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 To study the turbulent flow of fluid in circular-cut twisted tape inserts with inserts of 

varying twist ratios, a numerical simulation has been conducted. The heat transfer 

phenomenon of fluids in the tubular pipe is analysed with the help of a k-ω turbulent model. 

During the numerical simulation, study was conducted where the Reynolds numbers (Re) 

was kept in the range 3700 ≤ Re ≤ 23650 under a constant temperature condition and twist 

ratios 3.0, 3.25, 3.5, 3.75, 4.0 and without insert separately. The length of the inserts is 800 

mm on both sides with water as the working fluid. Numerical results show that the Wall 

Temperature, Bulk Temperature, effectiveness (ε), Nusselt number (Nu), the friction factor 

(f) and the thermal performance (η) show a downward trend with the twist ratio of the 

inserts. The vorticity exhibits a stable pattern in absence of inserts while demonstrating 

irregular pattern at cut-positions when there are circular-cut twisted tape inserts. The results 

also show that the heat transfer behavior depends not only on the difference in the 

geometrical shapes of the insert but also on their twist ratio. For the twist ratio 3, friction 

factor enhances 5.01-5.96 times compared to without insert and also the effectiveness 

improves 1.88 times. In case of thermal enhancement, its performance is 1.31-1.92 times 

better than without insert. 
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1. INTRODUCTION 

 

Machine-driven devices are devices that are operated by 

machines or automated systems. Machine-driven devices are 

widely used in manufacturing and production industries to 

streamline the process, increase efficiency, and reduce costs 

[1]. These technologies are driving the growth of the 4IR 

(Fourth Industrial Revolution) which emphasizes the 

integration of digital and physical systems to create “smart 

devices” that are more efficient, flexible, and responsive to 

industrial demands. The heat transfer devices are related to 

heat exchangers, radiators, boilers, heat pumps, evaporators, 

condensers, heat sinks, etc. The exchange of heat can differ 

over time due to various factors including the geometrical 

shapes of the pipe, flow rate, temperature, pressure, and its 

inserts [2, 3]. In 2023, Khargotra, Rohit et al. found that the 

turbulance of the fluid in a corrugated tube Heat exchanger 

increases in the presence of the twisted tape turbulator. This 

improves the system’s efficiency by enhancing its thermal 

performance [4]. 

Mechanical engineers use a variety of tools and techniques 

to analyze and optimize heat transfer in their designs. 

Computational fluid dynamics (CFD) is a common tool used 

to model the flow of fluids and heat transfer within mechanical 

systems [5]. The ability of twisted tape inserts to create 

turbulence in the flow of fluid, resulting in the enhancement in 

heat transfer, makes them a popular choice in heat transfer 

applications [6]. This turbulence increases the rate of heat 

transfer between the fluid and the surrounding surface, leading 

to an improvement in performance and efficiency. The use of 

twisted tape inserts is a passive method of heat transfer 

enhancement, meaning that it does not require any external 

power or energy [7]. This makes it a practical solution which 

is also cost-effective for many industrial applications. Twisted 

tape inserts are also known for their consistency in 

performance and effectiveness. 

Overall, twisted tape inserts are a popular and effective 

solutions for enhancing heat transfer in a variety of industrial 

applications. Inserts in a U-shaped pipe are typically used to 

enhance fluid flow and prevent turbulence [8]. The U-shaped 

pipe is often found in applications where the fluid needs to be 

transported from one point to another, such as in industrial or 

chemical processing plants. This insert is typically a metal coil 

that is inserted into the pipe, creating a spiral flow path for the 

fluid [9]. The spiral flow path helps to reduce turbulence and 

increase the velocity of the fluid, resulting in improved flow 

and reduced pressure drop [10, 11]. This insert is typically a 

series of flat plates or vanes that are placed inside the U-shaped 

pipe. Inserts can also be used to increase heat transfer in U-

shaped pipes [12]. A circular-cut twisted tape insert can be 

used to enhance heat transfer by increasing the surface area of 

contact of the fluid inside the pipe which creates turbulence. 
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In 2011, Ahamed et al. [13] had experimentally compared the 

effect of perforation of twisted tape inserts on the heat transfer 

coefficient and effectiveness, which increase by 3.5 and 4.0 

times for the twist ratio of 4.55. 

In 2013, Salam et al. [14] and 2015 Hossain et al. [15] 

conducted an experimental study on heat transfer in a round 

tube provided with a twisted tape insert of twist ratio 5.5 

consisting of rectangular-cut inserts. The heat transfer rate 

improves 1.9 to 2.3 times in comparison to a tube without 

insert. The numerical investigation by Acherjee et al. [16] on 

heat transfer enhancement in pipe flow with perforated inserts 

showed how the heat transfer in pipe flow is affected by the 

angle of perforation on inserts. They found that when the 

perforation angle is set at 65°, the Nusselt number is higher 

and the thermal performance evaluation criterion (PEC) shows 

better results compared to other angles. Higher Reynolds 

numbers result in a decrease in fluid temperature, indicating 

improved heat transfer up to a certain point. 

Simulations by Chowdhury et al. [17] show that a plain 

insert with a twist ratio of 3.5 yields better heat transfer rates 

compared to inserts of other twist ratios. The twist ratio is 

defined as the ratio of the pitch of the tape insert to its width. 

A plain twist ratio of 3.5 means that the pitch of the tape is 3.5 

times its width. As the Reynolds number increases from 5000 

to 25,000, the rate of heat transfer improves. The Reynolds 

number represents the pattern of the fluid flow, with higher 

values indicating more turbulent flow. The Nusselt number, 

which is a dimensionless measure of heat transfer, also 

increases with the Reynolds number in the same scenario, 

suggesting enhanced convective heat transfer. 

In 2023, Nashee’s [18] numerical study on the flow and heat 

transfer characteristics of the fluid in a corrugating channel 

showed that the increase in the Reynold’s number resulted in 

an increase in the mean Nusselt number for all cases of the 

corrugated channel. In the numerical study conducted by 

Nashee et al. [19] of the flow of fluid in vertical rectangular 

channels consisting of three different obstacle shapes in 2024, 

it was found that the largest increase in pressure and friction 

factor were observed in case of a triangular obstacle, which 

yielded in a better heat transfer compared to semi-circular or 

rectangular obstacles at the cost of a large pressure differential. 

In 2023, Shakir’s [20] study predicted the boiling flow of heat 

transfer in an array of inline micro-pin-fins heat sink where the 

simulation results were found to be approximately similar to 

real lab tests. In a rectangular channel with triangular obstacles 

of three different heights (4 µm, 6 µm and 8 µm), Hamood et 

al. [21] found that the largest value of heat transfer is obtained 

for an obstacle height of 8µm. 

In 2024, Nashee [22] conducted a numerical simulation to 

explore the relationship between the Reynolds number, the 

cutting ratio, and the thermal performance in a specific cutting 

type. Here’s a summary and interpretation of her findings: 

Lower Reynolds numbers generally lead to higher thermal 

performance efficiency. A higher cutting ratio improves 

thermal performance, with the double cut type showing 

superior results compared to the single cut type. The optimal 

configuration for thermal performance in this study was found 

with the double cut type and a cutting ratio of 0.9, especially 

effective at a Reynolds number of 5000.  

This paper investigates the effect of various twist ratios of 

circular-cut twisted tape inserts on the heat transfer by a fluid 

in a U-shaped circular pipe. Keeping the Reynolds number in 

the interval of 3700-23610, the study focuses on turbulent flow 

regimes. The simulation utilizes the Finite Element Method 

(FEM) to model the non-isothermal k-ω turbulent flow within 

the pipe under constant temperature conditions. The objective 

is to analyze how different twist ratios of the circular cut 

twisted tapes influence heat transfer efficiency. The study 

examines how different twist ratios affect heat transfer. This is 

crucial as the twist ratio influences the enhancement of 

turbulence and mixing within the pipe, thereby affecting heat 

transfer. 

 

 

2. GOVERNING EQUATIONS 

 

To calculate the fluid dynamical performance inside the U-

loop pipe, CFD is the most reliable method for a wide range 

of applications. By means of computer and numerical methods, 

CFD resolves problems involving the flow of fluid inside the 

tube And CFD procedure solves the Navier-Stokes equation 

where the mesh is generated by using the FEM [23]. The 

fundamental governing equations of fluid dynamics, which 

form the basis of CFD, are the Equation of continuity, 

momentum and energy [24].  
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Menter [25] derived the k-ω turbulent model which solves 

the turbulence of the kinetic energy, k, of fluids where ω is the 

dissipation rate of turbulent kinetic energy which is commonly 

known as the specific dissipation rate. The CFD Module has 

the k-ω model revised by Wilcox [26].  
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In this model ω is an inverse time scale that is associated 

with the turbulence flow. The most advantage of the k-ω 

model is that it may applied throughout the boundary layer 

without further improvement. The turbulent viscosity (𝜇𝑇) is 

calculated as follows: 
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Equation of energy is as follows: 

 

( )p p

T
C C T k T

t
 


+  =  +


u Q  (7) 

 

If the fluid is initially at rest, i.e., u = 0, Eq. (7) can be 

written as: 
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The convective heat transfer coefficient, h, is calculated 

using: 
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where, the bulk temperature is defined as the average of the 

inlet and outlet temperatures of the fluid in the tube.  

In the study of Bhuiya et al. [27], the effectiveness of the 

insert in the tube is calculated by: 
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where, To, Ti and Twav are outlet temperature, Inlet temperature 

and Wall average temperature respectively.  

The Nusselt number of the fluid is evaluated using: 
 

hD
Nu

k
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where, k is the fluid’s thermal conductivity and D is the 

diameter of the tube’s cross section.  

In the literature of Bhuiya et al. [28], the pressure drop of 

the fluid from inlet to outlet, ∆P, and friction factor f are 

calculated by Darcy method. 
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where, h is the head loss of the fluid, which is calculated using: 
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Finally we have Eq. (14) using Eqs. (12) and (13).  
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The thermal enhancement efficiency, 𝜂, is calculated using 

[28, 29]: 
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2.1 Boundary conditions 

 

The boundary conditions are aligned with the k-ω model by 

Wilcox [26], i.e.: 
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Setting the initial inlet temperature of the fluid, Tin, equal to 

293.15K, the no sleep wall functions condition are assumed by: 
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The inner wall of the tube and the wall function of the outlet 

domain are governed by the following equations. 
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The constant temperature conditions of the boundary of the 

domain applied by: 

 

500KoT T= =  (26) 

 

 

3. COMPUTATIONAL DOMAIN SETUP AND MESH 

DESIGN 

 

 
 

Figure 1. Computational full domain 

 

 
 

Figure 2. Computational full inserts domain 

 

 
 

Figure 3. Computational inlet mesh design 
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Table 1. Distinct mesh elements comparison 

 
Properties Ratios 

3 3.25 3.5 3.75 4.0 No Insert 

Tetrahedral elements 98901 102272 172534 263232 151549 50273 

Triangular elements 24642 24670 24950 36894 27524 12842 

Elements of edge 3238 3194 4367 4792 3583 764 

Elements of vertex 224 208 368 214 216 12 

Elements quality 0.067 0.08103 1.053E-9 1.355E-6 0.01592 0.2337 

Average element 0.7024 0.7105 0.5804 0.695 0.6862 0.7445 

 

 
 

Figure 4. Computational mesh design for inserts 

 

Figure 1 shows a computational domain for the twist ratio 

3.0. A modified U-loop circular-cut twisted tape insert has 

been considered, with a pipe length of 1855 mm, inner 

diameter of 26 mm, thickness of 2 mm and circular cut radius 

of 5 mm. Computational simulations mesh design have been 

performed to adjust until the desired outcomes obtained 

accurately. For large domain, computer processor is an 

important issue that’s why fine mesh is considered for the 

whole domain. Simulation has been performed on a high-

performance computer whose configuration is 16GB DDR3 

RAM and Intel core i7 processor. COMSOL 

MULTIPHYSICS is used for the numerical simulations, 

which is a software based on Finite Element Method [23, 24]. 

The computational full-length inserts domain is shown in 

Figure 2 and the inlet mesh is represented in Figure 3. Near the 

insert positions, the Mesh element becomes more complex, as 

shown in Figure 4. The comparison between various meshes 

is shown in Table 1.  

 

 

4. NUMERICAL RESULTS DISCUSSION 

 

Computational simulations have been performed with FEM, 

which uses tetrahedral elements for complex geometries. The 

primary purpose of the numerical simulation model is to 

observe the amount of heat transfer enhancement in a U-

shaped pipe. The k-ω non-isothermal turbulent flow model is 

taken into consideration due to the geometrical shape of the 

insert. The steady of time has been taken for the simulation. 

Tube thickness is neglected for this numerical analysis. In this 

U-loop tubular pipe water has been taken as the employed 

fluid. To understand the effect of twist ratio in the heat transfer 

phenomenon, numerical simulations have been carried out 

using twisted tape inserts of various twist ratios such as 3.0, 

3.25, 3.5, 3.75, and 4.0. 

 

4.1 Temperature distribution for without insert 

 

Figures 5(a)-(h) show the simulation results of temperature 

distribution without insert. Initially the input temperature 

293.15K in the inlet of the pipe domain. It is also observed that 

the outlet temperature is 324.01K, where the Reynolds number 

is 3700 in the position of 0.75m from the inlet. If the Reynolds 

number is increased gradually to 6360, 9020, 11680, 14340, 

17000, 19660 and 22320 where the maximum temperatures 

obtained were 318.24K, 315.84K, 314.46K, 313.5K, 312.76K, 

312.16K, and 311.67K respectively. From observation of the 

numerical simulation, it is found that the outlet temperature is 

decreased where the Reynolds number is increased [29, 30]. 

 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

 

Figure 5. Temperature magnitude without insert 

 

4.2 Temperature distribution for twist ratio 3.0 

 

Figures 6(a)-(h) represent the simulation results for the twist 

ratio 3.0. Initially the input temperature is 293.15K in the inlet. 

It is also observed that the outlet temperature is 334.93K, 

where the Reynolds number is 3700 in the position of 0.75 m 

from the inlet. If the Reynolds number is increased gradually 

to 6360, 9020, 11680, 14340, 17000, 19660 and 22320 where 
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the maximum temperatures obtained were 330.27K, 329.14K, 

328.54K, 328.14K, 327.82K, 327.56K, and 327.34K 

respectively. From the observation of the numerical simulation, 

it is found that the outlet temperature is decreased where the 

Reynolds number is increased [29, 30].  
 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

 

Figure 6. Temperature magnitude for with insert of twist 

ratio 3.0 
 

4.3 Wall temperature 

 

 
 

Figure 7. Reynolds number vs. wall temperature 

The heat transfer phenomena is investigated for circular-cut 

twisted tape inserts of various twist ratios (3, 3.25, 3.5, 3.75, 

and 4.0) as well as without insert. The results are illustrated in 

Figure 7, which shows the wall temperature variation with 

increasing Reynolds numbers for circular-cut twisted tape 

inserts with several twist ratios. For the one with a twist ratio 

of 3, a gradual decrease in wall temperature with an increase 

in Reynolds number is observed. A similar pattern was noted 

for the twist ratios 3.25, 3.5, 3.75, 4.0, and without insert, 

although the patterns varied slightly. For any studied Reynolds 

number, the tube equipped with an insert of twist ratio 3 has a 

higher wall temperature compared to others. It appears that a 

twist ratio of 3 is optimal, achieving the maximum heat 

transfer enhancement [16, 27-30]. 

 

4.4 Bulk temperature 

 

Similarly, the bulk temperature variation with increasing 

Reynolds numbers for the circular-cut twisted tape inserts of 

same twist ratios: 3, 3.25, 3.5, 3.75, and 4.0, and without insert 

is studied. The results are depicted in Figure 8. For the twist 

ratio of 3, a gradual decrease in bulk temperature was observed 

with an increase in Reynolds number. This pattern remains 

consistent across all other ratios and without insert. The tube 

with an insert of twist ratio 3 has a higher bulk temperature 

compared to others for any studied Reynolds number. This 

indicates that an insert of twist ratio 3 provides the most 

efficient heat transfer [16, 27-30]. 

 

 
 

Figure 8. Reynolds number vs. bulk temperature 

 

4.5 Effectiveness distribution 

 

Figure 9 illustrates the effectiveness of heat transfer from 

one fluid to another. Higher effectiveness means more 

efficient heat transfer. The Figure 9 indicates a maximum 

enhancement of 1.88 folds. This implies that the heat transfer 

effectiveness of the fluid in the tube with an insert is 1.88 times 

higher compared to a plain tube under constant temperature 

conditions. In summary, using a twisted tape insert in a tube 

significantly enhances heat transfer effectiveness compared to 

twist ratios like 3.0, 3.25, 3.50, 3.75, 4.0 and a plain tube. The 

maximum enhancement (1.88 folds) occurs when the twist 

ratio of the circular-cut twisted tape insert is 3. This 

enhancement is caused by the circular-cut twisted tape insert 

which increases turbulence and improves mixing, which 

enhances the heat flow between the fluid inside the U-loop 

tubular pipe and the surrounding medium [29]. 
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Figure 9. Reynolds number vs. effectiveness 

 

4.6 Nu distribution 

 

The relationship between Nu and Re is represented in Figure 

10. It is observed that the Nusselt number and the Reynolds 

number show upward trend for circular-cut twisted tape inserts 

with all twist ratios studied. Figure 10 also highlights that 

smaller twist ratios result in better Nusselt numbers, indicating 

better turbulent intensity, resulting in an improved heat 

transfer. The numerical simulation results demonstrate that the 

tube with an insert of twist ratio 3.0 provides a higher Nusselt 

number than the inserts of other ratios and without insert [30-

35]. 

 

 
 

Figure 10. Reynolds number vs. Nusselt number 

 

4.7 Friction factor distribution 

 

 
 

(a) 

 

 
(b) 

 

Figure 11. (a) Reynolds number vs. friction factor;  

(b) Reynolds number vs. friction factor enhancement index 

 

Figure 11(a) shows the simulation results for twist ratios of 

3.0, 3.25, 3.5, 3.75, 4.0, and without insert. The variations of 

friction factor (f) with Re, and the friction factor enhancement 

index (f/fp) with Reynolds number are shown in Figures 11(a) 

and 11(b) respectively. The numerical simulations indicate 

that the friction factor shows a downward trend while the 

friction factor enhancement index shows an upward trend with 

increasing Re across all cases. The twist ratio of 3.0 is more 

effective than other ratios and the condition without insert. 

Figure 11(b) shows, for Reynolds numbers ranging from 3700 

to 23650, the friction factor values in tubes with twist ratios of 

3.0, 3.25, 3.5, 3.75, and 4.0 were 5.96-5.01, 5.32-4.57, 4.56-

4.09, 4.24-3.88, and 3.35-3.25 times higher, respectively, than 

those obtained for without insert [28, 33]. 
 

4.8 Thermal enhancement performance  

 

 
 

Figure 12. Thermal enhancement performance 

 

For the enhancement method to be considered effective, the 

thermal enhancement performance should be greater than 

unity. Specifically, it suggests that the enhancement has a 

positive impact on heat transfer, making the system more 

effective compared to the baseline or reference system. The 

thermal enhancement performance of tubes fitted with 

circular-cut twisted tape inserts of various twist ratios, as 

obtained from numerical simulations, is depicted in Figure 12. 

The thermal enhancement performance rises for Reynolds 

number from 3700 to 13010, but exhibits different behaviors 

for Reynolds numbers from 14340 to 15670 and again from 

17000 to 23650. The twist ratio of 3.5 showed an upward trend 

except at Reynolds number 20990. Tubes equipped with 

inserts of twist ratio 3.0 perform better in case of heat transfer 
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compared to tubes with circular-cut twisted tape inserts of 

various twist ratios (3.25, 3.5, 3.75, and 4.0). For the studied 

Reynolds number range, tubes equipped with circular cut 

twisted tape inserts resulted in a better thermal performance 

than tubes without inserts by 1.31-1.92 times [28, 31-33]. 

 

4.9 Vorticity of the without insert pipe domain 

 

Figures 13(a)-(p) represent the simulation results of the 

vorticity without insert pipe domain. It has been seen that in 

the position of 600 mm the vorticity magnitude is 6.8027(1/s). 

It is carried out for the Reynolds number is 3700. If the 

observed position is changed gradually from 620mm to 

860 mm with an interval of 20 mm and from 860 mm to 

880 mm with an interval of 10 mm, where the maximum 

vorticity is obtained at 7.4508(1/s), 6.7124(1/s), 7.5547(1/s), 

7.425(1/s), 6.8363(1/s), 7.3122(1/s), 7.1664(1/s), 7.2569(1/s), 

7.1503(1/s), 7.8997(1/s), 11.045(1/s), 10.844(1/s), 10.008(1/s), 

8.105(1/s), and 7.1855(1/s) respectively. From the observation 

of the numerical simulation, it is found that when the Reynolds 

number is increased where the vorticity magnitude is 

fluctuating [34, 35].  

 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

  
(i) (j) 

  
(k) (l) 

  
(m) (n) 

  
(o) (p) 

 

Figure 13. Vorticity magnitude at different positions without 

insert 

 

4.10 Vorticity magnitude description with insert of twist 

ratio 3.0 

 

Figures 14(a)-(p) represent the simulation results of 

vorticity for the twist ratio of 3.0. It has been seen that in the 

position of 600 mm the vorticity magnitude is 18.499(1/s). It 

is carried out for the Reynolds number of 3700. If the observed 

position is changed gradually from 620 mm to 860 mm with 

an interval of 20 mm and from 860 mm to 880 mm with an 

interval of 10 mm, the maximum vorticity obtained is 

77.755(1/s), 23.702(1/s), 24.206(1/s), 40.898(1/s), 20.022(1/s), 

48.128(1/s), 21.531(1/s), 42.694(1/s), 26.034(1/s), 91.395(1/s), 

12.307(1/s), 11.12(1/s), 8.9588(1/s), 7.989(1/s), and 

6.0698(1/s) respectively. From the observation of the 

numerical simulation, it is found that when the Reynolds 

number is increased the voracity magnitude is fluctuating [23, 

24]. Vorticity magnitude increases drastically in the cut 

position of the inserts. This means the circular cut have the 

effect to enhance the heat transfer phenomena.  
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

  
(i) (j) 

  
(k) (l) 

  
(m) (n) 

  
(o) (p) 

 

Figure 14. Vorticity magnitude at different positions with 

insert of twist ratio 3 

 

 

5. CONCLUSIONS 

 

Numerical simulations have been performed to analyse the 

heat transfer phenomenon of fluids flowing through tubes 

fitted with circular-cut twisted tape inserts of various twist 

ratios. The effect of twist ratios of circular-cut twisted tape 

insert (3.0, 3.25, 3.50 3.75, and 4.0) have been considered for 

the numerical simulations with constant temperature 

conditions and inserts length ranging from 600-880mm. On 

the basis of results obtained from numerical analysis, the 

following conclusions can be summarized: 

(i) The wall temperature gradually decreases with 

increasing Reynolds number for the circular-cut twisted tape 

inserts with various twist ratios and without insert. For any 

studied Reynolds number, the tube with insert of twist ratio 3 

has a higher wall temperature compared to others. It appears 

that a twist ratio of 3 is optimal, achieving the maximum heat 

transfer enhancement. 

(ii) A bulk temperature gradually decreases with increasing 

Reynolds number for the circular-cut twisted tape inserts with 

various twist ratios and without insert. For the insert of twist 

ratio 3, a higher bulk temperature is observed compared to 

others for any studied Reynolds number, suggesting that an 

insert of twist ratio 3 provides a more efficient heat transfer 

compared to others. 

(iii) The initial temperature is 293.15K whereas the outlet 

temperature is observed at 334.93K for the Reynolds number 

3700. Increasing the Reynolds number gradually to 6360, 

9020, 11680, 14340, 17000, 19660, and 22320, the maximum 

temperature was obtained at 330.27K, 329.14K, 328.54K, 

328.14K, 327.82K, 327.56K, and 327.34K respectively. It can 

be deduced that the Reynolds number increases whereas the 

final temperature decreases for a constant temperature 

condition. 

(iv) The heat transfer effectiveness of the fluid in the tube 

with circular-cut twisted tape inserts of various twist ratios is 

higher compared to the plain tube under constant temperature 

conditions. The maximum enhancement of 1.88 folds occurs 
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when the twist ratio of the insert is 3.  

(v) It is also deduced that with an increased of Nusselt 

number, temperature is decreased for inserts of various twist 

ratios (3.0 3.25, 3.5, 3.75, 4) and without insert.  

(vi) The numerical simulations indicate that the friction 

factor shows a downward trend while the friction factor 

enhancement index shows an upward trend with increasing 

Reynolds number (Re) across all cases. The twist ratio of 3.0 

is more effective than other ratios and the condition without 

insert. For Reynolds numbers ranging from 3700 to 23650, the 

friction factor values in tubes with twist ratios of 3.0, 3.25, 3.5, 

3.75, and 4.0 were 5.96-5.01, 5.32-4.57, 4.56-4.09, 4.24-3.88, 

and 3.35-3.25 times higher, respectively, than those obtained 

for without insert. 

(vii) Thermal performance factor tends to increase with 

decreasing twist ratio of circular-cut twisted tape inserts. For 

the studied range, the tube with a circular-cut twist ratio 3.0 

yielded a higher thermal performance factor, 1.31-1.92 times, 

for Reynolds number of 3700-23650, compared to other twist 

ratios.  

(viii) It has been seen that in the position of 600mm the 

vorticity magnitude is 18.499(1/s). It is carried out for the 

Reynolds number is 3700. If the observed position is changed 

gradually from 620 mm to 860 mm with an interval of 20 mm 

and from 860 mm to 880 mm with an interval of 10 mm, the 

maximum vorticity obtained is 77.755(1/s), 23.702(1/s), 

24.206(1/s), 40.898(1/s), 20.022(1/s), 48.128(1/s), 21.531(1/s), 

42.694(1/s), 26.034(1/s), 91.395(1/s), 12.307(1/s), 11.12(1/s), 

8.9588(1/s), 7.989(1/s), and 6.0698(1/s) respectively. With 

insert and cut present in the insert length ranging from 600-

800 mm, maximum vorticity is obtained at cut positions. 

Maximum vorticity reduces after 800 mm due to the absence 

of inserts. From the observation of the numerical simulation, 

it is found that the vorticity is fluctuating when the Reynolds 

number increases. 

The results in this paper are obtained from FEM based 

numerical simulations. The experimental study will give a 

better understanding when compared to the numerical 

simulation results. Future work may include the experimental 

study and its comparison with the current results. 
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NOMENCLATURE 

 

l length of the pipe 

D diameter of the pipe 

CP specific heat, J. kg-1. K-1 

ΔP pressure drop 

g gravitational acceleration, m.s-2 

k thermal conductivity, W.m-1. K-1 

f friction factor(-) 

Nu Nusselt number(-) 

Re Reynolds number(-) 

Ti inlet temperature (K) 

To outlet temperature (K) 

Tb bulk temperature (K) 

Tw wall temperature (K) 

Twav average wall temperature (K) 

q heat flux (W/m2) 

Q amount of heat Joule(j) 

 

Greek symbols 

 

µ dynamic viscosity, kg. m-1.s-1 

ω inverse time scale  

μT turbulent viscosity 

1961



ε effectiveness 

η thermal enhancement performance 

ρ density of water 

Subscripts 

p plain tube 

t twisted tape 

1962




