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Emulsions play an important role in enhancing oil recovery during the reservoir flooding process. In order to reveal the profile
control ability and the effect of adjustments to the interlayer interference during the migration of the emulsion in the porous
media, a stable emulsion system and an alkali-surfactant-polymer (ASP) system were selected to simulate the underground
emulsification process by verifying influencing factors of the emulsion. A parallel-core displacement experiment was used to
investigate the oil displacement efficiency and the difference of fractional flow in each layer under different emulsification
degrees and different permeability contrasts. The results indicate that the stability of the emulsion is related to the shearing
strength, the water content, and the type and concentration of chemical system. The oil displacement efficiency of emulsion
flooding is better than that of ASP flooding. For parallel core with an average permeability of 40mD and a permeability contrast
of 2, the emulsion flooding can enhance oil recovery by 21.16% compared to water flooding. With increasing permeability
contrast, the oil recovery percent of emulsion flooding will further increase. The emulsion system has good profile control
ability. Within a certain range, the stronger the heterogeneity of porous media, the better the effect of emulsification on the
adjustment of the interlayer interference.

1. Introduction

The class III reservoir in the Sartu Oilfield is highly heteroge-
neous and shows serious interlayer interference [1], which
greatly influence the development and recovery of the oil
field. Statistics shows that about 80% of the world’s crude
oil is produced in the form of emulsions [2, 3]. Emulsion is
a thermodynamically unstable multiphase dispersion system
in which small droplets of one liquid is dispersed in another
immiscible liquid. It exhibits non-Newtonian characteristics
during the flow process and has a wide range of applications
in the petroleum industry [4–6]. Emulsified compound
flooding could enlarge sweep volume of polymer and
improve oil displacement efficiency. The proportion of emul-
sion system and related supporting technologies in stabiliz-
ing oil and controlling production in high water content oil
fields is increasing. With increasing water content in oil

reservoirs and complexity of water flooding, emulsion flood-
ing has gradually become an important technology for water
and polymer flooding. Emulsion flooding has great potential
in oil recovery [7–9]. In recent years, some scholars have dis-
covered that emulsification is the key factor to enhance oil
recovery in ASP flooding. It is believed that the most impor-
tant contribution of emulsification to oil displacement is
emulsion carrying and emulsion profile control [10–12].
Emulsion carrying means that by reducing the interfacial
tension, the stripped oil forms an O/W emulsion that is easy
to flow. The improved oil displacement efficiency is by coa-
lescence and forming an oil wall. The mechanism of profile
control by emulsion is that the high-viscosity emulsion gen-
erated in the displacement process preferentially enters and
plugs the high-permeability layer, followed by the middle-
and low-permeability layers, thereby further expanding the
sweep efficiency.
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Emulsification process and mechanism are complex, usu-
ally accompanied by a series of problems such as flocculation,
coalescence, and phase inversion, which are still at the
exploratory stage. In recent years, there have been many
studies on the stability mechanism and emulsion carrying
process [13]. Yin et al. evaluated the stability of five emul-
sions with light crude oil from low-permeability reservoirs.
The most significant indigenous components for the crude
oil emulsion stability were explored. The stability mechanism
was revealed by innovative in situ methods and the interfacial
viscoelasticity was analyzed quantitatively to evaluate the
contribution of adsorbed asphaltene at the interfacial film
[14]. Romero analyzed the flow of emulsion in porous media
by laboratory experiments and capillary models, respectively.
They analyzed the flow characteristics of emulsions in two
different permeability cores under the condition that the size
distribution of emulsion droplets is known and established
the relationship between pressure and flow rate. The capillary
model analyzed the relationship between pressure and flow
rate when the emulsion passes through the variable diameter
capillary [15]. Lei et al. described the emulsion start and the
emulsion carrying of ASP flooding by establishing the rela-
tionship between the number of trapping and the residual
oil saturation. Finally, the effect of ASP flooding on recovery
factor and sweep efficiency was evaluated by using heteroge-
neous positive rhythm profile geological model [16]. Lu et al.
examined the performance of emulsions through VR concen-
tration, WOR, salinity, and temperature on the basis of the
optimum VR selected in the laboratory. Different steam/VR
injection processes were conducted in sandpacks to study
the effect of injection patterns, injection time, and salinity
on the formation of emulsions and the incremental oil recov-
ery [17]. The above studies reveal the seepage law and mech-
anism of the emulsion in the formation to some extent, but
in-depth research on the profile control of emulsion and
the adjustment on interlayer interference in the heteroge-
neous reservoir have not been studied much.

In this work, the influencing factors of emulsification are
first investigated. According to the geological characteristics
of the class III reservoir in the Sartu Oilfield, a stable kerosene
emulsion system was selected as the oil displacement agent
and compared with the ASP system. The oil displacement
efficiency of emulsion flooding under different emulsification
degrees and different permeability contrasts was studied by
displacement experiment of two parallel cores. The profile
control ability and the adjustment of emulsion on interlayer
interference are analyzed from the aspects of fractional flow
and recovery of each layer. It is of great significance to study
the profile control and flooding effect of emulsion under het-
erogeneous conditions in formulating relevant technical pol-
icies and ensure the efficient development of oil fields.

2. Experimental Materials

2.1. Core. Homogeneous artificial cores were used in the
experiment. These cores were made by the EOR Research
Institute of Northeast Petroleum University (Daqing, China)
by quartz sands (Daqing Refining and Chemical Company,
Daqing, China) and cemented with epoxy resin (Daqing

Refining and Chemical Company, Daqing, China). The pore
structure and permeability were similar to those of the class
III reservoir in Daqing Oilfield. The permeabilities of the
artificial cores were measured by gas. Cores with different
permeabilities (Kw) can be made by varying the size of
quartz sands and the content of epoxy resin. The dimension
of the core is 4 5 cm × 4 5 cm × 30 cm. The permeability is
16mD, 27mD, 54mD, and 64mD, respectively. The poros-
ity is 22–25%.

2.2. Chemicals. The surfactants used in this experiment is
alkyl benzene sulfonate from Daqing Refining and Chemical
Company in China with 30% of solid content and 0.3% of
mass concentration. The Span 80 is from Shandong Ecosol
Chemical Technology Company in China. The polymer is
partially hydrolyzed polyacrylamide. The average molecular
weight is 16 million. The concentration of polymer is
1200mg/L. The polymers are manufactured by Daqing Refin-
ing and Chemical Company. Sodium hydroxide solution
(NaOH) is used as the alkali, with 1.2% ofmass concentration.

2.3. Experimental Oil and Brine. The experimental oil is
crude oil diluted by kerosene with viscosity of 9.8mPa·s at
45°C. The crude oil was taken from the wellhead crude of
class III reservoir of Daqing Oilfield Limited Company No.
1 Oil Production Plant (Daqing, China).

The brine is sewage from the No. 1 Oil Production Com-
pany in Daqing Oilfield with salinity of 6778mg/L. The com-
position of the formation brines is shown in Table 1.

3. Experimental Method

3.1. Experiment for the Effect of Emulsification Factors. The
factors affecting emulsification were evaluated, including
the emulsification ability between crude oil and different
mechanical forces, water content, chemical types, and con-
centrations. The influence of different factors on emulsifica-
tion was studied by analyzing the syneresis rate and the
polarizing microscope photos.

3.1.1. Experimental Procedure. Firstly, the aqueous phase was
added into a beaker and followed by the model oil, and then,
the beaker was put in a 45°Cwater bath for 15min. After that,
the ZLE-B500 emulsifying machine (Shanghai Zhongshi
Machinery Co. Ltd., Shanghai, China) is used to stir the
emulsion for 5min at low speed or high speed. Then part of
the emulsion is moved into a measuring cylinder with a
stopper placed in a 45°C incubator oven for standing. The
syneresis rate of emulsion is recorded with time. The rest of
the emulsion was allowed to stand in a 45°C incubator for
30min. The emulsification of the concentrated phase was
observed by the PM6000 polarizing microscope (Shanghai
Shengke Instrument Equipment Co. Ltd., Shanghai, China).

3.2. Experiment for Parallel-Core Oil Displacement. In the
parallel-core displacement experiment, two parallel cores
with an average permeability of 40mD and a permeability
contrast of 2 and 4, respectively, were used to simulate a typ-
ical heterogeneous reservoir consisting of two layers with
high and low permeability, respectively. Kerosene emulsion
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system (with oil/water ratio of 2 : 3, 1% of Span 80, average
droplet size of 2.13μm, constant temperature of 45°C for 3
days without precipitation of water) and ASP system were
formulated and then injected into the parallel core. The
effects of emulsification on the adjustment of interlayer inter-
ference were investigated by measuring the pressure differ-
ence, oil and water production, and recovery rate with
water content.

3.2.1. Experimental Procedure. At room temperature, two
homogeneous cores with different permeabilities were placed
in an airtight core holders, respectively. Air was injected into
the cores for pressure testing for air leakage. Pore volume was
measured after that by vacuum and saturating with under-
ground water. At 45°C, the parallel cores were saturated with
simulated oil at 0.3mL/min by a plunger pump made by Bei-
jing Weixing Manufacturing Factory. The original oil satura-
tion was calculated. After that the parallel core is set for 24
hours before it is ready to be used. After 24 hours, the parallel
cores were water flooded at 0.3mL/min till water content
reached 98%. The pressure change, liquid producing capac-
ity, water rate, and oil rate in each period were recorded.
The recovery factor was calculated based on these data. After
that, the chemical flooding was conducted at the same injec-
tion rate according to the experimental scheme. Finally, the
secondary water flooding was conducted until the water con-
tent reached 98%. The experimental setup diagram is shown
in Figure 1.

3.2.2. Scheme Design. The scheme design of the displacement
experiment is shown in Table 2.

4. Results and Discussion

4.1. Effect of Emulsification Factors

4.1.1. Effect of Shearing Strength. The oil-water ratio was fixed
at 1 : 1. 0.3% sodium alkyl benzene sulfonate system was used
to compare the different effects of shaking and different
shearing rates on crude oil emulsification. The speed of emul-
sifying machine is set as 3000 r/min, 6000 r/min, 9000 r/min,
11000 r/min, and 13000 r/min, respectively. The stability
curves of the emulsion prepared after stirring at different
shearing rates for 5min after standing for 3 hours are shown
in Figure 2. The micrographs of the emulsion are shown in
Figure S1.

With increasing speed, the syneresis rate of the emulsion
gradually decreases and the stability of the crude oil emulsion
gradually increases. At 11000 r/min, the syneresis rate is the
smallest, the distribution of the emulsion droplets is the most
uniform, and the stability of the crude oil emulsion is the
best. This shows that the formation type and stability of the
emulsion are directly related to the different external forces.
Increasing external force helps to form stable emulsion.

However, the stability of the emulsion does not increase with
the force strength. Because under certain surfactant concen-
tration the droplets of the emulsion will decrease with
increasing shearing rate and the surfactant will be distributed
to a larger interface, the surfactant concentration on the
interface will decrease resulting in the droplets ease to coa-
lesce. Based on the above analysis, we conclude that emulsifi-
cation has a critical shearing strength.

4.1.2. Effect of Water Content. The emulsion with different
water content was prepared by 0.3% sodium alkyl benzene
sulfonate system with varying oil-water ratio and stirring at
high speed for 5min (11000 r/min). The change of emulsion
viscosity under different water content is shown in Figure 3.

As can be seen from Figure 4, with increasing water con-
tent, the demulsification speed increases and the water
extraction rate increases significantly, that is, the crude oil
emulsion becomes less stable with larger water content.
Combining the viscosity change of the emulsion in Figure 3
with the micrograph of the emulsion at different water
content in Figure S2, it can be seen that the W/O emulsion
is generally formed when the water content is low. When
the water content of the emulsion increases to about 20%,
the emulsion will likely form a low-viscosity unstable O/W
emulsion. The water content of the emulsion during the
inversion is called the inversion point or critical water
content. There may be multiple emulsion near the
inversion point [18, 19].

In the O/W emulsion, the strength of water film deter-
mines the stability of emulsion. The area of the system inter-
face increases with the increase of water content. Due to the
fixed concentration of surfactant, the amount of surfactant
adsorbed on the unit interface area decreases resulting in
the weakened strength of the interfacial film and easy to
crack. Smaller droplets are more likely to coalesce into larger
droplets after continuous movement and collision resulting
in decreased stability of the crude oil emulsion. The strength
of oil film determines the stability of the W/O emulsion. Fur-
ther approaches of water droplets will be affected by the steric
hindrance of surfactant and the electrostatic repulsion
between the charged adsorption films, thereby affecting the
stability of emulsion.

4.1.3. Effect of Surfactant Concentration. At fixed oil-water
ratio of 1 : 1, 1.2% of alkali and 1200mg/L of polymer are
mixed with different concentration of surfactant to prepare
emulsion under the same experimental conditions.

As can be seen from Figure 5 and Figure S3, with
increasing amount of surfactant, the syneresis rate of the
emulsion gradually decreases and the droplet size of the
emulsion is more uniform. This shows that in the ASP
system, increasing the concentration of surfactant within a
certain range is beneficial to the stability of emulsion.

Table 1: Composition of the injection and the formation brines.

Chemical composition NaCl KCl CaCl2 MgSO4 Na2SO4 NaHCO3 Total mineralization

Concentration (mg/L) 3489 20 64 262 114 2829 6778
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This is because low concentration of surfactant causes less
surfactant adsorbed on the interface which means that the
molecular arrangement is loose and the strength of the
interface membrane is weak. When surfactant concentration
increases, its adsorption capacity on the oil-water interface
increases, which reduces the interfacial tension and increases
the strength of the interface membrane. Therefore, the
viscoelasticity of the oil-water interface is enhanced. On the
one hand, the capillary force that promotes the drainage of
the liquidmembrane and the fluidity at the oil-water interface
are reduced. On the other hand, the electrostatic repulsion on

both sides of the liquid film is reduced. The combined effect
acts as a hindrance to the coalescence of oil beads [20], thus
enhancing the stability of the emulsion.

4.1.4. Effect of Alkali Concentration. At fixed oil-water ratio
of 1 : 1, 0.3% of surfactant and 1200mg/L of polymer are
mixed with varying concentration of alkali to prepare emul-
sion under the same experimental conditions.

From Figure 6 and Figure S4, it can be found that when
the alkali concentration is 0.2%, the droplet size of the
emulsion is still very small and the distribution is very
uniform under 400 times magnification of the microscope.
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Figure 1: Diagram of the experimental setup. 1: plunger pump; 2: beaker; 3: simulated oil; 4: water; 5: chemical agent (ASP solution or
kerosene emulsion); 6: pump sensor; 7: high-permeability layer core; 8: low-permeability layer core; 9: core holder; 10: high-precision
cylinder; 11: oven; 12: manual pump.

Table 2: Core parameters and chemical flooding slug composition.

Permeability contrast Permeability of each layer Chemical flooding

2

Low-permeability layer 27mD 0.6 PV emulsion system

0.6 PV ASP system
High-permeability layer 54mD

0.4 PV emulsion system and 0.2 PV ASP system

4

Low-permeability layer 16mD 0.6 PV emulsion system

0.6 PV ASP system
High-permeability layer 64mD

0.4 PV emulsion system and 0.2 PV ASP system
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Figure 2: The syneresis rate of emulsion under different
shearing rates.
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Figure 3: Emulsion viscosity change curve under different water
content.
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The syneresis rate of the emulsion is very low and almost no
water precipitates in two hours. The syneresis rate is only
about 1% in 6 hours, thus the stability of the emulsion is
good. When the concentration of alkali is increased, the
water evolution rate of the emulsion gradually increases, the
droplet size gradually increases, the arrangement becomes
looser, and the stability of the emulsion deteriorates. The
alkali enhances the stability of emulsion by reacting with
acidic substances in crude oil to form surfactant. In a single
alkali system or other systems, increasing the amount of
alkali is beneficial to the stability of emulsion. However, in
the ASP system under this experimental conditions, the
excessively high pH value may decompose the surfactant
and lower its emulsifying capacity. On the other hand, high

NaOH mass fraction is equivalent to higher ionic strength
and therefore compresses the electric double layer around
the oil droplets and reduces the electrostatic repulsion
between the oil droplets. These cause the oil droplets to
increase in size and coalesce and eventually lead to the
delamination and destruction of the emulsion [5]. This
implies the best stability of the crude oil emulsion in the
ASP system when the NaOH mass fraction is low.

4.1.5. Effect of Polymer Concentration. At fixed oil-water ratio
of 1 : 1, 0.3% of surfactant and 1.2% of alkali are mixed with
varying concentration of polymer to prepare emulsion under
the same experimental conditions.

As can be seen from Figure 7 and Figure S5, when the
polymer concentration is 1800mg/L, the emulsion has the
longest stable time with smaller droplet size of the emulsion
and more uniform distribution. It shows that in the ternary
composite system, the stability of the emulsion gradually
increases as the polymer concentration increases. This is
because the rate of rising oil droplets is proportional to the
droplet diameter and the difference of water oil density and
is inversely proportional to the water phase viscosity.
Therefore, the polymer will increase the emulsion stability
by decreasing the rate of rising the oil droplets and higher
polymer concentration results in higher interfacial film
strength. As the concentration of the polymer increases, the
color of the water separated from the emulsion deepened
with the standing time increased.

4.2. Parallel-Core Displacement Experiment

4.2.1. Fractional Flow of Each Layer with Permeability
Contrast of 2. The fractional flow of high- and low-
permeability core was measured by the combined injection
and the separate layer production experiment. The ability of
profile control and the sweep efficiency of the emulsion in
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Figure 4: The syneresis rate of emulsion under different water
content.
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Figure 5: The syneresis rate of emulsion under different content
of surfactant.

0 1 2 3 4 5 6

0

20

40

60

80

100

0.2%
0.6%
1.2%

Sy
ne

re
sis

 ra
te

 (%
)

Time (h)

Figure 6: The syneresis rate of emulsion under different content
of alkali.
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heterogeneous parallel cores were investigated. The fractional
flow can be calculated as

ff = Ql

Qt
× 100%, 1

where ff is the fractional flow, %; Ql is the outlet flow of the
low-permeability core, cm3/min; andQt is the sum of the out-
let flow of the high- and low-permeability core, cm3/min. The
higher the fractional flow, the better the ability of the emul-
sion to divert the liquid flow.

It can be seen from the curve of the fractional flow shown
in Figure 8 that fluctuation within a narrow range is present
when the injection volume increases. In the first water flood-
ing process, the amount of the emulsion entering the high-
permeability layer is significantly greater than the amount
in the low-permeability layer when the injection volume
increases. This is due to the large pore size of the high-
permeability layer and the strong flow ability of the emulsion,
which result in a higher fractional flow. However, the liquid
absorption profile of the low-permeability layer is worse
and the fractional flow is relatively low. After the chemical
flooding with the emulsification system with increasing injec-
tion volume, the fractional flow of the high-permeability core
decreases significantly, while the fractional flow of the
low-permeability core increases significantly. This indicates
that the retention of the emulsion in the high-permeability
layer increases resulting in the increasing of the flow resis-
tance of the displacement front and encouraging the subse-
quent emulsion to enter the low-permeability layer with
high oil saturation. In the secondary water flooding with
increasing injection volume, the flow rate increases rapidly
in the high-permeability layer but decreases in the low-
permeability layer. This is because with decreasing density
of the droplet, the plugging and residual resistance coefficient

of the emulsion in the pores are lower, resulting in a weaken-
ing of the ability of the emulsion to divert subsequent fluids.
Overall, injection with emulsion and the mixed system show
greater change. This is because when the emulsion is trans-
ported in the porous medium, the pore throat is blocked by
the emulsion droplets. While the subsequent displacement
fluid continues to flow, the accumulation of droplets in the
core causes the emulsion to play as a profile control. There-
fore, deeper emulsification causes more obvious emulsion
accumulation and stronger profile control capability.

4.2.2. Oil Displacement Efficiency with Permeability Contrast
of 2. The effect of emulsification on the adjustment of inter-
layer interference was investigated by core pressure differ-
ence, oil production, water production, recovery percent,
and water content. The relationship between water content,
pressure, total recovery, and injected PV in the experiment
is shown in Figures 9–11.

Figures 9 and 10 show that during the chemical flooding
the injected three slugs have similar migration characteris-
tics. The injection pressure rises slowly at first and then grad-
ually stabilizes in the water flooding. During the chemical
flooding, the injection pressure increases greatly, indicating
that the resistance increases due to the Jamin effect when
emulsion droplets with different emulsification degrees pass
through the smaller pore throats. In addition, there is a
strong relationship between the fractional flow of the emul-
sion and the pressure change. During the emulsion flooding
process due to the increase of the fractional flow in the
low-permeability core, the percolation resistance at this
stage will also increase. Among them, the pressure increases
during the injection of the emulsion system and the mixed
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Figure 7: The syneresis rate of emulsion under different content
of polymer.
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system are the largest. When the mixed system enters the
subsequent ASP stage, the pressure decreases slightly indi-
cating that the stability of emulsified oil formed by ternary
composite system is weaker than that of emulsion system
during displacement. The system injected with emulsion
has larger emulsification effect in core, higher emulsifica-
tion degree, and more profile control ability to the media.
In the second water flooding, the pressure gradually
decreased and stabilized but still higher than the pressure
during the first water flooding.

From the recovery curve shown in Figure 11, it can be
seen that the recovery is significantly improved during the
chemical flooding stage. Since the emulsion undergoes a
blocking-unblocking-blocking process during its transporta-
tion, emulsification can reduce the relative permeability of
the water phase and the mobility of the displacement fluid.
Therefore, emulsification plays a significant role in profile
control for the porous media. In addition, when the emulsion
droplets pass through the pore throat, additional resistance
increases as the emulsion passes through the pore throat
due to the Jamin effect resulting in temporarily plugging of
the high-permeability layer [21] and penetrating the low-
permeability core, thus improving the oil displacement effi-
ciency and enhancing oil recovery. The oil recovery ratio of
the injected emulsion system is 21.16% higher than that of
water flooding and 10.6% higher than that of ASP flooding.
The plugging-breakthrough migration feature enables the
emulsion to deeper formation for plugging along with
chemical system. This is beneficial to recover the remain-
ing oil in deeper formation, thus effectively enhancing oil
recovery [22].

4.2.3. Fractional Flow of Each Layer with Permeability
Contrast of 4. The above steps are repeated after changing
the permeability contrast to investigate the effect of the emul-
sion profile control and oil displacement on the case of
increased heterogeneity. The experimental results of emul-
sion flooding under different permeability contrasts are
shown in Table 3.

As can be seen from Figure 12, the fractional flow
increases in the high-permeability layer and decreases in
the low-permeability layer during the water flooding stage.
This is because the larger pore throat in the high-
permeability layer leads to an increase in the liquid absorp-
tion. Since the percolating resistance is smaller, the liquid
flows preferentially to the high-permeability layer. The entry
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profile in the low-permeability layer becomes worse due to
the decrease of pore throat radius, which results in the late
water breakthrough at the end of production in the low-
permeability layer. In the chemical flooding stage with
increasing permeability contrast, the fractional flow in the
low-permeability core increases significantly and the liquid
flow distribution between the high- and low-permeability
layers is large. Because the emulsion preferentially enters
the low-resistance high-permeability layer, the heterogeneity
of the medium is improved. The plugging effect has a certain
selective fluidity. The subsequent emulsions will enter the
low-permeability layer with high oil saturation due to the
larger resistance of the displacement front and displace the
remaining oil and residual oil in the low-permeability layer.
The plugging effect of the emulsion can reduce the residual
oil left after the water flooding process and contributes
greatly to improve the sweep efficiency.

According to the different stages of fractional flow, the
emulsification has better profile adjustment. This improves
the breakthrough phenomenon of the high-permeability
layer caused by the heterogeneity and increases the flow dis-
tribution of low-permeability cores resulting in enlarged
sweep volume.

4.2.4. Oil Displacement Efficiency with Permeability Contrast
of 4. When only the permeability difference changes to 4,
the whole displacement process presents similar migration
profile. The water content and the injection pressure curves
in Figures 13 and 14 show that compared with the parallel-
core experiment with permeability contrast of 2, more
injection is required for water content to reach 98% during
the first water flooding. The change of water content is
greater during the chemical flooding. The injection pressure
increases in the chemical flooding stage because the perme-
ability contrast increases and the pore throat radius of the
low-permeability layer is further reduced. The emulsification
generated by the injected chemical system under the same
conditions plugs the pore throat easier. When the emulsion
migrates in the porous medium, the small pore throat is first
plugged. As the plugging accumulates, the flow resistance of
the subsequently entered emulsion accumulates more and
more causing the resistance to increase. The interaction
between the droplets and the pores is the main reason for
the migration resistance of the emulsion in the porous
medium, and the interaction force between the droplets is
less affected.

Figure 15 and Table 3 show that with increasing perme-
ability contrast the recovery percent decreases for the water
flooding and increases by about 2% for the chemical flooding.
The total recovery is also reduced slightly. For parallel core
with an average permeability of 40mD and permeability con-
trast of 4, the emulsion flooding can increase oil recovery by
23.03% compared to water flooding. The total recovery rate
increases to 56.11% which is 9.83% higher than that of the
ASP flooding. In the water flooding stage, by improving the
heterogeneity of the core, the ratio of liquid production will
increase in the high-permeability layer and decrease in the
low-permeability layer. The volume of production fluid
decreases more in the high-permeability layer and increases
more in the low-permeability layer. When the emulsion
migrates in the core with different permeability contrasts,
the disproportional permeability reduction of each layer in

Table 3: Comparison of oil displacement efficiency under transistor core.

Permeability
contrast

Scheme
Recovery percent of water

flooding (%)
Recovery percent of chemical

flooding (%)
Total recovery

(%)

2
(27mD + 54mD)

ASP flooding 36.44 10.56 47.00

Emulsion flooding 35.41 21.16 56.57

ASP flooding and emulsion
flooding

34.56 17.37 51.93

4
(16mD + 64mD)

ASP flooding 34.25 12.03 46.28

Emulsion flooding 33.08 23.03 56.11

ASP flooding and emulsion
flooding

32.41 18.64 51.05
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Figure 12: Fractional flow of each layer for different chemical
flooding.

8 International Journal of Polymer Science



the water flooding stage can be improved so as to further
enlarge the sweep volume and enhance the recovery.

Larger emulsion droplets can plug the high-permeability
layer due to the superposition of the Jamin effect to reduce
the oil displacement efficiency of the high-permeability layer.
Smaller droplets are forced into the low-permeability layer to
improve the oil displacement efficiency of the low-
permeability layer which reduces the interlayer difference.
The emulsion in the high-permeability layer has a high

plugging strength and a low demulsification rate. While in
the low-permeability layer, the emulsion demulsification will
occur due to strong shearing, resulting in a large amount of
emulsion and subsequent fluid to be washed out due to small
flow resistance. Therefore, the larger the permeability con-
trast is, the better the effect of emulsion on the adjustment
of interlayer interference will be.

5. Conclusions

The stability of the emulsion is related to shearing strength,
water content, and the type and concentration of the chemi-
cals. A critical value exists in the shearing strength and the
optimum shearing strength is 11000 r/min. The stability of
crude oil emulsion became worse with increasing moisture
content. The type and concentration of surfactant play a
major role in the emulsification of ASP flooding. Chemical
agents mutually restrict and work together in the emulsifica-
tion of ASP systems. In the class III reservoir, the oil displace-
ment efficiency of the emulsion flooding is stronger than that
of the ASP flooding. For parallel core with an average perme-
ability of 40mD and permeability contrast of 2, the emulsion
flooding can enhance oil recovery by 21.16% compared to
that of the water flooding. With increasing core permeability
ratio, the recovery rate of the emulsion flooding will further
increase; however, that of the water flooding will decrease
and so does the total recovery. For heterogeneous oil layers,
the ability of profile control for the emulsion systems is
stronger than that for the ASP systems. The emulsion can
reduce the interlayer difference between the high-and low-
permeability layers, enlarge the sweep volume, and enhance
the oil recovery, thus achieving the effect of adjusting the
interlayer interference to some extent. And within a certain
range, the stronger the heterogeneity of the porous media,
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Figure 13: Water content variation curve of different chemical
flooding.
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the higher the degree of emulsification of the displacement
fluid and the better the adjustment effect of the emulsification
on the interlayer interference.
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Figure S1: emulsion micrographs under different shearing
strengths (400x): (a) shaking; (b) 3000 r/min; (c) 6000 r/min;
(d) 9000 r/min; (e) 11000 r/min; and (f) 13000 r/min. Figure
S2: emulsion micrographs under different water content
(400x): (a) 20%; (b) 30%; (c) 40%; (d) 50%; (e) 60%; and (f)
70%. Figure S3: emulsionmicrographs under different content
of surfactant (100x): (a) 0.1%; (b) 0.2%; and (c)0.3%.Figure S4:
emulsion micrographs under different content of alkali: (a)
0.2% (400x); (b) 0.6% (400x); and (c) 1.2% (100x). Figure S5:
emulsion micrographs under different content of polymer
(100x): (a) 600mg/L; (b) 1200mg/L; and (c) 1800mg/L.
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