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Abstract 
In today's era of industrialization, heat exchangers play a crucial role in energy consumption and are 

extensively used in mechanical and chemical industries. To minimize energy consumption and enhance thermal 

conductivity, industries are recognizing the benefits of using Nanofluids and nanoparticles in heat exchangers 

instead of conventional fluids.The double-pipe heat exchanger is a common type, where one fluid flows inside a 

pipe, and another fluid flows between that pipe and another surrounding pipe. The flow in a double-pipe heat 

exchanger can be either co-current or counter-current, and various factors such as inlet temperatures, flow 

rates, fluid properties, and composition can affect the amount of heat transferred.Current research is primarily 

focused on investigating of the heat flow rate and over all heat transfer coefficient of double-pipe heat 

exchangers using twisted tape inserts under different flow conditions. Twisted tape inserts are used to promote 

heat transfer, and Al2O3 and TiO2 Nanofluids are recommended as the working fluids instead of conventional 

water-based liquids. In particular, nanoparticles with twisted tapes inserts are studied using experimental 

approaches under different flow conditions. 
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I. Introduction 
Heat exchangers are vital in industries like air conditioning, power generation, and petrochemicals. 

Researchers have explored three heat transfer methods: active, passive, and hybrid. Passive techniques [8], 

requiring no external power, include rough surfaces, extended surfaces, swirl flow devices, coiled tubes, 

additives for liquids, and surface tension devices. Twisted tapes [7], a type of turbulator, are notable among 

these methods. They enhance heat transfer by inducing secondary flow, increasing fluid velocity, and altering 

the boundary layer near tube surfaces. Twisted tapes [11] have proven cost-effective in various industrial 

applications. 

In recent years, Nanofluids, combining traditional heat transfer fluids with solid nanoparticles 

measuring 1 to 50 nanometers, have emerged. They offer advantages like high heat transfer rates, low flow 

resistance, and improved thermal uniformity. Numerous studies show that higher nanoparticle concentrations 

increase thermal conductivity and heat transfer rates. For example, Al2O3 nanoparticles in a turbulent double 

pipe heat exchanger [9], observing improved heat transfer coefficients at higher concentrations. Wongwises et 

al. [1] pioneered adding nanoscale solid particles to base fluids, enhancing thermal conductivity. Eiamsa-Ardet 

al. [2] investigated CuO/water Nanofluids and corrugated tubes with twisted tapes, noting the impact of tape 

configuration on thermal performance. In another study, T. Mohankumar et al. [3] used Al2O3 water-based 

Nanofluids with a twisted tape in a corrugated tube, achieving a 2.89% increase in heat flow compared to plain 

water. These findings suggest that Nanofluids have potential in enhancing heat exchanger performance and 

other heat transfer systems. 

 

II. Mathematical Formulation. 
The heat transfer rate from the hot fluid, which includes nanoparticles like Al2O3 and TiO2 

,was determined [12] using the following equation: 

𝑄ℎ = 𝑚ℎ𝑓*𝐶𝑝ℎ𝑓 (𝑇ℎ𝑜-𝑇ℎ𝑖) 

The heat transfer rate in the cooling water was computed using the subsequent equation: 
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𝑄𝑐 =  𝑚𝑐𝑓*𝐶𝑝𝑐𝑓 (𝑇𝑐𝑜-𝑇𝑐𝑖) 

In the course of this investigation, it became evident that the heat supplied by the hot Nanofluid 

exceeded the heat received by roughly 3%. This variation in heat transfer can be attributed to the impact of 

convection and radiation heat losses along the experimental section. Consequently, these factors significantly 

influenced the overall average heat transfer rate. 

𝑄𝑎𝑣𝑔= 
𝑄ℎ+𝑄𝑐

2
 

The flow pattern of a fluid can be described by the Reynolds number, which is calculated using the 

flow rate at the test tube's entrance. In situations involving purely viscous non-Newtonian fluids, the Reynolds 

number (Re) is defined as follows: 

Re = 
𝜌∙𝜗𝑑

𝜇
 

Friction factor of nano fluids is calculated by fallowing equation 

 

𝑓ℎ=
∆𝑃ℎ

(𝑙 𝑑⁄ )𝜌ℎ(
𝜗ℎ

2

2
)

 

Over all heat transfer rate 

𝑄𝑜𝑣𝑟=UA∆𝑇 

 

∆𝑇 = 
(𝑇ℎ 𝑜𝑢𝑡−𝑇𝑐 𝑖𝑛 )−(𝑇ℎ 𝑖𝑛−𝑇𝑐 𝑜𝑢𝑡 )

ln
(𝑇ℎ 𝑜𝑢𝑡−𝑇𝑐 𝑖𝑛 )

(𝑇ℎ 𝑖𝑛−𝑇𝑐 𝑜𝑢𝑡 )

 

 

III. Experimentation. 
The study aimed to experimentally explore the heat transfer properties of Nanofluids using a dedicated 

setup, as depicted in Fig 3.1. This setup consisted of various components, including a test section, storage 

containers for the working fluids, a heating and cooling system, and thermometers, flow measurement devices 

like a rotameter, a pressure measurement device, and a data acquisition system. The test section was designed as 

a horizontal double pipe heat exchanger with a counter flow configuration. In this setup, hot fluid flowed 

through the inner copper tube, while a cooling Nanofluid consisting of water circulated in the annular space 

between the inner and outer pipes. The inner copper pipe had dimensions of 16 mm inner diameter, 19 mm outer 

diameter, and a 1.5 mm thickness. Similarly, the outer steel pipe had dimensions of 50 mm inner diameter, 54 

mm outer diameter, and a 2 mm thickness. To enhance heat transfer and modify fluid flow, twisted tapes made 

of aluminium sheet with dimensions of 2 mm thickness, 15 mm width, and a length of 900 mm were introduced 

into the test section. These tapes were tailored in terms of twist ratio and geometrical progression ratio to 

achieve the desired flow modifications. 

Temperature measurements of the 5% Nanofluid concentration and cooling water were carried out at 

both the inlet and outlet of the test section using four type K thermocouples, which were calibrated before use. 

These thermocouples were connected to data loggers for data recording. The temperature of the Nanofluid was 

controlled using an electric heater and thermostat. Key parameters such as mass flow rates, inlet, and outlet 

temperatures of both the Nanofluid and cooling water were accurately recorded throughout the experiments. 

Pressure drop across the test section was measured using a differential pressure transmitter at both the entrance 

and exit. To precisely measure the Nanofluid flow rate, a magnetic flow meter was placed at the inlet of the test 

section. To ensure stable conditions for each test run, a pre-test duration of 10 to 30 minutes was observed, 

depending on factors like Reynolds number and the configuration of the twisted tape. The experiments covered 

a range of Reynolds numbers from 3000 to 15000, the experimental setup and data collection procedure were 

meticulously designed to investigate the heat transfer performance of Nanofluids under various flow conditions, 

employing 3.5mm twisted tape configurations. This methodology allowed to gather valuable data for subsequent 

analysis and assessment of Nanofluid heat transfer characteristics. 

 

 
Fig.1 Experimental setup 
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IV. Results and Discussion 
Analysis of Plain Twisted Tape TiO2 

The previous segment discussed on the investigation of the plain twisted tape [10] insert fitted heat 

exchanger by means of plain water was used for conducting the experimental record. The heat transfer and 

friction factor characteristics of the heat exchanger of plain twisted tape insert was observed. Now in this sector, 

it was analyzed that heat transfer, Nusselt number [5], heat transfer coefficient and friction factor [6] 

characteristics of heat exchanger by Titanium oxide Nanofluid and base water through plain twisted tape insert. 

 

Variation of Nusselt Number 

The domain with PTT Figure 2 shows difference of Reynolds number and Nusselt number with TiO2 

Nanofluid and water mixing. From the results observed, the Nusselt number increases while Reynolds number 

also increases. Because, this happen as result of viscous force created near the wall side of fluid as the Reynolds 

number increases. It is evident that the Nusselt number of PTT with TiO2 is higher than the PTT with base fluid 

of water as indicated in Figure 2. 

As a result of the Nusselt number of PTT with Titanium oxide gives up to 2% higher than the PTT with 

water at different Reynolds. The reason behind this is that, Titanate nanotubes were synthesized which involve 

generating the particles in a solution first, drop casting the wet particles onto a substrate, by removing the 

solvent, surfactants and other materials from the particles, characterized and dispersed in water to form stable 

Nanofluids. The Titanium Nanofluid shows a small thermal conduction enhancement 2 percentage. 

 

 
Fig. 2 Comparison on Reynolds number vs. Nusselt number for PTT with Plain water and TiO2 

 

Variation of Heat Transfer coefficient 

The variation of Reynolds number and heat transfer coefficient of PTT with TiO2 as shown in Figure 3. 

It indicates that the Reynolds number increases and the heat transfer coefficient also increases. The lower 

Reynolds number gives the minimum heat transfer coefficient as indicated in Fig 5.4. The heat transfer 

coefficient of the PTT with TiO2 gives 1.98 percentage enhanced than that the PTT of the base fluid water 

 

 

 
Fig. 3 Titanium oxide analysis of Reynolds number and Heat transfer Coefficient 

 

Variation of Heat Transfer 

Figure 4 shows the heat transfer enhancement with Reynolds number. The heat transfer rate increased 

with an increase in the Reynolds number. The tube induced with the PTT with Nanofluids gives the higher flow 

velocity in near tube wall side and twisted tape makes the tangential flow. In addition to that, turbulence is 
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generated by the alternate pitch of the twisted tape. The observation of the heat transfer rate of PTT with 

Titanium oxide departs 1.96 times enhanced than the heat transfer of the PTT with plain water, the heat transfer 

coefficient of Nanofluids gives higher value than that of the common base fluid and gives little or no penalty in 

pressure drop. 

 

 
Fig. 5 Comparison on the Reynolds number with Heat transfer rate for PTT with Plain water and TiO2 

 

Variation if Friction factor 

The Reynolds number and friction factor of PTT by means of Nanofluids as shown in Fig 5.6 and the 

results revealed that the Reynolds number increases, friction factor decreased gradually as shown in Fig 6. The 

lower Reynolds number gives higher friction factor characteristics and higher Reynolds number gives the lower 

friction factor. Because of increase in Reynolds number, fluid flow rate decreased and suffers higher resistance 

flow. The detailed analysis of PTT of TiO2 and base fluid were discussed, the results concluded that the PTT 

with Titanium oxide Nanofluids enhance more performance than the PTT with plain water and validated these 

results with experimental values. Because, the Nanofluids having more thermal conductivity as compared with 

the plain water and also copper made twisted tape inserts were used to extract more heat transfer. 

 

 
Fig. 6 Effect of Friction factor vs. Reynolds number 

 

Analysis of Plain Twisted Tape Al2O3 

Variation of Nusselt Number 

In the previous chapter, it was examined that the Nusselt number and friction factor characteristics of 

the double pipe heat exchanger through plain twisted tape insert with different twisted ratio were compared. In 

the presence of twisted tape insert flow occurred with vortex motion or swirl flow in tube. The Nusselt number 

of the Nanofluid enhanced up to10% has compared with plain water circulation of fluid, because the thermal 

conductivity of Nanofluid was very higher as compared with the plain water. Because this arises as an outcome 

of viscous force creates near the wall side of fluid as Reynolds number increased. It is evidence of 

Nusseltnumber of Nanofluids, which is superior to plain water with PTT as indicated in Fig 7. As a result of the 

Nusselt number of Nanofluid with PTT with different twisted ratio gives 10% higher than the plain water at 

different Reynolds number variation. 
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Fig. 7 Comparison on Reynolds Number vs Nusselt number for PTT with Al2O3 

 

It is known that the increase in the concentration of surfactant improves the stability of Nanofluid, but 

shows lower augmentation of thermal conductivity Nanofluid. The stability of Nanofluid is the important 

parameter the heat transfer. The explanation behind this is that, higher thermal conductivity produces the 

additional heat extraction of the fluid flow and the tangential motion is produced on the twisted tape surface. 

 

Variation of Heat Transfer coefficient 

Now in this section, there was a discussion about the characteristics of the Nusselt number and heat 

transfer rate of plain twisted tape through plain water and Nanofluids (Al2O3). The nature of fluid flows at 

different section of tube length was measured and streamline in the flow track of the path followed by the flow 

of the field in the heat exchanger.In the PTT, the concentration of streamlines across the wall is weak as a result 

of the absence of twisted tape inserts. The streamlines are distributed evenly with addition of simple twisted 

tape. Because swirls arise from the twisted tape insert. Inside the cut, the streamlines have a greater 

concentration. This arises as a result of additional disturbance and mixing created by the cut. 

 

 
Fig. 8 Effect of Reynolds number and Heat transfer coefficient 

 

Figs 8 & 9 showed the effect of Nusselt number and heat transfer coefficient of the heat exchanger with 

plain twisted tape insert being examined through plain water and Nanofluid. It was induced by means of twisted 

tape inserts and its maximum velocity take place at centre of the tube flow at these locations was fully formed. 

The velocity is shown to be almost equal on every location. The higher Reynolds number gives the maximum 

heat transfer coefficient is observed as shown in Fig 8. The Al2O3 heat transfer coefficient increases up to 11 % 

compared to the plain water in heat exchanger. 

 

Variation of Heat Transfer 

This chapter discusses on the effect of Reynolds flow number and the concentration of nanoparticles on 

enhancing convective heat transfer coefficient. The augmentation of convective heat transfer coefficient and 

Nusselt number for the influence of Reynolds number in laminar and turbulent regimes and the concentration of 

nanoparticle are explained. The result of the experimental value of Nanofluids gives higher value compared with 

plain water was shown in Fig 9. This is due to the decrease in the cross-sectional area of flow and increase in 

tube flow rate, which causes the fluid to swirl inside the tube with higher mass flow rate. The results increase 

the Nanofluids heat transfer coefficient with plain twisted tape inserts. 
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This is the evidence of heat transfer rate by means of Reynolds number of PTT with plain water and 

Nanofluids that are exposed in Fig 9. The heat transfer rate was increased through increase in Reynolds number 

and this happens with velocity of fluid which increased inside a tube. It has been observed that Reynolds 

number increases, so does Nusselt number also increases. According to the heat transfer rate enhancement, the 

Reynolds number increases. 

As shown in Figure 9, the heat transfer rate of induced Nanofluid tubes is higher than that of plain tube 

causing the fluid within swirl at higher velocity. Thus, it allows the heat transfer coefficient of induced 

Nanofluid tubes to be higher than plain water. Reynolds number characterizes the relative importance of stresses 

due to inertial accelerations in the flow to stresses due to viscous effects. The graph shows linear as flow rate is 

proportional to velocity 

 

 
Fig. 9 Comparison of Reynolds number with Heat transfer rate 

 

The heat transfer rate in the Al2O3is 10% times enhances compared with the plain water of the PTT. 

The experiments were conducted at different Reynolds number of the flow by varying the flow rates of water 

and Reynolds number is also varying from 3000 to 12000. The reason behind this states that, the twisted tape is 

giving the swirl flow motion and more contact surface in addition to the Nanofluids passing through the tube. 

 

Variation of Friction factor 

The Fig 10 shows variation of the Reynolds number and friction factor and it has indicated the friction 

factor continuously that decreased with increases of the Reynolds number. The lower Reynolds gives the 

maximum friction factor value as indicated in Fig 10. Because of lower Reynolds number and lower fluid flow 

rate, it suffers higher resistance flow. 

 

 
Fig. 10 Effect of Friction factor vs. Reynolds number 

 

V. Conclusions 
 The evaluation of different twisted tape configurations has demonstrated that using a shorter length of plain 

twisted tape (PTT) with a twist ratio of 2 yields the most favourable heat transfer performance compared to 

other tape arrangements. Specifically, the shortened PTT configuration with a twist ratio of 2 significantly 

improves heat flow and thermal characteristics when compared to a plain tube (PT) configuration. This 

improvement is attributed to the combined effects of turbulence generation, enhanced fluid mixing, and 

efficient use of space, all of which contribute to the observed enhancement in heat transfer properties. 
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 Additionally, the validation of using plain twisted tape with Titanium oxide Nanofluids shows an 

enhancement in the Nusselt number by 2% when compared to using helical coil twisted tape inserts with 

Titanium oxide. This improvement can be attributed to the swirl flow motion generated by the PTT and the 

higher thermal conductivity of Nanofluids. 

 Furthermore, when analyzing the use of Aluminium oxide with Plain Twisted Tape Nanofluids, it is 

observed that the Nusselt number and heat transfer rate increase by 10% compared to plain water. This 

enhancement is attributed to the generation of swirl flow motion and turbulence vortex flow, which are 

facilitated by the superior mixing capabilities offered by Aluminium oxide in combination with Plain 

Twisted Tape Nanofluids. 
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