
In this study, the computational fluid dynamics (CFD) 
analysis method was used to simulate the mixing and 
transportation characteristics of water and mud in a jet 
pump. By observing the fluid mixing law in the mixing 
chamber, throat and other structures, the internal flow 
field distribution of the jet pump under different working 
conditions was compared and studied. As a result, the 
internal flow details and operation performance curves  
of a certain size jet mud pump were obtained. It provides 
theoretical support for the optimisation design of a slurry 
jet pump in dredging engineering.

STUDY OF SLURRY 
TRANSPORT 
CHARACTERISTICS 
IN A JET PUMP

A jet pump is a kind of fluid machinery with a 
simple structure. It pumps and transports 
another low-speed fluid with high-speed 
mainstream, which is widely used in various 
industries. In this study, the three-dimensional 
numerical simulation method is used to 
analyse the mixed transportation of mud and 
water in liquid-solid jet pump. Based on the  
idea of control variables, the flow ratio of 
working conditions and the length of mixing 
chamber of size were explored respectively 
and the characteristics of internal flow field 
were analysed. The results showed that the 
pressure ratio (the difference between inlet 
pressure and suction pressure divided by the 
difference between outlet pressure and 
suction pressure) in the flow field at the axis, 
generally decreased with the increase of flow 
ratio (the ratio of suction flow to inlet flow).  
The efficiency of the jet pump increases  
first and then decreases. Using this rule,  
the pressure ratio can be increased by 
appropriately extending the length of the 
mixing chamber, so as to broaden the available 

efficiency. The results show that when the 
mixing chamber length is 2.5Dn ~ 4.0Dn,  
the efficient area is flat and wide, and when  
l = 3.5Dn, the liquid-solid jet pump has the best 
performance, the maximum pump efficiency 
can reach 41.4% and the corresponding optimal 
flow ratio is m = 5.29.

Numerical simulation
Multiphase model
The mixture model simulates multiphase  
flow by solving the momentum, continuity  
and energy equations of the mixture, the 
volume fraction equation of the second phase 
and the algebraic expression of the relative 
velocity. For each phase fluid with different 
velocities, it can be used to simulate 
multiphase fluid with very strong coupling. 
According to the working condition of jet  
pump in this article, there is mud flow in the 
fluid and there is relative velocity between  
the two phases, so it is more appropriate to 
select the mixture multiphase flow model  
for simulation calculation.
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Governing equations and turbulence models
The mixture model is selected to simulate the two-phase jet pump  
to establish the control equation of the liquid-solid two-phase in the  
jet slurry pump, so as to study the incompressibility of the two-phase.  
The fluid mixing process mainly solves the continuity equation, 
momentum equation and energy equation (Lucas et al., 2014).

The continuity equation of the mixture is:

	 (1)

Where vm is the average mass velocity and pm is the mixture density. 	  

The momentum equation of the mixture is:

	 (2)

Where p is static pressure, is stress tensor,  and are gravity  
and external force respectively. At the same time, also contains other 
source terms related to the model.

The energy equation of the mixture is:

	 (3)

In the formula, E is the total energy (J/kg) of the fluid micro cluster, 
including the sum of internal energy, kinetic energy and potential 

energy,  , h is the enthalpy (J/kg),  is the enthalpy 

(J/kg) of component j, defined as , where ;
 

 is the effective thermal conductivity (w/(m · K)),  are  
the turbulent thermal conductivity, determined according to the 
turbulence model used,   is the diffusion flux of component j;  is the 
volume heat source item including chemical reaction heat and other 
user-defined heat sources.

The turbulence model uses the most widely used standard   
model (Desevaux et al., 2002), its turbulent kinetic energy  and its 
dissipation rate . It can be obtained from the following transport 
equation:

	 (4)

	 (5)

Where   is the turbulent kinetic energy due to the average velocity 
gradient,   is the turbulent kinetic energy due to buoyancy,  is the 
contribution of fluctuating expansion to the total dissipation rate in 
compressible turbulence, ，   and  are constants,  and    
are ε Turbulent Prandtl numbers for K and  respectively.  and  is a 
user-defined source term.

Establishment of numerical model
Basic structure and parameters of jet pump
A typical jet pump is generally composed of five parts: nozzle, suction 
chamber, mixing chamber, throat and diffuser. The specific structure is 
shown in Figure 1.

Multiphase model
Each part is responsible for the corresponding specific functions, 
which are connected and cooperated with each other to complete the 
ejecting and conveying function of the jet pump. In addition to the 
different working environment, some operating characteristics of the 
jet mud pump are the same as those of the ordinary single-phase jet 
pump, and its efficiency still depends on several main parameters in 
the jet pump theory. The main parameters that have a great impact  
on its performance are the size and structure of the pump itself, the 
working flow and pressure of the pump. Because jet pumps are widely 
used, their sizes and working conditions vary in different environments 
and there is no one jet pump structure suitable for all, so there is no 
standardization of specifications (Mallela et al., 2011). In general, 
dimensionless parameters are mostly used for analysis in the research 
process. The important dimensional parameters and performance 
indicators in the research work are listed below:

	 (6)

	 (7)

	 (8)

	 (9)

Including the area ratio m , flow ratio M , pressure ratio H and efficiency  
of the jet pump . Subscripts respectively represent: s is the suction 
chamber, o is the nozzle inlet, n is the nozzle outlet, t is the throat and e  
is the pump outlet.

Modelling of jet pump
According to the working requirements of the 
solid-liquid jet pump and the literature 
(Maosen et al., 2014; Giacomelli et al., 2019), 
the suction section of the ejector fluid is 
simplified to be parallel to the axis line of the 
nozzle and the conical straight nozzle  
is selected. The principle and boundary 
conditions of the jet pump are shown in  
Figure 2. The main geometric parameters  
are shown in Table 1.

Mesh generation of 3D model
In order to ensure the calculation accuracy 
and improve the calculation speed, this study 
uses ICEM CFD to process the structured 
hexahedron grid of the calculation domain 
model and appropriately extend the jet pump 
outlet length, and locally densify the area 
with large pressure and velocity gradient 
(nozzle outlet, mixing chamber and throat 
upstream) (Ariafar et al. , 2015). In the parts 
where the numerical transfer connection is 
relatively gentle, such as the fluid inlet and 
outlet and the downstream of the throat, 
loose grids are divided. This can not only 
reduce the number of discrete nodes and 

Nozzle Inlet 
Di(mm)

Nozzle Inlet 
Angle α(°)

Nozzle 
Outlet 
Diameter 
Dn(mm)

Mixing 
Chamber 
Length 
L(mm)

Throat 
Diameter Dt

(mm)

Mixing Tube 
Length Lt

(mm)

Angle of 
Diffuser Inlet β

(a°)

Diffuser 
Length Ld

(mm)
Area Ratio m

16 13.8 8 8 32 192 8 180 16

FIGURE 1

Jet pump structure diagram.

TABLE 1

Geometric parameters of jet pump.

FIGURE 2

Principle and boundary conditions of jet pump.

FIGURE 3A & 3B

Mesh generation and local encryption in computational domain.

A  

B
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speed up the calculation process, but also reflect the distribution  
of the internal flow field of the liquid-solid jet pump more truly and 
improve the efficiency of numerical simulation.

Boundary condition 
The working fluid medium is liquid water, the injected fluid slurry is  
a 20% volume fraction of sand water mixture and the density of  
sand is 2.65 kg/m3. The mixture model is used to solve the two-
phase flow. The boundary conditions of working fluid are velocity 
inlet, secondary flow slurry is velocity inlet and pump outlet is free 
flow. The independent variable M is changed by changing the flow  
of two-phase water and mud. The simple algorithm is selected to 
solve the coupling of velocity and pressure, and the first-order 
upwind scheme is used to reduce the influence of false dissipation. 
The time step is set to 5 × 10-4. The residual error of each calculation 
condition is less than 10-4 and the relative error is less than 0.5%.

Grid independence verification
In this study, taking the model outlet pressure Pe as the reference 
value, the same model was discretised with different degrees of density 
and then the same boundary condition value was used for calculation 
(the model with 1D mixing chamber length was selected). It can be seen 
from the data in the table that when the number of grids increases to 
1327280, the outlet pressure will no longer decrease significantly and 
the flow field simulation solution is basically stable and reliable. In order 
to save the computational cost, the grid processing of all models in this 
study is about 1.32 million grids.

Numerical simulation verification 
This study verifies the reliability of the simulation results by 
comparing the numerical simulation results with the performance 
curve data obtained by Yu et al. (Jianliang et al. , 2001) from the 
experimental study of liquid and liquid gas jet pumps. Selecting the  
jet pump size with the area ratio m = 1.92, the secondary flow void 
fraction in the literature was analysed β  = 0 is the working condition 
of liquid ejecting liquid. The relationship between the dimensionless 
parameter H-M is shown in Figure 4. The trend of the simulated value 
and the experimental value is consistent. At the same time, the data 
are basically in good agreement and the errors are within 8%, which 
meets the allowable range in theory. Therefore, it is considered that 
the numerical simulation result is reliable.

Numerical analysis of flow field in jet pump 
Flow field analysis of jet pump axis 
Pressure distribution 
Figure 5 shows the pressure nephogram of the liquid-solid jet pump 
along the axis. By analysing the pressure nephogram, it can be seen 
that the liquid-solid jet pump presents negative pressure distribution 
from the nozzle outlet to the mixed fluid outlet and the pressure 
gradually rises along the flow direction. With the increase of flow  
ratio m, the minimum negative pressure gradually extends from the 
mixing chamber to the whole throat along the axial direction and the 
pressure fluctuation area in the throat is stable.

The pressure in the jet pump is negative pressure. Figure 6 shows  
the absolute value distribution of the pressure at the axial line  
in the jet pump. The working fluid enters the mixing chamber and  
the pressure decreases in a cliff like manner at the tapered pipe.  
This is because the convergence angle between the high-speed 
working fluid and the low-speed slurry causes a large amount of 
energy loss, so the working fluid pressure can be converted into 
kinetic energy, and the negative pressure in the suction chamber  
is ensured to achieve the normal suction of slurry. After that, with  
the gradual mixing of two-phase flow, the pressure increases slowly. 
It is worth noting that under the condition of small flow ratio, the 

FIGURE 5

Axial pressure nephogram.

Number of  
grid nodes

637845 883452 1030459 1327280 1548932 1762390

Outlet pressure 
pe (pa)

-119145 -149350 -164324 -176020 -176002 -176045

TABLE 2

Outlet pressure of jet pump with different number of grid nodes.

FIGURE 4

Comparison of literature experimental values and CFD simulation values.
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pressure increase trend is more obvious,  
and the main increase region is located at  
the downstream of the mixing chamber. 
When M = 7.40, the minimum negative 
pressure P = 2.5 × 10-5pa, the negative 
pressure of the suction chamber was further 
strengthened and the suction performance 
of the mud was optimised, but at the same 
time, the pressure in the throat became 
abnormally slow and tended to the contour 
line. After the M value exceeded 7.40, the 
pressure from the throat inlet to the diffuser 
inlet would change from rising to falling.  
The reason was that when the flow ratio was 
too large, the mud flow rate increased faster 
thus losing more kinetic energy during the  
mixing process, resulting in a continuous 
decrease in pressure (Xinping et al. , 2012). 
As a result, the mixing section of two- 
phase flow increases and the mixing effect 
becomes worse.

Velocity distribution 
The velocity nephogram of the central axis of 
the mixture is analysed as shown in Figure 7.  
It is obvious that the most direct impact of  

FIGURE 6

Axial pressure distribution curve in jet pump.

FIGURE 7

Velocity nephogram of middle axis.

the increase in flow ratio is reflected in the 
velocity distribution of the mud suction inlet 
and the fluid near the wall. When the flow  
ratio is low and the upstream wall of the lower 
throat is low, the flow rate has reached a 
medium value of 8.36 m/s at the throat and 
even the wall at the inlet of the mixing 
chamber, reflecting the radial expansion of 
the high-velocity region. At the same time, 
along the flow direction, it can be observed 
that the high velocity region gradually 
expands in the axial direction. The boundary 
layer at the end of the high-speed flow region 
mainly appears at the tail of the throat under 
low flow rate conditions. Under high flow rate 
conditions, it gradually appears in the middle 
and tail of the diffuser. Correspondingly, the 
flow velocity core also continues to grow and 
experiences delayed attenuation. This will 
make the effective distance of viscous 
friction of two-phase fluid longer and fully 
exchange momentum, which is conducive to 
the acceleration of the injected mud.

Figure 8 shows the velocity distribution at  
the axial line in the jet pump. After entering  

the nozzle, the fluid undergoes energy 
conversion. The velocity rises sharply  
and then flows out from the nozzle outlet.  
In the front of the mixing chamber and  
throat, its velocity maintains for a period  
of time. After that, as the two-phase flow  
is mixed in the throat, the velocity decreases 
significantly. After reaching the diffuser,  
the velocity energy of the mixed fluid is 
converted into pressure energy. The speed  
is further reduced to the stable flow rate  
at the outlet.

With the increase of secondary velocity, the 
kinetic energy of the mixing of the two fluids is 
greater. We observed the decreasing trend of 
velocity at the throat outlet and inside the 
diffuser. We found that under various operating 
conditions, the speed reduction caused by 
energy conversion in the diffuser is much more 
significant than that at the throat outlet. 
Especially when the flow rate is small, such as 
M=2.11 and M=3.17, the velocity of the throat 
outlet section has approached a horizontal 
trend. If the speed at the outlet section is only 
affected by the deceleration effect in the 

When the flow ratio 
is large, the mud flow 
rate increased even 
faster, thus losing 
more kinetic energy.

TERRA ET AQUA12 13 #171 - AUTUMN 2023

TECHNICAL



FIGURE 8

Axial velocity distribution curve in jet pump.

FIGURE 9

Mud pressure distribution curve.

FIGURE 10

Mud velocity distribution curve.

throat, a longer throat length is required. Blindly 
increasing the throat length is bound to bring 
more flow losses; as an energy conversion 
device, the diffuser can bring effective speed 
reduction, which also proves the necessity of 
the existence of diffusion section.

Mud flow state 
Mud pressure change 
The pressure distribution of the mud is 
negative pressure distribution, and the 
pressure at the mud suction port is P1. The 
absolute value pressure distribution curve of 
the mud is shown in Figure 9. The analysis of 
the whole injection process of mud shows that 
the pressure loss of mud mainly comes from 
the shear friction between mud and wall. Due 
to the negative pressure generated by the 
high-speed working fluid, the mud pressure in 
the suction chamber is greatly reduced. After 
that, the mud and working fluid are gradually 
mixed in the throat, and the pressure gradually 
rises steadily. Then, after being diffused by the 
diffuser, it reaches the straight pipe section at 
the outlet and the mud reaches a stable 
pressure higher than the suction port. It is 
then discharged from the jet pump.

With the increase of flow ratio, the absolute 
pressure curve of the mud from the mixing 
chamber to the outlet section is rising.  
This means that the mud pressure in this  
part is declining, mainly because the mud  
has a wider range of velocity and pressure 
fluctuations (Wu et al., 2018) under high-flow 
ratio, resulting in more energy loss in the 
mixing process.

In addition, we compared the pressure 
distribution of the outlet straight pipe section. 
We found that, except for the curve with 
M=9.52, the stable outlet pressure Pe of  
the mud after passing through the diffuser 
has increased compared to the initial 
pressure P0. This is because the mud fills 
pressure energy from the jet and liquid-solid 
jet pump structure through processes such 
as energy exchange, mixing, and diffusion.  
The development of mixed fluid is relatively 
stable. However, when M = 9.52, Pe < P0 
indicates that the mud pressure has been 
declining. The reason may be that the mud  
has not been developed in the jet pump.  
The large speed and flow make it difficult  
to obtain energy from the working fluid, and  
it is constantly lost and consumed along the 
way. At this time, the mud cannot meet the 
requirements and conditions of transportation.

Mud velocity change 
The wall velocity distribution of slurry from 
nozzle inlet to outlet is shown in Figure 10. 
Observe that there is no significant difference 
in the variation trend of mud velocity at each 
flow ratio from the suction port to the mixing 
chamber: the mud velocity decreases through 
the front wall loss, and then contacts with the 
high-speed working fluid after entering the 
mixing chamber, accelerating rapidly to the 
first peak. The difference caused by the flow 
ratio is mainly reflected in the throat to the 
outlet section. Due to the distribution law of 
turbulent kinetic energy in the throat, the mud 
slows down first and then accelerates, so 
there is a minimum value of mud velocity in the 
throat, which gradually increases with the 
increase of flow ratio and moves downstream 
of the throat along the jet direction. When M = 
7.40 is taken for analysis, the lowest velocity v 
= 6.33 m/s in the mud throat appears in the 
middle and lower reaches of the throat, leaving 
basically sufficient space for the accelerated 
development of mixed fluid. Then the mud 
reaches the second peak value v = 7.60 m/s.  
At this time, the phase velocity difference 
between the two fluids is small, the fluctuation 
is gentle, and the disturbance to the mixed 
fluid about to enter the diffuser is small.

The pressure  
loss mainly comes 
from the shear 
friction between 
mud and wall. 
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Overall performance analysis of  
liquid solid jet pump 
Pressure ratio H 
Pressure ratio H is one of the important 
dimensionless parameters of liquid-solid jet 
pump, which is expressed as the ratio of the 
pressure difference between the inlet and 
outlet of mud and the pressure difference 
between the inlet and outlet of working fluid. 
The value of H can be used to reflect the 
working condition of liquid-solid jet pump.
The curve relationship between the pressure 
ratio H and the flow ratio M of the liquid- 
solid jet pump is drawn as shown in Figure 11.  
It shows that the pressure ratio of the liquid- 
solid jet pump is continuously decreasing with 
the increase of the flow ratio (due to the 
relatively faster increase of the velocity of the 
injected mud in the two-phase flow at a large 
flow ratio), and more suction friction losses in 
the suction pipe section and the mixing 
chamber section. With the increase of mixing 
chamber length L, the pressure ratio curve 
moves upward, which is more obvious in the 
high-flow ratio section. Therefore, increasing 
the mixing chamber length within a certain 

range can effectively improve the pressure 
ratio in the high flow section and promote  
the mixing of liquid-solid two-phase flow.  
At the same time, reference (Zhiyue, 2008) 
shows that there is an approximate parabolic 
mathematical relationship between the 
pressure ratio and the flow ratio. In this article, 
the simulation value of l = 3.5Dn is selected for 
fitting and the function of H on M is obtained.

The conclusion of this formula can be used  
for the rough calculation of liquid-solid jet 
pump selection and has certain reference 
significance for the specific jet pump with 
pressure ratio (head ratio).

Efficiency 𝛈 
It is found that the mixing chamber length L 
and the injection flow ratio m have key effects 
on the performance of the liquid-solid jet 
pump in different simulation processes of 
injecting mud. The efficiency curves under 
different mixing chamber lengths and flow 
ratios are shown in Figure 12. With the 
increase of the flow ratio, the efficiency curve 
shows a parabolic trend, and η= 0 is the 

boundary, with efficiency peak and negative 
efficiency region. Due to the absence of 
moving parts and low energy conversion rate, 
the overall efficiency of the liquid-solid jet 
pump is less than 45%, but there is an efficient 
working condition that can be achieved by 
adjusting the flow ratio. With the increase of 
mixing chamber length, the efficiency curve of 
jet pump gradually moves upward and the 
change of low flow ratio region is small. 
However, the curve of high-flow ratio region 
obviously continues to rise and the overall 
trend becomes wider, which makes the 
high-efficiency region wider and means that 
the adjustable flow ratio is reached. As the 
further increase of the mixing chamber length 
will increase the length of the wall and channel, 
and the friction loss between two-phase flow 
and between the outer fluid and the solid wall 
will be more serious, the mixing chamber has 
an optimal length. For that reason, L = 3.5Dn is 
selected in this study. At this time, the 
efficiency curve is relatively wide and the 
maximum efficiency value is about 40%. 
However, once the flow ratio is too large, the 
liquid-solid jet pump will have a negative 

efficiency suction area (Yang, 2018), mainly 
due to the high mud flow rate when the flow 
ratio is too large, and will even replace the 
working fluid as the mainstream. A large 
amount of momentum is lost in the process of 
two-phase flow injection mixing and the 
conveying efficiency is negative.

Conclusions
This article uses CFD method to numerically 
simulate liquid-solid jet pumps operating under 
different structural parameters and conveying 
conditions, comprehensively analysing their 
internal flow field characteristics and obtaining 
the following conclusions:
1.	 The jet pressure and velocity distribution at 

the axis line of the liquid-solid jet pump 
show regular changes with the increase of 
the flow ratio. The suction negative 
pressure in the throat depends on the flow 
ratio. The higher the flow ratio, the lower the 
minimum pressure in the jet pump; the flow 
ratio also determines the upward trend of 
the pressure in the throat. With the 
increase of the flow ratio, the upward trend 
of the pressure curve obviously slows down 

and even continues to decrease under a 
large flow ratio. In terms of axial velocity 
distribution, the increase of flow ratio leads 
to the increase of the overall axial velocity, 
while the peak value of velocity increases 
continuously, which prolongs the velocity 
core and delays the attenuation.

2.	 As the ejected fluid, mud is an important 
conveying object and its specific working 
condition flow pattern analysis is also of 
great significance for understanding and 
improving the work of jet pump. The mud 
pressure distribution is similar to the axial 
pressure curve, which verifies the axial 
distribution law of pressure; the pressure 
of the straight pipe section at the outlet is 
generally higher than the pressure at the 
mud suction inlet. With the increase of the 
flow ratio, the pressure continues to 
decrease until the outlet pressure is lower 
than the suction pressure and the mud 
transportation does not meet the working 
requirements. The mud flow rate has a 
deceleration stage in the two lifting stages, 
so that there is a minimum velocity in the 
throat, which affects the overall 

distribution of mud velocity and can  
be adjusted by changing the flow ratio.  
With the increase of flow rate ratio, the  
core of mud injection is expanded and the 
distribution of acceleration region is 
expanded along the radial direction.

3.	 The pressure ratio and efficiency of 
two-phase flow are used as indicators to 
measure the overall performance of 
liquid-solid jet pump. It is found that both 
are greatly affected by the length of mixing 
chamber and flow ratio. The pressure ratio 
decreases with the increase of flow ratio 
and the pressure ratio can be effectively 
improved by increasing the length of mixing 
chamber. The efficiency of the jet pump 
first increases and then decreases with the 
increase of the flow ratio and the 
appropriate length of the mixing chamber 
can broaden and improve the high-
efficiency area. It is found that when l = 
3.5Dn, the liquid-solid jet pump has the 
best comprehensive performance with a 
wide range of operable flow ratio (5.29, 
6.40) and the maximum pump efficiency 
can reach 41.4%.

FIGURE 11

Pressure ratio H-flow ratio M curve of jet pump under different mixing chamber length.

FIGURE 12

Efficiency flow ratio curves under different mixing chamber lengths.
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Summary
This study combines the challenges of mud transportation in  
the dredging industry and applies jet pumps to liquid-solid 
transportation. CFD methods are used to numerically simulate 
the flow process and details of liquid-solid jet pumps operating 
under different structural parameters and conveying conditions. 
The results show that the jet pump has experienced rapid jet 
attenuation, strong pressure attenuation at the throat and  
limited effective operating range.

The efficiency of liquid-solid jet pumps is constrained by various 
factors, among which the flow ratio and mixing chamber length 
studied in this article have a significant impact. Under the premise 
of appropriately increasing the mixing chamber length, the 
efficient area of the jet pump can be effectively widened and 
improved. At the same time, according to the characteristics of 
the quadratic curve law, targeted experiments can be conducted 

to select the optimal flow ratio of the jet pump, which can  
enable the liquid-solid jet pump to operate at the best 
comprehensive performance and improve work efficiency.  
This article explores the influence of flow ratio and mixing 
chamber length on the liquid-solid jet pump and proposes a 
method to obtain the optimal comprehensive performance, 
providing reference for engineering practice.

Due to insufficient research on jet mud pumps, this article  
designs and analyses a specific structural model. Jet pump 
injection of fluid is a relatively dynamic process and in future  
work, the influence of structural parameters and different  
slurry concentrations can be considered. Further study of the  
transient process of internal jet will gain a more comprehensive 
understanding of the flow field characteristics of liquid-solid  
jet pumps.
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