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Abstracts. At present, AICD completion is an effective way to slow down the bottom
water cone. Effective extension of the period without water production. According on
the basis of investigating the AICD both at home and abroad, this paper designed a new
type of AICD, and with the help of fluid numerical simulation software, the internal
flow field was analysed, and its structure is optimized. The simulation results show that
the tool can restrict the flow of water well, and the flow of oil is less.

1. Introduction

At present, the horizontal well is an important technique for exploiting the edge and bottom water
reservoirs and shallow reservoirs. The horizontal wells greatly increase the exposed area of oil reservoirs,
thus improving the oil production efficiency. With the exploitation of oil fields, the shortcomings of
horizontal wells have become increasingly prominent. For the moment, the horizontal and bottom water
coning [1-4] is a major problem concerned by the major oilfields of the world. Inflow Control Device
(ICD) and Autonomous Inflow Control Devices (AICD) is a new type of water control completion
technology. ICD can reduce the period of hypertonic fluid production and control water coning
according to producing an additional pressure drop. AICD is more intelligent than ICD because it can
distinguish fluid based on the change of fluid properties or stream field. Because of the intelligence,
AICD which has been widely used all over the world has a strong throttling effect on water while it has
less throttling effect on oil. There are many AICD types designed by oil company and oil researchers
[5-10]. For instance, in 2006, Crow [11, 12] and others designed a density sensitive valve based on the
Archimedes principle. At the same year, Norway Petroleum Company [13,14] designed RCP (Rate
Controlled Production) according to the principle of pressure balance; The Halliburton corporation
designed the FD AICD (Fluid Diode) valve based on the diode principle; In 2014, Wang Xiaogiu [15]
of the China University of Petroleum designed a new AICD based on the Halliburton corporation’s
AICD; In this paper, a new type of AICD is designed based on flow channel split AICD, and its stream
field, structure and fluid sensitivity are analyzed by using fluid numerical simulation software.
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2. AICD Design

The Flow Control Valve(FCV) designed in this paper is shown in figure 1. The FCV is a rotating
symmetrical structure, which consists of two inlet and one outlet. work area consists of a Y-shaped
branch, outer swirl channel, inner swirl channel and swirl chamber. Due to the different physical
parameters, the different liquid through the tool can produce different pressure drop, the tool use branch
shunt and vortex role to realize the limitation on the fluid, so as to realize the recognition of the fluid.
The flow area contains three branch bypass areas. The fluid flows into the FCV and the first shunt is
generated at the Y structure. The branch flow through the branch enters the inner swirl channel, and the
fluid of the main flow continues along the main flow path into the outer swirl channel. The fluid of the
inner swirl channel flows into the swirl chamber through the branch flow. There are two branches at the
end of the outer swirl channel, one of which is connected to the inner swirl channel and the other is
connected with the swirl chamber. There is a narrow passage between the swirl chamber and the outlet.

Figure 1. Schematic of the FCV

3. The boundary conditions

Physical model and grid partition are shown in Figure.2. This model adopts hexahedral grid, which is
more regular and more accurate. Two inlet boundary conditions are velocity-inlet and outlet boundary
condition is outflow.

Figure 2. Physical model and grid partition

4. Simulation analysis

4.1. Comparative analysis of oil and water pressure field

Figure 3 is an oil-water pressure distribution in AICD while the flow rate of fluid is 12m®d, and it is
clear that the pressure drop of aqueous flow is mainly produced in the swirl chamber. Therefore, it is
obvious that the swirl action in the swirl chamber has a great resistance to the flow of water. The contour
shows that the branch pressure is larger than the main pressure at the Y type fork, and the flow of flowing
directly into the swirl chamber has been replaced by forcing the fluid to enter the swirl chamber through
the outer swirl channel. During this process more fluid will produce a pressure drop along the channel,
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thus increasing the effect of flow resistance. In the swirl chamber, pressure gradient created mainly by
swirl action is relatively large.

Comparing the pressure contour of water phase with oil phase, it can be concluded that the oil
pressure drop is mainly produced at the outer swirl channel, so the main part of pressure drop has been
created when the oil through the swirl channel. From Y fork, the pressure of branch channel is lower
than main channel when oil through the Y type fork. It makes more oil get into the inner swirl channel
according the fork. When the oil enters the swirl chamber from inner swirl channel, there is an over flow
pressure drop, and the pressure drop is not obvious.
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Figure 3. Contour of Static Pressure

4.2. Analysis of speed field

In order to understand the movement mechanism of fluid in the valve, it is necessary to analyze the
flow action of fluid which is directly related to the effect of valve. The following analysis is about the
streamline of the fluid at different positions.

Figure 3 shows the flow of oil and water when they enter the valve respectively. There is a small
vortex when water meet the Y branch and the vortex will cause a certain disturbance which will impede
the water flowing into the swirl chamber by branch channel. The fluid of main channel will get into the
inside valve according outer swirl channel and most of fluids will entry the inner swirl channel without
entering the swirl chamber directly. The fluid at the end of the inner swirl channel which is impacted by
the fluid from the outer swirl channel at the opposite side, will get into the swirl chamber and swirling.

There won’t be whirl when oil meet Y type branch, because the viscosity of oil is heavier than water
and the flow intensity is lower. So a portion of fluids will entry the swirl chamber according branch
channel and other portion get into swirl chamber according inner swirl channel. The fluid passing the
outer swirl channel will get into the swirl chamber directly because it is influenced by the branch channel
at the other side. The turbulence created in the swirl chamber can effectively reduce the swirling flow
of the fluid. Through the streamline comparison analysis, it can be seen that this valve can create a
greater water flow distance and swirl effect, while for oil, it can reduce the flow distance and the swirl
effect as much as possible.
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Water streamlines Oil streamlines
Figure 4. The distribution of flow field in the FCV

Figure 5 is a simplified model picture, then respectively intercepts three profiles along A, B and C
three direction to analyze the flow of fluid. Figure. 6 is a streamline map of the A-A profile, as the
section is toward the inlet of the swirl chamber, so it can be observed from the flow chart that the fluid
is essentially flowing into the exit region along the radial direction. The whole flow process is relatively
gentle, and there is turbulence only when the water through the outlet of the variable position where
does the stirring happen. The existence of disturbances has impeded the flow of water.

Figure 7 shows the B-B profile, from the graph, there is turbulence in the swirl chamber when water
pass this profile and the turbulence will impede whirl of water which decrease the energy used by whirl.
The oil won’t create any turbulence on the profile after entering the separation chamber, and the flow is
relatively gentle. There will be turbulence when oil get through the inner swirl channel and the
turbulence will impede and decrease the flow of oil in the inner swirl channel which can reduce the
consumption of energy. The water also has an obvious disturbance when it get through the variable
outlet.

Figure. 8 is a streamline map of the C-C profile. By comparing Figure 6 and Figure 7, it can be
observed that the flow in the outer swirl channel is different. There is turbulence in the outer swirl
channel because the profile is in the bend position and compared to other locations, the flow is similar
to that of the B-B profile.

Figure 5. Schematic of section
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Figure 8. The streamline of C-C section

4.3. Sensitivity analysis of oil-water flow

The effect of flow velocity on fluid pressure loss is relatively large, therefore, the oil and water over-
flow conditions are simulated in combination with the above structural design, mainly simulation the
pressure drop of valve at the flow of 2, 4, 6, 8, 10 and 12m®/d. Through the pressure drop curve, it can
be observed that the pressure drop of water is relatively large and the changing rate of pressure drop
become more and more large. But the oil pressure drop is relatively small, and with the increase of flow
rate, the changing rate of pressure drop is smaller. This curve shows that the tool is good for oil and
water screening, and can play a great role in limiting water flow and releasing oil flow.
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Figure 9. The pressure drop produced by the change of water and oil in daily production

4.4. Structure optimization

In order to improve the flow capacity of oil and reduce the flow capacity of water, it is necessary to
optimize its structure. Because the water resistance is mainly generated in the swirl chamber, this paper
will optimize the opening position of the swirl cavity inlet. Different open positions determine different
flow modes, and the inflow mode has a great influence on the swirl movement. Mainly simulation the
pressure drop of valve at the angle of 05306090 <120<and 150< The basic Angle transformation is
rotated clockwise as shown in Figure10. The pressure drop of the fluid flowing through the water control
valve under different flow is measured.

Figure 10. The schematic of angle setting

The pressure drop of water and oil from different angles and different flow conditions is shown in
Figure 11 and Figure 12. By contrast can be seen that, with 120 “design can make the water produces
large valve pressure drop, but the oil valve pressure drop is not minimum values. The angle of oil
producing minimum flow pressure drop is 30 < and the water flow pressure drop is also the smallest.
Figure.13 is the difference of pressure drop produced by water and oil in the same condition. Through
pressure difference can be seen that when the swirl chamber entrance by 120 < the oil and water flow
pressure drop difference is the biggest of all.
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5. Conclusion

Through the simulation of AICD, it can be seen that the tool can be used in the well to restrain the water.
The numerical simulation of AICD in this paper can be seen that the y-type and swirl structure can be
used to discriminate the oil and water. The simulation results show that the design of the y-shaped
structure utilizes the flow characteristics of the fluid. The flow of water can produce vortices to stop
water flow, and the flow of oil can play a good circulation. The design of swirl cavity can also play a
good role.

It can be seen from the velocity field analysis that there are eddies in many places within the FCV.
Most of these vortexes have a certain gain effect on the water control valve. The vortex in the swirl
chamber has the opposite effect on the water control.

Swirl chamber entrance location optimization results show that when the swirl chamber entrance by
120 < the pressure drop of oil and water flow difference value is the largest, water control effect is
better.

Acknowledgments
This work was financially supported by National Science and Technology Major Project (Grant Nos.
2016ZX05009003-022) fund.

References

[1] Terry W S, Moen T, David A. Edwards, et al. Optimized Design of Autonomous Inflow Control
Devices for Gas and Water Coning[C]. SPE Reservoir Simulation Symposium, 2015, 23-25
February, Houston, Texas, USA.

[2] Abdullah M. Al-Dhafeeri, Mahmoud Abd El-Fattah, Mohamed Salah, et al. Case Study: Utilizing
of Inflow Control Device to Control Oil Wells from Water Production and Regulate
Waterfront Encroachment[C]. 2013, OTC Brasil, 29-31 October, Rio de Janeiro, Brazil.

[3] CuiE, HayE, Gonzalo A G. Inflow Control Device in Thin-Layer Bottom Water Drive Reservoir
Enhances Oil Recovery in China South Sea[C]. SPE Kuwait Oil and Gas Show and
Conference, 2013, 8-10 October, Kuwait City, Kuwait.

[4] Banerjee S, Abdelfattah T, Nguyen H. Benefits of Passive Inflow Control Devices in a SAGD
Completion[C]. SPE Heavy Oil Conference-Canada, 2013, 11-13 June, Calgary, Alberta,
Canada.

[5] Yang, M.J., Li, H.T., Xie J, et al. The theory of the automatic phase selection controller and its
performance analysis[J]. Journal of Petroleum Science and Engineering, 2016, 144: 28-38.

[6] Gonzalo A. Garcia, Martin P. Coronado, Paolo Qavioli. Identiying Well Completion Application
for Passive Inflow Control Devices[C]. SPE Annual Technical Conference and Exhibition,
2009, 4-7 October, New Orleans, Louisiana.

[71 Baker Hughes Incorporated. Downhole-Adjustable Flow Contro Device For Controlling Flow of
a Fluid Into a Wellbore[P]. United States Patent, US8469107B2, 2013-6-25.

[8] Least B, Bonner A, Regulacion R. Autonomous ICD Installation Success in Ecuador Heavy Oil:
A Case Study[C]. SPE Annual Technical Conference and Exhibition, 2013, 30 September-2
October, New Orleans, Louisiana, USA.

[9] Least B, Greci S, Konopczynski M, et al. Inflow Control Devices Improve Production in Heavy
Oil Wells[C]. SPE Middle East Intelligent Energy Conference and Exhibition, 2013, 28-30
October, Manama, Bahrain.

[10] Gomez M, Anaya A F, Araujo Y E, et al. Autonomous Inflow Control Devices (AICD)
Application in Horizontal Wells Completions in Rubiales Area, Heavy Oil Reservoir[C]. SPE
Middle East Intelligent Oil and Gas Conference and Exhibition, 2015, 15-16 September, Abu
Dhabi, UAE.

[11] Crow S L, Coronado M P, Mody R K. Means for Passive Inflow Control Device Upon Gas
Breakthrough[C]. SPE Annual Technical Conference and Exhibition, 2006, 24-27 September,
San Antonio, Texas, USA.



ESMA 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 108 (2018) 032021 doi:10.1088/1755-1315/108/3/032021

[12] Baker Hughes Incorporated. Inflow Control Device With Passive Shut-off Featuer[P]. United
States Patent, US7290606B2, 2007-11-6.

[13] Mathiesen V, Aakre H. The Autonomous RCP Valve-New Technology for Inflow Control in
Horizontal Wells[C]. Offshore Europe, 2011, 6-8 September, Aberdeen, UK.

[14] Aakre H, Mathiesen V. Method for Flow Control And Autonomous Valve or Flow Control
Device[P]. United States Patent, US20090218103A1, 2009-9-3.

[15] Wang X Q, Wang Z M, Zeng Q S. A Novel Autonomous Inflow Control Device: Design,
Stracture Optimization, and Fluid Sensitivity Analysis[C]. International Petroleum
Technology Conference, 2014, 10-12 December, Kuala Lumpur, Malaysia.



