Simulation of performance enhancement of heat exchanger with twisted tapes using ANSYS software
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Abstrak
Efektivitas perpindahan kalor pada sebuah heat exchanger bergantung pada aliran fluida yang mengalir pada heat exchanger tersebut. Nilai perpindahan kalor sebanding dengan Bilangan Nusselt aliran fluida. Semakin tinggi bilangan Nusselt aliran, semakin besar pula perpindahan kalor yang dihasilkan. Peningkatan kualitas perpindahan kalor dapat dilakukan dengan memperluas permukaan perpindahan, merusak lapis batas (boundary layer), dan dengan memutar aliran fluida (swirl flow). Sisipan twisted tapes digunakan pada heat exchanger untuk memutar aliran fluida. Digunakan 6 jenis sisipan dalam simulasi dengan ukuran panjang 2000 mm, lebar 35 mm, dan jumlah puntiran 2,5, 5,0, 7,5, 10, 12,5,dan 15. Laju aliran massa fluida yang digunakan yakni 0,4 kg/s, 0,6 kg/s, dan 0,8 kg/s. Simulasi menggunakan software ANSYS dengan subprogram Computational Fluid Dynamics (CFD). Hasil simulasi menunjukkan perbedaan pola pergerakan aliran fluida pada masing-masing percobaan. Dimana semakin banyak puntiran twisted tapes, semakin banyak pula pusaran aliran fluida yang dihasilkan. Performa paling tinggi ditunjukkan pada percobaan menggunakan sisipan twisted tapes 15 puntiran dengan laju massa aliran fluida 0,8 kg/s.
Kata kunci: heat exchanger, performa, twisted tapes.

Abstract
Heat transfer effectiveness in a heat exchanger depends on the fluid flow through the exchanger. The heat transfer coefficient is directly proportional to the Nusselt number of the fluid flow. A higher Nusselt number indicates a greater heat transfer rate. The enhancement of heat transfer quality can be achieved by increasing the surface area for heat transfer, disrupting the boundary layer, and inducing swirl flow in the fluid. Twisted tape inserts are used in the heat exchanger to induce swirl flow. In this simulation, six types of inserts with a length of 2000 mm, width of 35 mm, and twist ratios of 2.5, 5.0, 7.5, 10, 12.5, and 15 were used. The mass flow rates of the fluid used were 0.4 kg/s, 0.6 kg/s, and 0.8 kg/s. The simulation was conducted using the ANSYS software with the Computational Fluid Dynamics (CFD) subprogram. The simulation results showed different flow patterns in each experiment. As the number of twists in the twisted tapes increased, the vortex flow in the fluid also increased. The highest performance was observed in the experiment using the twisted tape insert with 15 twists and a mass flow rate of 0.8 kg/s.
Keywords: heat exchanger, performance, twisted tapes.
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Introduction
Heat exchangers are commonly found in power generation industries, chemical industries, heating components, air circulation processes, refrigeration systems, and various other applications. Heat exchangers can be classified based on the direction of fluid flow and their construction. They operate on the principle of heat transfer process occurring from a fluid to another fluid at a lower temperature. The effectiveness of heat transfer in a heat exchanger depends on the characteristics of the fluid flow through it. The heat transfer coefficient is directly proportional to the Nusselt number of the fluid flow. A higher Nusselt number corresponds to a greater heat transfer rate [1].
Improving the quality of heat transfer can be achieved through several methods, namely by increasing the surface area for heat transfer, disrupting the boundary layer, and inducing swirl flow in the fluid. These three methods will enhance the Nusselt number, which directly affects the increase in convective heat transfer coefficient.
Addressing this issue, incorporating material inserts into the heat exchanger pipes is a solution that can be utilized to enhance heat transfer. This approach stimulates the flow to form vortices within the pipes, causing tangential and radial turbulent fluctuations and consequently reducing the thickness of the boundary layer [2].
The turbulence phenomenon can increase the Nusselt number of the fluid flow without increasing the fluid velocity. The addition of inserts in the heat exchanger is expected to enhance the convective heat transfer coefficient, thereby improving the overall heat transfer rate.
On the other hand, as the fluid flow becomes more turbulent, there is an increase in pressure drop. Pressure drop directly affects the pumping power required to drive the fluid flow. Pumping power refers to the energy input by the pump to facilitate fluid flow. Therefore, a higher pressure drop results in a greater pumping power requirement [3].
The enhancement of convective heat transfer coefficient by increasing flow turbulence in the pipes must be associated with the resulting pressure drop. The optimal effectiveness of this modification lies in achieving a good balance between high heat transfer rate and minimal pressure drop. One commonly applied type of insert in heat exchangers is twisted tapes. Twisted tapes are often used to induce continuous swirl flow, thereby enhancing heat transfer. Modifying the pipes with twisted tapes is an effort to improve heat transfer performance without additional pumping power. This technique offers several advantages, such as relatively low cost, easy maintenance, and simple fabrication processes [4].
[image: ]The objective of this study is to investigate the influence of twisted tape geometry on the heat transfer occurring in a tube heat exchanger.
Method
This research begins with a literature review and data collection, which involves studying previous research studies. It is followed by the design of the heat exchanger geometry using ANSYS software to determine the optimum performance of the heat exchanger. The simulation is conducted using ANSYS software with its Computational Fluid Dynamics (CFD) subprogram. The purpose of this simulation is to numerically investigate the influence of twisted tapes on heat transfer before proceeding to the fabrication stage of the heat exchanger. The computer simulation results can serve as a guide in determining the heat exchanger with the best performance.
[image: ]The steps to simulate a heat exchanger using ANSYS software are as follows. Prepare the fluid geometry for simulation. The fluid geometry represents the direct shape of the fluid itself. Fluid geometry can be created using ANSYS software or imported from CAD software such as Autodesk Inventor or SolidWorks. The initial simulation involves fluid geometry flowing through a plain tube. This simulation serves as a baseline to determine the performance of the heat exchanger without twisted tapes.
Generate the fluid geometry mesh. Meshing is a crucial step in finite element analysis. A good mesh is a smooth mesh. However, the finer the mesh, the longer the simulation time required.
Define simulation settings. The simulation settings are adjusted to model the heat exchanger as closely as possible to its real-world conditions. Simulation settings include fluid mass flow rate, temperature, and pressure.
Perform the calculation. The computer will simulate the fluid flow based on the settings defined in the previous step. The duration of the simulation depends on the complexity of the fluid geometry and the desired number of iterations.
Record the simulation results. The recorded results include the fluid inlet velocity (v0), fluid outlet velocity (vt), and profiles of fluid characteristics. These simulation results will be used for further analysis.
Repeat those steps by modifying the fluid geometry according to the predetermined independent variables.
It is important to note that the specific procedures may vary depending on the version of ANSYS software being used and the specific requirements of the heat exchanger simulation.
Figure 1. Twisted tapes geometry for simulation with various twist ratios (a) 2.5 turns, (b) 5 turns, (c) 7.5 turns, (d) 10 turns, (e) 12.5 turns, and (f) 15 turns.

After obtaining the simulation results, the next step is to perform calculations.
Calculate the Reynolds number using the Equation (1) as follows. Equation (1) shows Re as Reynolds number, ρ as fluid density (kg/m3), um as mean fluid velocity (m/s), D as inner pipe diameter (m), and μ as dynamic viscosity of the fluid (kg/ms).
	(1)

[image: ]Calculate the Nusselt number using the Equation (2) as follows.
	(2)

For turbulent flow (Re > 4000), the Nusselt number can be determined using the Equation (3) as follows. Equation (3) shows h as convective heat transfer coefficient (W/m2oC), k as thermal conductivity of the fluid (W/moC), Dh as hydraulic diameter (m), Pr as Prandtl number (can be obtained from the water properties table).
[image: ]	(3)
[image: Moody Chart Calculator - EngineerExcel]Determine the friction factor using the Moody diagram shown in Figure 2 below.
Figure 2. Moody diagram.

[image: ]Calculate the Performance Evaluation Criterion (PEC) using the Equation (4) below. Equation (4) shows Nu as Nusselt number and f as friction factor.
	(4)

[image: ]Calculate the effectiveness of the heat exchanger using the Equation (5) below. Equation (5) shows PECPT as PEC plain tube and PECTT as PEC twisted tapes.
	(5)

After completing the calculation process, the optimum performance of the heat exchanger can be determined by comparing the highest effectiveness value among the different heat exchanger configurations.
Result and Discussion
The simulation is performed three times by varying the mass flow rate of the fluid for each type of twisted tape used. A total of 1000 iterations are used for each simulation. It is expected that with this number of iterations, the data error obtained will be small, resulting in more accurate simulation results. The mass flow rates of the fluid used are: (a) 0.4 kg/s, (b) 0.6 kg/s, and (c) 0.8 kg/s. This is done to investigate the influence of the mass flow rate on heat transfer. The parameters observed in this simulation are the fluid inlet and outlet velocities, as well as the velocity distribution along the pipe.
Fluid Velocity Distribution 
Figure 3, Figure 4, and Figure 5 show visual representations of fluid flow in a circular pipe with variations in mass flow rate and twisted tape geometry. The color gradient represents the velocity gradient, where blue indicates low fluid velocity, yellow indicates moderate fluid velocity, and red indicates high fluid velocity.
The simulation results demonstrate different fluid flow patterns for each twisted tape geometry. In Figure (a), it can be observed that the fluid flow moves straight along the pipe or axially. However, as twisted tapes are introduced into the pipe, the flow pattern starts to change. In Figure (b), twisted tapes with a twist ratio of 2.5 turns are inserted into the pipe. The result shows that the flow direction becomes more chaotic, although there is no significant change in the flow direction. The fluid flow becomes more irregular as the twisted tape geometry changes. This can be clearly seen in Figure (g), where the fluid motion is highly irregular compared to the fluid flow in the plain circular pipe without twisted tapes.
Figure 3, Figure 4, and Figure 5 show visual representations of fluid flow in a circular pipe with variations in mass flow rate and twisted tape geometry. The color gradient represents the velocity gradient, where blue indicates low fluid velocity, yellow indicates moderate fluid velocity, and red indicates high fluid velocity.
The simulation results demonstrate different fluid flow patterns for each twisted tape geometry. In Figure (a), it can be observed that the fluid flow moves straight along the pipe or axially. However, as twisted tapes are introduced into the pipe, the flow pattern starts to change. In Figure (b), twisted tapes with a twist ratio of 2.5 turns are inserted into the pipe. The result shows that the flow direction becomes more chaotic, although there is no significant change in the flow direction.

[image: ]
[image: ]
Figure 3. Fluid velocity distribution in the pipe for ṁ = 0.4 kg/s with various twist ratios (a) plain pipe, (b) 2.5 turns, (c) 5 turns, (d) 7.5 turns, (e) 10 turns, (f) 12.5 turns, and (g) 15 turns.

[image: ]
[image: ]
Figure 4. Fluid velocity distribution in the pipe for ṁ = 0.6 kg/s with various twist ratios (a) plain pipe, (b) 2.5 turns, (c) 5 turns, (d) 7.5 turns, (e) 10 turns, (f) 12.5 turns, and (g) 15 turns.
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Figure 5. Fluid velocity distribution in the pipe for ṁ = 0.8 kg/s with various twist ratios (a) plain pipe, (b) 2.5 turns, (c) 5 turns, (d) 7.5 turns, (e) 10 turns, (f) 12.5 turns, and (g) 15 turns.



The fluid flow becomes more irregular as the twisted tape geometry changes. This can be clearly seen in Figure (g), where the fluid motion is highly irregular compared to the fluid flow in the plain circular pipe without twisted tapes.
This phenomenon occurs because twisted tapes act as swirl generators that induce radial flow in the fluid. Since the fluid initially flows in the axial direction, the introduction of twisted tapes causes the fluid to flow radially, resulting in diagonal flow following the twisted tape pattern. The simulation results show that increasing the number of twists leads to more chaotic fluid flow.
Furthermore, the insertion of twisted tapes in the pipe also increases the fluid velocity, as indicated by the color changes from Figure (a) to Figure (g). These color changes represent the increase in fluid velocity in the pipe. The velocity enhancement occurs due to the increased pressure drop caused by the presence of twisted tapes, which act as flow obstacles. This reduction in flow induces an increase in fluid velocity since pressure is inversely proportional to flow velocity. However, a large pressure drop must be balanced with a corresponding increase in pumping power. Excessive pressure drop compared to pumping power can lead to pipe blockage.
The increase in fluid flow velocity is also influenced by the mass flow rate of the fluid, as evidenced by the color changes in Figure 3, Figure 4, and Figure 5. However, in this case, the increase in velocity is due to the additional external power input to the system. This additional power input represents one of the active methods for enhancing heat transfer.
By actively increasing the fluid flow rate through external means, such as using pumps or other devices, the fluid velocity can be increased, leading to enhanced convective heat transfer. This active method is employed to improve the overall heat transfer performance of the system. The color changes in the figures reflect the corresponding increase in fluid velocity, which contributes to improved heat transfer.
It is worth noting that the active enhancement methods, like increasing the fluid flow rate, may require additional energy consumption and considerations regarding system efficiency. However, they can be effective in achieving higher convective heat transfer rates when properly implemented.
From the simulation results, the magnitude of the fluid velocity at the inlet, outlet, and the average fluid velocity can be determined. These values are used to calculate other parameters in order to determine the optimal performance of the heat exchanger. These calculation results are used to compare the effects of an enhanced heat exchanger with improved heat transfer against a conventional heat exchanger.
After calculating the simulation results with all the variables involved, the influence of heat transfer enhancement on the performance of the heat exchanger can be determined. Figure 6 shows the graph of the relationship between the number of twists in the twisted tapes and the effectiveness of the heat exchanger.
Figure 6. Graph showing the relationship between the number of twists in the twisted tapes and the effectiveness of the heat exchanger.[image: ]

The simulation results show that heat transfer enhancement techniques have a significant impact on the effectiveness of the heat exchanger. As observed in the graph, the effectiveness of the heat exchanger increases with the implementation of heat transfer enhancement techniques. This is due to the improved performance of the heat exchanger, which contributes to its overall effectiveness.
Passively, the highest heat transfer enhancement technique occurs in the simulation with 15 twists in the twisted tapes, yielding an effectiveness value of 1.105. Actively, the highest heat transfer enhancement technique occurs in the plain tube simulation with a mass flow rate of 0.8 kg/s, resulting in an effectiveness value of 2.0147. The maximum effectiveness of the heat exchanger is achieved in the simulation with 15 twists in the twisted tapes and a mass flow rate of 0.8 kg/s, yielding an effectiveness value of 2.235.
Conclusion
The simulation results successfully demonstrate the relationship between the number of twists in the twisted tapes and the performance of the heat exchanger, allowing us to determine the optimal design for the heat exchanger that will be fabricated. In this research, the heat exchanger is designed to handle a maximum fluid flow rate of 25 l/min or approximately 0.4 kg/s. Therefore, it is highly likely that the heat exchanger will malfunction if the fluid capacity exceeds the maximum capacity that can be handled by the heat exchanger.
From the simulation results, a function can also be derived to describe the relationship between the number of twists in the twisted tapes and the effectiveness of the heat exchanger. This allows us to predict the performance of the heat exchanger beyond the results obtained in the previous simulation chapter.
However, due to various limitations, not all variables can be changed to become simulation parameters, which means there is a possibility of finding an optimal heat exchanger performance that is significantly better than the results of this research. Direct experiments need to be conducted to determine the influence of twisted tapes on pressure drop. This is necessary to understand the maximum performance of the heat exchanger with the acceptable level of pressure change.
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Gambar 1. Diagram Moody
10. Menghitung Performance Evaluation Criterion (PEC) menggunskan persamasn

11. Menghitung efektivitas penukar kalor menggunakan persamaan (3.6).
5 12. Setelah proses perhitungan selesai, maka dapat ditentukian performa optimum penukar
alor dengan melihat nilai efektivitas penukar kalor yang paling besar.
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