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This study presents a comprehensive numerical investigation into the thermal and 

hydraulic performance of a double-pipe heat exchanger equipped with various twisted 

tape configurations, including metal foam twisted tape, conventional (smooth) twisted 

tape, and porous media inserts. The analysis is conducted using Computational Fluid 

Dynamics (CFD) simulations in ANSYS Fluent under steady-state conditions, with air 

and water as the working fluids. Key parameters such as outlet temperature, pressure 

drop, Nusselt number, thermal performance factor (TPF), and the pitch-to-height ratio 

(Pt/W = 3.6, 5.2, and 6.8) are evaluated over a wide range of Reynolds numbers (500 < 

Re < 13,000). The study explores three distinct cases with different external fin 

configurations to assess the impact of geometric design on heat transfer enhancement. 

The results indicate a significant improvement in thermal performance when using 

twisted tape inserts. Conventional twisted tape enhances heat transfer by up to 33% 

compared to a plain tube; while metal foam twisted tape achieves a 37% enhancement. 

Furthermore, metal foam twisted tape demonstrates an 11.2% superior thermal 

performance over conventional twisted tape, particularly in the laminar flow regime. 

However, at higher velocities (i.e., higher Reynolds numbers), the difference in 

performance decreases due to flow choking within the metal foam matrix. Maximum 

heat transfer augmentation is observed before the transition to turbulent flow, after 

which the performance gradually declines. 
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1. Introduction 

In industrial applications, the exchange of 

thermal energy between two fluids is facilitated 

through the use of a double-pipe heat exchanger. 

This crucial process involves two distinct fluids 

characterized by disparate temperatures within 

the heat exchanger, creating an opportune 

environment for efficient heat transfer between 

them. The double-pipe configuration serves as a 

fundamental apparatus for promoting thermal 

energy exchange, a vital component in 

numerous industrial processes. This type of heat 

exchanger enables the seamless transfer of heat 

from one fluid to another, contributing to the 
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overall efficiency and functionality of diverse 

industrial systems. The interaction between 

fluids of varying temperatures within the heat 

exchanger sets the stage for the dynamic and 

essential heat exchange phenomena essential for 

myriad industrial applications [1]. 

Metal foams, known for their porous 

structures with high thermal conductivity and 

compact volume, have garnered attention for 

enhancing heat transfer in thermal systems. The 

incorporation of these materials improves 

thermal performance by maximizing heat 

transfer through an extensive surface area [2]. 

Metal foams, with their efficient thermal 

dissipation, significantly enhance conductive 
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heat transfer, leading to increased heat transfer 

rates [3]. However, it's essential to note that 

integrating foam structures may reduce fluid 

velocity, impacting natural convection streams. 

Despite this, the use of metal foams can promote 

a more uniform temperature distribution within 

the system [4]. 

Aljubury et al. [5] conducted an 

experimental investigation focusing on the 

thermo-hydraulic performance of Metal Foam 

Twisted Tape (MFTT) within a double pipe heat 

exchanger, with a comparison against 

Traditional Twisted Tape (TTT). Their 

objective was to achieve superior thermal 

enhancement factors compared to TTT under 

similar operating conditions, primarily 

assessing Nusselt number (Nu) and Nu/Nuo 

across various tape-twist ratios and Reynolds 

numbers. Their findings revealed an inverse 

correlation between twist ratio and heat transfer 

enhancement. MFTT surpassed TTT and the 

unmodified pipe, demonstrating 175% to 230% 

higher Nu values than TTT, and notably, a more 

substantial enhancement with Nu values ranging 

from 275% to 500% higher than the clear pipe. 

These results underscored remarkable 

advancements in heat transfer facilitated by 

MFTT. Aljubury et al. primarily studied the 

impact of tape-twist ratios and Reynolds 

numbers on the Nusselt number and thermal 

enhancement. In contrast, the current study 

introduces variations in the number of turns and 

number of fins as additional design parameters, 

exploring their influence on thermal and 

hydraulic performance. 

Ahmed et al [6] conducted a comprehensive 

study employing a three-dimensional CFD 

model in an annular channel, researchers 

focused on a helical insert wrapped with wire 

twist ratio of (1.92). The investigation, under 

single-phase flow conditions Figure (1), 

explored Reynolds numbers from 200 to 2300. 

Simulation results demonstrated substantial 

improvements in both Nusselt number and 

frictional effects compared to a plain pipe, with 

Nusselt number augmentation ranging from 

1.34 to 2.6 times and frictional effects 

increasing from 3.5 to 8 times. These findings 

highlight significant enhancements in heat 

transfer and, conversely, an elevated pressure 

drop associated with the wire-wrapped pipe 

design. 

 

Figure 1. Wire-wrapped helical insert [6] 

Li et al. [7] introduced the "central hollow 

narrow twisted tape," a new geometric 

configuration, to enhance thermal flow and 

efficiency in pipes under laminar flow. The 

design featured adjustable parameters-hollow 

width and clearance-creating a one-sided 

twisted tape Figure (2). Results indicated a 

substantial 28.1% improvement in overall heat 

transfer performance compared to traditional 

convolute tapes. The central hollow narrow 

twisted tape demonstrated significant potential 

for efficiently improving heat transfer and 

thermal efficiency in laminar flow pipes, 

offering valuable insights for innovative heat 

exchanger designs in various industrial 

applications. 

  

Figure 2. Typical, unilateral and cross hollow 

twisted tapes [7] 

In an experimental investigation by Eiamsa-

ard and Eiamsa-ard [8] under uniform heat flux 

conditions, perforated twisted tape inserts were 

studied with varying parameters (l/m, dia/m, and 

pitch/m ratios) depicted in Figure (3). Results 

revealed a noticeable increase in heat transfer 

rate as pitch/m and l/m ratios decreased, and 

dia/m ratio increased compared to a plain pipe. 

The perforated twisted tape outperformed plain 

pipes and those with conventional convolute 

strips, exhibiting a superior heat transfer rate of 

approximately 28.2% compared to a plain pipe 
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and 27.4% compared to pipes with conventional 

torsion strips. It surpassed smooth pipes with an 

impressive 86.7% improvement, highlighting 

the significant potential of perforated twisted 

tape inserts for efficient heat exchange 

applications. 

 

Figure 3. Perforated torsion strip with punches in 

diverse size [8] 

According to a review of the literature, in 

recent years, there have been various attempts to 

discover various forms of twisted tape insert 

TTT by varying arrangement and geometry. The 

current study tries to investigate the significance 

of using metal foam twisted fins (MFTF) as a 

twisted tape inset and comparing its thermo‐

hydraulic performance with traditional twisted 

tape (TTT) to fill this knowledge gap by means 

of numerical work based on the performance 

evaluating factor (PEF). This technique used to 

storage thermal energy [9] and open-cell metal 

foam condenser [10] and [11]. The Nusselt 

number is heightened by the metal foam in a 

manner directly correlated with the rise in pore 

density [12]. The investigation goal of the 

innovatively designed MFTF is to improve the 

heat transfer rate, which provides a better PEF 

over those of TTT at the same dimensions and 

pumping power.  

The objective of this study is to numerically 

analyze the impact of using a metal foam twisted 

tape on the thermal performance of a double-

pipe heat exchanger using the fluent – CFD 

software. This includes evaluating its 

performance against conventional twisted tape 

and smooth tape under different fin 

configurations and flow conditions using air and 

water as working fluids. Key parameters such as 

outlet temperature, pressure drop, Nusselt 

number, and the coefficient of performance are 

examined across a range of Reynolds numbers 

(500 < Re < 13,000) at different cases of tape 

arrangement (one, two, and three tapes) and 

(one, two, and three turns). The goal is to 

identify the optimal conditions and 

configurations that maximize thermal 

enhancement while balancing the pressure drop, 

particularly in different flow regimes. 

2. Numerical modeling approach 

A counter-flow double pipe heat exchanger 

is employed, constructed from copper with an 

inner diameter of 21.4 mm and a thickness of 2 

mm [13]. In this setup, the hot fluid enters the 

pipe, while the cold fluid flows outside the pipe. 

A twisted tape made of copper metal foam is 

placed in an annular shape around the outer 

surface of the pipe, which disrupts the flow of 

the cold fluid, as in Figure (4). The numerical 

study is conducted using Fluent CFD software 

for detailed analysis. The solution method is 

coupled, and gradient of discretization is least 

squares cell based. The Program Controlled 

mesh setting is used to let the software 

automatically generate an optimized mesh based 

on the geometry and physics of the problem. 

This approach saves time, reduces user errors, 

ensures compatibility with the solver, and 

adapts well to complex geometries. It provides 

a balance between accuracy and computational 

efficiency without requiring manual 

adjustments. 

 
 

 
Figure 4. Schematic shape of metal foam inserted in an 

annular pipe 

One fin Three fins Two fins 
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Where: Pt : Pitch of twisted tape, w : tape height, 

x: distance between the twisted tape and the wall 

of outer pipe  

A heat was applied to pipe by the hot air 

within the inner pipe, the porosity of the metal 

foam not exceed (0.75) and thickness of (3 mm), 

and compared this case with conventional 

twisted tape and plane pipe. The dimensions of 

the case study illustrated in table (1) and table 

(2).  

Table 1: Values of constant geometrical parameters 

Parameters                                              Symbol Value 

(mm) 

Length of heat exchanger L 1000 

Diameter of inner pipe with 

pipe thickness 
d 25.4 

Diameter of outer pipe D 80 

Thickness of twisted tape t 3 

tape height w 25 

distance between the twisted 

tape and the wall of outer pipe  

 
x 2.8 

Table 2: Values of variable parameters 

Parameters                                              Symbol Value 

Number of twist turn Nt 1,2,3 

Number of fins Nf 1,2,3 

Type of fin insert 
Tf 

Metal foam, 

typical 

Reynolds number range Re 500-13000 

 

3. Governing equations  

 The equations governing the issue of flow 

with heat transfer as in the case of heat 

exchangers represent the basic equations for 

fluid flow and the laws of conservation of mass 

[14], energy [15], and momentum [16].  

The conservation of mass: -  
𝜕

𝜕𝑍
(�̅�) +

1

𝑟
 

𝜕

𝜕𝑟
(𝑟�̅�) +

1

𝑟
 

𝜕

𝜕𝜃
(�̅�) = 0                (1)  

where: �̅� , �̅� , �̅� represented average velocity 

components in the directions r ,𝜃 ,z. 

The conservation of energy is the first law 

of thermodynamics, which, when applied to the 

moving fluid element [17] 

{

𝑇ℎ𝑒 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑤ℎ𝑖𝑐ℎ 
𝑒𝑛𝑒𝑟𝑔𝑦 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑤𝑖𝑡ℎ𝑖𝑛

 𝑎 𝑓𝑙𝑢𝑖𝑑 𝑒𝑙𝑒𝑚𝑒𝑛𝑡
} = {

𝑁𝑒𝑡 𝑓𝑙𝑢𝑥 𝑜𝑓 
ℎ𝑒𝑎𝑡 𝑖𝑛𝑡𝑜

𝑡ℎ𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 
} +

{

𝑅𝑎𝑡𝑒 𝑜𝑓 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑑𝑜𝑛𝑒 𝑜𝑛 
𝑡ℎ𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑑𝑢𝑒 𝑡𝑜 𝑏𝑜𝑑𝑦 

𝑎𝑛𝑑 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑓𝑜𝑟𝑐𝑒𝑠 
}                                                  (2) 

                                                                                                     
𝜕𝑇

𝜕𝑡
+ 𝑢𝑟

𝜕𝑇

𝜕𝑟
+

𝑢𝜃

𝑟

𝜕𝑇

𝜕𝜃
+ 𝑢𝑧

𝜕𝑇

𝜕𝑧
=

�̇�𝑔

𝑐𝑝
+

𝛼 [
1

𝑟

𝜕

𝜕𝑟
(𝑟

𝜕𝑇

𝜕𝑟
) +

1

𝑟2

𝜕2𝑇

𝜕𝜃2
+

𝜕2𝑇

𝜕𝑧2
] +

Φ

𝜌 𝑐𝑝
               (3) 

Where the viscous rate of dissipation is  

Φ = 2𝜇 [(
𝜕𝑢𝑟

𝜕𝑟
)

2

+ (
1

𝑟

𝜕𝑢𝜃

𝜕𝜃
+

𝑢𝑟

𝑟
)

2

+ (
𝜕𝑢𝑧

𝜕𝑧
)

2

] +

𝜇 [(
1

𝑟

𝜕𝑢𝑟

𝜕𝜃
+

𝜕𝑢𝜃

𝜕𝑟
−

𝑢𝜃

𝑟
)

2

+ (
𝜕𝑢𝜃

𝜕𝑧
+

1

𝑟

𝜕𝑢𝑧

𝜕𝜃
)

2

+

(
𝜕𝑢𝑧

𝜕𝑟
+

𝜕𝑢𝑟

𝜕𝑧
)

2

]                                                 (4) 

The general momentum equations for three 

dimensions in cylindrical coordinate are  

In Z direction 

𝜌 (�̅�
𝜕

𝜕𝑧
(�̅� − 𝜇𝑒𝑓𝑓

𝜕𝑢

𝜕𝑧
) + �̅�

1

𝑟

𝜕

𝜕𝑟
(𝑟�̅� −

𝜇𝑒𝑓𝑓𝑟
𝜕𝑢

𝜕𝑟
) + �̅�

1

𝑟

𝜕

𝜕𝜃
(�̅� − 𝜇𝑒𝑓𝑓

1

𝑟

𝜕𝑢

𝜕𝜃
)) = −

𝜕�̅�

𝜕𝑧
+

𝜕

𝜕𝑧
(𝜇𝑒𝑓𝑓

𝜕𝑢

𝜕𝑧
) +

1

𝑟

𝜕

𝜕𝑟
(𝑟𝜇𝑒𝑓𝑓 (

𝜕�̅�

𝜕𝑧
)) +

1

𝑟

𝜕

𝜕𝜃
(𝜇𝑒𝑓𝑓 (

𝜕�̅�

𝜕𝑧
))                 ………. (5) 

In r direction 

𝜌 (�̅�
𝜕

𝜕𝑧
(�̅� − 𝜇𝑒𝑓𝑓

𝜕�̅�

𝜕𝑧
) + �̅�

1

𝑟

𝜕

𝜕𝑟
(𝑟�̅� − 𝜇𝑒𝑓𝑓𝑟

𝜕�̅�

𝜕𝑟
)

+ �̅�
1

𝑟

𝜕

𝜕𝜃
(�̅� − 𝜇𝑒𝑓𝑓

1

𝑟

𝜕�̅�

𝜕𝜃
))

= −
𝜕�̅�

𝜕𝑟
+

𝜕

𝜕𝑧
(𝜇𝑒𝑓𝑓

𝜕�̅�

𝜕𝑟
)

+
1

𝑟

𝜕

𝜕𝑟
(𝑟𝜇𝑒𝑓𝑓

𝜕�̅�

𝜕𝑟
)

+
1

𝑟

𝜕

𝜕𝜃
(𝜇𝑒𝑓𝑓 (𝑟

𝜕 (
�̅�
𝑟

)

𝜕𝑟
)) + 𝜌

�̅�2

𝑟

−
2𝜇𝑒𝑓𝑓

𝑟
(

1

𝑟

𝜕�̅�

𝜕𝜃
+

�̅�

𝑟
)                        (6) 
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In θ direction 

𝜌 (�̅�
𝜕

𝜕𝑧
(�̅�−𝜇𝑒𝑓𝑓

𝜕�̅�

𝜕𝑧
) + �̅�

1

𝑟

𝜕

𝜕𝑟
(𝑟�̅� −

𝜇𝑒𝑓𝑓𝑟
𝜕�̅�

𝜕𝑟
) + �̅�

1

𝑟

𝜕

𝜕𝜃
(�̅� − 𝜇𝑒𝑓𝑓

1

𝑟

𝜕�̅�

𝜕𝜃
)) =

−
1

𝑟

𝜕�̅�

𝜕𝜃
+

𝜕

𝜕𝑧
(𝜇𝑒𝑓𝑓 (

1

𝑟

𝜕𝑢

𝜕𝜃
)) +

1

𝑟

𝜕

𝜕𝑟
(𝜇𝑒𝑓𝑓 (

𝜕�̅�

𝜕𝜃
−

�̅�)) + (
𝜇𝑒𝑓𝑓

𝑟
(𝑟

𝜕(
�̅�

𝑟
)

𝜕𝑟
+

1

𝑟

𝜕�̅�

𝜕𝜃
)) − 𝜌

�̅��̅�

𝑟
+

1

𝑟

𝜕

𝜕𝜃
(𝜇𝑒𝑓𝑓 (

1

𝑟

𝜕�̅�

𝜕𝜃
+

2�̅�

𝑟
))                                    (7)                                                                                        

       It is difficult to obtain an improvement in 

thermal performance directly because the 

increase in turbulence of the fluid flow causes a 

large loss of energy and an increase in the 

frictional pressure drop in the pipe, so it will 

consume additional energy for pumping, so the 

design process needs to be evaluated to obtain 

the optimal design, The thermal performance 

factor is calculated by the following equation 

[18]. 

𝜂 =
𝑁𝑢 𝑁𝑢𝑏⁄

(𝑓 𝑓𝑏⁄ )1 3⁄                                                    (8) 

Where (Nu) average Nusselt number with use 

twisted tape inside the pipe and 𝑁𝑢𝑏 is average 

Nusselt number at bared pipe. The friction factor 

obtained at smooth pipe and when the twisted 

tape inserted in the pipe.  

𝑁𝑢 =
ℎ∗𝐷ℎ

𝑘
                                                      (9) 

𝑁𝑢𝑏 =
ℎ𝑏∗𝐷ℎ

𝑘
                                                  (10) 

𝑓 =
2

𝜌

𝐷ℎ

𝑢2

𝑑𝑝

𝑑𝑥
                                                    (11) 

𝑓𝑏 =
2

𝜌

𝐷ℎ

𝑢2 (
𝑑𝑝

𝑑𝑥
)

𝑏
                                             (12)  

where :- h : surface heat transfer coefficient of 

total area (pipe and twisted tape) [W/m2.K], hb : 

surface heat transfer coefficient of bared pipe 

[W/m2.K], f : friction factor of outer pipe with 

twisted tape insert, fb : friction factor of bared 

pipe  

The focus of the present work is on thermal 

performance, not just pressure losses. While it is 

true that adding any geometry typically results 

in an increase in pressure losses, it is important 

to consider the simultaneous enhancement in 

heat transfer. If the increase in heat transfer is 

greater than the increase in pressure losses, the 

case can be considered improved, as indicated 

by a thermal performance factor greater than 

one. Therefore, the method is still feasible, as 

the overall thermal performance is the key 

factor. 

4. Assumptions 

To simplify the study, there are many 

assumptions proposed to the case study: 

a) Constant properties, density and 

viscosity of the air, and thermal 

conductivity and specific heat of the pipe 

material  

b) Steady state conditions. 

c) The turbulence model proposed to this 

study is k-ω (SST) which is suit for 

inserting twisted tape inside pipe. 

d) No slip at the wall. 

e) Laminar and turbulent flow. 

The k-ω (SST) turbulence model is 

particularly suitable for this study involving a 

twisted tape inserted into a pipe because it 

combines the strengths of both the k-ω and k-ε 

models, making it highly effective for capturing 

the complex flow dynamics and heat transfer 

characteristics of swirl-inducing devices like 

twisted tapes. The k-ω model is well-suited for 

accurately resolving the flow near the walls, 

which is critical in heat transfer studies where 

boundary layers significantly influence 

performance. Twisted tapes create strong 

secondary flows and disrupt the boundary layer, 

and the k-ω formulation effectively captures 

these effects, ensuring reliable predictions of 

heat transfer rates and flow behavior. Twisted 

tapes generate swirl flow and enhance 

turbulence intensity, particularly in the near-

wall region. The Shear Stress Transport (SST) 

component of the model is designed to handle 

such flows where shear stresses dominate, 

providing accurate turbulence modeling in 

swirl-enhanced configurations. The insertion of 



Hassan Hikmat, Issam M.Ali Aljubury / Diyala Journal of Engineering Sciences Vol (18) No 2, 2025: 91-108 

96 

 

a twisted tape can cause flow separation and 

complex recirculation zones. The SST model is 

particularly good at predicting these phenomena 

due to its ability to switch between k-ω and k-ε 

modes, improving accuracy in regions of 

adverse pressure gradients [19]. 

5. Boundary conditions 

The boundary conditions applied on the case 

study as shown in the figure (5), can be 

summarized as follows  

1. Cold velocity inlet 

o Boundary Type: Velocity inlet. 

o Parameters:  

▪ Velocity: Specifies the flow rate of cold 

fluid entering. 

▪ Temperature: Initial temperature of the 

cold fluid. 

▪ Turbulence Parameters: Intensity and 

hydraulic diameter. 

2. Hot velocity inlet 
o Boundary Type: Velocity inlet. 

o Parameters:  

▪ Velocity: Specifies the flow rate of hot 

fluid entering. 

▪ Temperature: Initial temperature of the hot 

fluid. 

▪ Turbulence Parameters: Intensity and 

hydraulic diameter. 

3. Pressure outlet 

o Boundary Type: Pressure outlet. 

o Parameters:  

▪ Gauge Pressure: Typically 0 Pa 

(atmospheric pressure)  

▪ Outlet Temperature: Calculated based on 

simulation results. 

4. Wall boundary 

o Boundary Type: Wall. 

o Parameters:  

▪ No-Slip Condition: Zero velocity at the 

wall. 

▪ Heat Transfer:  

▪ Adiabatic (no heat transfer)  

▪ Conjugate heat transfer (with conduction 

at inner tube and twisted tape for typical 

tape) 

5. Porous media boundary 

o Boundary Type: Porous media. 

o Parameters:  

▪ Permeability: Defines flow resistance due 

to porosity. 

▪ Inertial Resistance: Accounts for 

additional resistance. 

▪ Thermal Conductivity: Specifies heat 

conduction within the porous medium. 

 

Figure 5. Boundary conditions of the case study  

6. Mesh independency 

The solution's accuracy improves as the 

mesh becomes finer, but beyond a certain point, 

further refinement does not significantly change 

the results. Figure (6) illustrates the grid 

employed for numerical simulations in the 

double-pipe heat exchanger study and mesh 

independency. The grid incorporates boundary 

layers at the inlet and outlet sections, enhancing 

mesh quality for improved simulation accuracy 

[15]. Using a turbulence model, even in 

scenarios covering laminar and turbulent flow 

ranges, ensures that the simulation can 

accurately capture the full flow physics, handle 

the transition to turbulence, and provide reliable 

results for practical engineering applications. 

The layout effectively illustrates the structural 

complexities of the heat exchanger [20], 

utilizing a controlled-order cell type selected for 

its capability to provide precise control over 

mesh characteristics, leading to a refined and 

well-structured grid [21]. The final mesh 

consists of 1390311 nodes, after evaluating 

various mesh sizes, including 520400, 910650, 

1218800, 1390311, and 1590400 nodes. 
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Figure 6. Mesh of the case study, a) mesh of the 

geometry b) mesh independency of Nusselt number 

      In the analyzed heat exchanger, the internal 

pipe receives hot fluid at 50 degrees Celsius, 

flowing at a constant velocity of 3 m/s. Cold 

fluid is introduced at velocities ranging from 0.2 

to 3 m/s, and the external pipe receives this cold 

fluid at 25 degrees Celsius. Both pipe flows are 

entirely turbulent, and copper is used for the 

construction materials of the twisted tapes and 

pipes [22]. Table 3 provides detailed boundary 

conditions, specifying temperatures, velocities, 

and turbulence characteristics for the hot and 

cold fluids circulating through the heat 

exchanger. 

Table 3: Boundary conditions for the numerical study 

Parameter Symbol Value 

Inlet temperature of hot 

flow (internal pipe) 
Ti)hot [ᵒC] 

50 

Inlet temperature of cold 

flow (external pipe) 
Ti)cold [ᵒC] 

25 

Inlet velocity of hot flow 

(internal pipe) 

Vi)hot   [m/s] 
3 

Reynolds number of cold 

flow (external pipe) 

Re[----] 500-

13000 

 

7. Convergence criteria  

Convergence criteria define the conditions 

that determine when an iterative process or 

algorithm has successfully reached a solution. 

These conditions ensure that the process yields 

results that are adequately close to the intended 

goal or target, see Figure (7). The exact criteria 

vary based on the problem's context, such as 

numerical optimization, machine learning, or 

solving differential equations. 
 

 

Figure 7. Convergence 

8. Results and discussion  

In this investigation, the thermal 

performance of a double-pipe heat exchanger is 

analyzed using numerical simulations to 

evaluate the effect of employing a modified 

twisted tape fin (MFTF). The study compares 

two configurations: one utilizing a conventional 

twisted tape in the outer pipe, and the other 

using the MFTF design. Both configurations are 

further compared to a bare pipe (without any 

enhancement), serving as a baseline to assess the 

improvements introduced by the modified fin 

geometry. The analysis considers two working 

fluids, air and water, to evaluate the thermal 

performance across varying fluid properties and 

flow conditions. The primary objective of this 

investigation is to enhance the heat transfer 

performance of a double-pipe heat exchanger by 

introducing a modified twisted tape fin (MFTF) 

and evaluating its effectiveness in comparison to 

both a traditional twisted tape and a bare pipe. 

The study aims to assess the overall impact of 

the MFTF on thermal and hydraulic 

performance under different operating 

conditions using numerical simulations. 
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8.1 Validation of the current numerical 

investigation 

      A comparative analysis between the current 

numerical results and equations from Aljubury 

et al. [5] was performed to assess simulation 

accuracy [23], as depicted in Figure (8) and (9). 

The findings revealed a percentage deviation 

below 2% for average Nusselt number in metal 

foam and 11% for typical twisted tape (TTT). 

Similarly, the average friction factor shows a 

12% error for both metal foam twisted tape 

(MFTF) scenarios, the errors within 10%–15% 

are typically considered acceptable in heat 

transfer and fluid mechanics studies [19]. This 

validation affirms the reliability and fidelity of 

the numerical outcomes, indicating close 

agreement with established reference results. 

The reasonable explanations for the deviation 

that lead to discrepancy between the numerical 

and experiments results as follow: 

• Modeling Assumptions and Simplifications 

• Geometry and Boundary Conditions 

• Numerical Method and Grid Resolution 

• Experimental Uncertainties 

• Heat Transfer and Flow Regimes 

• Finite Computational Resources 
 

 

 
Figure 8. validation the Nusselt number of the current study and Aljubury et al.  [5] of metal foam and typical twisted 

tape (TTT). 
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Figure 9. validation the friction factor of the current study and Aljubury et al. [5] of metal foam and typical twisted tape 

(TTT). 

8.2 The effect of adding twisted fins 

In the simulation comparing typical and 

copper foam twisted tapes for heat transfer 

enhancement, Figure (10 a) illustrates 

temperature contours. These contours provide 

visual representation of temperature distribution 

within the system. The presence of twisted tape, 

whether typical or made of copper foam, 

induces increased turbulence within the flow as 

shown in Figure (10 b). This heightened 

turbulence is crucial for enhancing heat transfer 

as it promotes better mixing of fluid layers, 

leading to improved thermal exchange between 

the fluid and the heat transfer surfaces. 

Additionally, the Nusselt number, which 

quantifies the convective heat transfer 

coefficient, is observed to increase significantly 

with the insertion of twisted tape. This increase 

in Nusselt number signifies enhanced 

convective heat transfer rates. The twisted tape 

serves as a disruptor to the flow, creating 

vortices and enhancing fluid mixing, which in 

turn leads to more efficient heat transfer. 
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a) 

 

 
b) 

Figure 10. a) temperature contour of three cases b) velocity victor  

8.3 The effect of Re parameter for Air 

Figure 11 displays Nusselt number of air 

variations for one, two, and three fins round the 

pipe, revealing significant increases in laminar 

and transient flows. For three turns, typical fins 

exhibit improvements compared to bared pipe of 

(75.1%, 107.2%, 134.5%) for one, two, and 

three fins, while foam metal shows higher 

Nusselt numbers with increases of (86.2%, 

118.4%, 135.6%) for the same configurations 

due to flow disturbances because the tape works 

as fin and fluid mixer at the same time with low 

stagnation flow near the wall. 

   Figure 12 illustrates the variation of the 

friction factor with Reynolds number. As 

Reynolds number increases, the friction factor 

decreases, given its inversely proportional 

relationship with the square of velocity 

according to Darcy’s equation (11). The distinct 

difference between cases MFTF, TTT and the 

bare pipe is evident due to flow obstruction by 

the tape consequently increasing the friction 

factor. (MFT) increases the friction factor 

because the pore in the metal foam makes the 

surface rougher. For three turn is the worst of 

friction factor as compared to the bare pipe 

(185%, 278%, and 404%) for one, two, and 

three fins. 

        Figure (13) depicts thermal performance 

factor changes across Reynolds numbers for 

(MFTF) and (TTT). In laminar flow, the factor 

rises until the early transitional region, turning 

turbulent due to the twisted tape's geometry. 

With increasing Reynolds number, the factor 

decreases due to elevated pressure drop. 

Comparing one, two, and three fins, optimal 

performance factors occur in laminar flow of air. 

For the first and second cases, the two-turn 

MFTF (1.42 and 1.48) of thermal performance 

factor, while the one-turn MFTF performs best 

in laminar and transitional flow in the third case 

(1.61) of thermal performance factor. The 

porosity allows fluid to pass through the fins; 

this can increase the heat transfer efficiency 

while maintaining a low pressure drop that 

results in increasing TPF. 
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Figure 11. Nusselt number of air at different ranges of Reynolds number 
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Figure 12. friction factor of air at different ranges of Reynolds number 
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Figure 13. Thermal performance factor of air at different ranges of Reynolds number 
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8.4 The effect of Re parameter for water 

The Figure 14 illustrates the variations in 

Nusselt number of waters for different numbers 

of fins (one, two, and three) around the pipe. For 

three turns, typical fins show enhancements 

compared to a bare pipe, with improvements 

(59%, 85%, and 146%) for one, two, and three 

fins, respectively. On the other hand, metal foam 

fins exhibit even higher Nusselt numbers, with 

increases (63%, 60%, 113%) for the same 

configurations, attributed to flow turbulence 

caused by the foam structure. The twisted fins 

(both typical and porous) significantly improve 

the Nusselt number compared to the bare tube 

due to enhanced turbulence and secondary 

flows. Typical fins are more effective than 

porous fins because of their stronger obstruction 

of the flow, which induces more intense swirl. 

Figure 15 illustrates the friction factor of 

water for different numbers of fins (one, two, 

and three) around the pipe. For three turns, it is 

as high as possible for the first case of the three 

turns fin foam. However, in the second and third 

cases, the typical three turns MFTF is the 

highest due to the large pressure losses that are 

caused by the vortices. The friction factor 

increases in the three turns as maximum as 

compared with bare pipe by (152%, 268%, 

379%) for one, two, and three fins respectively, 

and for metal foam twisted fin by (223%, 267%, 

319%) for one, two, and three fins respectively. 

Figure (16) shows the Comparing one, two, 

and three fins of the performance factors occur 

in laminar and turbulent flow of water. It is 

noteworthy that in all cases, the typical fin 

outperforms the foam fin by a margin of (8.5%, 

5.7%, 5%) for one, two, and three turns, 

respectively, when considering a single fin, and 

(17.6%, 16%, 16.6%) for two fins, and (25.4%, 

19.1%, 11%) for three fins. The highest 

improvement in thermal performance is 

observed when the flow is water with three fins 

and one turn. At high Re, flow separation and 

energy losses due to excessive turbulence 

become more pronounced in systems with 

obstructions (like fins). This can decrease the 

heat transfer efficiency while maintaining a high 

pressure drop, further reducing TPF. 
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Figure 14. Nusselt number of waters at different ranges of Reynolds number 
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Figure 15. Friction factor of water at different ranges of Reynolds number 
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Figure 16. Thermal performance factor of water at different ranges of Reynolds number 

9. Conclusions  

From the numerical results of simulating the 

insertion of twisted tape: a conventional twisted 

tape and a metal foam twisted tape inside the 

outer surface of a double-pipe heat exchanger, 

the following was concluded: 

1- When the twisted tape was inserted, the 

thermal performance factor increased for 

air flow by (7%, 11.2%, 5.7%) for one turn, 

two turns, and three turns, respectively of 

MFTF over TTT for one fin and for two fins 

(1.16%, 1.98%, 2.82%) for one turn, two 

turns, and three turns, respectively and for 

three fins (1.2%, -0.74%, -2%) for one turn, 

two turns, and three turns, respectively, the 

negative sign means the TTT better than 

MFTF. 

2- Improving thermal performance is more 

effective in the laminar flow range for TTT 

about (27% , 17% , 18%) for one, two, and 

three fins respectively, and for MFTF about 

(34%, 29%, 25%) for one, two, and three 

fins respectively 

3- When comparing typical twisted tape and 

MFTF, the maximum thermal performance 

improvement of MFTF is 11.2% for one fin 

with two turns around the pipe. 

4- Foam fins demonstrate better scalability 

for air compared to water. 

5- For the suggested future work, it could be 

focus on exploring different parameters, 

such as investigation of additional fluid 

types, optimization of metal foam and 

twisted tape geometries and cost-benefit 

analysis and practical implementation 

In summary, the study indicates that MFTF 

provides better thermal performance than 

conventional twisted tape, particularly in air 

systems and in the laminar flow regime, with 

significant improvements seen in specific 

configurations. 
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