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Abstract: The flow behavior of fire-fighting foams is an
important factor in its performance as it largely deter-
mines how well and how fast the foam covers the burning
fluid and seals it from oxygen. The flow characteristics, as
well as the performance of such a foam is evaluated by a
newly designed rheological cell and rheological experimental
protocols mimicking a fire-fighting practice. Experiments are
performed under conditions that apply while applying the
foam (high shear of 10 s\ continuous fresh foam feed, which
limits draining and coarsening) and conditions that apply
once the foam is deposited (low shear of 0.5 s\ no foam
feed allowing for draining and coarsening). This yields valu-
able insights. Very strong differences in flow behavior are
observed changing from very well-flowing behavior on appli-
cation to very viscous/stiff after deposition. Also, the shear-
thinning character of foam flow was studied. After changing
from a steady foam feed to a foam at rest situation, a transi-
tion period of complex flow behavior could be observed. This
indicates that relaxation and restructuring processes of the
foam bubbles that were deformed underflow are taking
place. After this transition period, the effects of draining
and coarsening become visible.
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1 Introduction

Aqueous foams are suspensions of bubbles inside a contin-
uous aqueous phase. The bubbles are surrounded by a
liquid film, which serves to define the bubbles. This film
is stabilized by amphiphilic molecules, compromising a
hydrophilic part (head group) interacting with the water
phase and one or more hydrophobic tail groups — surfactants
that point to the air inside of the bubbles. Characteristic para-
meters defining foams are structural and geometric features
like the gas and liquid fraction. These properties determine
the rigidity of the foam, the average bubble size, and the
bubble size distribution or polydispersity. When the gas frac-
tion approaches unity, the foam is called dry and is very rigid.
On the other side, by lowering the gas fraction, the foam
becomes more wet, and the gas bubbles will become more
spherical until a critical gas fraction is reached, and the bub-
bles lose contact — a bubbly liquid is formed [1-6].

The properties of foams are intimately related to their
structure. Because of their multiscale nature, liquid foams
display a complex mechanical behavior: they have elastic,
plastic, and viscous properties. When a foam yields, plastic
flow starts as a consequence of local bubble rearrange-
ments to relax the subjected stresses. The bubble rearran-
gements are irreversible, and the foam flows like a non-
Newtonian fluid [7]. Depending on the applied strain rates
either bubbles rearrange intermittently or deformation
under shear occurs, resulting finally in lamellar flow.
Upon reduction of stress, the foam reverts to an elastic
liquid when the stress falls below the yield stress. On the
other side, slow flow is coupled to aging via coarsening-
induced bubble rearrangements and finally stiffening due
to extensive drainage.
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This qualifies foams as complex fluids, like colloidal and
granular suspensions, polymers, pastes, slurries, and emul-
sions [8], and the measurement and understanding of their
complex mechanical response belong to the field of foam
rheology. Foam rheology is a consequently complex challenge
as it is difficult to measure its viscosity in a way that resem-
bles reality. Therefore, dedicated methods need to be devel-
oped to better understand foam spreading and drainage. The
properties of the foam result from the interplay between
processes over different length scales and timescales.

Although many foam rheology measurements have
been made, the reports often vary from paper to paper
due to different approaches, experimental set-ups, and
foam characteristics. A classical way to measure rheology
is to apply shear with different rates in various geometries:
between two planes, a cone and a plane, or two cylinders
(the so-called Couette rheometer) [9-12]. Another classical
experiment in rheometry subjects the foam to an oscilla-
tory shear of angular frequency with varying strain ampli-
tudes. These rheometric studies confirm in general that
below a yield strain or a yield stress, foams behave as vis-
coelastic solids, while they flow as non-Newtonian liquids
above yield. Alternatively pipe rheometers are also used for
the measurement of flow behavior of aqueous foams [13,14].
Another configuration to measure rheological properties of
especially non-Newtonian fluids, which can display large
slip effects at smooth walls is the vane geometry [15]. The
application of the vane geometry for the study of fire-
fighting foams was described already in 1976 [16] based on
the foam viscosimeter described by French [17]. This geo-
metry offers a way of introducing the testing element — a
thin-bladed vane - into a structured liquid with minimal
sample disturbance, making it very suitable for materials
such as foam. Only a few direct observations of the local
velocity field in foams or concentrated emulsions flowing
under homogeneous applied shear stress have been pub-
lished: an MRI study of an emulsion, steadily sheared in a
cone and plate geometry, has shown coexisting liquid-like
and solid-like regions [18]. These data indicate that the width
of the solid-like region decreases with increasing cone rota-
tion velocity and thus with effective strain rate, so homo-
geneous flow may occur for sufficiently high strain rates.

For any rheological measurements, numerous para-
meters must be considered and controlled to gain repro-
ducible results:

1. The foam quality, i.e., gas volume fraction,

2. The foam texture (bubbles’ size distribution),

3. The size of the measurement apparatus compared to the
bubbles size,

4. The influence of foam production method,

5. Wall slip phenomena and foam compressibility.
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Foam must be stable and must not evolve during the
measurement time. This is especially challenging since
foams are unstable systems: a foam evolves by drainage
of the liquid phase with time, by gas bubbles coalescence,
or by Ostwald ripening. Under a weak shear stress, foam
can flow in “plug flow” by slipping on a thin fluid layer at
the wall [7], and therefore, conditions need to be chosen to
minimize wall slip.

The most common foam creation method consists of
injecting surfactant solution and gas through a porous
medium [2]. By varying the gas and fluid flow rate ratio,
it is possible to change foam quality. This porous medium
is often constituted of sand [19-21] or packed beds of glass
beads [22]. By varying gas and fluid injection rates into
porous media, foam texture may be modified.

In this article, we first provide an introduction to the
special case of fire-fighting foams, which is followed by a
description of the procedures applied during the execution
of the experiments. We then discuss the fundamental
results obtained and derive conclusions from the experi-
mental results.

2 Fire-fighting foams

Foams are widely used for fighting fires of liquid fuels. The
way a fire is extinguished using a foam is by covering
the fire with an aqueous film that serves as a blanket
and the foam over it serves as an isolation and a water
reservoir to expand/reform the covering film. That way,
not only the fire is cooled down by the water contained
in the foam, but the fire is also covered by a foam blanket
that deprives the fire of combustion. Important is that the
foam spread quickly on the fuel surface and stays after
complete coverage intact to separate the fuel and fuel
fume from the flame until the fire is extinguished.

The specific objectives of the present work are to system-
atically study the stability of foams using in situ rheology as well
as dynamic structural changes on the bubble scale. Most com-
monly, foam stability is investigated by monitoring the changes
in the height of bulk foam in vertical columns over time.

For the characterization and understanding of the
functional behavior of such fire-fighting foams, a newly
designed shear cell that enables constant drainage was
developed excluding also the existence and interference
of several different phases in the cell. Special attention
has been paid to the continuous foam generation and
feed into the cell to enable a measurement of the rheology
in conditions like the ones during the application of a foam
to a liquid surface.
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Experiments were executed, and the results are dis-
cussed, especially for two moments of the applications of
foams used for fire-fighting,

1. The application of a foam (spraying).

2. The behavior of a foam at rest when the blanket has
been formed and acts to separate the flames and air
from the fuel.

Inferences regarding foam coarsening and coalescence
can be detected as well as drainage and coupled with mor-
phological changes detected on the bubble scale. The goal
of the investigation was to link the rheology of the foam to
the performance of the foam in applications such as fire-
fighting foam and to assess and predict foam properties
like spreading or sealing to finally judge performance
and function as a tool for the development of better
working formulations.

3 Experimental

Foam rheology measurements have been done on two dif-
ferent formulations, one showing Newtonian behavior
(Newtonian formulation, NF), whereas the other one
shows shear-thinning behavior (non-Newtonian formu-
lation, NNF). These formulations are used in commercial
fire-fighting systems, whereby the shear-thinning formula-
tion generates a more stable foam with longer drainage
times. Consequently, the viscosities of foam-generating
liquids differ in their viscosity characteristics, especially
in the low shear rate range (Figure 1).

Although both liquids display a very low viscosity
(almost water) at higher shear rates, the non-Newtonian
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Figure 1: Viscosity profiles of NF and NNF-generating formulations as a
function of shear rate. The NF (blue line) maintains a constant viscosity,
while the NNF (red line) exhibits shear-thinning behavior.
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liquid behaves as a structuring fluid, which is commonly
used for fire-fighting formulations. At zero shear, the visc-
osity of the liquid is much higher to ensure enhanced
(delayed) drainage behavior needed for efficient fire extin-
guishing. The aqueous phase forming the liquid film (lamellae)
between the bubbles of the foam reacts slower to gravity due
to the higher viscosity and internal structure of the compo-
nents of the formulation.

The experimental set-up to determine foam rheology is
depicted schematically in Figure 2.

The set-up used for continuous foam generation is
custom-made (Figure 2). To produce foam, a gas and a
foam-forming aqueous formulation (premix) are required.
The foam-forming liquid was dispensed by a peristaltic
pump, and the gas flow was controlled by a mass flow
regulator (Bronkhorst F-201C-RAD-33-Z) coupled with a
computer. The peristaltic pump is calibrated by plotting
the flow of liquid by the rotations per minutes of the
pump. The mass flow regulator is calibrated using a bubble
calibration by measuring the speed of a bubble film in a
250 ml graduated cylinder with a hole in the bottom. The
pumped liquid and gas are then mixed thoroughly by pas-
sing it through two static mixers in line (Figure 3). The first
one (Kenics static mixer [23,24]) created turbulences by chan-
ging the direction of flow inside a tube, and the second one is
a tube containing glass balls (diameter of 2.85-3.30 mm).
Then, the foam is injected into the measurement cell inside
the rheometer from the bottom and through a thin metal
mesh to finalize bubble formation.

The rheometer employed was a Modular Compact
Rheometer 302 from Anton Paar capable of measuring
torque in a range from 0.5 to 230 mN m with sample-
adaptative controllers for measurement in rotation and
oscillation.

Modified powder

Spindle rheology cell

Foam
vessel

Continuous N2 inlet

foam inlet

Drained liquid
outlet

.. - Premix
Static mixer

Figure 2: Scheme of the set-up for foam rheology measurements.
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Figure 3: Home-build static mixer for foam generation.

A custom-made metal mesh wall was inserted to avoid
having a compact bubble block sliding on the wall, as well
as an 8-fan spindle as a further improvement on the pre-
viously described foam rheometers [17] (Figure 4). This
allowed an entrapment of foam between the fans and
enabled, as such, a measurement of processes occurring
within the foam during shear, excluding wall slip phe-
nomena. Also, a liquid drainage outlet has been installed
below the measurement cell so that the drainage liquid
does not remain blocked in the cell.

To have some correlations between fire-fighting prop-
erties and numerical measurable data, it is necessary to
measure foam rheology while draining. The expectation is
that the viscosity depends on foam quality and formulation
composition. However, it was noticed that bubble size also
has a significant impact on foam viscosity and draining
time. The bubble size was tuned by static mixing in the
tubing and had an average size of 0.3 mm with a standard
deviation of 60 um. The expansion factor is predetermined
by mixing fixed amounts of gas and foam formulation.
Expansion ratio, drainage time, and flow during produc-
tion were measured by filling a 250 ml graduated cylinder.

After the experiment, foam was collected into buckets,
and as it settled after some time (depending on the stability
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of the foam), the fluid was collected and can be reused.

Experiments proved that fluid can be recycled and reused.
The aim was to produce foam with an expansion rate

ranging from 4 to 10 and to study the viscosity behavior of

foam. The gas and liquid flow rates required to produce

2,000 ml/min foam at different expansion rates are shown

in Table 1.

Two test experiments were then performed for the
selected foam-forming formulations by using the steady
shear mode to evaluate the validity of the experiment,
setup, and chosen parameters:

(1) For the first test, foam is freshly prepared and continu-
ously introduced in the measuring cell. While the foam
is flowing vertically through the measuring cell, the
shear rate in the horizontal direction is gradually
decreased in a logarithmic ramp from 10 to 0.01s
This test is performed to determine the limits of the
rheology apparatus, meaning to detect the lowest pos-
sible shear rate at which the viscosity of the formula-
tion can be measured.

(2) To test the idea of the experiment, namely to be able to
monitor the rheological fingerprint of structural changes
of the foam during rest, foam was generated for 100 s, and
the viscosity was measured at a constant shear rate of

Figure 4: Foam rheology measurement cell with perforated wall and drainage opening and measurement spindle.
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Table 1: Flow rate of liquid and gas required to produce 2,000 ml/min of
foam at a different expansion ratio

Expansion ratio Flow rate (ml/min)

Liquid Gas
4 500 1,500
5 400 1,600
6 3333 1666.7
7 285.7 1714.3
8 250 1,750
9 222.2 1777.8
10 200 1,800

0.2s7. Subsequently, the foam feeding is stopped, and the
foam can start draining. During this draining, the shear
rate is kept constant at 0.2 s™L and the evolution of visc-
osity is monitored. This shear rate is very low and
believed to be representative of the conditions during
spreading.

The experimental method applied consists of four
intervals:

Foam is freshly prepared and continuously introduced
in the measuring cell with the foam flowing vertically
through the cell.

Interval 1is a 100 s interval of a constant applied shear
rate of 55~ to verify the homogeneity of foam generation
over time.

Interval 2 is a decreasing shear rate measurement,
going from 10 to 0.01s™. Caution must be taken during
the evaluation of the measurement results due to the
torque range of validity at a low shear rate.

Interval 3 is a constant shear rate measurement at
0.5s™". This measurement lasts 20 s and is designed to gen-
erate a steady shear condition before stopping the foam
production for the final interval.

Interval 4 is the final interval of constant applied shear
rate (0.5s™") without further foam feed to study the beha-
vior of the foam during spreading and rest at the fuel
liquid when drainage of the foam occurs.

The data displayed in “Results and Discussion” are
representative of a set of five individual experiments each.

3.1 Determination of expansion ratio and
drainage time

Expansion ratio and drainage time are measured in the
usual fashion: a cylinder is filled with foam, the ER is calcu-
lated by weight, and the drainage time is measured by time.

Rheological behavior of fire-fighting foams during their application

- 5

m(foam) = m(graduated cylinder filled with foam)

- m(empty cylinder),

m(water filling the graduated cylinder)

Expansion ratio =
P m( foam)

The 25% drainage time is the time at which 25% of the
liquid originally in the foam has drained out. The drainage
time measurement involved transferring the foam to a
measuring cylinder. The foam drainage was then moni-
tored over time. The NF showed a drainage time of 5 min
and the NNF of 7.5 min for average expansion ratios of 7.

4 Results and discussion

The foam production rate has been adjusted to values ran-
ging from 1,600 to 3,000 ml/min corresponding to real
deployment rates of handheld fire extinguishers with an
expansion ratio of about 7 to obtain a structurally stable
foam with only a very low drainage so that no liquid phase
will be present within the measurement cell and the mea-
surements will produce reliable and reproducible data.
This could be verified by recording the viscosity of the
foam at a constant shear rate (5577, Figure 5).

The measured foam viscosity remains very stable over
time, regardless of whether the drainage valve is open or
closed. This is especially visible in Figure 5 since here the
non-traditional linear scale for the viscosity values is
plotted. This graph shows the stability in foam quality
during production and feeding into the rheological cell.
Also, repeated tests demonstrate exactly the same viscosity
values for the same parameters used for foam generation.

Interval 1 : Homogenous foam production (5 s)

5.000 l
—23 » o > 4 > 4 . x 4 ) —

4.500 A e ———3 —~ X — 5

4.000

3.500 4 — - - =

3.000 4

—e—NNF ER=7 Flow=2000ml/min

Viscosity (mPa.s)

2.500 - )
—e—NNF ER=7 Flow=1600ml/min
2.000 - —e—NF ER=7 Flow=2000ml/min
—e—NF ER=7 Flow=1600ml/min
1.500 NF ER=7 Flow 2000 ml/min OD*
1.000 T T r .
0 20 40 60 80 100

Time (s)

Figure 5: Comparison of the foam generated from the NF and the NNF
fluids using different rates of generation with and without an open
drainage tube as the foam is produced. *Open drainage tubing.
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Interval 4 : Draining of foam (0,5 s™)

1,E+06

1,E+05

1,E+04

Viscosity (mPa.s)

——ER=7 Flow=1960 ml/min

—e—ER=7 Flow=2000 ml/min, OD*

1,E+03 +—————1—
0 100

200

300 400

Time (s)

Figure 6: Comparison of the data obtained from interval 4 (resting foam) from foam generated from the NF fluid with and without open drainage.

*Open drainage tubing.

A slight difference between an open and closed valve
position is observed during interval 4 where there is no ver-
tical flow anymore, and a water phase is formed at the bottom
of the foam due to draining (0.557", end of the test sequence
interval 4, Figure 6). The opening of the drainage valve does
not immediately result in drainage of the liquid phase. The
start of drainage is not very reproducible timewise, so it is
preferred to close the drainage tubing during the whole
experiment to keep conditions as reproducible as possible. A
detailed interpretation of the processes occurring while run-
ning interval 4 in the experiment is shown in Figures 8 and 9.

The application of a foam during fire-fighting can be
characterized rheologically as first an interval where a

high shear rate is applied during generating and subse-
quent spraying of the foam to the fire surface during which
the shear rate will decrease to almost zero. Since foams
and especially fire-fighting foams are shear-thinning sys-
tems independent of whether the foam has been gener-
ated from a shear-thinning or Newtonian fluid, it was
expected that a continuous decrease in shear rate would
result in an increase in viscosity — thickening [11]. This
has been mimicked in interval 2 (Figure 7).

Indeed, this thickening behavior while decreasing shear
rate is the case for both used foam-forming liquids. However,
the viscosity of the foams generated from the NNF is almost
independent of the production rate, showing as such a more

Interval 2 : Decreasing shear rate

10000
—~
* ]
[
o ]
IS <
2 —e—NNF ER=7 Flow 2000 ml/min
[
o) —e—NNF ER=7 Flow 1600 ml/min
)
s NF ER=7 Flow 2000 ml/min
—e—NF ER=7 Flow 1600 ml/min
1000 — T r ——
0,1 1 10

Shear rate (s)

Figure 7: Inverse shear-thinning behavior of the generated foams showing an increase in viscosity when the shear rate applied is decreased. This
behavior is present for both foam-generating fluids independent of the production rate.
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Interval 4 : Foam at rest (0.5 s™)

—_— 7
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% b -a-ER=7 Flow=2000 ml/min

> -s-ER=7 Flow=1600 ml/min
1,E+03 H————— — — —

0 100 200 300 400
Re-structuring Time (s)

Figure 8: Behavior of foam produced from the NF fluid after shear at rest.

Interval 4 : Foam atrest (0.5 s™)

0

O

o : .

€ 1E+04 | \ Coarsening + Drainage
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% —e—ER=8 Flow=1600 ml/min
Re-structuring —a—ER=7 Flow=1600 ml/min

1,E+03 + T T T T T T T
0 50 100 150 200 250 300 350
Time (s)

Figure 9: Behavior of foam produced from NNF fluid at rest. Influence of the production rate.

uniform foam structure and a more robust formulation. The
NF seems more sensitive to the production rate of the foam.

The most interesting behavior could be measured while
applying intervals 3 and 4 of the measurement cycles, now
simulating the spraying/placement of the foam on the sur-
face of the burning liquid. After stopping the shear (end of
interval 3), distinct and consecutively occurring processes of
structural changes within the foams could be identified due
to the rheological response: restructuring, coarsening, and
drainage (Figures 8 and 9). Restructuring is a very fast pro-
cess (1.5-3 s) in which the bubble shape changes very rapidly
(elastic response) as the flow of the foam is stopped and the
stress goes to zero. The foam restructuring will occur on the
single bubble level — changing the shape of the bubbles from

deformed spheres to spheres — as well as on the level above,
the arrangement of the bubbles within the foam. All bubbles
will go into a rest position. Consequently, the viscosity of the
foam increases rapidly to a high value.

Liquid draining causes continuously changes of the
foam structure. When entering the rest situation (starting
of interval 4) the foam is still “wet.” For the NF, the restruc-
turing strongly depends on the expansion ratio and the
flow rate of the foam feed prior to the immobile interval 4.
The viscosity changes can be understood in terms of strain-
induced structural rearrangements of the bubbles of still wet
foams. In the unsheared foam, diffusion of gas between adja-
cent bubbles facilitates a coarsening process, whereby the
mean bubble size increases slowly with time through an
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intermittent rearrangement of the foam’s structure. Higher
expansion ratios produce more dry films, and consequently,
restructuring will be hindered or limited, as the foam dries
and stiffens (Figure 8). The observations in this study are
similar to earlier reported results [25].

For ER 7, larger transition effects are observed for a
lower flow rate of the former foam feed. However, all
experiments show coarsening and especially drainage in
time, which matches with experiments just focusing on the
determination of drainage times using a static set-up, for
the foams generated from the NF 5 min and for the foams
generated from the NNF 7.5 min. The foams dry quickly
and become very stiff. A higher production rate seems to
have the same effect as higher expansion ratios.

Testing foam generated by using the NNF shows a
slightly different picture (Figure 9). In principle, the same
behavior as for NF is present. Restructuring, coarsening,
and drainage events can be observed. Due to the higher
viscosity of the NNF at rest, which is present in the inter-
lamellar phase of the foam, the structural stability of foams
generated from such formulations is higher, and all pro-
cesses at rest are slower/less pronounced. This applies
especially to the restructuring and drainage which is rheo-
logically almost not detectable (Figure 9) and a lot less than
for the NF formulation. This clearly indicates a higher sta-
bility of foams generated by non-Newtonian foam-forming
formulations with improved (delayed) drainage behavior.

With longer rest times, drainage increases and dry
foams are formed. Dry gas-liquid foams with gas bubbles
at high volume fraction (typically 0.9-0.95) as a result of
drainage are tightly-packed soft solids with deformable
particles, which are linearly viscoelastic at small shear
strains. At large strains, they yield and eventually non-
linear viscoelastic flow occurs. Although foam bubbles
are easily deformed, the excess pressure applied in rheo-
metry measurements is negligible compared with the gas
pressure in a bubble.

The flow during production of the foam is very impor-
tant and influences the behavior substantially. High pro-
duction rates result in more homogenously structured and
hence more viscous foams with a smaller intrinsic bubble
size and a narrower bubble size distribution due to higher
shear stresses inside the static mixer [24]. Such high foam
production rates mimic the situation present in an extin-
guisher best closely; here, deployment rates of 21/min are
common. Consequently, the foam behavior and hence the
experiment is close to reality during the application/use
as fire-fighting foam. On the contrary, lower production
rates (flow) result in larger bubble sizes and also broader
bubble size distributions. After restructuring occurred,
coarsening of the bubbles, driven by the great dispersion
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of bubble size, results in a lowering of the foam viscosity
as bubble size would generally increase. Foams with broad
bubble size distribution will coarsen into large bubbles,
and foam with low bubble size dispersity and small bub-
bles would not experience much or fast coarsening. Finally,
during the third phenomena, viscosity development over
time will be different for each foam as the bubble size and
bubble size distribution would still be different. It seems
that the higher viscosity foams have less drainage (visible
with the slight increase of viscosity after a few minutes). The
constant foam viscosity over time enables spreading of a
foam after application within the time limit given to extin-
guish a fuel fire (5min). Also, the measured constant visc-
osity of the foam indicates the structural stability needed for
an efficient sealing of a foam blanket in the envisaged
application.

5 Conclusions

The experiments performed with a newly designed mea-
surement cell for foam rheology, which enables constant
drainage during measurements and excludes interfering
effects such as wall slip phenomena, give insights into the
processes happening in 3D during the maturing of a foam.
These are distinct from a number of studies in a 2D space
with the limitations of wall interference defining the observed
area/volume [26-28]. Interestingly, improvements in foam
viscosity measurements dating back to 1960/1976 were also
connected with the study of fire-fighting foams. In this
research, the authors introduced steel baffles at the wall of
the cup holding the foam sample to prevent sliding along the
sides of the cup and paddles, which took the shape of a 6-van
cylinder (French, Elliott 2). The experiments performed in our
study are more consistent with reality because they maintain
a continuous feed of fresh foam and minimize draining and
re-structuring processes such as coarsening, etc., for the study
of the behavior of foam before measurements were initiated
(interval 4 of the performed experiments. With such an
experimental set-up, it became possible to study the rheology
of foam during different times of an application such as the
use in fire-fighting events. Especially the behavior of the foam
during application (spraying) as well as the behavior of a foam
at rest when the blanket has been formed and acts to separate
the flame and air from the fuel were the focus of the experi-
ments. Linking the obtained data to processes such as foam
coarsening and coalescence as well as drainage coupled with
morphological changes on the bubble scale is not easy since
the foam during maturing is constantly changing its mor-
phology and exists in a non-equilibrium state. The new
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experimental set-up makes a conclusive study of foam in these
circumstances possible. As such, rheological fingerprints of
process have been established, which are otherwise not pos-
sible to observe in a 3D space. This was also possible by care-
fully designing the experimental protocol and defining distinct
intervals of the rheological experiment attributed to the
above-mentioned critical periods of the chosen application.
Consequently, the goal of the investigation, to link the rheolo-
gical data measured to the performance of the foam in appli-
cations such as fire-fighting foam, was achieved. With such
measurements, a judgement of the performance of the foams
is possible, and the experiments can function as a tool for the
development of better working formulations.
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