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Abstract 

Fever management in paediatric care requires efficient and reliable cooling systems; however, 

traditional methods often fail to meet these demands due to discomfort and maintenance challenges. 

This study investigates the effectiveness of different saltwater concentrations (5%, 10%, and 20%) as 

coolants in a Peltier-based cooling system designed to enhance cooling efficiency for paediatric fever 

management. The research aims to identify the optimal salt concentration that maximises cooling 

performance and energy efficiency. An experimental setup was used to compare the cooling 

performance of the three saltwater solutions against pure water, with temperature data collected at one-

minute intervals over a 60-minute period. Key parameters measured included temperature reduction 

and energy consumption. The results demonstrated that the 10% saltwater solution achieved the 

greatest temperature reduction and energy efficiency, significantly outperforming both the higher (20%) 

and lower (5%) salt concentrations, as well as pure water. In contrast, the 20% saltwater solution initially 

exhibited a temperature increase, likely due to its higher viscosity, which hindered heat dissipation. The 

5% saltwater solution provided only marginal improvements over pure water, indicating the necessity 

of an optimal salt concentration for effective cooling. These findings suggest that optimising salt 

concentration in coolants is critical for enhancing the performance of Peltier-based cooling systems, 

particularly in medical applications requiring precise temperature control. The study provides valuable 

insights for developing more efficient and reliable fever management systems, with broader implications 

for various medical and industrial cooling applications. 

Keywords: Energy Efficiency; Fever Management; Paediatric Healthcare; Peltier-Based Cooling; 

Saltwater Coolant 

 

Introduction 

The effective management of fever, particularly in paediatric healthcare, is critical for maintaining the 

well-being of children. While fever management strategies have evolved, traditional methods such as 

cold compresses and gel ice pads often face limitations, including discomfort and maintenance 

challenges (Sukarno et al., 2023; Yuniati et al., 2025). Innovative approaches to fever management 

are increasingly important, especially as current paediatric devices remain limited (Ademola, 2020). As 

a result, there is an urgent need to develop more efficient and user-friendly cooling systems specifically 

designed for paediatric use, which could significantly improve care quality (Siahmargoi et al., 2019). 

Recent advancements in thermoelectric technologies, particularly Peltier elements, offer promising 

possibilities for improving cooling systems. Peltier devices, known for their energy efficiency, reliability, 

and compactness, are now being explored for various medical applications, including fever 
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management systems (Balaji & Irons, 2023). However, optimising the cooling performance of these 

systems remains a significant challenge, particularly in developing a coolant that can effectively 

enhance heat transfer and maintain the necessary low temperatures (Hijano et al., 2023). 

Current cooling systems, while somewhat effective, often fail to meet the demands of rapid and efficient 

fever management, particularly in paediatric care. Traditional methods are either uncomfortable for 

patients or require constant maintenance to remain effective. This has led to the need for more 

advanced systems that can provide consistent and reliable cooling with minimal intervention. The 

adoption of Peltier elements in cooling systems shows promise; however, these systems still require 

an optimised cooling medium to enhance their overall performance (Ceviz et al., 2023). 

An emerging solution to this problem is the integration of saltwater as a coolant within these systems. 

Saltwater's high thermal conductivity and specific heat capacity make it a potential candidate for 

improving the cooling efficiency of systems that utilise the Peltier effect. However, the precise impact of 

varying salt concentrations on the performance of such cooling systems remains underexplored. 

Addressing this knowledge gap is crucial for developing more effective fever management systems that 

can be widely applied in clinical settings (Zhang et al., 2020). 

The Peltier effect, which allows for precise temperature control, has been widely applied in various 

cooling technologies, from consumer electronics to industrial systems. Research has shown that Peltier 

elements can be highly effective in medical applications, such as temperature control in wearable 

devices (Sirikasemsuk et al., 2021). These elements work by creating a temperature difference when 

an electric current is applied, which can be harnessed for cooling in medical settings. However, the 

performance of Peltier-based systems is highly dependent on the coolant used, necessitating further 

research into optimising these systems for medical applications (Kondratiev et al., 2022). 

One potential approach is the use of saltwater as a cooling medium. Studies have indicated that 

increasing the salinity of a coolant can enhance its thermal properties, thereby improving the overall 

cooling performance of systems that rely on the Peltier effect. For instance, higher salt concentrations 

have been associated with improved heat transfer efficiency in various industrial cooling applications, 

suggesting similar benefits could be achieved in medical cooling systems (Skovajsa & Zalesak, 2018). 

However, the relationship between salt concentration and cooling performance in medical Peltier 

systems remains underexplored, highlighting a significant gap in the current research. 

Further studies have explored the use of different salt concentrations in enhancing the cooling efficiency 

of systems that rely on phase change materials or other advanced cooling technologies. For example, 

research into the use of saltwater in solar distillation units has shown that optimising salt concentrations 

can significantly improve system efficiency (Shilpa et al., 2023). This research suggests that a similar 

approach could be beneficial for improving the cooling performance of Peltier-based medical devices, 

particularly in the context of fever management (Atta, 2018). 

Despite the promising advancements in the use of Peltier elements and saltwater coolants, there is still 

a lack of comprehensive studies that specifically address their application in paediatric fever 

management systems. While research has explored the thermal properties of saltwater and its potential 

as a coolant, few studies have focused on how different salt concentrations affect the cooling 

performance of Peltier-based systems designed for medical use (dos Santos et al., 2022). This gap in 

the literature underscores the need for targeted research that can provide clear guidelines for optimising 

these systems for clinical applications. 

Furthermore, while some studies have examined the use of Peltier elements in general cooling systems, 

there is limited data on their performance when integrated with saltwater coolants, especially at varying 

concentrations (Zhang et al., 2019). This lack of detailed analysis presents a significant barrier to the 

development of optimised fever management systems that can meet the specific needs of paediatric 

care. Addressing these gaps is crucial for advancing the field and improving the effectiveness of cooling 

systems in clinical settings. 

The existing literature also highlights the need for experimental studies that can systematically 
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investigate the effects of different salt concentrations on the cooling efficiency of Peltier-based systems. 

Such studies are essential for developing practical solutions that can be implemented in real-world 

healthcare environments, particularly for managing fever in children, where precise temperature control 

is critical (Ruiz-Ortega, Olivares‐Robles & Badillo‐Ruiz, 2021). 

This research aims to examine the effect of different salt concentrations (50g, 100g, and 200g) on the 

performance of a Peltier element cooling system, with the goal of identifying the optimal salt-to-water 

ratio that maximises cooling performance and energy efficiency. The study also seeks to develop 

coolants that can function optimally within the temperature range of 30 to 40 degrees Celsius, aligning 

with the human body's temperature range, which is critical for managing fever in paediatric patients. 

Although this study is positioned within the domain of thermal systems, it is contextually situated in 

paediatric fever management. Paediatric patients present unique physiological and thermal comfort 

requirements compared to adults, such as a higher surface area-to-body mass ratio and lower tolerance 

to external temperature changes. Consequently, the proposed cooling system, incorporating Peltier 

elements and saltwater-based coolants, was specifically designed to deliver controlled, safe, and 

comfortable cooling suitable for children. This research acknowledges the physiological specificity of 

paediatric patients and targets an effective, child-appropriate thermoregulation method. 

The novelty of this study lies in its focus on optimising the salt concentration in the coolant to enhance 

the cooling performance of Peltier-based systems, a topic that has not been extensively explored in the 

literature. By addressing this gap, the research aims to provide new insights that can contribute to the 

development of more effective and energy-efficient fever management systems in paediatric care. 

The scope of the study includes experimental design and product development, focusing on the 

integration of saltwater coolants with Peltier elements in active fever compress systems. The research 

will systematically explore the impact of varying salt concentrations on the cooling performance and 

energy efficiency of these systems, providing valuable data that can inform future innovations in 

paediatric healthcare technology. 

 

Material and Methods 

The materials used in this study included the essential components required for constructing and testing 

the active fever compress system. The primary materials comprised an acrylic reservoir, a liquid pump, 

a water-cooling block, and a heat source, which together formed the core of the cooling system. 

Additionally, two Peltier elements were employed to generate the cooling effect, with heatsinks attached 

to enhance heat dissipation (Sari et al., 2022).   

Refrigerator Utilizing the Peltier Effect. Sensors (PT100) (Abdullah et al., 2024) were strategically 

placed on the reservoir, water cooling block, and heatsink to measure temperature variations. A 6-

channel RS485 data acquisition system (Choi et al., 2024) was employed to collect real-time data, and 

a power supply was used to maintain the operation of the entire system. The coolants tested included 

freshwater (as the control), and saltwater solutions (Li et al., 2024) with concentrations of 50g/L 

(Concentration A), 100g/L (Concentration B), and 200g/L (Concentration C). This study has received 

approval from the Health Research Ethics Committee of the Health Polytechnic of the Ministry of Health 

in Palembang, with Approval Number: 0817/KEPK/Adm2/2024. 

The selection of saltwater concentrations at 50 g/L (Concentration A), 100 g/L (Concentration B), and 

200 g/L (Concentration C) was based on thermodynamic principles and the thermal conductivity 

behaviour of electrolyte solutions. In Peltier-based cooling systems, increasing salt concentration can 

enhance both specific heat capacity and thermal conductivity, which improves heat transfer 

performance up to an optimal point. However, excessively high concentrations raise the fluid’s viscosity, 

hindering flow and reducing cooling efficiency. These concentrations were therefore selected to explore 

this performance threshold. The relevant heat conduction equation used to describe the thermal transfer 

process is: 
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𝑞 =  −𝑘 . 𝐴.
𝑑𝑇

𝑑𝑥
 

 

where q is the heat transfer rate, k is the thermal conductivity of the coolant, A is the heat exchange 

area, and dT/dx is the temperature gradient. 

Experimental Setup 

The experimental setup, as illustrated in the setup diagram, involved integrating all components of the 

cooling system. The acrylic reservoir was filled with the prepared coolant, which was then circulated 

through the system using a liquid pump. The Peltier elements were mounted between heatsinks and 

positioned to facilitate efficient cooling of the water block. The heat source was applied to the water 

block, simulating the thermal load. Temperature data was continuously collected by the PT100 sensors 

placed at strategic points: the reservoir, the water-cooling block, and the Peltier heatsink. The system 

was initiated, allowing the coolant to circulate and stabilise, with data recorded at one-minute intervals 

over the course of 60 minutes. 

 

 
Figure 1: Schematic diagram of the experiment 

(1) Reservoir, (2) Pump, (3) Water block, (4) Load (heat sources), (5) Fan 1, (6) Fan 2, (7) Heatsink 1, (8) Heatsink 

2, (9) Peltier 1, (10) Peltier 2, (11) Sensor temp 1 Reservoir, (12) Sensor temp 2 Water block, (13) Sensor temp 3 

Peltier, (14) Data Acquisition, (15) Power supply. 

 

Parameters 

The key parameters measured during the experiments included temperature, cooling rate, and system 

efficiency. Temperature readings were taken at the reservoir, the Peltier cooling unit, and the load to 

assess the coolant’s performance at different points in the system. The cooling rate was calculated by 

analysing the change in temperature over time, while system efficiency was determined by comparing 

the electrical energy consumed by the Peltier elements to the degree of temperature reduction 

achieved. These parameters were crucial for understanding how variations in salt concentration 

influenced the cooling performance. 
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Statistical Analysis 

The statistical analysis involved both descriptive and correlation analyses to explore the relationship 

between salt concentration and cooling performance. Descriptive statistics provided an initial overview 

of the temperature data, cooling rates, and system efficiency across different salt concentrations. 

Correlation analysis was used to determine the strength and nature of the relationship between the salt 

concentration and cooling performance metrics. The presentation of statistical results should include 

correlation values along with 95% confidence intervals to demonstrate the tool’s 

effectiveness and efficiency. Additionally, ANOVA tests were conducted to compare the means of the 

different coolant types, ensuring that the observed differences were statistically significant. This 

comprehensive analysis allowed for a deeper understanding of how salt concentration affects the 

cooling efficiency of the system. 

 

Results 

The experimental study conducted aimed to assess the cooling performance of an active fever 

compress system using different saltwater concentrations as coolants. The experiment involved the use 

of three distinct salt concentrations (50g/L, 100g/L, and 200g/L) along with freshwater control. 

Temperature data was collected at one-minute intervals over a 60-minute period using PT100 sensors 

placed on the reservoir, Peltier cooler, and the load. Initial temperatures across all coolant types were 

stabilised between 24°C to 25°C before the experiment commenced. 
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Figure 1: Comparative Temperature Profiles of Four Coolants Over Time 
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Figure 1 shows the experimental results for varying cooling performance of the system with different 

coolant concentrations. Temperature measurements at critical points, including the reservoir, Peltier, 

and load, revealed significant temperature differences between the system using water, and those using 

concentrations A, B, and C. The system with coolant concentration B exhibited the best performance, 

with a temperature difference between the water block and reservoir of approximately 2°C (17.4-15.2°C) 

and an energy consumption of 48.7 Watts. In contrast, the water coolant showed a temperature 

difference of 7°C (22.5-15.3°C) with an energy consumption of 50.4 Watts, while concentrations A and 

C displayed temperature differences of 4°C and 6°C, with energy consumptions of 57.3 Watts and 69 

Watts, respectively. 

The initial temperatures of the four coolants—water, 5% salt water, 10% salt water, and 20% salt 

water—were measured at the beginning of the experiment, with values ranging between 24.9°C and 

26.1°C. The lowest baseline temperature was observed in 5% salt water (24.9°C), while the highest 

was recorded in 20% salt water (26.1°C). Each coolant was tested three times, and the average 

baseline temperatures were as follows: 25.57°C for water, 25.4°C for 5% salt water, 25.23°C for 10% 

salt water, and 25.73°C for 20% salt water. Notably, the highest average baseline temperature was 

found in 20% salt water, while the lowest was in 10% salt water. 

 

Table 1:  Baseline Temperature Comparison of Four Coolant Types 

Types of Coolant Temperature (°C) 

Time (0) Mean SD p-value 

Water (N=3) 

Water 1 25.30   0.478* 

Water 2 25.70 25.57 0.23  

Water 3 25.70   
 

Salt water 5% (N=3) 

Salt water 5% 1 25.60    

Salt water 5% 2 24.90 25.4 25.4  

Salt water 5% 3 25.70   
 

Salt water 10% (N=3) 

Salt water 10% 1 25.00    

Salt water 10% 2 25.20 25.23 25.23  

Salt water 10% 3 25.50   
 

Salt water 20% (N=3) 
  

Salt water 20% 1 25.10    

Salt water 20% 2 26.10 25.73 25.73  

Salt water 20% 3 26.00   
 

Note: * ANOVA test, significant at P<0.05 (CI 95%) 
Abbreviation: SD Standard Deviation 

The Kolmogorov-Smirnov test was applied to assess the normality of the temperature data across the 

four coolant types. The results indicated that the temperatures at each observation time followed a 

normal distribution, as the p-values were greater than 0.05. This suggests that the temperature data for 

all coolant types did not significantly deviate from a normal distribution, validating the assumption of 

normality required for subsequent statistical analyses. 

An ANOVA test was conducted to determine if there were any statistically significant differences in the 

baseline temperatures among the four coolants. The results showed no significant difference in the 

baseline temperatures (p-value = 0.478), confirming that the initial temperatures across all coolant types 

were homogeneous. This homogeneity in baseline temperatures suggests that any differences 

observed in cooling performance during the experiment were not influenced by initial temperature 

disparities. 

Table 2 shows in the first 10 minutes after the system was activated, a noticeable decrease in 

temperature was observed in three of the coolants: water, 5% salt water, and 10% salt water. During 

this initial period, the most significant temperature drop occurred in 10% salt water, which decreased 

by 4.8°C, followed by a 2.5°C drop in 5% salt water, and a minor decrease of 0.47°C in water. In 

contrast, 20% salt water experienced an initial increase in temperature from 25.73°C to 26.27°C, 

followed by a gradual temperature decrease beginning at the 20-minute mark. By the end of the 60-

minute observation period, 10% salt water demonstrated the greatest overall temperature reduction of 

7.96°C, followed by 5% salt water with a reduction of 6.43°C. The temperature reductions for water and 
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20% salt water were nearly identical, at 2.74°C and 2.73°C, respectively. The within-group analysis 

revealed a significant difference between the average initial temperature and the temperatures recorded 

from the 10-minute to the 60-minute measurements for each coolant type (p-value = 0.000). 

Additionally, the between-group analysis confirmed significant differences in temperature reductions 

across the different coolant types (p-value = 0.000).  

Table 2: Temperature Changes for Four Coolant Types at Six Specific Time Measurement 

Coolant 
Types 

Mean Temperature (0C) 
Change 
within-
coolant 

Coolants Effects 
(Between group x 
time) 

Baseli
ne 

101 201 301 401 501 601 F 
p-
value 

F 
P-
valu
e 

PES  

Water 25.57 25.10 23.40 22.73 22.57 22.57 22.83 2.74 0.00 27.62 0.00 0.91 

Salt water 
5% 

25.4 22.90 19.57 19.00 18.93 18.77 18.97 6.43     

Salt water 
10% 

25.23 20.43 18.50 17.73 17.47 17.27 17.27 7.96     

Salt water 
20% 

25.73 26.27 24.07 23.27 23.13 23.00 23.00 2.73         

F: Estimated mean differences obtained using repeated measures ANOVA, significance at p < 0.05 
a Test of within trial effect, significance at p < 0.05 
b Test of between trial effect, significance at p < 0.05 
Abbreviation; SD: Standar Deviation, PES: Partial eta squared 

 
The Figure 2 illustrates the average temperature reduction over six observation times for four different 
coolant types. The 10% salt water demonstrated the most significant and consistent temperature drop 
across all time points, followed by 5% salt water. The water coolant exhibited a moderate decrease, 
while the 20% salt water showed the least reduction in temperature, with some fluctuations observed 
throughout the measurement period. This pattern indicates varying cooling efficiencies among the 
tested coolants, with 10% salt water consistently outperforming the others. 

 

 
 

Figure 2: Average Temperature Reduction Across Six Observation Times for Four Coolant Types  

The Post Hoc comparison revealed significant differences in the average temperature changes between 
several coolant types. The largest mean difference (MD) was observed between 10% salt water and 
20% salt water (MD = 4.938, p < 0.001), followed by the difference between 10% salt water and regular 
water (MD = 4.410, p < 0.001). In contrast, the smallest mean difference was observed between 20% 
salt water and regular water (MD = 0.529, p = 1.000), indicating no significant difference between these 
two coolants. Additionally, significant differences were found between water and 5% salt water (MD = 
3.019, p = 0.009), and between 5% salt water and 20% salt water (MD = 3.548, p = 0.003). However, 
there was no significant difference between 5% salt water and 10% salt water (MD = 1.39, p = 0.368), 
or between water and 20% salt water (MD = 0.529, p = 1.000) (Table. 3). 
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Table 3: Post Hoc Comparison of Temperature Differences Among Four Coolant Types 

Coolant Types Mean Difference P-value (95% CI) 

Water 

salt water 5% 3.019* 0.009 (0.7995 - 5.243) 

salt water 10% 4.41* 0.001 (2.185 - 6.634) 

salt water 20% -0.529 1.000 (-2.753 - 1.696) 

Salt water 5% 

water -3.019* 0.009 (-5.243 - (-0.795)) 

salt water 10% 1.39 0.368 (-0.834 - 3.615) 

salt water 20% -3.548* 0.003 (-5.772 - (-1.323)) 

Salt Water 10% 

water -4.41* 0.001 (-6.634 - (-2.185)) 

salt water 5% -1.39 0.368 (-3.615 - 0.8354) 

salt water 20% -4.938* 0.000 ( -7.162 - (-2.714)) 

Salt Water 20% 
  

water 0.529 1.000 (-1.696 - 2.753) 

salt water 5% 3.548* 0.003 (1.323 - 5.772) 

salt water 10% 4.938* 0.000 (2.714 - 7.162) 
      *The mean difference is significant at the 0.05 level 

Abbreviation; CI: Confidence Interval 

  
Discussion 

The present study explored the cooling performance of a Peltier-based system using different saltwater 

concentrations (5%, 10%, and 20%) as coolants, compared to pure water. The findings revealed 

significant variations in cooling efficiency depending on the salt concentration, emphasising the 

importance of optimising coolant composition for enhanced thermoelectric performance. 

The results showed that the 10% saltwater solution demonstrated the highest cooling efficiency, with the 

most significant temperature reduction over the 60-minute period. This finding aligns with studies 

indicating that optimal salt concentrations can enhance the thermal conductivity of coolants, thereby 

improving the overall performance of cooling systems (Poojeera et al., 2022). The 10% concentration 

likely represents a balance, where the salt ions enhance heat transfer without excessively increasing the 

solution's viscosity, which can impede flow and reduce cooling effectiveness (Şener et al., 2022). In 

contrast, the 20% saltwater solution initially exhibited a rise in temperature before stabilising and 

eventually cooling. This initial temperature increase could be attributed to the higher viscosity of the 

solution, which may reduce the flow rate and heat dissipation efficiency. Previous studies have noted 

similar effects in other cooling systems, where higher solute concentrations led to diminished cooling 

performance due to increased resistance to flow (Hommalee, Wiriyasart & Naphon, 2019; Kim et al., 

2022). 

The superior performance of the 10% saltwater solution highlights the potential for optimising 

thermoelectric cooling systems for medical and industrial applications. The Peltier effect relies heavily on 

efficient heat transfer away from the cooling unit, and the choice of coolant plays a critical role in this 

process. As demonstrated in this study, selecting the appropriate salt concentration can significantly 

impact the system's overall performance, with direct implications for the design of more effective cooling 

systems (Belarbi et al., 2020; Yuan et al., 2021). 

Moreover, the energy efficiency of the system, as evidenced by the lower energy consumption associated 

with the 10% saltwater coolant, suggests that such systems could be developed to operate more 

sustainably. Energy efficiency is a crucial consideration, particularly in medical applications where 

continuous operation is required. The findings align with the literature suggesting that optimised coolant 

compositions can reduce energy demands without compromising cooling performance (Ahamat et al., 

2019; Hong et al., 2019). 

The performance of the 20% saltwater solution highlights a critical limitation in using high-concentration 

salt solutions as coolants. The increased viscosity not only hinders effective heat transfer but also places 

additional strain on the system's pumps and circulation mechanisms, potentially leading to higher 

operational costs and reduced system longevity (Liu et al., 2019; Shittu et al., 2019). This finding is crucial 

for applications where long-term reliability is essential, as it suggests that there is a threshold 

concentration above which the disadvantages outweigh the benefits (Rambabu et al., 2023). 
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Furthermore, the post-hoc analysis revealed statistically significant differences between the 10% saltwater 

solution and both the 5% and 20% solutions, reinforcing the notion that there is an optimal concentration 

for maximising cooling efficiency. The performance of the 5% solution, which was only marginally better 

than pure water, suggests that lower salt concentrations may not significantly enhance the coolant's 

thermal properties (Lee & Loh, 2021; Zhou et al., 2020). This finding is consistent with previous studies in 

other cooling applications where low-concentration solutions provided minimal improvement over the 

baseline (Sari et al., 2022; Sirikasemsuk et al., 2021). 

The study's findings have significant implications for the development of cooling systems in medical 

devices, particularly those designed for paediatric care. The need for efficient, reliable, and energy-

efficient cooling is critical in medical settings, where the maintenance of stable temperatures can directly 

impact patient outcomes (Ajiwiguna, Azizah & Suhendi, 2023; Dehra, 2018) The 10% saltwater solution's 

superior performance suggests that it could be particularly well-suited for use in devices such as cooling 

vests or fever management systems, where precise temperature control is paramount (Di & Jahn, 2021; 

Zhao et al., 2020). Additionally, the insights gained from this study could inform the design of next-

generation thermoelectric cooling systems for broader medical applications, including organ preservation 

and patient cooling during surgical procedures. The ability to fine-tune the coolant composition to 

maximise efficiency while minimising energy consumption is a significant advantage in these contexts, 

where system reliability and performance are critical (Moazzez et al., 2020; Parametpisit et al., 2023). 

While this study provides valuable insights into the effects of salt concentration on cooling performance, 

several areas warrant further investigation. Future research should explore the molecular dynamics of 

saltwater at different concentrations, particularly how salt ions interact with the coolant's thermal properties 

under varying operational conditions (Ali et al., 2023; Salim, lsalam & Al Rifaie, 2023). Advanced 

simulation techniques could provide deeper insights into these interactions, helping to identify the precise 

mechanisms through which salt concentration influences cooling efficiency (Fan et al., 2022; Zhou et al., 

2018). 

Moreover, the long-term stability of saltwater solutions in Peltier-based systems should be assessed, 

particularly in terms of potential corrosion or scaling issues that could arise with prolonged use (De 

Meneck et al., 2023; Niforatos & Pescatore, 2019). Understanding these factors is essential for developing 

coolants that not only perform well in the short term but also maintain their efficiency and safety over 

extended periods (Elseady et al., 2021; Shapiro & Fine, 2019). 

Finally, the potential for scaling these findings to larger systems or different applications should be 

considered. While this study focused on a specific type of thermoelectric cooling system, the principles 

observed may apply to other cooling technologies or different scales of operation (Bertille et al., 2018; 

Chok et al., 2022). Research in this direction could lead to broader applications of optimised saltwater 

coolants in various industrial and medical contexts (Talebi et al., 2016; Sunil & Nagesh, 2019). 

Limitations of the Study 

While this study provides valuable insights into optimising saltwater concentrations in Peltier-based 

cooling systems, there are several limitations to consider. First, the research was conducted within a 

controlled experimental setup, which may not fully replicate real-world conditions in clinical or industrial 

applications. The cooling system's performance, when applied to larger-scale or prolonged use scenarios, 

may differ due to factors such as environmental fluctuations, system degradation over time, and variations 

in heat load. Additionally, the study focused on a limited set of saltwater concentrations (5%, 10%, and 

20%), and other potential variables such as different types of salt, water purity, and the presence of other 

additives were not explored. Moreover, the long-term stability and potential issues related to corrosion or 

scaling in Peltier-based systems using saltwater remain unresolved. These factors may affect the 

applicability and durability of the systems in actual healthcare settings. 

Future Scope of the Study 

Future research could extend the findings of this study by exploring a wider range of salt concentrations 

and other types of salt solutions to further optimise cooling performance. Investigating the molecular 
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dynamics of saltwater in Peltier systems, particularly under varying operational conditions, could provide 

deeper insights into how salt ions interact with the coolant's thermal properties and affect the system's 

efficiency. Additionally, long-term studies focusing on the stability of saltwater coolants in real-world 

applications, such as in medical devices for paediatric fever management, are needed. Furthermore, 

future studies should consider the development of advanced simulation models to predict the system's 

behaviour under different environmental conditions and scales. Finally, the potential for scaling up the 

cooling system for use in larger industrial or medical applications, beyond fever management, should also 

be explored, as this could offer significant improvements in various cooling technologies. 

 

Conclusion 

This study aimed to enhance the efficiency of Peltier-based cooling systems, particularly for paediatric 

fever management, by optimising the concentration of saltwater coolants. The research highlights the 

critical role of coolant composition in maximising cooling performance and energy efficiency, 

demonstrating that a 10% saltwater solution provides superior results compared to lower and higher 

concentrations, as well as pure water. The significance of these findings lies in their potential to improve 

the design of more effective and reliable cooling systems, which are essential for maintaining precise 

temperature control in medical applications. The broader implications of this study extend beyond 

paediatric fever management. The optimised cooling method developed here can be applied to a range 

of thermoelectric cooling systems across various industries, where energy efficiency and reliable 

temperature regulation are paramount. By establishing an optimal salt concentration, this research 

provides a foundation for future innovations in cooling technology, offering a scalable solution that could 

be adapted to other applications requiring efficient thermal management. 

This article serves as a basis for further investigation into the molecular dynamics of saltwater coolants in 

Peltier systems, the long-term stability of such solutions, and their applicability in different contexts. Future 

research should explore these areas to refine and expand upon the findings presented here, ultimately 

contributing to the development of advanced cooling systems that can meet diverse and evolving needs 

across both medical and industrial fields. 
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