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Abstract: The wine industry uses filtration systems to remove particles that could compromise the quality of
wine before bottling. These systems, based on surface filtration media, trap particles that cause a clogging effect
reducing the available area and decreasing the bottling flow rate. This clogging has a significant economic
impact, as it deteriorates production times and increases operational costs, mainly due to higher labor
demands. To obtain timely information on the performance of the filtering and bottling system, the industry
uses indicators such as the maximum volume index, the filtration index, and the modified filtration index,
which measure clogging potential. These are obtained through laboratory tests conducted at constant pressure
under controlled conditions to replicate the industrial process. Traditional devices use pressurized tanks,
where an inert gas at 30 psi pushes the fluid through a filter disc. However, these systems have disadvantages,
such as requirement of intensive operational handling and the associated risks with high pressure devices. To
address these challenges, a new constant-pressure system for wine filtration testing was developed, utilizing a
pneumatic pumping system without the need for a pressurized tank. This device, equipped with pressure
regulators and hydraulic connections, reduces analysis time by 66.2% while improving operational safety. The
validation of the device included statistical analyses showing that the samples processed by both devices were
statistically similar. Additionally, a user survey revealed a high level of satisfaction with the new device
compared to the traditional pressurized tank system. This approach has led to a tangible solution that is closely
aligned with the specific needs of the industry, highlighting the practical application of scientific knowledge to
address real industry challenges.

Keywords: clogging potential; wine filtration; applied science

1. Introduction

The wine industry uses filtration systems to ensure the product’s stability and innocuity before
bottling, removing microorganisms such as bacteria and yeast that could affect the product’s
quality[1,2]. This process is essential to ensure that the wine maintains its characteristics during
storage and provides an optimal consumer experience[3,4].

These filtration systems consist of pleated surface filters, arranged in several stages that
progressively reduce solid content until microbiological stability is achieved[5,6]. Filters are made of
porous synthetic materials, designed to mechanically retain particles as the wine flows through the
filtering medium, allowing final product to be bottled while retaining undesired particles|[7].

Due to the complex nature of wine production and the use of additives, the particles present in
the wine vary significantly in concentration, size distribution, and mechanical properties. In addition
to microorganisms, these particles may include crystalline precipitates, colloids, and other solids that
can affect filtration performance[8,9]. Some of these particles exhibit deformable or disaggregating
properties, complicating their assessment through conventional methods. This creates a variable
interaction with the filtering medium, impacting operational efficiency and increasing costs[10].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1.1. Impact of Clogging Potential on the Bottling Process

The bottling stage in the wine production process is critical, as it amount for approximately 30%
of the total costs[11]. During this stage, the final filtration of the wine takes place simultaneously with
the bottling process, which means that any change in flow rate, pressure, or other operational
variables directly impacts the efficiency of the bottling line[12]. The accumulation of solids in the
filtering stage reduces the effective filtration area, decreasing the flow rate and increasing the pressure
differential between within the filtering machine[9]. This results in a progressive increase in
processing time due to constant decreasing in flow rate[12].

This situation affects the fulfillment of orders within work shifts, which in turn increases
operational costs. Additionally, the need to replace or clean the filters more frequently increases the
downtime of the production line[13]. Moreover, at a global level, the wine industry faces significant
challenges as consumption decreases due to the emergence of new products and production costs
continue to rise. In this context, timely measurement and control of the wine's clogging potential are
essential for adding value and managing both costs and their variability[14]

1.2. Measurement of Clogging Potential in Wine

To address the challenges associated with the variability in particle content and its impact on the
entire bottling process, various methods are employed to measure clogging potential, replicating the
operational conditions of industrial filtration[15]. The most common methods, such as the Laurenty
Filtration Index (FI), the Modified Filtration Index (MFI), and the Maximum Filterable Volume
(Vmax), are conducted under standardized conditions: constant pressure of 30 psi, a temperature of
20°C, and the use of a 25 mm diameter membrane with a pore size of 0.65 um. Although these
methods share these testing conditions, they differ in how they calculate the level of filter
obstruction[16].

The Laurenty Filtration Index (FI), represented in equation (1), measures the time difference
between filtering two known volumes of wine (200 mL and 400 mL). Meanwhile, the Modified
Filtration Index (MFI), expressed in equation (2), introduces an additional 300 mL volume to reduce
variability in the results and provide more accurate measurements. Finally, the Maximum Filterable
Volume (Vmax), represented in equation (3), estimates the maximum volume that can be filtered
before significant clogging occurs, providing a measure of filter performance under constant
pressure[15].

Figure 1 presents the function that describes the relationship between processing time and total
volume filtered under these standardized testing conditions. Although the three methods share the
same operational conditions, their differences in calculating clogging potential make them
complementary tools for operational decision-making, enabling better planning and control of
filtration processes[17].
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Figure 1. Relationship between time and filtered volume, highlighting the values used for the calculation of
Vmax, FI, FMI.

1.3. Description of the Systems Used in the Industry

The device used to perform clogging tests at constant pressure consists of several components
described in Figure 2. They replicate operational filtration conditions in a controlled laboratory
environment. The equipment consists of a 1-liter pressure tank (a) that holds the wine sample. This
tank is connected to a pressure regulator valve (b), adjustable between 0 and 5 bar, ensuring that the
pressure remains constant during the test. A gas shut-off valve (c) controls the supply of inert gas,
such as nitrogen or compressed air (d), which pressurizes the system[18]. Additionally, the device is
equipped with a pressure relief valve (e) to ensure system safety by preventing the pressure from
exceeding set limits. A top connection (f) facilitates the opening of the tank to introduce the wine
sample. At the bottom of the tank, a connection (g) allows for the installation of the filtration medium,
which is held by a 25 mm filter holder (h). To regulate the start and end of the test, a ball valve (i) is
used to control the flow of the wine sample.The system includes a stopwatch (j) to measure the
filtration times, and a graduated cylinder (k) to measure the volume of filtered wine. These
components enable precise, controlled testing, providing reliable data on clogging potential under
standardized conditions.

c) Gas shut-off valve
b) Pressure regulator valve
/ e) Pressure relief valve

a) Pressure tank

T h) Filter holder
\ k) Graduated cylinder

d) Inert gas
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Figure 2. Parts and components of the system based on the use of a pressure tank.

1.4. Limitations of Current Constant Pressure Systems

The use of the constant pressure device presents significant limitations that impact both
efficiency and safety in industrial environments. Due to the nature of the current test, it is necessary
to extract a sample from the finished product tank and transport it to the laboratory for analysis. The
device allows for fixed volume of sample as it requires to fill the pressurized tank independently and
cannot be connected to the production line. This is particularly important as it imposes a limitation
in dynamic processes, where a single 500 mL sample may not accurately represent the entirety of a
lot that can exceed 100,000 liters[15].

Additionally, the use of a pressurized tank at 30 psi poses risks for the operator. If the procedure
for relieving pressure is not properly followed or if any part of the system fails or becomes dislodged,
the operator could suffer serious injury due to the sudden release of pressure. This inherent risk in
handling pressurized systems requires careful operation to prevent accidents[19].

Lastly, the required time to perform an analysis with this device is considerable, as more than
70% of the total time is spent on setup tasks such as cleaning, depressurize the tank, and prepare the
next sample. This reduces efficiency in production environments where fast, continuous
measurements are needed, limiting the ability to frequently analyze during the filtration and bottling
process[18].

1.5. Novelty and Contribution of the Study: Driving Science Towards Practical Solutions

Faced with the challenges confronting the global wine industry, this study provides a deep
understanding of the problems and their practical implications for operational decision-making,
especially in the bottling process. A practical solution has been developed that significantly
contributes to value creation in the industry and enhances worker safety. Through a comprehensive
methodology that includes experimental design, statistical data analysis, and the application of user-
level questionnaires, the proposed device is thoroughly and effectively evaluated. Based on scientific
knowledge of clogging processes and the hydraulic behavior of wine, this research enriches
operational decision-making in the bottling process by introducing a reliable device that not only
directly contributes to productivity and cost reduction but also significantly increases worker safety,
providing tangible benefits for industry.

2. Development of a System for Clogging Tests at Constant Pressure Without the use of a
Pressure Tank

The development of a novel device designed to measure clogging potential in wine production
processes is presented. It considers a constant pressure system that does not require the use of a
pressurized tank. This innovation contributes to reducing operational risk, enables direct analysis of
samples from the production line and optimizes the time required for analysis by simplifying
cleaning and handling processes. The following sections discuss the fundamental design principles,
provide a detailed breakdown of the device’s parts and components and describe its operation. A
statistical comparison, based on experimental methods, is conducted for the obtained results with the
proposed device and those generated by the conventional system used in the industry. Finally, a user-
level evaluation is provided regarding the performance and usability of the new device in comparison
with the pressurized tank system.

2.1. Design Considerations

The design of the device considered a set of key factors, widely addressed in previous studies,
ensuring stable and safe operation. These factors, guarantee that the device operates efficiently under
various operational conditions. Additionally, they focus on aspects that facilitate the achievement of
reproducible and reliable results, meeting necessary technical requirements for the filtration process
and ensuring the safe handling of the system[20].
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e Hydraulic factors: For the development of the device, critical hydraulic aspects were considered
to ensure continuous flow and maintain constant pressure throughout the entire filtration
process. To achieve this, a propulsion system powered by a compressed gas is controlled by a
pressure regulator[21].

e Ergonomics and safety: The device was designed to be easy to operate. The height of the
equipment was calculated to facilitate handling by the operator, reducing physical effort and
fatigue during operation. Additionally, permanent connections were implemented in the system,
eliminating the need for frequent reconnections of hoses and accessories, which reduces the risk
of leaks and improves overall process safety[22].

e Durability and material compatibility: The materials used in the construction of the device were
selected for their durability, ensuring resistance in use intensive operating conditions.
Additionally, the chemical compatibility of the components with the various fluids passing
through the system was evaluated, ensuring that no degradation or unwanted reactions
occur[23].

e Maintenance and accessibility: The modular design of the equipment facilitates access to its
components, simplifying maintenance tasks and reducing downtime. This modular structure
allows for quick and efficient replacements and repairs, ensuring continuous operation without
extended interruptions.

e Control and monitoring : The device's control system is designed to be accessible, with a clear
display of key parameters such as pressure and flow rate. This enables real-time monitoring,
making it easier for the operator to supervise the process without requiring complex
interventions.

2.2. Principles of Operation and Functionality

The proposed device allows for the measurement of filtration indexes without the need for a
pressurized tank. To achieve this, the propulsion system is activated by compressed gas integrated
with a pneumatic control system within a control panel. Through flexible connections, the system is
linked to both the analyzed liquid and the gas supply.

The system consists of several components. Figure 3 shows the diagram with the involved
components. The system includes a membrane gas pressure regulator (a), which adjusts the gas
pressure to the required level through the activation of a valve, allowing the value to be displayed on
the control pressure gauge (b). The gas supply (c) can be a pressurized cylinder or a compressed gas
line, which contains a primary pressure regulator (d) set at a pressure higher than the one required
for the test. The compressed gas used may be nitrogen, CO,, compressed air or another gas that can
be safely released into the environment without posing a risk to the operator.

The pressure regulator (a) controls the working pressure of the pneumatic pump (e) through
hoses or pipes. The pump is connected to a container (f) holding the liquid to be analyzed, using both
flexible and rigid hoses (g). The flow rate of the fluid is controlled by a mechanical ball valve (h),
ensuring quick opening and closing. Once the valve (h) is opened, the fluid flows into the filter holder
(i) and is collected in a graduated container (j).
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Figure 3. Diagram of components of the proposed system based on the use of a pneumatic pumping system with
constant pressure.

2.3. Description of the Procedure for Filtration Testing and Sample Change

For the utilization of the filtration device, the compressed gas supply (a) and liquid inlet (b) are
connected to the control panel (c), ensuring that both connections are properly sealed to prevent leaks.
Once the system is connected, the compressed gas supply valve (d) is opened, ensuring setting the
initial pressure to a higher level than required for the test. Using the regulator valve (e), the pressure
is then adjusted to the specified test level, being monitored by the value on the pressure gauge (f)
until the desired pressure is reached.

Subsequently, the liquid inlet hose is inserted into the container holding the sample (h). The filter
holder (i), which contains the filtering medium, is connected to the control panel, ensuring proper
installation. With the system ready, the valve (k) is opened to start the test, and the time is recorded
from the first drop of filtrate, a key parameter for evaluating filtration efficiency under the established
conditions.

If a sample change is required, the residual volume of wine in the system, which is less than 80
ml, must be removed. This procedure is performed by opening the ball valve (k), which automatically
activates the pump, allowing air to enter by suction and emptying the system in approximately 2
seconds.

To clean the system, water at room temperature is passed through for 5 seconds, followed by
repeating the air suction process (0). This cycle ensures that the system is free of residues, leaving it
ready to process the next sample without risk of contamination.


https://doi.org/10.20944/preprints202411.1560.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 November 2024 d0i:10.20944/preprints202411.1560.v1

a) Compressed gas supply

\

d) Compressed gas supply valve\

/ c) Control panel

f) pressure gauge

~__— k) Test startvalve

— e) Regulator valve

~

\ b) Liquid inlet

\ h) Sample container

i) Filter holder

Figure 4. Functional prototype of the proposed system.

3. Materials and Methods
3.1. Performance Validation of the Device

The validation of the performance of the proposed filtration system is conducted through a
comparative analysis with the traditional system that uses a pressure tank[24]. This analysis
encompasses four main approaches that evaluate various aspects of the device's performance[25].

3.2. Comparison of Analytical Results

To determine whether the analytical results obtained using both systems are statistically similar,
consecutive measurements were taken from a set of samples under controlled conditions. The results
were analyzed using statistical tests, including the median and data distribution. Additionally, the
paired Student's t-test was applied to evaluate whether the observed differences between the two
systems were statistically significant. Since previous studies suggest that these results follow a normal
distribution, the t-test was deemed appropriate for this comparative validation[26].

3.3. Evaluation of the Accumulated Volume Distribution Over Time

Given that the indexes used in the wine industry are based on similar measurement conditions,
but differ in their calculation, an analysis of the performance of the function describing the
relationship between time and filtered volume is proposed[27]. To assess whether the distribution of
accumulated volume data over time is statistically similar in both systems, measurements were
obtained using a calibrated balance connected to a computer via an R5232 interface. Since the balance
measures weight, while the test focuses on volume, an adjustment was made by applying the density
and temperature of the wine sample to convert the weight values into volume. A graphical
application was developed in Visual Basic to record and plot the accumulated volume at 1-second
intervals, with the data exported for further analysis in R. The graphical interface used for this process
is shown in Figure 5. The resulting distributions were compared using statistical tests, including the
Kolmogorov-Smirnov test, to validate whether the two curves follow a statistically similar
distribution[28].
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Figure 5. Graphical interface used for data capture.

3.4. Measurement of Processing Time

To evaluate the processing time associated with each system, a detailed work protocol was
developed and provided to three laboratory operators, each with over 10 years of experience in
filtration analysis. Each operator was tasked with processing five different samples using both
systems, carefully recording the time taken for each stage of the process. The recorded times were
then subjected to a comparative analysis to identify any significant differences in the temporal
performance of the two evaluated devices.

3.5. User-Level Validation

To evaluate the system from the users' perspective, a structured survey was designed and
administered to operators who had been previously trained in the use of the proposed device. The
survey included closed-ended questions and questions based on the Likert scale, as well as open-
ended questions, with the goal of capturing both quantitative responses and more personal, detailed
perceptions of the user experience[29]. These operators used the equipment for a period of 15 days,
replacing the pressurized tank filtration system. The survey was administered to operators from four
different wine production companies in order to evaluate various aspects of the device’s design and
gather suggestions for potential improvements[30].

4. Results

In this section, the obtained results are presented and a critical analysis is performed, with the
aim of determining whether the evidence supports that the use of a device without a pressure tank
can be a viable alternative to replace the pressurized tanks used in laboratory tests to estimate the
clogging potential of wine.

4.1. Comparison of Analytical Results

The results obtained from the analysis of 10 different wine samples, in which the measurement
was repeated 8 times, are presented in Table 1. In this table, device A corresponds to the conventional
system that uses a pressure tank, while device B is the equipment under evaluation that does not
require a pressure tank. To determine whether the results of the consecutive measurements followed
a normal distribution, the Shapiro-Wilk normality test was applied. The p-values obtained were
greater than 0.05, the expected range to confirm the normality of the data, which allowed the use of
parametric tests in the subsequent analysis. Subsequently, the Student's t-test for independent
samples was used with the aim of establishing whether there were significant differences between
the results obtained with devices A and B in the 10 samples studied. The samples were selected
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considering the entire range of values typically used in the industry for the clogging indicator, thus
guaranteeing the representativeness and applicability of the results. Statistical analyses revealed that
there are no significant differences between devices A and B in the evaluated parameters (Vmax, FI,
and FMI), as the p-values obtained in the Student's t-test were greater than 0.05 in all cases (see Table
1). This indicates that, from the point of view of the results, both methods provide statistically similar
analytical results.

Table 1. Comparative analysis of the wine samples analyzed by Vmax, FI, and FMIL.

Vmax Fl FMI
# Device Mean StdDev  Range T-student p- Mean  Std Dev Range T-student p- Mean Std Dev Range T-student
value value p-value
A 334 48.5 170.6 60 6.0 16.6 53 7.8 26.0
1 0.989 0.790 0.772
B 333 33.8 104.0 61 7.7 26.6 52 4.4 14.8
A 887 78.8 291.7 54 6.9 23.0 46 4.2 14.1
2 0.982 0.094 0.991
B 886 81.4 263.9 46 9.6 35.8 46 55 18.4
A 1598 188.6 485.1 44 6.7 20.2 39 3.8 13.5
3 0.991 0.096 0.994
B 1599 142.9 406.6 39 3.2 10.1 39 2.0 6.0
A 1607 3016 951.8 37 25 7.7 35 36 11.3
4 0.987 0.302 0.596
B 1605 92.8 316.2 35 4.3 13.8 34 3.3 11.0
A 1104 109.0 398.5 31 6.3 17.1 29 21 6.1
5 0.986 0.743 0.331
B 1105 103.4 302.8 30 4.8 15.1 28 15 4.9
A 1791 122.6 344.0 27 29 9.6 25 22 7.0
6 0.989 0.126 0.984
B 1790 150.9 501.2 24 3.9 12.5 25 27 8.2
A 2267 218.1 571.1 20 29 10.8 19 186 4.8
7 0.984 0.262 0.988
B 2265 138.3 385.0 18 3.5 11.2 19 19 6.5
A 1949 257.1 844.3 19 3.3 11.7 16 15 5.5
8 0.995 0.069 0.999
B 1948 287.6 944.1 16 22 7.3 16 20 6.5
A 2430 228.8 750.4 18 2.7 7.0 16 21 6.1
9 0.994 0.137 0.997
B 2431 282.0 767.8 16 2.0 6.6 16 0.9 2.7
A 2783 249.7 724.5 10 0.9 29 8 0.6 1.9
10 0.995 0.076 0.999
B 2782 297.9 776.4 9 11 3.5 8 0.7 23

4.2. Valuation of the Accumulated Volume Distribution Over Time

The results obtained, presented in Table 2, show that the distributions of accumulated volume
over time generated by both devices (device A and device B) are statistically similar. The
Kolmogorov-Smirnov (KS) statistic values range from 0.16 to 0.18, with p-values greater than 0.05 in
all samples evaluated (M1-M6), indicating no significant differences between the compared
distributions. These results establish that both measurement systems produce statistically similar
results under the same operating conditions.

The analysis of the accumulated data distributions provides a foundation for exploring new
indices in the wine industry, beyond those commonly used such as Vmax, FI, or FMI. The fact that
both devices (A and B) yield comparable results in terms of the relationship between time and
accumulated volume suggests that it would be feasible to evaluate other combinations of these
variables. This could lead to the development of new indices that contribute to operational decision-
making based on analytical evidence, allowing for a more comprehensive approach to process
analysis and quality control.

Table 2. Result of the KS statistic and p-value for the 6 samples.

Sample KS Statistic p-value
M1 0.16 0.549
M2 0.18 0.396
M3 0.16 0.549
M4 0.16 0.549
M5 0.18 0.396

M6 0.16 0.549
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4.3. Measurement of Processing Time

Through the analysis of the process described in Figure 6, four necessary stages were established
to process the sample and measure the processing time.

Device Preparation Preparation and Measurement Cleaning
Injection of the Sample
160

Ta0 -

120

55.2%
100

80
A

2%
40

20 B

0

Figure 6. Result of the average times measured at each stage of the measurement process.

The first stage, called Device Preparation, encompasses the set of steps required to connect the
equipment to the compressed air network, place the filter medium, and enable the valves and
connections required for the test.

The second stage corresponds to the Preparation and Introduction of the Sample. In this phase,
the sample is introduced into the equipment for analysis. This involves opening valves, preparing the
device, and all necessary actions to have the system enabled and ready to start the test.

The third stage is the Measurement, which extends from the opening of the start valve until the
end of the test. During this phase, the corresponding measurements are taken, recording the data
necessary for subsequent analysis.

The fourth and final stage is the Cleaning. This stage begins with the removal of the wine from
the internal circuit of the equipment and continues with the cleaning of all parts and components
involved, in order to leave the device ready to be used again.

The results presented in Figure 6 show an average reduction of 52% in the total processing time,
considering all stages of the process. However, if the measurement stage, which does not depend on
the device and is subject to the sample being analyzed, is excluded, the reduction in processing time
increases to 66.2%. This significant improvement in processing time increases the laboratory's
capacity to handle higher demand for analyses or allows the current laboratory operators to be
reassigned to other complementary tasks.

The cleaning stage is the most impacted by the change to a device without a pressure tank, with
a time reduction of 86.2%. The sample preparation and injection stage experiences a 64.9% reduction,
while device preparation is reduced by 55.2%. On the other hand, the measurement stage does not
show statistically significant differences.

4.4. User-Level Validation

The results obtained from the evaluation of user perceptions, presented in Figure 7, show a
significant improvement in most stages of the process associated with the use of the new device.
These findings are consistent with the expectations and the value proposition of the developed
device, compared to the previous method used in the industry, which relied on a pressure tank.
Regarding the ease of device preparation, 80% of respondents reported a significant improvement,
rating this aspect as "Much better,” while 20% rated it as "Better." This result suggests that the new
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system has greatly simplified the initial configuration procedures, contributing to a reduction in non-
productive time in routine processes. The evaluation of the time required for preparation revealed
that 100% of operators perceived a substantial improvement, rating it as "Much better." This finding
reinforces the operational efficiency of the new device by reducing the time needed for setup, thereby
maximizing productivity. As for the speed of sample preparation and injection, 60% of operators
rated this process as "Much better" and 40% as "Better." While the improvement is clear, the
distribution of responses suggests that further improvements to the device may still be possible.
However, in its current state of development, it already makes a significant contribution.

Additionally, the efficiency of sample preparation and injection was positively evaluated, with
60% of users rating it as "Better” and 40% as "Much better." This indicates that the new device has
significantly improved consistency in these stages, although the balance of responses suggests that
the perception of efficiency may be influenced by external factors, such as the sample type or the
operator's experience.

Regarding the measurement time, no significant differences were observed, as 100% of
respondents indicated that this stage is "The same" compared to the previous method. This result
could be explained by the fact that measurement time depends more on the intrinsic properties of the
sample than on the device itself.

Important improvement was seen in the ease of cleaning, with 100% of operators rating this
aspect as "Much better." This result suggests that the design of the new device has significantly
simplified the cleaning process, which is essential for maintaining high hygiene standards and
reducing downtime between analyses. In line with this, the cleaning time was unanimously rated as
"Much better," confirming the new system’s efficiency in reducing the time allocated to this stage.
This is key for optimizing workflow in laboratories with high operational demand.

Regarding safety conditions, 80% of users rated them as "Much better" and 20% as "Better,"
indicating a general perception that the new device is safer and more reliable, reducing risks
associated with handling the equipment and contributing to a safer working environment.

The total processing time was unanimously rated as "Much better" by 100% of respondents. This
reflects an overall optimization of the process, from device preparation to the completion of cleaning
tasks. This finding highlights that the new device has not only improved individual process stages
but has also had a positive impact on overall efficiency, increasing the laboratory's processing
capacity.

Lastly, users provided several suggestions to further improve the design and operation of the
device. A recurring recommendation was the incorporation of a computer connection for automatic
data capture during analysis, which would streamline data recording and allow calculations to be
performed immediately. This type of improvement would not only reduce the risk of manual data
entry errors but also optimize the time spent evaluating and analyzing results, further maximizing
process efficiency.
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In general, how would you compare the total processing time between 100%
the new method and the previous one?

Compared to the previous method, how would you rate the safety 201
conditions when using the new device?

£

80%
Has the cleaning time improved with the new method compared to the 100%
previous one?

How would you rate the ease of cleaning with the new device compared 100%
to the previous one?

Has the measurement time improved with the new method compared to 100%
the previous one?

Has the efficiency of sample preparation and injection improved with the
new method compared to the previous one?

[=r]

40%

Compared to the previous method, how would you rate the speed of
sample preparation and injection with the new system?

'
K]
2]

0 0

&

Has the time required for device preparation improved with the new 100%
method compared to the previous one?

Compared to the previous method, how would you rate the ease of device 20% 80%
preparation with the new method?

m Much worse Worse mSame ®Better m Much better

Figure 7. Result of the user survey.

5. Discussion

This study was initiated from the identification of relevant problems in the industry and focused
on the development and validation of a device designed to replace an existing one that, due to its
inherent characteristics, required long preparation times and exposed workers to significant risks
during its operation and cleaning. An integral methodology was adopted, including critical aspects
of design, use, and exhaustive validation, based both on analytical results and the perception of the
end users. This methodology not only improved the operational characteristics of the device but also
provided a deep understanding of its safety, efficiency, and practical applicability in work
environments. Thus, the approach taken not only solved a specific problem but also established a
precedent for the future evaluation of similar technologies, constituting a significant contribution to
the design of equipment and systems. This work demonstrated how the practical application of
scientific knowledge can generate tangible solutions that meet the current needs of the industry.

5.1. Validation of the Performance of the New Device

The results of the comparative analysis between the proposed new constant-pressure system
and the traditional method based on a pressure tank demonstrate that, under the standard conditions
established in the measurement procedure, there are no statistically significant differences in the
evaluated parameters (Vmax, FI, and FMI). The statistical tests applied, including the Shapiro-Wilk
normality test and Student's t-test for independent samples, yielded p-values greater than 0.05 in all
cases, indicating that the null hypothesis of equality between the methods is not rejected[31]. This
confirms that both devices provide equivalent analytical results when operated under controlled and
standardized conditions. This evidence validates the capability of the new device to replace the
conventional method without compromising the precision or reliability of the measurements in the
context of standard operating conditions. The successful replication of traditional clogging indices
further suggests that the new system is suitable for implementation in the analysis process of the
clogging potential of wine before bottling.

It is important to highlight that the standard conditions include critical parameters such as a
constant pressure of 30 psi, controlled temperature, and the use of specific filtration membranes,
which were strictly maintained during the tests[12]. Rigorous adherence to these parameters ensures
that the comparisons between both methods are valid and that any potential differences are
attributable to the device and not to variations in experimental conditions.

However, it is essential to consider that this validation was carried out under standardized and
controlled conditions. Therefore, the extrapolation of these results to different operational conditions
should be approached with caution. It is important to note that the traditional system based on a
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pressure tank has also not been widely studied in terms of the variation of test conditions. Factors
such as temperature variations or different pressures could influence the performance of both the
new device and the traditional system in scenarios not contemplated in this study[8].

Additionally, the evaluation of the distribution of accumulated filtered volume over time
showed that the curves generated by both systems are statistically similar, with Kolmogorov-Smirnov
statistic values and p-values greater than 0.05 in all analyzed samples. This similarity indicates that
the dynamic behavior of the filtration process is consistently replicated by the new device. The
implications of this finding are significant, as they allow for the consideration of developing new
clogging indicators based on different combinations of time and volume variables[32]. These new
indicators could provide a more detailed understanding of the clogging process and offer additional
tools for operational decision-making based on analytical evidence.

The analysis of processing times revealed an average reduction of 52% in total time when using
the new device, increasing up to 66.2% when excluding the measurement stage, which is independent
of the equipment used. The cleaning stage benefited the most, with an 86.2% decrease in the required
time. These improvements in operational efficiency are especially relevant in industrial environments
with high analytical demand, as they allow increasing the laboratory's processing capacity and
optimizing the allocation of human resources[33]. Specifically, the significant reduction in processing
time enhances the laboratory's analytical capacity and improves the response time to internal
demands.

The user-level validation showed high satisfaction with the new device, reporting significant
improvements in ease of preparation, configuration time, ease and time of cleaning, and safety
conditions. All users (100%) positively rated the reduction in preparation and cleaning time, while
80% perceived improvements in safety conditions. These perceptions are fundamental for the
successful adoption of new technologies in industrial environments, as operator acceptance directly
influences the effectiveness and sustainability of their implementation. Additionally, the suggestions
received, such as the integration of an automatic data capture system, indicate clear opportunities for
future improvements to the device, which could further optimize analytical procedures and reduce
the risk of errors in manual data recording.

Finally, the implementation of the new constant-pressure system effectively addresses the cost
and efficiency challenges faced by the wine industry. By reducing processing times and the use of
human resources, the device increases the laboratory’s analytical capacity, allowing for a higher
volume of analyses in less time and improving the response to internal demands. Additionally, by
providing precise measurements of a fluid’s clogging potential, the equipment not only benefits wine
bottling companies but also has the potential to be applied in other industries that require this type
of analysis for informed decision-making. This versatility makes the device a useful and potentially
valuable tool for improving productivity, reducing operational costs, and strengthening
competitiveness across various industrial sectors.

5.2. Limitations of the Study and Future Research

The results of the study validate the device and demonstrate its effectiveness under the standard
conditions defined for the tests used in measuring clogging potential. These conditions include
specific parameters of pressure, temperature, filter medium, and type of fluid, which were strictly
maintained during the trials. While the proposed device is suitable for replacing the pressure tank
under these standard conditions, it is important to recognize that the study is limited to this specific
set of variables. Therefore, variations in these parameters are not considered in this study, and
additional research is required to validate the device's performance and the validity of the results
under different operational conditions.

Future research should focus on developing new indicators to measure clogging potential by
incorporating additional variables that affect the filtration process. It is essential to consider the actual
conditions of the bottling process in laboratory tests to increase the representativeness of the
measurements. Adjusting test parameters, such as pressure, flow rate, and the specific characteristics
of the wine used in production, would help ensure that the measurements more accurately reflect
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behavior under real operational conditions. Additionally, exploring the use of this device in filtration
tests in other industries, such as bioprocessing, refineries, and other processes where it is necessary
to study clogging potential and pressure tank systems are used for measurement, could offer similar
advantages in terms of safety, operational efficiency, and analytical precision. This expansion of the
application scope would validate the device's versatility and contribute to technological advancement
in areas where the optimization of filtration processes is important.

6. Conclusions

The statistical analysis conducted confirms that the proposed device based on the use of a
pneumatic pumping system produces statistically similar results to those obtained with conventional
pressure tank systems, as evidenced by the comparisons of the distributions and analytical results.
These findings indicate that the device can be used as a reliable alternative for measuring clogging
potential in the wine industry, while maintaining the accuracy of current methods

The developed device has demonstrated a significant reduction in operation times, particularly
in the sample preparation and introduction stages (64.9%) and cleaning (86.2%), leading to an overall
reduction of 52% in total processing time. When excluding the measurement stage, the total reduction
increases to 66.2%. Additionally, the elimination of the pressurized tank enhances safety by
minimizing the risks associated with high-pressure systems. This improvement frees up operational
time, increasing the laboratory’s analytical capacity and allowing personnel to be reassigned to other
critical tasks. These factors make the device a more efficient and safer option for implementation in
industrial environments.

The results of the user survey showed a high level of satisfaction with the proposed device in
terms of handling, design, and safety. Additionally, the evidence obtained indicates that the majority
of users believe that incorporating an automated data reading and capture system would improve
the process by enabling continuous recording and immediate calculation of key indicators. This
evidence is important to consider in future developments or improvements to the device, as it would
help enhance accuracy, reduce manual errors, and improve decision-making based on real-time data.

The results of this study clearly demonstrate how the application of science to industrial
challenges can generate innovative and effective solutions. In particular, this work establishes a solid
technical and methodological foundation for future advancements in the measurement of clogging
potential in different fluids. In this context, it is essential to emphasize the importance of integrating
scientific knowledge with a deep understanding of industrial processes and challenges, as this
facilitates the development of tools and solutions designed to effectively support operational
decision-making. This approach contributes to operational efficiency while simultaneously
enhancing process safety and fostering value creation in the industry.
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