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Abstract: This paper mainly takes the gas field wellhead choke pipe as the research 

object, and studies the aerodynamic noise of the elbow. We combine large eddy 

simulation and Lighthill acoustics to analyze the generation mechanism of elbow 

aerodynamic noise and the factors that affect the elbow aerodynamic noise. We 

concluded that the existence of secondary flow and eddy current is the main cause of 

aerodynamic noise in elbow. In addition, increasing the bending radius and bending 

angle can reduce the aerodynamic noise in the elbow, and reducing the flow rate in 

the pipe can also reduce the aerodynamic noise, and the flow rate in the pipe should 

be controlled below 10m/s as much as possible. Finally, we put forward a reasonable 

and effective noise reduction scheme based on the research results of this paper, and 

the noise reduction scheme achieved good noise reduction effect in the wellsite, and 

also provided ideas for the pipeline design and reconstruction of the wellsite. 
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1. Introduction 

In the process of natural gas exploitation, which needs to be throttling and 

depressurization, gas-liquid separation, metering and distribution. The flow state of 

natural gas in the pipe will form eddy currents and secondary flows during these 

processes, whose interaction with pipe wall will produces hydrodynamic noise. The 

environment with strong noise will not only cause great harm to the health of workers, 

but also the continuous strong noise may cause acoustic fatigue of the material 

structure, resulting in cracks and even pipeline rupture. At the same time, strong noise 

can also cause vibration of pipelines and pipeline accessories, resulting in loosening of 

pipeline connections and distortion of instruments and meters on the pipeline. 

Therefore, it is of great significance to study the aerodynamic noise of the choke 

pipeline at the wellhead of the natural gas well and propose a noise reduction scheme 

to achieve the prevention and control of the well noise. 
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2. Throttling pipeline model 

Fig.1 shows the actual layout of the well site pipeline, and the pipeline model is shown 

in Fig.2. The wellsite pipeline system is mainly composed of pipe fittings such as elbow, 

reducer and straight pipe. We measured the noise of the actual pipeline at the wellsite 

and found that the area with the largest noise appeared in the pipeline from the choke 

valve outlet to the separator, and the noise values of the points marked in the figure 

were the most significant. Due to the complexity of the actual pipeline system at the 

wellsite, it is difficult to simulate and analyze the entire pipeline. Therefore, we 

selected a section of the pipeline in the manifold system for analysis, which was the 

section with the largest noise in the manifold system. 

 

Fig. 1 Wellsite pipeline 

 

Fig. 2 3D model of wellsite pipeline 

 

3. Simulation and analysis of aerodynamic noise 

3.1 Physical model and boundary conditions 

The elbow fluid domain model is shown in Fig.3(a), the mesh model is shown in 

Fig.3(b), and the sub-grid stress model is the Smagorinsky-Lilly Model. The inner 

diameter of the pipe is D=154.1mm, the length of the straight pipe upstream of the 

pipe is 5D=770.5mm, the length of the straight pipe downstream of the pipe is 

10D=1541mm, the bending radius is R=1.5D=231.15mm, and the bending angle is 

90°. θ is the polar angle, and defines the main inlet of the curved segment θ=0°, the 

outlet section of the curved segment θ=90°, and the origin O of the coordinate system 
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is located at the center of the curved radius. U0 and U represent the longitudinal 

distance along the central axis of the elbow. 

According to the actual pipeline operation parameters of the wellsite, we choose CH4 

gas as the fluid medium with a density of ρ=0.72Kg/m3 and a kinematic viscosity 

ofμ=1.087×10-5Pa.s. The inlet boundary of the elbow is set to Velocity Inlet(V=10m/s), 

and the inlet temperature is 324K. The outlet boundary of the elbow is set as Pressure 

Outlet(P=8MPa), and the outlet temperature is 323K. The wall of the elbow adopts a 

non-slip fixed wall boundary. 

            

                 (a)                                   (b) 

Fig. 3 Pipe parameters and its mesh model 

 

3.2 Noise generation mechanism 

3.2.1 Flow analysis 

Fig.4 shows the pressure and velocity contour of the B-B cross-section at a certain 

time. It can be seen from the pressure contour that the pressure near the outer wall 

of the curved section of the elbow is relatively large, and the inner wall pressure is 

relatively small. On the contrary, it can be seen from the velocity contour that at the 

same position, the velocity near the inner wall surface is larger but the outer wall 

surface is smaller, and the inner wall surface velocity begins to increase at the 

entrance of the bend section of the elbow. 
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(a)Pressure(Pa)                           (b)Velocity(m/s) 

Fig. 4 Contour of B-B cross-section  

Fig.5 shows the velocity vector diagrams of different cross-sections. From θ=0° to 

θ=30°, the axial pressure near the inner wall gradually decreases, and the pressure 

on the outer wall increases. Under the action of centrifugal force, the pressure on the 

inner wall of θ=45° continues to decrease, and the pressure on the outer wall 

continues to increase. The pressure difference between the outer and inner walls of 

this section reaches the maximum and begins to generate secondary flow. From θ=60° 

to θ=90°, due to the action of centrifugal force, the fluid with higher velocity flows to 

the inner wall surface and completely generates secondary flow in the cross section, 

and a pair of small vortices are formed near the inner wall. On the section of U/D=1, 

the vortex increases obviously. From U/D=2 to U/D=3, due to the strong secondary 

flow, the high-speed fluid continues to flow along the symmetrical cross-section of the 

elbow to the outer wall, forming a pair of vortices near the center of the cross-section. 

From the above analysis, we can draw the conclusion that the vortices on each surface 

of the elbow become more and more obvious with the increase of the bending angle 

θ and the distance in the U direction, and the vortices that appear move from the 

inside to the outside of the elbow.  

   

θ=0°       θ=30° 
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 θ=45°       θ=60° 

   

θ=90°      U/D=1 

   

U/D=2     U/D=3 

Fig. 5 Velocity vector diagram 

 

3.2.2 Sound analysis 

Three sections of the pipeline were intercepted at θ=0°, θ=45°, and θ=90° 

respectively, and 4 sound pressure signal monitoring points were set on the inner, 

outer, upper and lower walls. The schematic diagram of the monitoring points is shown 

in the Fig.6. 



Volume 9 Issue 8 2022 
 

   6 

 

Fig. 6 Schematic diagram of sound pressure monitoring point 

 

(a)θ=0°                          (b)θ=45° 

 

(c)θ=90° 

Fig. 7 Monitoring point sound pressure level 

It can be seen from Fig.7 that the peak value of the sound pressure level of the 

aerodynamic noise of the elbow is higher in the frequency bands of 700Hz, 850Hz, 

1550Hz and 1700Hz. The frequency on the θ=45° section reaches the maximum 
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around 1550Hz, and its value is 123.94dB. In the frequency range from 20Hz to 800Hz, 

the sound pressure level on the three sections increases with the increase of frequency. 

In the frequency range of 800Hz~2000Hz, the sound pressure level of each monitoring 

point on the three sections shows irregular fluctuations with the increase of frequency, 

especially on the θ=45° section. 

Due to the existence of secondary flow and eddy current in the elbow section, the 

flow state of the fluid will change when flowing through the elbow, and the disturbance 

of the inner wall of the elbow is more severe than that of the outer wall. The 

disturbances of the upper and lower walls are symmetrical, but the disturbances of 

the upper and lower walls are both smaller than those of the inner wall and larger 

than those of the outer wall. It can be seen from Table 1 that on the θ=45° cross-

section, the sound pressure level of the inner wall surface is up to 113.94dB, and the 

minimum sound pressure level of the outer wall surface is 99.37dB. The extreme value 

and mean value of the sound pressure level at the corresponding monitoring point 

have little change. 

Table 1 Sound pressure extremes and averages 

Monitoring 

surface 

Extreme sound pressure(dB) Average sound pressure(dB) 

Inner 

wall 

Outer 

wall 

Upper 

wall 

Lower 

wall 

Inner 

wall 

Outer 

wall 

Upper 

wall 

Lower 

wall 

0° 110.23 105.11 106.46 106.45 70.92 68.60 69.62 69.57 

45° 113.94 99.37 105.76 105.94 72.46 67.34 69.38 69.34 

90° 110.28 103.20 106.49 106.96 70.79 68.27 69.38 69.49 

We analyzed the flow field of the elbow section with a bending radius of 

R=1.5D=231.15mm and a bending angle of 90°, and found that the main reason for 

the aerodynamic noise in the elbow section is the existence of secondary flow and 

eddy current. 

3.3 Influencing factors on aerodynamic noise 

In this section, the fluid simulation software Fluent was used to simulate the steady 

flow of the elbow. After the steady state results converge, whose calculation result 

was used as the initial flow of the LES analysis, and then the calculation result obtained 

by the LES was used as the as the aerodynamic noise of the elbow load spectrum file. 

Finally, the sound field in the elbow has been calculated by solving the FW-H equation, 

and the sound pressure level spectrogram of each monitoring point has been extracted 

after the calculation completed. 

3.3.1 Effect of bending radius 

The bending radius of the elbow will affect the flow state of the fluid in the pipeline 

and then affect the aerodynamic noise in the elbow. In this paper, we studied the 

influence of five different bending radius (R=D, R=1.5D, R=2D, R=2.5D and R=3D) 
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on aerodynamic noise. The straight pipe sections at the front end and the rear end of 

the elbow section are exactly the same. The length of the straight pipe section at the 

upper end of the pipeline is L1=5D, and the length of the straight pipe section at the 

lower end of the pipeline is L2=10D. 

Fig.8 is the velocity contour of different bending diameters at the same moment. It 

can be seen from Fig. 8 that with the increase of the bending radius, the maximum 

velocity of the inner wall of the elbow section will always decrease. In addition, we 

can also conclude that the velocity of the inner wall of the elbows with 5 different 

bending radius is significantly greater than that of the outer wall, and the velocity of 

the inner wall has an obvious dividing point, which moves upward with the increase 

of the bending radius[11].  

     

(a)R=D      (b)R=1.5D    (c)R=2D 

    

(d)R=2.5D   (e)R=3D 

Fig. 8 Velocity contours for different bending radius 

We have already learned that the sound pressure fluctuation on the θ=45° section is 

the most violent, and the sound pressure extreme value is the largest. Therefore, the 

next step is to study the sound pressure level of elbows with different bending radius 

on the θ=45° section, and the sound pressure level distribution is shown in Fig.9. 
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(a)R=D, θ=45°                      (b)R=1.5D, θ=45° 

 

(c)R=2D, θ=45°               (d)R=2.5D,θ=45° 

 

(e)R=3D, θ=45° 

Fig. 9 Sound pressure level at θ=45° cross-section 

It can be seen from Fig.9(a)~(e) that the amplitude of the sound pressure level in the 

frequency range of 20Hz~800Hz is small, but the amplitude of the sound pressure 

level in the frequency range of 800Hz~2000Hz is obviously enhanced, so the noise 

reduction should pay more attention to the high frequency band. As the bending radius 

of the elbow gradually increases, the overall fluctuation trend of the sound pressure 
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level of the noise at the monitoring point does not change significantly, but the size 

of the sound pressure level gradually decreases. In order to more intuitively analyze 

the influence of bending radius on elbow noise, we selected the maximum value, 

amplitude and mean value of sound pressure at each monitoring point in the range of 

20Hz ~ 2000Hz for analysis. 

   

(a)Extremum              (b)Amplitude 

 

   (c)Average value 

Fig. 10 Monitoring point sound pressure comparison 

It can be seen from Fig.10(a)~(c) that with the increase of the bending radius, the 

extreme value, amplitude and average value of the sound pressure at each monitoring 

point gradually decrease, and the magnitude of the reduction of the extreme value on 

the inner wall is the largest. This indicates that the strength of the secondary flow and 

eddy current in the elbow will gradually decrease with the increase of the bending 

radius, so the interaction force of fusion and splitting between the vortices will also 

weaken with the increase of the bending radius, and finally the sound pressure in the 

elbow will gradually decrease. To sum up, the sound pressure level will gradually 

decrease with the increase of the bending radius, so the pipe noise can be reduced by 

increasing the bending radius of the elbow. 

3.3.2 Effect of bending angle 

The bending angle of the elbow will also affect the flow state of the fluid in the pipe, 

resulting in aerodynamic noise. We set up four different bending angles to study their 
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influence on aerodynamic noise. Fig.11 is the velocity contour of the bends with 

different bend angles at the same moment. It can be seen from the figure that with 

the increase of the bend angle, the maximum velocity change of the inner wall of the 

bend is not obvious, and the inner wall of the bend is not very obvious. The speed is 

significantly greater than that of the outer wall. 

    

(a)150°                  (b)135° 

     

(c)120°      (d)90° 

Fig. 11 Velocity contours for different bending angles 

We compare and analyze the inlet section, middle section and outlet section of the 

elbow and find that the sound pressure of each monitoring point on the middle section 

of the elbow is the largest. Therefore, the following mainly analyzes the influence of 

different elbow angles of the middle section on the sound pressure of the 

elbow[14][15]. 
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(a)150°                         (b)135° 

 

(c)120°                         (d)90° 

Fig. 12 Distribution of sound pressure in the middle section 

   

(a)Extremum                              (b)Amplitude 

 

(c)Average value 

Fig. 13 Monitoring point sound pressure comparison 
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It can be seen from Fig.12(a)~(d) that the frequency spectrum of the sound pressure 

on each section shows the same trend of change, the energy in the low frequency 

band is lower, and the energy in the high frequency band is higher. With the increase 

of the bending angle, the sound pressure of the monitoring points on each section 

shows the same trend of change. We obtained the maximum value, amplitude and 

mean value of the sound pressure at each monitoring point in the range of 20Hz ~ 

2000Hz to analyze the influence of the elbow angle on the aerodynamic noise of the 

elbow. 

It can be seen from Fig.13(a)~(c) that the extreme value, amplitude and mean value 

of the aerodynamic noise in the elbow gradually decrease with the increase of the 

bending angle, while the sound pressure on the outer wall, upper wall and lower wall 

The mean shows a trend of increasing first and then decreasing. This shows that the 

aerodynamic noise in the pipe will show a downward trend with the increase of the 

bending angle, because the vorticity in the curved pipe will gradually decrease with 

the increase of the angle, and the interaction between the vortex and the vortex will 

also decrease. At the same time, the intensity of eddy current and secondary flow is 

also reduced accordingly, and finally the aerodynamic noise in the pipeline is reduced. 

To sum up, the sound pressure level will gradually decrease with the increase of the 

bending angle, so the pipe noise can be reduced by increasing the bending angle of 

the elbow. 

 

4. Noise reduction scheme 

According to the previous research on the aerodynamic noise of the pipeline, reducing 

the airflow pulsation in the pipeline is the key to reducing the aerodynamic noise of 

the pipeline. Improving the flow of gas in the pipeline can fundamentally reduce 

wellsite noise. Based on the research results of pipeline aerodynamic noise and on-

site investigation, we have summarized the following noise reduction methods: 

(1) By reducing the conical angle of the sub joint from 75° to 15°, the flow velocity 

from the throttle valve outlet to the elbow can be slowed down, thereby reducing the 

eddy current phenomenon, thereby reducing fluid pressure pulsation and noise. 

(2) Changing the bending radius from R=1.5D to R=3D, and the elbow angle from 90° 

to 135° to reduce the secondary flow and eddy current strength in the elbow, which 

can not only weaken the vorticity but also reducing the sound pressure in the elbow. 

(3) Reducing the number of elbows. 

4.1 Optimization of pipeline structure  

Fig.14 is the fluid domain model of the pipeline before optimization, and Fig.15 is the 

fluid domain model of the pipeline after optimization. The center of the circle at the 

end of the pipe elbow is the 1# sound pressure monitoring point, and the center of 
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the circle at the pipe outlet is the 2# sound pressure monitoring point. 

 

Fig. 14 Pipeline structure and fluid domain model before optimization 

 

Fig. 15 Optimized piping structure and fluid domain model 

Fig.16 is a comparison chart of the sound pressure of monitoring points 1# and 2# 

before and after the optimization of the pipeline structure. It can be seen from the 

figure that the sound pressure spectrograms of monitoring points 1# and 2# show 

the same change trend before and after the structure optimization, but the sound 

pressure after optimization is significantly smaller than the sound pressure before 

optimization. The total sound pressure of 1# monitoring point was reduced from 

117.76dB to 106.83dB, and the sound pressure of 2 # monitoring point was reduced 

from 107.60dB to 98.62dB. It is further verified that optimizing the structure of the 

pipeline can reduce the aerodynamic noise in the pipeline. 

 

(a)1#               (b)2# 

Fig. 16 Monitoring point sound pressure comparison 
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4.2 Optimization of working parameters 

We studied the effect of pipe inner diameter on the sound pressure of the optimized 

pipe structure. The flow rate in the pipeline was 100m3/d, and the sound pressure 

results of 1# and 2# monitoring points were still used for comparative analysis. Fig.17 

is the velocity distribution curve on the central axis of the pipe with two inner 

diameters. After changing the inner diameter of the original pipe from D=154.1mm to 

D=201.5mm, the maximum velocity in the pipe was reduced from 40.23m/s to 

23.32m/s, and the average velocity in the pipe after the flow rate was stabilized was 

reduced from 11.05m/s to 6.5m /s. 

 

Fig. 17 The velocity distribution of the central axis 

Fig.18 is a comparison diagram of the sound pressure spectrum of two monitoring 

points under different inner diameters. It is not difficult to find that the sound pressure 

spectrograms of monitoring points 1# and 2# show the same trend, but it is obvious 

that increasing the diameter can reduce the sound pressure in the pipe. The sound 

pressure of monitoring point 1# was reduced from 115.05dB to 106.83dB, and the 

sound pressure of monitoring point 2# was reduced from 106.74dB to 98.62dB. This 

shows that increasing the inner diameter of the pipe can not only reduce the flow 

velocity in the pipe, but also reduce the aerodynamic noise in the pipe. Unfortunately, 

the inner diameter of the pipe cannot be increased indefinitely, because the velocity 

in the pipe must meet the requirements of pipeline transportation. 
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(a)1#             (b)2# 

Fig. 18 Monitoring point sound pressure comparison 

 

5. Conclusion 

This paper takes the noise of the choke pipeline at the natural gas wellhead as the 

research object. We conduct aerodynamic noise and noise reduction research on 

choke pipelines of natural gas wellheads through fluid mechanics and aeroacoustics. 

By combining the large eddy simulation and Lighthill acoustics, the numerical 

simulation of the flow field and sound field of the elbow in the throttling pipe system 

is carried out, and the mechanism of the aerodynamic noise of the elbow is explored. 

Then the influence of the bending radius and bending angle on the aerodynamic noise 

of the elbow is analyzed. Finally, a noise reduction scheme is proposed, and the control 

feedback of wellhead site noise shows that the noise reduction effect is remarkable. 

Ultimately, we came to the following conclusions. 

(1) The main cause of aerodynamic noise in the elbow section is the existence of 

secondary flow and eddy current. Elbow aerodynamic noise is a kind of broadband 

noise, and each frequency has a certain amount of acoustic energy. 

(2) Increasing the bending radius and increasing the bending angle can reduce the 

aerodynamic noise in the elbow, and the aerodynamic noise in the pipeline can be 

reduced by a maximum of 10.93dB. 

(3) Increasing the inner diameter of the pipe to reduce the flow velocity in the pipe 

so as to minimize the aerodynamic noise in the pipe by 8.22dB. This shows that the 

flow velocity in the pipe should be controlled below 10m/s as much as possible, which 

can effectively reduce the aerodynamic noise of the pipe. 
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