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Abstract: The aim of this study is to execute the computational fluid dynamics (CFD) simulation of high speed jet under 

different input pressures (i.e., 80, 120, 160, 200, and 240 MPa). In particular, this study focuses on the pressure distributions and 

streamlines of the orifice in high speed jet, primarily because the orifice plays a role in accelerating the flow of liquid, having 

significant effects on the working performance of high speed jet. Firstly, the two-dimensional geometric model of high speed jet 

is established on the basis of the actual operational conditions. Next, the unstructured grids of high speed jet are generated by 

means of ICEM CFD 16.0. Virtually, the computational fluid dynamics simulation of high speed jet is a two-phase flow 

(gas-liquid) problem, so the homogeneous (Eulerian-Eulerian) two-phase model is employed to carry out the gas-liquid 

interaction. Particularly, the turbulent flow computation of high speed jet is carried out with procedures based on the 

Reynolds-averaged Navier-Stokes (RANS) equations. As the flow of high speed jet is highly turbulent, the RNG k-ɛ turbulence 

model derived by Yakhot et al. (1992) is utilized in this study. Finally, the computational fluid dynamics (CFD) simulation of 

high speed jet is implemented by using the CFX-Solver in ANSYS CFX 16.0. The simulation results show that when liquid flows 

through the orifice, the pressure of flows decreases swiftly, whereas the velocity of flows skyrockets to the maximum value and 

then decreases slightly. In addition, the relationship between the working pressure and input pressure and the relationship 

between the working velocity and input pressure are achieved, which could provide certain theoretical guidance for predicting 

the working pressure and velocity of high speed jet based on real input pressures. 
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1. Introduction 

High speed jet (HSJ) is a novel device combination with 

high pressure and speed [1-3]. Actually, high speed jet takes 

advantage of the water as the medium. With the help of the 

hydraulic equipment, the aqueous medium can be pressurized 

to a certain pressure, and then the aqueous medium is jetted 

via the nozzle, generating a steam of high speed, high energy, 

and high penetrating power jet stream known as ‘water jet 

scalpel’. In fact, water jet technology is a category of 

independent and complete technology, whereas this 

technology developed rapidly during past 30 years. As a result 

of its unique cool grinding and excellent performance, water 

jet technology could develop into the cutting technique, 

crushing technology, and cleaning technology through 

changing a range of parameters (e.g., pressure, flow, power, 

etc.). Particularly, the schematic diagram of high speed jet is 

shown in Figure 1 [1-3]. As shown in Figure 1, high speed jet 

involves a piston chamber where crude suspension is drawn 

into through the downward stroke [1-3]. Virtually, the 

suspension is forced to pass through a minor fixed nozzle, 

whose role is to produce a relatively high speed jet during the 

upward stroke. Before colliding on the target, the jet moves 

via a pipe with the varying cross sectional area, and then high 

speed jet is cooled by a re-circulating flow of coolant from the 
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walls of the disruption chamber. More importantly, the 

available orifice diameters are in the range between 0.1 and 

0.18 mm, and the input pressure ranges from 0 to 270 MPa, 

higher than different treatments of high pressure (HP) 

technology, like dynamic high pressure microfluidization 

(DHPM) [1-3]. Currently, high speed jet is widely used in 

various fields, such as the cell disruption, emulsification, 

refinement of latex particles, etc. 

In recent years, although there are a large number of 

published reports that have focused on the use of high speed 

jet, the investigations regarding the computational fluid 

dynamics simulation of high speed jet are rarely studied [1-5]. 

Computational fluid dynamics, commonly known by the 

acronym ‘CFD’, is the analysis of systems involving fluid 

flow, heat transfer and associated phenomena such as 

chemical reactions by means of computer-based simulation 

[6,7]. Through the computational fluid dynamics, the pressure 

and velocity distribution of the fluid in high speed jet can be 

observed visually. This study is an attempt to analyze the fluid 

field of high speed jet under different input pressures by 

means of the computational fluid dynamics simulation, aiming 

at providing a range of valuable theoretical guidance for 

studying the operating mechanism of high speed jet. Also, this 

study could provide certain reference for the optimization 

design of high speed jet.  

 

Figure 1. The schematic diagram of high speed jet. 

2. Computational Fluid Dynamics 

Modelling 

2.1. Geometry Model 

Undoubtedly, the geometric model is the foundation of the 

numerical simulation [8]. In general, the real structure of high 

speed jet includes a number of fine features, like small round 

and chamfer. If these fine features are considered in the mesh 

generation, to simulate these features exactly, numerous fine 

meshes are required, delaying the resolving time. For the 

convenience of the mesh generation and numerical simulation, 

a variety of detailed information of the model component 

should be not taken into consideration. The three-dimensional 

computational fluid dynamics simulation is extremely 

time-consuming. Compared with the three-dimensional 

computational fluid dynamics simulation, the 

two-dimensional computational fluid dynamics simulation 

can save plenty of computational cost (e.g., the simulation 

time, memory capacity, hard drive capacity, etc.). In terms of 

the structure feature of high speed jet, the two-dimensional 

computational fluid dynamics simulation can also reflect the 

fluid field of high speed jet evidently. Consequently, the 

two-dimensional computational fluid dynamics model of high 

speed jet is established in this study. Based on the actual 

operational conditions of high speed jet, the two-dimensional 

geometric model is simplified. The simplified geometric 

model of high speed jet is built by Autodesk Inventor 

Professional according to the entity of high speed jet, as 

shown in Figure 2. In particular, the orifice diameter in Figure 

2 is 0.18 mm.  

 

Figure 2. Two-dimensional geometric model of high speed jet. 

2.2. Mesh Generation 

The computational fluid dynamics simulation of high speed 

jet is carried out via ANSYS CFX 16.0. ANSYS CFX is a 

high-performance computational fluid dynamics (CFD) 

software tool that delivers reliable and accurate solutions 

quickly and robustly across a wide range of CFD and 

multi-physics applications. At present, ANSYS CFX is 

recognized for its outstanding accuracy, robustness and speed 

with rotating machinery worldwide. In reality, the 

discretization approach used in ANSYS CFX is the finite 

volume method. The finite volume method takes advantage of 

the integral form of the conservation equations as its start 

point [6, 7]. The solution domain is subdivided into a finite 
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number of contiguous control volumes, and the conservation 

equations are applied to each control volume [6, 7]. In 

particular, the finite volume method has the ability to 

accommodate any category of grid. As a consequence, the 

finite volume method is suitable for complicated geometries 

[6, 7].  

ICEM CFD 16.0, a professional mesh generation software, 

is employed to generate the mesh of high speed jet. Compared 

with structured grids, unstructured grids allow the calculation 

of flows in or around geometrical features of arbitrary 

complexity without having to spend a long time on mesh 

generation and mapping [6]. Accordingly, unstructured grids 

are generated in this study. To ensure the accuracy of the 

numerical simulation, let the minimum mesh size be 0.1 mm. 

In addition, unstructured grids of high speed jet are shown in 

Figure 3.  

 

Figure 3. Mesh generation of high speed jet. 

2.3. Theoretical Model 

In actual work, the aqueous medium emerging from the 

inlet discharges into the empty space of the disruption 

chamber, as shown in Figure 1 [1]. As a consequence, the jet is 

taken into consideration as a two-phase (gas-liquid), the 

system with the liquid jet expanding through the air space of 

the chamber. There are a number of methods to computing 

two-phase flows, and the continuous phase fluid is always 

treated by the Eulerian method [7, 9]. For the universality of 

the research, water and air are taken as research objects. In this 

study, assume that the water and air are incompressible and 

isothermal. In particular, the homogeneous (Eulerian-Eulerian) 

two-phase model is employed to implement the gas-liquid 

interaction.  

In nature, the fluid flowing state has two main sorts, namely, 

the laminar flow and turbulent flow. In particular, most flows 

encountered in engineering practice are turbulent flow [7]. 

Presently, the vast majority of turbulent flow computations 

have been carried out with procedures based on the 

Reynolds-averaged Navier-Stokes (RANS) equations [6]. In 

consequence, the considered calculation in this study is 

executed by means of Reynolds-averaged Navier-Stokes 

(RANS) equations. The following equations are the turbulent 

flow equations for incompressible flows. 

Continuity for the mean flow [10-12]:  
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The time-average x-momentum equation is [10-12] 
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The time-average y-momentum equation is given by 

[10-12] 
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The time-average z-momentum equation yields [10-12] 
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The extra turbulent stresses are defined to clarify their 

structure. In practice, they result from six additional stresses: 

three normal stresses 

' 2
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wτ ρ= −            (5) 

and three shear stresses 
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Particularly, these extra turbulent stresses are called the 

Reynolds stresses, and the equation set (1) and (2-4) is called 

the Reynolds-average Navier-Strokes equations. 

The time-average transport equation for scalar ϕ  is given 

by [10-12] 
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where u  is the x-component of the velocity vector u in a 

Cartesian co-ordinate system, v  is the y-component, w  is 

the z-component, 
'u  is the x-component of the fluctuating 

velocity, 
'v  is the y-component of the fluctuating velocity, 

'w  is the z-component of the fluctuating velocity, U  is the 

mean velocity, U  is the x-component of the mean velocity, 

V  is the y-component of the mean velocity, W  is the 

z-component of the mean velocity, P  is the mean pressure, 

υ  is the fluid viscosity, ρ  is the fluid density, div( )⋅  is the 

divergence function, grad( )⋅  is the gradient function, Φ  is the 

time average or mean, 
Φ

Γ  is the diffusion coefficient, S
Φ
 is a 

source of the time average or mean, ϕ  is the flow property, 

and 
'ϕ  is a time varying fluctuating component with zero 

mean value. 

To be capable of calculating turbulent flows with the RANS 

equations, it is essential to establish turbulence models to 

estimate the Reynolds stresses and the scalar transport terms 

and close the system of mean flow equations (1), (2-4), and (7). 

As the flow of high speed jet is highly turbulent, the high 

Reynolds number form of the k ε−  turbulence model (i.e., 

RNG k ε−  turbulence model) is utilized for the 

computational purpose [1]. Virtually, the renormalization 

group (RNG) devised by Yakhot and Orszag of Princeton 

University has attracted most interest [13-15]. The RNG k ε−  

model equations for high Reynolds number flows derived by 

Yakhot et al. (1992) are given by [16] 
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where k  is the turbulent kinetic energy, ε  is the dissipation 

rate of turbulent kinetic energy, 
ij

τ  is the Reynolds stress 

tensor, 
ij

S  is the mean rate of strain, 
k

α  is the turbulent 

Prandtl number of the turbulent kinetic energy k , 
ε

α  is the 

turbulent Prandtl number of the dissipation rate ε , 
ij

δ  is the 

Kronecker delta, C
µ
 is a dimensionless constant, 

1

C
ε
 and 

2

C
ε
 

are the constants determined from benchmark experiments, 

µ  is the molecular viscosity, 
t

µ  is the dynamic turbulent 

viscosity, η  is the dimensionless shear rate, 
0

η  is the fixed 

point, and β  is the constant.  

2.4. Boundary Conditions and Calculations for Solution 

In fact, all CFD problems are defined in terms of initial and 

boundary conditions [17-19]. Generally, 5 levels of the input 

pressures of 80, 120, 160, 200, 240 MPa are frequently 

utilized in an attempt to carry out the experimental analysis 

[2-5]. Thus, the input pressures of 80, 120, 160, 200, and 240 

MPa are set as inlet boundary conditions at the position of the 

inlet shown in Figure 2, respectively, and the category of inlet 

boundary conditions is the total pressure. Additionally, outlet 

boundary conditions are set at the position of the outlet shown 

in Figure 2, and the group of the outlet boundary conditions is 

the static pressure with 0 MPa.  

 

Figure 4. Residual RMS Error values for five successive numerical solutions. 
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The analysis type of this study is the steady state. 

CFX-Solver is used to execute the computational fluid 

dynamics simulation of high speed jet under different input 

pressures. In all numerical simulations, the residual RMS 

Error values have reduced to an acceptable value of 10-6. 

Presented in Figure 4 are the residual RMS Error values for 

five successive numerical solutions.  

3. Results and Discussion 

The function of the orifice in high speed jet is to accelerate 

the flow of liquid. There is no doubt that the flow situation of 

liquid in the orifice has significant influences on the working 

performance of high speed jet. Thus, this study pays more 

attention to the computational fluid dynamics simulation of 

the orifice in high speed jet.  

3.1. Influences of Input Pressures on Pressure Distribution 

Figure 5 shows the pressure distributions of high speed jet 

under different input pressures (i.e., 80, 120, 160, 200, and 

240 MPa). According to Figure 5, it is notable that the 

pressure of flows in the inlet remains at the same level, 

whereas when liquid flows into the orifice, the pressure of 

flows decreases swiftly. In addition, the pressure of flows in 

the disruption chamber basically keeps unchanged. From 

Figure 5, it is known that the maximum pressure of flows in 

the orifice is at the entrance of the orifice, and the minimum 

pressure of flows in the orifice is at the exit of the orifice.  

Actually, the pressure of flows at the exit of the orifice is the 

working pressure of high speed jet. The working pressures of 

high speed jet under different input pressures are indicated in 

Figure 6. As indicated in Figure 6, with the rise in input 

pressures, the working pressure of high speed jet increases 

from 11.75 to 39.39 MPa between the input pressures of 80 

and 240 MPa. The curve fitting toolbox in MATLAB is used 

to fit the curve shown in Figure 6. According to the variation 

tendency of the curve in Figure 6, the linear approach is 

selected. Through the curve-fitting technique, the relationship 

between the working pressure of high speed jet and input 

pressure is obtained, as illustrated in Eq. (22).  

0.1754 1.136
wp ip

y x= −                 (22) 

where 
wp

y  is the working pressure of high speed jet in MPa, 

and 
ip

x  is the input pressure in MPa. 

 

a) 80 MPa 

 

(b) 120 MPa 

 

(c) 160 MPa 

 

(d) 200 Mpa 

 

(e) 240 MPa 

Figure 5. Pressure distributions of high speed jet under different input 
pressures. 

 
Figure 6. Plot of working pressure versus input pressure. 
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3.2. Influences of Input Pressures on Velocity Distribution 

Figure 7 shows the streamlines of high speed jet under 

different input pressures. In Figure 7, the velocity of flows 

goes up slightly within the inlet. However, when flows reach 

the entrance of the orifice, the velocity of flows soars to the 

maximum value. More interestingly, the velocity of flows 

drops slowly from the entrance to exit of the orifice, showing 

the excellent acceleration performance of the orifice. From the 

exit of the orifice to the outlet, the velocity of flows plummets.  

Similarly, the velocity of flows at the exit of the orifice is 

the working velocity of high speed jet. The working velocity 

of high speed jet under different input pressures are illustrated 

in Figure 8.  

As shown in Figure 8, there is an increase in the working 

velocity from 114.1 to 194.8 m/s between the input pressures 

of 80 and 240 MPa. According to the chang+e trend of the 

curve in Figure 8, the linear method is employed. By using the 

curve-fitting approach, the relationship between the working 

velocity of high speed jet and input pressure is achieved, as 

demonstrated in Eq. (24). 

0.513 78.54
wv ip

y x= +                  (23) 

where 
wv

y  is the working velocity of high speed jet in m/s.  

 

(a) 80 MPa 

 

(b) 120 MPa 

 

(c) 160 Mpa 

 

(d) 200 MPa 

 

(e) 240 MPa 

Figure 7. Streamlines of high speed jet under different input pressures. 

 
Figure 8. Plot of working velocity versus input pressure. 

4. Conclusions 

Depending on the computational fluid dynamics simulation, 

the following conclusions are summarized: 

(i) When liquid flows through the orifice, the pressure of 

flows decreases dramatically. By contrast, when liquid flows 

through the orifice, the velocity of flows soars to the 

maximum value and then decreases slightly, showing the 

excellent acceleration performance of the orifice.  

(ii) The relationship between the working pressure of high 

speed jet and input pressure is 0.1754 1.136
wp ip

y x= − . 

(iii) The relationship between the working velocity of high 

speed jet and input pressure is 0.513 78.54
wv ip

y x= + . 

(iv) By using Eqs. (23) and (24) obtained in this study, 

researchers could predict the working pressure and velocity of 

high speed jet based on their real input pressures. 

(v) As the actual operational conditions of high speed jet are 

overwhelmingly sophisticated, impact factors cannot be fully 

taken into account in the simulation model. That is, the 

simulation model is not consummate. In the future, the 

simulation model will be further revised on the basis of 

experimental data and the actual operational conditions, in 

order to reduce the model error. 
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