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ABSTRACT
Study on slurry pump performance has attracted much interest in many engineering fields. The

influence of solids concentration on a purnp operation has been investigated over the decades.
When pumps are required to handle slurries, the pump head and efficiency are mainly affected by
the solid size, solid concentration and solid density. The experiments were conducted with water,
sand shurry, and clay shurry at operating pump speed. Measurements of power consumption, flow
rate, total head developed by the pump and the density of the slurry were made in order to obtain
the characteristic curves of the pump. The results have shown that the values of head generated by
the pump and its efficiency are not only dependent on solid concentration but are also affected by
particle size distribution of the solids and properties of the slusry. )
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1LINTRODUCTION

Centrifogal slurry pumps are being used
extensively in pipeline transportation systems
because of their capabilities 10 economically convey
large size abrasive solids in bulk. These pumps have
been developed by suitably modifying the design of
conventional centrifugal pumps to ensure proper flow
of solid liquid mixtures and to minimize erosive
wear, The head and the efficiency of these pumps
with slurries are in general lower in comparison with
those pumping pure water due fo the presence of
suspended solids, Mez [1] carried out experiments to
investigate the effects of solid properties such as
density, particle size and particle size distribution,
and solid concentration up to 40% by weight on the
behavior of centrifugal pumps. The maximum
particle size was 125 mm. He observed that the effect
of solid concentration on head reduction is linear
when pumping coarse grain solids. His results were
in agreement with the results obtained by Kazim et
al. [2]. Sellgren and Vappling [3] has reported that
the decrease in the head is a function of solid
concentration, specific gravity and the particle drag
coefficient. Wilson [4] presented practical methods
for predicting the performance of centrifugal shurry

pumps with extremely fine and coarse particles size,
density and concentration of solids The results
showed that when pumping slurries, the relative
reductions in pump head and efficiency were
independent of flow rate and pump speed. Sellgren
and Vappling [5] observed higher reduction in the
efficiency compared to the head developed by
rubber-lined pump for solid concentration higher
than 20 percent by volume, Sellgren and Addie [6]
investigated the effect of solids on the large
centrifogal pumps head and efficiency. They used
two types of sands and a gravel material with average
particle sizes of 0.25, 1.5, and 6 mm, and showed
that, for a 70% of the best efficiency point (BEP)
flow rate, the clear water head was dropped by 3.5,
7, and 10% respectively, with a solids concentration
of 32% by weight in centrifugal slurry pumps
having impeller diameters of 1.1 and 1.2 m. Gahlot et
al. [7] studied the effect of density, size distribution,
and concentration of solids on the characteristics of
centrifugal pumps. They observed higher drop in the
head compared to that in the efficiency. Sellgren and
Addie [8] situdied the effects of solids on large slurry
pumps with impellers 0.8 and 1.2 m in diameter
operating at very high slurry concentrations. They
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observed that the effect of the presence of solids was
smaller in larger size pumps compared to small
pumps. They also concluded that the reduction in
efficiency was normally less than the head reduction
in large pumps, while it was equal for smalier units.
Kazim et al. [9] performed experiments to study the
individual effects of particle size, particle size
distribution, specific gravity, and conceniration of
solids on the performance characteristics of
centrifogal pumps, They found that the relative
reductions in pump head and efficiency, for a
constant concentration of solids, were to be fairly
constant over the range of discharge investigated.
They also concluded that the relative reduction in
cfficiency was generally lower than the relative
reductionr in head at amy given flow rate and
concentration of solids. Ni st al. [10] focused on
pumping of highly concentrated slurries and
conciuded that the high solids concentration has
shown strong impact on the performance
characteristics of the pump. For the medium sand
slurry, they observed that there exists a critical
volumetric concentration in pump head and
efficiency drop faster. Sellgren et al. [11] studied the
effect of sand-clay shuries on the performance
characteristics of centrifugal slurry pumps. They
observed that the addition of clay to sand led to a
reduction in pipe line friction losses, thus lowering
the pumping head and power consumption. Gandhi,
“et al, [12] developed a methodology based on a loss
analysis procedure fo predict the performance of
centrifugal pumps handling slurries.  Their
methodology accounts for the constructional
differences of the slurry pump when compated with
the pure liquid pump. Gandhi, et al. [13] investigated
the performance of two centrifugal slurry pumps for
three different solid materials, (fly ash, zinc tailing,
and bed ash) with different particle size distribution
in terms of pump performance parameters. Their
tesults have shown that the values of head and
efficiency ratios are not only dependent on solid

concentration but are also affected by particle size
distribution of the solids and properties of the slurry.
They showed that the reduction in head was 2-10%
higher than the reduction in cfficiency. They also
observed that for concentration less than 30% by
weight, the increase in the input power of the pump
could be related to the specific gravity of slurry. In
addition the relative reductions in pump head and
efficiency can be considered to be the same for the
given range of concentration of solids. Gandhi et al.
[14] studied the effect of speed on the performance
characteristics of a centrifugal slurry pump. They
concluded that the affinily relations applicable to
conventional pumps for head and capacity can be
applied to the slurry pumps handling water and
slurries at low solid concentration (<20% by weight).
For higher solid concentrations, these relationships
need to be corrected by taking into account the effect
of solids. Engin and Gur [15] have developed a
correlation to predict head reductions of centrifngal
pumps handling slurries. Their correlation takes into
account the individual effects of particle size, particle
size distribution, specific gravity and concentration
of solids and impeller exit diameter on the pump

performance. Based on the previous studies it is

shown that there is a conflict information about the
reduction in head and efficiency. An attempt has
been made to establish the effect of multi sized
concentrated slurries on the performance of the
centrifugal pump.

2 EXPERIMENTAL WORK
2.1 Experimental Apparatus and Instrumentation
In the present study experiments were conducted
to determine the individual effects of particle size,
particle size distribution and concentration of solids
on the centrifugal pump performance characteristics.
The experimental data were obtained by conducting
experiments using a specially designed and
fabricated experimental facility. The schematic view
of the test rig is shown in Fig.1.
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Fig.1 Experimental test rig and instrumentation.
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The mixture was prepared using a stirrer (8) in a
mixing tank (7) by adding the required quantities of
solids into the water. The pump discharge was
controlled by using delivery valve (11). The slurry
was drawn from the mixing tank by the pump and
circulated through a closed test loop. The suction and
delivery heads were measured by using a Bourdon
pressure gauge. The calibration of these gauges was
periodically checked using a weight type reference
gauge. The flow rate was measured by using orifice
meter (4) and Ultrasonic flow meter {15). Both flow
meters are calibrated with water and slury by
measuring the collected volume of water or slurry in
measuring tank over a known time interval. The
pump (2) is directly coupled to a 7.5 HP-AC motor
(1). Atypical centrifugal pump having specifications
d;=54 imm, d=175 mm, b;=10.5 mm, b,=5 mm,
Bi=21.5° B,=28° and z=6.(backward curved) was
nsed in the experiments. The pump speed measured
by using variable speed inverter (3). The input power,
P (kW) to the eleciric motor was measured by using a
calibrated wattmeter with an accuracy of 0.36%. The
meters were checked before and after each set of runs.

2.2 Test Method

In order to study the effect of the suspended
solids on the centrifugal pump characteristics, testes
were conduced with three sorts of narrowly graded
sands with specific gravity 2.52 and one sort of clay
shurries, (fine sand, medium sand, coarse sand and
clay). The physical properties of the materials are
shown in tablel. The particle size distributions of the
materials were sieve analysis. The weighted mean
diameter (d,) of different materials was calculated
and the mass median diameter (dsy) was obtained
from the cumulative percentage undersized-particle
diameter Fig.2.

Tablel. Physical properties of the material used.

Weighted
Specific | Mass median mean
Materials gravity | diameter(mm) | diameter
3¢-) dsp (mm)
dy
Fineto
medium 2.52 0.152 0.152
sand
Medium | 55 0.203 0.206
sand
Coarse to
medium 2.52 0.341 0.348
sand
Clay 2.08 0.003 0.0035

Measuremenis were made with six different
concentraticns of each solid material for the
operating speed of the pump. Following the
completion of the pump test with water, a

recalculated amount of solid material was slowly
added to water in the mixing tank with the stirrer in
operation. The mixture was kept in circulation for
approximately 15 minutes to assure a complete
mixing before starting any measurements. The
delivery valve was opened while the pump in
operation at a constant rotating speeds. The power
input to the motor, the flow rate, and the suction and
delivery pressure were recorded. The density of the
mixture (p,) was determined from the vatue of solid
concentration. The measurements were repeated for
various settings of the delivery valve, various
concentrations of solid particles and various types of
materiais,
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Fig.2 Particle size distribution of the material used

3 EXPERIMENTAL RESULTS
3.1 Effect of concentration of selids

The experimental results on the centrifugal pump
with water and different solid-liquid mixtures and
clay concentration ratios at operating speed of 3000
rpm are presented in Figs. (3-6). These figures show
the performance charactenistics of centrifugal pump
at a speed of 3000 rpm for water and different
concentration ratios (by weight) of fine sand,
medium sand, coarse sand and clay slurries. The
concentrations of particles range (5%-32%} for sand
slurries and (5%-36%) for clay slurry. From the
results it is shown that with increasing the percentage
of concentration, the pump head and efficiency
decreased and pump input power increasing in
comparison with the performance of the pump with
clear water, From the resnlts it is shown that all
curves have the same trend as that with clear water.
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3.2 Effect of particle size distribution of the solids

The particle size distribution of the solids has a
strong influence on the pump performance
characteristics. The effect of particles size
distribution on the centrifugal pump performance at
the pump speed 3000 rpm and constant concentration
by weight (Cw=5%) is represented in Figs. (7-8). The
Figures it can be seen that increasing the particle size
has a little effect on the pump head and efficiency
and also on the consumed pump power reduction.
Figs. (9-10) present results for concertration ratio
(Cw=32%) and show that increagsing the
concentration ratio has a pronounced reduction on
the pump head and efficiency and also the consumed
power required for the pump is increased.
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4, DISCUSSION

To bring out the relative pump performance with
four solid materials over the entire range, the
measured data is expressed in terms of head ratio
(HR), power ratio (PR), and efficiency ratio (ER).
Figs. (11-13) represent linear relations between the
head ratio (HR), power ratic (PR), and efficiency
ratio (ER), with solid concentration at pump best
efficiency point (BEP). ‘
From Fignre (11) it is shown that with the increasing
of solid concentration and particle size the head ratio
HR decreasing. This agree with the results of Ni et al.
[10], Seligren and Addie 6], and Gandhi et al. [13].
From this Figure it is also shown that clay slurry has
higher head ratio compared to sand slurries. Figure
(12) show the variation of power ratio PR with solid
conceniration at the best efficiency point. From this
Figure it is shown that, the power ratio increases
linearly with increasing the solid concentration for all
types of shurries. For coarse sand shurry the power
ratio is higher than those for the medium and fine
sand, While for clay the power ratio is lower than
sand. For the clay, fine and medinm sand slorries,
ER~HR, and therefore PR=1 holds for the
concentration at least up to 10%. From this Figure it
is also shown that, the rate of increasing of PR for all
types of siurries is lower than the rate of increasing
of the mixture specific gravity. This is in line with
the results of Gandhi et al. [13]. Figure (13) show the
variation of efficlency ratic ER with solid
conceniration at the best efficiency point, From this
Fignre it is shown that with increasing the solid
concentration and particle size the efficiency ratio
decreases. The above experimental results show that,
the head, power and efficiency of the pump are
affected by the presence of suspended solid particles

in the carrier liquid, Comparison of the results show
that, the values of ER are always higher than the
corresponding HR. values for all solid materials
depending upon the concentration and properties of
the solid material. This is in agreement with the
results of Gandhi et al. [13], and Gahlot et al. [7].
Figs. (14-16) show the comparison between
measured experimental results of head ratio, and
efficiency ratio with the published results obtained
by Kazim et al. [2] and Ni et al. [10] taken into
account the variation of HR and ER with solid
concentration (Cw) and mass median diameter (dso).
Kazim et al. [2] used an Ni-hard metal impeller of
270 mm diameter, while Ni et al. [10] used
centrifugal impeller of 400 mm diameter, 160 mm
wide at discharge, 3 logarithmic vans having 20-
degree inlet angle,17-degree outlet angle and 5
degree overlapping angle. The comparison was
carried out at best efficiency point, and show the
same linear relation and the difference of the resuits
due to the difference of pump size, particle size and

solid specific gravity.
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5 CONCLUSIONS

From the present experimental investigations on
the centrifugal pump characteristics with different
slurries, the following broad conclusions can be
obtained:

1. The head and efficiency of the pump decrease with
increase in solid concentration, and the particle
size.

2. Sand size has a strong influence on characteristic
of the pump. The efficiency reduction factor for
the clay and fine sand slurry is rather small, while
the factors for the medium sand at Cw=32% and
the coarse sand at Cw=32% reach Re=6.7% and
16%, respectively,

3. For the high concentrations of the coarse sand
power ratio (PR>1)} and therefore  power
requirement increases nonlinearly with the slurry
relative density.

4, For the clay, fine sand, and medium sand slurry,
FR=~HR, and thereforc PR=1 holds for the
concentration at least up to 10%.

5. For the coarse sand siurry the pump head drops
much faster than the pump efficiency when
Cw=15%.

NOMENCLATURE

BEP = best efficiency point

B = plade height (mm)

Cw = solid concentration by weight (percent)
D = blade diameter (mm)

dsp = mass average patticle diameter (mm)
d,, = weighted mean diameter (mm)

HR = Hs/Hw (head ratic)

PR = Ps/Pw (power ratio)

ER = BEs/Ew (efficiency ratio)

Rh = 1-HR (head reduction factor)
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Re = 1-ER (efficiency reduction factor)

S = gpecific gravity

Hs = head developed with slurry (m)

Hw = head developed with water ()

Ps = input power drawn by the pump for shurry
(Watt)

Pw = input power drawn by the pump for water
(Watt)

Es = efficiency of the pump for slurry.
(percent)

Ew = efficiency of the pumyp for water. (percent)

Z = number of blades

B = blade angle (degrees)

v = 100/[(Cw/p:)+((100-Cw)/pr)] (density of
slurry mixture). (kg/m®)

Ps = density of the solid phase (kg/ma)

pL = density of the liquid phase (kg/m®)
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