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Ultrasonic Assisted Enhanced Oil Recovery Process:
Numerical Analysis

Sayed Mahdi Aghaei, Faramarz Nasirzade, Arezou Jafari*, Davood
Khoozan, Hamed Namdar

Petroleum Engineering Department, Faculty of Chemical Engineering, Tarbiat
Modares University, Tehran, Iran

Research topic: One of the new methods in the process of increasing oil
recovery from hydrocarbon reservoirs is the method of using ultrasonic
waves. In this research, using ultrasonic waves and their application in
a large-scale sample tank, their effect on increasing oil extraction by the
numerical method is investigated.

Research Method: The modeling process has been performed using
MATLAB software in this research. First, by determining the porous en-
vironment, the amount of pressure increases due to ultrasonic waves
due to solving the sound equations (Helmholtz) by MATLAB k-waves
toolbox is investigated. Finally, considering the cumulative production
at a specific time from the production well and determining the oil re-
covery from the reservoir in the presence of a wave, to examine the effect
of well location parameters and its distance from the wave generation
source, wave production starts time, wave application methods (Pulsed
and continuous), is performed at an optimal frequency and power.
Main results: According to the modeling results, the closer the wave
start time is to the first days of production, the higher the oil recovery
rate; So that by starting the application of ultrasonic wave under the
power of 5 kW and frequency of 20 kHz simultaneously with the pro-
duction of well oil from the first day, oil recovery compared to oil re-
covery in the case of starting the wave from the fifty and ninety days,
respectively 4/5% and 8% more. Oil recovery is 1.8% higher if the
wave is applied continuously to the reservoir at a given time than when
pulsed at the same time. The modeling results show that the shorter the
distance between the wave source and the production well, the lower
the pressure drop in the reservoir area and the higher the oil recovery.
According to the results, if the source of wave production is located at a
distance of 200 feet from the production well, it will increase by 7.1%
compared to the distance of 1800 feet from the oil recovery well.
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Table 1. Initial characteristics of the reservoir for simulation

parameter | Porosity | Permeability | Initial Formation vol- | Initial tem- API
pressure | ume factor perature
value 18% 100 md 6000 psi | 1 bbl/STB 190 F 200
parameter | Reservoir | Mesh Mesh size | Total time Time step Oil in place
dimension
value 2000x400 | 500x100 (ft) |4 x4 (ft) | 100 days 1 day 2.4043 x
(ft) 10° STB
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Figure 1. Schematic of the reservoir with the locations of the well and the source of wave
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Figure 3. Sonic Pressure distribution in the reservoir with frequency of 20 kHz and power of 5 Kw.
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Figure 4 Pressure distribution resulting from a pressure wave in reservoir with frequency of 20 kHz and powers of: a)
1500w b) 8000w c) 10000w
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Figure 5 Reservoir pressure distribution and flow rate of the production well without applying ultrasonic waves
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Figure 8 Changes in reservoir pressure and well flow rate in the case that the well is 200 feet away from the source of
wave generation
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