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Foam is widely used as a selective blocking agent through mobility control in oil field development. Its flow behavior in porous
media has been investigated sufficiently, but few studies were carried out to understand the change of foam texture in flow. In
this work, sandpack and micromodel experiments were conducted simultaneously to analyze foam flow behavior from the
perspective of foam texture. Based on the measured flowing pressure and the observed foam image, the correlation between
blocking pressure and foam texture was quantitatively investigated. The blocking pressure has a strong correlation with average
diameter (-0.906) and variation coefficient (-0.78) and has a positive correlation with the filling ratio (0.84). These indicate that
the blocking performance of foam is influenced by its texture closely. But path analysis shows only that the average diameter
and variation coefficient have a significant direct effect on blocking pressure (-0.624 and -0.404). These show that the blocking
capacity of foam is mainly influenced by the size and uniformity of bubbles. Tiny, dense, and homogeneous foam has a stronger
blocking capacity. This study provides a deep insight of foam flow in porous media.

1. Introduction

Foam, as a gas-liquid dispersion system, is widely used in oil-
field development with the characteristics of low density, low
damage, strong sand carrying capacity, good mobile control
performance, etc. [1–5]. As a common plugging agent, the
foam can selectively block high-permeability layers and high
water saturation layers [6, 7]. In steam injection development
of heavy oil, the foam can prevent steam channeling, control
steam overlay, and expand steam swept volume, which
improves heat utilization efficiency and thermal development
performance [8–14]. However, as a thermodynamically
unstable system, its performance is influenced by tempera-
ture considerably. At high temperature, foam stability
declines dramatically, and the blocking performance is badly
unsatisfactory, which greatly limits the application of foam in
thermal recovery.

In order to study the foam flow behavior in porous
media, extensive researches have been carried out in core or

sandpack experiments, in which pressure drop, saturation,
and foam texture were measured, and blocking effect was
analyzed [15–20]. Foam texture refers to the characteristics
of the foam system, including the average diameter, unifor-
mity, and density. Bubble morphology refers to the appear-
ance of the individual bubble, including the size and shape.
CT technology was also used to investigate transient foam
flow and elucidate the mechanisms of foam mobility control
[21, 22]. It was found that foam flowed through sandpack
continuously breaking and reforming, and foam mobility
decreased in two steps: initial forward foam propagation
and secondary backward liquid desaturation. The mecha-
nism of foam propagation seemed to be initial gas channel-
ing, progressively becoming more uniform as foam blocked
the channels. Pang [23] studied the effect of surfactant con-
centration, foam quality, the injection rate of liquid and
gas, permeability, temperature, and oil saturation on block-
ing ability. Osterloh and Jante [24] studied the impact of
the fractional flow of gas on steady-state foam flow. They
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found that foam propagated in a piston-like manner during
the transient displacement, and the regime of foam flow
changed with the fractional flow of gas greatly. The geometry
of porous media also has a big influence on flowing behavior
of foam and foam texture [25–27].

A visualization experiment in the micromodel is also
widely used to investigate the flow behavior of foam in
porous media, which provides an effective method to analyze
foam flow and flow mechanism [28–34]. The mechanisms of
snap-off, lamella division, and dynamic capillary-pressure-
induced lamella drainage in foam flow studies were observed.
The foam flow phenomena were sensitive to the mode of
injection, the local capillary environment, and the geometry
of the pore structure. The foam flow behavior in porous
media at the pore level was investigated. Gas moved through
pore throats by way of modified bubble train flow with a
smaller bubble size. It was easy for the bubble to be trapped
in larger pores because of insufficient moving force. The
lamellae were stable, and the liquid drainage resulted in
breaking and reforming events. The liquid flowed through
the network of films in the presence of foam, whereas gas
was displaced by lamellae in long bubbles. Snap-off was the
main mechanism to generate the bubble. Liquid and gas
resided in pores in foam, leading to a considerable reduction
in effective air mobility.

Theoretical researches were also conducted from differ-
ent aspects. The effects of static and interfacial properties of
foam on flow characteristic and blocking capacity were stud-
ied, between which there was a relationship to a certain
extent [35–37]. Wang et al. [18] established a mathematical
model of foam resistance factor under influencing factors of
foaming agent concentration, foam quality, permeability,
temperatures, and oil saturation based on sandpack tests.
Wang et al. [38] proposed a structure evolution model based
on fractal theory, in which foam structure and bubble num-
ber were analyzed emphatically. The foam texture (bubble
size) in sandpack was observed by a visualization cell, in
which foam texture directly corresponded to flow behavior.
It was found that finer-textured foam led to larger flow resis-
tance [39–41]. Some foam flow models have been proposed
to simulate foam flow and reveal the blocking mechanism
[42–46]. There was one thing in common in all models that
foam texture was considered to be a determining factor for
foam flow behavior. So it is necessary to analyze the foam tex-
ture to explain flow behavior.

Based on the previous studies, it can be concluded that the
bubbles essentially influence foam flow behavior and blocking
capacity. However, it is difficult to observe and analyze the
bubble morphology in core or sandpack because of opaque-
ness. In order to solve this problem, a modified experimental
system combining the sandpack model with the visualization
micromodel was applied, in which the foam observed in the
visual micromodel was approximately regarded as the same
foam in sandpack [39–41]. The relationships between foam
texture and flow behavior have been studied, but these studies
are just qualitative and not comprehensive, with some other
foam features not considered except bubble size.

In this paper, in order to further understand the foam
flow behavior from the aspect of foam texture, experiments

at four temperatures were conducted to observe the foam tex-
ture in the micromodel and measure the flowing pressure
along the sandpack simultaneously. On this basis, a corre-
spondence between blocking pressure and foam texture was
established, and the correlation was quantitatively analyzed
by correlation analysis and path analysis. In addition, the
effect of temperature on foam flow behavior was analyzed
from the perspective of interfacial properties.

2. Experiment

2.1. Materials.Acompounded surfactant system,producedby
QingtianNatural PlantTechnologyCo.Ltd (Zhejiang,China),
was used to generate foam. The compounded surfactant sys-
tem comprises a biological surfactant (saponin of Camellia
oleifera), a variety of additives (dodecyl dimethyl betaine,
coconut diethanolamide, and lauryldimethylamine oxide),
and deionized water. The molecular structure of saponins of
Camellia oleifera is shown in Figure 1. The effective content
of the surfactant system is 45wt%, with a pH value between
7.5 and 8 and a density of 1.03-1.04 g/cm3. At 25°C and atmo-
sphere pressure, its interfacial tension is 22.5mN/mwhen the
concentration is 0.5%. The water used was distilled water. The
gas used to generate foamwas nitrogen with a purity of 99.9%,
supplied by Tianyuan Inc. (China).

2.2. Experimental Apparatus. Figure 2 shows the schematic of
the combined system used to measure the pressure and
observe the foam texture. The surfactant solution was injected
by the ISCO pump (Model 100DX, Teledyne Technologies).
The gas injection rate was controlled by the gas mass-flow
controller (Model SLA5850S, Brooks). The sandpack had a
length of 60.0 cm and an inner diameter of 2.54 cm, on which
four pressure transducers (Model 3210PD, the accuracy of
0.001MPa) were equally distributed. The four positions of
pressure transducers were named points 1, 2, 3, and 4 from
the inlet to the outlet. Points 2, 3, and 4 were connected with
the glass-etched micromodel to observe the real-time mor-
phology of the flowing bubble. The micromodel was placed
in a holder, and its size was 40mm × 40mm. To minimize
the impact of porous media in the micromodel on bubble
morphology, the pore size in the micromodel should be
as similar to the sandpack model as possible. The average
pore throat radius of the sandpack can be obtained approx-
imately by

r = 8k/∅3/2, 1

where r is the average pore throat radius of the sandpack,
in μm; k is the permeability of the sandpack, in μm2; and
∅ is the porosity of the sandpack. Thus, the used micro-
model with a flow channel of 10-100μm in width and
depth is satisfactory. The foam images in the micromodel
were recorded by a digital camera (Model L110 Nikon).
The sandpack and the micromodel were wrapped in an
electric heating jacket, as shown in the figures. The pipe-
lines linking the sandpack to the micromodel were
wrapped by an electric heating belt. The temperature of
the electric heating jacket and the electric heating belt were

2 Geofluids



set through the temperature controller. The thermocouple
with a precision on the order of 0.1°C was used to measure
the temperature of the sandpack, the micromodel, and the
pipelines. A backpressure regulator (BPR) with an accuracy
of 0.01MPa was used to control the pressures of the sand-
pack and the micromodel. The backpressure was set to
2MPa to prevent the water from evaporation when the
temperature goes above 100°C.

2.3. Experimental Procedures. The experimental procedures
were as follows. (1) The core was prepared in the sandpack
with silica sand, and the surfactant solution with a concentra-
tion of 1.0% was prepared. (2) The sandpack was evacuated
for more than 4 hours and then saturated with distilled water
with porosity and permeability calculated. (3) The appara-
tuses were connected, and the heating casing was set to the
experimental temperature. (4) After the temperatures of the
sandpack and micromodel reached stability, surfactant solu-
tion and gas were injected at the same injection rate of
1.0mL/min under experimental conditions until displace-
ment pressures were almost unchanged. (5) During foam
flow, pressures were recorded and the foam morphologies
at different positions were observed in the visualization
micromodel by changing the pipeline connection with the
sandpack. The detailed experimental parameters are shown
in Table 1.

3. Image Processing and Morphological
Parameter Acquisition

Cell size analysis (CSA), a FoamScan-affiliated software
(Teclis, France), was used to process the microscopic image
of flowing foam and obtain the morphological parameters.

3.1. Image Processing, Segmentation, and Bubble
Distinguishing.Toenhanceadaptability andaccuracy in image
segmentation, a series of steps were performed on the original
image, such as gray-scale transformation, image smoothing
and filtering, noise reducing, binarization, and edge detection
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Figure 1: Molecular structure of saponins of Camellia oleifera.
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Figure 2: Flow chart of the combined experimental system of the sandpack and micromodel.

Table 1: Experimental parameters and conditions.

Item Unit Test 1 Test 2 Test 3 Test 4

Temperature °C 20 60 100 150

Sandpack length cm 60.0 60.0 60.0 60.0

Sandpack diameter cm 2.54 2.54 2.54 2.54

Porosity % 36.8 35.4 37.3 37.1

Permeability 10-3 μm2 5020 4976 5045 5086

Gas-liquid ratio∗ cm3/mL 1 : 1 1 : 1 1 : 1 1 : 1

Backpressure MPa 2.0 2.0 2.0 2.0

Total injection rate mL/min 2 2 2 2
∗The gas injection rate is under the experimental condition.
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and extraction. The key of image processing was threshold
selection, in which a histogram arithmetic was applied. The
processed image is shown in Figure 3(b), and Figure 3(a) is the
originalpicture. It canbeseen that the image is clearer andbub-
bles become more distinct after processing. The foam can be
clearly divided into two parts, the bubble formed by gas (white
color) and the lamella formed by liquid (black color). But the
bubbles, the liquid between bubbles, and the solid matrix in
themicromodelareindistinguishablebecauseofthesamecolor,
as is shown in Figure 3(c). Therefore, some other methods
should be considered to distinguish the bubble from the other
twowhite parts.

In order to distinguish the bubbles, three recognition
steps were conducted. First, the solid matrix could be distin-
guished easily according to its size, for the bubble is much
smaller than the solid matrix. Next, it can be seen that
the bubbles are almost round, whereas the liquid parts
between bubbles are of irregular shapes. Due to the differ-
ence in shape, a criterion was proposed to distinguish the
bubbles from the liquid parts that the figure with a round-
ness greater than 0.6 would be treated as a bubble. The
roundness represents the regularity of the shape, which
can be described as follows:

R = 4πS
L2

, 2

where R represents the roundness of a figure, S represents
the area in μm2, and L represents the perimeter in μm.
The area and perimeter of the liquid part between bubbles
can be calculated by the software. The greater the round-
ness, the more regular the shape, and the closer it is to
a circular shape.

At last, some parts that could not be distinguished from
the bubbles in the first two steps could be excluded manu-
ally. Figure 3(d) shows the final result, in which the solid
matrix and the liquid part between bubbles were distin-
guished and excluded. The comparison of Figures 3(c)
and 3(d) proves that the three steps satisfy the requirement
of bubble recognition.

3.2. Foam Texture Analysis. On the basis of bubble recogni-
tion, the number of bubbles could be counted and the area
of each bubble could be calculated by the software. The bub-
ble can be regarded as circular, so the equivalent diameter
can be easily obtained to describe the size of a bubble. In
order to describe the features of foam texture, the following
three parameters were defined: average diameter, filling ratio,
and variation coefficient.

The average diameter, describing the average size of bub-
bles, was defined as

d = ∑n
i=1di
n

, 3

where di represents the equivalent diameter of the ith bubble;
n represents the total number of bubbles.

The filling ratio was defined as the ratio between the total
volume of bubbles and the pore volume, as shown in equa-
tion (4). The bubble and the pore in the micromodel can be
regarded as two-dimensional, so the volume can be replaced
by the area.

F = ∑n
i=1Vi

Vp
= ∑n

i=1Si
Sp

, 4

(a) (b)

(c) (d)

Figure 3: Foam images before and after processing. (a) is the original image observed directly. (b) is the image after binarization. (c) is the
image after segmentation. (d) is the image after recognition.
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where Vi and Si represent the volume and area of the ith bub-
ble; Vp and Sp represent the volume and area of the pore; and
n represents the total number of bubbles.

The variation coefficient, which represented the unifor-
mity of bubble size, was defined as

Cv =
1/n∑n

i=1 di − d 2

d
, 5

where di is the equivalent diameter of the ith bubble; d is the
average diameter; n represents the total number of bubbles.

4. Results and Discussion

4.1. Pressure Behaviors of Foam Flow in Sandpack. The corre-
sponding pressures at points 1, 2, 3, and 4 were repre-
sented as P1, P2, P3, and P4. The sandpack was evenly
divided into 3 sections, namely, entrance section, middle
section, and export section. The changes of flowing pres-
sure with injection volume at different temperatures are
shown in Figure 4. The pressure distributions at steady
state are shown in Figure 5.

In order to analyze the blocking capacity of foam, the
comparisons of resistance factors on different sections are
shown in Figure 6. Resistance factor is defined as the ratio
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Figure 4: Change of flowing pressure with injected volume at different temperatures.
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of foam flow pressure and water flow pressure, as shown in
the following equation:

R = ΔPf
ΔPw

, 6

where R is the resistance factor; ΔPf is the displacement pres-
sure when foam flows; and ΔPw is the displacement pressure
when water flows.

In Figure 6, the resistance factor decreases with the
increase in temperature, which indicates that the blocking
capacity of foam declines. At 20°C, the resistance factor
increases gradually from the entrance section to the export

section, which demonstrates that the blocking capacity
increases as foam flows further into the sandpack. At 60°C,
the resistance factor first increases and then decreases, and
the resistance factor on the export section is far less than on
the first two sections. However, at 100°C and 150°C, the resis-
tance factor decreases gradually from the entrance section to
the export section, and only on the entrance section does there
exist a significant resistance factor. These indicate that as the
temperature increases, the blocking capacity of foam at the
downstream sandpack decreases first, with the blocking scope
decreasing and moving towards the inlet.

The time that the pressure starts to increase can be
regarded as the arrival time of foam. Figure 7 compares the
time that foam arrived at the different positions of the sand-
pack under the different temperatures.

With the increase in temperature, the foam arrival time at
point 1 and point 2 decreased gradually, but the arrival time
at point 3 increased. The foam arrival time at point 1 and
point 2 is related to the adsorption of the surfactant on the
porous media. With the increase in temperature, the adsorp-
tion capacity declines gradually. So less amount of the surfac-
tant is required to generate the foam at a higher temperature.
Under the same injection conditions, the arrival time of foam
decreases with the increase in temperature. However, the
arrival time at point 3 is more determined by the foam film
strength. With the increase in temperature, the foam film
strength declines. It is easier for foam to rupture at a higher
temperature. So with the increase in temperature, more foam
is required to be injected to block the porous media at point
3. As a result, the foam arrival time at point 3 increased with
the temperature.

4.2. Foam Texture under Steady Flow State. After the pres-
sures along the sandpack reached stability, microscopic
images of flowing foam at points 2, 3, and 4 were observed,
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as is shown in Figure 8. The detailed texture parameters are
shown in Table 2.

It can be seen that with the increase in temperature, the
overall trend for foam texture is to have a large bubble size

and scattering distribution. At 20°C, as foam flows down-
stream, the average diameter and the variation coefficient
decrease, and the filling ratio increases, with bubbles tending
to be tiny, dense, and homogenous. However, contrary to the

Temperature
Microscopic images at different positions

Point 2 Point 3 Point 4

20°C

(a) (b) (c)

60°C

(d) (e) (f)

100°C

(g) (h) (i)

150°C

(j) (k) (l)

Figure 8: Foam texture observed in the micromodel at different positions and temperatures.

Table 2: Foam texture parameters and its corresponding blocking pressures.

Picture number Average diameter (μm) Filling ratio Variation coefficient Block pressure (MPa)

a 26.76 0.72 0.48 1.02

b 22.55 0.88 0.32 2.27

c 18.26 0.94 0.27 3.04

d 28.02 0.94 0.38 1.42

e 30.37 0.77 0.55 1.08

f 31.76 0.66 0.54 0.52

g 38.72 0.86 0.45 0.80

h 42.63 0.59 0.48 0.31

i 44.05 0.56 0.48 0.19

j 45.33 0.71 0.43 0.40

k 45.56 0.53 0.45 0.15

l 45.46 0.52 0.46 0.12
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changes at 20°C, there is a tendency to become scattering and
ununiform for foam texture at 60°C and 100°C. Especially at
100°C, only the entrance section is filled with dense and uni-
form foam. At 150°C, foam presents the characteristics of a
large bubble, varying size, and straggling flow along the
whole sandpack.

4.3. Correlation Analysis between Foam Texture and Pressure
Behavior. It can be inferred from the results above that foam
flow behavior is closely related to foam texture. Temperature
influences the distribution and morphology of bubble in the
sandpack, and as a result, flowing pressures behave differ-
ently. The blocking performance of foam in each picture
can be approximately represented by blocking pressure,
which is determined by the average value of pressure drops
before and after the observation position. The corresponding
blocking pressures of each foam image are shown in Table 2.
Therefore, it is of great significance to establish and analyze
the corresponding relationship between texture parameters
and block pressure for fully understanding the blocking
mechanism of foam.

The relationship between blocking pressure and average
diameter, filling ratio, and variation coefficient are displayed
in Figure 9, respectively. The linear relationship between
average diameter andblockpressure has the biggestR-squared
(R2 = 0 8212). The R-squared of the linear relationship

between filling ratio and block pressure is 0.7056. The R
-squared of the linear relationship between variation coeffi-
cient and block pressure is 0.6058. The closer to 1 the R
-squared is, the more reliable the linear relationship. These
show that the three parameters have linear relationships with
blocking pressure to a certain extent, but more relationships
need to be analyzed. So the correlation analysis and path anal-
ysis were carried out.

4.3.1. Correlation Analysis. Pearson correlation coefficients
among blocking pressure and foam texture parameters have
been calculated and are shown in Table 3. The blocking
pressure presents a negative and strong correlation with the
average diameter (r = −0 906) and variation coefficient
(r = −0 78), but exhibits a positive correlation with the filling
ratio (r = 0 84), all of which have a very good significance
threshold (P < 0 01).

Among foam texture parameters, the filling ratio nega-
tively correlated well with the average diameter and variation
coefficient (P < 0 05). But there is no significant correlation
between average diameter and variation coefficient (P > 0 05).

Because of the interactions among variables, the Pearson
correlation coefficient cannot really show the correlation.
Accordingly, the partial correlation analysis is conducted to
analyze the real correlation between the blocking pressure
and the texture parameters in Table 4. With the effect of
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Figure 9: The relationships between foam texture and block pressure. (a) is the relationship between average diameter and block pressure. (b)
is the relationship between the filling ratio and block pressure. (c) is the relationship between the variation coefficient and block pressure.
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variables excluded, the blocking pressure still has significant
negative correlations with the average diameter and variation
coefficient (P < 0 01). However, the blocking pressure pre-
sents a low positive correlation with the filling ratio, and this
correlation has no statistical significance (P > 0 05). These
suggest that the locking capacity of foam is really related to
the average diameter and variation coefficient.

4.3.2. Path Analysis. The correlation analysis simply gives the
correlation between variables, but may not provide a clear
understanding of how texture parameters affect block pres-
sure. Path analysis offers a method of recognizing the effects
and measuring the relative importance of the causal factors.
In this study, the Pearson correlation coefficients were
divided into the direct effect of texture parameters on block
pressure and the indirect effects caused by the interrelation
among texture parameters. The results of path analysis are
shown in Table 5.

The average diameter shows the highest negative direct
effect on blocking pressure (-0.624) and small indirect effect
via the filling ratio (-0.077) and variation coefficient
(-0.205). The filling ratio shows a pretty small positive direct
effect (0.097), whereas its indirect effects via average diameter
(0.495) and variation coefficient (0.248) are relatively great.
The variation coefficient has a negative direct effect (-0.404)
and negative indirect effect via the average diameter
(-0.316) and filling ratio (-0.060). Not only do the average

diameter and variation coefficient have a great direct effect
on blocking pressure, but also the indirect effects via them
are significant. However, for the filling ratio, the direct effect
and the indirect effect via it are both very small, which means
that the influence of the filling ratio on blocking pressure is
mainly exerted by the interaction with other factors. These
also indicate that the average diameter and variation coeffi-
cient are the factors that really influence blocking pressure.

4.4. Effect of Interfacial Properties of Foam on Flow Behavior.
The changes of foam flow behavior with temperature can be
explained by the interfacial properties of the bubble film [47–
51]. The generation of foam is a process that the surface area
and the energy of system increase. The decrease of the inter-
facial tension can decrease the surface energy of the foam sys-
tem. In general, the lower the interfacial tension, the better
the foaming capacity. Because of the adsorption of the surfac-
tant on the gas-liquid interface, the bubble film is a viscoelas-
tic film. The viscoelasticity of the bubble film can be
characterized by the interfacial parameter–viscoelastic mod-
ulus, which consists of two parts: elastic modulus and viscous
modulus. The elastic modulus shows the restorability of the
bubble film after deformation, and the viscous modulus
shows the strength of the bubble film and the capacity to
resist the disturbance. When foam flows in porous media,
the intense shear action makes the bubbles to deform, col-
lapse, and regenerate continually. The foam texture in the

Table 3: Pearson correlation matrix.

Pearson correlations Average diameter Filling ratio Variation coefficient Block pressure

Average diameter

Coefficient 1

Sig. (2-tailed) 0.000

Filling ratio

Coefficient -0.793∗∗ 1

Sig. (2-tailed) 0.002 0.000

Variation coefficient

Coefficient 0.506 -0.613∗ 1

Sig. (2-tailed) 0.093 0.034 0.000

Block pressure

Coefficient -0.906∗∗ 0.840∗∗ -0.780∗∗ 1

Sig. (2-tailed) 0.000 0.001 0.003 0.000
∗∗Correlation is significant at the 0.01 level (2-tailed). ∗Correlation is significant at the 0.05 level (2-tailed).

Table 4: Partial correlation between block pressure and texture parameters.

Control variables Partial correlation Block pressure

Filling ratio & variation coefficient Average diameter
Coefficient -0.892∗∗

Sig. (2-tailed) 0.001

Variation coefficient & average diameter Filling ratio
Coefficient 0.271

Sig. (2-tailed) 0.449

Average diameter & filling ratio Variation coefficient
Coefficient -0.856∗∗

Sig. (2-tailed) 0.002
∗∗Correlation is significant at the 0.01 level (2-tailed).
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flow process is the result of breakage and regeneration of the
bubbles. The breakage of the bubble is related to the visco-
elastic modulus of the film, and the regeneration of the bub-
ble is related to the interfacial tension. So the interfacial
properties are essential to foam flow behavior.

With the increase in temperature, the interfacial tension
increases and the viscoelastic modulus decreases in general.
Because as the temperature increases, the amountof surfactant
on the interface declines, the hydration of the surfactant
weakens and the evaporation of the film intensifies. At 20°C,
the interfacial tension is lower and the viscoelastic modulus
is higher. The film has a good elasticity and high strength. It
is not easy for the bubble to break. Even if the foam bursts, it
can regenerate soon due to the lower interfacial tension. The
regeneration rate is greater than the breakage rate. Besides,
low interfacial tension means low surface energy, which guar-
antees that the bubbles can stabilize in small size. So with the
increase in flow distance, the foam texture tends to become
tiny, dense, and uniform. At 100°C and 150°C, the interfacial
tension is higher and the viscoelastic modulus is lower. In
the flow process, the bubble breaks easily and cannot regener-
ate. So the foam texture becomes scattered and ununiform
with the increase inflowdistance. Only in the entrance section
does the foam show the blocking performance.

5. Conclusions

In this paper, flowing pressures along sandpack were mea-
sured and foam images were observed simultaneously. On
this basis, the relationship between blocking performance
and foam texture was analyzed by correlation analysis and
path analysis.

(1) With the increase in flow distance in a 60 cm-long
sandpack at 20°C, the blocking capacity of foam
increases, and the foam texture tends to become tiny,
dense, and homogenous

(2) As the temperature increases, the blocking capacity
of foam declines with the blocking scope decreasing
and moving towards the inlet, and it is increasingly
easy to become scattered and ununiform in texture

(3) The blocking pressure has a strong correlation with
average diameter (-0.906) and variation coefficient
(-0.78), and the direct effect of the average diameter
and variation coefficient is -0.624 and -0.404.
Although the filling ratio has a positive correlation
with blocking pressure (0.84), the direct effect
(0.097) is very small

(4) Foam flow behavior is determined by the foam
texture essentially. The blocking capacity of foam
is mainly influenced negatively by the average
diameter and variation coefficient, suggesting that
tiny, dense, and homogeneous foam has a stron-
ger blocking capacity
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