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Abstract: In the study, water jet pump transfers the slurry in the well through pipe system to centrifugal pump. Sand-water 
mixture causes amount of material loss in the water jet pump structure computed by a software program. The purpose of 
the study is to determine the most critical part in the water jet pump. The wear amount is affected by many parameters such 
as sand particle diameter, mass flow rate of abrasive and inlet velocity. So, it is investigated that the wear amount on the jet 
pump is changed according to sand percentage in the well water, inlet velocity and erodent diameter. Mass flow rates of sand 
have a value of 0.097 kg/s for w.p. % 5, 0.194 kg/s for w.p. % 10, 0.291 kg/s for w.p. % 15 at an inlet velocity of 3.98 m/s. The 
maximum erosion wear rate is raised from 2.26x10-4 kg/(s m2) to 6.84x10-8 kg/s2m2 for inlet velocities of 1.99 m/s, 3.98 and 
7.96 m/s, respectively for the case of weight percentages of %15 in Finnie erosion wear model. Finnie, Mclaury, Generic and 
Oka erosion models have been compared. It is found that Mclaury’s erosion model demonstrates the highest erosion value of 
1.38x10-3 kg/(s m2) for w.p. % 15 at 3.98 m/s inlet velocity for the erodent diameter of 0.0005m in all. It is claimed that erosive 
wear has been concentrated on the nozzle of the water jet pump. The wear rate can be predicted as straightforwardly for 
different conditions.
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1. Introduction

Erosive-abrasive wear is caused by the solid particles 
carried by liquid [1-7]. It is prevalently formed in trans-
portation systems such as pumps, pipes, turbines and 
valves [6,8-10]. Fine abrasive particles are transferred 
in the fluids in the field of industry such as oil [11,12], 
gas production  [13] or in engineering applications such 
as dewatering and dredging [14]. These fine particles 
in the fluids are primary cause of wear in the trans-
portation system components such as water jet pump 
providing simple structure without a movable part [15] 
or in a slurry mixed container [16,17] or in a turbine 
[18-20]. The water jet pump is used to transmit fluid at 
low speed from narrow deep wells when the water level 
is too low for a normal pump suction head to operate 
and a primary flow is named as motive flow diverged 
from the total volume flow in the pump [15,21-23]. The 
primary flow is recirculated to the jet pump which is 
mounted under the lowest water level [24].

Erosion wear is commonly investigated in pipe systems 

[11,12,25]. The researchers concentrated on the wear 
in pipe elbows because of the change in flow direc-
tion[11,12,25, 26]. The novelty of the research is that the 
study is focused on the erosive wear of water jet pump 
transferring slurry mixture in the well. The sand-water 
slurry mixture removes material on the parts of water jet 
pump such as nozzle, mixing part and diffuser because 
of continuous impingement of the abrasive sand parti-
cles. The effects of inlet speed, particle size and particle 
amount on the wear were studied in a software program 
and the results are discussed herein. The critical parts 
of this water jet pump such as nozzle, mixing and dif-
fuser regions have not been discussed in terms of slurry 
erosion in the literature yet. Computational analysis of 
slurry erosion model is the straightforward method to 
provide the determination of critical points in the water 
jet pump, maintenance and protection of them.

Some researchers studied on erosion wear in literature. 
Kosinska et al studied on erosion of pipe elbow for dif-
ferent particle diameters from nano to micro size and 
fluid velocity. Although, the erosion rate for under the 
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erodent diameter of 10−6m decreases with particle size, 
nano particles cause clustering to form local erosion 
[27]. Doroshenko et al numerically analyzed worn-tee of 
the main gas pipeline withstanding additional stresses 
due to gas stream action. It is found that the maximum 
Mises equivalent stresses in the tee caused by the ero-
sion wear of its line wall are formed on the outside of the 
tee line near the reinforcing lining located on the tee line 
[28]. Bai et al investigated erosion wear of helicopter ro-
tor blades made up of titanium alloy, magnesium alloy, 
or aluminum alloy the construction material, respec-
tively. It is found that Ti-4Al-1.5Mn alloy performs the 
highest erosion resistance. The erosion rates of the three 
materials remained nearly unchanged with changes in 
the angle of attack [29]. Yan et al (2020) modeled ero-
sion wear in the hydraulic amplifier of the deflector jet 
servo valve influenced by abrasives in the oil. CFD sim-
ulation and Oka erosion model were used to emphasize 
the wear on the amplifier. It is claimed that the major 
erosion wear happens on the shunt wedge [30]. Yanan 
and Tingzhou numerically simulated computational 
fluid mechanics in 3 different types of elbows and ex-
perimentally tested the erosion wear performance of the 
elbows. Yanan and Tingzhou found that the elbow made 
up of 42CrMo material demonstrates the highest resis-
tance to erosion wear in all [31]. Kannojiya and Kumar 
designed slurry pipe having a different bending angle to 
minimize the worn material on the pipe surface and fo-
cused on the velocity in the pipes having 150 mm diam-
eter and 250 mm diameters. It is seen that increase in 
velocity can maximize wear amount and high bending 
angles provide to lower rate of erosion [32].  Kumar et 
al studied on effect of swirl vanes angle on erosion wear 
of AISI 316 pipe. Pipe model with vanes having different 
swirl angles and without a vane was compared in terms 
of erosion rate. Kumar et al claimed that placing a swirl 
vane enables reduce in the erosion rate on the pipe bend 
for all cases studied except when a 30˚ swirl vane was 
mounted at 360 mm from the inlet of the upstream pipe. 
Also, As the swirl angle is decreased, the erosion wear 
across bend is also decreasing [33]. Farokhipour et al. 
modeled sand particle erosion in gas-solid particle two 
phase flow at sharp bend, standard elbow, long elbow, 
and 180˚ pipe bend. Particle sizes of 150 and 300 μm 
were considered in the study of Farokhipour et al [34]. 

2. Mathematical Model of Flow
Pandhare and Pitale designed water jet pump paramet-
rically. In the study, this water jet pump model [21] was 
modified and used in an irrigation system for transport-
ing water and sand particles at low weight percentage 
as depicted in ▶Figure 1. The sand particles inside the 
water strike the inner surface of jet pumps during flow. 
The cyclic impact is the reason of material removal in 
the jet pump. Thus, action of the slurry mixture causes 
wear in the jet pump. The jet pump dimensions in units 
of mm have been illustrated in ▶Figure 2.

Figure 1. Irrigation system

2.1. Jet Pump Model

The water jet pump investigated for the current study 
consists of a diffuser and nozzle. RANS turbulence 
model was applied. The turbulent k-ω-SST was chosen 
as the flow model inside the water jet pump. Due to the 

Figure 2. Water Jet Pump Dimensions
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fact that the k-ω (SST) model utilizes both benefits of 
k-w and k-ε models. The k-w model demonstrates accu-
rate results in the near wall, whereas k-ε models in the 
far-field region. So, the k-ω (SST) model can provides a 
wide range of accurate flow profiles [35].

The RANS momentum and continuity equations were 
used in computation. In physical model incompressible 
flow was activated. The flow analysis was realized at dif-
ferent velocities to emphasize the flow character inside 
the pump. It was performed at velocities of 1.99 m/s, 3.98 
m/s and 7.96 m/s for representing low operating speeds, 
respectively. The other boundary conditions are given in 
▶Table 1. On the other hand, the magnitude of velocity is 
one of the main effective parameters in erosion wear in 
slurry medium. In addition to turbulent flow model, par-
ticle tracing model for fluid flow was run to investigate 
erosion wear behavior of slurry mixture on the water jet 
pump design. The particle density of sand is specified as 
2200 kg/m3. The erosion rate on the surface of water jet 
pump was investigated and particle trajectory was sim-
ulated according to time. The model was run for 15s as 
illustrated in ▶Figure 3 and Δt is set as 0.01 s. 

2.2. CFD Model of Flow

Continuity equation in water jet pump is defined in 
Equations 1-3 as;

𝑄𝑄𝑡𝑡𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙 = 𝑄𝑄𝑝𝑝𝑟𝑟𝑖𝑖 + 𝑄𝑄sec                                                                                                        (1)

𝐴𝐴𝑡𝑡𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙𝑉𝑉𝑡𝑡𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙 = 𝐴𝐴𝑝𝑝𝑟𝑟𝑖𝑖𝑉𝑉𝑝𝑝𝑟𝑟𝑖𝑖 + 𝐴𝐴sec𝑉𝑉sec                                                                                   (2)

𝜋𝜋(𝑑𝑑
2
𝑡𝑡𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙)
4 𝑉𝑉𝑡𝑡𝑜𝑜𝑡𝑡𝑎𝑎𝑙𝑙 = 𝜋𝜋

(𝑑𝑑2𝑝𝑝𝑟𝑟𝑖𝑖)
4 𝑉𝑉𝑝𝑝𝑟𝑟𝑖𝑖 + 𝜋𝜋

(𝑑𝑑2𝑜𝑜−𝑑𝑑2𝑖𝑖 )
4 𝑉𝑉sec                                                            

(3)

Turbulent flow model [36]:

The mathematical expression of incompressible flow in 
steady state is defined in Equations 4-9 as;

𝜌𝜌(𝑢𝑢.∇)𝑢𝑢 = ∇[−𝑝𝑝𝑙𝑙 + (𝜇𝜇 + 𝜇𝜇𝑇𝑇 )(∇𝑢𝑢 + (∇𝑢𝑢)
𝑇𝑇 ]) + 𝐹𝐹

                                                           (4)

𝜌𝜌∇(𝑢𝑢) = 0  (5)

𝜌𝜌(𝑢𝑢.∇)𝑘𝑘 = ∇[(𝜇𝜇 + 𝜇𝜇𝑇𝑇𝜎𝜎*𝑘𝑘)∇𝑘𝑘] + 𝑝𝑝𝑘𝑘 − 𝛽𝛽*𝑜𝑜𝜌𝜌𝜔𝜔𝑘𝑘              (6)

𝜌𝜌(𝑢𝑢.∇)𝑘𝑘 = ∇[(𝜇𝜇 + 𝜇𝜇𝑇𝑇𝜎𝜎𝜔𝜔)∇𝜔𝜔] + 𝛼𝛼𝜔𝜔𝑘𝑘𝑝𝑝𝑘𝑘 − 𝛽𝛽0𝜌𝜌𝜔𝜔
2, 𝜔𝜔 = 𝑜𝑜𝑚𝑚

                                          
(7)

and the turbulent viscosity are denoted as;

𝜇𝜇𝑇𝑇 = 𝜌𝜌 𝑘𝑘𝜔𝜔                                                                                                                           (8)

the production term is expressed as;

𝑝𝑝𝑘𝑘 = 𝜇𝜇𝑇𝑇 [∇𝑢𝑢 : (∇𝑢𝑢 + (∇𝑢𝑢𝑇𝑇 )])                                                                                              (9)

3. Mathematical Model of Erosion

3.1. Particle Tracing

The particle tracing for fluid flow was run to anal-
yse particle trajectory in jet pump as illustrated in  
▶Figure 3. The abrasive sand particles from different 
inlets are mixed at the end of nozzle part. The abrasive 
sand particles start to move along the jet pump and 
reach to outlet at the end. The inlet velocity of parti-
cles is 3.98 m/s along the jet pump axial direction. The 
computation according to time was run for the case of 
erodent size diameter of 500 μm and % 10 weight per-
centage slurry mixture.

3.2. Erosion Prediction

The mass flow rates of sand particles in slurry were 
varied from 0.097 kg/s to 0.388 kg/s. Those values are 
relatively low intensities. Thus, it is assumed that New-
tonian flow is formed in water jet pump. The sand parti-
cles inside water jet pump cause an amount of material 
to be removed. The four erosion models are used to an-
alyze the erosion behavior in the water jet pump. These 
are Finnie, Mclaury, Generic and Oka models that are 
selected in program. Mathematical expressions of these 
three erosion models are as follows;

3.2.1 Finnie Erosion Model [37]

Impact angle and velocity are principal factors affect-
ing the wear in the Finnie model as expressed in Equa-
tion 10.

𝐸𝐸𝑅𝑅𝐹𝐹𝑖𝑖𝑛𝑛𝑛𝑛𝑖𝑖𝑒𝑒 = ∑
𝑁𝑁
𝑝𝑝=1

�̇�𝑚𝑝𝑝𝐿𝐿𝑓𝑓(𝛼𝛼)𝑣𝑣𝑣𝑣𝑒𝑒𝑙𝑙𝑝𝑝
𝐴𝐴𝑓𝑓𝑎𝑎𝑐𝑐𝑒𝑒                                            (10)

3.2.2 The Mclaury Model [38]

The McLaury erosion model computes the erosion rate 
of solid particles in slurry and is shown in Equations 
11,12.  

𝐸𝐸𝑅𝑅𝑀𝑀𝑐𝑐𝑙𝑙𝑎𝑎𝑢𝑢𝑟𝑟𝑦𝑦 = 𝐺𝐺𝐵𝐵ℎ𝑗𝑗𝑉𝑉 𝑣𝑣𝑒𝑒𝑙𝑙𝑓𝑓(𝛾𝛾)                                                                   (11)

Table 1. Boundary conditions for inlets  

Parameters Value

Particle density, 𝜌𝜌𝑝𝑝 2200 kg/m3

Mass flow rate, �̇�𝑚 0.097 kg/s-0.388 kg/s 

Initial particle diameter 0.0001 m-0.00025 m-0.0005m-
0.00025m-0.001m

Normal inflow velocity, U 1.99-3.98-7.96 m/s
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𝑓𝑓(𝛾𝛾) = {𝑏𝑏𝛾𝛾2 + 𝑐𝑐𝛾𝛾 𝛾𝛾 ≤ 𝛾𝛾lim
𝑥𝑥 cos2(𝛾𝛾) sin(𝑤𝑤𝛾𝛾) + 𝑦𝑦 sin2 𝛾𝛾 + 𝑧𝑧 𝛾𝛾lim < 𝛾𝛾                     

 (12)

3.2.3 Oka Model [39, 40]

Oka model calculates erosion rate in Equations 13 as;

𝐸𝐸𝑓𝑓 = 1
𝐴𝐴𝑓𝑓
∑𝑖𝑖 �̇�𝑚𝑑𝑑 (𝑠𝑠𝑖𝑖𝑛𝑛𝛼𝛼)𝑛𝑛1(1 + 𝐻𝐻𝑣𝑣(1 − sin𝛼𝛼))

𝑛𝑛2𝐾𝐾(𝑉𝑉𝑟𝑟𝑒𝑒𝑙𝑙𝑉𝑉𝑟𝑟𝑒𝑒𝑓𝑓
)
𝑘𝑘2
( 𝐷𝐷
𝐷𝐷𝑟𝑟𝑒𝑒𝑓𝑓

)
𝑘𝑘3

                             
(13)

      

3.2.4 Generic Model [41]

The generic model is developed by Hamed et al and is 
focused on the erodent’s size, impact angle and impact 
velocity. The Generic model is expressed in Equation 14. 

𝐸𝐸𝑅𝑅𝐺𝐺𝑒𝑒𝑛𝑛𝑒𝑒𝑟𝑟𝑖𝑖𝑐𝑐 = ∑
𝑁𝑁𝑡𝑡𝑟𝑟𝑎𝑎𝑗𝑗𝑐𝑐𝑡𝑡
𝑝𝑝=1

𝑚𝑚𝑝𝑝𝑓𝑓𝑟𝑟𝐶𝐶(𝑑𝑑𝑝𝑝)𝑓𝑓(𝛼𝛼)𝑣𝑣𝑣𝑣𝑒𝑒𝑙𝑙𝑝𝑝
𝐴𝐴𝑓𝑓𝑎𝑎𝑐𝑐𝑒𝑒  

(14)

4. Results and Discussion
The investigated regions in the jet pump are illustrat-
ed in ▶Figure 4. The mixing region, diffuser and inlets 
of nozzle are depicted in ▶Figure 4. Outlet pressure is 
100000 Pa. Pressure inlet is 0 Pa.

Mesh test was done for different number of mesh ele-
ments to determine the adequate number of elements to 

solve the model analysis and to get a much more accu-
rate results as shown in ▶Table 2. The analysis resulted 
in magnitude of maximum Finnie wear rates in water 
jet pump and erosive wear values on water jet pump 
are changing approximately within 0.46 % deviation 
for 7070000 number of mesh elements and 44000000 
number of mesh elements. Thus, it is determined that 
the 7070000 number of mesh elements is adequate to 
be used to solve 3-D erosion wear model. Inflation lay-
er is 5. Infilation thickness is 0.005. Mesh size is 0.75.. 
Tetrahedral grid elements are adopted within the com-
putational domain. Also, for capturing of near wall flow 
treatment, high gradient mesh structure is used along 
the walls. For this propose an inflation with first layer 
thickness of 5x10-3 mm and growth rate of 1.2 for 5 lay-
ers is applied to all walls.  Accordingly, the enhanced 

Figure 3. Particle trajectories in water jet pump-U=3.98 m/s After 1s, 5s, 10s, 15s.

Table 2. Mesh dependence test 

Number Number of Mesh 
Elements

Finnie max. wear rates 
Velocity (m/s)

1 1100000 0.000320

2 3010000 0.000380

3 7070000 0.000430

4 23000000 0.000432

5 44000000 0.000432
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wall treatment approach is implemented for turbulence 
modeling. The computational domain and the details of 
the mesh are shown in ▶Figure 5.

Figure 5. Mesh of model

4.1. Effect of Medium Parameters on Wear Rate

Erosive wear in jet pump depends on some parameters 
such as speed, slurry mass flow rate, diameter of abra-
sive particle. These parameters are called as medium 
conditions in jet pump. Thus, in the study, effect of these 
parameters inside the jet pump was investigated.

4.1.1 Influence of Sand Amount on Erosion Wear of 
Water Jet Pump

The weight percentages of sand in the slurry mixture 
were varied from % 5-%15 for all erosion wear mod-
els. The maximum erosion wear rate of Mclaury wear 
model increased from 4.54x10-4 kg/(s m2) to 13.8x10-

4 kg/(s m2) for the wps from %5 - %15 as shown in  
▶Figure 6.  The maximum erosion wear rates in Finnie 
wear model were reached up to values of 6.84 x10-4 kg/
(s m2), 4.30 x10-4 kg/(s m2), 2.26 x10-4 kg/(s m2) for the 
slurry mixtures of % 5, %10 and %15 weight percent-

ages as illustrated in ▶Figure 6. Maximum wear rates 
in Oka models are 0.936 x10-5 kg/(s m2), 1.80 x10-4 kg/(s 

m2), 2.83 x10-4 kg/(s m2) for % 5, %10 and %15 weight 
percentages as depicted in ▶Figure 6.  Generic models 
demonstrate the lowest wear rates in all erosion wear 
models. The maximum wear rates achieved to 11.3 x10-4 

kg/(s m2), 7.5 x10-4 kg/(s m2), 3.75 x10-4 kg/(s m2) for % 5, 
%10 and %15 weight percentages of sand in slurry. The 
maximum erosion wear rates increase linearly accord-
ing to weight percentages of sand in slurry in the water 
jet pump as illustrated in ▶Figure 6.

4.1.2 Influence of Abrasive Particle Diameters on Erosion 
Wear of Water Jet Pump

The effect of the erodent size on the erosion wear was 
studied in the work. As the particle size decreased from 
0.0005 m to 0.001 m, the erosion wear rate increased 
as depicted in ▶Figure 7. In contrast, the wear rate in-
creased from 4.30x10-4 kg/(s m2) to 1.19x10-2 kg/(s m2) 
for the case of Finnie wear model, from 7.50x10-4 kg/(s 

m2) to 6.66x10-2 kg/(s m2) for the case of Generic wear 
model, from 8.65x10-4 kg/(s m2) to 1.66x10-2 kg/(s m2) 
for the case of Mclaury wear model, from 1.80x10-4 kg/
(s m2) to 6.22x10-3 kg/(s m2) for the case of Oka model. 
This demonstrates that the smaller abrasives were be-

Figure 4. Regions on the water jet pump

Figure 6. Wear rate for different weight percentages for each erosive 
wear model.
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ing pulled towards the nozzle wall resulting in higher 
erosion wear.

The region for the case of smaller erodent diameter 

of 0.00025 m in ▶Figure 8a is greater than the case 
of 0.0005 m as depicted in ▶Figure 8b. The regions of 
higher erosion wear values were enlarged as the ero-
dent diameter was increased from 0.0005 m to 0.001 m 
as shown in ▶Figures of 8b, 8c and 8d. 

4.1.2 Influence of Flow Velocity on Erosion Wear of 
Water Jet Pump

The influence of inlet flow velocity on maximum ero-
sion wear was investigated. The wear rate increases 
increasingly for all erosion wear models as shown in 
▶Figure 9. The maximum wear rates on the nozzle 
of the water jet pump reached to 1.2x10-4 kg/(s m2), 
4.3x10-4 kg/(s m2) and 3.92x10-3 kg/(s m2) according to 
Finnie model for the inlet velocities of 1.99 m/s, 3.98 
m/s, 7.96 m/s, respectively; 4.10x10-7 kg/(s m2), 7.5x10-

7 kg/(s m2), 1.51x10-6 kg/(s m2) according to the Gener-
ic model for the inlet velocities of 1.99 m/s, 3.98 m/s, 
7.96 m/s, respectively; 2.3x10-4 kg/(s m2), 8.65x10-4 kg/(s 

m2), 6.78x10-3 kg/(s m2) according to Mclaury model for 
the inlet velocities of 1.99 m/s, 3.98 m/s, 7.96 m/s, re-
spectively; from 5.7x10-5 kg/(s m2), 1.80 x10-4 kg/(s m2), 
1.89x10-3 kg/(s m2) according to Oka model for the inlet 

Figure 8. Erosion wear rates for different erodent diameters.

Figure 7. Wear rate under impacting of different abrasive diameter 
for different erosive wear models.
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velocities of 1.99 m/s, 3.98 m/s, 7.96 m/s, respectively.

Erosion wear rate was focused on the lateral surface of 
the nozzle at velocity of 3.98 m/s as depicted in ▶Figure 
10b. As the velocity increased from 3.98 m/s in ▶Figure 
10a to 7.96 m/s in ▶Figure 10c, the higher values of ero-

sion wear were concentrated around the nozzle exit as 
illustrated in ▶Figure 10d.  In ▶Figure 10a and c, it is 
illustrated that flow is separated at certain point inside 
the diffuser part of water jet pump due to the turbulence.

4.2. Comparison of Erosion Wear Models

Erosion wear rates of four different wear models of Fin-
nie, Mclaury, Oka and Generic     were computed in the 
water jet pump as illustrated in ▶Figure 11. The maxi-
mum wear rates in Finnie, Oka and Mclaury have been 
evaluated inner part of the nozzle while the maximum 
wear rate has been achieved in outer part of the nozzle 
for Generic model. 

5. Conclusion
The water jet pump was analyzed to identify the pos-
sible leakage locations due to impacting particles in 
slurry medium. The amount of sand particles affected 
the erosion rate inside the water jet pump directly.  The 
wear rates were evaluated to determine maximum val-

Figure 10. Erosion Wear Rate For Different Velocities.

Figure 9. Wear rate at different flow velocities for different erosive 
wear models.
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ues expressing the critical region of the water jet pump. 
The most affected area by the erosive wear is the nozzle 
of the water jet pump. This situation was approached 
with 4 erosive wear models. 

It was concluded that all models showed that the wear 
rate increases when the slurry percentage in weight in-
creases, and likewise for all modeling approaches the 
increase in erosion wear rate demonstrates similar ten-
dency when the input speed and abrasive size increases. 
Mclaury Finnie, Oka and Generic erosive wear model 
values for the erodent diameter of 0.0001m results in 
the highest erosive rates of 1.66x10-2 kg/(s m2), 1.19x10-2 
kg/(s m2), 6.22x10-3 kg/(s m2), 6.66x10-5 kg/(s m2) at the 
inlet velocity of 3.98 m/s in the % 10 w.p. slurry medi-
um, respectively.

It has been also computed that increase in abrasive 
mass flow rate, abrasive size, particle speed increase 
the wear rate. Thus, the wear rate can be estimated as 
straightforwardly for various cases. It is significant, be-
cause gradually increase in wear amount in the water 
jet pump lowers the performance of water the jet pump. 

The indicated critical points on the nozzle can be coat-
ed as a material that are more resist to erosive wear to 
minimize wear rate. 

Nomenclature
Qpri : Primary flow (m3 s−1)
Qsec : Secondary flow (m3 s−1)
Qtotal : Total flow (m3 s−1)
Apri : Section area of primary flow (m2)
Asec : Section area of secondary flow (m2)
Vsec : Velocity of secondary flow (m s−1)
Vpri : Velocity of primary flow (m s−1)
do : Outer diameter (m)
di : Inner diameter (m)
dpri : Primary diameter (m)
dtotal : Total diameter (m)
Vtotal : Total velocity (ms−1)
ρ : The fluid density (kg m−3)
ρp : Density of particle (kg m−3)

Figure 11. Finnie, Generic, Mclaury, OKA erosion rates in water jet slurry pump.
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u: The fluid velocity (m s−1)

p: The fluid pressure (Pa)

ṁ : Mass flow rate (kg s−1 )

μT  : The modified eddy (or turbulent) viscosity (Pa s)

Pk : Rate of production of turbulent kinetic energy (m2s−2)

Hv : Vickers hardness of material (HVN)

Bh : Brinell hardness of material

μ: Fluid viscosity (Pa s)

U: Inlet velocity (m s−1)

V: The velocity of the impacting particle (m s−1)

γ: The impact angle

ERFinnie : The erosion rate (kg s−1m2)

ERMclaury : The erosion rate (kg s−1m2)

Ef : The erosion rate (kg s−1m2)

ERGeneric : The erosion rate (kg s−1m2)

f(γ): The function of the impact angle

γlim : The transition angle

b: Experimentally derived constant

c: Experimentally derived constant

w: Experimentally derived constant

x: Experimentally derived constant

y: Experimentally derived constant

z: Experimentally derived constant

mpfr : Mass flow rate of the particles

C(dp): Concentration function in terms of the particle 
diameter

vp : The particle impact velocity (m s−1)

vel: The velocity exponent

ṁp : The mass flow rate of the impact stream

f(α): An impact angle function

α: An impact angle (rad)

N: The number of particles

Aface : The impact area (m2)

j: Constant

L: Constant

n1 : Constant

n2 : Constant
G : Constant
k2 : Constant
k3 : Constant
K : Constant
vrel : The relative velocity of the particle with respect to 
the wall (m s−1)
vref : The reference value for velocity (m s−1)
D: Particle diameter (m)
Dref  : The reference value for diameter (m)
ṁd : The mass flow rate of particles colliding with the 
surface (kg s−1)
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