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Heat exchangers are widely employed in various industrial applications due to their 
ability to facilitate efficient heat transfer. This study investigates the performance 
analysis, friction factor, and pressure drop of a double-pipe heat exchanger using 
baseline water and Fe₂O₃ nanofluid at volume concentrations of 0.10% to 0.175% and 
flow rates of 1 to 2 LPM (liter per minute). The test-rig was operated at temperature of 
70 °C for requirement. Initially, experiment was taken place using water coolant than 
operated by nanofluid. The whole experiment took place for measuring and analyzing 
friction factor, heat-transfer performance and pressure drop of a double-pipe heat 

exchanger using both fluids. However, nanofluid was prepared by certain volume 
concentration using hot plate and mechanical stirrer. The nanofluids stability was 
maintained up to 2 hours. Moreover, Reynolds number was set to analyze friction 
factor, and pressure drop of a double-pipe heat exchanger. The maximum friction factor 
was produced by Fe₂O₃ nanofluid compared to baseline water, and recorded as and 
0.052 at a Reynolds number of 3530. The maximum increment in friction factor taken 
place 7% in under counter-flow conditions using Fe₂O₃ nanofluid. This enhancement 
attributed to increase due to more viscosity and density of Fe₂O₃ nanofluid than 
baseline water. This caused the overall reduction of Reynolds number of 3530. 
Additionally, pressure drop took place higher for Fe₂O₃ nanofluid compared to the 
water. More pressure drop caused the more pumping power consumption 

approximately by 6%. Thus, overall results increased the heat-transfer performance, 
and effectiveness of double-pipe heat exchanger using Fe₂O₃ nanofluid compared to 
conventional baseline water made it a suitable and best fluid for industrial applications. 
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Introduction 

A nanoparticle is a very small particle with at least one dimension in the nanometer (nm) range, typically between 1 and 100 
nm. Because of their extremely small size, nanoparticles often exhibit physical, chemical, thermal, and optical properties that 
differ from those of the same material in bulk form. In nanofluids, nanoparticles such as Al₂O₃ (aluminium oxide) and Fe₂O₃ 
(iron oxide) are dispersed in a base fluid such as water. Their high surface-area-to-volume ratio and enhanced thermal 
properties can improve the thermal conductivity and heat-transfer performance of the fluid. Nanoparticles are ultrafine solid 
particles having at least one dimension within the nanoscale range (approximately 1–100 nm), whose unique physicochemical 
properties make them suitable for enhancing the thermal and transport characteristics of conventional fluids when uniformly 

dispersed in a base fluid [1]. 

Effect of nanoparticle in water 

When nanoparticles are dispersed in water, the resulting mixture is called a nanofluid. Nanoparticles can significantly change 
the thermal and flow properties of water. The inclusion of nanoparticles in water increases thermal conductivity, heat-transfer 

coefficient, pressure drop, pumping power and performance which may improving its ability to transfer more heat. Addition of 
solid nanoparticles increases density and viscosity of nanofluid. Thus improves heat-exchangers effectiveness. Despite the 
additional pressure drop and pumping-power requirements, nanoparticles can improve the overall heat-transfer performance 
of a heat exchanger [2-5]. 

Aluminum oxide (Al₂O₃) nanoparticles have attracted considerable attention in various industrial fields, including biomedical, 
pharmaceutical, manufacturing, and materials industries, due to their favorable thermal properties, durability, and stability at 
high operating temperatures. The nanoparticles can be synthesized using several techniques, including sputtering, pyrolysis, 

and laser ablation. When nanoparticles are dispersed in a base fluid, they can enhance the thermal and transport properties of 
the resulting nanofluid [6]. Ali et al. investigated various characteristics of nanofluids, with particular emphasis on their 
stability and thermal performance [7]. Similarly, Krishna et al. reported that water, Al₂O₃-water, and TiO₂-water nanofluids 
can be used as working fluids for improving heat removal from electronic and heat-transfer equipment [8]. Their investigation 
considered important performance parameters, including heat transfer and thermal conductivity [9]. Kaggwa et al. 
experimentally investigated the effects of two different nanofluids flowing through a double-pipe heat exchanger at different 
flow rates and nanoparticle volume concentrations [10]. Their results demonstrated that the use of nanofluids can improve 
heat-transfer characteristics and potentially reduce the required size and cost of heat exchangers [11]. 

Several effects have further examined the flow characteristics using nanoparticle concentration and also analyzed the heat-
transfer performance. An experimental investigation of nanosized particles demonstrated that the Reynolds number and 
Nusselt number increased when nanoparticle volume concentrations of 0.25–0.5% were used under turbulent-flow conditions 
[12]. Another study reviewed the future applications of nanofluids in various engineering fields and discussed their use in 
different heat-transfer devices. The study also identified several challenges associated with the preparation, characterization, 
stability, and practical application of nanofluids [13]. 

The performance of different heat-exchanger configurations using Al₂O₃ nanofluids has also been investigated. An experimental 
study compared double-pipe, plate-type, and shell-type heat exchangers using Al₂O₃ nanofluids at volume concentrations of 
0.2%, 0.5%, and 1%. The results indicated that the double-pipe heat exchanger provided favourable heat-transfer performance 
compared with the other configurations [14]. In another experimental investigation, the effects of mass flow rate, temperature, 
and nanoparticle concentration on the overall heat-transfer coefficient were examined. The results showed that a 1% Al₂O₃/CuO 
nanofluid exhibited improved performance compared with the other investigated nanofluids [15]. 

In this study, the convective heat-transfer performance and pumping power of a helical coiled heat exchanger were investigated 
simultaneously under laminar water-flow conditions. A hybrid nanofluid consisting of MWCNT–Fe₃O₄ dispersed in water was 

used at volume fractions of 0.1% and 0.3%. Two different tube geometries, namely bare and ribbed tubes, were considered for 
the heat-exchanger section. The ribs were positioned orthogonally at an angle of 90° with respect to the inclined configuration. 
Three different Reynolds numbers within the laminar-flow regime were selected for the investigation based on the non-
dimensional M number applicable to coiled tubes. Computational fluid dynamics (CFD) was employed to analyze the thermal 
and fluid-flow characteristics of the system. The convective heat-transfer coefficient was used as an important performance 
parameter for evaluating the effectiveness of the nanofluid in the heat exchanger, while pressure drop and pumping power 
were simultaneously considered to assess the hydraulic performance [16]. 
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Effect on Friction Factor 

Adding nanoparticles raises the dynamic viscosity of the fluid, which directly elevates the wall shear stress and the Darcy-
Weisbach friction factor.  

 Particle Size Effect: Smaller nanoparticle sizes lead to higher friction factors at a given volume concentration 
because of increased Brownian motion, particle-to-wall interactions, and localized flow disruptions.  Higher volume 
fractions (e.g., moving from 0.01% to 0.06% or higher) and turbulent flow regimes cause moderate-to-significant 
increases in the friction factor compared to pure base fluids.  

Effect on Pressure Drop 

Pressure drops in a double-pipe heat exchanger is a function of fluid density, velocity, pipe geometry, and friction factor. 
Nanofluids have higher densities and viscosities than base fluids, leading to higher frictional losses along the flow path.  

 Magnitude of Increase: Studies show that pressure drops can rise anywhere from a few percent at very low 
concentrations over 70% to 111% higher than pure water at higher concentrations (e.g., 3% volume fraction or 
specialized geometries).  

 Pumping Penalty: The elevated pressure drop translates to an increased pumping power requirement (pumping 

penalty), meaning designers must balance the thermal conductivity enhancement (higher Nusselt number) against 
the extra energy required to circulate the fluid.  

The volume concentrations of four different types of nanoparticles, Al 2 O 3, CuO and ZnO in the range of 0% to 3% and different 
nanoparticle diameters in the range of 20 nm to 50 nm are considered for each in this study. The results indicate that, the heat 
transfer coefficient and pressure drop increase with increasing Reynolds number and volume concentrations of nanofluids. All 
nanofluid types achieve better heat transfer enhancement compared to pure water with slight increases in the pressure drop. 
The Al 2 O 3 nanomaterial has better thermal enhancement characteristics followed by CuO, ZnO respectively. The average heat 

transfer coefficient enhancement is 14% for the Al 2 O 3 nanoparticles with a volume concentration of ϕ=3% and nanoparticle 
diameter of 32 nm, while the increase in pressure drop reaches 5% and 72% of pure water for the Al 2 O 3 nanoparticles with 
a volume concentration of ϕ=0.5% and ϕ=3%, respectively [17]. The hot Fe₃O₄ nanofluid flows through the inner tube, whereas 
cold water flows through the annulus of the heat exchanger. The volume concentrations of Fe₃O₄ nanoparticles considered in 
this study are 0.005%, 0.01%, 0.03%, and 0.06%, with Reynolds numbers ranging from 15,000 to 30,000. The results indicate 
that the Nusselt number is enhanced by 14.7% at a nanoparticle volume concentration of 0.06% and a Reynolds number of 
30,000 compared with the base fluid. Furthermore, the pumping penalty associated with the nanofluid is less than 10% [18].  
An experimental investigation was carried out to assess the heat transfer and friction factor characteristics of an aluminum 
oxide (Al₂O₃)–water nanofluid flowing through a double-pipe heat exchanger. The study focused on heat transfer between hot 
and cold water and evaluated important thermal and flow parameters, including the Nusselt number, heat transfer coefficient, 
and Reynolds number. The Reynolds number was varied from 5710 to 18,366, and experiments were conducted using both 

plain water and Al₂O₃–water nanofluids. The experimentally obtained results were subsequently compared with computational 
fluid dynamics (CFD) simulation results. The findings revealed that the Al₂O₃–water nanofluid significantly improved the heat 
transfer rate compared with plain water, demonstrating enhanced thermal performance. In addition, the experimental results 
for the heat transfer and friction factor characteristics showed good agreement with the CFD predictions. Overall, the Al₂O₃–
water nanofluid demonstrated superior heat transfer performance compared with plain water in the smooth-tube double-pipe 
heat exchanger [19]. 

 

Figure 1: double pipe heat exchanger 



Kashmir Journal of Academic Research and Development | 2(9)(s), 361-369, 2026 

 

 

364 

Effect of friction factor on volume concentration and Reynolds Number 

The friction factor increases with an increase in the volume concentration of nanoparticles. This increase can be attributed to 
the higher density and viscosity of the nanofluid compared with baseline water. The effect of volume concentration of 
nanoparticles in baseline water can be seen in figure 1. 

 

Figure 01.  Effect of friction factor on volume concentration at various flow rate 

 

Figure 2. Effect of friction factor on various Reynolds numbers using correlations 

Figure 1 shows the variation of the friction factor with respect to the volume concentration of nanoparticles. The experimental 
friction factor was evaluated using Equation (1), in which velocity, discharge, and pressure drop were measured experimentally 
using appropriate measuring devices. The results indicate that the addition of nanoparticles to baseline water increases the 
friction factor during fluid flow. 

 (L/D). (ρV^2/2). f = ∆P                                                                                                                          (1) 

Furthermore, as the volume concentration increases, nanoparticle agglomeration may also increase, resulting in greater 
resistance to fluid flow and, consequently, a higher friction factor [20]. The results show that the friction factor increases with 
increasing nanoparticle volume concentration at a given mass flow rate and decreases with increasing Reynolds number, as 
shown in Figures 1 and 2. 
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From Figure 1, it can be observed that the addition of 0.2% Fe₂O₃ nanoparticles to baseline water resulted in increases in the 
friction factor of 2% and 7%, respectively, compared with baseline water. The higher friction factor observed for the Fe₂O₃ 
nanofluid may be attributed to its higher density compared to the baseline water. 

The friction factor was found to increase as the Reynolds number decreased. This can be seen in figure 2. This behavior is 
associated with the increased density and viscosity of the nanofluid compared with baseline water. The maximum friction 
factors recorded for the Fe₂O₃ nanofluid was 0.052 at a Reynolds number of 3530. 

An empirical correlation for the friction factor is also presented in Figure 2. The development of the friction-factor correlation 

was intended to reduce the uncertainty associated with the experimental results and improve their precision. It was observed 
that increasing the volume concentration of Fe₂O₃ nanoparticles in baseline water resulted in an increase in the friction factor. 

Figure 2 demonstrates good agreement between the empirical correlation and the experimental results. The Blasius correlation 
showed the least deviation from the experimental results for both baseline water and nanofluid. The following correlations 
were therefore used to evaluate and compare the deviations in the experimentally determined friction factors. 

Table 1: Following correlations were used to evaluate determined friction factors 

Sr # Friction factor Correlation 

1 Friction model 
0.316

(Re)0.25
 

2 Filonenko model ln.Re.0.790-1.64 

 Blasius formula (100.Re)-¼ 

Effect of Pressure drop on volume concentration  

For heat transfer applications, fluid-flow properties and characteristics are essential for determining the feasibility of nanofluids 
under various operating temperatures and flow-rate conditions. In this study, nanofluid was prepared by dispersing different 
volume concentrations of iron oxide (Fe₂O₃) nanoparticles in baseline water at a given mass flow rate. 

 

Figure 3. Effect of Pressure drop on volume concentration at various flow rates 
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Figure 4. Effect of Pressure drop on Reynolds numbers 

Figure 3 shows the pressure drop across the test tube for baseline water and nanofluids. It can be observed that the addition of 
Fe₂O₃ nanoparticles to baseline water results in a higher pressure drop than that of baseline water [21]. This behavior can be 
attributed to the higher density and viscosity of the nanofluids, which increase the resistance to fluid flow. 

The pressure drop values were measured using calibrated manometers installed across the heat-exchanger tubes. Figure 4 
presents the variation of pressure drop with Reynolds number for baseline water and nanofluid under the experimental 
conditions. The results indicate that the pressure drop increases with the addition of nanoparticles compared with baseline 
water [23] 

For the same mass flow rate and operating conditions, the Fe₂O₃ nanofluid exhibited a higher pressure drop than the baseline 
water. The measured pressure-drop values for the Fe₂O₃ and baseline water were 23.7 kPa and 22.9 kPa, respectively. This 
difference can be associated with the higher density and viscosity of the Fe₂O₃ nanofluid, which results in greater resistance to 
fluid flow. 

Effect of volume concentration on heat transfer coefficient 

The purpose of adding Fe₂O₃ nanoparticles is to modify the thermal and flow properties of water. Because nanoparticles can 
have different thermal conductivity, density, viscosity, and heat-transfer characteristics than water, their addition can affect 
parameters such as: Convective heat-transfer coefficient, Nusselt number, Heat-transfer rate, Pressure drop, Friction factor, 
Overall thermal performance [24]. 

The addition of iron oxide (Fe₂O₃) nanoparticles to baseline water involves dispersing a specified concentration of these 
nanoparticles into water to prepare nanofluids. The incorporation of nanoparticles modifies the thermophysical properties of 

the base fluid, particularly its thermal conductivity, density, and viscosity, which can influence the heat-transfer and flow 
characteristics of the nanofluid. In heat-exchanger applications, these changes may affect the convective heat-transfer 
coefficient, Nusselt number, pressure drop, and friction factor. The nanofluid was prepared by dispersing Fe₂O₃ nanoparticles 
in baseline water at volume concentrations of 0.100%, 0.125%, 0.150%, and 0.175, 0.2%. Forced convection heat transfer was 
employed in the heat-exchanger tubes, with the nanofluids circulated through the tubes using a pump under laminar-turbullent 
flow conditions.  
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Figure 5: Effect of volume concentration on heat transfer coefficient 

Figure 5 shows the variation in the heat-transfer rate for Fe₂O₃ nanofluids under parallel and counter-flow conditions. It can 
be observed that the counter-flow heat exchanger exhibited a higher heat-transfer rate for the Fe₂O₃ nanofluid. This behavior 
can be attributed to the differences in the thermophysical properties of the two fluids, particularly their thermal conductivity. 
The maximum convective heat-transfer coefficients for the Fe₂O₃ nanofluid under parallel and counter-flow conditions were 
recorded as 3502 W/m²·K and 2943 W/m²·K, respectively, at a volume concentration of 0.2%. The higher heat-transfer 
coefficient obtained at the higher nanoparticle concentration indicates that increasing the concentration of nanoparticles can 

improve the thermal performance of the nanofluid [25]. 

Conclusion 

From the experimental investigation, it can be concluded that the use of Fe₂O₃ nanofluid (NF) at volume concentrations ranging 
from 0.10% to 0.2% at different volume flow rates resulted in higher friction factors, pressure drops, and heat transfer 
coefficients compared to baseline water. These improvements can be attributed primarily to the higher thermal conductivity of 
the Fe₂O₃ nanofluid compared with baseline water. The major investigations of this research work can be summarized as 
follows: 

1. The average heat transfer coefficient increased with increasing nanoparticle volume concentration, which can be 

attributed to the improvement in the thermophysical properties of the nanofluids. At a concentration of 0.2%, the 
average heat transfer coefficient of nanofluid increased by approximately 10% to 25% compared to water under both 
parallel-flow and counter-flow conditions.  

2. The addition of 0.175% Fe₂O₃ nanoparticles to baseline water resulted in increases in the friction factor of 7% 
compared with baseline water. This increase was mainly associated with the higher density of the nanofluid compared 
with water. 

3. The use of volume concentration of 0.175% resulted in approximately 6% higher pumping power consumption than 
baseline water. The increased pumping power requirement was associated with the higher pressure drop and density 
of the nanofluid. In particular, Fe₂O₃ nanofluid exhibited a greater pressure drop and pumping power requirement 
than baseline water. 
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HTC= heat transfer coefficient 

Fe2O= iron oxide 

NF= Nanofluid 

np=nanoparticle  

TiO2= titanium oxide     

Nm= nanometer 

CFD=computational fluid dynamics  

LPM=liter per minute 
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