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A B S T R A C T

Foam has been widely used for profile control, water plugging, and gas channeling control in enhanced oil
recovery (EOR). Because of absorption, the surfactant concentration in foam decreases along the flow direction.
In this study, the effects of surfactant concentration on the foam texture, foam seepage characteristics, and gas
saturation were evaluated by core-flow experiments using a high-pressure visualization device. The results show
that the surface tension of gas and liquid decreases, the flow resistance in core increases, and the foam takes a
longer time to reach stability with the increase in concentration of foaming agent. The blocking capability of
foam in porous media is closely related to foam texture. With the increase in surfactant concentration, the
average diameter of bubbles in porous media decreases, and the bubbles are more uniform. Moreover, the
diameter of bubbles is closer to the average pore diameter of core. Clearly, the diameter matching degree of the
maximum distribution frequency of bubbles and the average pore diameter of core increase. Therefore, the
blocking capability of foam becomes stronger. With the increase in surfactant concentration, the proportion of
trapped gas in porous media increases, the gas saturation in core increases, and the flow resistance of foam
increases. However, when the surfactant concentration reaches the critical value, the increasing amplitude of gas
saturation decreases. Under an injected foam quality of 50%, the gas saturation is more than 80%. The research
results can help to analyze the change along the channel of foam flow in formation and are of great significance
to improve the effect of foam application.
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1. Introduction

Aqueous foam is a dispersion of gas in continuous water stabilized
by a surfactant. It has been widely used for profile control (the opera-
tion of plugging the high permeability layer from the injection well and
adjusting the water injection profile of the water injection section),
water plugging (the operation of plugging high permeability layer from
oil well and reducing the water production of the well), and gas
channeling control (the operation of decreasing the injected gas mo-
bility and adjusting the level of infiltration layer suction profile) in
enhanced oil recovery (EOR) processes [1–8]. Foam can sharply de-
crease the mobility of gas and improve the sweep efficiency of flooding
fluid in the formation, thus enhancing oil recovery [9–18].

The ability of foam in decreasing gas mobility or increasing sweep
efficiency is strongly related to the foam texture; it depends on gas/
liquid ratio, flow rate, surfactant property, and concentration [19,20].

In a foam system, the addition of a surfactant to water can decrease
the surface tension and slow down the liquid drainage speed in the film,
increasing the foam life; this improves the foaming ability and foam
stability [21,22].

Foam flow in porous media is a special gas–liquid two-phase flow; it
is a process of migration, rupture, and regeneration of a series of liquid
films. The tensile and compressive deformation of a liquid film through
the throat is related to the flow resistance of foam in porous media.
During the foam injection, the capillary force changes due to the dif-
ference in the concentration of foaming agent. When the concentration
of foaming agent increases, the performance of generated foam be-
comes better, and the flow area of foam increases. Accordingly, the flow
resistance of fluid in the pore increases. Thus, the subsequent fluid is
diverted into the region not swept by the original injected water
[23–27], and the resistance of foam makes the gas flow into smaller
pores.

Extensive studies have been carried out on foam blocking capability.
The effects of injection mode, injection rate, injection velocity, tem-
perature, permeability, and optimization of foaming agent on foam
blocking capability have been evaluated in detail, and the research on
micromechanism of foam profile control and flooding has become more
mature [28–35]. However, the changes in flow characteristics of foam
with surfactant concentration during the foam transport in the forma-
tion have been rarely studied. When the foam flows in the formation,
the surfactant is adsorbed on the surface of rock. This decreases the
surfactant concentration and inevitably affects the properties and flow
performance of foam in the formation. Therefore, it is essential to in-
vestigate the changes in foam performance along the flow direction
caused by the change in surfactant concentration.

In this paper, core-flow experiments were performed to evaluate the
flow characteristics of foam in porous media under different surfactant
concentrations. A high-pressure visual unit was used to analyze the
changes in foam texture. The relationship between foam texture and
blocking capability under different surfactant concentrations was
evaluated. Moreover, the effect of surfactant concentration on gas sa-
turation in porous media was evaluated.

2. Experimental methods

2.1. Apparatus

The schematic of displacement apparatus used in this study is shown
in Fig. 1. Sandpack models were used in the experiment; in all the ex-
periments, the sandpacks were placed horizontally. Constant gas and
liquid flow rates were applied, and the pressure differences in sand-
packs were measured using pressure transducers (Model 3210PD, full-
scale deflection of 20MPa and accuracy of 0.1% full scale, Haian
Group, China). The gas rate was regulated using a gas mass flow con-
troller (Model 5850E, Brooks, USA) with a flow range of 0–50mL/min
(standard condition), pressure measurement range of 10.0MPa, and an

accuracy of 1% full scale. Fluid was delivered to the sandpack model at
a preset constant volumetric flow rate using a pump (ISCO model 100
DX, with a flow accuracy of< 0.25 μL/min and pressure accuracy
of< ±0.5%). A foam generator packed with 70–100 μm silica sand
was placed in the upstream of sandpack model. Foam was generated by
injecting gas and surfactant solution to the foam generator. A high-
pressure visual unit and a high-precision camera were used to record
the changes in foam texture. A back-pressure regulator (BPR) with an
open error of less than 0.001MPa was used to control the back pressure.
The change in the quality of sandpack was measured using a balance
(Model PL2002, Mettler Toledo, Switzerland, full scale of 2100 g, ac-
curacy of 0.01 g).

2.2. Materials

2.2.1. Sandpack
Silica sands of diverse size distributions were packed into a stain-

less-steel tube as a model of reservoir. The length of sandpack was
300mm, and the internal diameter was 25mm. The sand grains used in
this experiment were of 120 mesh. The porosities and permeabilities
were measured by brine flooding. The sandpacks used in the experi-
ments almost had the same permeability (875 ± 20×10―3 μm2) and
porosity (35.4 ± 0.20%).

2.2.2. Surfactant
SDS was used to perform foam experiments (purchased from Sigma,

USA, with a purity of> 99.0%).

2.2.3. Brine
Analytically pure CaCl2 and NaCl at concentrations of 1000mg/L

and 10,000mg/L were used in the experiments to simulate formation
water. CaCl2 and NaCl were supplied by Sigma (USA), both with
purity> 99.5%. Deionized water was used in the experiments; it was
obtained by passing water through an ion exchanger. The density and
viscosity of brine at 25 ℃ were 1016 kg/m3 and 1.10mPa·s, respec-
tively.

2.2.4. Gas
Industrial-grade nitrogen gas with a purity of 99.99% was used in

the experiments.

2.3. Experimental procedures

SDS solutions of different concentrations (0.001, 0.005, 0.10, 0.20,
0.30, and 0.50wt%) were injected into a single-tube sandpack model
from low to high concentration. The sandpack was saturated with water
after vacuuming. Then, the pore volume was measured by weighing,
and the permeability was obtained by measuring the pressure differ-
ence P1 of brine water flooding. Next, a pad fluid of surfactant solution
was first injected into the model for 0.30 PV (pore volume, total volume
occupied by the pores within the sandpack) at the injection rate of
1.0 mL/min, and the initial weight of the sandpack was measured.
Then, foam was injected. During the injection, the injection rates of
surfactant solution and gas were both 1.0 mL/min, and the pressure
difference was measured in a certain time interval. After the pressure
became stable, the weight of sandpack and the pressure difference P2
were measured again, and the foam in the visualization unit was ob-
served and photographed. Finally, the simulated formation water was
injected into the entire system for cleaning, and the weight of sandpack
was recorded.

The experiments were continued by changing the surfactant con-
centration from small concentration to large concentration and re-
peating the above experimental steps. The resistance factor of foam was
calculated using the following equation:
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where P1 is the pressure difference of water flooding between the inlet
and outlet of sandpack under a given flow rate, MPa; P2 is the pressure
difference of foam flooding between the inlet and outlet of sandpack
under the same flow rate, MPa.

3. Experimental results and discussion

3.1. Analysis of foam texture and blocking capability

3.1.1. Foam blocking capability
The foaming agent with different surfactant concentrations was

evaluated. The foaming volume and half-life of foam at different con-
centrations were measured by the Waring blender method [36]. The
foaming capacity of foaming agent was expressed by the foam volume,
and the foam stability was expressed by the half-life of foam. The results
are shown in Fig. 2. With the increase in surfactant concentration, the
foaming volume of foaming agent clearly increased, the half-life of
foam prolonged, and the foaming capacity and foam stability increased.
With the increase in the concentration of foaming agent, the growth
rate of bubble volume and half-life slightly decreased.

Fig. 3 shows the pressure difference curve between the inlet and

outlet of sandpack measured at different surfactant concentrations.
When the pressure difference is stable, the blocking pressure and vo-
lume of foam injection are shown in Table 1, and the change in re-
sistance factor is shown in Fig. 4.

In Table 1, gas breakthrough refers to the beginning of gas pro-
duction at the outlet of the sandpack. By observing, when the small
bubbles appear in the high temperature visualization unit, we will

Fig. 1. Schematic diagram of core-flow experimental apparatus.

Fig. 2. Half-life time and foam volume at different concentrations.

Fig. 3. Blocking pressure of foam at different surfactant concentrations.

Table 1
Injection volume of foam at different surfactant concentrations.

Surfactant
concentration

Gas/
liquid
ratio

Blocking
pressure
(MPa)

Injection volume
(gas breakthrough)
(PV)

Injection
volume
(stable) (PV)

0% 1:1 0.03 0.10 1
0.001 1:1 0.03 0.10 1
0.01 1:1 0.38 0.15 3
0.05 1:1 0.70 0.17 3.5
0.1 1:1 1.42 0.25 5
0.2 1:1 1.87 0.25 8.1
0.3 1:1 2.12 0.30 11.8
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record this time and calculate the injection volume before this time.
By observing and comparing the above results, it was found that (a)

the foam blocking pressure fluctuation increases with the increase in
foam injection volume and eventually reaches a stable state. As shown
in Fig. 3, when the concentration of foaming agent is below 0.001%, the
pressure difference between the inlet and outlet of sandpack during the
foam injection does not clearly increase. When the concentration of
foaming agent was increased to 0.01%, the pressure difference between
the inlet and outlet of sandpack increased. With the increase in the
concentration of foaming agent, the pressure difference between the
inlet and outlet of sandpack increased. As shown in Fig. 4, the re-
sistance factor rapidly increased with the increase in concentration.
When the concentration was increased to ∼0.1%, the increase in re-
sistance factor started to decrease, and the resistance factor increased to
231.9 when the concentration of foaming agent was increased to 0.3%,
which is 5.6 times the concentration of 0.01%. The blocking capability
clearly improved; (b) As shown in Table 1, The lower the surfactant
concentration, the faster the appearance of gas breakthrough. When the
concentration of foaming agent was 0.001%, gas breakthrough ap-
peared after the injection of 0.1 PV foam fluid. In other words, the foam
injection volume increased with the increase in surfactant concentra-
tion when the gas breakthrough appeared. (c) The injection volume
required for the pressure difference to reach stability increased with the
increase in the concentration of foaming agent. When the concentration
was 0.01%, the pressure was stabilized by the injection of ∼3 P V foam.
However, when the pressure was increased to 0.3%, the foam injection
volume increased to 10 PV when the pressure was stable.

3.1.2. Foam texture
When foam is transported in porous media, because of the differ-

ence between the sizes of bubble and pore throat, the Jamin effect
(resistance to liquid flow through capillaries which is due to the pre-
sence of bubbles) occurs in the pore throat due to the change in dia-
meter, and the superposition of Jamin effect makes the foam to have the
blocking pressure. It is generally believed that the gas and liquid of a
foam flow separately in porous media. Gas-phase tracer experiments
and CT studies show that the wetting water phase is mainly con-
centrated in the small pores, and the foam transport in larger pores
occurs in the form of a bubble chain [37–39]. The foam distribution
[40] is shown in Fig. 5. When the pressure gradient exceeds the
threshold, the trapped gases in porous media flow again, resulting in a
fluctuating growth of blocking pressure. When the foam of main flow
channel flows in a bubble chain, the continuous bubbles produce ca-
pillary force due to the change in pore throat diameter. The capillary

force is shown as resistance due to the difference in the radius of pore
and throat.

The change in foam transport in porous media with different sur-
factant concentrations was photographed, and the variation in the
distribution pattern with concentration was analyzed.

1) Foam texture at extremely low surfactant concentration

First, a mixed injection experiment of nitrogen and water without
surfactant was carried out; then, an injection experiment of SDS
foaming agent solution with a concentration of 0.01% was carried out.

The experimental results show that the blocking effect of foam with
extremely low surfactant concentration was almost equal to that of pure
water, and the calculated resistance factor was only 3.28. During the
pure water experiment, a large amount of gas appeared when the in-
jection volume was very low. As shown in Fig. 6, when the pressure was
stable, the continuity of outflow gas was very strong. The large bubbles
had no fixed shape during the flow with stronger deformability. When
large bubbles encountered each other, they immediately coalesced into
larger bubbles and had no stable form. The variation in fluid in the
outlet can be observed by the visual element. It was found that when
the concentration was 0.001%, compared with the pure water/gas ex-
periment, the continuity of flow gas was weakened, and the bubbles
became smaller and more dispersed. However, the shape of bubbles was
still irregular and easy to be deformed during the flow.

2) Foam texture at low surfactant concentration

The experiments were continued by increasing the surfactant con-
centration and setting the concentration as 0.01% and 0.05%. After the
pressure became stable, the foam in glass plate was photographed.
Fig. 7 shows the foam images recorded using a microscope with 60-fold
magnification. When the concentration was increased to 0.01%, the
foam had a good shape with a regular circle, and gas was more clear as
a dispersed phase. However, the contact between foams was not close,
and the size distribution of foam was not uniform. Moreover, the co-
existence of gas and foam was observed in the outlet, and the gas
breakthrough decreased. The measurement software was used to cal-
culate the frequency distribution and cumulative frequency distribution
of foam diameter. As shown in Fig. 8(a), the size of foam diameter is
different. The diameter distribution has no obvious concentration but is
distributed in the range of 10–400 μm. The frequency distribution of
foam in different diameter ranges fluctuated within 0–10%, and the

Fig. 4. Resistance factor at different concentrations of foaming agent.
Fig. 5. Sketch map of distribution of foam in porous media.
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cumulative frequency distribution curve of foam was close to a straight
line.

Compared with the 0.01% foam concentration, when the con-
centration of foaming agent was increased to 0.05%, the contact area
between foams increased, and the bubbles were arranged closely. No
obvious coalescence occurred when the bubbles encountered each
other. The bubble has a thick film on the surface. On the macroscopic
view, the diameter of foam clearly decreased. A relatively uniform foam
was observed in the outlet, and the slug volume of gas was clearly
controlled. According to the frequency distribution diagram of foam
diameter (Fig. 8b), the diameter of foam generated under 0.05% con-
centration was distributed within 0–100 μm, but the diameter of foam
was the largest in 5–10 μm, accounting for ∼20% of the total. Thus,
only 0.8% of bubble diameter is 95–100 μm. The cumulative frequency
distribution curve of foam diameter was a convex curve. This strongly
increased when the diameter was less than 50 μm, and the bubbles in
the 0–50 μm range accounted for 80% of the total.

3) Foam texture at high surfactant concentrations

The surfactant concentration was set to a high concentration of
0.1%, 0.2%, and 0.3%. The foam status in a glass plate is shown as
Fig. 9. The frequency distribution and cumulative frequency distribu-
tion curve are shown in Fig. 10. The foam was more closely arranged at
a high concentration, and the degree of contact between bubbles was
higher without obvious coalescence. When the concentration was in-
creased from 0.1% to 0.3%, Fig. 9 shows that the diameter of bubbles
decreased, and they became more concentrated. A uniform and milky
white foam was found in the outlet. Better yet, the gas slug disappeared,
and the gas breakthrough was effectively controlled.

The frequency distribution diagram of foam diameter at three con-
centrations is shown in Fig. 10. The diameter distribution in 5–10 μm
clearly increased with the increase in foaming agent concentration.
When the concentration of foaming agent was 0.1%, the bubbles of
5–10 μm accounted for ∼32% of the total, slightly lower than 34% of

the 0.2% concentration, and the frequency distribution reached 47%
when the concentration was increased to 0.3%. However, more notably,
the bubbles of 0–5 μm increased from 10% under 0.1% concentration to
34% under 0.3% concentration. In other words, more and more bubbles
gathered to form bubbles with a smaller diameter, and the foam dia-
meter distribution became more and more concentrated. The cumula-
tive frequency distribution curve of foam diameter at three concentra-
tions is still a convex curve, and the rising degree of curve in the first
half increased with the increase in foaming agent concentration. When
the concentration was 0.3%, the cumulative frequency distribution of
foam in 0–15 um was up to 96%, slightly higher than 93% under 0.2%
concentration, higher than 80% under 0.1% concentration, and the
diameter of foam gradually concentrated to less than 10 μm with the
increase in concentration.

4) Relationship between foam texture and surfactant concentration

The median diameter of foam and the diameter of maximum dis-
tribution frequency clearly show the distribution of foam diameter and
degree of concentration of diameter. As shown in Fig. 11, the median
diameter of foam gradually decreased with the increase in the con-
centration of foaming agent. When the concentration was increased to
0.1%, the median diameter of foam decreased from 60 μm to ∼10 μm.
The median diameter of foam was stable in the range of 5–10 μm with
increasing concentration. The diameter of maximum distribution fre-
quency also tends to smaller. When the concentration was 0.01%, the
foam diameter was more distributed around 120 μm. When the con-
centration reached 0.3%, the maximum distribution frequency of
bubble was concentrated to 5–10 μm.

Fig. 12 shows the variation curve of standard deviation of foam
diameter with the change in concentration, reflecting the uniformity of
foam. With the increase in concentration, the standard deviation of
foam diameter decreased, indicating that the foam became more uni-
form and the individual difference between bubbles became smaller.

Fig. 6. Foam texture at extremely low surfactant concentrations (0% and 0.001%).

Fig. 7. Foam texture at low surfactant concentrations (0.01% and 0.05%).
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3.2. Analysis of foam diameter and pore size

With the increase in surfactant concentration, the morphology of
foam also changed. There is an inevitable relationship between the
change in foam texture and pore structure. In this paper, the change in
foam observed using a high-pressure visual device was used to in-
directly determine the flow trend of foam in sandpack.

The pore structure of sandstone is very complex. To study the
physical property of reservoir, a theoretical rock model was established
to derive the quantitative relationship between porosity, permeability,
and rock physical properties.

Based on the capillary bundle model, the relationship between the
permeability of rock and average pore radius derived from the
Poiseuille’s formula and Darcy’s Law can be established. The average
pore diameter of core used in this experiment was calculated using the
following formula:

= Kd 2 8
(1)

where d is the average pore radius, Φ is the porosity, and K is the
permeability. The permeability and porosity of sandpack used in the
experiment were 875.37×10―3 um2 and 35.4%, respectively.
Therefore, the average pore radius was 8.9 μm as calculated using
formula (1).

The contrast in foam diameter obtained using the high-pressure
visual unit in the range 0.01–0.3% was compared with Fig. 13. As
shown in Fig. 13, a certain relationship exists between the diameter of
foam and average pore diameter as the surfactant concentration in-
creases. The smallest bubble diameter at 0.01% concentration was
within 10 μm, and the maximum could reach 100 μm. The frequency
distribution is a wavy curve. The numerical difference between bubble
diameter and average pore diameter is very large; even the frequency

distribution of foam diameter near 8.9 μm is only 2%. Thus, the
matching degree of average pore diameter of core is very low. When the
concentration was increased to 0.05%, the curve of frequency dis-
tribution began to protrude in the smaller diameter range, and the
frequency distribution of foam diameter near 8.9 μm increased to 17%.
When the concentration was 0.1–0.3%, the protruding of curve is more
obvious, the frequency distribution of foam diameter greater than
50 μm is very small, and the diameter of most foams is within 50 μm.
When the concentration was 0.3%, the protruding of curve was most
obvious, and the frequency distribution of foam diameter was up to
47% at the core average pore diameter. The matching degree was much
higher than that of foam generated by other concentration.

Weighted average method was used to calculate the average dia-
meter of foam with the frequency distribution of foam diameter as the
weight; the trend of average diameter of foam can be obtained at dif-
ferent concentrations of foaming agent (because good foam was not
generated, the concentrations of 0.001% and 0.01% were not calcu-
lated).

As shown in Table 2, when the concentration is 0.05%, the average
diameter of foam was 19.6 μm, very different from the average pore
diameter of core (8.9 μm). When the concentration was increased to
0.1%, the average diameter of foam clearly decreased to 12.6 μm. The
higher the concentration, the smaller the average diameter of foam, and
the smaller the difference between the average diameter of foam and
average pore diameter of core.

3.3. Analysis of surface tension and gas saturation

Interfacial tension can be used to determine the existence state of
foam. The interfacial tension of a gas–liquid interface under different
surfactant concentrations was measured using a TECLIS interfacial
tension tester and our data approximately agreed with the previous

Fig. 8. Frequency distribution and cumulative frequency distribution of foam diameter at low surfactant concentrations (a, 0.01%; b, 0.05%).

Fig. 9. Foam texture at high surfactant concentrations (0.1%, 0.2%, and 0.3%).

B. Li et al. Colloids and Surfaces A 560 (2019) 189–197

194



results [41,42]. As shown in Fig. 14, the interfacial tension was higher
when the surfactant concentration was lower, and the interfacial ten-
sion gradually decreased with the increase in surfactant concentration
with the rate of decrease slowing down, and the CMC (critical micelle
concentration) of SDS is 0.23%. The higher interfacial tension does not
increase the stability of foam. Therefore, the generated foam will easily
rupture, and the gas cannot be controlled during the flow. The lower
interfacial tension decreases the energy of foam system, which is ben-
eficial for the stability of the foam. The generated foam is not easy to
rupture during the flow in the formation, and the gas breakthrough can
be controlled.

When a foam fluid flows in the core, if more than 80% of gas is
trapped, the trapped foam will severely decrease the effective perme-
ability of gas in porous media, thus increasing the flow resistance. In the

Fig. 10. Frequency distribution and cumulative frequency distribution of foam
diameter at high surfactant concentrations (a, 0.01%; b, 0.05%; c, 0.3%).

Fig. 11. Median diameter of foam and diameter of maximum distribution fre-
quency at different surfactant concentrations.

Fig. 12. Standard deviation of foam diameter at different surfactant con-
centrations.

Fig. 13. Frequency distribution at different surfactant concentrations.
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presence of foam, the number of pore channels used for gas transfer is
100 times smaller than that of fluid without foam [43–45]. During the
foam displacement, the gas saturation of core is related to the blocking
capability of foam. Effective blocking can be achieved only when the
gas saturation reaches more than 60% in the core, making the re-
sistance factor increase rapidly. During the porous flow, the change in
gas saturation can directly reflect the volume of trapped gas in the core.
With the increase in the pressure of foam blocking, more and more
gases were diverted into small pores.

After measuring the wet weight of core saturated water and the
change in core weight during the foam flow in porous media, the
change in gas saturation in the core can be obtained by calculating the
weight difference by neglecting the gas weight. Notably, parameters
such as the injection velocity of gas and liquid cannot be changed
during the experiment.

The change in gas saturation in the core with the concentration of
foaming agent is shown in Fig. 15. When the surfactant concentration
was low, the gas saturation was low, and the volume of gas occupying
the pores was small. Thus, the volume of trapped gas was small. When
the concentration was increased to 0.1%, the gas saturation reached
70%, and the volume of gas occupying pores increased. With the con-
tinuous increase in concentration, the gas saturation became stable and
eventually reached 84.5%, and a large amount of gas was trapped in the
core.

The interfacial tension of foaming agent solution and nitrogen is
closely related to gas saturation in the core. The addition of a surfactant
can effectively decrease the interfacial tension of gas and water, thus
enhancing the stability of foam. When foam transport occurred in the
formation, more and more space was occupied by the foam due to the
Jamin effect and blocking capacity, and the gas was diverted into
smaller pores and trapped. Therefore, the gas breakthrough was con-
trolled effectively, and the swept volume of foam fluid increased.

4. Conclusions

(1) With the increase in the concentration of foaming agent, the surface
tension of gas and liquid decreases, the foam stability increases, the
flow resistance in the core increases, and a longer time is taken by
the foam flow to reach stability. When the concentration of foaming
agent reaches the critical value, the reduction amplitude of surface
tension decreases, and the rate of increase of foam flow resistance
slows down.

(2) A stable foam cannot be formed at an extremely low concentration
of foaming agent, and the flow in porous media is close to pure
gas–liquid two-phase flow. With the increase in the concentration
of foaming agent, the stability of foam is enhanced. The average
diameter of bubbles in the porous media decreases, the bubble is
more uniform, and the foam is arranged closely.

(3) The blocking capability of foam in porous media is closely related
to foam texture. The smaller the average diameter of the bubbles,
the more uniform the distribution, and the stronger the blocking
capability of foam. With the increase in the concentration of
foaming agent, the average diameter of bubble decreases, and the
matching degree with average pore diameter increases. The max-
imum distribution frequency of bubbles is consistent with the
average pore diameter of core.

(4) With the increase in surfactant concentration, the stability of foam
is enhanced, the proportion of trapped gas in porous media in-
creases, the gas saturation in the core increases, and the flow re-
sistance of foam increases. After the surfactant concentration
reaches the critical value, the increase amplitude of gas saturation
became smaller, and the gas saturation was more than 80% when
the foam quality was 50%.
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Table 2
Average foam diameter at different surfactant concentrations.

Surfactant concentration (%) Average pore diameter
(μm)

Average foam diameter
(μm)

0.05 8.9 19.6
0.1 8.9 12.6
0.2 8.9 9.4
0.3 8.9 7.9

Fig. 14. Variation in interfacial tension with the change in surfactant con-
centration.

Fig. 15. Variation in gas saturation with the change in surfactant concentra-
tion.
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