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Abstract 
In order to study the influence of target distance, angle, flow rate and other cleaning 
parameters on the cleaning effect in dry ice cleaning technology, this paper mainly uses 
FLUENT software to simulate and record the dry ice and air two-phase flow field formed 
by cylindrical spray gun under different cleaning parameters. The simulation results 
were processed by the control variable method, and the velocity changes of dry ice 
particles on the surface of the cleaned object and the central axis of the spray gun under 
different cleaning parameters were compared and analyzed. Finally, it is found that the 
shorter the target distance is, the closer the angle between the spray gun and the surface 
of the cleaned object is to 90°, and the greater the flow rate of dry ice particles is, the 
greater the kinetic energy of dry ice particles reaching the cleaning surface is, which 
provides data support for finding the optimal cleaning parameters. 
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1. Introduction 

Dry ice cleaning is widely used in daily production and life due to its short time-consuming, non-
pollution to the environment and less damage to the cleaned objects. The cleaning principle is mainly 
to obtain huge kinetic energy through high-pressure compressed air so as to erode and exploit the dirt. 
On the other hand, the rising physical characteristics of dry ice itself can make the dirt brittle and easy 
to break, so as to achieve a more efficient cleaning effect.  

At present, Sun Hongmeng [1]from Dalian University of Technology in China analyzed the selection 
of nozzle structure, and Wang Lu[2] theoretically analyzed the reasons for the change of free flow 
field. However, there is no theoretical guidance and data support for the adjustment of ordinary people 
in daily production and life, such as what cleaning parameters are set to achieve better cleaning effect.  

Cylindrical spray gun as a simple production, low cost, has a good binding effect on dry ice particle 
jet, is widely used in daily life. In this paper, the cleaning process of different cleaning parameters is 
simulated by Fluent software under the condition of using the spray gun model. The relationship 
between target distance, angle, flow rate and cleaning effect was studied, which provided data support 
for further finding the optimal cleaning parameters. 
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2. Flow Field Simulation Principle 

2.1 Simplified Simulation Conditions 

First, In the experiment, dry ice particles accelerated by high pressure air can be regarded as a gas-
solid two-phase flow model. Due to the collision between the change of air density and dry ice 
particles, the fluid will produce swirl in the spray gun. So suppose the fluid is turbulent.  

Second,In the experiment, the simulation fluid is set as the ideal gas, and the adiabatic flow equation 
is observed.  

Third,The dry ice emitted from the spray gun becomes fine particles by cutting equipment, which can 
be equivalent to spherical particles with the same density and smooth surface for convenience of 
research. Setting particles and spray gun wall impact without energy loss, and for reflection.  

Finally,Only the steady-state aerodynamic resistance of gas acting on solid particles is considered, 
and the influence of solid particles ’ gravity, force and force on particles is ignored[1-2]. 

2.2 Control Equation 

In the simulation of dry ice particle cleaning by FLUENT software, the fluid composed of dry ice 
particles and air should follow the three basic equations of fluid mechanics: continuity equation, 
momentum conservation theorem, and energy conservation theorem[2-4]. 

Continuity equation : 
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 Energy conservation equation : 
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In the formula, c  is the specific heat capacity, T  is the temperature, k  is the heat transfer 
coefficient of the fluid, S  is the internal heat source of the fluid and the part of the mechanical 
energy of the fluid due to the viscous effect converted to heat energy, sometimes referred to as viscous 
dissipative mass. 

2.3 Selection of Turbulence Model 

S-A turbulence model is adopted in this paper. The model is a relatively simple single equation model, 
which only needs to solve the transport equation of turbulent viscosity and does not need to solve the 
length scale of the local shear layer thickness. Because the change of length scale is not considered, 
it is not suitable for some flow problems with large scale transformation. For example, the flat jet 
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problem, from the wall influence flow suddenly changes to the free shear flow, the flow field scale 
changes obviously. Because this experiment adopts a simple cylindrical gun model, there is no over-
transformation problem of length scale, and only discusses the relationship between cleaning 
parameters and cleaning effect, without accurate numerical value, so the model can not only obtain 
more accurate simulation results, but also greatly reduce the calculation time[5]. 

The transmission formula of S-A turbulence model is : 
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3. Flow Field Simulation Process 

3.1 Spray Gun Model and Cleaning Space Establishment 

After several adjustments of the model, a 3D symmetrical structure model is finally established to 
splice the cylinder spray gun and the cuboid cleaning space. 

 

 
Figure 1. 3D Model View 

 

As shown in Figure 1, the gun is 6mm in diameter and 150mm in length. The height of the cleaning 
space is 250mm, the length is 60mm, and the width is 250mm. When exploring the influence of angle, 
the upper and lower height is adjusted to 300 mm to ensure that the results can still be observed in 
the model. 

3.2 Meshing 

Since the structure of the spray gun used in this paper is simple, and the cleaning surface and cleaning 
space are regular cuboids, the overall model presents an axisymmetric structure. Therefore, the 
Gambit software of fluent is used to defaultly generate the structured grid of hexahedron for the nozzle, 
and the tetrahedral grid is generated for the cleaning space, and the prism grid is used at the interface 
to excessive.The model is shown in Figure 2. 

 

 
Figure 2. Mesh Subdivision 
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3.3 Fluent Software Simulation 

3.3.1 Common Settings 

In this paper, FLUENT software in ANSYS 2020R2 version is used to simulate and verify the internal 
and external flow fields of the spray gun under various cleaning parameters of the model established 
in this paper.  

1) General setting : Since dry ice particles obtain kinetic energy from high-pressure air, the solver 
type is set to be pressure-based, and the steady-state solution is obtained. The direction of gravity 
acceleration is set to be axial negative direction according to the model structure, and the size is 9.81.  

2) Model setting : The fluid adopts discrete phase ( and the injected dry ice particles default to be 
spherical particles with the same density, smooth surface and 0.1 mm diameter ), and the turbulence 
model is set to S-A ( Spalart-Allmaras ) model[2-3].   

3) Boundary conditions : the inlet is set to the pressure inlet condition, the pressure is set to 1MPa 
according to the pressure provided by the actual equipment, the outlet is also set to the pressure outlet 
condition, the outlet airflow is in the atmospheric environment, so the pressure is set to 1atm. Other 
settings are default.  

4) Algorithm setting : SIMPLE algorithm.  

5) Initialization setting : the entire region is initialized by using the inlet pressure boundary condition.  

6) Run settings : the number of iterations is set to 1000 steps ( to ensure that the simulation results 
have reached convergence ), the report interval is 1. 

3.3.2 Simulation Cloud Images under Different Cleaning Parameters 

  

a. Target Distance is 6cm b. Target Distance is 8cm 

  

c. Target Distance is 10cm d. Target Distance is 12cm 

Figure 3. This is The Face View 

 



International Core Journal of Engineering Volume 8 Issue 5, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202205_8(5).0044

 

356 

1) Target distance is 6cm, 8cm, 10cm, 12cm, other parameters are set to : flow 0.013, angle vertical 
exit surface is 90 °. 

The frontal simulation clouds are shown in figure 3. Figure 3 of a, b, c, d represent the target distance 
of 6cm, 8cm, 10cm, 12cm. 

The velocity simulation nephograms of cleaning surface are shown in figure 4. Figure 4 of a, b, c, d 
represent the target distance of 6cm, 8cm, 10cm, 12cm. 

 

  

a. Target Distance is 6cm b. Target Distance is 8cm 

  

c. Target Distance is 10cm d. Target Distance is 12cm 

Figure 4. This is The Cloud of The Cleaned Surface 

 

Velocity variation curves of central axis are shown in figure 5. Figure 5 of a, b, c, d represent the 
target distance of 6cm, 8cm, 10cm, 12cm. 

 

  

a. Target Distance is 6cm b. Target Distance is 8cm 
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c. Target Distance is 10cm d. Target Distance is 12cm 

Figure 5. This is The Velocity Curve on The Axis 
 

2) The angles between the central axis and the cleaning surface are 45°, 60°, 75° and 90°, respectively. 
Other parameters are set as follows : target distance is 10 cm, and flow rate is 0.013kg/s. 

The frontal simulation clouds are shown in figure 6. In Fig. 6, a, b, c and d represent angles of 45°, 
60°, 75° and 90°, respectively. 
 

a. The Angle is 45° b. The Angle is 60° 

 

c. The Angle is 75° d. The Angle is 90° 

Figure 6. This is The Face View 
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The velocity simulation nephograms of cleaning surface are shown in figure 7. In Fig. 7, a, b, c and 
d represent angles of 45°, 60°, 75° and 90°, respectively. 

 

  

a. The Angle is 45° b. The Angle is 60° 

  

c. The Angle is 75° d. The Angle is 90° 

Figure 7. This is The Cloud of The Cleaned Surface 

 

Velocity variation curves of central axis are shown in figure 8. In Fig. 8, a, b, c and d represent angles 
of 45°, 60°, 75° and 90°, respectively. 

 

a. The Angle is 45° b. The Angle is 60° 
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c. The Angle is 75° d. The Angle is 90° 

Figure 8. This is The Velocity Curve on The Axis 

 

3) The flow rates were 0.0078, 0.0156, 0.0234 and 0.0338, respectively. The other cleaning 
parameters were set as follows : target distance of 10 cm and angle of 90°. 

The frontal simulation clouds are shown in figure 9. In Fig. 9, a, b, c and d represent the flow rates of 
0.0078 kg / s, 0.0156 kg / s, 0.0234 kg / s and 0.0338 kg / s, respectively. 

 

  

a. The Flow Rate is 0.0078 kg / s b. The Flow Rate is 0.0156 kg / s 

  

c. The Flow Rate is 0.0234 kg / s d. The Flow Rate is 0.0338 kg / s 

Figure 9. This is The Face View 
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The velocity simulation nephograms of cleaning surface are shown in figure 10. In Fig. 10, a, b, c and 
d represent the flow rates of 0.0078 kg / s, 0.0156 kg / s, 0.0234 kg / s and 0.0338 kg / s, respectively. 

 

  

a. The Flow Rate is 0.0078 kg / s b. The Flow Rate is 0.0156 kg / s 

  

c. The Flow Rate is 0.0234 kg / s d. The Flow Rate is 0.0338 kg / s 

Figure 10. This is The Cloud of The Cleaned Surface 

 

Velocity variation curves of central axis are shown in figure 11. In Fig. 11, a, b, c and d represent the 
flow rates of 0.0078 kg / s, 0.0156 kg / s, 0.0234 kg / s and 0.0338 kg / s, respectively. 

 

  

a. The Flow Rate is 0.0078 kg / s b. The Flow Rate is 0.0156 kg / s 
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c. The Flow Rate is 0.0234 kg / s d. The Flow Rate is 0.0338 kg / s 

Figure 11. This is The Velocity Curve on The Axis 

3.3.3 Simulation Cloud Analysis 

First,It can be seen from all the simulation cloud images that :  

1) After the air flow is emitted from the nozzle, the pressure at the nozzle is far greater than the 
atmospheric pressure in the external environment. Therefore, there will be underexpansive supersonic 
air flow near the nozzle. Moreover, with the increase of the central axis, the velocity on the axis shows 
an oscillating attenuation. This is because the air flow generates a shock wave in the air, which is 
consistent with the previous research results.  

2) The cleaning area of air flow on the lamp surface is round ( the central axis is perpendicular to the 
lamp surface ) or oval ( the central axis has a certain angle with the lamp surface ), and the velocity 
has a maximum at the intersection of the axis and the lamp surface, and the diffusion decreases around.  

3) The airflow reaches the maximum near the nozzle, and after ejection, it decays rapidly under the 
mutual resistance between air and airflow. 

Second,Relationship between cleaning parameters and air velocity reaching surface will be shown 
below. 

1) The relationship between different target distances and airflow velocity reaching the surface: 

 

 
Figure 12. Relationship Between Target Distance and Velocity 

 

As shown in sigure 12, the curves of different target distance and maximum surface velocity are 
established. With the increase of cleaning target distance, the axial velocities of dry ice particles 
reaching the surface of lamps are 526, 445, 320 and 263, respectively, showing a downward trend. 

2) The relationship between different cleaning angles and airflow velocity to the surface: 
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Figure 13. Relationship Between Angle and Velocity 

 

As shown in figure 13, the curves of different cleaning angles and maximum surface velocity are 
established. With the increase of cleaning angle, the axial velocities of dry ice particles reaching the 
surface of lamps are 228, 286, 299 and 320, respectively, showing an upward trend. 

3) The relationship between different cleaning flow and surface maximum velocity : 

By formula : 

 

 EK=
1

2
mv2                                 (7) 

 

We can calculate: 

When the flow is 0.0078kg/s,E  = 411.9375j. 

When the flow rate is 0.0156kg/s,E  = 788.7672j. 

When the flow rate is 0.0338kg/s, E = 1531.1569j. 

 

 
Figure 14. Relationship Between Flow and Velocity 

 

As shown in figure 14, in the range of common flow rate, with the increase of cleaning flow rate, the 
axial velocity of dry ice particles reaching the lamp surface is 325, 318, 311 318, 311 and 301, 
respectively, showing a downward trend, but the decrease is very small. The change of velocity is far 
less than that of quantity, so the total kinetic energy is increased. 

4. Conclusion 

Through the simulation analysis of the cleaning process of cylindrical dry ice, it is found that the 
sprayed fluid diffuses in a cone-cylinder shape and forms a circular or elliptical cleaning range.  
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By setting different cleaning parameters, it is found that the shorter the target distance is, the closer 
the spray gun angle to the surface of the cleaned object is to 90°, and the greater the flow rate is, the 
greater the kinetic energy of dry ice particles to the cleaning surface is, which provides data support 
for finding the optimal cleaning parameters. 

By analyzing the relationship curve between the three cleaning parameters and the velocity, it can be 
found that the target distance has a great influence on the kinetic energy. 
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