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established based on the key performance parameters of foam.
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1. Introduction

With the rise and development of the petrochemical industry, the use
of liquid fuels has become increasingly widespread, and their varieties
have grown significantly [1]. During the storage of liquid fuels, potential
hazards such as oil leakage, fires, and explosions may occur due to
container corrosion, lightning, and other factors [2]. Aqueous
Film-Forming Foam (AFFF) is an efficient extinguishing agent for
organic fuel fires. It primarily composed of fluorocarbon surfactants and
hydrocarbon surfactants. Generally, functional additives such as vis-
cosity enhancers, pour point depressants, and preservatives are added
[3,4]. By using surfactants, the surface tension of the liquid is reduced,
forming a water film and foam layer that covers the entire surface of the
liquid fuel. This isolates oxygen while absorbing heat generated during
combustion, thereby achieving the extinguishing effect [5]. Since AFFF
requires long-term storage, it inevitably faces the issue of aging and
degradation during storage [6]. Therefore, it is of great significance to
study the stability of AFFF during storage and the changes in its foam
performance.

In recent years, many researchers have studied the performance of
AFFF. The research primarily focuses on the effects of mixed types and
proportions of foaming agents on foam performance [7], the influence of
different surfactants [8-10] and foam stabilizers on foam performance
[11,12], and the impact of storage equipment on AFFF performance
parameters in aviation firefighting [13]. In addition, the comparison of
drainage performance characteristics of different types of foams [14,
15], the dynamic surface and interfacial tension of different foam so-
lutions [16], and the effects of salts on the fire extinguishing perfor-
mance of AFFF have also been studied [17,18]. The research on the
effect of aging on the performance of AFFF is mainly aimed at the effect
of a single thermal aging mechanism on the performance of AFFF. The
current research mainly includes: the analysis of parameters such as
viscosity, static and dynamic surface tension, capillary shape and pres-
sure distribution during foam aging, and the summary of the distribution
law of boundary pressure in the stable stage before and after aging [19].
AFFF was thermally aged using a cone calorimeter, and the effects of
thermal radiation on drainage time, foam evaporation and foam atten-
uation characteristics before and after aging of AFFF were compared [6].
By heating the extinguishing agent to simulate its effective service life,
the effects of thermal aging on the foam expansion ratio, drainage time,
and extinguishing efficiency of fluor protein foam (FP), AFFF, and
alcohol-resistant aqueous film-forming foam (AFFF/AR) were analyzed
[20]. So far, research has primarily focused on the effects of a single
thermal aging mechanism on various performance parameters of AFFF.
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Fig. 1. Different types of foam samples.
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However, there is almost no research on high-low temperature alter-
nating aging of AFFF.

Therefore, this study experimentally investigates the evolution pat-
terns of foam drainage performance, foaming ability, and microstruc-
tural stability under high-low temperature alternating aging cycles. A
dimensionless predictive model for the stability time of aged AFFF is
established. Through this study, it is hoped that a certain theoretical
reference can be provided for the evolution of foam performance during
AFFF storage.

2. Experiment and method
2.1. Materials

Due to its low surface tension, AFFF exhibits rapid fire extinguishing
speed, strong sealing properties, and excellent resistance to reignition. It
forms a water film on the fuel surface and, through the combined action
of foam and the water film, is widely used in flammable liquid fires and
large storage tank fires. This study aims to investigate the overall per-
formance variation trends of commonly used AFFF products before and
after high-low temperature alternating aging. Since the primary com-
ponents of the selected samples are largely consistent, the minor vari-
ations in component proportions are not considered within the scope of
this study. The experiment selected eight different types of AFFF. S1 is
6 % AFFF, S2 is 3% AFFF, S3 is 6 % AFFF, S4 is 3% AFFF, S5 is 3%
Seawater AFFF, S6 is 6 % Seawater AFFF, S7 is 6 % Seawater resistant
AFFF, S8 is 1 %AFFF. These samples represent commonly available AFFF
and AFFF/AR products on the market and have significant application
value. They enable a comprehensive evaluation of the effects of high-low
temperature alternating aging on foam performance and enhance the
practical significance of the research findings.

2.2. Experimental equipment

2.2.1. High-low temperature alternating aging test equipment

The foam aging test is conducted under alternating high and low
temperature conditions, as shown in Fig. 2. The high-temperature
heating test is conducted using an electric blast drying oven, which
primarily consists of heating elements, a fan, and a control panel. By
setting appropriate parameters, the foam solution inside the chamber is
subjected to heating treatment. The low temperature freezing test is
conducted using a low temperature freezer, which mainly comprises a
refrigeration system and a control system. By setting the desired tem-
perature, the foam solution inside the chamber is subjected to low-
temperature treatment. During the alternating high and low tempera-
ture aging process, the sample will transition from liquid to solid and
back to liquid. This is because at —40 °C, the water and hydrophilic
components in the sample solution crystallize, making the sample solid.
At 50 °C, these components dissolve, and the sample returns to liquid
form.

2.2.2. Dynamic foam analyzer

Foam performance tests were conducted using the Dynamic Foam
Analyzer (DFA100) manufactured by Kruss, as shown in Fig. 3. The
analyzer primarily consists of a prism measurement column, electrode
plates, a data acquisition system, and a high-definition video camera.
The instrument uses light-emitting and photosensitive elements to cap-
ture the changes in the phase interface between air and foam, and be-
tween foam and liquid in real time, and obtain the foam structure
stability and foaming performance. The gas-liquid ratio was controlled
and maintained by the built-in flow regulation system of the foam
analyzer. The liquid volume was precisely set using the instrument’s
metering pump, while the gas volume was adjusted and stabilized
through a calibrated mass flow controller. The analyzer continuously
monitors the input gas and liquid flow rates during operation, ensuring
that the gas-liquid ratio remains constant at throughout the test. Before
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Fig. 3. The configuration of Dynamic Foam Analyzer.

starting the test, the height illumination and structural illumination
values need to be adjusted to appropriate levels. The high-definition
video camera indirectly reflects foam size by capturing changes in
foam projections. By setting appropriate parameters, the foam solution
within the prism measurement column was foamed and simultaneously
analyzed for foam performance.

2.2.3. Ring tensiometer

The measurement methods for liquid surface tension include the
capillary rise method, Wilhelmy plate method, drop shape analysis, and
ring method. In this study, the surface tension of AFFF was measured
using the KSV Sigma 700 tensiometer, as shown in Fig. 4. The operating
principle of this tensiometer is based on the ring method, utilizing a
platinum ring for measurement. During the experiment, the platinum
ring is lowered uniformly into the liquid surface and then raised at a

constant speed. As it rises, it experiences a downward force due to the
surface tension of the solution. The measurement is recorded when the
force reaches equilibrium, providing the surface tension value of the
solution.

2.2.4. Viscometer

The tested foam extinguishing solutions are essentially non-
Newtonian fluids. Since their viscosity continuously changes under
different conditions, measurements were taken only after the readings
stabilized, representing the dynamic viscosity of the non-Newtonian
fluid. In this study, the viscosity of AFFF was measured using a Brook-
field DV1 viscometer, as shown in Fig. 5.
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2.3. Foam high-low temperature alternating aging test

According to the AFFF high and low temperature alternating aging
test protocol, 8 types of AFFF are packed in sealed glass sample bottles.
The samples are placed in an electric blast drying oven and heated at
(55 +0.2) °C for 12 h. After heating, they are transferred to a low
temperature freezer and maintained at (-40 + 0.2) °C for 12 h. A 14
d period is defined as one aging cycle, and the process is repeated
accordingly. At the end of each cycle, 50 ml of each foam sample is
collected for foam performance testing.
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2.4. Foam performance test

The parameters of the dynamic foam analyzer are set as follows: a
gas-to-liquid ratio of 6:1, a pumped gas volume of 120 ml, a gas flow rate
of 0.3 L/min, a height illumination of 12 %, and a structural illumina-
tion of 23-25 %. After all devices are installed and calibrated, the
experiment was initiated. A total of 20 ml of the prepared foam solution
is injected into the prism measurement column. All parameters are
adjusted, and the dynamic foam analyzer is activated. The foaming
process is observed for any occurrences of gas leakage. Finally, the foam
performance test results are recorded, and the data is saved.

Before the experiment, the weighing accuracy of the balance hook is
calibrated using standard weights. The platinum ring is cleaned with
deionized water and then heated with an alcohol lamp until it turned red
to remove surface-active substances. After cooling, the platinum ring is
securely attached to the balance hook. During the experiment, the
platinum ring is lowered until it is immersed in the surface layer of the
AFFF solution, then raised until it reaches a stationary position. At this
point, the reading on the surface tensiometer represents the surface
tension of the AFFF solution.

The viscometer speed is set to 60 RPM for the experiment. After
wetting the rotor and rotor guard with the test solution, 20-30 ml of the
solution is added. The measurement is initiated, and once the readings
stabilize, the viscosity values of different types of AFFF are recorded.

3. Results and discussion

3.1. Effect of high-low temperature alternating aging on foam drainage
performance

Foam drainage rate is an important indicator for measuring the water
retention capacity and flow properties of foam [21]. To comprehen-
sively evaluate the effect of aging on the drainage performance of foam,
a more comprehensive characterization can be obtained by analyzing
the three indicators of foam drainage rate (75 % standardized drainage
rate), moisture content and initial Sauter radius.

The 75 % standardized drainage rate can be calculated by the
following formula:

S=Vy/Aet @

Where: S is the 75 % standardized drainage rate, L/(m?s); Vq is the
drainage volume, L; A is the foam surface area, m?% tis 75 % drainage, s.
The moisture content can be calculated by the following formula:

MC = Vioam — Va/ Vioam x 100% )

Where: MC is the moisture content, %; V¢yam is the initial foam volume,
L.
The initial Sauter radius can be calculated by the following formula:

T32initial = Z nr? / Z nir? 3)

Where: r3 initial is initial Sauter mean radius, pm; n; is the initial foam
bubble numbers; r; is the initial foam bubble radius, pm.

During the high-temperature heating process, the loss of solvent
components was negligible due to the good sealing performance of the
container. After freezing, the sample changed from solid to liquid, and
there was no obvious change in color. During the experiment, floccules
were observed in the solution, which may be formed by precipitation
and aggregation of solution components. This indicates that the uni-
formity of the solution is destroyed [22-24]. However, the
high-temperature aging conditions do not reach the degradation tem-
perature of the surfactants. Therefore, theoretically, no toxic substances
are produced during the aging process [25]. Details are shown in Fig. 6.

As shown in Fig. 7, with the increase of aging cycle, the drainage rate
of the samples showed an upward trend. At the same time, the water
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Fig. 6. The apparent changes and phase transitions of the sample.

content showed a downward trend with the increase of drainage rate. It
is worth noting that the changes in S1, S2, and S6 are the most signifi-
cant, with drainage rates increasing by 1.73 times, 0.62 times, and 0.99
times, respectively, and the foam drainage stability is poor. At the same
time, the liquid content decreased by 92.4 %, 60.3 %, and 44.8 %
respectively compared with the initial value.

As shown in Fig. 8, the overall initial Sauter mean radius exhibits an
increasing trend with the progression of the aging cycle. Among them,
sample S8 had the largest initial Sauter radius before the experiment. It
increased significantly with the aging cycle, reaching a growth of
approximately 50 % by the end of the test, indicating poor aging resis-
tance. Sample S4 had the smallest initial Sauter radius, with a growth of
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only 23.3 % over the entire aging cycle, demonstrating superior aging
resistance. The Sauter radius of the remaining samples varied between
14.5 % and 27.9 %, indicating a moderate level of aging resistance.

As analyzed in the previous article, there are component aggregation
and uneven concentration distribution in the foam solution. In areas
with excessively high concentrations, the viscosity of the solution in-
creases, resulting in increased resistance to bubble formation and a
decrease in the number of bubbles generated [26]. In areas with too low
concentrations, the strength of the bubble liquid film generated is low
and difficult to maintain. At the same time, the uniformity of the
generated bubbles is greatly affected, which further accelerates the
speed of gravity drainage and bubble rupture, resulting in an increase in
drainage rate, a decrease in water content, and an increase in the initial
Sauter radius. The decline in foam water retention is also related to
changes in foam additives. High temperature accelerates the migration
and rearrangement of surfactants in the foam solution, destroying the
structural integrity of the liquid film. Low temperature cause compo-
nents to freeze or precipitate, further weakening the stability of the film
and the intermolecular forces between foam sheets. During the high and
low temperature alternating aging process, the foam liquid film is
repeatedly destroyed [22-24,26]. The liquid is easier to discharge from
the foam, the drainage rate is accelerated, the liquid content is reduced,
and the initial Sauter radius is increased. These phenomena indicate a
significant decrease in the foam’s drainage performance. As liquid loss
accelerates between the bubbles, the foam’s overall collapse rate in-
creases, making it difficult to form a stable and durable coating on the
fuel surface, thereby weakening the foam’s cooling effect on the liquid
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Fig. 7. Comparison of 75 % standard drainage rate and water content of eight foam samples under high and low temperature alternating aging.
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Fig. 8. Comparison of the initial Sauter radius of eight foam samples under
high and low temperature alternating aging.
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fuel. This results in a significant reduction in the foam’s firefighting
performance [27].

3.2. Effect of high-low temperature alternating aging on foam foaming
ability

Foam expansion ratio is an indicator of foam foaming ability. How-
ever, solely considering the expansion ratio may not provide a
comprehensive evaluation of foaming performance. A more complete
characterization can be achieved by combining the expansion ratio with
foam stability.

As shown in Fig. 9, S1 exhibits an overall decreasing trend. It has the
highest initial expansion ratio of 10.7, but also the largest decline, with
an overall reduction of approximately 14 %. This may be due to its high
expansion ratio, where the gravitational synergy causes foam solution to
accumulate at the bottom, leading to an uneven liquid content distri-
bution and poor stability [6]. As a result, S1 shows a significant decline
in the early stages, followed by a gradual and steady decrease in the later
stages. S5 exhibits a gradual and stable decreasing trend. Although it has
the lowest initial expansion ratio of 9.4, its decline is also the smallest, at
approximately 4 %. This may be attributed to its lower expansion ratio,
which reduces the impact of gravitational synergy, resulting in a more
uniform liquid content distribution and better stability. Consequently,
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Fig. 9. Comparison of foam expansion ratio of eight foam samples under cyclic high-low temperature aging.
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Fig. 10. Comparison of stability times of eight foam samples under cyclic high-low temperature aging.
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Fig. 11. Comparison of bubble count half-life of eight foam samples under
cyclic high-low temperature aging.

S5 maintains a gradual and steady decline throughout the aging process.
S6 initially shows a decreasing trend, with a sharp drop between cycles 1
and 2, followed by a stable trend after the second aging cycle. The

overall expansion ratio decline for S6 is approximately 13 %. Other
foams, which have an initial expansion ratio above 10, are significantly
affected by gravitational synergy, leading to an uneven liquid content
distribution. As a result, they exhibit a large initial decline, followed by a
gradual and steady decrease in the later stages. The overall reduction in
expansion ratio for these foam ranges from approximately 7-13 %.

As shown in Fig. 10, as the aging cycle increases, the foam stability
time decreases with the increase in drainage rate. Among them, S1 has
the best foam stability in the initial stage before aging, but the decline is
also the most significant, with an overall decline of about 2.8 %. The
remaining foams all show a gradual downward trend. The stability time
of the foam is related to the foam stabilizer. It combines with the sur-
factant to form a weakly interacting polymer-surfactant system, and can
also form a strongly interacting system. These systems enhance the
stability of the foam by generating a strong spatial repulsive force
[22-24]. The previous analysis shows that the uniformity of the solution
is destroyed and the degradation of the stabilizer leads to a decrease in
the content of the composite system. Therefore, the overall stability time
decreases by about 0.79~1.24 %.

Both the foam expansion ratio and the stability time show a down-
ward trend, indicating a clear correlation between them. This correla-
tion may be due to the degradation of foam additive performance and
gas-liquid interface properties caused by aging, which leads to a
decrease in the overall foaming ability of the system [28-30]. On the one
hand, the decline in foam expansion ratio leads to a decrease in the
number of bubbles generated during the foaming process, limiting the
volume and structural integrity of the foam. On the other hand, the
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Fig. 14. Comparison of interfacial tension of eight foam samples under cyclic high-low temperature aging.

increase in drainage rate accelerates the drainage of liquid from the
foam, further weakening the stability of the foam. The combined effect
of the reduction in the number of bubbles and the accelerated drainage
significantly weakens the overall foaming ability. Even if the initial
expansion ratio is high, the rapid collapse of the foam will lead to a
decrease in the effective expansion ratio. These changes reflect a sig-
nificant decline in the foaming capacity of the foam system. The foam
extinguishing agent fails to cover a sufficient fuel surface area within a
given time. As a result, the extinguishing effect is impaired, and the
suppression efficiency is reduced [31].

3.3. Effect of high-low temperature alternating aging on the stability of
foam microstructure

In the study of foam performance, the stability of the microstructure
is a key factor in evaluating the long-term usability and durability of the
foam. The bubble count half-life and the variation rate of the bubble
Sauter mean radius serve as important characterization indicators.
These parameters comprehensively reflect the structural changes and
stability of the foam over time.

The change rate of the average Sauter radius of foam can be calcu-
lated by the following formula:

A = Tsafinal — Ta2inital / T32inicial X 100% @

Where: ) is the average Sauter radius change rate, %; rs3s final is final
Sauter mean radius, pm.

As shown in Fig. 11, the bubble count half-life of different foam
samples exhibits an overall downward trend during the aging cycle.
Among them, S4 has the highest bubble count half-life before aging,
demonstrating the best foam stability. Moreover, its overall decline
during aging is relatively small, decreasing by approximately 22 %
compared to the pre-aging state, indicating the most stable micro-
structure. S7 shows a relatively gradual decline in the early aging stages
but experiences an abrupt drop of approximately 74 % in the fourth
aging cycle. It shows poor resistance to aging and undergoes significant
structural collapse. S6 has the lowest bubble count half-life before aging,
but it exhibits the most gradual decline throughout the aging process,
with an overall reduction of approximately 27.8 %. The other foam
samples also show an overall downward trend, with reductions ranging
from approximately 20-45 %. This may be due to the thermal stress on
the foam structure during the aging process. This results in insufficient
surface tension to maintain the overall foam structure, causing the foam
system to become unstable and dramatically shortening the bubble half-
life [26].

As shown in Fig. 12, the changes in the microstructure of eight types
of AFFF before and after aging are presented. It can be observed from the
figure that before aging, the microstructure of the foam extinguishant
consists of uniformly distributed fine particles with well-defined
boundaries and a relatively regular structure. After aging, significant
changes occur in the microstructure, with noticeable particle coales-
cence to some extent. The particle size increases, the interfaces become
progressively blurred, and some regions exhibit uneven particle
distribution.
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Fig. 15. Comparison of interfacial tension of eight foam samples under cyclic high-low temperature aging.

As shown in Fig. 13, the variation rate of the average radius of the increase in the variation rates of S1, S2 and S6 is particularly obvious.
foam Soter is generally increasing. The variation rate of the average This may be due to the significant decrease in the half-life of the bubble
radius of the foam Soter is defined as the ratio of the radius at the end of number, the accelerated bubble bursting rate, and the reduced overall
75 % drainage to the radius at the end of foaming. Among them, the stability of the foam. The weakening of the foam stability directly leads

10
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Table 1
AFFF parameter units and dimension formula.

Parameter Unit Dimensionless Expression
T¢ s T

Tro s T

m kg M

p kg/m> ML 3

F N/m MT 2

p Pas ML-IT!

n / /

to an increase in the bubble aggregation rate, an increase in the variation
rate of the average radius of Soter, and a gradual coarsening of the foam
structure. At the same time, the accelerated drainage rate leads to a
further decrease in the liquid film strength, which accelerates the bubble
bursting. Combined with the above reasons, the overall microstructural
stability of the foam is significantly reduced during the aging cycle.

3.4. Effects of changes in foam physical and chemical properties on
performance degradation

As shown in Fig. 14, with the extension of the aging cycles, the
interfacial tension of the foams in all samples exhibits a gradual in-
crease, while the foam stability time correspondingly decreases. This
indicates that under high-low temperature alternation, the physico-
chemical properties of the foam solution deteriorate, leading to an in-
crease in interfacial tension. A higher interfacial tension implies that the
foam system requires more free energy to maintain the gas-liquid
interface. Consequently, the stability of the liquid film is weakened,
accelerating liquid drainage and thinning of the lamella, which ulti-
mately makes the foam structure more prone to rupture [32]. It can thus
be inferred that the increase in interfacial tension is strongly negatively
correlated with the decline in foam stability. In other words, the higher
the interfacial tension, the lower the foam stability, as reflected by a
marked reduction in stability time.

As shown in Fig. 15, the viscosity exhibits an overall increasing trend
with the extension of the aging cycles. Meanwhile, the foam expansion
ratio decreases correspondingly. The increase in viscosity raises the
energy consumption required for bubble formation, thereby hindering
gas-liquid mixing and bubble refinement, which ultimately reduces the
foam expansion ratio [33]. These results indicate that higher viscosity
weakens the foaming ability of the system, manifested as a decline in the
expansion ratio.

3.5. Dimensionless predictive model for the stability time of various AFFF
after aging

Foam stability time is recognized as one of the critical indicators for
evaluating the fire suppression effectiveness of foam extinguishing
agents. During fire suppression, a foam layer is required to form a
continuous coverage on the fuel surface to isolate oxygen, cool the
combustibles, and prevent flame propagation. The stability of the foam
directly determines its firefighting performance [34]. However, varying
stability durations are observed among different AFFF products due to
differences in chemical composition, formulation design, and compo-
nent concentrations. To accurately predict the stability time of aged
AFFF solutions, a predictive model will be developed through dimen-
sionless analysis combined with experimental datasets.

The aged stability time Ty is correlated with six variables: the initial
foam stability timeTyy; the ratio of aging time to shelf-life t; foam mass
m; foam density p; surface tension F; and gas-to-liquid ratio R. This

relationship is mathematically represented by Eq. (5).
f(Tr, Ts, t,p,F,n) =0 5)

The basic factors used include: length (L), mass (M), time (T). Basic
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physical quantities: Tgy, p, p.
List the dimensionless equations:

m = Tmhp! Tp = [T] [M]™ [ML°]"'T
7y = TmP2p2F = [T)*[M]" [ML %] MT 2

(6)
75 = TogmPpom = [T M]" ML ] *M
= TemPpen = [T [M)% [ML ] "n
Get dimensionless:
m =T¢/Tho
Ty = mﬁ/ \2/ T?o \2/ p @
n3 = Fy/Tpo \/ﬁ/\z/ p
Ty =1
Further simplifying:
T/ Teo = f(FT2) / mn x 102) (8)

In order to accurately predict the stability time of foam under
different aging cycles, this study uses a nonlinear fitting method to
optimize the experimental data. Based on the given data, the power
function is used as an example:

y=ax

LetA =FT% /mn x 1072, and use it as the independent variable in the
dimensionless prediction model, then we have formula (10):

©)

Tt /Tro = ak” 10
Where: a and b are constants.

Based on the experimentally measured foam stability time data for
the eight foam samples, a fitting analysis was conducted on the
dimensionless parameters. Consequently, a dimensionless predictive
model for the ratio of foam stability time to initial foam stability time
was established, as shown in Fig. 16.

4. Conclusion

Due to the aqueous film-forming foam extinguishing agent needs to
be stored for a long period of time, it is inevitable that it will face the
problem of aging and failure during the storage process. Therefore, this
paper investigates the effect of aging cycle on foam drainage perfor-
mance, foaming ability and microstructure stability by alternating high
and low temperature aging test. According to the analysis of the test
results, the following conclusions are drawn:

(1) Alternating high and low-temperature aging significantly affects
the drainage performance of the foam. The increase in the stan-
dardized foam drainage rate ranges from 0.22 t to 1.73 times. The
water content decreases by 18-92.4 %. The initial Sauter mean
radius increases by 14.5-50 %. The changes in these three pa-
rameters form a comprehensive feedback mechanism, which can
serve as an important indicator for evaluating the aging resis-
tance of AFFF.

High and low temperature alternating aging significantly affects
the foaming ability of foam and accelerates the collapse of foam.
With the increase of aging cycle, the overall decrease range of
foaming multiple is about 4-14 %. The decrease range of foam
stability time is about 0.79-2.8 %. The changes in the two reflect
the synergistic degradation effect of high and low temperature
alternating aging on foaming performance and foam durability.

(2

—
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Fig. 16. Dimensionless prediction model for the stability time of aged foams. (a) S1 (b) S2 (c) S3 (d) S4 (e) S5 (f) S6 (g) S7 (h) S8.
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(3) With the increase of aging cycle, the half-life of bubble number
decreases by about 20-74 %. Combining the analysis of 75 %
standardized drainage rate, bubble number half-life and Sauter
radius change ratio, a dynamic feedback mechanism is formed,
which can be used as an important indicator for evaluating the
stability of foam microstructure.

A dimensionless predictive model for the stability time of AFFF
under alternating high and low-temperature aging was developed
using the dimensional analysis method.
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