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Abstract. In order to study the influence of the nozzle parameters of the rotating jet agitator on the 
mixing effects, the CFD software is used to simulate the flow field of the bidirectional nozzle of a 
rotating jet agitator in large crude oil tanks.The mass flow, turbulent kinetic energy and flow 
velocity are analyzed and compared when nozzles with different diameters and lengths. Finally, the 
nozzle with the best jet performance is optimized. The results show that the acceleration of the long 
nozzle is better than the short nozzle, but the long nozzle will cause the loss of the turbulent kinetic 
energy, which needs to be considered in the actual equipment selection process. Although the large 
diameter nozzle has high mass flow, the uneven distribution of velocity in the tube will result 
skewed jet flow. 

Introduction 

In the petrochemical industry, there are many devices running after a long period of operation will 
produce scale and solid deposition[1]. Therefore, the cleaning operation has gradually become an 
indispensable industry in petrochemical field, and the cleaning effects directly affects the operation 
and working efficiency of the equipment. At present, commonly used cleaning methods mainly 
include chemical cleaning and physical cleaning. Chemical cleaning is more complex, with large 
investment and great harm to the environment[2-4]. However, high pressure water jet cleaning of 
physical cleaning method is gradually favored by people with its unique advantages. The high 
pressure water jet cleaning technology uses high pressure generator to produce high pressure water, 
and then use the nozzle to change the pressure into a highly aggregated water jet flow, and impact 
the surface of the cleaning material, so that the adhesion layer is separated from the surface of the 
matrix to achieve the cleaning process[5-7]. The nozzle is a very important part of the high pressure 
water jet cleaning system, which affects the other parts of the cleaning system[8]. The study adopts 
the method of CFD numerical simulation to establish the flow field of bidirectional nozzle, and a 
series of modified nozzles are established by changing parameters of the nozzle. The influence of 
the nozzles’ diameters and lengths on the flow field are compared and analyzed, and the best jet 
nozzle is selected. 
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Computational methods 

Governing Equations. The governing equations for turbulent flow in the present study are the 
continuity equations for mass conservation and unsteady Reynolds-averaged Navier-Stokes 
equations for momentum transport, as follows: 
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Where i=1,2,3 represents X,Y,Z.direction respectively. i ju uρ− is the Reynolds stress 

tensor,u is the averaged velocity, ρ is the density,in the present study. 
There are several turbulence models employed to satisfy the governing equations in this 

similar study.The standard k - ε model are chosen for use in this study. Transport equations 
of k andε in standard k -ε model as: 
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Gk is the turbulent kinetic energy production caused by an average velocity gradient, Gb is the 
turbulent kinetic energy production caused by buoyancy, YM represents the effects of fluctuating 

expansion of turbulent on dilatation dissipation in compressible turbulent, 1C ε , 2C ε and 3C ε are 

constant, kσ and εσ are turbulent Prandtl number of turbulent kinetic energy k and turbulent 

dissipation rateε , kS and Sε are the user-specified source term. 

The free surface is modeled by using Volume-of-Fluid (VOF) approach and a high-resolution 
interfacecapturing scheme, as (6).  
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Physical Models and Computational Domain. In the present study, the basic dimensions of the 
nozzle model refer to the common tank cleaning bidirectional jet nozzle parameters, and its shape 
and structure are shown in the Fig.1. And the inner region of the tube and the efflux generating area 
of the outlet are selected as the computational domain.The tube wall was set as the wall surface, and 
the inlet is set as pressure boundary with pressure is 1Mpa.The pressure boundary is also set at 
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outside the jet area.In terms of physical conditions, light crude petroleum with a density of 
875kg/m3 was selected as the liquid phase, and incompressible air was selected as the gas phase.the 
computational domain and the boundary conditions is shown as Fig.2. 

 

  

 

Figure 1. Bidirectional nozzle structure 
diagram 

 
Figure 2. Calculate domain and boundary 

conditions 
Study On Grid Convergence. The study choose polyhedron meshing calculation domain, near 

the tube wall uses the prism layer encryption. In this study, 5 grids are divided, with the number of 
grids ranging from 0.2 million to 0.85 million. The average outlet velocity iswas taken as the 
reference standard for grid dependency analysis.Its calculation results as shown in Fig.3, the results 
difference is small but gradually increased along with the increase in grid average outlet velocity 
and stableilized after the 0.41 million grid, so choose 0.41 million grid for subsequent 
calculations.The 0.41 million grid is shown in the Fig.4.  
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Figure 3. Grid dependency calculation results  Figure 4. 0.41 million grid 

Numerical results and discussion 

In this paper, different diameters and lengths of nozzles are selected to improve the prototype 
nozzle. The eight modification parameters are shown in Table 1. Through numerical simulation, 
eight modifications are calculated, and the results are analyzed and optimized. 

Table 1 Modified nozzle parameters 

Type Diameter(cm) Caliber
（Length/Diameter） Length(cm) 

1 10.5 0.5 5.25 

2 10.5 1.0 10.50 

3 10.5 1.5 15.75 
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4 11.0 0.5 5.50 

5 11.0 1.0 11.00 

6 11.0 1.5 16.50 

7 11.4 0.5 5.70 

Prototype 11.4 1.0 11.40 

8 11.4 1.5 17.10 

The Calculation Results of Eight Different Modified Nozzles’ Mass Flow. The calculation 
results of eight different modified nozzles’ mass flow are shown in Fig.5. From Fig.5, it can be seen 
that with the increase of the nozzle length, the outlet flux increases obviously. The mass flow of the 
1.5 times of the diameter is the greatest, the nozzle length has influence on the outlet flux, and the 
long nozzle jet performance is better than the short one. 
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240

250

260

270

280

290

300

310

320

330

340

 

M
as

s f
lo

w
(k

g/
s)

251.22

278.71
284.78 286.66

308.37

317.45

303.58

322.87

336.59

 

Figure 5. Calculation results of eight different modified nozzles’ mass flow 
The Calculation Results of Eight Different Modified Nozzles’ Average Turbulent Kinetic 

Energy. The calculation results of eight different modified nozzles’ average turbulent kinetic 
energy are shown in Fig.6. It can be seen from Fig.6 that the turbulent kinetic energy of the short 
nozzle is greater with the same diameter, while the turbulent kinetic energy of the large diameter 
nozzle with the same caliber is greater than that of the small diameter nozzle. This is due to the 
change of the wall surface caused by the change of the length and circumference of the nozzle. It 
can be seen that 1.5 times caliber nozzle’s turbulence kinetic energy loss is greater than 1.0 times 
caliber nozzle, while the turbulent kinetic energy effects of the nozzles with 0.5 to 1 times caliber is 
similar. From the perspective of turbulent kinetic energy, long nozzle is not a good choice. 
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Figure 6. Calculation results of eight different modified nozzles’ average turbulent kinetic energy 

The Calculation Results of Eight Different Modified Nozzles’ Average Velocity. The 
calculation results of eight different modified nozzles’ average velocity are shown in Fig.7. It can 
be seen from Fig.7 that the long nozzle has a great advantage in the flow velocity. The longer 
contraction section accelerates the convergence of the flow field. This can from one side to explain 
why the mass flow of the long nozzle is higher than the short nozzle. It can be seen that the small 
diameter nozzle’s flow velocity is faster than the large diameter nozzle under the same caliber, so 
that the small diameter nozzle has great effects on converging flow field. 
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Figure 7. Calculation results of eight different modified nozzles’ average velocity 

The Velocity Distribution of Eight Different Modified Nozzles. The velocity distribution of 
eight different modified nozzles are shown in Fig.8. From Fig.8, it can be seen that the type 3 
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nozzle has an obvious jet bifurcation, showing that the nozzle’s flow velocity is uneven. In the 
actual process, the flow diffusion will cause the loss of energy, that is, partial fluid may not be 
washed to the surface of the cavern and be wasted. In the rest of the nozzles’ jet velocity in the 
figure have large area, including type 1 and type 2 have large high velocity area ,and the maxmum 
velocity is even more than 50 m/s. The fast velocity is very important for flushing oil sludge. So, 
the most important reference coefficient of the nozzle is flow velocity. 

(a)Type 1 (b)Type 2 (c)Type 3 (d)Type 4 

(e)Type 5 (f)Type 6 (g)Type 7 (h)Type 8 

Figure 8. The velocity distribution of eight different modified nozzles 

The liquid volume fraction distribution of eight different modified nozzles. The liquid 
volume fraction distribution of eight different modified nozzles are shown in Fig.9. It can be seen 
that the short nozzle’s jet angle is not parallel to the Y axis, the liquid fills all the space in the tube, 
indicating that the direction of fluid flow velocity is still not parallel to the Y axis, which has a great 
influence on the jet range and the impact velocity. 

(a)Type 1 (b)Type 2 (c)Type 3 (d)Type 4 

(e)Type 5 (f)Type 6 (g)Type 7 (h)Type 8 
Figure 9. The liquid volume fraction distribution of eight different modified nozzles 

The turbulent kinetic energy distribution of eight different modified nozzles. The turbulent 
kinetic energy distribution of eight different modified nozzles are shown in Fig.10. As can be seen 
from Fig.10, the turbulent kinetic energy distribution of the 8 modified nozzles are relatively unified. 
It can be seen that the turbulent kinetic energy is generated by the corner , gradually steady flow in 
the horizontal tube, and the turbulent kinetic energy of the long nozzle is obviously lower than that 
of the short nozzle, and the effects of wall area on the stability of flow field is explained from one 
side. 
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(a)Type 1 (b)Type 2 (c)Type 3 (d)Type 4 

(e)Type 5 (f)Type 6 (g)Type 7 (h)Type 8 

Figure 10. The turbulent kinetic energy distribution of eight different modified 
nozzles 

The pressure distribution of eight different modified nozzles. The pressure distribution of 
eight different modified nozzles are shown in Fig.11. It can be seen from Fig.11, the internal 
pressure of the eight modified nozzles is almost similar to the prototype. The high pressure zone is 
produced in the cross section of the vertical tube and the other parts in the tube still have high 
pressure. So, no matter the diameter of the nozzle has the function to converge the flow field and 
prevent the flow. The significance of nozzle optimization is also explained. 

(a)Type 1 (b)Type 2 (c)Type 3 (d)Type 4 

(e)Type 5 (f)Type 6 (g)Type 7 (h)Type 8 
Figure 11. The pressure distribution of eight different modified nozzles 

Conclusions 

According to the analysis of the above calculation, the type 2 nozzle shows the best performance. 
Although its mass flow rate and outlet velocity are not the best, but its high turbulence kinetic 
energy can effectively make up for the lack of outlet velocity.At the same time, after comparing the 
flow parameters of the 8 type nozzles, we can draw the following conclusions: 

1) The acceleration of the long nozzle is better than the short nozzle, but the long nozzle will 
cause the loss of turbulent kinetic energy, which needs to be considered in the actual equipment 
selection process. 

2) Although large diameter nozzles have high mass flow, but the uneven distribution of 
velocity in the tube often causes jet skew. 
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3) The intersection of vertical tube and horizontal tube bears the maximum pressure, and the 
change of the nozzle parameters has little influence on the pressure. Some structural strengthening 
should be done in the production. 

Based on the above conclusions, this paper studies the jet flow of nozzles of different 
diameters and lengths, and selects the nozzle with the best performance of jet flow, providing data 
support for subsequent design. 
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