
 

1. Introduction 

Heat exchangers play a vital role in numerous industrial and en-

gineering applications, making their design a multifaceted and 

demanding discipline. Beyond financial and durability consid-

erations, thorough hydraulic and thermal performance analysis 

is essential in their development [1]. Strategies to enhance ther-

mal efficiency frequently involve a trade-off; for instance, de-

sign features that intensify heat transfer (e.g. fins, baffles, twist 

tape, twist tube or surface roughening) often simultaneously in-

crease hydraulic resistance, leading to higher pressure drops and 

greater pumping power requirements. 

Heat transfer enhancement techniques fall into two catego-

ries: active and passive. Among these, passive methods have at-

tracted significant attention due to their cost efficiency and sim-

plicity [2]. A common passive approach involves flow-modify-

ing devices like twisted tape, which generates secondary flows 

alongside axial motion, intensifying turbulence. This enhanced  
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Abstract 

This study investigates the thermal and hydraulic performance of three configurations of double twisted tube heat exchang-
ers (DTTHEs): circular (DCTTHE), elliptical (DETTHE) and square (DSTTHE) tubes, all with a twist ratio of 5. Numerical 
simulations were performed using Ansys Fluent with the k-ε turbulence model at Reynolds numbers ranging from 5000 to 
25 000 to analyse heat transfer enhancement mechanisms. The working fluids were hot water and cold water, with varied 
inlet mass flow rates. Key performance parameters, such as the Nusselt number, overall heat transfer coefficient, pressure 
drop and effectiveness, were computed. Results demonstrate that DETTHE outperforms the other configurations, achieving 
superior heat transfer efficiency due to intensified secondary flows and vortices that enhance fluid mixing and disrupt 
thermal boundary layers. DETTHE exhibited the highest overall heat transfer coefficient, Nusselt number and effective-
ness, with a maximum improvement in overall performance factor of approximately 74% and 300%, compared to DCTTHE 
and DSTTHE, respectively. However, this enhancement came at the cost of higher pressure drops. Temperature contours 
revealed uniform thermal distribution and improved heat exchange in DETTHE, particularly at the outlet region. Enhanced 
turbulence, secondary flow generation and stronger mixing near the tube walls contributed to these improvements. The 
study highlights the trade-off between thermal performance and hydraulic losses. The findings from this comparative anal-
ysis provide insights into the relative performance of different double twisted tube designs. Among the designs, DETTHE 
achieved the highest performance factor, making it a promising solution for compact and high-efficiency industrial heat 
exchangers. 
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Nomenclature 

As ‒ heat transfer surface area, m2 

C ‒ heat capacity rate, W/K 

Cp ‒ specific heat, J/(kg K) 

d ‒ inner tube diameter, m 

D ‒ outer tube diameter, m 

Dh ‒ hydraulic diameter, m 

k – turbulent kinetic energy, J/kg 

L ‒ length, m 

LMTD – logarithmic mean temperature difference, K 

𝑚̇ ‒ mass flow rate, kg/s 

p ‒ twist pitch, mm 

P ‒ pressure, Pa 

ΔPT ‒ total pressure drop, Pa 

Qavg ‒ average heat transfer rate, W 

Re – Reynolds number, Re = 𝐷𝑢𝜌 / 

t ‒ time, s 

T – temperature, K  

Tr – twisted ratio 

u, υ, w ‒ velocity components, m/s 

U – overall heat transfer coefficient, W/(m2 K) 

x, y, z ‒ Cartesian coordinates, m 

 

Greek symbols 

Γ ‒ thermal conductivity, W/(m2 K) 

ε – turbulent energy dissipation, m2/s3 

ϵ – heat exchanger effectiveness 

η – overall performance index, 1/Pa 

 – dynamic viscosity, Pa s  

ρ – density, kg/m3  

 

Subscripts and Superscripts 

c – cold  

eff – effective  

h – hot  

i – inlet  

o – outlet  

t – turbulent  

 

Abbreviations and Acronyms 

DCTTHE – double circular twisted tube heat exchanger 

DETTHE – double elliptical twisted tube heat exchanger 

DSTTHE – double square twisted tube heat exchanger 

mixing reduces the boundary layer thickness within the heat ex-

changer tube [3]. 

A critical synthesis of the literature on heat transfer enhance-

ment using twisted geometries reveals a complex landscape de-

fined by significant advancements, yet marked by persistent 

methodological gaps and unresolved questions regarding opti-

mal configuration and scalability. The existing body of work can 

be broadly categorised and critically evaluated along several the-

matic lines. A primary focus has been on the geometric evolution 

from simple inserts to complex channel shapes. Early investiga-

tions effectively established the foundational principle that swirl 

flow induces thinning of the thermal boundary layer and improves 

fluid mixing. Studies employing twisted tape inserts, such as those 

by Salam et al. [3] and Murali et al. [4], consistently demonstrate 

this, reporting Nusselt number enhancements of 2.3−2.9 times 

and 1.4−1.8 times higher friction factors compared to smooth 

tubes. However, a critical limitation of this approach is the in-

herent trade-off between heat transfer augmentation and pres-

sure drop, as the solid tape core significantly obstructs flow. 

This limitation prompted a shift towards twisted tubes them-

selves (e.g. elliptical, oval), which generate swirl without a cen-

tral obstruction. For instance, Wu et al. [5] and Cheng et al. [6] 

found that twisted elliptical and oval tubes improve the synergy 

between the velocity vector and the temperature gradient, 

achieving performance evaluation criteria (PEC) in the range of 

1.6−1.7. This transition from inserts to integral twisted geome-

tries represents a pivotal development, moving towards systems 

that enhance heat transfer more efficiently by working with the 

flow path rather than obstructing it. 

Within the domain of twisted tubes, a critical analytical gap 

emerges concerning the comparative impact of different geo-

metric parameters under consistent flow regimes. For instance, 

while Cheng et al. [6] and Luo et al. [7] both investigated twisted 

oval tubes, their studies were confined to laminar flow (Reyn-

olds numbers less than 2000). Their findings on the optimal 

twist pitch are not directly transferable to the turbulent regime 

studied by Alempour et al. [8] (Reynolds numbers ranging from 

4000 to 16 000). This creates a significant knowledge gap: the 

interaction between twist pitch, aspect ratio and flow regime is 

poorly understood, making it difficult to predict performance 

across different operational scales. Furthermore, the work of 

Kim et al. [9] added another layer of complexity, suggesting that 

for twisted elliptic tubes, the number of revolutions has a sub-

stantial impact on thermal performance, while the aspect ratio’s 

variation is “negligible” – a conclusion that may be specific to 

their chosen geometric range and contradicts the importance 

placed on flattening ratios in other studies like Cheng et al. [6]. 

This apparent contradiction underscores the lack of a unified ge-

ometric optimisation framework. 

The pursuit of further enhancement has led to hybrid sys-

tems, which combine twisted geometries with nanofluids. The 

research of Mushatet and Youssif [10,11], Alempour et al. [8], 

and others consistently show a synergistic effect. For example, 

Mushatet and Youssif [11] reported a remarkable 214% heat 

transfer enhancement using Al2O3/water nanofluid in a tube with 

a twin twisted tape insert. However, a critical analysis of these 

hybrid studies reveals a common, and potentially limiting, meth-

odological trend: a heavy reliance on numerical simulations 

[8,10‒12] or highly controlled experimental setups. While these 

approaches are invaluable for parametric analysis, they often fail 

to fully capture the long-term practical challenges, such as na-

noparticle sedimentation, corrosion, and increased pumping 

power costs associated with the compounded pressure drops 

from both the twist and the nanofluid, as noted by Karimi  

et al. [13]. 

This synthesis exposes a critical and underexplored niche in 

the literature. First, there is a pronounced disconnect between 

studies focused on geometric optimisation and those investigat-

ing hybrid nanofluid applications; few works systematically dis-

sect whether the performance gains from a hybrid system are 
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due to a truly optimal geometry or simply the additive effect of 

the nanofluid. Second, the literature is heavily fragmented ac-

cording to flow regimes, with most studies operating exclusively 

in either laminar [5,7,8] or turbulent [4,11,12] conditions, with 

a notable scarcity of research that bridges this divide. Finally, 

there is an overreliance on numerical models that have not been 

extensively validated against experimental data for the specific 

combination of complex geometries and nanofluids. 

This study explores the thermal performance of double- 

twisted-tube heat exchangers by analysing three geometric con-

figurations: circular, elliptical and square. Using 3D computa-

tional modelling, the research assesses the flow behaviour, heat 

transfer efficiency and overall system effectiveness across dif-

ferent twisted tube designs. A mesh independence analysis was 

performed, with stringent checks on mesh quality (including or-

thogonal quality and aspect ratio) to ensure solution accuracy in 

Ansys Fluent. Furthermore, critical dimensionless parameters – 

such as Reynolds number, Nusselt number and overall perfor-

mance metrics – were computed, alongside a detailed evaluation 

of average heat transfer rates and exchanger effectiveness. 

2. Mathematical analysis  

The study examines three configurations of twisted double-tube 

heat exchangers, each with a twist ratio (Tr = p/D, where p de-

notes the twist pitch and D denotes the outer tube diameter) of 5 

and a uniform tube thickness of 4 mm. The first design illus-

trated in Fig. 1 (left side) features circular tubes, with an inner 

tube diameter (di) of 18 mm and an outer tube diameter (Di) of 

50 mm, spanning a length (L) of 1 m. In this counter-flow ar-

rangement, hot water passes through the inner tube while cold 

water flows through the outer annular space, with varying mass 

flow rates tested for both fluids. The second configuration, illus-

trated in Fig. 1 (middle), employs elliptical twisted tubes with 

semi-major and semi-minor radii of 13 mm and 6.3 mm, respec-

tively. The third design, depicted in Fig. 1 (right side), utilises 

square twisted tubes with side lengths of 15.9 mm (inner) and 

44.3 mm (outer). All models are constructed from aluminium 

and share identical operational parameters for comparative anal-

ysis. 

The dynamics of fluid flow are governed by fundamental 

conservation laws — mass, momentum, and energy —which 

form the basis for numerical simulations and analytical solutions 

in fluid mechanics. The continuity equation enforces the princi-

ple of mass conservation, ensuring that the combined mass flow 

rate at the inlets is equal to that at the outlets:  

 
𝜕(𝜌𝑢)

𝜕𝑥
+

𝜕(𝜌𝑣)

𝜕𝑦
+

𝜕(𝜌𝑤)

𝜕𝑧
= 0, (1) 

where u, υ, and w are the velocity vector components, ρ is the 

density, and x, y and z are the Cartesian coordinates. Alongside 

the momentum and energy equations, this framework enables 

precise modelling and analysis of fluid behaviour under varying 

conditions [14]. 

Within this investigation, the Navier-Stokes equations gov-

ern momentum conservation, enabling precise evaluation of 

pressure and velocity profiles across the heat exchanger [15]: 

 (
𝜕𝑢2

𝜕𝑥
+
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Fig. 1. A schematic illustration of a dual-loop heat exchanger configurations (circular tube, elliptical tube, square tube); 

cross-sections and 3D isometric views. 
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 (
𝜕𝑤𝑢

𝜕𝑥
+

𝜕𝑤𝒗

𝜕𝑦
+

𝜕𝑤2

𝜕𝑧 
) = −

1

𝜌

𝜕𝑃

𝜕𝑥
+

𝜕

𝜕𝑥
(𝜇𝑒𝑓𝑓

𝜕𝑤

𝜕𝑥
) +

𝜕

𝜕𝑦
(𝜇𝑒𝑓𝑓

𝜕𝑤

𝜕𝑦
) + 

 

                +
𝜕

𝜕𝑧
(2𝜇𝑒𝑓𝑓

𝜕𝑤

𝜕𝑧 
) +

𝜕

𝜕𝑥
(𝜇𝑒𝑓𝑓

𝜕𝑢

𝜕𝑧 
) +

𝜕

𝜕𝑦
(𝜇𝑒𝑓𝑓

𝜕𝒗

𝜕𝑧 
). (4) 

where P is the pressure and μeff is the effective dynamic viscosity. 

The energy conservation equation governs thermal energy 

transfer within fluid systems by accounting for heat exchange 

and mechanical work. In this analysis, it enables precise deter-

mination of temperature fields and heat flux across the heat ex-

changer’s fluid and solid domains. The governing energy equa-

tion for fluid flow is expressed as [15]: 

 
𝜕𝒖𝑇

𝜕𝑥
+

𝜕𝒗𝑇

𝜕𝑦
+

𝜕𝒘𝑇

𝜕𝑧
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𝜕
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(𝛤𝑒𝑓𝑓

𝜕𝑇

𝜕𝑥
) +

𝜕

𝜕𝑦
(𝛤𝑒𝑓𝑓

𝜕𝑇

𝜕𝑦
) + 

 

                                                  +
𝜕

𝜕𝑧
(𝛤𝑒𝑓𝑓

𝜕𝑇

𝜕𝑧
), (5) 

where T is the temperature and Γeff represents the overall (effec-

tive) thermal conductivity. 

In the above equations, effective parameters are described as 

follows [15]: 

 𝜇𝑒𝑓𝑓 = 𝜇 + 𝜇𝑡, (6) 

 𝛤𝑒𝑓𝑓 = 𝛤 + 𝛤𝑡, (7) 

where μ and μt represent the viscosity as the baseline physical 

property and the turbulent dynamic viscosity, respectively. The 

latter becomes zero for laminar flow. Similarly, Γ and Γt denote 

the intrinsic/baseline and turbulent thermal conductivity, respec-

tively.  

The current investigation employs the k-ε turbulence model 

for analysing the outer boundary layer region. Selected for its 

computational efficiency and predictive reliability, this model 

demonstrates exceptional capability in resolving turbulent flow 

characteristics adjacent to solid boundaries while ensuring nu-

merical stability in undisturbed flow regions. Particularly advan-

tageous for complex flow geometries, the model accurately pre-

dicts separation phenomena and manages adverse pressure gra-

dients. It was applied to account for the turbulent boundary-layer 

interactions that are central to the present study, as expressed by 

the governing equations below [15]: 

 𝜌 (
𝜕
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                           +
𝜕

𝜕𝑧
(

𝜇𝑡

𝜎

𝜕

𝜕𝑧
) +  𝐶1𝜌



𝑘
𝐺 − 𝐶2𝜌

2

𝑘
, (9) 

where k is the turbulent kinetic energy, G represents the rate of 

its production per unit volume, ε is the turbulence dissipation 

rate, and C1ε = 1.44, C2ε = 1.92, σk = 1, σε = 1.3. 

The twisted tube configuration introduces a paradigm in 

double-tube heat exchanger design, demanding comprehensive 

characterisation of key thermal-hydraulic parameters. Critical 

numbers including Reynolds and Nusselt, along with friction 

factor, effectiveness and heat transfer coefficients, form the fun-

damental framework for performance prediction and optimisa-

tion. This investigation employs the following relations [16]: 

 Re =  
𝜌𝐷ℎ𝑢


, (10) 

 𝐷ℎ,𝑖 = 𝑑𝑖, (11) 

 𝐷ℎ,𝑜 = 𝐷𝑖 − 𝑑𝑜, (12) 

where Dh,i and Dh,o denote the hydraulic diameter of the inner 

and outer tube, respectively. 

The logarithmic mean temperature difference is expressed 

by [16] 

 LMTD =
Δ𝑇1−Δ𝑇2

ln(
Δ𝑇1
Δ𝑇2

) 
,  (13) 

where 

 Δ𝑇1 = 𝑇ℎ𝑖 − 𝑇𝑐𝑜, (14) 

 Δ𝑇2 = 𝑇ℎ𝑜 − 𝑇𝑐𝑖 . (15) 

In the above, subscripts h and c refer to hot and cold fluid, re-

spectively, whereas subscripts i and o stand for inlet and outlet, 

respectively. 

The effectiveness of a heat exchanger is defined as [16] 

 𝜖 =
𝑞𝑎𝑐𝑡

𝑞𝑚𝑎𝑥
,  (16) 

where 

 𝑞𝑎𝑐𝑡 = 𝐶𝑐(𝑇𝑐𝑜 − 𝑇𝑐𝑖), (17) 

 𝑞𝑚𝑎𝑥 = 𝐶𝑚𝑖𝑛(𝑇ℎ𝑖 − 𝑇𝑐𝑖), (18) 

where 𝐶𝑚𝑖𝑛 is the lower value of capacity rates 𝐶ℎ or 𝐶c: 

 𝐶ℎ  =  𝑚̇ℎ𝐶𝑝ℎ,               𝐶𝑐=𝑚̇c𝐶𝑝𝑐,  

where Cp is the specific heat and 𝑚̇ is the mass flow rate. 

The Nusselt number and convective heat transfer coefficient 

are given as, respectively: 

 Nu =
ℎ 𝐷ℎ

𝐾𝑓
, (19) 

 ℎ =
𝑚̇ℎ𝐶𝑝ℎ(𝑇𝑖−𝑇𝑜)

𝐴𝑠(𝑇𝑚−𝑇𝑠) 
, (20) 

where As is the heat transfer surface area, Kf is the thermal con-

ductivity of the fluid, Ts is the wall temperature and Tm is bulk 

temperature of the fluid. 

The overall performance index can be expressed as follows 

[17]: 

 𝜂 =
𝝐

∆𝑃𝑇
,  (21) 

where ΔPT is the total pressure drop. 

3. Mesh modelling and mesh independence 

The computational domain was created using Ansys Design 

Modeler (2023R1) and meshed within the Ansys Workbench en-

vironment. To accurately resolve the critical flow physics, a hy-

brid meshing strategy was employed. This involved the use of 
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tetrahedral elements in the core volume, coupled with disci-

plined inflation layers at the walls to capture near-wall gradients, 

and targeted local refinement in regions prone to high velocity 

gradients and flow separation, such as the lee of the helical 

twists. 

A mesh independence study was conducted, monitoring key 

performance parameters (e.g. Nusselt number and pressure 

drop). As detailed in Table 1, the solution demonstrated stability 

for the selected mesh (marked with an asterisk), with variations 

in the overall heat transfer coefficient below a predefined thresh-

old of, e.g., 1% upon further refinement. This confirms that the 

computational results are quantitatively independent of the mesh 

discretisation, providing confidence in the reliability of the sub-

sequent simulation data. 

4. Boundary conditions 

The numerical simulations commenced upon implementing the 

prescribed boundary conditions. For the hot water stream, mul-

tiple mass flow rates were examined to investigate varying ther-

mal-hydraulic conditions, while maintaining a constant flow rate 

for the cold water circuit. The study explored Reynolds numbers 

ranging from 5000 to 25 000, with fixed inlet temperatures of 

25°C for the cold fluid and 70°C for the hot fluid. Adiabatic con-

ditions were imposed on all external surfaces to ensure thermal 

isolation of the system.  

5. Results and discussion 

Figure 2 illustrates the variation in hot fluid outlet temperature 

for the DCTTHE, DETTHE and DSTTHE configurations as 

a function of Reynolds number at Tr = 5. The DETTHE 

configuration exhibits the lowest outlet temperature due to 

enhanced heat transfer from the cold fluid. In contrast, the 

DCTTHE shows a consistently higher outlet temperature 

compared to both DSTTHE and DETTHE across all Reynolds 

numbers, primarily because it generates less turbulence than the 

other configurations. 

Figure 3 illustrates the variation of the cold fluid outlet tem-

perature (Tco) with Reynolds number for the DCTTHE, 

DSTTHE and DETTHE configurations at a twist ratio (Tr = 5). 

DETTHE presents the highest outlet temperatures across all 

Reynolds values, followed by DSTTHE, while DCTTHE 

exhibits the lowest Tco. This behaviour can be attributed to the 

more pronounced swirl motion and stronger secondary vortices 

generated within DETTHE, which enhance mixing and intensify 

local convective heat transfer. In contrast, although DCTTHE 

contains internal twisting, its lower induced turbulence strength 

results in reduced thermal exchange, leading to lower outlet 

temperatures. 

Figure 4 illustrates the temperature difference Th−Tc between 

hot and cold fluids for the three configurations at Tr = 5. The 

temperature difference decreases with the Reynolds number due 

to higher fluid velocity, with DCTTHE demonstrating the larg-

est differential. This trend stems from the DETTHE’s superior 

turbulence, which reduces Tho by facilitating more efficient cold-

fluid heat absorption. 

The overall heat transfer coefficient (U) variation is depicted 

in Fig. 5. U rises with Reynolds number for all designs, driven 

Table 1. Meshing independence.  

DETTHE DCTTHE DSTTHE 

No. of grid 
elements 

U 
U,  

deviation 
No. of grid 
elements 

U 
U,  

deviation 
No. of grid 
elements 

U 
U,  

deviation 

1789045 1650 0.09   468384 569.19 0.0300 2321543 1350 0.07 

2120000 1810 0.03   761362 585.12 0.0087 2865097 1450 0.03 

2527348* 1879 0.01   1208000* 590.22 0.0055 3155185* 1495 0.02 

2956732 1910 − 1782044 593.45 − 3754321 1533 − 

*) mesh size selected for further analysis 

 

Fig. 2. Variation of the hot water outlet temperature with Reynolds 

number for DCTTHE, DSTTHE and DETTHE at Tr = 5. 

 

Fig. 3. Variation of the cold water outlet temperature with Reynolds 

number for DCTTHE, DSTTHE and DETTHE at Tr = 5. 
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by greater thermal energy extraction from the hot fluid. 

DETTHE outperforms other designs due to vortices generated 

by its geometry, which amplify both heat transfer and pressure 

drop by disrupting the momentum boundary layer. 

Figure 6 compares heat exchanger effectiveness (ϵ) across 

configurations. Effectiveness decreases at higher Re values due 

to a significant reduction in fluid residence time inside the tube. 

At high flow velocities, the available time for heat exchange be-

comes insufficient to fully benefit from the increased heat trans-

fer coefficient. Moreover, for the enhanced geometries 

(DETTH, DSTTHE and DCTTHE), the improvement in turbu-

lence becomes less influential at high Reynolds numbers, while 

the associated pressure drop remains high, resulting in a relative 

decrease in effectiveness. 

The Nusselt number trends are shown in Fig. 7. The Nu val-

ues increase with an increase in Reynolds number, as heightened 

turbulence thins the thermal boundary layer. For DETTHE, it 

surpasses those for other configurations due to its larger effec-

tive surface area and flow disruption. 

Pressure drop (ΔPT) and average heat transfer rate (Qavg) are 

analysed in Figs. 8 and 9, respectively. DETTHE incurs the high-

est ΔPT due to intensified vortices, while also achieving the great-

est Qavg from enhanced fluid velocity and turbulence.  

Finally, Fig. 10 evaluates the overall performance index (η). 

The value for DETTHE peaks at a lower Reynolds number 

(Re = 5000), exceeding the values for DCTTHE and DSTTHE by 

approximately 0.0025 and 0.0040, respectively. Performance de-

clines across the Re range (Re = 5000–25 000) as pressure drop 

penalties outweigh thermal gains. Vortex generation, modulated 

by Tr = 5, critically influences this trade-off. 

 

Fig. 5. Variation of the overall heat transfer coefficient with 

Reynold number for DCTTHE, DSTTHE and DETTHE at Tr = 5. 

 

Fig. 7. Variation of the Nusselt number with Reynolds number 

for DCTTHE, DSTTHE and DETTHE at Tr = 5. 

 

Fig. 6. Variation of the heat exchanger effectiveness with 

Reynolds number for DCTTHE, DETTHE and DSTTHE at Tr = 5. 

 

Fig. 4. Variation of the temperature difference between the hot and 

cold fluids with Reynolds number for DCTTHE, 

DETTHE and DSTTHE at Tr = 5. 

 

Fig. 8. Variation of the total pressure drop with Reynolds number 

for DCTTHE, DSTTHE and DETTHE at Tr = 5. 
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Figure 11 shows the temperature contours for various config-

urations of the double twisted tube heat exchanger – specifically  

DCTTHE, DSTTHE and DETTHE – at selected axial positions 

(0.1 m, 0.3 m, 0.6 m, and 0.95 m), under a Reynolds number of 

25 000 and a twist ratio (Tr) of 5. At the inlet region, the tem-

perature of the hot fluid is at its highest. As heat is transferred 

through the tube wall to the cold fluid, the temperature of the hot 

stream gradually decreases along the flow direction, reaching its 

 

Fig. 9. Variation of average heat transfer rate with Reynolds 

number for DCTTHE, DSTTHE and DETTHE at Tr = 5. 

  

(a) DCTTHE (d) DCTTHE 

  

(b) DSTTHE (e) DSTTHE 

  

(c) DETTHE (f) DETTHE 

Fig. 11. Temperature distributions for DCTTHE, DSTTHE and DETTHE at Re = 25 000, Tr = 5. 

 

Fig. 10. Variation of the overall performance factor with Reynolds 

number for DCTTHE, DSTTHE and DETTHE at Tr = 5. 
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lowest value near the outlet. The twisting in each configuration 

promotes thermal interaction between fluid layers, causing the 

bulk temperature at each cross-section to rise due to internal en-

ergy redistribution. This interlayer exchange enhances thermal 

equilibrium within the flow. The application of twisted geome-

tries significantly improves temperature uniformity across cir-

cular, square and elliptical tube shapes. Notably, for all three de-

signs, the highest temperature contours are observed near the 

outlet region (x = 0.95 m), indicating elevated thermal levels at 

the tube exit. At a twist ratio of 5, the inner wall’s thermal 

boundary layer is disrupted by increased velocity and the devel-

opment of secondary flows. The induced vortices intensify mix-

ing within the fluid, leading to a progressive rise in temperature 

toward the outlet. The resulting temperature distribution around 

the inner tube surface exhibits a clear variation, emphasising the 

impact of twist-induced flow dynamics. 

6. Conclusions  

This study numerically evaluated the thermal and hydrodynamic 

performance of three twisted double tube heat exchanger config-

urations — circular (DCTTHE), square (DSTTHE) and elliptical 

(DETTHE) — under turbulent flow conditions with a fixed twist 

ratio of 5. The results demonstrated that the elliptical twisted tube 

(DETTHE) consistently outperformed the other geometries 

across all Reynolds numbers, exhibiting the highest Nusselt num-

ber, overall heat transfer coefficient and exchanger effectiveness. 

The enhanced performance is attributed to stronger secondary 

flows and turbulence generated by the elliptical twist, which im-

proved fluid mixing and disrupted thermal boundary layers. 

DCTTHE exhibited the lowest thermal performance due to 

weaker turbulence generation, while DSTTHE showed interme-

diate results. Temperature distribution analysis confirmed more 

uniform heat transfer in DETTHE, particularly near the outlet. 

The study also found that performance gains were more pro-

nounced at lower Reynolds numbers, with diminishing returns as 

flow velocity increased. While pressure drop increased with 

higher turbulence, DETTHE still achieved the best overall ther-

mal-hydraulic performance. Temperature contour analysis further 

validated improved heat distribution and uniformity in the twisted 

configurations. These findings confirm that twisted elliptical de-

signs significantly enhance heat transfer efficiency and are well-

suited for industrial applications requiring compact and high-per-

formance heat exchangers. 
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