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Abstract: Heat transfer equipment has been used in many 
different domestic and industrial applications. There has 
been a concentrated effort to create a heat exchanger 
design that will reduce energy requirements while saving 
materials and other costs. Increasing the effective heat 
transfer surface area or creating turbulence are two 
common ways to improve heat transfer and hence lower 
thermal resistance. The thermal Performance Factor is the 
ratio of the difference in heat transfer rate to the difference 
in friction factor and serves as a metric to assess the 
efficiency of heat transfer enhancement technologies. 
Different types of twisted tubes are used in many heat 
transfer improvement devices. geometrical parameters of 
the twisted tube encompassing the aspect ratio, twist ratio, 
twist direction, twist length, etc. impact the heat transfer. 
For Instance, oval pipes with unequal twist pitches have a 
thermal performance factor (1.75) and equal twist pitches 
have a thermal performance factor (1.98). furthermore, the 
thermal performance factor of the twisted tube with oval 
dimples is equal to 1.19 compared with the twisted tube 
without dimples. The thermal performance factor of the 
twisted tube with oval dimples is equal to 1.38 compared 
with the straight tube, with another improvement to the 
twisted tube that improves the heat transfer properties by 
disrupting the thermal boundary layer and destabilizing it. 
This paper presents a comprehensive investigation of 
passive heat transfer devices (twisted tubes) and their 
relative merits in a myriad of commercial applications. 

Keywords: Heat exchanger; passive method; swirl flow; 

nano-fluid 

1. Introduction  

Most methods of improving heat transfer work 

by either increasing the effective heat transfer 

surface area or creating turbulence in the fluid 

moving through the device, both of which serve 

to lower thermal resistance[1]. While twisted 

tubes are utilized to generate turbulence[2], rough 

surfaces or extended surfaces are employed to 

increase the effective surface area. Typically, 

these changes are accompanied by an increase in 

pumping capacity, which can result in increased 

costs. Thermal Performance Factor (TPF) is the 

ratio of the relative effect of change in heat 

transfer rate to change in friction factor and can 

be used to assess the efficiency of a heat transfer 

improvement technology. as following equation. 

It is illustrated by the next equation; 

𝑇𝑃𝐹 =
𝑁𝑢

𝑁𝑢𝑜
⁄

√𝑓
𝑓𝑜

⁄
3

                                                  (1) 

where Nusselt number (Nu) and friction factor (f) 

are given in the following equation; 

𝑁𝑢 =
ℎ 𝐷

𝐾
                                                               (2) 

𝑓 =
2 ∆𝑝 𝐷ℎ

𝜌  𝑢2𝐿
                                                            (3) 

This article, the purpose is to summarize the 

findings from many researchers who have 
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studied passive heat transfer augmentation 

strategies by using twisted tubes equipped with 

their thermal Performance Factor and other 

important characteristics. 

2. Passive Methods 

Passive heat transfer enhancement techniques 

don't need any external power[3-4]; instead, 

modify the geometry of the working surface 

(using things like twisted tubes) to enhance the 

heat transfer coefficient, and in turn, significantly 

decrease the size of the heat exchangers. There 

have been a lot of passive methods used 

extensively in many studies, such as vortex flow 

devices[5-6], Swirling fluids to increase heat 

transfer is a rapidly developing field of study. a 

twisted tube is classified as a swirl-flow device, 

a passive approach that employs a certain shape. 

it causes a vortex effect in the tube's side flow 

and tube shell flow [7-8], which improves the 

heat transfer coefficient, twisted tubes play a 

significant role in minimizing heat exchanger 

size[9-15]. 

2.1. Twisted Elliptical Tubes 

This type of twisted elliptical tube (and oval) has 

been the topic of many numerical, and 

experimental studies. the first research based on 

numerical analysis was prepared by Luo et 

al.[16] numerically examined The heat transfer 

between the straight outer tube and the twisted 

inner tube of an annular, as depicted in Fig.1. and 

the study is compared with an annular tube made 

from two straight tubes. The results show that 

fluid mixing in the annulus is enhanced by the 

inner oval twisted tube. Nu and f rise by 35% and 

13% across different aspect ratios, and by 26% 

and 18% between different twist ratios, 

respectively, as the aspect ratio and twist ratio are 

decreased. The largest Nusselt number Nu of the 

twisted tube is 116% larger than that of the inner 

straight tube while the friction factor f is only 

46% larger, and the largest thermal performance 

factor (JF) = 1.9 is obtained for aspect ratio 0.4 

and twist ratio 10 at Re =3000, which is the 

largest Re in the laminar regime.  

                                         

                   
                       (b)                                                       (c)                                                            
Figure 1. Shown schematically for (a) the annulus inner 

twisted oval tube (b) the cross-section of the oval tube (c) 

the direction of the inner twisted oval tube [16]. 

 

Luo and Song[17] Displayed the 

thermohydraulic performance of a twisted 

annulus composed of two oval tubes twisted in 

opposite directions for the heat exchanger is 

presented numerically. The heat transmission is 

considerably improved when a twist ring is 

employed between two twisted oval tubes with 

the same twist pitch in opposing directions. Nu 

and f are 157% and 118% bigger in twisted 

annuli than in straight annuli, respectively. 

Moreover, 1.98 is the highest thermal 

performance factor. 

Luo et al.[18] presented a numerical study of the 

thermal transfer and fluid flow properties in a 

heat exchanger with two oval twisted pipes that 

twist together at different twist pitches. The 

results demonstrate that when the twist pitch ratio 

increases, the heat transmission first increases 

but thereafter decreases. The largest percentages 

of twist pitch ratio variation come from the Nu 

and f with 71.4% and 19.0%.  when the twist 

pitch ratio is 1.5, the heat transfer increase is 

maximum. As compared to a simple straight 

circular pipe, the Nusselt number (Nu) is 

improved by 97.0% while the friction factor 

increases by just 43.7%. The best twist pitch ratio 

is 1.5, and compared to a simple circular pipe, the 

   (a) 
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TPF is 1.75 times higher straight circular pipe. 

Yu et al.[19] The thermal-hydraulic performance 

of a twisted oval tube made up of three wire coils 

with various cross sections (circular, equilateral, 

and square) is analyzed numerically, when a 

twisted oval tube with a wire coil was used, the 

Nusselt number increased by 45.92% and the 

friction coefficient increased by 674.86%. Also, 

as compared to the twisted oval tube without any 

additions, it improves heat transfer and reduces 

pump use. As a whole, the average PEC ratios for 

wire coils with circular, square, and equilateral 

triangular cross-sections are (0.7311, 0.7773, and 

0.7697).  

Li et al.,[20] investigated numerically the air-side 

heat transfer and pressure drop performance of 

twisted oval tube bundles with in-line 

configuration in cross flow. examined the effects 

of five geometric parameters on air-side heat 

transfer and pressure drop performance (the ratio 

of the outer major axis to the outer minor axis 

(A/B), twist pitch length (S), transverse tube 

pitch (St), longitudinal tube pitch (Sl), and 

number of longitudinal tube rows (Z)). The 

velocity and temperature ranges are repeated 

repeatedly along the length of the twisted oval in 

each half-twist pitch length, demonstrating that 

the oval is an independent streamer. The Nusselt 

and Euler number increases as the Reynolds 

number and the primary diameter to secondary 

diameter ratio increase. Nu and Eu both increase 

as the ratio of the outer major axis to the outer 

minor axis and Re increases, whereas Nu and Eu 

both decrease when the twist pitch length lowers.  

Li et al.[21] Investigated numerically to examine 

the influence of TOT on the enhancement of 

shell-side heat transfer. Secondary flow and 

spiral flow can be accomplished due to the 

rotational movements generated by the twisting 

of the oval tubes. This means that heat transfer 

from the shell side of TOT in DTHE is increased, 

also, and the boundary layer is broken. The 

overall heat transfer performance of the shell can 

be enhanced by reducing the twist pitch length 

and raising the aspect ratio of the inner tube 

simultaneously. The inner tube aspect ratio and 

twist pitch length of Case (10) are the highest and 

lowest, respectively. provides the best overall 

heat transmission performance. Heat transfer 

efficiency can be increased by 24.0% to 39.0% 

when twisted oval tubes are used as the inner 

tubes.  

Gu et al.[22] studied numerically to enhance heat 

transmission between adjacent tubes. Eleven 

different twisted elliptical tube heat exchangers 

were constructed and simulated, each with two 

tube configurations, but their twisted elliptical 

tubes have different aspect ratios and twist 

pitches. Five coupling vortex systems, five 

parallel vortex systems, and one smooth round-

tube scheme (R10.8) were among the designs 

considered. The Nusselt number increased by 

132.8 percent as a result of an increase in 

Reynolds number, aspect ratios, and a decrease 

in twisted pitch. In addition, increases in 

turbulence and secondary flow are seen with an 

increase in both aspect ratio and twisted pitch of 

a twisted elliptical tube, as well as with 

concurrent flow and an irregular channel in 

coupling vortex systems. which in turn increases 

the maximum and mean Nusselt numbers by 9.5 

and 7.8 percent, respectively. A 6.4% and 4.9% 

increase in maximum and mean Nu f 1/3 over the 

parallel-vortex system P12.3S50, respectively. 

Gu et al.[23] The numerical study of the twisted 

elliptical tube was carried out using a new 

coupling-vortex chessboard tube arrangement 

(TETHXs-CV). According to the data, there is a 

12.8% rise in the number of Nusselts and a 9.9% 

increase in the number of Nu f 1/ 3 in all double 

vortex plots. To maximize efficiency, the twist 

pitch and aspect ratio should be as close to one as 

possible. Alternatively, the Nusselt number and 
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the coefficient of friction both rise as the twist 

pitch and aspect ratio are reduced.  

Tan et al.[24] investigated numerically the heat 

transfer and fluid flow characteristics in a shell-

side twisted oval tube heat exchanger. and were 

analyzed to determine geometric parameters like 

aspect ratio (a/b) and twisted pitch length. found 

that as P and A/B are increased, also increase the 

Nusselt number and the friction factor. This is 

noted that a higher (A/B) ratio leads to improved 

overall heat transfer performance on the shell 

side. The heat transfer and pressure drop 

discrepancies between the numerical results and 

the experimental values are 4.01% and 3.98%, 

respectively. Increasing A/B results in a greater 

spiral flow, while increasing P decreases it. It is 

shown that when A/B increases, the amplitude of 

the circulation flow increases while it reduces as 

P increases.  

Cheng et al.[25] Investigated the heat transfer 

and flow properties of water flowing within a 

twisted oval tube (TOT) at Reynolds numbers 

between 50 and 2000. Using three-dimensional 

numerical research, examine how changing 

certain geometric parameters affects the 

operation of a twisted oval tube in the condition 

of constant wall temperature. Changing from 

laminar to turbulent flow in a twisted oval tube, 

as shown by the Re at 500. outcomes show that 

higher Reynolds numbers result in more pressure 

and heat transfer. At a flattening factor of 2.0, a 

twisted pitch of 0.33, and a Reynolds number of 

350, an oval tube's performance is 1.7. As the 

oval tubes were flattened, their efficiency 

increased, but as the pitch ratio of their twists 

increased, it dropped. 

Tan et al.[26] the researchers used both 

numerical and experimental techniques to 

examine the heat transfer coefficient and 

pressure drop of a twisted oval pipe heat 

exchanger. The experimental results demonstrate 

that, in comparison to the smooth circular tube, 

the heat transfer process can be improved, while 

at the expense of an increment in pressure drop. 

also, the results of the numerical analysis 

demonstrate the presence of secondary flow in 

the twisted oval tubes and show that the heat 

transfer coefficient and friction factor rise with 

increasing a/b but decrease with increasing P. 

Due to this secondary flow, the velocities and 

temperatures in the oval twists are changed. In 

this way, the efficiency of convective heat 

transfer is improved by decreasing the synergy 

angle between the velocity vector and the 

temperature gradient.  

Zhang et al.[27] studied experimentally the heat 

transmission properties for steam condensation 

on horizontal twisted elliptical tubes (TETs) with 

varying structural properties. At a steam 

saturation temperature of about 100.5 C, and with 

the wall subcooled to a temperature range of 

about 2 C to 14 C, the experiments were 

conducted. Condensation is found to decrease the 

heat transfer coefficient in experiments, and 

increasing the sub-cooling in the wall for all 

pipes has this effect. When the ellipticity is 0.86, 

the condensation heat transfer coefficient can 

reach its maximum value of 34%. A smooth 

circular tube doesn't allow for as many 

condensations as an elliptical one with an 

ellipticity of 0.77.  

Ebrahimi et al.[28] A numerical study of the 

thermal and fluid patterns within twisted oval 

tubes (TOTs) with walls maintained at a constant 

temperature. water's thermo-physical properties 

change depending on temperature, Values of 

Reynolds number between 500 and 1100. The 

thermal-hydraulic performance of twisted oval 

tubes is evaluated, and the outcomes are 

discussed in terms of the field synergy principle 

and entropy formation. Although TOTs are 

superior in terms of heat transfer, their increased 
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efficiency results in a more significant pressure 

drop. Increased convective heat transfer is 

assumed to be the direct effect of the secondary 

flow induced by the tube-wall twist, leading to 

better heat transfer performance. Better heat 

transfer for TOTs has also been demonstrated 

with lower irreversibility and more synergy 

among velocity and temperature leading to 

enhanced heat transfer for TOTs. 

BHATTACHARYYA et al.[29] studied 

numerically and experimentally the fluid flow 

and heat transfer through a heat exchanger using 

a circular twisted tube. The experiments were 

carried out at three various lengths and pitch 

ratios and for different Reynolds numbers (from 

100 to 50,000). As the Nusselt number increases 

by around 50% on average compared to the 

smooth tube, the twisted geometry provides the 

largest improvement in heat transfer for small 

pitch ratios and large length ratios. The friction 

factor is minimized when the length-to-pitch 

ratio and the pitch-to-length ratio are reduced and 

are enhanced when the Reynolds number is 

raised. The results show that an increase in heat 

transfer rate can be achieved at a low 

performance cost by using a length ratio that is 

larger than the pitch ratio.  

Abdul Razzaq et al.[30] presented numerically 

the thermal performance of a double-pipe heat 

exchanger formed twisted tubes. The effects of 

changing the twist ratio (5, 10, 15) and the 

Reynolds number (from Re=5,000 to 30,000) 

were studied. According to the findings, the 

optimal performance of the heat exchanger 

occurs at a flow rate of 0.4962 and a value of Tr 

=5. On top of that, managed to boost productivity 

by 13% generally. In the case where Tr = 5 and 

0.082 is being moved. According to the 

numerical results, a twist ratio of 5 provides the 

best thermal-hydraulic performance.  

Ali et al.[31] An experimental investigation 

about how inner pipe twist affects the overall 

performance of a double-pipe heat exchanger. 

studied the effects in both parallel and 

counterflow directions. Elliptical plane pipes and 

twisted pipes replace the inner pipe. The 

Reynolds number (Re) for all of the tests is 

somewhere between 5000 and 26,000. The 

results demonstrate that assuming all pipes are 

twisted enhances the heat exchanger's overall 

performance for both flow directions. Compared 

to the original pipe, the biggest increase in 

Nusselt number is around 2.2 for counter-flow 

and 1.8 for parallel flow. At Re = 26,000, the 

highest performance boosts for the parallel and 

counter flow are, respectively, 1.63 and 1.90.  

Li et al.[32] Numerical simulations were run to 

examine the flow of air through a set of nested 

tubes constructed from an elliptically twisted 

pipe. It was observed that the flow in an elliptical 

twisted tube is parallel to the tube wall, 

demonstrating the occurrence of spiral 

deformation in this geometry. A higher aspect 

ratio was likewise associated with a rise in both 

the Nusselt Number and the Euler Number. In 

general, as Re increases, twist pitch decreases, 

and as the Nusselt Number decreases, Re 

increases. Another factor in the improved heat 

transfer is the generation of annular and spiral 

flow along the tube wall.  

Bhattacharyya et al.[33] heat transfer behavior in 

an elliptical pipe is studied numerically. The 

findings showed that an increase in heat transfer 

with decreased performance may be achieved by 

decreasing the twist pitch. If Reynold’s number 

increased, better heat transmission. There are 

significant gains in efficiency between a twist 

ratio of 0.87 and 1.0.  

Prajapati et al.[34] This study evaluates Twisted 

Tube heat exchangers in terms of design, 

performance, and economic science, and finds 
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that they outperform more conventional designs 

for copper and reactive metals.  

2.2. Twisted Non-Circular Tubes 

For example (square, triangular, pentagonal, and 

hexagonal) twisted shapes. 

 revealed in this study by Cheng et al.[35]that the 

thermal performance of twisted tubes is 

significantly affected by the cross-section in 

laminar flow but is barely affected by the cross-

section in turbulent flow. This is because the 

primary element affecting the heat transfer of 

twisted tubes in laminar flow is the secondary 

flow created by the twisted tubes. but in the 

turbulent flow, When the Reynolds number is 

raised, the fluid speed rises while the influence of 

the secondary flow decreases. The velocity of the 

fluid is the main factor influenced by thermal 

performance in turbulent flow. 

Mahato et al.[36] examined the Gnielinski and 

Blasius correlations and compared them with 

thermal performance for numerical results for 

water flowing inside a twisted square duct. 

Experiments were conducted on ducts with the 

fully developed laminar flow with the following 

boundary conditions: water at a constant wall 

temperature, twist ratios of 16.5, 11.5, and 7.5, 

Reynolds numbers of 100 - 6000, and Prandtl 

numbers of 8 and 10. According to the numerical 

outcomes, the Nusselt number is higher than the 

correlation values, and the friction factor is 

lower, in the twisted square duct. The average 

Nusselt number was found to be 25.56 percent, 

33.21 percent, and 37.73 percent higher than 

predicted for twist ratios of 16.5, 11.5, and 7.5, 

respectively. Heat transfer coefficients for the 

square twisted duct improved with a decrease in 

the twist ratio and a rise in the Prandtl number.  

Bhadouriya et al.[37] heat transfer and flow 

properties were examined by conducting an 

experimental and numerical analysis of airflow 

within an annulus created from an interior 

twisted square duct and an exterior circular pipe, 

as shown in Fig.2. The annulus's inner wall was 

maintained at a constant temperature while the 

outside pipe was insulated. Experiments were 

conducted using twist ratios of 10.6 and 15. 

Numbers of the Re varied from about 600 

to 60000. At a Reynolds number of 3000, the 

flow changes from laminar to turbulent. By 

changing the pipe's outside diameter, researchers 

were able to examine how the annulus variable 

affected the friction factor as well as heat 

transfer. For lower annulus parameters, larger 

values of Nu and friction factor were located at a 

given twist ratio.  The results are significant 

because they can be used to develop a compact 

twin-pipe heat exchanger.  

 

 
 

Figure 2. Photo for twisted square duct[37]. 

 

Bhadouriya et al.[38] heat transfer and airflow 

properties within a twisted square duct were 

examined by way of numerical simulation and 

experimental. Air with boundary conditions of a 

constant wall temperature, a twist ratio of (11.5 

to 16.5), and a Reynolds number of (600 to 

70000) were used for the experiments. It was 

found that at a Re = 3000, the flow behavior will 

change from laminar to turbulent. The results are 

significant enhancements in heat transfer and 

pressure reduction in both laminar and turbulent 

flow regimes up to a Re of 9500. Heat transfer 

and pressure drop are improved by 11.5 

compared to a straight square duct. For a 

situation of uniform wall temperature, numerical 

studies are conducted with twist ratios of 2.5, 5, 

10, and 20, and Prandtl values from 0.7 to 20. At 

a twist ratio of 2.5 and a Reynolds number of 

3000, the maximum value is produced. Nusselt 
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number 20 is the highest value for a given Prandtl 

number.  

Mushatet et al.[39] performed a numerical 

method for solving the turbulence in the flow 

field. Heat transfer and flow field analysis use the 

governing equations of momentum, continuity, 

and energy. Heat exchangers using twisted 

triangular tubes, enhanced turbulent heat 

transfer. The performance of a twisted triangular 

tube 1 m in length with a hydraulic diameter of 

0.03 m was measured across a range of twist 

ratios (5, 10, 20) and Reynold's numbers (5000 - 

25000). According to the outcomes of the 

analysis, a twisted tube is more efficient in heat 

transfer than a smooth one. Most of the gains in 

heat transfer and decrease in friction losses can 

be attributed to the twisted ratio.  

Wang et al.[40] Three twisted square ducts were 

studied for experimental and numerical analysis 

(twisted uniform, twisted divergent, and twisted 

convergent )for the square duct. The 

experimental and theoretical findings show that 

the span-wise distribution of the local heat 

transfer coefficient varies uniquely due to 

twisting, whereas the axial distribution varies for 

convergent and divergent geometries. Heat 

transport is shown to improve with a twisted 

divergent duct but worsens with a twisted 

convergent duct.  

Pozrikidis [41] investigated the Stokes Flow in a 

twisted tube for a square cross-section. It 

demonstrates how the secondary flow develops 

over the tube cross-section and how the helical 

corrugations impact the axis flow rate. 

Tang et al.[42] Tri-lobed and oval twisted tubes 

were used to examine turbulent flow and heat 

transfer. Additionally, various twisted spiral 

tubes' cross sections, twist pitches, twist 

directions, and lobe counts were studied for their 

impacts. Tubes with bigger out-scribed circle 

diameters were found to have higher Nusselt 

number and friction factor values.  

RASHED et al.[43] in this study, the water flow 

and heat transfer in the twisted heat exchanger 

were analyzed numerically. The results 

demonstrate that the heat exchanger's outer duct 

may induce a swirl flow over its entire length. It 

also resulted in the reassembly of the boundary 

layer on the inner pipe wall. Additionally, the 

Nusselt number rose by 20% due to the twist 

angle, and the friction factor increased due to the 

decrease in the annular gap of the heat exchanger.  

Makarov et al.[44] studied the effect of the 

helium-xenon gas combination on heat 

transmission in twisted tubes with a square cross-

section. Heat transmission rate and hydraulic 

resistance were found to be affected by the cross-

section form and twist step of the twisted tube.  

Soleimani et al.[45] used natural gas as the 

testing fluid to evaluate on the heat transfer and 

pressure loss in a heat exchanger. According to 

their findings, using a twisted tube instead of a 

straight one can cut the length of a gas coil by as 

much as 25%.  

Dong et al.[46] studied the thermal properties 

and flow properties of high-viscosity thermal of 

oil and water in a Ti-alloy helical twisted tube, 

the heat transfer efficiency of the spiral twisted 

tube heat exchanger is greatly enhanced for both 

turbulent flow and laminar flow. The heat 

exchanger made of spiral twisted tubes proved 

excellent for laminar flow. Finally, a heat transfer 

correlation for a spiral twisted tube heat 

exchanger was obtained with an error of less than 

10%. There was a maximum discrepancy of -

25% between the experimental outcomes and the 

classical correlations for the thermal properties 

of the helical twisted tube. 
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2.3. Twisted Tube with Nanofluid 

The performance of the heat exchanger was 

enhanced by employing a hybrid approach with 

the twisted tube and nanofluids.[47-49]. 

Mahato et al.[50] Numerical analysis was 

performed on the friction factor and heat 

transmission of a nanofluid of Al2O3/water inner 

a twisted square duct (TSD). A steady heat flux 

is applied to the exterior walls. Using a twisted 

duct with a square cross-section, a fully 

developed three-dimensional laminar flow is 

created inside the flow region for a Reynolds 

number of 600 to 2000 and a nanoparticle 

concentration range of 0.5% to 1%. It compared 

the heat transfer and friction (f) for water/Al2O3 

flow in a twisted square duct to water flow in a 

straight square duct. Once the nanoparticle 

concentration in the base fluid reaches a certain 

threshold, the concentration begins to decline. By 

increasing the Prandtl number and reducing the 

twist ratio, it was discovered that the Nusselt 

number may be raised. However, with an ever-

increasing Reynolds number, the friction factor 

decreases. 

Abdul Razzaq et al.[51] studied the thermal 

characteristics and turbulent flow numerically 

with nanofluid (Al2O3-Water) in a twisted tube. 

it used Nanoparticles of (Al2O3) with pure water 

as work fluid. Nanoparticle concentrations in 

volume were also investigated (0.05, 1%,2.5%, 

4%) at a twist ratio of Tr=5. As the nanofluid 

concentration in a given volume increases, the 

heat transfer rates increase, and the twisted ratio 

decreases (Tr). higher performance for the heat 

exchanger when the twist ratio is decreased. 

Moreover, the efficiency of the heat exchanger is 

enhanced when the nanofluid is used at 6%, as its 

Reynold number achieves a maximum of 30000 

at volume concentrations of 4%. Furthermore, 

when the volume concentration of nanofluids and 

the Reynold number increase, so does the 

pressure loss.  

Mushatet et al.[52] studied numerically on the 

heat transfer and fluid flow properties within the 

elliptical twisted tube at various nanofluid 

volume concentrations. this analysis was 

performed for four different concentrations of 

nanofluids (=0.05, 1%, 2.5%, and 4%) and a 

range of Reynolds numbers (5000-30000). The 

findings show an improvement in heat transfer 

performance between the twisted elliptical tube 

and the plain tube. The concentration of 

nanofluid in a given volume has an impact factor 

on this increase. The pressure decrease is due to 

the elliptical tube's twist. φ =4% and Tr=5, 

twisted elliptical tubes show their highest 

thermal-hydraulic performance.  

Shahsavar et al.[53] Investigated the 

enhancement of the efficiency of a double-pipe 

heat exchanger (DPHE) by using nanofluid (NF) 

and twisted tubes. Within the tube, a steady 

laminar flow of cold Cu O (NF) exists, while hot 

water flows steadily around the annulus. employ 

a water-based carboxymethyl cellulose solution 

with a mass concentration of 0.5% mass percent. 

Performance metrics are analyzed and compared 

to those obtained with smooth DPHE, as well as 

the impacts of Reynold's number, the 

nanoparticle volume concentrations, and the 

twist pitch. A greater Re to improves heat 

transfer and heat exchanger efficiency but 

increases pressure drop and pumping power, as 

shown by these findings. Research indicates that 

the NF outperforms the base fluid in all cases 

except those where is less than 1.5% and Re is 

equal to 500. In addition, it was shown that the 

overall hydrothermal performance of NF varies 

in a rising-falling pattern following the twist 

pitch. Thermally, DPHE with a twist has superior 

performance than DPHE without a twist, with the 

highest value of 2.671 obtained for = 3%, twist 

pitch=4 mm, and Re = 2000. 
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Eltaweel et al.[54] in this study the heat 

exchanger tube was tested in two different cross-

sectional configurations: a standard circular tube 

and a twisted tube.  uses two distinct working 

fluids distilled water and multiwalled carbon 

nanotube/water (NF). At 12.8% and 12.5% the 

twisted tubes improve system performance in 

distilled water with (MWCNT/water) NF 

compared to circular tubes, and by 34% for 

MWCNT with the twisted tubes in comparison to 

traditional circular tubes with pure water-filled. 

Khoshvaght-Aliabadi and Arani-Lahtari [55] 

studied the Al2O3/water nanofluid to determine 

its flow and heat transfer properties in twisted 

square channels. The concentration of nanofluids 

ranges from 0% to 4% by volume, and the 

Reynolds number is from 600 to 1800. The 

outcomes demonstrate that the thermal-hydraulic 

performances of the TSCs are significantly 

impacted by differences in twist pitch. It is also 

shown that larger concentrations of nanofluid 

suggest increased values of the friction factor(f) 

and, also the Nusselt number (Nu). 

Sun et al.[56] the thermal expansion of a twisted 

belt installed on the outside of thread pipes was 

analyzed utilizing a variety of nanofluids as the 

check fluid, with varied mass fractions. In order 

to achieve the highest heat transmission and 

friction factor (f), used an improved tube and a 

(Cu/water) nano-fluid with a mass fraction of 

0.05%. 

Omidi et al.[57] In this investigation, researchers 

examine at how incorporating nanoparticles and 

twisted tubes affects heat transmission and fluid 

flow. The results show that a twisted tube with an 

insert improves the Nusselt number (by as much 

as 43%) and the friction factor (by as much as 2.8 

times more than a smooth tube) but has no 

discernible impact on thermal performance. Both 

the heat transmission and thermal performance of 

empty twisted tube and plain tube but has no 

discernible impact on thermal performance. Both 

the heat transmission and thermal performance of 

empty twisted tubes and plain tubes are improved 

by the addition of nanoparticles.  

Khoshvaght-Aliabadi et al.[58] present and 

analyze experimentally and numerically a novel 

sketch of curved ducts called the twisted duct ( 

from type spirally-coiled). According to the data, 

the best performance index of 1.39 is achieved by 

the twisted duct (from type spirally-coiled) at tp 

= 0.05 m and cp = 0.025 m, where the Graetz 

number is the largest. Moreover, the 

improvement is more pronounced as the 

nanoparticle concentration rises. When using the 

1.0% nano-fluid in the twisted duct (from type 

spirally-coiled tube) when (tp = 0.05 and cp = 

0.025) meters the performance index may rise to 

1.88. 

2.4. Twisted Tube with Add Another     Influence 

Vortex flow devices (swirl) have been proven to 

improve fluid mixing and consequently 

convective heat transfer by disrupting the 

thermal boundary layer close to the walls. 

However, extra influence within the twisted tube 

could potentially raise the pressure difference. as 

a result, investigators have responded by 

exploring various designs for Influence to reduce 

pressure drops. 

Wang et al.[59] studied The numerically of heat 

transfer and fluid flow properties inside a twisted 

tube with oval dimples to improve heat transfer 

performance, as indicated in Fig.3. found that the 

longitudinal vortex created behind the dimple 

significantly improved fluid mixing inside the 

tube compared to a similar twisted tube without 

dimples. maximum increases of 26.68% and 

19.96% in Nusselt number and friction factor, 

respectively, for a twisted tube three-start with a 

dimple, as compared to a twisted tube three-start 

without dimples, are observed. The thermal 

efficiency of the tube with oval dimples can be 
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increased by a factor of up to 1.19 when 

compared to the three-start twisted tube without 

dimples. The three-start twisted tube with oval 

dimples can increase thermal performance by a 

ratio of up to 1.38 compared to a straight tube.  

       

(a) (b)               

      

                      (c)                                               (d) 

Figure 3. The physical model for (a) a three-start twisted 

tube with a dimple,(b) a cross-sectional tube,(c)the dimple 

pitch (p2) and the twist pitch (p),(d) the dimple shape[59]. 

Alsulaiei et al.[60] examined the effect an 

obstruction on the inner wall of a twisted circular 

tube would have on its hydraulic and thermal 

performance. Nusselt number increases when the 

obstacle elevation to the hydraulic diameter of 

the tube (OHR) increases, and vice versa, 

because more air is being swirled around inside 

the tube. The TPF (thermal performance factor) 

values registered are more than 1. The optimum 

value of the thermal performance factor (TPF) is 

at (OHR = 0.625). 

Samruaisin et al.[61] Swirl flow generators, such 

as twisted tubes or twisted tapes, are used to 

improve thermal efficiency. Heat transmission, 

pressure drop, and thermal performance were 

among the aspects that were experimentally 

studied in conjunction with twisted tubes and 

twisted tapes. The efficiency of the merged 

devices is evaluated in relation to those of a 

twisted tube and a plain circular pipe. The 

experimental results show that the Nusselt 

number (Nu), friction factor (f), thermal 

performance, and Re are all significantly better 

for a twisted tube with a twisted tape when 

compared to a plain circular pipe or a twisted 

tube without twisted tape. 

Eiamsa-ard et al.[62] It is numerically studied 

how combining a three-start spirally twisted tube 

with a triple-channel twisted tape can improve 

heat transfer. Conclusion: The Outcome 

Indicates Nusselt values are improved by as 

much as (1. 23%, 6.7%, 10%, and 17%) in 

twisted tubes using twisted triple-channel tape 

inside a belly-to-belly layout compared to 

twisted tubes without tape.  

3. Conclusions 

From the current review, it can be deduced that 

the increase in heat transfer happens in all cases 

as a result of a decrease in the flow cross-section 

area, an increase in turbulence intensity, and an 

increase in tangential flow established by 

different types of twisted tubes. influence the 

improvement of heat transfer significantly. in the 

case of double-twisted tubes twist direction is 

also an important parameter since the counter-

swirl operates better than the co-swirl, some 

studies have also employed enhancement 

techniques that combine the twisted tube and 

dimple have been employed to get better heat 

transfer performance in laminar and turbulent 

flows. the results have indicated that the dimple 

can increase TPF by over one. compared with the 

twisted tube without a dimple. 

In laminar flow, the high influence of the twisted 

tube cross-section on the heat transfer rate was 

determined. whereas the shape has a diminished 

influence in turbulent flow. Since passive 

methods are inexpensive to implement and need 

little in the way of ongoing maintenance and easy 

setup, they have found widespread used in 

different industries. 

the TPF decreases with increase in Reynolds 

Number. Twisted tube performs well when water 
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and nanofluid are employed as working fluid due 

to the larger density of the liquid. 

This review includes the studies done by many 

investigators on the use of twisted tubes to 

improve heat transfer characteristics in tube heat 

exchangers however, future studies could 

concentrate on areas associated with outer tube 

geometries with other enhancements such as 

obstacles, fins, etc. 
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TSD            

Twisted 

square duct 

Twisted square duct 

TOTs         

Twisted 

oval tubes 

Twisted oval tubes 

 TPF            

Thermal 

performance 

factor  

 

Thermal performance factor 

u Velocity 

ρ Density 

μ Dynamic viscosity 

  

Conflict of interest  

The authors report no conflicts of interest 

regarding the publication of this manuscript. 

Author Contribution Statement 

Baraa Mohammed proposed the hypothesis of 

the paper and researched the literature. Saad 

Najeeb Shehab reviewed and analyzed the 

literature. Baraa Mohammed wrote the 

manuscript.  

References  

1. Stehlík, P., & Wadekar, V. V. (2002). 

Different Strategies to Improve Industrial 

Heat Exchange. Heat Transfer 

Engineering, Vol. 23, Issue 6, pp. 36–48. 

https://doi.org/10.1080/014576302900986

73 

2. Dewan, A., Mahanta, P., Raju, K. S., & 

Kumar, P. S. (2004). Review of passive heat 

transfer augmentation 

techniques. Proceedings of the Institution 

of Mechanical Engineers, Part A: Journal 

of Power and Energy, Vol. 218, Issue 7, pp. 

509-527                                    

https://doi.org/10.1243/095765004245695

3 

 

3. Liu, S., & Sakr, M. (2013). A 

comprehensive review on passive heat 

transfer enhancements in pipe exchangers. 

Renewable and Sustainable Energy 

Reviews, Vol. 19 , Issue 1, pp. 64–81. 

https://doi.org/10.1016/j.rser.2012.11.021  

4. Sheikholeslami, M., Gorji-Bandpy, M., & 

Ganji, D. D. (2015). Review of heat transfer 

enhancement methods: Focus on passive 

methods using swirl flow devices. 

Renewable and Sustainable Energy 

Reviews, Vol. 49, Issue1, pp. 444–469. 

https://doi.org/10.1016/j.rser.2015.04.113 

5. Ru-xiong, L. I. (2012). Design and 

https://doi.org/10.1080/01457630290098673
https://doi.org/10.1080/01457630290098673
https://doi.org/10.1243/0957650042456953
https://doi.org/10.1243/0957650042456953
https://doi.org/10.1016/j.rser.2012.11.021
https://doi.org/10.1016/j.rser.2015.04.113


Journal of Engineering and Sustainable Development (Vol. 27, No. 06, November 2023)                  ISSN 2520-0917 

834 

Realization of 3-DOF Welding 

Manipulator Control System Based on 

Motion Controller. Energy Procedia, Vol. 

14, Issue 1, pp. 931–936. 

https://doi.org/10.1016/j.egypro.2011.12.1

035 

6. Kassim, M. S., Saleh, F. A., & Taher, S. T. 

(2018). NUMERICAL INVESTIGATIONS 

OF THE THERMO-HYDRAULIC 

CHARACTERISTICS FOR TURBULENT 

FLOW CHANNEL WITH QUADRUPLE 

PLAIN AND MODIFIED TWISTED 

TAPES INSERTS. Journal of Engineering 

and Sustainable Development, Vol. 22, 

Issue 5, pp.19-32.  

http://dx.doi.org/10.31272/jeasd.2018.5.3 

7. Rezaei Gorjaei, A., & Shahidian, A. (2019). 

Heat transfer enhancement in a curved tube 

by using twisted tape insert and turbulent 

nanofluid flow. Journal of Thermal 

Analysis and Calorimetry, Vol. 137, Issue 

3, pp. 1059–1068. 

https://doi.org/10.1007/s10973-019-

08013-1  

8. Eiamsa-ard, S., Somkleang, P., Nuntadusit, 

C., & Thianpong, C. (2013). Heat transfer 

enhancement in tube by inserting 

uniform/non-uniform twisted-tapes with 

alternate axes: Effect of rotated-axis 

length. Applied Thermal Engineering, Vol. 

54, Issue 1, pp. 289–309. 

https://doi.org/10.1016/j.applthermaleng.2

013.01.041  

9. Tan, X., Zhu, D., Zhou, G., & Zeng, L. 

(2013). Heat transfer and pressure drop 

performance of twisted oval tube heat 

exchanger. Applied Thermal Engineering, 

Vol. 50, Issue 1, pp. 374–383. 

https://doi.org/10.1016/j.applthermaleng.2

012.06.037  

10. Kumar, A., Singh, S., Chamoli, S., & 

Kumar, M. (2018). Experimental 

Investigation on Thermo-Hydraulic 

Performance of Heat Exchanger Tube with 

Solid and Perforated Circular Disk Along 

with Twisted Tape Insert. Heat Transfer 

Engineering, Vol. 40, Issue 8, pp. 616–626. 

https://doi.org/10.1080/01457632.2018.14

36618 

11. Thianpong, C., Eiamsa-ard, P., & Eiamsa-

ard, S. (2011). Heat transfer and thermal 

performance characteristics of heat 

exchanger tube fitted with perforated 

twisted-tapes. Heat and Mass Transfer, 

Vol. 48, Issue 6, pp. 881–892. 

https://doi.org/10.1007/s00231-011-0943-

0  

12. Dyga, R., & Płaczek, M. (2010). Efficiency 

of heat transfer in heat exchangers with 

wire mesh packing. International Journal of 

Heat and Mass Transfer, Vol. 53, Issue 23–

24, pp. 5499–5508. 

https://doi.org/10.1016/j.ijheatmasstransfer

.2010.07.007  

13. Vicente, P. G., Garcı́a, A., & Viedma, A. 

(2002). Heat transfer and pressure drop for 

low Reynolds turbulent flow in helically 

dimpled tubes. International Journal of 

Heat and Mass Transfer, Vol. 45, Issue 3, 

pp. 543–553.  

  https://doi.org/10.1016/s0017-

9310(01)00170-3. 

14. Piriyarungrod, N., Eiamsa-ard, S., 

Thianpong, C., Pimsarn, M., & Nanan, K. 

(2015). Heat transfer enhancement by 

tapered twisted tape inserts. Chemical 

Engineering and Processing: Process 

Intensification, Vol. 96, Issue 1, pp. 62–71. 

https://doi.org/10.1016/j.cep.2015.08.002 

15. Hasan, S., & Naji, Z. H. (2023). 

AUGMENTATION HEAT TRANSFER IN A 

CIRCULAR TUBE USING TWISTED-

TAPE INSERTS: A REVIEW. Journal of 

Engineering and Sustainable 

https://doi.org/10.1016/j.egypro.2011.12.1035
https://doi.org/10.1016/j.egypro.2011.12.1035
http://dx.doi.org/10.31272/jeasd.2018.5.3
https://doi.org/10.1007/s10973-019-08013-1
https://doi.org/10.1007/s10973-019-08013-1
https://doi.org/10.1016/j.applthermaleng.2013.01.041
https://doi.org/10.1016/j.applthermaleng.2013.01.041
https://doi.org/10.1016/j.applthermaleng.2012.06.037
https://doi.org/10.1016/j.applthermaleng.2012.06.037
https://doi.org/10.1080/01457632.2018.1436618
https://doi.org/10.1080/01457632.2018.1436618
https://doi.org/10.1007/s00231-011-0943-0
https://doi.org/10.1007/s00231-011-0943-0
https://doi.org/10.1016/j.ijheatmasstransfer.2010.07.007
https://doi.org/10.1016/j.ijheatmasstransfer.2010.07.007
https://doi.org/10.1016/s0017-9310(01)00170-3
https://doi.org/10.1016/s0017-9310(01)00170-3
https://doi.org/10.1016/j.cep.2015.08.002


Journal of Engineering and Sustainable Development (Vol. 27, No. 06, November 2023)                  ISSN 2520-0917 

835 

Development, Vol. 27, Issue 4, pp. 511-

526. https://doi.org/10.31272/jeasd.27.4.8 

16. Luo, C., Song, K., Tagawa, T., & Liu, T. 

(2020). Heat Transfer Enhancement in a 

Novel Annular Tube with Outer Straight 

and Inner Twisted Oval Tubes. Symmetry, 

Vol. 12, Issue 8, pp. 1213. 

https://doi.org/10.3390/sym12081213 

17. Luo, C., & Song, K. (2021). Thermal 

performance enhancement of a double-tube 

heat exchanger with novel twisted annulus 

formed by counter-twisted oval tubes. 

International Journal of Thermal Sciences, 

Vol. 164, Issue 1, pp. 106892. 

https://doi.org/10.1016/j.ijthermalsci.2021.

106892 

18. Luo, C., Song, K., & Tagawa, T. (2021). 

Heat transfer enhancement of a double pipe 

heat exchanger by Co-Twisting oval pipes 

with unequal twist pitches. Case Studies in 

Thermal Engineering, Vol. 28, Issue 1, pp. 

101411. 

https://doi.org/10.1016/j.csite.2021.10141

1  

19. Yu, C., Zhang, H., Wang, Y., Zeng, M., & 

Gao, B. (2020). Numerical study on 

turbulent heat transfer performance of 

twisted oval tube with different cross 

sectioned wire coil. Case Studies in 

Thermal Engineering, Vol. 22, Issue 1, pp. 

100759. 

https://doi.org/10.1016/j.csite.2020.10075

9 

20. Li, X., Zhu, D., Yin, Y., Tu, A., & Liu, S. 

(2019). Parametric study on heat transfer 

and pressure drop of twisted oval tube 

bundle with in line layout. International 

Journal of Heat and Mass Transfer, Vol. 

135, Issue 1, 860–872. 

https://doi.org/10.1016/j.ijheatmasstransfer

.2019.02.031  

21. Li, X., Wang, L., Feng, R., Wang, Z., Liu, 

S., & Zhu, D. (2021). Study on shell side 

heat transport enhancement of double tube 

heat exchangers by twisted oval tubes. 

International Communications in Heat and 

Mass Transfer, Vol. 124, Issue 1, pp. 

105273. 

https://doi.org/10.1016/j.icheatmasstransfe

r.2021.105273  

22. Gu, H., Chen, Y., Sundén, B., Wu, J., Song, 

N., & Su, J. (2020). Influence of alternating 

V-rows tube layout on thermal-hydraulic 

characteristics of twisted elliptical tube 

heat exchangers. International Journal of 

Heat and Mass Transfer, Vol. 159, Issue 1, 

pp. 120070. 

https://doi.org/10.1016/j.ijheatmasstransfer

.2020.120070 

23. Gu, H., Chen, Y., Wu, J., & Sunden, B. 

(2020). Performance investigation on 

twisted elliptical tube heat exchangers with 

coupling-vortex square tube layout. 

International Journal of Heat and Mass 

Transfer, Vol. 151, Issue 1, pp. 119473. 

https://doi.org/10.1016/j.ijheatmasstransfer

.2020.119473  

24. Tan, X., Zhu, D., Zhou, G., & Yang, L. 

(2013). 3D numerical simulation on the 

shell side heat transfer and pressure drop 

performances of twisted oval tube heat 

exchanger. International Journal of Heat 

and Mass Transfer, Vol. 65, Issue 1, pp. 

244–253. 

https://doi.org/10.1016/j.ijheatmasstransfer

.2013.06.011 

25. Cheng, J., Qian, Z., & Wang, Q. (2017). 

Analysis of heat transfer and flow 

resistance of twisted oval tube in low 

Reynolds number flow. International 

Journal of Heat and Mass Transfer, Vol. 

109, Issue 1, pp. 761–777. 

https://doi.org/10.1016/j.ijheatmasstransfer

.2017.02.061  

26. Tan, X., Zhu, D., Zhou, G., & Zeng, L. 

https://doi.org/10.31272/jeasd.27.4.8
https://doi.org/10.3390/sym12081213
https://doi.org/10.1016/j.ijthermalsci.2021.106892
https://doi.org/10.1016/j.ijthermalsci.2021.106892
https://doi.org/10.1016/j.csite.2021.101411
https://doi.org/10.1016/j.csite.2021.101411
https://doi.org/10.1016/j.csite.2020.100759
https://doi.org/10.1016/j.csite.2020.100759
https://doi.org/10.1016/j.ijheatmasstransfer.2019.02.031
https://doi.org/10.1016/j.ijheatmasstransfer.2019.02.031
https://doi.org/10.1016/j.icheatmasstransfer.2021.105273
https://doi.org/10.1016/j.icheatmasstransfer.2021.105273
https://doi.org/10.1016/j.ijheatmasstransfer.2020.120070
https://doi.org/10.1016/j.ijheatmasstransfer.2020.120070
https://doi.org/10.1016/j.ijheatmasstransfer.2020.119473
https://doi.org/10.1016/j.ijheatmasstransfer.2020.119473
https://doi.org/10.1016/j.ijheatmasstransfer.2013.06.011
https://doi.org/10.1016/j.ijheatmasstransfer.2013.06.011
https://doi.org/10.1016/j.ijheatmasstransfer.2017.02.061
https://doi.org/10.1016/j.ijheatmasstransfer.2017.02.061


Journal of Engineering and Sustainable Development (Vol. 27, No. 06, November 2023)                  ISSN 2520-0917 

836 

(2012). Experimental and numerical study 

of convective heat transfer and fluid flow in 

twisted oval tubes. International Journal of 

Heat and Mass Transfer, Vol. 55, Issue 17–

18, pp. 4701–4710. 

https://doi.org/10.1016/j.ijheatmasstransfer

.2012.04.030 

27. Zhang, L., Yang, S., & Xu, H. (2012). 

Experimental study on condensation heat 

transfer characteristics of steam on 

horizontal twisted elliptical tubes. Applied 

Energy, Vol. 97, Issue 1, pp.881–887. 

https://doi.org/10.1016/j.apenergy.2011.11

.085 

28. Ebrahimi, A., & Roohi, E. (2015). 

Numerical study of flow patterns and heat 

transfer in mini twisted oval tubes. 

International Journal of Modern Physics C, 

Vol. 26, Issue 12, pp. 1550140. 

https://doi.org/10.1142/s01291831155014

05 

29. Bhattacharyya, S., Benim, A., 

Chattopadhyay, H., & Banerjee, A. (2019). 

Experimental and numerical analysis of 

forced convection in a twisted tube. 

Thermal Science, Vol. 23, Issue 4, pp. 

1043–1052. 

https://doi.org/10.2298/tsci19s4043b  

30. Abdul Razzaq, A. K., & Mushatet, K. S. 

(2021). A Numerical Study for a Double 

Twisted Tube Heat Exchanger. 

International Journal of Heat and 

Technology, Vol. 39, Issue 5, pp. 1583–

1589. https://doi.org/10.18280/ijht.390521 

31. Ali, M. H., & Jalal, R. E. (2021). 

Experimental investigation of heat transfer 

enhancement in a double pipe heat 

exchanger with a twisted inner pipe. Heat 

Transfer, Vol. 50, Issue  8, pp. 8121–8133. 

Portico. https://doi.org/10.1002/htj.22269  

32. Li, X., Wang, L., Feng, R., Wang, Z., & 

Zhu, D. (2021). Thermal-Hydraulic 

Characteristics of Twisted Elliptical Tube 

Bundle in Staggered Arrangement. Journal 

of Thermal Science, Vol. 30, Issue 6, pp. 

1925–1937. 

https://doi.org/10.1007/s11630-021-1450-

3  

33. Bhattacharyya, S., Chattopadhyay, H., Pal, 

T. K., & Roy, A. (2016). Numerical 

Investigation of Thermohydraulics 

Performance in Elliptical Twisted Duct 

Heat Exchanger. CAD/CAM, Robotics and 

Factories of the Future, pp. 839–849. 

https://doi.org/10.1007/978-81-322-2740-

3_81 

34. Al-Salihi, H. A., Hoshi, H. A., & Abed, A. 

H. (2022). Experimental Analysis of 

Twisted Tube Ground Heat Exchanger with 

Different Configuration. SSRN Electronic 

Journal. 

https://doi.org/10.2139/ssrn.4051679  

35. Cheng, J., Qian, Z., Wang, Q., Fei, C., & 

Huang, W. (2018). Numerical study of heat 

transfer and flow characteristic of twisted 

tube with different cross section shapes. 

Heat and Mass Transfer, Vol. 55, Issue 3, 

pp. 823–844. 

https://doi.org/10.1007/s00231-018-2471-

7 

36. Mahato, S. K., Rana, S. C., & Barman, R. 

N. (2021, May). Heat transfer and fluid 

flow characteristics within non-circular 

duct. In IOP Conference Series: Materials 

Science and Engineering ,Vol. 1146, Issue 

1, pp. 012013. IOP Publishing. 

https://doi.org/10.1088/1757-

899x/1146/1/012013 

37. Bhadouriya, R., Agrawal, A., & Prabhu, S. 

V. (2015). Experimental and numerical 

study of fluid flow and heat transfer in an 

annulus of inner twisted square duct and 

outer circular pipe. International Journal of 

Thermal Sciences, Vol. 94, Issue 1, pp. 96–

https://doi.org/10.1016/j.ijheatmasstransfer.2012.04.030
https://doi.org/10.1016/j.ijheatmasstransfer.2012.04.030
https://doi.org/10.1016/j.apenergy.2011.11.085
https://doi.org/10.1016/j.apenergy.2011.11.085
https://doi.org/10.1142/s0129183115501405
https://doi.org/10.1142/s0129183115501405
https://doi.org/10.2298/tsci19s4043b
https://doi.org/10.18280/ijht.390521
https://doi.org/10.1002/htj.22269
https://doi.org/10.1007/s11630-021-1450-3
https://doi.org/10.1007/s11630-021-1450-3
https://doi.org/10.1007/978-81-322-2740-3_81
https://doi.org/10.1007/978-81-322-2740-3_81
https://doi.org/10.2139/ssrn.4051679
https://doi.org/10.1007/s00231-018-2471-7
https://doi.org/10.1007/s00231-018-2471-7
https://doi.org/10.1088/1757-899x/1146/1/012013
https://doi.org/10.1088/1757-899x/1146/1/012013


Journal of Engineering and Sustainable Development (Vol. 27, No. 06, November 2023)                  ISSN 2520-0917 

837 

109. 

https://doi.org/10.1016/j.ijthermalsci.2015.

02.019 

38. Bhadouriya, R., Agrawal, A., & Prabhu, S. 

V. (2015). Experimental and numerical 

study of fluid flow and heat transfer in a 

twisted square duct. International Journal 

of Heat and Mass Transfer, Vol. 82, Issue 

1, pp. 143–158. 

https://doi.org/10.1016/j.ijheatmasstransfer

.2014.11.054  

39. K. S. Mushatet and H. M. Hmood, 

“Numerical Investigation for Heat Transfer 

Enhancement in a Triangular Twisted 

Tube,” ARPN J. Eng. Appl. Sci., Vol. 16, 

Issue 5, https://doi.org/10.1063/1.5079018 

40. Wang, L.-B., Tao, W.-Q., Wang, Q.-W., & 

He, Y.-L. (2001). Experimental and 

Numerical Study of Turbulent Heat 

Transfer in Twisted Square Ducts. Journal 

of Heat Transfer, Vol. 123, Issue 5, pp. 

868–877. 

https://doi.org/10.1115/1.1389464  

41. Pozrikidis, C. (2015). Stokes flow through 

a twisted tube with square cross-section. 

European Journal of Mechanics - B/Fluids, 

Issue 51, pp. 37–43. 

https://doi.org/10.1016/j.euromechflu.201

4.12.005 

42. Tang, X., Dai, X., & Zhu, D. (2015). 

Experimental and numerical investigation 

of convective heat transfer and fluid flow in 

twisted spiral tube. International Journal of 

Heat and Mass Transfer,Vol. 90, Issue, pp. 

523–541. 

https://doi.org/10.1016/j.ijheatmasstransfer

.2015.06.068 

43. Rashed, M. K., Jehhef, K. A., & Badawy, 

F. A. (2022). Numerical Study on Thermal 

Performance of Water Flow in a Twisted 

Duct Heat Exchanger. International 

Journal of Applied Mechanics and 

Engineering, Vol. 27, Issue 2, pp. 199–216. 

https://doi.org/10.2478/ijame-2022-0028 

44. Makarov, M. S., & Naumkin, V. S. (2018). 

Heat transfer in helium-xenon mixture 

flowing in straight and twisted tubes with 

square cross-section. Journal of Physics: 

Conference Series, Vol. 1128, Issue 1, pp. 

012020. https://doi.org/10.1088/1742-

6596/1128/1/012020  

45. Soleimani, P., Khoshvaght-Aliabadi, M., 

Rashidi, H., & Bahmanpour, H. (2020). 

Performance enhancement of water bath 

heater at natural gas city gate station using 

twisted tubes. Chinese Journal of Chemical 

Engineering, Vol. 28, Issue 1, pp. 165–179. 

https://doi.org/10.1016/j.cjche.2019.03.01

8  

46. Dong, X., Jin, X., Li, P., Bi, Q., Gui, M., & 

Wang, T. (2020). Experimental research on 

heat transfer and flow resistance properties 

in spiral twisted tube heat exchanger. 

Applied Thermal Engineering, Vol. 176, 

pp. 115397. 

https://doi.org/10.1016/j.applthermaleng.2

020.115397 

47. Mohammed, H. A., Hasan, H. A., & Wahid, 

M. A. (2013). Heat transfer enhancement 

of nanofluids in a double pipe heat 

exchanger with louvered strip inserts. 

International Communications in Heat and 

Mass Transfer, Vol. 40, pp. 36–46. 

https://doi.org/10.1016/j.icheatmasstransfe

r.2012.10.023  

48. Bahmani, M. H., Sheikhzadeh, G., 

Zarringhalam, M., Akbari, O. A., Alrashed, 

A. A., Shabani, G. A. S., & Goodarzi, M. 

(2018). Investigation of turbulent heat 

transfer and nanofluid flow in a double 

pipe heat exchanger. Advanced Powder 

Technology, Vol. 29, Issue 2, pp. 273-282. 

https://doi.org/10.1016/j.apt.2017.11.013 

49. Hamza, noor, & Aljabair, S. (2022).   

Numerical and Experimental Investigation 

https://doi.org/10.1016/j.ijthermalsci.2015.02.019
https://doi.org/10.1016/j.ijthermalsci.2015.02.019
https://doi.org/10.1016/j.ijheatmasstransfer.2014.11.054
https://doi.org/10.1016/j.ijheatmasstransfer.2014.11.054
https://doi.org/10.1063/1.5079018
https://doi.org/10.1115/1.1389464
https://doi.org/10.1016/j.euromechflu.2014.12.005
https://doi.org/10.1016/j.euromechflu.2014.12.005
https://doi.org/10.1016/j.ijheatmasstransfer.2015.06.068
https://doi.org/10.1016/j.ijheatmasstransfer.2015.06.068
https://doi.org/10.2478/ijame-2022-0028
https://doi.org/10.1088/1742-6596/1128/1/012020
https://doi.org/10.1088/1742-6596/1128/1/012020
https://doi.org/10.1016/j.cjche.2019.03.018
https://doi.org/10.1016/j.cjche.2019.03.018
https://doi.org/10.1016/j.applthermaleng.2020.115397
https://doi.org/10.1016/j.applthermaleng.2020.115397
https://doi.org/10.1016/j.icheatmasstransfer.2012.10.023
https://doi.org/10.1016/j.icheatmasstransfer.2012.10.023
https://doi.org/10.1016/j.apt.2017.11.013


Journal of Engineering and Sustainable Development (Vol. 27, No. 06, November 2023)                  ISSN 2520-0917 

838 

of Heat Transfer Enhancement by Hybrid 

Nanofluid and Twisted Tape. Engineering 

and Technology Journal, Vol. 41, Issue 1 , 

pp. 69–85. 

https://doi.org/10.30684/etj.2022.131909.1

069 

50. Mahato, S. K., Rana, S. C., Barman, R. N., 

& Goswami, S. (2019). Numerical analysis 

of heat transfer and fluid flow through the 

twisted square duct (TSD): Nanofluid as 

working fluid. Journal of Mechanical 

Science and Technology, Vol. 33, Issue 11, 

pp. 5507–5514. 

https://doi.org/10.1007/s12206-019-1043-

1 

51. Abdulrazzaq, T., Homod, R., & Togun, H. 

(2021). Augmentation of heat transfer and 

Al2O3-nanofluid flow over vertical double 

forward-facing step (DFFS). Int Rev 

Model Simul, Vol. 14, pp. 194-203. 

https://doi.org/10.1615/heattransres.20190

29789  

52. K. Mushatet, “Numerical prediction for 

turbulent flow and heat transfer in elliptical 

twisted tube 6th ASIA PACIFIC 

International Modern Sciences Congress,” 

no. February, 2022. 

https://doi.org/10.17932/ejeas.2021.024/ej

eas_v02i2005 

53. Shahsavar, A., Bakhshizadeh, M. A., Arici, 

M., Afrand, M., & Rostami, S. (2020). 

Numerical study of the possibility of 

improving the hydrothermal performance 

of an elliptical double-pipe heat exchanger 

through the simultaneous use of twisted 

tubes and non-Newtonian nanofluid. 

Journal of Thermal Analysis and 

Calorimetry, Vol. 143, Issue 3, pp. 2825–

2840. https://doi.org/10.1007/s10973-020-

10201-3 

54. Eltaweel, M., Abdel‐Rehim, A. A., & 

Hussien, H. (2020). Indirect thermosiphon 

flat‐plate solar collector performance 

based on twisted tube design heat 

exchanger filled with nanofluid. 

International Journal of Energy Research, 

Vol. 44, Issue 60, pp. 4269–4278. Portico. 

https://doi.org/10.1002/er.5146 

55. Khoshvaght-Aliabadi, M., & Arani-

Lahtari, Z. (2016). Proposing new 

configurations for twisted square channel 

(TSC): Nanofluid as working fluid. Applied 

Thermal Engineering, Vol. 108, pp. 709–

719. 

https://doi.org/10.1016/j.applthermaleng.2

016.07.173  

56. Sun, B., Yang, A., & Yang, D. (2017). 

Experimental study on the heat transfer and 

flow characteristics of nanofluids in the 

built-in twisted belt external thread tubes. 

International Journal of Heat and Mass 

Transfer, Vol. 107, pp. 712–722. 

https://doi.org/10.1016/j.ijheatmasstransfer

.2016.11.084 

57. Omidi, M., Rabienataj Darzi, A. A., & 

Farhadi, M. (2019). Turbulent heat transfer 

and fluid flow of alumina nanofluid inside 

three-lobed twisted tube. Journal of 

Thermal Analysis and Calorimetry, Vol. 

137, Issue 4, pp. 1451–1462. 

https://doi.org/10.1007/s10973-019-

08026-w  

58. Khoshvaght-Aliabadi, M., Khaligh, S. F., 

& Tavassoli, Z. (2018). An investigation of 

heat transfer in heat exchange devices with 

spirally-coiled twisted-ducts using 

nanofluid. Applied Thermal Engineering, 

Vol. 143, pp. 358–375. 

https://doi.org/10.1016/j.applthermaleng.2

018.07.112 

59. Wang, T., Zhang, Q., Song, K., Zhang, K., 

Su, M., & Wu, X. (2022). Thermodynamic 

characteristics of a novel combination of 

three-start twisted tube and oval dimples. 

Case Studies in Thermal Engineering, Vol. 

https://doi.org/10.1007/s12206-019-1043-1
https://doi.org/10.1007/s12206-019-1043-1
https://doi.org/10.1615/heattransres.2019029789 
https://doi.org/10.1615/heattransres.2019029789 
https://doi.org/10.17932/ejeas.2021.024/ejeas_v02i2005
https://doi.org/10.17932/ejeas.2021.024/ejeas_v02i2005
https://doi.org/10.1007/s10973-020-10201-3
https://doi.org/10.1007/s10973-020-10201-3
https://doi.org/10.1002/er.5146
https://doi.org/10.1016/j.applthermaleng.2016.07.173
https://doi.org/10.1016/j.applthermaleng.2016.07.173
https://doi.org/10.1016/j.ijheatmasstransfer.2016.11.084
https://doi.org/10.1016/j.ijheatmasstransfer.2016.11.084
https://doi.org/10.1007/s10973-019-08026-w
https://doi.org/10.1007/s10973-019-08026-w
https://doi.org/10.1016/j.applthermaleng.2018.07.112
https://doi.org/10.1016/j.applthermaleng.2018.07.112


Journal of Engineering and Sustainable Development (Vol. 27, No. 06, November 2023)                  ISSN 2520-0917 

839 

37, pp. 102284. 

https://doi.org/10.1016/j.csite.2022.10228

4 

60. Alsulaiei, Z. M. A., Hasan, H. M., & Fagr, 

M. H. (2021). Flow and heat transfer in 

obstacled twisted tubes. Case Studies in 

Thermal Engineering, Vol. 27, pp. 101286. 

https://doi.org/10.1016/j.csite.2021.10128

6 

61. Samruaisin, P., Kunlabud, S., Kunnarak, 

K., Chuwattanakul, V., & Eiamsa-ard, S. 

(2019). Intensification of convective heat 

transfer and heat exchanger performance 

by the combined influence of a twisted tube 

and twisted tape. Case Studies in Thermal 

Engineering, Vol. 14, pp. 100489. 

https://doi.org/10.1016/j.csite.2019.10048

9  

62. Eiamsa-ard, S., Promthaisong, P., 

Thianpong, C., Pimsarn, M., & 

Chuwattanakul, V. (2016). Influence of 

three-start spirally twisted tube combined 

with triple-channel twisted tape insert on 

heat transfer enhancement. Chemical 

Engineering and Processing: Process 

Intensification, Vol. 102, pp. 117–129. 

https://doi.org/10.1016/j.cep.2016.01.012 

 

 

https://doi.org/10.1016/j.csite.2022.102284
https://doi.org/10.1016/j.csite.2022.102284
https://doi.org/10.1016/j.csite.2021.101286
https://doi.org/10.1016/j.csite.2021.101286
https://doi.org/10.1016/j.csite.2019.100489
https://doi.org/10.1016/j.csite.2019.100489
https://doi.org/10.1016/j.cep.2016.01.012

