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ABSTRACT Article information:

This study investigates the performance of an ethylene glycol/water * Subr_mtted. 22/10/2023
(EG/Water) fluid at a 40:60 volume ratio, a commonly used base fluid in  * Revised: 22/12/2023
heating and cooling systems. The evaluation focuses on analyzing heat ® /Accepted: 24/12/2023
transfer coefficients and pressure drops. The research adopts an experimental

approach, utilizing a test section made of pure copper with an inner diameter f\uthor correspondence:

of 16 mm, an outer diameter of 19 mm, and a length of 1500 mm. The volume >4: .
ratio of EG/Water at 40:60 is an input parameter, along with varying fluid ~ Sukarman@ubpkarawang.ac.id
flow rates controlled by a valve, ranging from 2 to 18 liters per minute (LPM). .

Two tubular heaters with a combined capacity of 2000 W are attached to the ~ 1YPe of article:

copper pipe, regulated by a 3000 W voltage regulator. Electric current is [ Research papers

measured with amperemeter. The temperature inlet of EG/Water was set in

60°C. The experimental results reveal that the heat transfer coefficient of the [ Review papers

EG/Water fluid increases as the fluid flow rate rises. The highest heat transfer o )
coefficient is achieved at 18 LPM, while the lowest is observed at 4 LPM. 'S IS an open access article
Pressure drops increases with higher flow rates, but this does not significantly under the CC BY-NC license

affect the friction factor, as it undergoes a noticeable decrease while the
Reynolds number increases.
BY NC

Keywords: Friction factor, Reynolds number, Ethaline Glycol/Water, heat
transfer coefficient, Pressure drops

1. INTRODUCTIONS

Heat transfer plays a pivotal role in numerous thermal applications, particularly in heating and cooling
systems, where comprehending the process of heat transfer between copper pipes and the flowing fluids is
of paramount importance [1]. The efficiency of heat transfer has a substantial impact on the overall
performance of a system. The common practice of using a blend of ethylene glycol (EG) and Water (Water)
in various cooling systems is aimed at fine-tuning the fluid's thermal properties and viscosity, factors that
significantly influence the heat transfer process [2]. Consequently, exploring the optimal mixture ratios
becomes essential in advancing the development of systems that are not only more efficient but also more
effective. The heat transfer coefficient is a crucial metric for assessing a fluid's capacity to transfer heat. It
is, therefore, imperative to elucidate how the EG/Water ratio in this mixture impacts the heat transfer
coefficient. Furthermore, the use of the EG/Water blend can also alter the viscosity and flow characteristics
of the fluid, subsequently affecting the pressure required to propel the fluid through the piping system [3].
Hence, gaining an understanding of the implications of these mixtures on pressure drop within the pipe
becomes a matter of great significance.
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The heat transfer coefficient is an essential factor that measures the rate at which heat is transferred
across a surface and the medium of fluid [4, 5]. It denotes the capacity of the fluid to conduct heat and is an
important factor for assessing the effectiveness of heat transfer processes [6, 7]. The heat transfer coefficient
is influenced by a variety of factors, including fluid attributes, conditions of flow, and surface characteristics
[8, 9]. It is affected by parameters such as fluid velocity [10-12], density [13], viscosity [14], thermal
conductivity [15], and the presence of nanoparticles throughout the fluid [16, 17]. An accurate understanding
of the heat transfer coefficient is essential when designing and optimizing cooling systems [18], heat
exchangers [17], and other heat transfer devices, as it has an immediate effect on the overall heat transfer rate
[19] and efficiency [20].

Heat exchangers find widespread application in a variety of industrial and residential settings,
including power plant boilers as well as vehicle and building air conditioning systems [21]. To ensure the
efficient operation of these systems, engineers require accurate correlations to optimize the design of these
heat exchangers. Achieving maximum efficiency entails striking a delicate balance between high heat transfer
rates and minimal pressure drops [22]. During the design phase, engineers have the option to choose between
two flow regimes: laminar flow, which yields lower heat transfer rates and pressure drops, or turbulent flow,
offering higher heat transfer rates and pressure drops [23]. Despite the usual practice of separately analyzing
pressure drop and heat transfer, it's essential to recognize that there exists a direct and frequently
underestimated relationship between these two factors [20].

Ethylene glycol and Water based fluids are solutions of ethylene glycol/water ((EG/Water) [24]. These
fluids are frequently used heat transfer agents in various applications, including HVAC systems, automotive
engines, and industrial processes. The ethylene glycol can influence the performance of EG/Water-based
fluids to water ratio, also known as the ratios of EG in the mixture. The ratio selected may differ depending
on implementation’s specific needs, including for freeze protection or the desired operational temperature
range.

Numerous studies have explored the performance of EG/Water mixtures. 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) [26]. 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].
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Figure 1. A visual representation of the experimental configuration adapted from [26].
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Furthermore, various researchers in the field have carried out by Ghozatloo et al. [9], explored
nanofluids with EG/Grn ratios, encompassing varying volume concentrations from 0.1% to 1.5%. They tested
heat transfer 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. [27] conducted a study that specifically focused on heat transfer coefficients and overall heat transfer
coefficients utilizing a 40:60 EG/Water ratio. They adopted an experimental approach and utilized a test
section with a compact heat exchanger. Their experimental data analysis results were compared with a Water-
based fluid's performance.

This study focuses on a preliminary investigation to optimize the utilization of a basic fluid mixture
comprising ethylene glycol and water to determine the heat transfer coefficient while simultaneously
lowering the mixture's freezing point. This research endeavor holds the potential to contribute significantly
to the ongoing exploration of EG/water-blended fluids. It is worth noting that the existing literature lacks an
in-depth analysis of heat transfer coefficients and friction factors in single-pipe systems employing EG/water
mixtures. In this context, our research evaluates heat transfer coefficients (HTC) and friction factors for a
40:60 EG/water volume ratio with an operational temperature of 60°C. This experimental research,
encompassing various fluid flow rate variations, is poised to offer novel insights into enhancing the efficiency
of heat transfer systems that rely on EG/water-based fluid mixtures. Incorporating additives such as
nanoparticles to enhance heat transfer characteristics holds significant promise for boosting heat transfer
efficiency, particularly when transitioning from systems with relatively low heat transfer rates to higher-
efficiency setups.

2. METHOD

2.1. Properties of Ethylene Glycol and Water

The thermal and physical characteristics of EG/ water mixture play a crucial role in a wide range of
industrial and scientific applications, particularly in heat transfer and fluid dynamics [28]. Ethylene glycol
has a melting point of -13°C, a boiling point of 197.3°C. At 20°C, ethylene glycol is distinguished as an
exceptional heat transfer fluid due to its density of 1113.4 kg/m?, a significant specific heat capacity of about
2430 J/kg.K, and a notable thermal conductivity of 0.25 (W/m.K). In contrast, water at the same temperature
excels as a heat storage medium owing to its high specific heat capacity of roughly 4180 J/kg.K and relatively
elevated density of 998.2 kg/m? allowing it to retain substantial thermal energy, combined with a
commendable thermal conductivity of 0.606 W/m.K [29]. A thorough understanding of these properties is
essential when designing systems that use EG and Water as coolants, heat transfer fluids, or for various
industrial applications. Table 1 presents the thermophysical properties data for Ethylene glycol.

Table 1. The thermophysical properties of ethylene glycol/Water mixture with a volume ratio of 40:60 [31].

Temperature (K) I(Zl)(egr;frl]ts))/ Viscosity (Pa.s) Heat Spe}zi)fic (J/kg. Thermal con?(u)ctivity (W/m.
303 1041.3 0.00219 3674 0.441
308 1039.1 0.00188 3688 0.445
313 1036.8 0.00163 3702 0.450
318 1034.4 0.00143 3716 0.453
323 1031.8 0.00126 3730 0.457
328 1029.2 0.00113 3745 0.460
333 1026.4 0.00101 3759 0.463
338 1023.5 0.00092 3773 0.466
343 1020.4 0.00083 3787 0.469
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2.2. Experimental Set up

The test section is constructed of pure copper pipe with a thickness and inner diameter of 1.5 mm and
18 mm, respectively. T1-T1o K-type thermocouples are strategically placed along the copper test section. Two
thermocouples placed at the inlet (T;) and outlet (T,). Pressure sensors are installed to measure the difference
in pressure between the inlet (P;) 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 0-250VVAC. The copper pipes are heated
by two tubular heater units, each with a 2000 W power capacity.

The calibration of all measurement instruments is the first step in the data collection process. A mixture
of EG (ethylene glycol) and water in a 40:60 ratio is introduced into a 20-liter capacity tank and circulated
through the experimental system until the pipes and hoses are filled. It circulated and was powered by a
centrifugal pump. The data logging is set to record at 1-second intervals. At an inlet temperature of 60°C, the
heaters are activated simultaneously, initiating the data recording process for temperature, pressure, and fluid
flow rate. This system's chiller is a heat exchanger to maintain controlled inlet temperature conditions at 60°C
and ensure it remains within specified parameters. Temperature, pressure, and flow rate data were collected
using a data logger with an accuracy of approximately 0.01°C for temperature, 0.01 PSI for pressure, and
0.01 LPM for flow rate measurements.

Experimental methods establish the relationship between a parameter input, such as a flow rate,
temperature, pressure, and fully developed conditions are controlled conditions. It is critical to manage
experimental settings and the event itself precisely. Including a control group in experimental research is
critical to ensure effective variable control. Figure 2 provided schematic test section in this study.
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Figure 2. Experimental set up

2.3. Heat Transfer Coefficient (HTC), h

The HTC is a measurement of how well a material or surface can transfer heat from one location to
another. It is commonly denoted as "h" and is measured in W/m?K. The HTC value depends on various
factors, including the material's selected, the shape of the objects involved, the way fluids flow, and the
temperature difference between them. 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 [25].
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2 (®)

T Ts—-Tm

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].

1, = E=T) )

In this context, Tr, stands for the bulk temperature (K) of the fluid, and its value is determined using Equation
3[30].

Tin—Tou
T = =152 ©)

The heat transfer rate (W) in this study is determined through the use of Equation (4), as specified in [21].

Q=272 )
In this context, Q; represents for heat transfer rate (W) originating from the power source used, and it is
determined using Equation (5). On the other hand, Q2 is the heat transfer rate associated with the fluid's
performance and is determined employing Equation (6), as indicated in reference [31].

Q1 =VI )

Q2 =mCy(T, — Tp) (6)

where V for voltage (volts), | for current (Amperes), m™ for mass flow rate (kg/s), and Cp for specific heat
capacity (J/kg-K). Heat flux measures how quickly heat moves across a surface. It's expressed in watts per
square meter (W/m?2), 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 [32].

4" = 7)

" DL
Where D, represented for inner diameter (m) of the pipe and L, which stands for the length of the pipe (m).

2.4. 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 serve
as a valuable tool for categorizing various types of flow, including laminar, turbulent, and transitional flow.
By evaluating the Reynolds number, engineers and scientists can determine the dominant flow regime in a
given situation, which is crucial for understanding fluid behavior and optimizing designs in different
applications [33] .

Re =— (8)

Where Re represents the dimensionless Reynolds number, v represents fluid velocity (m/s),), u represents
the absolute viscosity of the fluid (mPs), and p denotes fluid density (kg/m?3) [34].

The Nusselt number (Nu) is a parameter that characterizes convection heat transfer at a surface by
quantifying the non-dimensional temperature gradient. In this experiment, the Nusselt number was
determined using Equation 9. 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 [35].

hD
Nu = 7 (9)

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 [36, 37].
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Nu = 0.023Re%8pr04 (10)
Nu =5+ 0.015Re?856 py0:347 (11)

2.5. Pressure Drops and Friction Factor

Pressure drop is the reduction in energy that happens 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, alterations in flow velocity, or shifts in pipe geometry. 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's commonly denoted as "f" and plays a role in pressure drop calculations. The value
of the friction factor fluctuates based on the regimes type (and the pipe's geometry.

The pressure drop is determined by subtracting the pressure differences at the system's inlet and outlet.
The pressure drop (P) is normally determined by employing Equation 12 [29, 38].

AP = Pip — Poyt 12)

The Darcy friction factor is a dimensionless factor 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, which is important for various engineering and fluid dynamics applications,
particularly when determining pressure drops and losses in pipes [39].

f =77
3)er%)
Equations 14 and 15 show how to calculate the friction factor using the Petukhov and Blasius equations

[40]. These alternative formulas provide ways of calculating the friction factor in specific flow conditions,
providing useful tools for analyzing and predicting the behaviour of fluids in different situations [41, 42].

(13)

f =(0.79InRe — 1.64)2 (14)
0.3164
f = Re[) 25 (15)

3. RESULT AND DISCUSIONS
3.1. Analysis of Heat Transfer Coefficient (HTC), h

The HTC (h) was determined from experimental data using Equation (1), and the results were averaged
and analyzed to assess the impact of EG/Water fluid flow rate. The analysis revealed that h increases as Re
of the fluid rises. The lowest HTC occurs at Re values in the range of 2000, while the highest is observed at
Re values exceeding 8000. A substantial increase in HTC occurs within the Re range of 2000 to 4500 and
between 6500 and 8000. Beyond this range, the increase in h is less pronounced. Figure 3 visually depicts
the influence of Re variation on the HTC.
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Figure 3. The effect of EG/Water fluid flow rate on the Nusselt number
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The fluid flow rate's effect on the HTC was analyzed. The results demonstrate that the HTC rises as the fluid
flow increases. The lowest HTC is observed at a fluid flow rate of 4 LPM, while the highest is at a Re
exceeding 12 LPM. Figure 4 provides a clear visualization of the impact of variations in fluid flow rate on
the HTC. 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 (heat transfer coefficient), as documented in
reference [25]. There is a strong understanding that the fluid flow rate influences the heat transfer rate [43,
44]. In the context of this research, it was found that the fluid mass flow rate also has a positive correlation
(directly proportional) to the fluid flow rate used.

3.2.  Analysis of the effect of Reynold number on Pressure drops

Pressure drop (4P) and friction factor (f) calculations were performed using Equation 12. The
calculated AP results were then averaged and analyzed to comprehend the impact of Re variations in
EG/Water fluid flow. Figure 5 illustrates the 4P increases as the Re in flowrate rises. The lowest 4P is
observed when the Re around 2000, while the highest occurs when the Re surpasses 8500.
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Figure 4. The effect of the EG/Water fluid flow rate on the heat transfer coefficient

The observation of a pressure drop that increases in tandem with the Re number is evident from Figure
5. The Re number is directly proportional to the fluid velocity and flow rate, which causes this phenomenon
to occur. Consistent with the results documented by [36], which indicate that pressure drop increases with
increasing flow rate and Re number, this instance also demonstrates an increase in pressure drop.
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Figure 5. Effect of Reynolds number on Pressure drops.
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3.3. Analysis of the effect of Reynold number on Friction factor

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 Petukhov and Blasius formula direction [36] . 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 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 8500. It suggests that, in the context of EG/Water fluid flow, the friction factor
tends to decrease as the Re rises, reflecting the fluid flow characteristics within the system.
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Figure 6. Effect of Reynolds number on Friction factor.

The outcomes of this research consistently affirm the fundamental theory, as corroborated by
references [39] and [40], 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 [31].
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.

3.4. Analysis of Reynolds number (Re) and Nusselt number (Nu

The Re and Pr were determined using equations (8) and (9), and the resulted in averaged than analysed
to examine the influence of fluid flow rate on these two dimensionless parameters. The research outcomes
reveal that the Re and Pr numbers increase as the EG/Water fluid flow rates rise. The lowest Reynolds humber
was obser The Re and Pr at a flow rate of 4 LPM, while the highest occurred at 18 LPM. A similar pattern
was observed for the Prandtl number, with the lowest value recorded at 4 LPM and the highest at 18 LPM.
Figure 7 visually represents the data for the The Re and Pr numbers.

The Nu number evaluation is then compared with the Disstut Bottler (10) and Notter & Rouse (11)
equations, with fluid flow rate considerations. Figure 8 depicts these comparative outcomes. The calculated
results are then averaged and analyzed to determine the effect 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.
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Figure 7. Effect of EG/Water fluid flow rate on Re and Pr.

The Nu number, as per equation (9) outlined in reference [35], demonstrates a positive correlation
(direct proportionality) with the HTC, in line with the findings in reference [25]. Furthermore, the Nu number
is closely linked to the Reynolds number (Re), as reference [25, 36] indicates. It is well-established that the
Nu number value is influenced by the fluid flow rate, as acknowledged in reference [31]. 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. 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.
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Figure 8. Effect of EG/Water fluid flow rate on the Nusselt number

4.  CONCLUTIONS

The research effectively examined heat transfer coefficients and pressure drop in copper pipe flow
systems employing a 40:60 EG/water fluid mixture at a temperature of 60°C. Significant effects of fluid flow
rate variations on HTC and pressure drop (AP) were observed. A positive correlation was observed between
flow rate and HTC in the EG/Water fluid; as flow rate increased, HTC also increased. This correlation was
observed to be associated with the simultaneous increase in the Reynolds number (Re), which increases in
tandem with higher flow rates and thus increases the heat transfer coefficient. On the contrary, the value of
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AP in the fluid contained within the copper pipe exhibited a direct correlation with the rate of fluid flow,
suggesting that higher flow rates resulted in a greater increase. It is noteworthy that as the flow rate increased,
the friction factor in the EG/Water fluid decreased. In addition, a direct correlation was observed between
the fluid flow rate and the Reynolds number of the fluid within the copper pipe.
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