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	[bookmark: _Hlk55811559]Abstract 
Improving the pressure management and heat transfer efficiencies of copper pipe flow systems is a crucial component in the advancement of cooling technology. The heat and pressure transfer characteristics of triethylene glycol/water (TEG/water) and ethylene glycol (EG)/water) mixtures in a copper pipe flow system are compared in this study. A series of experiments were conducted to assess and compare the heat transfer coefficient and pressure properties of the two mixtures utilized in the system. The experiments investigated the impact of varying fluid flow rates of EG/water and TEG/water on heat transfer and pressure drop. The experimental findings indicate notable distinctions in the heat transfer characteristics of the two mixtures. Specifically, the TEG/water mixture exhibited a heat transfer coefficient increase of around 2.0% and a pressure reduction of around 1.0% within the system. This state is attained with a Reynolds number of approximately 37.0%. Meanwhile, there is a decrease in pressure drop when using TEG/water in the piping system, which is caused by the lower viscosity of the EG/water fluid. This comparative analysis offers valuable insights into the performance attributes of the two mixtures in the context of copper pipe flow applications. Such knowledge can serve as a crucial reference when it comes to optimizing large-scale cooling and heating systems.
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INTRODUCTION
In the realm of cooling and heating systems, where understanding the heat transfer mechanism between copper tubes and the fluids in motion is critical, heat transfer assumes a critical position in a multitude of thermal implementations [1]. The manner in which heat is transferred significantly influences the overall operation of a system. The utilization of a solution composed of ethylene glycol (EG),  triethylene glycol (TEG) and water in diverse cooling systems is a prevalent method employed to optimize the thermal characteristics and viscosity of the fluid, both of which have a substantial impact on the heat transfer system [2]. Therefore, it is imperative to investigate the most effective and efficient mixture proportions in order to further the development of such systems. Determining the capacity of a fluid to transfer heat requires the heat transfer coefficient, an indispensable metric. Determining the manner in which the EG/Water and TEG/water ratio influences the heat transfer coefficient in that blend is thus crucial. Additionally, the viscosity and flow properties of the fluid may be modified by employing the EG/Water and TEG/water mixture, which may subsequently impact the pressure necessary to force the fluid within the piping system. [3]. Therefore, comprehending the consequences that these mixtures have on the pressure drop inside the pipe assumes considerable importance.
A critical quantitative parameter for calculating the rate of heat transfer from a fluid medium to a surface is the heat transfer coefficient [4, 5]. It signifies the thermal conductivity of the fluid and is a critical determinant in evaluating the efficiency of heat transfer mechanisms [6, 7]. In addition to fluid properties, conditions of flow, and surface characteristics, numerous other variables affect the heat transfer coefficient  [8, 9]. It is affected by parameters such as density [10] fluid velocity [11-13], , viscosity [14], thermal conductivity[15], and the presence of nanoparticles throughout the fluid [16]. The precise comprehension of the heat transfer coefficient is critical in the process of developing and enhancing cooling systems. [17], heat exchangers [16], and other heat transfer devices, as it has an immediate effect on the overall heat transfer rate [18] and efficiency [19].
Heat exchangers have widespread applications in various industrial and residential settings, including power plant boilers and vehicle and building air conditioning systems [20]. Precise correlations are necessary for engineers to optimize the design of these heat exchangers and guarantee the effective operation of these systems. In order to attain optimal performance, it is necessary to maintain a careful equilibrium between rapid heat transfer rates and negligible pressure drop [21]. Engineers are presented with the decision throughout the design phase to select between two flow regimes: turbulent flow, characterized by higher pressure drops and heat transfer rates, or laminar flow, which results in reduced pressure drops and heat transfer rates [22]. Although it is customary to examine pressure drop and heat transfer independently, it is critical to acknowledge that these two variables have a direct and often overlooked relationship [23]. The EG and TEG are commonly employed as heat transfer factors in various applications, such as industrial processes, HVAC systems, and automotive engines. The performance of TEG/water-based and EG/water fluids can be impacted by the EG-to-water and TEG-to-water ratio, which is also referred to as the EG and TEG ratio in the mixture. The ratio chosen may vary based on the particular requirements of the implementation, such as freeze protection or the intended operational temperature range.
Numerous studies have explored the performance of EG/Water mixtures [24]. For instance, Manik et al. [25] investigated a 40:60 volume ratio of EG/Water for serving as the cold fluid and Water as the hot fluid in a heating/cooling system. The investigation explored using a radiator with various discharge rates for the hot fluid, ranging from 6.7 LPM to 27 LPM. In a different investigation, Abolarin et al. researched the heat transfer and pressure drop performance when using alternating twisted tape inserts in section tests with various flow regimes (Figure 1). The experiments utilized Water as fluid and were controlled under constant heat flux parameters, ranging from 1.35 kW/m² to 4 kW/m², covering Reynolds numbers from 300 to 11,404. This extensive range encompassed turbulent flow, laminar, and transitional regimes [26].
Furthermore, various researchers in the field have carried out by Ghozatloo et al. [27] explored nanofluids with EG/Grn ratios, encompassing varying volume concentrations from 0.1% to 1.5%. They tested heat transfer
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[bookmark: _Ref148931006]Figure 1. A visual representation of the experimental configuration adapted from [26].

coefficients using a shell and tube heat exchanger (STHE), where EG/Grn and EG were used as cold and hot fluids. The data derived from their analysis were compared with EG-based nanofluids. Azari et al. [28] conducted a study that specifically focused on heat transfer coefficients and overall heat transfer coefficients utilizing a 40:60 EG/Water ratio. An experimental methodology was employed, wherein a test section equipped with a compact heat exchanger was utilized. The outcomes of their experimental data analysis were contrasted with the performance of a fluid based on water.
The primary objective of this study is to conduct an initial inquiry into the optimization of a primary fluid mixture consisting of tri ethylene glycol/water (TEG/water) and ethylene glycol/water (EG/water). This investigation aims to determine the correlation between fluid flow rate, pressure drop, and heat transfer coefficient. The present research endeavor possesses the capacity to make a substantial contribution to the ongoing inquiry into fluids containing EG and water. Emphasizing the need for a thorough examination in the current body of literature concerning heat transfer coefficients and friction factors in single-pipe systems utilizing EG/water and TEG/water mixtures is critical. The objective of this research is to analyze the relationship between fluid flow rate and the friction factor (Fr) and heat transfer coefficient (HTC) for EG/water and TEG/water in a volumetric manner, with operating temperatures of 30°C and 40:60, respectively. By conducting experimental investigations that incorporate diverse fluctuations in fluid flow rates, this research has the potential to provide innovative perspectives on improving the performance of heat transfer systems that utilize mixtures of EG/water and TEG/water fluids. The integration of additives, such as nanoparticles, exhibits considerable potential in augmenting heat transfer characteristics, and it becomes especially apparent when migrating from configurations with comparatively low heat transfer rates to ones with higher efficiency.

METHOD
[bookmark: _Hlk152642549]Properties of Ethylene Glycol and Triethylene Glycol 
The thermal and physical characteristics of fluid mixtures play a crucial role in various industrial and scientific applications, particularly in heat transfer and fluid dynamics [29]. The melting point of ethylene glycol is -13°C, while its boiling point is 197.3°C. Ethylene glycol exhibits remarkable heat transfer characteristics at a temperature of 20°C. It is attributed to its substantial specific heat capacity of approximately 2430 J/kg.K, notable thermal conductivity of 0.25 (W/m.K), and density of 1113.4 kg/m3 [30]. On the contrary, water demonstrates exceptional performance as a heat storage medium at identical temperatures due to its substantial thermal energy retention capability, a relatively elevated density of 998.2 kg/m3, and a specific heat capacity of approximately 4180 J/kg.K.
Furthermore, its commendable thermal conductivity of 0.606 W/m.K. further enhances its viability. When developing systems that utilize TEG/water and EG/water as heat transfer fluids, coolants, or for diverse industrial purposes, it is imperative to possess an extensive comprehension of these properties. Table 1 presents the thermophysical properties of TEG.

Experimental Configuration
The test section is constructed of pure copper pipe with a thickness and inner diameter of 1.5 mm and 18 mm, respectively. T1-T10 K-type thermocouples are strategically placed along the copper test section, with two at the inlet (Ti) and outlet (To). Pressure sensors are installed to measure the difference in pressure between the inlet (Pi) and outlet (Po). A centrifugal pump is integrated to facilitate the EG/Water mixture flow through the copper test section. The data logger recorded pressure and temperature data with an accuracy of 0.1 psi and 0.25°C, respectively. The heater is controlled by a Voltage Regulator with input voltage specs of 220VAC, 50/60Hz, and an output voltage range of 0-250VAC. Two tubular heater units heat the copper pipes, each with a 1500 W power capacity. Throughout data collection, calibration is initially conducted on each measurement instrument. Following filling a 20-liter tank with a 40:60 EG/water mixture, the solution is circulated through the experimental system in hoses and pipes until it is completely saturated. Water samples were subjected to comparable conditions in order to facilitate comparisons. It undergoes circulation while being driven by a centrifugal pump. One second has been designated as the data logging interval. Heaters are activated concurrently with the initiation of data recording regarding fluid flow rate, temperature, and pressure when the inlet temperature reaches 60°C.
Table 1. The thermophysical properties of TEG/water mixture with a volume ratio of 40:60 [30, 31].

	Temperature (K)
	Density (kg/m3)
	Viscosity (Pa.s)
	Heat Specific (J/kg. K)
	Thermal conductivity (W/m. K)

	273
	273
	0.0110
	3457
	0.416

	278
	278
	0.0084
	3487
	0.417

	283
	283
	0.0070
	3517
	0.417

	288
	288
	0.0059
	3546
	0.418

	293
	293
	0.0051
	3575
	0.418

	298
	298
	0.0043
	3603
	0.418

	303
	303
	0.0037
	3631
	0.419

	313
	308
	0.0032
	3657
	0.420

	323
	313
	0.0028
	3683
	0.420

	333
	318
	0.0024
	3708
	0.420

	343
	323
	0.0021
	3733
	0.421

	353
	328
	0.0019
	3757
	0.422

	363
	333
	0.0016
	3781
	0.422

	373
	338
	0.0015
	3803
	0.422

	393
	343
	0.0013
	3825
	0.423

	413
	348
	0.0012
	3847
	0.424

	433
	353
	0.0010
	3869
	0.424

	453
	358
	0.0009
	3888
	0.424

	473
	363
	0.0008
	3907
	0.425



In order to maintain the inlet temperature within predetermined parameters and at 60 degrees Celsius, the chiller of this system operates as a heat exchanger. Accuracy estimates of 0.01 LPM for flow rate, 0.01 PSI for pressure, and 0.01°C for temperature were obtained using a data logger to record these parameters. In order to facilitate comparison, water and TEG samples were subjected to comparable conditions.
The relationship between a parameter input, such as a flow rate, temperature, or pressure, and fully developed conditions, which are controlled conditions, is established through experimental methods. Precise management of experimental settings and the occurrence itself is of utmost importance. Including a control group in experimental studies is essential to ensure effective variable control. Figure 2 provides a schematic test section in this study.   

Heat transfer coefficient (HTC), h
The HTC quantifies the heat transfer capability of a surface or material between two locations. Unitary to W/m2K is frequently represented by the symbol "h." The HTC value is contingent on several variables, such as fluid flow, object shape, temperature difference, and material selection. This coefficient is especially valuable when calculating heat transfer in processes like convection or phase changes between liquids and solids. Equation 1 is typically used to determine its value [32].
  				 (1)
In this context, the temperature denoted as Ts​ represents the means temperature (K) of the surface being tested for suction. Its value is determined using Equation 2, as referenced in [25]
 			 (2)
In this context, Tm​ stands for the bulk temperature (K)  of the fluid, and its value is determined using Equation 3.
   			 (3)
The heat transfer rate (W) in this study is determined through the use of Equation (4), as specified in [25].

[image: ]
[bookmark: _Ref148931067]Figure 2. Experimental set up

   			(4)
[bookmark: _Hlk148938897]In this context, Q1​ represents for heat transfer rate (W) originating from the power utilized, and it is determined using Equation (5). On the other hand, Q2​ the rate of heat transfer associated with the fluid's performance and is determined employing Equation (6), as indicated in reference [33].
 				(5)
  		(6)
The variables V represent voltage (measured in volts), I represent current (measured in Amperes), m˙ represents mass flow rate (measured in kg/s), and Cp represents specific heat capacity (measured in J/kg-K). Heat flux measures how quickly heat moves across a surface. It's expressed in watts per square meter (W/m²), which tells us how much heat flows through each square meter of that surface. To find heat flux using Equation 7, researchers usually measure these variables, and the specific method might differ based on the situation or the study's requirements. The equation and what exactly needs to be measured can be found in the specific reference or study being used.
   			(7)
In this scenario, "D" denotes the diameter inside (m) of the pipe, and "L" represents its length (m).

[bookmark: _Toc127875005]Determination of Reynold Number (Re) and Nusselt number (Nu)
The Reynolds number is a dimensionless parameter that encapsulates the relationship between two critical forces within a particular flow situation. It is calculated using Equation (8). Reynolds numbers are an indispensable instrument in the classification of diverse flow phenomenologies, encompassing turbulent, laminar, and transitional flow. Engineers and scientists can determine the dominant flow regime in a given situation by evaluating the Reynolds number. It is crucial for understanding fluid behavior and optimizing designs in different applications [34].
  			(8)
Where  Re represents the Reynolds number, v represents fluid velocity (m/s),), μ represents the absolute viscosity of the fluid (mPs), and ρ denotes fluid density (kg/m³) [35].
The Nusselt number (Nu) is a parameter that measures the convection heat transfer at a surface by evaluating the non-dimensional gradient of temperature. In this experiment, the Nusselt number was determined using Equation 9 [36]. This parameter helps us understand how efficiently heat is being transferred at the surface, which is crucial in various heat transfer and fluid dynamics studies [37].
  				(9)
[bookmark: _Hlk148939016]Equation 10 was used to calculate the Nusselt number (Nu). Moreover, the Nusselt numbers gained in this study were compared employing Bottler's Disstut formula (Equation 10) and Notter & Rouse's Equation 11. These evaluations and estimations aid in evaluating the system's efficiency and heat transfer coefficient under consideration, revealing valuable information about heat transfer performance [38].
   		(10)
  	(11)
Pressure drops and friction factor
Pressure drop is the energy reduction when a fluid encounters resistance while flowing through a pipe or channel. This resistance can result from factors like friction between the fluid and the pipe walls, flow velocity alterations, or pipe geometry shifts. Pressure drop is typically quantified in pressure units (Pascal). On the other hand, the friction factor gauges the impact of friction between the fluid and the pipe wall on fluid flow. It is commonly denoted as "f" and plays a role in pressure drop calculations. The value of the friction factor fluctuates based on the regime type (and the pipe's geometry.
The pressure drop is determined by subtracting the differences between the system's inlet and outlet. The pressure drop (P) is usually determined by employing Equation (12) [32].
  		(12)
The Darcy friction factor is dimensionless for assessing frictional losses in pipes. Equation (13) can be used to calculate the experimental friction factor. This parameter is critical for comprehending and quantifying fluid flow resistance, essential for various engineering and fluid dynamics applications, particularly when determining pressure drops and losses in pipes [39].
   			(13)
Equations (14) and (15) show how to calculate the friction factor using the Petukhov and Blasius equations [35]. These alternative formulas provide ways of calculating the friction factor in specific flow conditions, providing valuable tools for analyzing and predicting the behavior of fluids in different situations.
  	(14)
  			(15)

RESULTS AND DISCUSSION
Analysis of Heat Transfer Coefficient (HTC), h 
To assess the effect of EG/Water and TEG/water fluid flow rate, the HTC (h) was calculated using Equation (1) from experimental data, and the resulting averages were analyzed. As the Re of the fluid increases, the analysis demonstrates that h also increases. The impact of fluid flow rate on the HTC was examined. As the fluid flow increases, the HTC rises, as the results demonstrate. At a fluid flow rate of 4 LPM, the minimum HTC is observed, whereas the maximum HTC is attained when Re exceeds 12 LPM. The HTC values for TEG/water and EG/water are determined by the linear equations HTC= 160.1+84.24 flowrate and HTC= 163.1+82.32 flowrate, respectively. The results of this study consistently support the basic theory, which indicates that the heat transfer rate is positively related (directly proportional) to the HTC, as reported by [25]. The findings of this investigation consistently corroborate this fundamental assumption. It is widely acknowledged that the heat transfer rate positively correlates with the fluid flow rate [29]. A direct proportionality (positive correlation) was observed between the fluid mass flow rate and the fluid flow rate employed within the scope of this study [27, 40]. A direct proportionality (positive correlation) was observed between the fluid mass flow rate and the fluid flow rate employed within the scope of this study. Figure 4 provides a clear visualization of the impact of variations in fluid flow rate on the HTC. 
The fluid flow rate will affect the value of the Re number, where the higher the fluid flow rate will increase the Re number. Therefore, further analysis was carried out to obtain the phenomenon of increasing the Re number for HTC. The HTC is greatest at Re values in excess of 5500 for TEG/water and 9000 for EG/water. The minimum HTC is observed at Re values in the range of 2000. 81.9+0.2893Re for TEG/water and 81.3+0.2793Re for EG/water, respectively, indicate a significant increase in HTC as predicted by the linear equation as shows in Figure 4a. The identical phenomenon is observed in the impact of reduced pressure on HTC as shown in Figure 4b. In both instances, the evaluated fluids demonstrated a concurrent rise in HTC and Re. This phenomenon is represented in the present study by the linear equations HTC=416.7+0.4228 ΔP and 414.3 + 0.4092 ΔP. Equations corresponding to this phenomenon are (1), (8), (9) (10), and (11) [32, 34, 35, 37, 38]. The impact of Re variation on the HTC is illustrated visually in Figure 4.
Pressure drops, friction factor and Reynold number analysis
The calculations for pressure drop (ΔP) and friction factor (f) were executed utilizing Equation 12. The calculated ΔP results were then averaged and analyzed to comprehend the impact of Re variations in EG/Water fluid flow. Figure 5 illustrates the Re increases as the ΔP rises. The minimum value of Re is identified at approximately 500 Pa for pressure drops (ΔP), whereas the maximum value of Re achieved at approximately 5500 for TEG/water and 9000 for MEG/water. As per equation (8), which establishes a direct relationship between speed and the Reynolds number according to Bernoulli's principle, the flow rate will also be directly proportional to the pressure difference (ΔP) mentioned in equation (16) [41]. 


[image: ]
Figure 3. The effect of the EG/Water fluid flow rate on the heat transfer coefficient

[image: ] [image: ]
[bookmark: _Ref148931094]Figure 4. The effect of EG/Water fluid flow rate on the Nusselt number

					     (16)
Given that h1 equals h2, equation (16) can be rewritten as equation (17).
	      (17)

The friction factor (f) was calculated using experimental data and compared to the Petukhov and the Blasius equation. Equation 13 was used to calculate the experimental friction factor, while Equations 14 and 15 were used to apply the direction of the Petukhov and Blasius formula [33]. Figure 6 depicts the effect of changes in the Re on the friction factor. The data show that as the Re in EG/Water fluid flow increases, so does the friction factor. The results of the friction factor calculations based on experimental data closely align with the Petukhov and Blasius formulas.
Figure 6 illustrates that the friction factor diminishes with escalating Re in the TEG/Water and EG/water fluid flow. The findings indicate that the highest friction factor is observed at a Re around 2000, while the lowest is recorded at a Re exceeding 5500 for TEG/water and 9000 for EG water. It suggests that, in the context of TEG/Water and EG/water fluid flow, the friction factor tends to decrease as the Re rises, reflecting the fluid flow characteristics within the system.

[image: ]
[bookmark: _Ref148931140]Figure 5. Effect of Reynolds number on Pressure drops.
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[bookmark: _Ref148931159]Figure 6. Effect of Reynolds number on Friction factor.

The outcomes of this research consistently affirm the fundamental theory, as corroborated by references [34] and [35], which establish a positive correlation (direct proportionality) between the friction factor value and both pressure drop and Reynolds number (Re). It is widely acknowledged that the Reynolds number is influenced by velocity, as noted in reference [30], and fluid flow rate, as cited in reference [29]. In the specific context of this study, it was observed that fluid velocity and flow rate also exhibit a positive correlation (direct proportionality) with the Reynolds number. Consequently, the friction factor tends to decrease as the Reynolds number increases, signifying that an increase in fluid flow velocity and flow rate reduces the resulting pressure.

Analysis of Reynolds number (Re) and Flow rate correlations 
The Nu number evaluation is then compared with the Disstut Bottler (10) and Notter & Rouse (11) equations, with fluid flow rate considerations. Figure 7(a) depicts these comparative outcomes. The average of the computed outcomes is subsequently assessed in order to ascertain the impact of flow rate on the Nusselt number. The results show that the Nu rises with flow rate, with the lowest value at 4 LPM and the highest at 18 LPM. The experimental data closely matches the Nu number calculation based on the Disstut Bottler equation but outperforms the Notter and Rouse formula. The Nu number, as per equation (9) outlined in reference  [32], demonstrates a positive correlation (direct proportionality) with the Heat Transfer Coefficient (HTC), in line with the findings in reference [25]. Furthermore, the Nu number is closely linked to the Reynolds number (Re), as reference [33] indicates. It is well-established that the Nu number value is influenced by the fluid flow rate, as acknowledged in reference [29]. In this research, we have determined that the Nu number value of the fluid also exhibits a positive correlation (direct proportionality) with the fluid's flow rate, it’s confirmed reported by [42]. Therefore, an increase in the fluid flow rate leads to a corresponding increase in the Nu number, indicating a heightened heat transfer rate through the fluid.
Meanwhile, the correlation between flow rate and pressure drops is presented in Figure 7(b), which indicates that there is an increase in pressure drop along with an increase in flow rate. This phenomenon is related to Bernoulli's principle, which follows equations (16) and (1).

CONCLUSION
A successful research study analyzing heat transfer coefficients and pressure drop in copper pipe flow systems using TEG/water and EG/water fluids with a 40:60 ratio at 30°C succinctly summarized the impact of varying fluid flow rates on HTC and ΔP:
a. The rising heat transfer coefficient (HTC) observed in both the TEG/water and EG/water fluids passing through the copper pipe in conjunction with increased flow rates can be attributed to the corresponding increase in Reynolds number, directly proportional to higher flow rates. As a result, the TEG/water fluid has a greater HTC than the EG/water fluid.

[image: ][image: ]
[bookmark: _Ref148931226]Figure 7. Effect of fluid flow rate on the Nusselt number and pressure drops

a. ΔP within the fluid in the copper pipe shows a direct increase with the flow rate, while notably, the friction factor in the TEG/water and EG/water fluid decreases as flow rates rise.
b. The Reynolds number of the fluid within the copper pipe maintains a direct proportional relationship with the fluid flow rate throughout the study.
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