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Abstract 

This work predicts transfer of heat and drop in pressure of a fluid by simulated a flow in a 

pipe that has been installed employing double twisted tapes with two cases: with and without 

cutting. Where two tested fluid that flowing (H2O and Al2O3-H2O). The tests were 

conducted by applying Re number as a measure of the fluid's velocities, which range from 

10000 to 35000. The impact of the presence of the cutting in twisting- tapes and the impact 

of nanoparticles on improving performance and heat transfer were tested. At the same time, 

it was determined whether the presence of the pipe with double twisting-tapes has a 

significant effect on its addition in the presence or absence of nanoparticles. As for the 

findings of the testing, the pipe with double-twisting tapes with nanofluid flow case 

expresses a transfer’s heat more effectively than the smooth case; where when using 

nanoparticles in a pipe with double twisting-tape (φ = 0.02, 0.04, and0.06) at Re=10,000, 

the performance exceeds 1.74 at φ =0.06 for the case of w-cutting tapes. This indicates that, 

from the perspective of fluids and heating that transfer, employing a pipe with double 

twisting tape with cutting and adding nanoparticles is acceptable. As for friction factor 

values, φ = 0.06 case gives the higher amount of friction factor for all the velocities and for 

the two cases specially at w-cutting twisted tapes case. 

 

Keywords: Twisted tape, w-cutting turbulent flow, thermal performance, nanofluid. 

 

 

Introduction 

The improved heat transfer approach is now being used to raise the thermal applications 

performance while saving material and energy. By implementing these strategies, it is possible to 

reduce the size and operating expenses [1–3]. Optimizing the transmission of heat is a key concern 

for energy saving and advantageous from an economic perspective. Effective techniques for 

enhancing heat transfer include the employment of passive devices such as wire inserts, roughness 

elements, twisted tapes, etc. Even though there are numerous approaches for better transfer of heat 

in thermal and technical applications, twisting-passages and twisting tapes have traditionally been 

employed in tube and shell construction to enhance passive heat transmission, heat exchangers, 
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and fluid transfer pipes, solar water and air heaters, power stations, and air conditioners are some 

examples of the many thermal applications. The devices insertion are easy to manufacture, 

replaceable, and quick to remove for maintenance. Numerous experiments have been conducted 

on various twisted tape shapes to speed up heat transmission [4-8]. Several correlations were 

developed to determine the behavior and the flowing characteristics associated with the insertion 

of twisting- tapes. The current research reviews earlier studies on the application of twisting-tapes 

to boost heat transmission. Previous experimental and numerical studies on various types of 

twisting-tapes were examined based on the literature review [9-11].   

 Eiamsa et al. [12] analyze several twisting-tapes in various configurations and TiO2 in various 

amounts to improve the thermal-performance features in a tube. The performance factor, up to 

1.45, was the result of usage. The thermal performance was greater when water containing TiO2 

nanoparticles was employed with H2O. In addition, by simulation, Hosseinnezhad [13] inserted 

twin-twisting tapes into a heat exchanger to test the turbulent passage of Al2O3-water. The current 

study's examined characteristics include Re numbers between 10,000 and 30,000 and the impact 

of the twisting-tapes inserts' twist-ratio between 2.55 and 4.0. According to the study's findings, 

the average (Nu) rises when the twisting- ratio, and volume percentage of Al2O3 nanoparticles in 

the fundamental fluid are reduced. The highest performance evaluation criterion values are 1.6 and 

1.5for twist ratios of 3.25 and 2.5respectively. Bhuiya et. al. [14] investigated the effects of 

employing twisted tapes on the thermal system.  According to the experiment, the twisted tape 

produced more swirling flow, which in turn caused the thermally boundary layers along the 

streamlining to be disturbed more effectively, ultimately resulting in the maximum heat that 

transfered. In another experiment, the greatest perforation resulted in less swirling, whereas a 

smaller perforation yielded less fluid flow agitation. Wei [15] examined the heat transmission and 

flow of a CuO-H2O in a conduit at different concentration (1–4%). The simulations were run in 

the with varying with Reynolds values between 3000 and 36,000. Researchers have investigated 

the impacts of employing a CuO-water nanofluid. Based on the data, the tube's optimal efficiency 

coefficient is 2.1 when Re = 36,000 and φ = 4%. Rahimi et. al. [16] compared the findings of 

several modified types of twisting- tapes: Notched, jagged, and  punctured. Their outcomes 

indicated that the jagged type achieved the optimal (Nu). In comparison, the classic twisting- tape 

ranked second, following by the notched and puncture. The jagged twisted tape demonstrated a 

maximum rise of 31% in the (Nu)compared to the classic twisting- tape. Moreover, according to 

Sundar et al. [17], who computed the convective transport of heat of a Fe3O4-water, the friction 

factor and (Nu) were improved by 10.0% and 30.5%, respectively, at 0.6% volume concentration 

when compared to water under similar operating conditions. When water and carbon nanotubes 

(CNTs) were mixed in a horizontal tube with a Reynolds number of 800 and a weight concentration 

of 0.5%, Ding et al. [18] saw a 345.0% rise in heat that transfered.  Hashemi and Behabadi [19] 

made a nanofluids with varying concentrations of 0.5%, to 2.0%, they found that helically coiled 

tubes, as opposed to straight tubes, improved heat transfer the most. Convective heat transfer of 

CuO-H2O with concentrations of 0.10%, to 0.30% was examined by Suresh et al. [20] and revealed 

(Nu)improvements of 6%, 10%, and 12.5%, respectively, in comparison to water. Also, To 

accelerate heat transmission in a simple tube, Al2O3 was utilized by Mashayekhi et al. [21] in 

conjunction with twisting- tapes equiping. It has been discovered that, in comparison to a plain 

tube, heat transfer and friction factors significantly rise when twisting tape is equipped in a pipe. 

https://link.springer.com/article/10.1007/s10973-017-6900-5#auth-Rahim-Hosseinnezhad-Aff1


                          

          

 
56 

This is explained by the flow pattern's conical tornado-shaped structures forming, which improves 

flow mixing. According to the outcomes gained by Esmaeilzadeh et al. [22], using the thicker 

twisting-tape inserts improves the heat transmission of the nanofluids. The air flow properties 

inside the pipe with double twisting- tape were investigated by Bhuiya et al. [23]. They 

demonstrated how decreasing porosity raises the friction factor and (Nu). Additionally, their 

findings indicated that the optimum enhancement in heat transport was approximately 290%.  The 

goal of this work is to find the highest possible thermal performance using twisted tapes (with and 

without w-cutting) in the presence of nanofluids, which in turn helped to increase heat transfer. In 

our current work, double-twisting- tapes were inserted into the testing pipe to examine the effects 

of three distinct concentrations (0.02, 0.04, and 0.06) of the nanofluid (Al2O3-water) that were 

examined and contrasted with water as a fluid. simulation was carried out to find that, in addition 

to a large rise in pressure drop during flow, the enhancement of thermal performance improved as 

these concentrations rise and with Appling the case of w-cutting twisted tapes. 

 

2. NUMERICAL ANALYSIS 

2.1 Model Description 

The geometry of typical pipes is designed with and without double twisted tape. The investigation 

tested the impact of cutting the tapes with w-cutting shape (as in figure 2), as table 1 illustrates. 

The working fluid used is Al₂O₃-H₂O with three nanoparticle volume fractions: 0.0%, 2.0%, and 

4.0%. The nanoparticle size is 75 nm. Table 2 provides the characteristics of the fluid. All tests are 

conducted under uniform heat flux conditions applied to the pipe. The study considers a specific 

range of fluid velocities, using the Reynolds number (Re) as the basis for selecting velocities, with 

Re values ranging from 10⁴ to 3.5 × 10⁴. Figure 1 illustrates the details of geometry.  

 

Table (1) The dimensions of the testing sections 

 dimensions Symbol  Parameter 

 960mm L Pipe length 

  26 mm 

30 mm 

4.0 mm 

 

10.0 mm 

 

 

23.0 mm 

 

4 mm 

 

110 mm 
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a.The details of the pipe 

 
b.The details of the twisted and w-cut 

FIGURE1 the schematic diagram of the pipe 

 

Table (1) Thermo-physical properties of (H2O)and solid nanoparticles(Al2O3)[24]. 

k.(W/m K) Cp.(J/kg K)  .(kg/m3)  Material 

0.613 4179 997.1 Pure water 

76.5  531.8 1003 Al2O3 

 

The values in Table 1 for each volume fraction evaluated in this work are computed using the 

following formulae. The literature follows the same equation convention [25]. The associated 

equations reflect: density, viscosity and the thermal conductivity. Symbols and subscripts are 

explained in the terminology section. Tables were used to select fixed property values for the 

fluid mixture's 300 K inlet temperature. 

ρ nf = (1- φ) ρbf + φ ρp                                                                          (1) 

 

(ρ𝐶𝑝)nf = (1- φ) (ρ. 𝐶𝑝)pf + φ(ρ𝐶𝑝)p       (2) 

 

µ𝑛𝑓= µ𝑝𝑓 (1+2.5 𝜑)                                                                                  (3) 

       𝑘𝑛𝑝=
𝑘𝑝+2𝑘𝑏𝑓+2(𝑘𝑝−2𝑘𝑏𝑓)𝜑

𝑘𝑝+2𝑘𝑝−2(𝑘𝑝−2𝑘𝑏𝑓)𝜑
𝑘𝑏𝑓                                                                      (4) 

 

        2.2 Governing equations 

         This model's hypothesis posits a turbulent, three-dimensional, incompressible flow in which 

gravity's influences are disregarded. The continuity, momentum, and energy equations [26] are the 

equations that govern in the fluid region. They are expressed as 

: 
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Continuity equation [26]: 
𝜕𝑈

  𝜕𝑥
+

𝜕𝑉

𝜕𝑦
+

𝜕𝑊

𝜕𝑧
  =0                                                                        (1) 

Momentum equations for 3 coordinates(x, y, and z) [26]: 

ρ(
𝜕𝑢2

𝜕𝑥
+

𝜕𝑢𝑣

𝜕𝑦
+

𝜕𝑢𝑤

𝜕𝑧
)= - 

𝜕𝑃

𝜕𝑥
+

𝜕

𝜕𝑥
 (2𝜇𝑒𝑓𝑓

𝜕𝑢

𝜕𝑥
) + 

𝜕

𝜕𝑦
 (𝜇𝑒𝑓𝑓

𝜕𝑢

𝜕𝑦
) 

𝜕

 𝜕𝑧
(𝜇𝑒𝑓𝑓

𝜕𝑢

𝜕𝑧
) + 

𝜕

𝜕𝑦
(𝜇𝑒𝑓𝑓

𝜕𝑣

𝜕𝑥
) +

𝜕

𝜕𝑧
(𝜇𝑒𝑓𝑓

𝜕𝑤

𝜕𝑥
)                                        

(2) 

𝜌(
𝜕𝑣𝑢

𝜕𝑥
+

𝜕𝑣2

𝜕𝑦
+

𝜕𝑣𝑤

𝜕𝑧
)= - 

𝜕𝑃

𝜕𝑦
+

𝜕

𝜕𝑥
 (𝜇𝑒𝑓𝑓

𝜕𝑣

𝜕𝑥
) + 

𝜕

𝜕𝑦
 (2𝜇𝑒𝑓𝑓

𝜕𝑣

𝜕𝑦
) + 

𝜕

 𝜕𝑧
(𝜇𝑒𝑓𝑓

𝜕𝑣

𝜕𝑧
) + 

𝜕

𝜕𝑥
(𝜇𝑒𝑓𝑓

𝜕𝑢

𝜕𝑦
) 

+
𝜕

𝜕𝑧
(𝜇𝑒𝑓𝑓

𝜕𝑤

𝜕𝑦
)                                (3) 

𝜌(
𝜕𝑤𝑢

𝜕𝑥
+

𝜕𝑤𝑣

𝜕𝑦
+

𝜕𝑤2

𝜕𝑧
)= - 

𝜕𝑃

𝜕𝑧
+

𝜕

𝜕𝑥
 (𝜇𝑒𝑓𝑓

𝜕𝑤

𝜕𝑥
) + 

𝜕

𝜕𝑦
 (𝜇𝑒𝑓𝑓

𝜕𝑤

𝜕𝑦
) + 

𝜕

 𝜕𝑧
(2 𝜇𝑒𝑓𝑓

𝜕𝑤

𝜕𝑧
) + 

𝜕

𝜕𝑥
(𝜇𝑒𝑓𝑓

𝜕𝑢

𝜕𝑧
) 

+
𝜕

𝜕𝑦
(𝜇𝑒𝑓𝑓

𝜕𝑣

𝜕𝑧
)                            (4) 

 

     energy equation [27]   ∶ 

                      
𝜕𝑢𝑇

𝜕𝑥
+

𝜕𝑣𝑇

𝜕𝑦
+

𝜕𝑤𝑇

𝜕𝑧
=

𝜕

𝜕𝑥
( 𝑒𝑓𝑓

𝜕𝑇

𝜕𝑥
) +

𝜕

𝜕𝑦
( 𝑒𝑓𝑓

𝜕𝑇

𝜕𝑦
) +  

𝜕

𝜕𝑧
( 𝑒𝑓𝑓

𝜕𝑇

𝜕𝑧
)                                                           

(5) 

 𝑒𝑓𝑓=   +  𝑡 

t = 
𝑣𝑡

𝜎𝑡
  , 𝜎𝑡 is the turbulent Prandtl number. 

The standard (𝑘-𝜖 )model, a popular semi-empirical turbulence model, is used to represent 

turbulence in the flow. Two equations are utilized in this method: one for the transfer of 

turbulent kinetic energy (k) and another for the disintegration of turbulence kinetic energy (ϵ). 

For turbulent kinetic energy (k)[28]: 

𝜌(  
𝜕

𝜕𝑥
(𝑘𝑢) +   

𝜕

𝜕𝑦
(𝑘𝑣) +  

𝜕

𝜕𝑧
(𝑘𝑤) ) = 

𝜕

𝜕𝑥
 (

𝜇𝑡

𝜎𝑘

𝜕𝑘

𝜕𝑥
) + 

𝜕

𝜕𝑦
 (

𝜇𝑡

𝜎𝑘

𝜕𝑘

𝜕𝑦
) +  

𝜕

𝜕𝑧
 (

𝜇𝑡

𝜎𝑘

𝜕𝑘

𝜕𝑧
) + G – 𝜌𝜀                                                  

(6)                                     

For energy dissipation rate ()[29]: 

𝜌(  
𝜕

𝜕𝑥
(𝜀𝑢) +  

𝜕

𝜕𝑦
(𝜀𝑣) +  

𝜕

𝜕𝑧
(𝜀𝑤) ) = 

𝜕

𝜕𝑥
 (

𝜇𝑡

𝜎𝜀

𝜕𝜀

𝜕𝑥
) + 

𝜕

𝜕𝑦
 (

𝜇𝑡

𝜎𝜀

𝜕𝜀

𝜕𝑦
) +  

𝜕

𝜕𝑧
 (

𝜇𝑡

𝜎𝜀

𝜕𝜀

𝜕𝑧
) +   𝐶1𝜀 𝜌 

𝜀

𝑘
 G - 𝐶1𝜀 𝜌 

𝜀

𝑘
                                  

(7)                                                                                                        

Where G is referred to as the generation term and is given [30]: 

G = 𝜇𝑡 [2 (
𝜕𝑢

𝜕𝑥
)

2

+  2 (
𝜕𝑣

𝜕𝑦
)

2

+ 2 (
𝜕𝑤

𝜕𝑧
)

2

+  (
𝜕𝑣

𝜕𝑦

𝜕𝑢

𝜕𝑥
)

2

+   (
𝜕𝑣

𝜕𝑧

𝜕𝑤

𝜕𝑥
)

2

+   (
𝜕𝑣

𝜕𝑧

𝜕𝑤

𝜕𝑦
)

2

]                                                                  

(8) 

 

According to [28], qconvection, or the convective flux of heat is as follows: 

                                                         qconvection= m° cp ( Tout – Tin )                                                                                        

(9) 

The mean heat transfer coefficient(h) can be found by the following [31]: 

h = 
𝑞𝑐𝑜𝑛𝑣

(𝑇𝑤−𝑇𝑏)
                                                                                                    (10) 

Where the mean wall temperature is calculated by [32]: 

Tw = 
1

𝑛
  ∑ 𝑇𝑤𝑛                                                                                              (11) 



                          

          

 
59 

Mean bulk temperature (Tb) is determined by [33] 

        𝑇𝑏  =
∫0

L
∫0

H
∫ 𝜌  𝑐𝑝 𝑢𝑇 𝑑𝑥 𝑑𝑦 𝑑𝑧 

𝑊
0

∫0
L

∫0
H

∫ 𝜌 𝑢 𝑑𝑥 𝑑𝑦 𝑑𝑧 
𝑊

0

                                                                                  (12) 

The mean Nusselt number was first presented. 

Nu = 
ℎ .𝐷ℎ

𝑘
                                                                                                (13) 

Darcy-Weisbach expression is employed to define the friction factor(f) as [34]. 

f = 
∆𝑃 .𝐷ℎ

1

2
 𝜌 𝑈𝑎𝑣𝑔 

2 .  𝐿
                                                                                             (14) 

The overall performance factor (η) [34]: 

η =(Nu/Nu0)/(f/f0)
1/3                                                                                       (15) 

          

2.3 Boundary conditions 

The equations are meant to be solved by applying boundary conditions to the boundaries of the 

numerical domain as in Table(3) 

Table (3) The simulation's boundaries 

Boundary 

Ends 
The boundary conditions 

Inlet Tin=305K, Re=10000-35000 

Outlet 
(∂u/∂x =  ∂v/∂y=  ∂w/∂z=0), zero gauge.-

pressure is mentioned at the outlet domain  

Surfaces 
the velocity is taken to be zero (no slip) , u=0, 

v=0, w=0, ∂P/∂n = 0, where n is a normal unit 

vector,q=5600 w/m2  

2.4 Mesh Generation Grid independence 

Grids play a crucial role in mesh generation, with quad grids used to cover the tube and regions 

within the flow field. To improve mesh quality near walls where velocity and temperature 

gradients are more pronounced, boundary layer meshes are applied to the inner surfaces of the pipe 

and to the twisting- tapes. For the rest of the flow domain, curvature grids are employed. The final 

grid configuration is shown in Figure 2. Grid independence tests are performed at (Re) of:10,000 

for the smooth pipe, the pipe with twisting- tapes only and the pipe with   cutting twisted tapes to 

evaluate the Nu and f values, as summarized in Table 3. 

 
FIGURE. 2The considered mesh generation 
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Table (3) Different grids and their (Nu)and(f)for different tested cases at Re= 10,000. 

 

f 

 

Nu 

 

 

No. of grid 

elements 

 

Case 

 

0.0793 28.227 517,223  

 

Smooth pipe 

 

0.0882 29.042 611,107 

0.0925 30.328 684,646 

0.0933 30.331 754,487 

0.103 77.953 3,174,431  

Pipe fitted with 

twisted tapes 

0. 132 78.521 3,321,562 

0. 174 79.44 3,552,312 

0.18 79.444 3,868,884 

0.13 84,322 2,622,331 Pipe fitted with 

twisted tapes 

with w-cut 

0.15 85,432 2,789,887 

0. 195 88,489 3,126,478 

0. 211 88,543 3,232,455 

 

3. RESULTS AND DISCUSSION 

After adding and testing a variety of characteristics influencing heat transfer and pressure change, 

a simulation of the flow in a pipe is carried out to evaluate its performance. The tube's thermal 

performance is enhanced by the addition of double-twisted tapes inside with two cases: with and 

without w-cutting of twisted tapes. Further, the flowing water is treated with one of the highly 

conducting nanoparticles (Al2O3), which is then evaluated at various volume fractions (0.02, 0.04, 

and 0.06) to see which one best enhances overall performance.  

Numerous investigations have been carried out to ascertain the impact of adding two tapes. 

Regarding the Nusselt number, the figure 4 and 5 illustrates that, in every investigated case, heat 

transmission rises as fluid velocity rises. As the Rey number rises, the fluid's velocity and 

momentum rise, allowing it to absorb more heat from the tube wall, causing the temperature 

differential between the fluid's bulk and tube wall to decrease, and ultimately results in a rising in 

the (Nu). 

In figures 4 and 5, the cases are particularly evident in the instance where the nanofluid was 

employed with the twisting- tapes present and by a highest (0.06), which means that it rises in 

(Nu)by around 53% over the smooth pipe case. The rise appears more clearly and higher when 

comparing the w-cut case with the smooth pipe, it rises in Nusselt number by around 60% 

The liquid and nanoparticles react differently when there are twisted tapes involved because they 

alter the velocity distribution. Further, examining the impact on adding nanoparticles to the 

foundation fluid and the presence of multiple twisting- tapes at a constant (Re) reveals that the 

affectability of nanoparticles and the presence of twisted tape become more significant as 

(Re)boosts and the volume fraction of nanoparticles rises. In general, Adding twisted tape rises 

(Nu) by: Enhancing fluid mixing and boundary layer disruption, inducing swirl flow and secondary 

vortices, raising effective thermal conductivity and velocities and providing additional transferring 

in heat at the surface area. 

The effect of w-cutting in the tapes will cause the flow behind it to be cut off, thus generating 

strong vortices, flow separation, and thermal boundary layer break up. All of this, in turn, causes 

greater mixing of the fluid and thus greater heat transfer. Adding nano-materials enhances (Nu) 
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by: Boosting thermal conductivity of the followed fluid, rising Brownian motion & thermo-

apheresis, enhancing heat diffusion, Disrupting the boundary layer, reducing resistance to heat 

transfer, increasing heat capacity, allowing better heat absorption and inducing secondary flows, 

leading to better mixing. 

Figures 6 and 7 show the (friction factor) as a function of the volume fraction of the (Re)within a 

pipe containing two twisted tapes with and without w-cutting. Examining how the twisted tape 

affects flow direction reveals that its presence boosts the friction factor; at Re = 10,000, twisting- 

tape raises the friction factor by 2.1 and 1.6 times   for cases with and without w-cutting 

respectively as compared to smooth pipe under the same circumstances, that is due to  flow 

resistance is boosted considerably by the tapes and w-cutting. The swirls and eddies create extra 

friction. In the other instances in Figures 6 and 7, the friction factor is greatly raising clearly by 

raising the volume percentage of nanoparticles. This problem arises because a greater Re number 

leads in a thinner boundary layer, which lessens the impact of the area of viscous, the gradient of 

velocities, and ultimately (f). The existence of nanoparticles rises fluid viscosity, and as the volume 

fraction  rising, the (f) grows as well.   

To more explain for this behavior we should note that adding nanomaterials increases the friction 

coefficient (f) due to: Higher viscosity, making the fluid more resistant to flow, raised wall shear 

stress from particle-fluid interactions, Momentum transfer & turbulence enhancement.Particle 

aggregation, obstructing flow and Surface roughness modifications leading to higher drag. As for 

Twisted tape inserting objective and its impact, Adding twisted tape increases the friction 

coefficient (f) due to: Longer helical flow path, increasing fluid-wall interaction, Induced swirl & 

turbulence, enhancing velocity gradients, Reduced flow area, leading to higher velocities . 

Continuous boundary layer disruption, preventing stabilization, Vortex formation & eddies, 

increasing momentum transfer and Surface roughness & wake regions, adding extra drag. 

In figures 8 and 9 The entire performance of the pipe has been established by analyzing the fluid's 

behavior, the impact of twisting- tape, and adding the nanoparticles to the water. The three figures 

clearly show a comparison based on the nanoparticles and the presence of twin twisting tapes. The 

best thermal-compressive performance was found at the case of channel fitted with W-cutting 

twisted tape, η=1.74 at Re=10000, demonstrated in the case of φ =0.06. Also, η=1.61 gained from 

the case of pipe with twisted tapes only at Re=10000.  

 
FIGURE 4 The relations of (Nu) with (Re) for pipe with twisted tape only, all tested cases 
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FIGURE 5 The relations of (Nu) with (Re) for the pipe with w-cutting twisted tape, all tested 

cases volume fraction 

 
FIGURE 6 The relations of (f) with (Re) for the pipe with twisted tape only, all tested cases 

volume fraction  

   
FIGURE 7 The relations of (f) with (Re) for the pipe with w-cutting twisted tape, all tested cases 

volume fraction 
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FIGURE 8 The relations of the performance with (Re) for  the pipe with twisted tape only, all 

tested cases volume fraction 

 
FIGURE 9 The relations of the performance with (Re) for  the pipe with w-cutting twisted tape, 

all tested cases volume fraction 

 

The relation between (Tw-Tb) as well as (Re) for the examples  the findings of the w-cutting case 

was illustrated in Figure 10. As the (Re) varied from 10,000 to35,000,. the outcomes showed a 

significant drop in the amounts of (Tw-Tb) at the pipe with twisted tapes and Al2O3-H2Ocase, 

where they ranged from 35.0 to 20.5. As the Re. number varied from 10,000 to 35,000, the  case 

of smooth pipe obviously yielded the highest values of (Tw-Tb), which varied from 57.4 to 33.4. 

The case of (φ =0.06) with twisting the tape yields the optimal heat transmission when  it is 

comparing to the remaining ratios because there is consistency in temperature and a raising  in the 

amount of heat that transfered when the amount of (Tw-Tb) drops. 

Regarding Figures 11, it illustrates how the Al2O3 that added to the water and the fitting of twisting 

tape with w-cutting affect the (Nu/∆P) ratio for different values of (Re). According to the data, the 

case with the least values of (Nu/∆P) for all Re number values is the pipe with the twisted tape and 

nanoparticles with φ =0.06. As the (Re) grew from 10,000 to 3,5000, the ratio varied between 16.5 

and 2.52. The largest amounts of (Nu/∆P) for all (Re) values are found in cases with smooth pipes 
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that run through pipes equipped with twisting tape and for water. This discrepancy results from 

the variance of the (Nu) in each case up to the variation in the heat that  transferred in each case, 

where the case with φ =0.06 has the highest rate of heat transfer and the case with only water 

flowing has the lowest rate. Additionally, due to the variation in the pressure drop, which rises in 

each case with a raising  in heat transfer and water velocity. 

 

 
 

FIGURE 10 The relations of (Tw – Tb) for  the pipe with w-cutting twisted tape, all tested cases 

volume fraction 

 

 
FIGURE11  The relations of (Nu/∆P)with Re for  the pipe with w-cutting twisted tape, all tested 

cases volume fraction 

 

         This section examines flow physics qualitatively by presenting qualitative findings, such as 

velocity distribution and velocity vectors. Figures 12, 13, and 14 show two distinct flowing fluids 

at Re values from 10,000 to 35,000 in latitude parts with velocity dispersion in a pipe with twin 

twisting tapes in two cases : with and without w-cutting.  The flow in the twisting tape region 

became unstable and erratic due to  the varying  in the geometries. Due to the increased water 

velocity, which exacerbates turbulence and obstructs flow, irregularities and turbulence are 

evidently higher in case (b) than in case (a). These statistics indicate that the flow becoming 
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rotational in a pipe with twisting- tape at both the cases without the formation of vortices on the 

tapes . 

In the case of multiple twisting- tapes on the direction of fluid flow, the flow's velocity profile and 

the velocity boundary layer's arrangement are altered by colliding with the twisted tapes, making 

the flow compatible with the tapes' shape and, as a result, producing vortices. These statistics 

indicate that the flow becoming rotational in a pipe with double-twisted tape at both cases specially 

at the case of w-cutting twisted tapes  which generates more complex flow patterns and creates 

additional local circulation areas.velocity vectors usually demonstrate a noticeable shift with axial 

location along the pipe in Figures   8 and 9 demonstrates the strong swirling model for greater 

axial distance, which causes the angular momentum to increase for a = 200 mm, b = 400 mm, and 

c = 700 mm. 

At figures (a, b, and c), the influence of angular momentum diminishes, weakening the process 

and intensity of creating swirling. 

   
                       a.300 mm                                            b.500 mm                                          c. 

700mm     

FIGURE12 Velocity vectors of pipe fitted with twisted tape only, Al2O3-H2O flow, φ =0.06, 

Re=10000 

   
                  a.300 mm                                                b.500 mm                                                c.700 

mm 

FIGURE13  Velocity vectors of pipe fitted with w-cutting twisted tape, Al2O3-H2O flow, φ 

=0.06, Re=10000 
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a.twisted tapes only                                                            b.cutting twisted tapes 

                                             FIGURE 14 The velocity vectors of the pipe two cases 

The pressure drop difference between the two tested cases(with and without w-cutting) in the 

instance of a nano-flowing fluid with a concentration of 6 is depicted in figures 15 and 16. Exhibit 

the pressure reduction in the two tested pipes. In the case of w-cutting, demonstrate that the rate 

of pressure fall is evident.  

 
Figure 15 Presure contour of pipe for Al2O3-H2O nanofluid, φ =0.06 at Re=10,000, twisted tapes 

only 

 
Figure16 Presure contour of pipe for Al2O3-H2O nanofluid, φ =0.06 at Re=10,000, w-cutting 

twisted tapes 
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By contrasting the current study's results with those of Eiamsa-ard et al. [35] for a pipe with twin 

twisting- tape that has a width of 9.0 mm and a length of 1.0m, the current numerical approach is 

validated. The Nusselt number for the current experiment and the findings of Eiamsa-ard et al. 

[35] is shown in Figure 17 as a Reynolds number. The current numerical method's results clearly 

show strong agreement with the data collected from experiments (highest error is approximately 

9%). Therefore, the numerical model that applied in this work  has a  respectable level of accuracy, 

making the numerical approach legitimate.   

 

 
Figure 17 Validation between the current study and Eiamsa-ard et al.  [35] 

  

CONCLUSION 

The current study utilizes numerical simulation to examine the heat that transferred of turbulent 

flow of nanofluid in a tube with double twisting- tapes. The outcomes collected show that:  

-The (Nu) improves as the (Re)rises. The (Nu)rises by up to three times in the water flowing in the 

pipe(with twisting tapes) at Re = 10,000, and by up to 155 in the flow at Re = 35,000 in the pipe 

with two twisted tapes and Al2O3-H2O with φ =0.06. 

- The (Nu)of a pipe with two twisting tapes is significantly better than that of a plain pipe.  

- From the viewpoint of fluids and heat that transferring, using a stream with twin twisting- tapes 

with w-cutting for water flow is appropriate because the performance is greater than 1. 

- when using nanoparticles in a pipe with double twisting tape (φ = 0.02, 0.04, and0.06) at 

Re=10,000, the performance exceeds 1.61 at φ = 0.06, and equal to1.76 at w-cutting twisted tapes 

and these out comes decrease when the volume fraction of nanoparticle decrease. This indicates 

that, from the perspective of fluids and heat transfer, employing a pipe with double twisting tape 

and adding the nanoparti4les is acceptable. 

- The friction factor in the pipe (without twisting- tapes) is 0.093 at (Re) 10,000 and 0.04 when it  

rises to 35,000. Examining how the twisted tape affects flow direction reveals that its presence 

boosts the friction factor; at Re = 10,000, twisted tape case and w-cutting twisted tapes case raises 

the friction factor by 1.7 and 2.3  times respectively compared to plain pipe under the exact 

circumstances 

- There is a raise in performance in a pipe with twisting tape at both cases(with and without cutting) 

specially at the case of w-cutting twisted tapes  which generates more complex flow patterns and 
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creates additional local circulation areas, that’s help to make a good mixing and good heat 

transferring. 

 

NOMENCLATURE 

A Surface area, m2 

Dh  Hydraulic-diameter ,m 

e               width of the cut ,m 

F Friction. factor 

H The mean heat. Transfer coefficient. W/m2K 

h              Height of cut, m 

K thermal conductivity, W/m k 

L length of duct, m. 

Nu mean. Nusselt number 

P Tape pitch, m 

∆p fluid pressure-drop of duct, pa 

qconv The convective heat flux. W/m2. 

Re fluid Reynolds number 

T pipe thickness, m 

Tw. wall. temperature, K 

Tin. fluid Inlet temperature. K. 

Tout fluid outlet temperature. K. 

W Tape width, m 

y               pitch of the tape, m 

η The overall heat performance 

ρ             density, kg/m3 

φ volume fraction of  the nano-particles 
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