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ABSTRACT 
Heat transfer and friction factor can be enhanced by 

many ways either by changing the surface of exchanger 

tube or by changing the fluids used in heat exchanger or 

by using some techniques which are active, passive and 

compound techniques. The passive techniques have been 

found very effective as it does not require any direct 

input of external power. The passive techniques 

generally use surface or geometrical modifications to the 

channel of flow by introducing inserts or additional 

devices due to which a disturbance is created in fluid 

flow which enhances the heat transfer. This paper 

includes the different types of geometries of inserts used 

in the heat exchanger and its comparison in enhanced 

results. The different types of geometries used in this 

paper are varying width twisted tape, baffle, perforated 

helical tape, mesh cylinder, circular tube with drainage 

and so on. 

Keywords: Friction factor, Heat transfer enhancement, 

Inserts Nusselt number, Reynolds number and Thermal 

performance factor. 

 

I. INTRODUCTION 

 
Heat exchanger is an essential element which transfers the 

energy from one medium to another by virtue of temperature 

difference. The transfer of heat  is between a solid object 

and a fluid, or between two or more fluids. The fluids may 

be separated by a solid wall or may be in direct contact. The 

transfer of energy should be as quickly as possible. 

Therefore, the designers are taking a step ahead to transfer 

the desired amount of energy quickly by making the heat 

exchangers compact and efficient in low investment and 

running cost. To enhance the heat transfer the three types of 

techniques can be used named as: active, passive and 

compound techniques.  

1.1 Active Techniques: The active techniques use the 

external power source for enhancement. Therefore, it is 

more complex to use and design. It has limited application 

because of external power need in many practical 

applications. Various active techniques are: 

1. Mechanical aids 

2. Surface vibration 

3. Fluid vibration 

4. Electrostatic fields 

5. Injection 

6. Suction 

7. Jet impingement 

 

1.2 Passive Techniques: The passive techniques does not 

require any external power source and uses the surface or 

geometrical modifications to the flow channel by 

introducing inserts or additional devices. Due to the 

disturbance in flow behavior at exit which increases the 

pressure drop which promotes the higher heat transfer 

coefficients. Various passive techniques are: 

1. Treated surfaces 

2. Extended surfaces 

3. Rough surfaces 

4. Displacement enhancement devices 

5. Swirl flow devices 

6. Coiled tubes 

7. Surface tension devices 

8. Additives for liquids 

1.3 Compound Techniques: The compound techniques are 

the techniques which use the both active and passive 

techniques with the purpose of improving more thermo-

hydraulic performance of heat exchanger [1]. 

To achieve an optimal result in enhancement of heat transfer 

the passive techniques are used because it does not require 

any external power source. As well as the passive 

techniques are simple and cheap and easy to employ. As one 

of the passive method techniques, tube inserts technology 

has been widely used in the heat exchanger such as twisted 

tape, wire coil, helical, etc. The tube inserts can be divided 

into two broad categories: stationary and self-rotating. The 

stationary inserts have relatively fixed position in plain tube. 

The self-rotating inserts can automatically rotate while the 

fluid flows through the tube and can strengthen the heat 

transfer efficiency and achieve the on-line anti-scaling and 

de-scaling effect [2]. 

Different types of geometries of inserts are used with 

different types of parameters which create a huge turbulence 

inside the heat exchanger tubes and researchers used them to 

calculate the outcomes of augmentation. The twisted tape 

inserts are mainly used to enhance the heat transfer because 

it creates a swirl motion due to which centrifugal forces are 

generated which enhances the heat transfer. 

 

II. LITERATURE REVIEW 

 
Many researchers had done experiments to enhance the heat 

transfer by taking many different types of inserts or tubes or 

tube surface and calculated the results. These types of 

researches are discussed below: 
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P. Promvong and S. Eiamsa-ard [4] used conical ring with 

twisted tape and record the heat transfer behavior and found 

that the maximum heat transfer and enhancement efficiency 

is achieved at lowest twist ratio and the enhancement 

efficiency decreases with the increasing Reynolds number 

and is uniform over 16,000. P. Sivashanmugam and P.K. 

Nagarajan [5], P. Sivashanmugam and S. Suresh [6,7] 

and E. Z. Ibrahim [10] used right and left helical screw 

tape, helical screw tape inserts, regularly spaced helical 

screw tape in circular tube and helical screw tape in flat tube 

respectively and found that the heat transfer coefficient and 

friction factor increases with the decrease in twist ratios. 

They also found that the helical screw inserts with spacer 

can only be used for the enhancement of heat in turbulent 

flow with less reduction in pumping power and the 

enhancement of heat transfer coefficient is higher than that 

for straight helical twist. 

S. Eiamsa-ard et al. [11] used circular rings with twisted 

tape and found the maximum heat transfer rate, friction 

factor and thermal performance factor with the use of 

circular ring with twisted tape as compared to the circular 

ring tape only and the highest thermal performance factor 

are found at lowest pitch ratio and lowest twist ratio.K. 

Nanan et al. [12] used perforated helical twisted tapes and 

found that with the use of perforated helical twisted tapes 

the reduction in heat transfer and friction factor occurs as 

compared to helical twisted tapes. They also found an 

increase in heat transfer, friction factor and thermal 

performance factor with decreasing diameter ratios and with 

increase in perforation pitch ratios. A. Kumar et al. [15] 

used circular perforated ring with circular cylindrical tube 

and found that the heat transfer is enhanced about 4 times 

for lowest perforation index and diameter ratio and thermal 

performance factor is improved about 1.4 times for highest 

perforation index and diameter ratio.M. Kh. Abdolbaqi et 

al. [16] done experimental analysis of turbulent heat transfer 

in a flat tube fitted with twin counter twisted tape and twin 

co twisted tape and found that the Nusselt number, the 

friction factor and the thermal enhancement index increases 

as the twist ratio decreases and the twin co twisted tape is 

less efficient than the twin counter twisted tape for 

enhancement of heat transfer. O. Keklikcioglu and V. 

Ozceyhan [17] used coiled-wire with the separation from 

tube wall with the help of Teflon rings and found the 

considerable increase in Nusselt number and friction factor 

and observed the maximum thermal performance with 

lowest separation and pitch to diameter ratio.  

S. Tamna et al. [19]used double V-ribbed twisted tapes and 

found that with increasing blockage ratio the Nusselt 

number and friction factor increases and the maximum 

thermal enhancement factor is achieved at lowest blockage 

ratio.V. Singh et al. [20] used multiple twisted tapes and 

solid rings and found the highest thermal performance factor 

at the lowest pitch ratio and twist ratio for solid ring tubular 

and the Nusselt number, friction factor and thermal 

performance factor is maximum at quadruple co-twisted 

tape insert.P. Li et al [22] used drainage inserts fitted in a 

circular tube and found the increase in Nusselt number and 

friction factor with the decrease in pitch ratio. In this paper 

twenty-one works are presented in tabular form for the ease 

and to get future prospect. Table 1 represents the different 

insert geometries and its parameters and fluids used for 

experiments with their outcomes. Table 2 represents the 

correlations developed for Nusselt number, friction factor 

and thermal performance factor. 

 

Table 1: Different insert geometries and its parameters with their outcomes 

S. 

NO. 

AUTHOR GEOMETRY PARAMETER FLUID OUTCOMES 

1. A. Tandiroglu 

[2006]
[3]

 

Baffle with circular 

tube 

 Pitch to tube inlet diameter ratio 

(H/D = 1, 2 and 3) 

 Baffle orientation angle (β = 
45

o
, 90

o
 and 180

o
) 

 Reynolds number from 3000 to 

20,000 

Air 

 

The proposed empirical 

correlations were considered to be 

applicable within the range of 

Reynolds number 3000 to 20,000 

for the case of constant heat flux. 

2. P. Promvong 

and S. 

Eiamsa-ard 

[2007]
[4]

 

 
Conical ring with 

twisted tape 

 Twist ratios, Y= 3.75 and 7.5 

 Reynolds number 6000 to 

26,000 

Air For twist ratio of Y= 3.75, 

 A maximum heat transfer rate of 

367% and enhancing efficiency of 

around 1.96 are found. 

3. P. 

Sivashanmug

am and P.K. 

Nagarajan 

[2007]
[5]

 Right and left 

helical screw-tape 

 Twist ratio (Y= 2.93, 3.91 and 

4.89) 

 Reynolds number from 150 to 

2500 

Water 

 

Heat transfer enhancement for 

300 R and 300 L twist set is 

higher than that for 400 R and 200 

L for all twist ratio. 
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4. P. 

Sivashanmug

am and S. 

Suresh 

[2007]
[6]

 Helical screw- tape 

with circular tube 

 Reynolds number from 2700 to 

13,500 

 Twist ratio (Y =1.95, 2.93, 3.91 

and 4.89) 

Water 

 

The maximum performance ratio 

of 2.05 was obtained fort  wist 

ratio of 1.95. 

5. P. 

Sivashanmug

am and S. 

Suresh 

[2007]
[7]

 

Regularly spaced 

helical screw-tape 

 Spacer length (S= 100, 200, 

300, and 400 mm) 

 Twist ratio (1.95, 2.93, 3.91, 

and 4.89) 

 Reynolds number from 6000 to 

14,000 

Water The decrease in Nusselt number 

from twist ratio 1.95 to 4.89 is 

nearly 30–40% for all Reynolds 

number for full-length helical 

screw inserts and helical screw 

twists with various spacer lengths, 

whereas the decrease in friction 

factor is 40–45%. 

6. S. Gunes et 

al. [2010]
[8]

 

 
Coiled wire with 

equilateral 

triangular cross-

section 

 Pitch ratios (P/D=1, 2 and 3) 

 Equilateral triangle length side 

to tube diameter (a/D= 0.0714 

and 0.0892) 

 Reynolds number from 3500 to 

27,000 

Air  The highest overall enhanced 

efficiency of 36.5% is achieved 

for the wire with a/D= 0.0892 and 

P/D=1 at Reynolds number 3858. 

7. S. N. Sarada 

et al. [2010]
[9]

 

Varying width 

twisted tape 

 Twist ratios (Y= 3, 4 and 5) 

 Reynolds number varied from 

6000 to 13500 

 Different widths (26-full width, 

22, 18, 14 and 10 mm) 

Air Maximum rise in heat transfer, 

friction factor and over all 

enhancement ratio was varied 

from 36 to 48%, 18% and 1.62 

resp. for full width of 26mm and 

33 to 39%, 17.3% and 1.39 resp. 

for reduced width of 22 mm 

inserts compared to plain tube. 

8. E.Z. Ibrahim 

[2011] 
[10]

 

 
Helical screw tape 

with flat tubes 

 Reynolds number from 570 to 

1310 

 Twist ratio (y= 2.17, 3.33, 4.3 

and 5) 

 Spacer length (S= 100, 200, 300 

and 400) mm 

Water 

 

Nusselt number increases and 

friction factor decreases with 

increase in Reynolds number. 

9. S.Eiamsa-ard 

et al. 

[2013]
[11]

 

Twisted tape with 

circular ring 

 Pitch ratios (l/D =1.0, 1.5, and 

2.0) 

 Twist ratios (y/W=3, 4, and 5) 

 Reynolds number from 6000 to 

20,000 

Air  The increases of mean Nusselt 

number, friction factor and 

thermal performance, resp., are 

25.8%, 82.8% and 6.3%. 

 Thermal performance factor of 

1.42 is found. 

10. K. Nanan et 

al. [2014]
[12]

 

 
Perforated helical 

twisted tape 

 Diameter ratios (d/w=  0.2, 0.4 

and 0.6) 

 Pitch ratios (s/w= of 1, 1.5 and 

2) 

 Reynolds number 0from 6000 

to 20,000 

Air  Heat transfer, friction loss and 

thermal performance factor 

increase as d/w decreases and s/w 

increases. 

 The max thermal performance 

factor of 1.28 is obtained with d/w 

= 0.2 and s/w = 2.0 at Reynolds 

number of 6000 

11. S. 

Suwannapan 

et al. 

[2014]
[13]

 

Square–duct with 

discrete V–finned 

 Reynolds number from 4000 to 

25000 

 blockage ratio, (RB= e/H=0.075, 

0.1, 0.15 and 0.2) 

 fin pitch to duct height ratio, 

(RP=P/H=0.5, 1.0, 1.5 and 2.0) 

 fin attack angle, α=45° 

Air The inserted square-duct at 

RB=0.2 and RP=0.5 provides the 

highest heat transfer and friction 

factor while the one with RB=0.1 

and RP=1.5 yields the highest 

thermal performance. 
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tape 

12.  T. O. Oni 

and M. C. 

Paul 

[2015]
[14]

 

Divers tape with 

circular tube 

 Reynolds number from 5000 

and 20000 

 

Water Nusselt number, friction factor 

and TPF are 1.63 – 2.18, 2.60 – 

3.15 and 1.35 – 1.43 times 

respectively that of the tube fitted 

with plain twisted tape. 

13. A. Kumar et 

al. [2016]
[15]

 

 
Circular perforated 

ring 

 Diameter ratios (d/D= 0.6, 0.7 

and 0.8) 

 Perforation index (PA/TA=8%, 

16% and 24%) 

 Reynolds number from 6500 to 

23,000 

Air  For PI= 8% and DR= 0.6 the 

value of heat transfer is 4 times 

higher and friction factor is 7.2 

times higher.For PI= 24% and 

DR= 0.8 the TPF is found 1.47 

times higher as compared to 

smooth tube. 

14. M. Kh. 

Abdolbaqi et 

al. [2016]
[16]

 

Twin twisted tape 

with flat tube 

 Reynolds number from 7200 to 

32,400 

 Twist ratio (H/D= 5, 10 and 15) 

 Heat transfer rates for CTT were 

around 22.5% higher than CoTT 

and 61% higher than empty tubes. 

The maximum thermal 

enhancement index (η) obtained 
using CTT with H/D = 5, was 

2.52, while using CoTT was 2.26. 

15. O. 

Keklikcioglu 

and 

V.Ozceyhan 

[2016]
[17]

 
 

Coiled-wire 

 Pitch-to-dia ratios (P/D=1, 2 

and 3) 

 Distance from tube wall (s= 

1mm and 2mm) 

 Reynolds numbers from 3429 to 

26,663 

Air  Thermo-hydraulic performance 

was better with s= 1mm. 

 At s= 1mm and P/D= 1, the 

thermal enhancement efficiency 

of 82% at Re= 3429 was 

observed. 

16. S. Skullong et 

al. [2016]
[18]

 

Delta wing tape 

 Inclination angles (α= 30o
, 45

o
 

and 60
o
) 

 Wing-pitch to tube-diameter 

(P/D= PR= 0.5, 1.0, 1.5, 2.0 and 

2.5) 

 Reynolds number from 4200 to 

25,500 

Air  With α= 60o
, PR= 0.5 the heat 

transfer rate and friction factor 

yields up to 505% and 69 times 

over the plain tube. The 30
o
 DWT 

at PR = 1.0 provides the highest 

TEF of about 1.49 

17. S. Tamna et 

al. [2016]
[19]

 

Double V-ribbed 

twisted tape 

 Reynolds number from 5300 to 

24,000 

 Twist ratio= 4 

 Blockage ratio (BR)= (b/D= 

0.07, 0.09, 0.14 and 0.19) 

 Angle of attack (α= 30o
) 

Air 

 

BR= 0.19 yields highest heat 

transfer and friction factor and 

they are in the range of 1.56 to 2.3 

times and 2.06 to 4.94 times than 

smooth tube. Maximum TEF is 

about 1.4 at BR= 0.09. 

18. V. Singh et al. 

[2016]
[20]

 

 
Solid ring with 

multile twisted 

tapes 

 Pitch ratios (l/D=1 and 2) 

 Twist ratios (y/W=2, 3 and 4) 

 Reynolds number from 6300 to 

22,500 

Air At twist ratio (TR= 2) and pitch 

ratio (PR= 1), 

 Nu is in the range of 107.8– 293.7 

while f is 0.93–0.99 times that of 

the smooth tube. 

 The highest thermal performance 

factor (h) is found to be about 

1.46– 1.61 
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19. Z. M. Lin et 

al. [2016]
[21]

 

Twisted tape 

having 

parallelogram 

winglet vortex 

generators 

 Attack angle (α = 27.64°, 
21.44°, 17.44° and 14.67°) 

 Axial spacing (St = 0.83D, 

1.0D, 1.25D and 1.67D) 

 Reynolds number ranging from 

50 to 600. 

 Twist ratio (Tr = 3.0, 4.0, 5.0 

and 6.0) 

 

Water Nusselt number and friction factor 

are increased by 76.4% to 190.9% 

and 179.9% to 289.1%, 

respectively, and the 

corresponding thermal 

performance factor ranges from 

1.25 to 1.85 for α =17.44°, St/D 

=1.25 and Rearranging from 50 to 

600. 

20. P. Li et al. 

[2017]
[22]

 

Circular tube with 

drainage 

 Pitch ratios (P/D=2.5, 3.3, 4.2 

and 5) 

 Slant angles (α=30o
, 45

o
 and 

60
o
) 

 Reynolds number from 6000 to 

16,000 

Hot 

water 

and 

cold 

water 

 For the slant angle of 45
o
, the heat 

transfer performance is 0.76–1.05 

times and the friction factor is 

6.09–6.44 times better than that of 

smooth tube. The PEC values of 

experimental results are 0.95–
1.13. 

 

Table 2.2: Correlations developed for Nusselt number, friction factor and thermal performance factor 

Citation Correlations 

[3] 𝑎 𝑒 𝑡 = .  .  / − .  𝐿/ − . . 𝑜 = 𝑎 − . 𝛽− .  𝑎 𝑒 𝑡 = .  .  / − .  𝐿/ − . . 𝑜 = 𝑎 − . 𝛽 .  

[4] = .  . . ⁄ − . 𝑌− .  = .  − . ⁄ − . 𝑌− .  

Ƞ = .  − . ⁄ − . 𝑌− .  

[5] Nu = .  Re . Pr Y− . Rt/Lt − .  f = .  Re− . Y− . Rt Lt⁄ − .  

[6] Nu = .  Re . Pr Y− .  f = .  Re− . Y− .  

[7] Nu = .  Re .  PrY− . + S Dh⁄ − .  f = Re− . Y− . + S Dh⁄ .  

[8] = .  .  / − .  𝑎/ . .  = .  − .  / − .  𝑎/ .  

[9] = . ∗ −  .  . + / − .  ℎ/𝐿 − .  = .  − .  . + / − .  𝑒/𝐿 − .  

[10] = .  .  + − . 𝑌− .  = .  − .  + − . 𝑌− .  

[11] For circular ring alone = .  . .  𝑙/ − .  = .  − .  𝑙/ − .  

Ƞ = .  − .  𝑙/ − .  
For compound device = .  . .  𝑙/ − .  /𝑊 − .  = .  − .  𝑙/ − .  /𝑊 − .  

Ƞ = .  − .  𝑙/ − . /𝑊 − .  

[12] = .  .  / − .  / . . , = .  − .  / − .  / .  

Ƞ = .  − .  / − .  / .  

[13] = .  . 𝐵. 𝑃− . . , = .  − . 𝐵. 𝑃− .  

[14] = . + .  𝑝/ .  / − . − . , = .  − .  𝑝/ .  𝑦⁄𝑦⁄ − .  

[15] = .  .  − .  − . , = .  − .  − .  − .  

Ƞ = .  − .  .  − .  

[16] For twin counter twisted tape: Nu = .  Re .  . / − . , f = .  Re− .  / .  

For twin co- twisted tape: Nu = .  Re .  . / − . ,f = .  Re− .  / − .  
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[17] = .  .  / − .  / − . . , = .  − .  / − .  / − .  

[18] = .  . .  + 𝑎𝑛 ∝ .  + − .  = .  − .  + 𝑎𝑛 ∝ .  + − . ,  = .  − .  + 𝑎𝑛 ∝ − .  + − .  

[19] = .  . 𝑅. . , = .  − . 𝑅.  

[20] For pitch ratio= 1 = .  . .  𝑝 .  𝑙𝑛 . 𝑝 − . ln  = .  − . .  𝑝 .  𝑙𝑛 . 𝑝 − . ln  

Ƞ = .  − . .  𝑝 .  𝑙𝑛 . 𝑝 − . ln  

For pitch ratio= 2 = .  . .  𝑝 .  𝑙𝑛 . 𝑝 − . ln  = .  − . .  𝑝 .  𝑙𝑛 . 𝑝 − . ln  

Ƞ = .  − . .  𝑝 .  𝑙𝑛 . 𝑝 − . ln  

[21] 𝑚 = .  .  ∝/ .  𝑡/ − . , = .  − .  ∝/ .  𝑡/ − .
[22] = .  . 𝑝− .  −∝ 𝜋/ − . . , = .  − . 𝑝− .  −∝ 𝜋/ − .  

[23] = .  .  / − .  𝐿/ − . − .  = .  − .  / − .  𝐿/ − . − .  

 

III. CONCLUSION 

The paper provides an overview of different types of 

geometries of inserts. The previous studies on heat 

exchanger tube with inserts are very efficient in heat 

transfer augmentation. With the use of different 

geometries of inserts the Nusselt number, friction factor 

and thermal performance factor increases sufficiently but 

there is some effects on surface also occurs. 

1. Nusselt number increases and the friction factor 

decreases with the increase in Reynolds number. 

2. Nusselt number and friction factor both decreases 

with the increase in twist ratio for twisted tape inserts. 

3. The thermal enhancement factor (Ƞ) decreases with 
the increase in Reynolds number. 
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