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Easy tasks such as showering or bathing independently are impossible for a bedridden
individual. This paper presents a comprehensive study on designing an easy shower
specifically tailored for bedridden patients. The challenges bedridden individuals face
in maintaining personal hygiene are highlighted, emphasizing the importance of a
suitable bathing system to enhance their quality of life. The proposed design aims to
address these challenges and improve caregiving efficiency. The chosen methodology
involves a weighted decision matrix to select the optimal design, followed by flow
simulation using SolidWorks Flow Simulation software to evaluate its performance.
The paper's objectives include designing an efficient easy shower model, assessing its
performance via simulation, and analyzing the impact of various velocity settings on
its functionality. Three design concepts were proposed, with Design A selected as the
optimal choice due to its lightweight, high water capacity, ease of handling, and low
production cost. Modifications were made to enhance its water pressure efficiency.
The simulation encompassed different velocity settings, with flow trajectories
analyzed within the tank and at the water outlet. These boundary conditions included
analysis type (internal), fluids (water), default wall thermal condition (adiabatic wall),
pressure (101325 Pa), temperature (293.2 K), and velocity in the Y direction (5 m/s for
water inlet and 0.5 m/s for water outlet). In the first simulation, all the results obtained
were within the specified velocity range of 0.5 m/s, 2 m/s, and 5 m/s. The analysis of
flow trajectories revealed distinct flow patterns and velocities for different velocity
values, indicating stable and controlled environments within the tank and efficient
water discharge through the outlet in Design A. However, errors were observed in the
water outlet simulation due to the presence of vortices, which impacted the results.
Recommendations were made to address these challenges, such as modifying the
design to eliminate or minimize vortex effects. In conclusion, this study contributes to
the well-being of bedridden patients by proposing an improved bathing mechanism,
enhancing caregiving efficiency, and offering insights into design optimization and
simulation challenges. The proposed design could have a significant positive impact on
the lives of bedridden patients and caregivers.
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1. Introduction

The current population of Malaysia is approximately thirty-two million individuals, with
projections indicating a peak of forty-two million by 2068 [1]. Around two million individuals are aged
sixty-five and above, some of whom are bedridden due to age-related issues. However, bedridden
conditions are not limited to the elderly, as individuals of all ages can be confined to bed due to
various factors such as paralysis, vehicular accidents, orthopedic problems, and more [2]. Bedridden
patients require assistance from caregivers, family members, paid caregivers, or healthcare
professionals, as they are unable to engage in self-care and medical treatment [3]. Hence, providing
round-the-clock care and maintaining personal hygiene is crucial for bedridden patients in home-
based or institutional settings [2].

The management of bedridden patients poses significant challenges, including the need for daily
monitoring by a substantial number of caregivers [2]. Bathing bedridden patients is an essential daily
care task, but it is also a challenging activity that requires considerable effort and a series of
movements from caregivers or nursing staff [4]. Despite its importance, bed bathing is limited and
burdensome for caregivers and patients. It often takes thirty to sixty minutes to complete the activity,
and the conventional methods can further prolong the time required [5].

Bed baths are primary in fundamental human care, extending beyond the basic nursing service.
They have therapeutic effects on skin hygiene, blood circulation, body movements, self-image, body
odor reduction, pain relief, and muscle relaxation. Nonetheless, bathing has always been recognized
as an essential human need. Therefore, ensuring the healthcare of bedridden patients is of utmost
importance, and caregivers or nursing staff must maintain hygiene while providing support and
assistance for self-care and medical treatment. Meeting basic hygiene needs such as bed baths is
crucial to prevent the spread of infections and promote dignity and care for all patients [7].

Though restrictive and burdensome, bed bathing remains an effective therapy for bedridden
patients [5]. Encouraging patients to shower or bathe whenever possible is preferred. Thus, a bed
bath may be the only option for fulfilling hygiene needs [7]. Studies have shown notable
improvements in the general condition of bedridden patients after using a portable bathtub for bed
baths. The portable bathtub provides comfort and muscle relaxation, lessening the impact of hospital
admission. It also enhances nursing care, surpassing conventional practices and promoting reflection
on special, creative, and adaptable treatment approaches [6]. Computational Fluid Dynamics (CFD)
and mathematical modeling in the design and analysis of the portable washing system further
enhance its functionality and safety. Note that Solidworks software is commonly utilized due to its
user-friendly interface and comprehensive simulation tools [7].

The importance of bed baths for bedridden patients is acknowledged. However, there seems to
be a lack of efficient and user-friendly bathing methods or mechanisms that address the challenges
caregivers and patients face during bed baths. The existing practices are time-consuming and may
not fully address the therapeutic benefits of bed baths. The study aims to propose a new bathing
method or mechanism for bedridden patients, focusing on designing an easy shower model and
evaluating its performance through simulation. This suggests the current research aims to bridge the
gap by developing a more practical and efficient solution for bedridden patients’ hygiene needs.
Moreover, the gap can be further refined as researchers investigate whether the proposed easy
shower model effectively addresses the challenges of bed baths for bedridden patients while
considering different velocity settings that might impact its performance. This study proposes a new
bathing method or mechanism for bedridden patients, focusing on designing an easy shower model
and analyzing its performance through simulation. The objectives include designing a new model of
an easy shower, evaluating its performance using simulation methods, and assessing the impact of
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different velocity settings. Furthermore, the study will employ simulation processes to design,
analyze, and evaluate the easy shower model for bedridden patients.

2. Methodology

This section will discuss the design selection, utilizing a weighted decision matrix and establishing
boundary conditions for the simulation.

2.1 Concept Design

A concept design describes the product’s technology, working principles, and form. Three
concept designs have been developed to meet the project requirements. Although all designs are
based on the same principle, each is implemented differently. The advantages and disadvantages of
each design will be discussed in this subtopic. The first concept of the easy shower for bedridden
patients is depicted in Figure 1. This design utilizes water pressure as its primary mechanism. When
filled from a hose bib, the water pressure is transferred from the water supply to the pressure
chamber tank. The second concept, illustrated in Figure 2, is similar to the first design but includes
an additional feature: a stand to support the tank. The purpose of the stand is to elevate the tank
slightly above the bedridden patient’s level, allowing for increased water pressure and improved fluid
flow. On the other hand, Figure 3 demonstrates the third concept of the easy shower for bedridden
patients. This design employs a small water pump as its main component. The water pump is used to
circulate the water from the tank. This design offers potential space-saving benefits compared to the
other designs, as it features a round and elongated shape.

Fig. 1. Design A Fig. 2. Design B Fig. 3. Design C
2.2 Design Selection

A weighted decision matrix serves as a valuable tool in the design process, allowing for evaluating
and prioritizing different design options based on a set of criteria with assigned weights. This tool
aids designers in making informed decisions and selecting the most suitable and functional design
option. In the provided data in Table 1, various criteria are listed, including ease of handling, ease of
use, and strength, each assigned a weight reflecting its relative importance. Note that higher weights
indicate greater significance in the decision-making process. For this evaluation, the criteria of ease
of handling, ease of use, and strength have been assigned a weight of 5, indicating the utmost
importance. The assigned values for each criterion are considered to determine the total score for
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each design option. These values represent how well each design option performs concerning the
specified criteria. The total score is calculated for each design option by evaluating all the criteria.
Upon analysis of the results, Design A emerges as the design option with the highest total score,
followed by Designs C and B. The slight difference in total scores between Design A and Design C can
be attributed to variations in individual criterion scores. Design A excels in criteria such as lightweight,
water capacity, and simplicity, contributing to its overall higher score compared to Design C.
Moreover, Design A’s outstanding performance can be attributed to its characteristics, including ease
of handling, ease of use, high flexibility, and low production cost. These characteristics make Design
A a favorable choice, as it offers convenience in handling and usage, provides flexibility for various
applications, and proves cost-effective in production. Overall, the weighted decision matrix enables
a systematic evaluation and prioritization of design options based on specific criteria, leading to well-
informed decisions aligned with the project’s requirements and objectives.

Table 1
Weighted decision matrix
Design A Design B Design C
Weighting & & &
Criteria Score Total Score Total Score Total
Easy to
handle 5 5 25 4 20 5 25
Easy to use 5 5 25 4 20 5 25
Strength 5 4 20 5 25 4 20
Comfortable 5 5 25 4 20 5 25
Cleanliness 5 5 25 5 25 5 25
Flexibility 5 5 25 5 25 5 25
Durable 5 4 20 5 25 5 25
material
Duration of 5 5 25 5 25 5 25
bath
Corrosion 4 5 20 5 20 5 20
resistance
Ergonomics 4 4 16 5 20 5 20
Lightweight 4 5 20 4 16 4 16
Capacityof 5 20 5 20 4 16
water
Simple design 4 5 20 4 16 4 16
Low cost 4 5 20 4 16 5 20
Compact size 4 5 20 4 16 5 20
Total 326 Total 309 Total 323

After analyzing Table 1, it became evident that Design A received the highest score and was
consequently selected for simulation. Nonetheless, certain modifications were introduced to refine
Design A. The resulting final design is presented in Figure 4. Note that these modifications specifically
targeted the design model’s water inlet and water outlet. Design A initially featured one water inlet
and one outlet at different positions. However, one water inlet and one water outlet remain in the
final design, but the positions have been aligned. The objective of this modification was to enhance
the water pressure within the system. Water pressure transfer occurs from the water supply to the
pressure chamber tank. The modification involved aligning the water inlet with the water outlet to
mitigate any potential loss of water pressure. Moreover, the water outlet in the design model will be
connected to a hose that links to the design’s inlet. These modifications optimized the overall water
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pressure, ensuring efficient functionality. By aligning the positions of the water inlet and outlet and
incorporating the hose connection, the final design aims to improve the effectiveness of water
pressure transfer during the operation. In summary, the final design’s adjustments to Design A’s
water inlet and water outlet aimed to enhance the system’s performance and functionality. These
modifications contribute to the overall success of the easy shower for bedridden patients by
improving the water pressure and minimizing any pressure loss [8-19].

K
Water outlet

Hose connected
to the inlet

Fig. 4. Final design
2.3 Boundary Condition

The software employed for conducting the simulation is Solidworks Flow Simulation. The
boundary conditions presented in Table 2 were established to define the simulation parameters.
Note that they were predetermined before commencing the simulation and applied to both the
water inlet and outlet design models. The specified boundary conditions encompassed various
aspects, including the analysis type (internal), the fluid type (water), the default wall thermal
condition (adiabatic wall), the pressure (101325 Pa), the temperature (293.2 K), and the velocity in
the Y direction (5 m/s for the water inlet and 0.5 m/s for the water outlet). A specific parameter was
set in this simulation to analyze the model design. Consequently, the simulation of the model design
will be examined based on this predefined parameter. The chosen parameter for this design was
velocity, and each simulation would incorporate a distinct velocity value as a parameter for the model
design. The different values of the parameter set for each simulation are presented in Table 4 [20-
26].

Table 2
Boundary condition

Boundary condition

Analysis type Internal

Fluids Water (liquids)
Default wall thermal condition  Adiabatic wall
Pressure 101325 Pa
Temperature 293.2K
Velocity 1 0.5

Velocity 2 2

Velocity 3 5
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3. Results
3.1 Flow Trajectories

The analysis of flow trajectories within the tank provided valuable insights into the velocity
distribution. The findings from the analysis, as presented in Table 3, indicate that different velocity
values of 0.5 m/s, 2 m/s, and 5 m/s result in distinct flow patterns inside the tank. At a velocity of 0.5
m/s, the flow trajectories inside the tank exhibited velocities at the lower range. This suggests a
relatively gentle flow with slower water movement. The velocity distribution appeared uniform
throughout the tank, indicating a consistent flow pattern. For a velocity of 2 m/s, the flow trajectories
revealed velocities in the middle range. This indicates a moderate flow rate with increased water
movement compared to the lower velocity. The velocity distribution indicated slight variations across
different tank sections, suggesting potential influences from fluid dynamics or obstacles within the
system. At the highest velocity of 5 m/s, the flow trajectories showed velocities in the higher range
near the tank’s inlet. This suggests a more rapid and energetic flow in that vicinity, possibly resulting
in turbulent flow patterns. However, as the water dispersed and moved away from the inlet, the
velocity decreased and fell within the lower and middle ranges. This can be attributed to the
dissipation of energy and the expansion of the flow within the tank.

Similar patterns can be observed by analyzing the flow trajectories presented in Table 4, which
corresponds to the water outlet simulation. At a velocity of 0.5 m/s, the flow trajectory at the lid,
pipe head, and pipe exhibited velocities within the lower range, indicating a controlled and steady
water release through the outlet. For a velocity of 2 m/s, the flow trajectories at the lid, pipe head,
and pipe displayed velocities within the middle range. This suggests a moderate flow rate, allowing
effective water discharge through the outlet. The velocities observed indicate a balanced flow with
efficient water dispersal. At the highest velocity of 5 m/s, the flow trajectories at the lid, pipe head,
and pipe exhibited velocities within the higher range. This suggests a more forceful water release
through the outlet, potentially providing stronger flushing power or water pressure. Nevertheless, it
is important to note that the velocity within the tank remained within the lower range for all three
velocity values, ensuring a stable and controlled environment within the system.

Overall, the analysis of flow trajectories provides valuable information for understanding the
velocity distribution within the tank and at the water outlet. These insights contribute to the design’s
evaluation and optimization, ensuring the system’s desired performance and functionality.

Table 3
Flow trajectory inside the water tank

Flow trajectories
Velocity at inlet 0.5 2 5
(m/s)
Velocity Range

0.300
0.270
0.240
0.210
0.180
0.150
0.120
0.090
0.060
0.030
0

welocity [mis)
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Table 4
Flow trajectory of the simulation of the water outlet

Velocity at outlet Lid & pipe head Tank Pipe
(m/s)

15.000 0.5
T 13.500
T 12.000
10.500
9.000
o 7.500

'~ 6.000
 4.500

g 3.000
1.500
0

Velocity [mfs]

3.2 Cut Plot

The analysis of flow trajectories within the tank provided valuable insights into the velocity
distribution. The findings from the analysis, as presented in Table 3, indicate that different velocity
values of 0.5 m/s, 2 m/s, and 5 m/s resulted in distinct flow patterns inside the tank. At a velocity of
0.5 m/s, the flow trajectories inside the tank exhibited velocities at the lower range. This suggests a
relatively gentle flow with slower water movement. Note that the velocity distribution appeared
uniform throughout the tank, indicating a consistent flow pattern. For a velocity of 2 m/s, the flow
trajectories revealed velocities in the middle range. This indicates a moderate flow rate with
increased water movement compared to the lower velocity. The velocity distribution showed slight
variations across different tank sections, suggesting potential influences from fluid dynamics or
obstacles within the system. At the highest velocity of 5 m/s, the flow trajectories showed velocities
in the higher range near the tank’s inlet. This suggests a more rapid and energetic flow in that vicinity,
possibly resulting in turbulent flow patterns. However, as the water dispersed and moved away from
the inlet, the velocity decreased and fell within the lower and middle ranges. This can be attributed
to the dissipation of energy and the expansion of the flow within the tank.
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Similar patterns can be observed by analyzing the flow trajectories presented in Table 4, which
corresponds to the water outlet simulation. At a velocity of 0.5 m/s, the flow trajectory at the lid,
pipe head, and pipe exhibited velocities within the lower range, indicating a controlled and steady
water release through the outlet. For a velocity of 2 m/s, the flow trajectories at the lid, pipe head,
and pipe displayed velocities within the middle range. This suggests a moderate flow rate, allowing
effective water discharge through the outlet. The velocities observed indicate a balanced flow with
efficient water dispersal. On the other hand, at the highest velocity of 5 m/s, the flow trajectories at
the lid, pipe head, and pipe exhibited velocities within the higher range. This suggests a more forceful
water release through the outlet, potentially providing stronger flushing power or water pressure.
However, it is important to note that the velocity within the tank remained within the lower range
for all three velocity values, ensuring a stable and controlled environment within the system.

Overall, the analysis of flow trajectories provides valuable information for understanding the
velocity distribution within the tank and at the water outlet. These insights contribute to the design’s
evaluation and optimization, ensuring the system’s desired performance and functionality.

Figure 5 and 6 show the water inlet and outlet design models, respectively, with the dimension
of the cut plot and velocity range. Table 5 and 6 illutrate flow contour cut plot.

0.300
0.270
0.240
- 0.210
- 0.180
|.' 0.150

- 0.120
Back i 0.080
g 0.060
0.030
0

Velocity [mis]

Middle

Fig. 5. Water inlet design model with the dimension of the cut plot and velocity range
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Table 5
Flow contour cut plot at the water tank
Velocity at inlet Front Middle Back
(m/s)
0.5
2
5 23

15.000
13.500
12.000
- 10.500
- 9.000
o 7.500
'~ 6.000
4500

o 3.000
1.500
0

Velocity [mis]

Fig. 6. Water outlet design model with the dimension of the cut plot and
velocity range
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Table 6
Flow contour cut plot
Velocity at Front Middle Back
outlet (m/s)
0.5
2
5

3.3 Discussion

Throughout the conducted simulation tests, several factors, errors, and uncertainties influenced
the results of the model design. One crucial factor that significantly impacted the outcomes was the
presence of vortices. Addressing and modifying these vortices could lead to improved output results.
Initially, the parameter set for the velocity encompassed values of 0.5 m/s, 2 m/s, and 5 m/s. Note
that these distinct values were chosen to facilitate clear differentiation and analysis within the
simulation data. In the water inlet simulation, all the obtained results were within the predefined
velocity range of 0.5 m/s, 2 m/s, and 5 m/s. This consistency indicates that the design model aligns
well with the selected parameters and boundary conditions.

Conversely, errors were observed in the results of the water outlet simulation. The velocities
deviated significantly from the designated values of 0.5 m/s, 2 m/s, and 5 m/s. These discrepancies
were primarily attributed to the presence of vortices. Figure 7 illustrates the location of the vortex
within the simulation. This vortex’s occurrence stemmed from the model’s design, which did not align
effectively with the selected parameter set, boundary conditions, and the desired flow dynamics.
Moreover, modifications can be implemented in the design model to mitigate the impact of the
vortex. For example, Figure 7 demonstrates the addition of a geometry that can help avoid or
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mitigate the vortex. Another approach, as depicted in Figure 8, involves modifying the design model
to release the vortex into the pseudo-external environment. By incorporating such modifications, the
undesired effects of the vortex on the flow and simulation results can be minimized or eliminated.
When analyzing the simulation results, it is important to consider these factors, errors, and
uncertainties. By addressing the challenges associated with vortices and optimizing the design model
accordingly, more accurate and reliable outcomes can be obtained, leading to improved performance
and functionality of the simulated system.

Fig. 8. Release the vortex to the pseudo-
external environment

4. Conclusions

The evaluation of concept designs for the easy shower for bedridden patients resulted in Design
A being selected as the highest-scoring option. Design A utilized water pressure as its primary
mechanism and showcased characteristics such as lightweight, high water capacity, simplicity, ease
of handling, ease of use, flexibility, and low production cost. To optimize its performance,
modifications were made to align the water inlet and outlet positions to enhance water pressure and
minimize pressure loss [27]. The analysis of flow trajectories provided valuable insights into the
velocity distribution within the tank and at the water outlet. Furthermore, it revealed distinct flow
patterns and velocities for different velocity values, highlighting the stable and controlled
environment within the tank and efficient water discharge through the outlet in Design A.

The study’s contributions extend beyond the evaluation and optimization of the design. Firstly, it
aims to support and assist the bedridden community in their daily routines and personal hygiene,
addressing their challenges. The proposed bathing mechanism is a guide or reference for bedridden
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patients to manage their daily routine and self-care. Secondly, the study focuses on developing
technology that helps minimize energy usage for caregivers attending to bedridden patients,
particularly during bed bathing. It recognizes the need for advancements in medical technologies
specific to bedridden patients and acknowledges the lack of such developments in certain regions.
Overall, the research presented in this study successfully contributes to the bedridden community
and caregivers by providing an effective design solution and addressing the unique challenges faced
in managing bedridden patients. Hence, optimizing the shower design and considering the flow
dynamics ensure convenience, functionality, and efficiency in meeting the needs of bedridden
patients and caregivers.
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