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Abstract 
Abstract: In order to save gas well development cost and 
control output. Downhole throttling technology is often applied 
to the development of natural gas. In fact, due to the complicated 
process of the downhole throttling process, the flow field inside 
the hole is complicated. In this paper, the fluid simulation 
software was used to simulate the downhole throttling process 
and find some rules. In the process of downhole throttling, 
temperature drop and pressure drop are produced at the front and 
back ends of the throttle and the speed is greatly improved. In the 
case of changing the diameter of the throttle nozzle, the change 
of the flow field around the throttle is also presented. Research 
related laws could guide the design of the optimal throttle nozzle 
structure and improve the production efficiency. 
Keywords: Downhole throttle, Throttle nozzle, Pressure drop, 
Diameter 

1. Introduction 

Throttling technology is widely used in the production of 
oil and gas wells. However, the pressure drop and the 
temperature drop of the wellhead throttle can easily 
produce the hydrate ice, which affects the oil gas 
transportation. The traditional approach is to using heating 
furnace to heat at the wellhead, but it costs a lot. In order 
to reduce the cost and make full use of geothermal, 
downhole throttling technology is widely used in the 
development of oil and gas fields. In addition, downhole 
throttling can also control gas well production and 
increase the critical carrying flow rate. 
In this paper, the fluid simulation software is used to 
simulate the downhole throttling process. To change the 
diameter of the throttle nozzle, and sum up the law, which 
will help us to study the flow field in the fluid throttling 
process further. 

2. Model establishment 

2.1 Mathematical model 

The throttling process is regarded as a turbulent process, 
so  we use the RNG k－εmodel. RNG k－ε model 
corrects the turbulent viscosity. Compared with the 
standard k－ε model, it can better deal with changes in 
the process of throttling. In addition, RNG k －ε is 
suitable for various Reynolds number, the simulation is 
more reasonable than other throttling model. The main 
calculation equation of  RNG k－εmodel is as follows. 

2.1.1 Continuity equation 
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Where 
ρ=Fluid density, kg/m3 

i ju u
 =The average flow velocity of the liquid along the X 

and Y directions respectively, m/s 
P=Pressure, Mpa 

i ju uρ ′ ′  =Reynolds stress, pa 

Which Si is the source item. 
2.1.2 Turbulence model equation 
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Where 
αk= Turbulent Prandtl number of K equation 
αε= Turbulent Prandtl number of ε equation 
Gk=Turbulent kinetic energy generated by the laminar 

velocity gradient, Nm 
Gb =Turbulent kinetic energy generated by buoyancy, 

Nm 
K=Turbulent kinetic energy, J 
Ueff=Eddy viscosity 
YM=Contribution of pulsating expansion in 

compressible turbulence 
Which ε is a dissipative term, Sk and Sε are the source 

items. Rε is an additional source in ε equation. C1ε＝
1.42;C2ε＝1.68;αk＝αε＝0.7194 

Which 
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η0＝4.377,β＝0.012,Cu＝0.0845 

2.2 Geometric model 

Figure 1 is the section of traditional throttle device. 
Because its structure is too complex, after the relevant 
measurement of the throttle in Figure 1, we simplified it as 
shown in Figure 2. Detailed dimensions: W1=60mm, 
W2=22.5mm,W3=5.5mm,L1=300mm,L2=130mm,L3=40
mm, In addition, the W4 was defined as a variable, and the 
entire simplified graph is symmetric along the middle axis. 

 

Fig. 1  Throttle device profile 

 
Fig. 2 Throttle simplification 

2.3 Parameter setting 

In this paper, the RNG k－εmodel was used to calculate 
the symmetric model. Boundary conditions were set as 
pressure inlet and pressure outlet. The inlet pressure was 
set to 20Mpa, and the outlet pressure was set to 10Mpa. 
The temperature was 330K (according to the well depth 
2000m). The turbulence intensity was set to 10% and the 
hydraulic diameter DH was set to 15mm. The solid wall 
boundary condition: no slip condition for the solid wall of 
the throttle nozzle and the oil tube. 

Table 1 Boundary condition parameters 
Boundary 
conditions 

Total pressure Temperature 

Pressure inlet 20Mpa 330K 
Pressure outlet 10Mpa 330K 
 

 
Fig. 3 Mesh graph of the model 

3. Result analysis  

3.1 Flow field analysis 

3.1.1 Velocity field analysis 
Figure 4 can be seen, the trend of the speed is: at the 
entrance of the throttle nozzle, the cutting area decreases 
sharply, and the flow rate increases sharply. At the mouth 
of the throttle, the pressure at the outlet is greater than that 
of the backpressure. Therefore, the air flow to continue to 
expand, the speed will be further increased, then through a 
series of expansion, compression, then expand, and then 
compress the periodic changes. The energy is gradually 
attenuated, and the final and the surrounding gas mixture 
to achieve a balance. Near the outlet of the throttle, due to 
the gradual decay of the expansion wave and the 
compression wave, the airflow velocity also increases, 
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decreases, and then increases, and then decreases. Fluid 
flow rate at the outlet achieved maximum. 

 
Fig. 4 The contours of velocity distribution 

3.1.2 Pressure field analysis 
Can be seen from Figure 5,at the entrance of the throttle, 
cutting area decreases sharply. At this point the gas 
pressure is also reduced dramatically. At the exit of the 
throttle, the pressure is greater than the pressure in the 
backpressure. So the gas expands and the pressure drops. 
Under the action of the shock wave system, the gas 
pressure gradually reduced, equal to the counter pressure. 

 
Fig. 5 The contours of pressure distribution 

At the exit of the throttle, there is a periodic change in 
the wave system of the expansion wave and the 
compression wave. Therefore, the pressure at the outlet is 
greater than that of the counter pressure.  

Firstly, supersonic airflow flows out of the throttle 
nozzle, through the largest expansion of the wave zone 
and the compression wave zone, the pressure in the 
expansion wave zone decreases sharply, then the pressure 
in the compression wave zone increases sharply. Like this 
process, the airflow has been done many times of 
expansion and compression. Due to the existence of 
energy loss, the increase of the pressure value should be 
less than the initial pressure at the beginning of expansion. 
At the same time, it is higher than the back pressure. Since 
this time the pressure is higher than the back pressure, the 
airflow to do second time expansion and compression. 

It repeated periodic attenuation of pressure until equals 
back pressure and reaches a balance. 
3.1.3 Temperature field analysis 

 
 Fig. 6 The contours of temperature distribution 

As can be seen from Figure 6, when the gas enters the 
throttle, temperature also decreases dramatically. Under 
the influence of the expansion wave and the compression 
wave, the kinetic energy of the gas is gradually converted 
into heat. Therefore, the change of gas temperature is 
gradually increasing. 

3.2 Influence of the throttle nozzle’s diameter 

After simulation, the corresponding calculation results 
are extracted as shown in Table 2. The corresponding 
parameters change with the diameter. Among them, the 
maximum speed increases with the throttle nozzle, the 
minimum pressure and the minimum temperature 
decreases with the increase of the nozzle diameter. 
Table 2  Changes of parameters under different diameters 

Diameter 
mm 

Minimum 
pressure 

MPa 

Maximum 
speed 

m/s 

Minimum 
temperature 

K 
1.0 8.896 427.352 285.899 

2.0 7.941 453.364 291.650 

2.2 7.466 470.311 286.792 

2.4 7.309 479.375 284.017 

2.6 6.979 499.470 281.693 

2.8 6.780 508.973 279.720 

4.0 5.780 586.789 256.006 
 

The trend of the data is shown in the Fig7~9. We can 
see the maximum speed, minimum temperature and 
minimum pressure change with the diameter. 

Larger diameter throttle will produce a relatively larger 
temperature drop and pressure drop, which is more prone 
to hydrate. 
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 Fig. 7 Maximum speed change with diameter 

 Fig.8 Minimum pressure change with diameter 

 
Fig.9 Minimum temperature change with diameter 

4. Conclusion 
In this paper, the throttle process was simulated by using 
the simulation software. The law of temperature, pressure 
and velocity in the process of throttling was discovered. 
Before and after throttling, there will be the following 
rules. 
1. Speed increases dramatically in throttling process and 

produces the maximum speed at the throttle nozzle 
outlet. After mixing with the surrounding gas, the 
speed will gradually decrease. 

2. In the throttling process, the temperature will decrease. 
But then the temperature will gradually rise, even be 
greater than the temperature before throttle. This is 
the opposite of speed change. Thus, the kinetic energy 

is converted into heat, followed the conservation of 
energy. 

3. Before and after the throttle, the pressure gradually 
decreases, the minimum pressure is generated at the 
outlet of the throttle. 

4. With the increase of the diameter, the maximum speed 
increases, the minimum pressure and the minimum 
temperature decrease. 

In addition, the data obtained in this paper were based on 
the software simulation, which contained some 
assumptions, the corresponding follow-up study should be 
based on the experimental and field data, the combination 
of the two can get more accurate rules. 
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