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Abstract. Recent years amply of researchers doing research in 

enhancement of heat transfer by applying passive heat transfer 

technique. Recently usage of twisted tape insert to increase the 

heat transfer surface area is the most preferable passive technique 

followed by numerous researchers. To increase the complexity of 

the situation and properly implement the heat transfer 

enhancement method creating geometrical changes on the twisted 

tape is leading to a various study of flow physics. In this present 

review enhancement of heat transfer using insertion of twisted 

tape investigated numerically and experimentally is reported 

based on the past decade researches. This review will enable the 

researchers to involve in diversified usage of twisted tape inserts in 

the flow field to report the flow physics in detailed manner. This 

review depicts the findings of experimentally and numerically 

investigated research works of influence of twisted tape inserts on 

heat transfer enhancements. 

 
Keywords— Twisted tape inserts, Heat transfer augmentation, 

swirl flow, heat transfer enhancement, Twist ratio, Reynolds 

number 

I. INTRODUCTION 

Cooling the equipments without affecting its performance 

is a major issue in the current scenario. Various cooling 

techniques were used in many sectors like food industries, 

electronics, space applications, automobiles, air conditioning 

petro chemical, solar heater, refrigeration, petrochemical, 

automobiles and manufacturing industry. Need of heat 

transfer enhancement in the industries is one of the major 

attention for more than 30 to 35 years [1]. This motivates the 

researchers to work in this field during 1960’s [2]. The size 

and shape of the heat exchanger plays a major role for its 

effective usage. Studies on the compact heat exchanger were 

discussed by many authors [3-5]. Placing of twisted tape in 

the round duct is an easiest passive technique for augmenting 

the convective coefficient of heat transfer [6].Different 
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material like aluminum and copper were used to made 

Twisted tapes with varying thickness of 0.8mm to 1mm and 

length around 1000mm. Twisted tapes are the straight 

metallic strips with definite shapes with varying geometrical 

dimensions and are placed in and across the flow directions. 

Using of twisted tape is low cost and very easy to implement. 

Passive techniques provides more coefficient of heat transfer 

and with high drop in pressure [7]. Insertion of twisted tapes 

and inserts in the flow passage has a reduces in diameter and 

free flow path. This creates flow blockage and separation of 

flow. The separation generates the secondary flow. This 

secondary flow produces the swirl motion and gives good 

fluid mixing results in the enhancement of temperature 

gradient and thus effective heat transfer occurs [8, 9]. Passive 

methods do not need any outside power to enhance the heat 

transfer [10]. The methods used in the passive heat transfer 

include modification of the surface geometry like treated 

surfaces, surface coating, rough surfaces, extended surfaces, 

Swirl flow devices [11]. Many authors have worked on the 

twisted tape to enhance the heat transfer in experimentally and 

numerically. In this paper an effort has been carried out to 

review the experimental and numerical analysis of the various 

researchers for heat transfer enhancement techniques. 

II. LITERATURE REVIEW 

 

Yu-Wei Chiu, Jiin-Yuh Jang [12] Study on the heat transfer 

coefficient for the longitudinal strip with and without holes 

and twisted tape with three different twist angles α = 15.3
o
, 

24.4
o
 and 34.3

o
 were investigated numerically and 

experimentally. Numerical methods were carried out using 

commercial software. Finite volume methods were used to 

solve the governing equation. Total grid numbers were varied 

for different cases. The experimentation was carried using 

shell and tube heat exchanger. Air is used as the working 

fluid.  It is seen that the flow speed is motivated to 40% more 

than the inlet frontal velocity. This is due to the presence of 

twisted tape which generates the flow field distortion. The 

numerical and experimental results for the pressure drop per 

unit length and the Reynolds number were observed. The 

pressure drop for the longitudinal strip with and without holes 

was 25 to 60% and 100 to 120% more than the plain tube. 

Twisted tape with twist angle α = 34.3
o
 shows maximum 

pressure drop. The pressure drop for the longitudinal strip 

with holes shows a raise of 5–56% more than the twisted-tape 

with twist angle of α = 15.3
o
. Numerical and the experimental 

results for the pressure drop 

show a good concurrence 

within the range of 12–21%. 
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Mean Nusselt number and the Reynolds number for varying 

inserts were also analyzed in both the method. The Nusselt 

number for the longitudinal strip with and without holes was 

also observed. It is seen that Nusselt number for the 

longitudinal strip with holes, without  holes and for varying 

twist angle of α = 15.3
o
, 24.4

o
 and 34.3

o
 were 13-28%, 7 – 

16% and  13 – 61% more than the plain tube. It is also seen 

that the heat transfer coefficient performance for the twisted 

tape with twist angle of α = 34.3
o
 shows good output than 

other twist angles. The mean Nusselt number for α = 34.3o 

shows an increasing of 12–27%, 17–40%, 27–60% more than 

that for the longitudinal strip inserts with holes, without holes 

and plain tube.  

Masoud Rahimi et al [13] Study on the friction factor, Nusselt 

number and thermal–hydraulic performance on a tube 

integrated with classic, perforated, notched and jagged 

twisted tape inserts were analyzed experimentally and 

numerically. Twisted tape material used for the 

experimentation is stainless steel and having the pitch length 

of 50mm. Numerical method  were carried out using k – ε 

turbulent model. Convergence criterion of 10
-4

 was preferred 

for all calculated parameters.  The outcome shows that 

presence of twisted tape inserts increase the Reynolds number 

and the Nusselt number. Increase in the Nusselt number 

shows the augment of heat transfer performance. Presence of 

inserts raises the tangential velocity and reduces the cross 

sectional area of the flow. This reduction of the area cross 

section generates the eddy flow which enhances the heat 

transfer performance.  The experimental results shows that the 

jagged twisted tape inserts performs well compare to other 

inserts. It is observed that presence of jagged twisted tape 

inserts increases the Nusselt number and the overall 

performance by 31% and 22 % than other inserts. The CFD 

modeling was used to analyses the experimental work. It 

shows that the jagged twisted tape inserts produce higher 

turbulence of the fluid at the wall. This makes the increase of 

the performance than the other twisted tapes. Maximum 

performance at low Reynolds number, geometry of the jagged 

twisted tape and the raise of the turbulence at the wall make 

the jagged inserts to attract the investigators than the other 

types.  

CUI Yong-zhang and TIAN Mao-cheng [14] Experiments 

and 3D numerical work has been carried to analyze the effect 

of heat transfer, friction factor and thermal-hydraulic 

performance using Edge fold twisted tape (ETT) and spiral 

twisted tape (STT). The experiments were carried out using 

air as the working fluid with varying Reynolds number of 

2,500 to 9,500 and twist ratio of 5.4 to 11.4. The 

experimentation result incur that the tube with ETT shows an 

augment in heat transfer compared to the STT. Nusselt 

number and friction factor for ETT were 3.9% to 9.2% and 

8.7% to 7.4% more than the STT. Thermal hydraulic 

performances are in the range of 0.91 to 1.01. It is observed 

that enhanced heat transfer was seen for ETT.  ETT generates 

high tangential velocity and irregular shape generates 

irregular velocity profiles and raise and slowdown of the 

velocity within the edgefold length. Twist angle also plays an 

important role on the performance. Larger twist angle 

increases the Nusselt number and the friction factor. The gap 

width also plays a major role for the heat transfer and the 

minor effect on the pressure drop. Reducing the gap width 

from 1.5mm to 1.0mm and 0.5mm the Nusselt number rises 

by 7.1% and 23.7% and the friction factor rises by 3.2% and 

12.1%. Thermal hydraulic performance rises in the average of 

124% and 140%. As the gap width increases, the velocity of 

the air is amplified and reduces the main velocity and the 

tangential velocity. So it is necessary to select minimum gap 

velocity to attain the best performance. The numerical output 

shows an equitable result with the experimental results with 

the range of 1.6% to 3.6% for the Nusselt number and 8.2% to 

13.6% for the friction factor.  

S.R. Shabanian et al [15] Study on performance on the heat 

transfer, friction factor and thermal performance factor for 

classic, butterfly and jagged twisted tape inserts were 

analyzed experimentally and numerically. Three different 

angles of 45°, 90° and 135
o
 were used in the butterfly inserts.  

The experimental results shows that the Presence of twisted 

tape reduce the flow area and raises the turbulence and 

tangential flow thereby the Nusselt number get increased. For 

all Reynolds number the jagged twisted tape inserts shows a 

raise in the Nusselt number than the classic twisted tape and 

both jagged and classic inserts enhance the heat transfer as the 

twist ratio reduces. Heat transfer rate for jagged twisted tape 

with minimum twist ratio of 1.76 shows 16.9 to 19.3% more 

than the maximum twist ratio of 3.53 and 95.6 to 157.5% 

more than the plain tube. Butterfly insert twisted tape with an 

angle of 90
o
 performs high Nusselt number than other angle of 

45° and 135°.  Tube with the twisted tape shows an increase in 

the friction factor than the plain tube. Twisted tape with less 

twist ratio tends to increase viscous loss near the tube wall this 

leads to the friction factor raises with the reduce in the twist 

ratio of the twisted tape. Jagged twisted tape with minimum 

twist ratio of 1.76 shows raise in the friction factor by 

28.7–43.5% and 502–818% than the jagged twisted tape with 

maximum twist ratio of 3.53 and the plain tube. Jagged 

twisted tape with twist ratio of 1.76, 2.35, 2.94 and 3.53 

shows a friction factor of 10.65%, 20.57%, 30.19% and 

34.41% more than the classic twisted tape and classic twisted 

tape with twist ratio of 1.76, 2.35, 2.94 and 3.53 shows a 

friction factor of 6.38, 5.48, 4.66 and 3.84 times than the plain 

tube. It is also observed that the thermal performance factor 

varies from 1.28 and 1.62, 1 and 1.23 and 0.88 and 1.03 for 

the butterfly, jagged, and classical twisted tape depend on the 

Reynolds number and the inclination angle or the twist ratio. 

Butterfly twisted tape with 90o angle shows thermal 

performance factor of 14.5 to 17.2% and 6.4 to 10.2% more 

than 45° and 135° angle. Jagged twisted tape with a minimum 

twist ratio of 1.76 shows thermal performance factor of 2.5%, 

5.2% and 7.1% more than the other twist ratios. Thermal 

performance factor for jagged twisted tape with twist ratio 

1.76, 2.35, 2.94 and 3.53 are 13.3%, 14.6%, 15.5% and 

16.9% more than the classic twisted tapes. Numerical results 

show that Nusselt number and the friction factor correlates 

with the experimental results with a minimum error of less 

than 7%.  It also concluded that the butterfly inserts generates 

turbulence effect in the flow results in increase in the 

performance than the jagged and classical twisted tapes.  

S. Eiamsa-ard et al [16] experiments were conducted for 

uniform twisted tape with alternate axis (TAs), non-uniform 

twisted tape with alternate axis 

(N-TAs) and the results were 

compared with the typical 
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twisted tape (TT) and the plain tube. 

 The TAs and N-TAs were made of aluminium strip. 

Numerical work has also been carried out to validate the 

experimental work. The results shows that Nusselt number for 

the TAs were enhanced by 30% to 55% than the Plain tube. 

TAs with small alternate length to twist length (l/y) performs 

maximum Nusselt number than the other l/y.  Nusselt number 

for TAs with varying alternate length to twist length of 0.5, 

1.0, 1.5 and 2.0 were 52%, 47%, 43% and 37% more than TT. 

TAs with smaller l/y performs good fluid mixing, steady flow 

fluctuation and thus better heat transfer. It is seen that flow 

restriction, eddy flow and turbulence at the every alternate 

point generates enhanced dissipation of dynamic pressure 

leads the friction factor raises by 10% to 50% more than the 

TT. Friction factor and thermal performance factor for 

varying l/y were 47%, 38%, 27% and 15% and 20%, 16%, 

12% and 7% more than TT. The comparison between the TAs 

and N-TAs were also carried out. The results shows that the 

augment in heat transfer for all N-TAs were compared with 

TAs. It is seen that there is a small decrement in heat transfer 

and friction factor for l/y ratio of 0.5 and 1.0 by 12% and 4% 

and 10-20% and 5-10%. It is also seen that N-TAs with 

alternate length performs a major role for the augment of heat 

transfer and friction factor.  TAs and N-TAs shows more 

turbulence at the adjacent points generates good fluid mixing 

and increase the heat transfer rate than the TT. The numerical 

results also approved the experimental results and concluded 

that thetas and N-TAs shows good fluid mixing and increase 

in Nusselt number were achieved than the TT.  

 P. Eiamsa-ard et al [17] influence on the effect of 

regularly-spaced twisted tape (RS-TT) on the heat transfer, 

friction factor and thermal performance factor behaviors were 

analyzed and were compared with the full length twisted tape. 

Two different twist ratios for full length twisted tape and three 

different free space ratio of S/P = 1.0, 2.0 and 3.0 for 

regularly-spaced twisted tape (RS-TT) and Reynolds number 

of 5,000 and 12, 0000 were considered for the investigation.  

Numerical work were also been carried out for RS –TT, to 

study about the fluid flow behavior, Nusselt number 

characteristics and fluid temperature in the turbulent regime. 

The results shows that the full length twisted tape generates 

nonstop eddy flow for the entire length of the twisted tape and 

RS-TTs generates discontinuous eddy flow and decompose 

along the free space leads the full length twisted tape bring out 

maximum heat transfer rate, friction factor and thermal 

performance factor than regularly-spaced for the space ratio 

of 1.0, 2.0 and 3.0. It is seen that heat transfer enhancement, 

friction factor and thermal performance factor reduces with 

rise in space ratio. For the identical twist ratio and space ratio 

of 0, 1.0, 2.0 and 3.0 there is an increasing trend in heat 

transfer enhancement and friction factor of 56.8%, 46.2%, 

30.5% and 22.6% and 4.22, 3.78, 3.17, and 2.63 times than 

the plain tube. It is also observed that the heat transfer and the 

friction factor reduce with rise in the twist ratio. Twist ratio of 

6.0 shows an increase in Nusselt number than twist ratio of 8.0 

around 6.9% for the identical space ratio.  Small twist ratio 

produce muscular eddy flow results in elevation in the shear 

force on the tube wall and efficient thermal boundary 

distribution leads to enhance in the heat transfer. For the 

identical space ratio and twist ratio of 6.0 and 8.0 the heat 

transfer augment and the friction factor were 46.2% and 

34.6% and 3.78 and 3.21 times than the plain tube. Thermal 

performance factor rises with decrease in the twist ratio, free 

space ratio and the Reynolds number. RS-TTs with space 

ratio 0, 1.0, 2.0 and 3.0 and the twist ratio 6.0, the thermal 

performance factor lies between 0.86 and 0.97, 0.82 and 0.94, 

0.79 and 0.89, and 0.78 and 0.88. Aditi Uday  

Desai et al [18] Experimental and Numerical analyses were 

carried out on heat transfer characteristics using centrally 

cleared two twisted tapes and were compared with the single 

twisted tape. Investigations were carried out for the Reynolds 

number of 45, 000. The outcomes shows that pipe with two 

twisted tapes improve the flow path near the tube wall this 

leads to augment the heat transfer. Heat transfer coefficient 

for two tapes is enhanced by 2.18% to 10.1% than the single 

twisted tape. Friction factor gets boosted for two twisted tape 

due to its turbulence created in the flow than the single twisted 

tape. Presence of the central clearance maintains the pressure 

drop inside the tube. It also seen that maximum pressure is 

obtained for two twisted tape and twist ratio of 3. The 

pressure drop is same for the two twisted tape and for twist 

ratio 5 and single twisted tape and has the variation of 5% 

only. Yogesh B. Rakate et al [19] Study on the heat transfer 

using with and without twisted tapes with three different twist 

ratios, varying mass flow rates of 0.003Kg/sec to 0.005Kg/sec 

and heat flux were analyzed experimentally. Air is used as the 

working fluid. The experimental results were compared with 

the numerical results. The experimental outcome shows that 

twist ratio of 3.64 shows an enhanced heat transfer rate than 

plain tube and other twist ratios. The Numerical outcome 

correlates well with the experimental results. Difference of 

7
o
C was observed for the twist ratio 3.64 and plain tube. 
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III. CONCLUSION 

This review reports the influence of twisted tape insert in the 

flow path on enhancement of heat transfer. Experimentally 

and numerically investigated investigations were reported. 

The influence of twist ratio, geometry and other peripheral 

changes on the twist tape inserts reports that the heat transfer 

was greatly influenced by the insert. All the research reported 

used twist tape in axial directions or along the flow path only. 

No research were reported that the inserts in transvers 

direction of the flow. Hence the review enables the 

researchers to carryout research in usage of twisted tape in 

transverse direction of the flow.  The summery of the review 

reported in table 1. 
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