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Abstract - The solid particles in slurry play a very crucial role on the performance of the centrifugal slurry pump. The 

percentage of solid particles in slurry is deteriorating the overall performance of pump. Hence, it is very much essential to 
understand the quantity, shape, size, hardness of the solid particles that affects the pump performance. An analysis can be 
done by adopting various strategies. Primary investigation has been done by visual observation of the casing before and after 
operating of pump casing. In the research work various existing correlation are considered and compared with result 
obtained from the experiments. The experiments are performed with different operating conditions. It is observed that 
experimental results and simulated results of measurement of discharge head are very close. Further, the wear profile of 
casing of slurry pump with different operating condition is investigated. From the macroscopic observation and 
measurement of wear it can be concluded because of wear in slurry pump casing discharge head decrease. 
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I. INTRODUCTION 

 

Centrifugal slurry pump are widely used in the slurry 

transportation systems because they convey abrasive 

solid in bulk efficiently. The effects of solids in 

centrifugal slurry performance are major selection 

criteria for the pump selection. The performance 

characteristic of the slurry pumps are poor as 

compared to conventional pump. because slurry 
pump efficiency has influence by various factors like 

size and shape of the particles, pumping pressure, 

reactivity between the solid, slurry concentration, 

pipe diameter, abrasive property, viscosity of the 

liquid and slurry properties[1,2,4,15]. 

Pagalthivarthi et al. [4] used quasi-3D finite element 

technique to predict the flow field inside the casing of 

a centrifugal slurry pump. It is found from the 

previous studies that efficiency and head decreases 

while the input power increases with the increase in 

particle size, solid concentration and specific 
gravity.Study of wear in centrifugal slurry pump 

determines the hydraulic performance, reliability of 

the pump and operation life. Centrifugal slurry pump 

mainly have two mechanism of the erosive wear 

sliding wear and impact wear. The wear variation 

depends upon the concentration of the solid particles 

and velocity distribution here in this paper velocity 

and pressure distribution is calculated for the 

centrifugal slurry pump. In the moving parts of the 

slurry pump wear is more uniform while in the casing 

wear is different at different locations. Gandhi et al. 

[5] confirmed by their study that increase in size of 
the pump lower the head loss. Many study are 

performed for the in the slurry pump changing the 

concentration in the slurry mixture and changing the 

size of the solids in the slurry. There are number of 

the other studies has been done for the flow 

characteristic of the slurry pump [9, 16, 21] in 

different concentration and conditions. There are 

many studies has been done to predict the wear 

computationally in centrifugal slurry pump but they 

have low accuracy from the experimental results [3, 

9, 13].  Here in this study wear profile of the slurry 

pump casing and the effect of the wear in the 

performance of the slurry pump has been measured. 

 

II. PROPERTIES OF ASH 

 
In slurry transportation properties of the ash mixed in 

slurry is very important. The characteristic of the 

flow depends on the properties of the ash. Ash 

collected by burning bituminous coal have low 

diameter of particles. The lower quality of coal 

contains more impurities and the ash of this type of 

coal is coarser than the bituminous ash. The shape of 

the solids, hardness and density determines the flow 

and wear of the component. Generally specific 

gravity for ash is between 2.1 to 3.0. Colour of the 

ash also shows that which type of coal is burning. 
Lighter quality ash have light grey colour which have 

low carbon content. 

 

Bottom ash specific 

gravity 
2.82 

Bottom ash density 1746 kg/m3 

Fly Ash density 1451 kg/m3 

PH value of fly ash 9.50 

Specific gravity of fly 

ash 
2.60 

Table-1 Physical Property of Ash 

 

Chemicalcomposition of ash: 

Chemical properties of the ash is depends on the 

burning of the coal and type of method is used for 

storage and handling. There are four types of coal is 

used in the in every day which differs in the heating 

value, chemical composition are origin area of the 

coal mined. The chemical composition of the ash 
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found from the FTIR analysis. The results of the 

FTIR analysis for the bottom ash and fly ash are 
shown in the tables 2 and table 3 respectively. 

 
Table-2 Chemical Composition of Bottom ash    

 
 Table-3 Chemical Composition of Fly Ash 

 

Effect of the ash slurry fineness- 

The particle size of the ash in slurry heavily impact 
on the centrifugal slurry pump performance and wear 

of the pump. As mention in the literature review as 

the size of the particle increase the wear rate is also 

increased. As the concentration of the ash in the 

slurry changes the behaviour of the slurry also 

changes. The effects of a change of fluid viscosity are 

alsowell known. If the density of the fluid being 

pumped is kept constant whileits viscosity is 

increased, then the head and efficiency are lowered, 

and thepower needed to maintain a constant capacity 

is increased. As the ash particle size effect so much in 

the slurry pump performance it is require to know the 
size of the particles. From the table 4 and 5 it is 

observed that fly ash have finer particles than bottom 

ash. So the suggestion can be made to increase the 

fineness of the bottom ash thus increasing life of the 

slurry pump. 

 

III. EXPERIMENTAL PROCEDURE 

 

In this objective of this study is mainly to find out 

real wear profile in casing and the effect of wear in 

the discharge head. As the discharge head and 
abrasivity are the significant factors for the selection 

of a pump. For that the data has been collected from 

the thermal power plant ash handling plant. The 

pumps manufactured by SAM TURBO INDUSTRY 

LTD. Here for the study 3 different slurry pump 
casing has been observed and run for the 600 hours 

with the ash concentration of 

 

30% by weight. At every 300 hours thickness of the 

casing has been measured. The table below 

specification of the 3 pump is given. Pump is driven 

by 300 kW, 1476 rpm maximum rated speed variable 

speed induction motor (Make- NGEF LTD, 

Bengaluru, India). After every 300 hours thickness of 

the centrifugal slurry pump casing has been measured 

by the Modsonic ultrasonic thickness gauge Edison- 

1BL. 

 
Table 6- Various operational data for slurry pump 

 
Table 7 – Centrifugal pump specifications 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 6, Issue-2, Feb.-2018, http://iraj.in 

Wear and Performance Charactaristic of Slurry Pump 

 

57 

CFD ANALYSIS OF CENTRIFUGAL PUMP 

Computation fluid dynamics (CFD) is vastly applied 
on the centrifugal slurry pump. Here the from the 

CFD approach flow field of the water in the 

centrifugal pump has been investigated. The design of 

the centrifugal pump is same as the design of the one 

of the pump used in the experiment to measure the 

wear. CFD program is run in the ANSYS 15.0 

workbench. 

Centrifugal pump is designed in two component 

system impeller design and volute casing design. To 

design the pump components ANSYS VISTA CPD 

has been used. The duty parameter are given as 

head=23 m, flow rate-613 m3/s, RPM=994, density of 
the liquid is set to the water’s density as 1000 kg/m3. 

Vista CPD gives us the 2D design of the impeller and 

volute. 

For the impeller design result of the ANSYS CPD is 

used. Based on the previous design to design the 

blade shape BladeGen is used which is also a part of 

ANSYS WORKBENCH. Now setting the required 

parameters and shape of blade. Blade mesh is used to 
check the geometry and meshing. 

To make the 3d cad model result from the Vista CPD 

is used. Where in the subsystem of mesh geometry 

and meshing of the casing is produced. 
 

 
Figure 1 Volute casing mesh 

 

 
Figure 2 Project Schematic of Ansys CFX 

 

RESULT AND DISCUSSION 

 

                          
Figure 3- 2D DIAGRAM OF CASING                                        Figure 4 Wear Inside Casing At a point 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 6, Issue-2, Feb.-2018, http://iraj.in 

Wear and Performance Charactaristic of Slurry Pump 

 

58 

After the 600 hours running the centrifugal pump 

casing is observed and the wear along the casing has 
been measured. The wear in the casing has been 

measured by the varying thickness of the casing over 

period of 300 hours and 600 hours. In figure 3 2D 

diagram of casing is shown and points are marked at 

which thickness measurement is taken. In tables 

below casing 1, casing 2 and casing 3 thickness 

surveys is presented. Figure 4 and figure 5 show the 

macroscopic view of the slurry pump casing inner 

wall. From the macroscopic view pits are clearly 

visible that shows that the wear in the casing is 

erosion type of wear. And the change of colour shows 

effect the corrosion.  
Figure 5 Wear Inside Casing At h point 

 
Figure 6-Average wear rate 

 

Ansys CFX is used to calculate general performance 

of the pump. Here by using Ansys CFX the velocity 

profile in the casing has been investigated. From the 

figure 8 pressure profile of casing is shown. It is seen 

that pressure in throat is less and at outlet pressure is 

maximum. In the figure 7 velocity distribution graph 

of the near the throat area velocity is high but for very 
small area. At cutwater part velocity is maximum so 

at point between g and h will have more wear respect 

to other parts of casing. Here in the low concentration 

slurry pump flow work as Newtonian. 
 

 
Figure 7 Velocity profile in Ansys CFX 

 

 
Figure 8 Pressure profile in Ansys CFX 

 

From table figure 6 shows that as the hours of the 

running of the pump increases the wear rate is also 

increases. The maximum wear in the casing happen at 

a and b point. At points a and b the impact velocity of 

the particle is higher than any point because of the 
direct impact of the particle. At a and b the ash slurry 

particles directly impacted on the casing wall also the 

distance between casing wall and impeller outlet is 

minimum compared to the other points for every 

casing thus the energy by which particles are 

impinged are much higher compared to other points.  

At points c and d the wear rate is minimum compared 

to other parts of casing. For casing 1 and 2 it is c 
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point and for casing 3 it is d point. At the c and d 

pressure in the slurry casing has starting to increase 
between these two points of the casing. Because of 

that direct impingement of the particles from the 

impeller is less likely to happen at that points. But at 

c and d points particles of the slurry are pushed to the 

wall therefore mainly at these points sliding wear 

happens. As the sliding wear is less erosive than 

direct impact wear. As from the figure we can see 

that from point d to h wear rates are gradually 

increases. Here from d to h pressure in the casing has 

been increased also with that velocity of the slurry 

particles increases at the point d to h wear increases 

mainly because of the sliding wear. As the wear of 
the any material depends on the energy of the 

particles hits the casing wall. 

 

Performance characteristic of slurry pump- 

Centrifugal slurry pump performance depends on the 

size, abrasivity and shape of the solid particles in the 

slurry. Characteristics of the pump changes for the 

water, type of slurry and slurry concentration. To find 

out the change in performance head ratio is compared 

for the different pumps for their selection. In this 

study slurry is used with concentration of 30% by 
weight. 

 

Author Correlation for the Head Ratio 

Yassine[1] 𝐻𝑅 = 1.8369𝐶𝑊
2 −  0.742 𝐶𝑊 + 1 

 

Engine and 

Gur[2] 
𝐻𝑅 = 1 − 0.11𝐶𝑊 𝑆 − 1 0.64 ln

𝐷𝑊

22.7
 

 

Kazim[11] 
𝐻𝑅 = 1 − 0.13𝐶𝑊 𝑆 − 1 ln

𝐷𝑊

20
 

Where,𝐶𝑊 = 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑  𝑏𝑦 𝑤𝑒𝑖𝑔𝑡 
𝑆 = 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑 𝑖𝑛 𝑠𝑙𝑢𝑟𝑟𝑦 

 𝐷𝑊 = 𝑤𝑒𝑖𝑔𝑡𝑒𝑑 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑓𝑜𝑟 𝑡𝑒 𝑎𝑠 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 

𝐷 = 𝑖𝑚𝑝𝑒𝑙𝑙𝑒𝑟 𝑒𝑥𝑖𝑡 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 
Table 8-Correalation to the head ration by earlier authors 

 

Author Head Ratio(HR) 

Theoretical Pump 

1 

Pump 

2 

Pump 

3 

Yassine 0.942  

0.92 

 

0.936 

 

0.925 Engine 

and Gur 

0.9497 

Kazim 0.9381 
Table 9- Comparative evaluation of existing correlation and 

actual head reduction 

 

Effect of wear in Discharge head 

Wear in the centrifugal slurry pump have the adverse 

effect on the performance and the efficiency. Here 

performance of the pumps after the 300 hours and 

600 hours has been compared with the new pumps 

that are used in the study. As the figure shows that as 

the after 300 hours of running the discharge head is 

much affected by the wear in casing but there is 
minor drop in the discharge pressure. After 600 hours 

of running the discharge head significantly decrease 

with respect to its original discharge head. As in the 
graph shows that in pump equipped with casing 1 

discharge head is dropped from 23 m to 20.05 m. also 

in the casing 3 discharge pressure is dropped from 

18.5 m to 15 m. performance of the pump equipped 

with casing 2 is mostly affected by the wear in casing 

where its discharge head is reduced from 37 m to the 

31.8 m. Which shows that as wear in centrifugal 

slurry pump casing is increase the discharge head is 

also decrease. 

 
Figure 11 Discharge Head vs. Hours for Pump 

 

CONCLUSIONS 

 

The present work include study the properties of 
bottom and fly ash like particle size distribution, PH 

value, specific gravity of bottom ash and fly ash.  

Based on the current investigation it is concluded that 

the relative wear of the centrifugal slurry pump 

casing is the function of the erosive material and 

variation of the solid particle around the casing. The 

variation of the wear along the casing has been 

measured for 3 different centrifugal slurry pumps. 

The wear rate of the each casing has been calculated. 

The profile of the casing wear has been compared 

with other casing and general wear profile for the 
wear can be found for the centrifugal slurry pump. 

The wear effects on the performance of the casing 

that has been measured. The discharge head is 

decreased for all pumps as the wear is increased. 

These are the conclusion from the study. 

 The theoretical values derived by correlation 

equations of the head ratio by different authors 

and the actual head ratio shows acceptable 

deviation. Which shows the performance of the 

pump depends upon the slurry concentration, size 

of the particle and physical property of the 

particle. Deviation could be because of various 
reasons such as shape of the particle and design 

of the slurry pump. 

 The CFD result for slurry pump casing shows the 

areas which have the higher velocity and 

pressure have more wear. 
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 The wear in the centrifugal slurry pump casing 

shows the wear in casing is not uniform and it 
varies with every pump. But the throat area have 

the maximum wear in the casing. For the design 

of the centrifugal slurry pump this profile can be 

optimized for minimum wear. 

 Wear in the pump casing affect the pump 

performance as the discharge head decreases 

with the increase in the wear. Studies are needed 

to investigate wear in pump components and how 

to reduce it. 
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