the power characteristics depicted
in Fig. 8 were obtained. Dependence ofc/Re on the
Reynolds number is shown inFig. 9. Inserting values from
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Fig. 3. The dimensionless pumping characteristics at low Reynolds number values.

Fig. 4. The dependence of maximum dimensionless specific energy (e+
max) on the Reynolds number.

Figs. 7 and 9into Eq. (6), we receive power characteristics
in a form more suitable at high Reynolds number values that
are shown inFig. 10.

Using pumping and power characteristics, the values of
pumping efficiency can be calculated fromEq. (8). The

Fig. 5. The dimensionless pumping characteristics at high Reynolds number values.

dependence of efficiency on dimensionless pumping capac-
ity calculated for selected Reynolds number values is shown
in Fig. 11. From this figure it can be seen that efficiency
is very small in the creeping flow region(Re < 5). This is
due to the fact that most of the energy is spent for viscous
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Fig. 6. The dependence of coefficientc on the Reynolds number.

Fig. 7. The dependence of coefficienta on the Reynolds number.

friction in screw at low Reynolds number values. It can
also be seen that with increasing Reynolds number values,
efficiency increases and nearly 80% of power is transferred
to the fluid near the maximum in the turbulent region. The

Fig. 8. The dimensionless power characteristics at low Reynolds number values.

relation between efficiency and Reynolds number presented
in Fig. 11 extends our knowledge about the efficiency of
classical impeller pumps for which valid results are, so far,
restricted mostly to the turbulent flow region.



F. Rieger / Chemical Engineering Journal 89 (2002) 47–52 51

Fig. 9. The dependence ofc/Re on the Reynolds number.

Fig. 10. The dimensionless power characteristics at high Reynolds number values.

Fig. 11. The plots of pumping efficiency on dimensionless pumping capacity at different Reynolds number values.
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