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Abstract: A heat exchanger’s performance depends heavily on the operating fluid’s transfer of heat capacity and thermal conductivity. Adding nanoparticles of high thermal conductivity materials is a significant way to enhance the heat transfer fluid's thermal conductivity. This research used engine oil containing alumina (Al2O3) nanoparticles and copper oxide (CuO) to test whether or not the heat exchanger’s efficiency could be improved. To establish the most effective elements for heat transfer enhancement, the heat exchangers thermal performance was tested at 0.05% and 0.1% concentrations for Al2O3 and CuO nanoparticles. The simulation results showed that the percentage increase in Nusselt number (Nu) for nanofluid at 0.05% particle concentration compared to pure oil was 9.71% for CuO nanofluids and 6.7% for Al2O3 nanofluids. At 0.1% concentration, the enhancement percentage in Nu was approximately 23% for CuO and 18.67% for Al2O3 nanofluids, respectively. At a concentration of 0.1%, CuO nanofluid increased the LMTD and overall heat transfer coefficient (U) by 7.24 and 5.91% respectively. Both the overall heat transfer coefficient (U) and the heat transfer coefficient (hn) for CuO nanofluid at a concentration of 0.1% increased by 5.91% and 10.68%, respectively. The effectiveness (εn) of a heat exchanger was increased by roughly 4.09% with the use of CuO nanofluid in comparison to Al2O3 at a concentration of 0.1%. The amount of exergy destruction in DTHX goes down as Re and volume fractions go up. Moreover, at 0.05% and 0.1% nanoparticle concentrations, the percentage increase in dimensionless exergy is 10.55% and 13.08%, respectively. Finally, adding the CuO and Al2O3 nanoparticles improved the thermal conductivity of the main fluid (oil), resulting in a considerable increase in the thermal performance and rate of heat transfer of a heat exchanger.
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Nomenclature



	LMTD
	Log mean temperature difference



	DTHX
	Double tube heat exchanger



	CV
	Control volume



	NF
	Nanofluid



	e.g.,




	T
	Temperature (control volume) (K)



	T0
	Dead state temperature (K)



	P0
	Dead state pressure (N/m2)



	u
	Velocity of water (m/s)



	z
	Elevation (m)



	g
	Specific gravity (-)



	h
	Enthalpy of water (kJ/kg)



	s
	Entropy of water (kJ/kg.K)



	W˙CV
	Control volume work (W)



	Q
	Heat capacity (kJ)



	hn
	Nanofluid heat transfer coefficient (W/m2.K)



	k
	Thermal conductivity (W/m.K)



	Re
	Reynold number (-)



	Nu
	Nusselt number (-)



	m˙h&m˙c
	Mass flow rate of hot and cold fluid (kg/s)



	ψ
	Exergy flow (J/kg)



	Ψdest
	Exergy destruction of double tube heat exchanger (W)



	e
	Dimensionless of exergy destruction (-)



	ηex
	Exergy efficiency of double tube heat exchanger (-)



	Cmin
	Smaller heat capacity rate (W/K)



	Cp
	Specific heat at constant pressure (J/kg.K)



	ρ
	Density (kg/m3)



	ε
	Effectiveness of a heat exchanger (-)



	µ
	Dynamic viscosity (kg/m·s)



	η
	Energy efficiency (%)



	ηex
	Exergy efficiency (%)



	n
	Nano fluid



	p
	Nano particle



	f
	Base fluid



	c
	Cold



	h
	Hot



	0
	Dead state



	dest
	Destruction



	ex
	Exergy





1  Introduction

Heat exchangers transmit thermal energy between two fluid streams with different temperatures and are thermally insulated by solid boundaries [1]. Active, passive, or combination approaches can be used to increase thermal conductivity in heat exchangers [2]. Vibration, electrical fields, mechanical assistance, and magnetic fields are all examples of active techniques that rely on an external power source to improve heat transfer [3]. Expanded surfaces are used instead of an external power source in passive approaches [4]. Turbulators and nanofluids are common passive techniques [5–7].

Nanofluid adds nanoscale particles less than 100 nm, such as metals, oxides, and carbides, to water, oil, ethylene, and glycol [8]. This combination improves heat exchanger heat transfer. Over the past decade, nanomaterials technology has advanced, resulting in varied nanofluids that can transport heat. Because nanoparticles with strong thermal conductivity are quickly mixed with nanofluids, temperature profiles are modified to increase energy transmission. Due to their improved thermal properties and heat transfer potential, nanofluids have gained significant interest and research (Akyürek et al. [9]). Numerous scholars have studied how nanoparticles in heat exchange fluids improve efficiency. Al Shdaifat et al. [10] used experimental and theoretical methods to analyze CuO nanoparticles, water thermo-physics, and thermal performance. The study found that nanoparticle concentration, composition, and size affect CuO heat transfer with water nanofluids. Mohammed et al. [11] tested parallel and counter flow DTHX using nanofluids with water and nanoparticles like CuO, Al2O3, and TiO2. The study found a favorable link between nanoparticle concentration and heat exchanger performance. Fares et al. [12] tested Al2O3 nanoparticles in water with used volume concentrations at 0.38%, 0.81%, and 1.30%. The trials were done in a circular tube with turbulent flow. According to experimental results, the heat transfer coefficient increased by up to 19% with Al2O3 content. Shahrul et al. [13] examined the thermal performance of Fe3O4, ZnO, TiO2, CuO, and Al2O3 nanoparticles in a shell-and-tube heat exchanger. The study found that ZnO nanofluid had the highest energy efficacy and Al2O3 had the highest heat transfer coefficient. Albadr et al. [14] studied water-based Al2O3 nanofluid convective heat transfer and flow in a horizontal shell and tube. Experimental results showed a little increase in the heat transfer coefficient. Ghozatloo et al. [15] examined shell-and-tube heat exchanger convective heat transfer coefficients. The research focused on graphene/water nanofluids in laminar flow. The convective heat transfer coefficient increased by 35.6% compared to the reference fluid. Darzi et al. [16] studied the Nu and friction factor of aluminum oxide in a double Tube Heat Exchanger (DTHX) from 5000 to 20000 Reynolds numbers. Nanoparticles had 0.25% to 1% volume and an average diameter of 20 nm. The Nu and friction factor increased 19% and 15% compared to pure water, respectively. The authors found that volume fraction increases Nu and pressure decreases. Nanoparticles also have a more significant influence at higher Reynolds numbers. Aghayari et al. [17] examined how aluminum oxide nanofluid affects heat transfer in a double tube heat exchanger (DTHX) from 15000 to 28000 Reynolds numbers. Nanofluid heat transfer was 12% faster than pure water using a counter flow design. Sarafraz et al. [18] used 40–50 nm silver nitrate and green tea leaf nanoparticles. The researchers mixed the compounds (H2O, C2H4 and C2H6O2) to test the friction factor and heat transfer coefficient in DTHX systems. A counter flow design with 1000–11000 Reynolds numbers was used. A maximum 67% increase in heat transfer coefficient was found. Also, the friction factor rose 11.3%. El-Maghlany et al. [19] examined copper nanofluid in a counterflow DTHX with water as the base fluid. Nanoparticles with volume fractions of 1% to 3% and diameters of 63 to 100 nm were used at Reynolds numbers of 2500 to 5000. The researchers found a 23.4% increase in transfer units (NTU) and a 36% increase in pressure decrease compared to water. Ramirez-Tijerina et al. [20] computationally studied nanofluid flow convection in straight tubes and microtubes. Oil of Turbine, ethylene-glycol, and H2O were used with CuO, Al2O3, SiO2, TiO2, and ZnO nanoparticles to test multiple features. The study found that nanoparticle volume concentration increases Nu by up to 16%. Bahiraei et al. [21] and Bahmani et al. [22] found that water, ethylene glycol, kerosene, and oil have poor thermal conductivity. This limits heat transfer device efficiency and performance improvements. Passive heat transmission can be improved by using nanofluids. This technique has grabbed academics’ and researchers’ interest, as shown by Plant et al. [23–25].

Second-law analysis (or exergy analysis), helps improve heat exchanger efficiency. The irreversibility of a system’s interaction with its environment makes energy analysis insufficient. However, exergy analysis reveals a system’s work potential [26,27]. Previous works have studied how techniques with the highest and lowest exergy destruction can improve system performance. Exercise analysis has garnered global attention as a viable green energy topic. Several studies have examined energy and exergy analysis of diverse systems [28], but few have examined exergy analysis in shell and tube heat exchangers. Al-Abbas et al. [29] analyzed shell and helical-coil heat exchanger exergy. The researchers examined how hot and cold-water entry temperatures and mass flow rates affect energy dissipation. The researchers found that reducing cold water flow velocity and increasing Dean number reduced exergy destruction. Thus, energy efficiency increased. Cut-out conical turbulators affected heat transmission, exergy, and pressure loss in a heat exchanger, according to Durmuş [30]. Sadighi Dizaji et al. [31] evaluated how water flow rates (hot or cold), temperature, and geometrical parameters affect exergy loss, dimensionless exergy loss, and exergy efficacy in TTHC heat exchangers. The scientists found a positive association between energy loss and hot or cold-water flow rates, intake temperatures, and coil diameters. Khairul et al. [32] evaluated energy dissipation in a corrugated plate heat exchanger with water-based CuO nanofluids. Experimental results showed nanofluids reduced exergy destruction compared to base fluid. Esfahani et al. [33] examined shell-and-tube heat exchanger energy dissipation using graphene oxide nanofluid. According to the author, graphene oxide nanofluids as the hot fluid reduced energy loss, whether laminar or turbulent.

Based on the previously mentioned research study, it is observed that the researchers only used water on the cold side and nanofluid on the hot side. However, there is a limited emphasis on investigating the utilization of nanofluid when combined with oil to augment the thermal characteristics of oil engines. However, this simulation study examined how alumina (Al2O3) and copper oxide (CuO) nanoparticles in engine oil could improve DTHX performance. This study examined heat exchange between the hot side (oil with nanofluid) and the cold side (H2O) at different Al2O3/CuO nanoparticle mixing ratios. The goal was to uncover heat exchange efficiency-boosting factors. A thorough exergy analysis was also undertaken to assess the efficacy of the proposed methodology on the (DTHX) and to examine how nanofluid volume fractions affect exergy degradation and dimensionless exergy.

2  Nanofluids Thermophysical Properties

A Nanoparticle concentration of CuO and Al2O3 in a base fluid (oil) is used to calculate the nanofluid’s thermophysical characteristics. The thermophysical characteristics of nanoparticles are shown in Table 1. Based on the nanoparticle density (ρn) and the density of the base fluid (ρf), we may calculate the density of the nanofluid as the following equation [12,34]:

ρn=φρn+(1−φ)ρf(1)

The predicted value of nanofluid specific heat of nanofluid Cpn is determined by using the same method in equation one as follows:

Cpn=φCpp+(1−φ)Cpf(2)

where Cpf is the base fluid specific heat, φ represents the nanoparticle volume concentration in the oil fluid.
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Kn is the nanofluid thermal conductivity and can be obtained from the following equation [35]:

kn=kf[kp+2kf+2φ(kp−kf)kp+2kf−φ(kn−kf)](3)

Note the kp and kf, which are represent the nanoparticles thermal conductivity, respectively.

The nanofluid absolute viscosity µn can be computed as following:

μn=μf(2.5φ+1)(4)

where µf is the fluid viscosity.

The nanoparticle volume fraction is computed by applying the given equations [6].

φf=Vp(Vp+Vf)×100(5)

The Eq. (5) may be reformulated as follows:

φf=mpρp(mpρp+mfρf)×100(6)

where Vp, mp and ρp are volume, mass, and density of nanoparticles. Vf, mf and ρf are the volume, mass, and density of the fluid (oil).

Table 1 shows the engine oil and nanoparticles (0.05, 0.1) concentrations employed in this study and their thermophysical parameters.

3  Energy and Exergy Analysis

In the present research, a DTHX was examined; the nanofluid (hot side) was circulated inside the inner tube, and water (cool side) was circulated inside the outer shell. In order to evaluate the thermal performance of DTHX, a variety of heat transfer properties are calculated. That makes use of nanofluids in the following ways: The equation given in the cited work [36], can be used to calculate:

U=QA.LMTD(7)

where U is the overall heat transfer coefficient (W/m2.°C), Q is the rate of heat transfer (W), and A is the tube surface area (m2).

LMTD (logarithm mean temperature difference) can be expressed by:

LMTD=ΔT1−ΔT2lnΔT1ΔT2(8)

where ΔT1=Th,in−Tc,out, ΔT2=Th,out−Tc,in, Th,in, Th,out are temperatures of inlet and outlet hot side (oil) and Tc,in, Tc,out are the temperatures of the incoming and outgoing cold fluid (water).

Heat transfer rate Q is established by:

Q=m˙nCpn(Th,in−Th,out)(9)

where m˙nis mass flow rate of nanofluid (kg/s), Cpn is the nanofluid specific heat (J/kg.°C).

The following formula can be used to get the coefficient of heat transfer (hn) for a nanofluid:

hn=QπDiLΔTn(10)

where Di is the internal diameter of DTHX (m2), L is the length of the tube (m) ,ΔTn is the nanofluid’s inlet and output temperatures are different.

The effectiveness (ε) of a DTHX can be calculated using the formula below:

ε=QQmax(11)

Qmax=Cmin(Th,in−Tc,in)(12)

Cmin is a representation of the cold and hot fluid’ s minimum value and equal (m˙ Cp).

The Nu and Re are two critical parameters in fluid mechanics and heat transfer analysis. The determination of the Re for nanofluid flow can be calculated using the following equations:

Nu=hnDikn(13)

Re=ρnDiuiμn(14)

where: kn is nanofluid thermal conductivity (W/m.°C), ui is the velocity (in meters per second) of the nanofluid in the tube, μn is the nanofluid dynamic viscosity (kg/m.s).

According to the second law of thermodynamics [29,36], exergy is the greatest amount of work that must be extracted from a system under the existing conditions. The exergy balance can be represented by the following equation [37]:

dψsysdt=∑Q˙CV.(1−ToT)−∑W˙CV+P0dudt+∑m˙in.ψin−∑m˙out.ψout−To.S˙gen.(15)

In the present investigation, the subsequent equation can be employed to assess the quantity of exergy destruction (referred to as exergy destroyed) inside a specific control volume, as expressed by references [31,37].

ψdest=To[m˙hCphln⁡(Th,outTh,in)+m˙cCpcln⁡(Tc,outTc,in)](16)

The dimensionless exergy loss can be determined [38,39] as:

e=ψdestm˙hCph{ΔTh−To[ln⁡(Th,outTh,in)]}(17a)

e=ψdestm˙hCph{(Th,in−Th,out)−To[ln⁡(Th,outTh,in)]}(17b)

An exergy or second law efficiency can be calculated for a system like heat exchangers that does neither produce nor input work. It measures how much the process accomplishes its goal based on input availability changes. Second-law efficiency of a heat exchanger is described as the ratio of the actual heat transfer to the maximal heat transfer between the high and low temperature of the fluid stream [38,39].

ηex=m˙cCpc{(Tc,out−Tc,in)−To[ln⁡(Tc,outTc,in)]}m˙hCph{(Th,in−Th,out)−To[ln⁡(Th,inTh,out)]}(18)

4  Simulation

All Many industrial and power plants use process simulation software like ASPEN PLUS and HYSYS to monitor and evaluate system performance. This study examines adding nanofluids to Aspen Plus process modeling. The algorithm should better forecast how nanofluids would affect simulated operations. This could help study nanofluid effects in thermal energy systems and industrial processes. It may also enable nanofluid use. Metals and water are typically found in simulation system databases. Per Aspen Plus, particle size distribution is micron-scale. Modeling energy systems or processes with nanofluids may be impractical or misleading. Al2O3 and CuO nanoparticles can be used in water, oil, and lubricants. If the nanofluids are properly produced and have stable properties throughout the process, Aspen Plus, a process simulation software, is evaluated for simulation. The steps of simulation can be concluded:

1.    Select the add components (water, Al2O3, CuO and Oil).

2.    Select property method (Pang Robinson as base method and Steam-TA as water method).

3.    Go to simulation, main flow sheet as shown in Figs. 1–3 and input all information data such as (temperature, pressure, mass fraction composition ..., etc.).

4.    Run simulation.

5.    Result summary.
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Figure 1: Aspen plus simulation of the base fluid and corresponding to pure oil in the thermal energy system
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Figure 2: Aspen plus simulation of the base fluid and corresponding nanofluid (0.05, 0.1 vol.% Al2O3) in the thermal energy system
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Figure 3: Aspen plus simulation of the base fluid and corresponding nanofluid (0.05, 0.1 vol.% CuO) in the thermal energy system

Moreover, this study examines Al2O3 and CuO nanoparticles with oil. This study used fixed factors like temperature, with heated oil at 60°C and cold water at 20°C. Hot oil and cold-water flow rate at 100 and 60 liters per hour, respectively. The heat exchanger’s long was 3240 mm. The tube had a 13.2 mm internal diameter and 20 mm external diameter. A 35-mm-diameter of heat exchanger shell was also used. In contrast, this study examines how nanoparticle concentrations at 0.05% and 0.1% in volume fraction affect heat transfer characteristics. Nu, LMTD, overall and convection heat transfer coefficients, and heat exchanger efficacy are included. An extensive exergy analysis is also performed to determine how nanofluid affects exergy degradation. Fig. 1 shows a simple flowchart created with Aspen Plus for DTHX where heats oil in the first test. Fig. 2 shows a DTHX with NF1 (Al2O3 + Oil). Finally, Fig. 3 refers for DTHX with NF2 (CuO + Oil).

5  Results and Discussions

5.1 Energy Analysis

Fig. 4 demonstrates a positive correlation between Nu and Re across various nanoparticle concentrations and pure oil. It should be noted that Nu exhibits an upward trend as the concentration of nanoparticles is increased. The observed enhancement percentages in Nu for the nanofluid consisting of CuO nanoparticles, compared to pure oil, were found to be 9.71% and 23% for nanoparticle concentrations of 0.05% and 0.1%, respectively. While the Al2O3 nanofluid exhibited increases in the Nu of 6.7% and 18.67% at nanoparticle concentrations of 0.05% and 0.1%, respectively. Moreover, Fig. 4 demonstrates that the Nu was 3.32% greater for the 0.05 concentration of CuO nanofluid compared to the 0.05 concentration of Al2O3 nanofluid. Nevertheless, upon comparing the nanofluids containing 0.1 CuO and 0.1 Al2O3, it was observed that the enhancement in the Nu was 4.09% for 0.1 CuO compared to the 0.05 concentration of Al2O3 nanofluid.
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Figure 4: Nu vs. Re for different nanofluid and pure oil

The relation between the Re and the LMTD is illustrated in Fig. 5. When comparing nanofluids containing Al2O3 and CuO to pure oil, it was shown that the LMTD increased by 6.67% and 9.37%, respectively. This improvement in LMTD was observed at a nanoparticle concentration of 0.05%. While at a concentration of 0.1%, the enhancement percentages for Al2O3 and CuO, in comparison to pure oil, were found to be 17.3% and 22.35%, respectively. Fig. 5 demonstrates that the LMTD was 3.3% greater for the nanofluid containing 0.05% copper oxide (CuO) compared to the nanofluid containing 0.05% aluminum oxide (Al2O3). Nevertheless, upon comparing the nanofluid containing 0.1 CuO with the nanofluid containing 0.1 Al2O3, it was observed that the LMTD exhibited an enhancement of 7.24 % for 0.1 CuO campard to the 0.05 concentration of Al2O3 nanofluid.

[image: images]

Figure 5: LMTD vs. Re for different nanofluid and pure oil

Fig. 6 shows the correlation between (U) and (Re) for nanofluids with a 0.05% concentration of both CuO and Al2O3 nanoparticles. The observed enhancement in thermal conductivity for CuO nanofluid was found to be more significant than that for Al2O3 nanofluid, which can be attributed to the superior thermophysical characteristics exhibited by CuO nanoparticles in comparison to Al2O3. The CuO thermal conductivity is comparatively higher, leading to an increased nanofluid heat transfer capacity and consequently, a notable enhancement in the overall heat transfer coefficient. At a Re of 1200, the CuO nanofluid exhibited a 3.14% increase in the value of U compared to the Al2O3 nanofluid. Fig. 6 demonstrates a comparable pattern in the overall heat transfer coefficient with a nanoparticle concentration of 0.1%. However, it is noteworthy that the augmentation percentage in the overall heat transfer coefficient (U) for CuO nanofluid was 5.91%, in contrast to Al2O3 nanofluid.
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Figure 6: Overall heat transfer coefficient vs. Re for different nanofluid and pure oil

The convective heat transfer coefficient (hn) in the heat exchanger has a direct proportionality to the overall heat transfer coefficient. An increase in convective heat transfer leads to a corresponding rise in the overall heat transfer coefficient. The aforementioned phenomenon is evident in Fig. 7, which illustrates the fluctuation of the average nanofluid heat transfer coefficient (hn) with respect to the Re for nanofluids containing 0.05% concentrations of CuO and Al2O3. The percentage of augmentation in heat transfer for the CuO nanofluid in hn was around 9.33% when compared to that of Al2O3. Fig. 7 further demonstrates that at a concentration of 0.1%, the hn enhancement for the CuO nanofluid was close to 10.68% when compared to the Al2O3 nanofluid.
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Figure 7: Average heat transfer coefficient vs. Re for different nanofluid and pure oil

Fig. 8 depicts the relationship between heat exchanger effectiveness and Re for three different fluid compositions: pure oil, 0.05% concentration of CuO nanofluid, and 0.1% concentration of Al2O3 nanofluid. There is a notable enhancement in the effectiveness of heat exchangers when using CuO nanofluid as compared to Al2O3. This can be attributed to the more favorable thermal properties exhibited by CuO nanoparticles in comparison to Al2O3. The heat exchanger effectiveness exhibited an increase of around 3.32% when using a 0.05 concentration of CuO nanofluid, as compared to a 0.05 concentration of Al2O3 nanofluid. In contrast, when the nanofluids containing 0.1% CuO and 0.1% Al2O3 were compared, a notable increase of 4.09% in heat exchanger effectiveness was seen.
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Figure 8: DTHX effectiveness vs. Re for different nanofluid and pure oil

The incorporation of copper oxide (CuO) and aluminium oxide (Al2O3) nanoparticles has the potential to enhance the thermal conductivity of the underlying fluid medium, specifically oil. This addition can result in an augmented heat transfer surface area inside the nanofluid, as well as induce turbulence in the flow due to the dispersion of particles. The aforementioned impacts have the potential to greatly augment the rate of heat transfer and improve the thermal performance of the DTHX. Because of this, using nanofluids as the working fluid in heat exchangers is widely recognized as a highly effective strategy for boosting heat transfer.

5.2 Exergy Analysis

Exergy dimensionless, destruction and efficiency over Re is studied for each scenario at various nanofluid concentration to evaluate system performance. The dimensionless exergy destruction against Re for various nanofluid concentration are drawing in Fig. 9. Exergy destruction is a quantifiable measure of energy breakdown in the (DTHX) because it provides a clear indication of the quantity of possible work wasted during a process. The results show that when Re and volume fractions increase, the exergy destruction in DTHX reduces, and the percentage increase in dimensionless exergy in DTHX is 10.55% and 13.08%, respectively, at 0.05% and 0.1% nano particles concentrations.
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Figure 9: Dimensionless exergy vs. Re for different nanofluid and pure oil

Similar behavior can be gotten in Fig. 10 for exergy destruction. This demonstrates that using nanofluids in DTHX reduces energy waste and boosts productivity.
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Figure 10: Exergy destruction vs. Re for different nanofluid and pure oil

Fig. 11 illustrates the comparative analysis of exergy efficiency in relation to Re for various nanofluids and pure oil. The simulation results shown that the utilization of nanofluid at various concentrations yields higher exergy efficiency values in comparison to the absence of nanofluid (pure oil). The study observed an increase in exercise exergy efficiency in DTHX of 19% and 24.45% for nanoparticle doses of 0.05% and 0.1%, respectively.
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Figure 11: Exergy efficiency vs. Re for different nanofluid and pure oil

6  Conclusions

According to the results, it appears that the addition of CuO and Al2O3 nanoparticles to the basic fluid (oil) can significantly increase the thermal performance of the DTHX. The use of nanofluids in heat exchangers is the most promising strategy for boosting heat transfer due to their improved transfer characteristics. Important findings from the current research include:

1.    Compared to pure oil, nanofluids with 0.05% particle concentration increased Nusselt number (Nu) by 9.71% for CuO and 6.7% for Al2O3. Similarly, at a concentration of 0.1%, the percentage increase in Nu was nearly 23% for CuO nanofluids and 18.67% for Al2O3 nanofluids.

2.    The percentage increase in LMTD for CuO nanofluid was 7.24% when compared to Al2O3 at 0.1% concentration.

3.    The percentage increase in heat transfer coefficient (hn) values for CuO nanofluid was 10.68% when compared to Al2O3 at 0.1% concentration.

4.    The augmentation percentage in total overall heat transfer coefficient (U) for CuO nanofluid was 5.91% when compared to Al2O3 at 0.1% concentration.

5.    The CuO nanofluid improved heat exchanger effectiveness (εn) by about 4.09% when compared to Al2O3 at 0.1% concentration.

6.    The exergy destruction in the double tube heat exchanger (DTHX) reduces with rising Re and volume fractions, with 10.55% and 13.08% enhancement percentages in dimensionless exergy in (DTHX) at nanoparticle concentrations of 0.05% and 0.1%, respectively.
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Table 1: Thermophysical properties for nanoparticles and engine oil [36]

Properties 0.05A1,0, 0.1 ALO;, 0.05CuO 0.1CuO Engine oil
Density (kg/m?) 1033.6 1179.2 1168.6 1449.2 863.9
Specific heat (J/kg.K) 1732.268 1797,756 1758.218 1846.996 2048
Conductivity (W/m.K)  0.1673 0.19035 0.1675 0.19255 0.1404
Nanoparticle’s diameter 80 50 -

(nm)
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