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ABSTRACT 
Heat transfer augmentation techniques refer to different 

method used to increase rate of heat transfer without 

affecting much the overall performance of the system 

This review paper consists of detail study of heat 

transfer enhancement techniques using different types of 

inserts. Now a day’s it is very important to increase the 
heat transfer rate in the heat exchangers. Heat 

exchangers are widely used in thermal power plants, 

refrigerators, chemical industries etc. So to enhance the 

heat transfer rate there are various techniques which 

have been used today. Various types of inserts were used 

with different aspect ratios and dimensions. The present 

paper review mainly focus on the twisted tape heat 

transfer enhancement and its design modification 

towards the enhancement of heat transfer and saving 

pumping power. 
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I. INTRODUCTION 

 
A heat exchanger is a device that is used to transfer thermal 

energy (enthalpy) between two or more fluids, between a 

solid surface and a fluid, or between solid particulates and a 

fluid, at different temperatures and in thermal contact. In 

heat exchangers, there are usually no external heat and work 

interactions. Heat transfer techniques are used to achieve 

high transfer rate with less power and to increase the 

efficiency of the system here are mainly three types of 

techniques which are used for heat transfer enhancement: 

Many Engineering devices produce heat during their 

operation. If this heat is not removed rapidly to its 

surrounding atmosphere, this may cause rise in temperature 

of system components. This heat cause serious overheating 

problems in device and leads to failure of components so the 

produced heat within the device must be rejected to its 

surrounding to maintain the device at recommended 

temperature for its efficient working. The methods used in 

the cooling of high power density electronic devices vary 

widely depending on the applications and the required 

cooling capacity. The heat produced by electronic devices 

has to pass through a complex network of thermal 

resistances to the environment. Nowadays, wire-coiled 

inserts have commonly been applied for improving the 

convective heat transfer in various industries, due to their 

cheap in manufacturing cost, easy setting up and high 

effectiveness. This insertion of wire-coiled in a heat 

exchanger tube is a passive enhancing technique. Due to 

wire-coiled insertion swirl occur in bulk flow, as a result 

thermal boundary disturb on the tube surface. It is necessary 

to consider the methods to improve the heat transfer for the 

development of high performance thermal systems. The 

analysis of improved heat transfer is allude to as heat 

transfer enhancement. Commonly a high thermal conductive 

material like copper, GI pipe used to made wire-coiled 

inserts. Heat transfer enhancement or augmentation 

techniques refer to the improvement of thermo hydraulic 

performance of heat exchangers. Existing enhancement 

techniques can be broadly classified into three different 

categories: 

1.1 Active Techniques: These techniques are more complex 

from the use and design point of view as the method 

requires some external power input to cause the desired flow 

modification and improvement in the rate of heat transfer. It 

finds limited application because of the need of external 

power in many practical applications.  

1.2 Passive Techniques: These techniques do not require any 

direct input of external power; rather they use it from the 

system itself which ultimately leads to an increase in fluid 

pressure drop. They generally use surface or geometrical 

modifications to the flow channel by incorporating inserts or 

additional devices. They promote higher heat transfer 

coefficients by disturbing or altering the existing flow 

behavior except for extended surfaces. 

 1.3 Compound Techniques: When any two or more of these 

techniques are employed simultaneously to obtain 

enhancement in heat transfer that is greater than that 

produced by either of them when used individually, is 

termed as compound enhancement. 

II. PRINCIPLE OF ENHANCEMENT IN 

HEAT        EXCHANGER 
 
 The thermal efficiency of the heat exchanger is one of the 

most significant problems in the heat transfer process. To 

save more energy and costs, the technology of heat 

exchangers needs to be improved. Many methods are used 

in heat transfer applications to enhance the heat transfer rate. 

To enhance the thermal performance of the heat exchangers, 

passive, active and conjugate methods can be used. Active 

methods require external power input for the process, in 

contrast passive methods do not require any additional 

energy to improve the thermo-hydraulic performance of the 

system. The enhancement of heat transfer rate by using 

internal ribs has been widely studied experimentally by 

many researchers  studied the effect of pulsation on the heat 

transfer rate in a pipe with coiled-wire inserts. Apart from 

the pulsation, the thermo-hydraulic performances of the 

process were solely studied for a coiled-wire insert with 

different pitch values. The  results showed that heat transfer 

rates were enhanced with the increasing pitch ratio. Yang 
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San et al .measured the heat transfer and pressure drop for 

air and water flows in a tube with coiled-wire inserts. 

 Enhancement of heat transfer increased with the decreasing 

of pitch ratio for both air and water. A study on the heat 

transfer and pressure drop of multi-walled carbon nanotube–
water nano-fluid inside horizontal coiled-wire inserted tube. 

Wire coil inserts is more effective for heat enhancement 

techniques as compared to other techniques due to following 

reasons: 

 1) Cost is low. 

 2) Easy to install and removal. 

 3) Maintenance cost is low. 

 When a wire coil or any type of insert is introduced in the 

fluid flow area it induces the swirl in the flow field and 

produces the redevelopment of boundary layer. It increases 

the effective heat transfer area and the turbulence intensity. 

The swirl induces tangential flow velocity component, 

which improves the mixture of flow between the tube core 

and the nearby wall region 
 

II. LITERATURE  REVIEW 
 

The thermal efficiency of the heat exchanger is one of the 

most significant problems in the heat transfer process. To 
save more energy and costs, the technology of heat 

exchangers needs to be improved. Many methods are used 

in heat transfer applications to enhance the heat transfer rate. 

To enhance the thermal performance of the heat exchangers, 

passive, active and conjugate methods can be used. Active 

methods require external power input for the process, in 

contrast passive methods do not require any additional 

energy to improve the thermo-hydraulic performance of the 

system. The enhancement of heat transfer rate by using 

internal ribs has been widely studied experimentally by 

many researchers [1–15]. Alberto Garcia [1] study of heat 

transfer enhancement with wire coil inserts in laminar-

transition-turbulent regimes at different Prandtl numbers. 

Wire coils have been tested in the laminar and transition 

regimes in order to analyse the benefits that this technique 

offers for viscous fluids. Tulin Bali[2] study on heat transfer 

and pressure drop characteristics of decaying swirl flow 

through a circular pipe with a vortex generator. study on 

heat transfer and pressure drop characteristics of decaying 

swirl flow through a circular pipe with a vortex generator. 

Joardar[3] Heat transfer enhancement by winglet-type 

vortex generator arrays in compact plain-fin-and-tube heat 

exchangers. The winglets are placed in a common-flow-up 

orientation for improved tube wake management. 

Isak Kotcioglu[4] In this paper a second law analysis of a 

cross-flow heat exchanger (HX) is studied in the presence of 

a balance between the entropy generation due to heat 

transfer and fluid friction. The entropy generation in a cross-

flow HX with a new winglet-type convergent divergent 

longitudinal vortex generator (CDLVG) is investigated. 

Optimization of HX channel geometry and effect of design 

parameters regarding the overall system performance are 

presented. S. Eiamsa-ard[5] Study on thermal and fluid flow 

characteristics in turbulent channel flows with multiple 

twisted tape vortex generators present work is that, the 

decreases of both free-spacing ratio (s/w) and twist ratio 

(y/w) results in the increases of Nusselt number, friction 

factor. J.P. Meyer[6] The aim of this paper is to present 

adiabatic friction factor results for helical finned tubes in the 

transition region for fully developed and developing flow. t. 

Correlations were developed to predict the fully developed 

critical Reynolds numbers and friction factors in the 

transition region. Suvanjan Bhattacharyya[7] The 

experimental friction factor and Nusselt number data for 

laminar flow through a circular duct having integral helical 

rib roughness and fitted with centre-cleared twisted-tape 

have been presented. Predictive friction factor and Nusselt 

number correlations have also been presented. The thermo 

hydraulic performance has been evaluated. Sujoy Kumar 

Saha[8] The experimental friction factor and Nusselt 

number data for laminar flow through a circular duct having 

integral axial rib roughness and fitted with center-cleared 

twisted-tape have been presented. Predictive friction factor 

and Nusselt number correlations have also been presented. 

The thermo hydraulic performance has been evaluated M. 

Shahabuddin [9] Performance assessment in a heat 

exchanger tube fitted with double counter twisted tape 

inserts Subhankar Saha[10] Enhancement of heat transfer of 

laminar flow of viscous oil through a circular tube having 

integral helical rib roughness and fitted with helical screw-

tapes. The experimental friction factor and Nusselt number 

data for laminar flow of viscous oil through a circular duct 

having integral helical rib roughness and fitted with helical 

screw-tape insert have been presented. 

M.M.K. Bhuiya[11] Thermal characteristics in a heat 

exchanger tube fitted with triple twisted tape inserts. , the 

influences of triple twisted tapes on heat transfer rate, 

friction factor and thermal enhancement efficiency were 

experimentally investigated. The triple twisted tapes were 

used as swirl flow generators in the test section. 

M. Saha[12] Heat transfer and friction factor characteristics 

in turbulent flow through a tube fitted with perforated 

twisted tape inserts. t both heat transfer rate and friction 

factor of the tube fitted with perforated twisted tapes were 

significantly higher than those of the plain tube. Over the 

range investigated, Nusselt number, friction factor and 

thermal performance factor in the tube with perforated 

twisted tape insert A.S.M. Sayem[13] The present study 

explored the effects of the double counter twisted tapes on 

heat transfer and fluid friction characteristics in a heat 

exchanger tube. The double counter twisted tapes were used 

as counter-swirl flow generators in the test sectiono. The 

results also revealed that the heat transfer rate in the tube 

fitted with double counter twisted tape was significantly 

increased with corresponding increase in pressure drop. 

Sagnik Pal[14] The experimental friction factor and Nusselt 

number data for laminar flow through a circular duct having 

integral transverse corrugation and fitted with centre-cleared 

twisted-tape has been presented. Predictive friction factor 

and Nusselt number correlations have also been presented. 

The thermohydraulic performance has been evaluated.  

Pranab Kumar Pal[15] The experimental friction factor and 

Nusselt number data for laminar flow of viscous oil through 

a circular duct having integral spiral corrugation roughness 

and fitted with twisted tapes with oblique teeth have been 

presented. Predictive friction factor and Nusselt number 

correlations have also been presented. The thermohydraulic 

performance has been evaluated. 
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S. Vahidifar[16] This study investigates heat transfer 

characteristics and the pressure drop of a horizontal double 

pipe heat exchanger with wire coil inserts. This paper 

studies the characteristics of the heat transfer and the 

pressure drop of a double pipe horizontal tube heat 

exchanger with an inserted wire coil and rings. 

M.O. Garg[17] s. In the present study, a review on work 

done in the area of heat transfer augmentation using twisted 

tapes has been carried out. Previous experimental and 

numerical studies on various types of twisted tapes (based 

on the literature survey) were discussed. These studies 

reveal that the future research in the area of twisted tapes 

will bring more development in the heat exchanger systems.  

Veysel Ozceyhan[18] An experimental investigation was 

conducted for the thermo-hydraulic performance of a 

circular tube with coiled-wire inserts which were installed 

with a small separation from the inner wall of the tube. The 

wire inserts had an equilateral triangular cross-sections with 

a constant side length of e = 6 mm and they were coiled with 

three different pitch-to-diameter ratios 

Pengxiao Li[19] the heat transfer and flow performance in 

turbulent flow of the tube fitted with the drainage inserts are 

investigated. The results show that the new-type insert can 

lead the fluid at the core to the tube wall, strengthening the 

mixing of cold and hot fluid. And the insert also generates 

the vortex to make perturbation in the fluid domain. The 

experiment investigates the influence of pitch ratio on the 

Nusselt number and friction factor. The Nusselt number and 

friction factor both increase with the decrease of pitch ratio. 

 

 

S.

no 

AUTHOR Type of Insert PARAMETERS FLUID OUTCOMES 

1 Alberto Garcia 

(2005) 

 

 

 

 Reynolds no=80-

90000 

  helical pitch 1.17 < 

p/d < 2.68 . 

 

 

Water 

 

 Heat transfer rate can be 

increased up to 200% 

 

 

2 Tulin bali 

(2007) 

 

 

 

 Reynolds no. from 

5000-30000 

 

 

Air 

 

 

The Nusselt numbers 

were found to show 

increases ranging from 

18.1% to 163% 

 

 

3 joerdar 

(2008) 

 

 
baffled rings inserts 

 Reynolds no. 

from220-960 

 

Air 

 

Enhancement in heat 

transfer coefficient 

increases with Reynolds 

number from 29.9% to 

68.8% with a pressure 

drop 

4 Isak Kotcioglu 

(2010) 

 

  Reynolds no. (300-

1800) 

 

 

air Entropy generation 

.0657-.0757 

 

5 S. Eiamsa-ard 

(2010) 

 

 

 

 

 

 

 

 

 

 
Twisted coil 

 

 Reynolds no=2700- 

9000 

 twist ratios (y/w=2.5, 

3.0 and 3.5) 

 

 

water 

 

The decreases of both 

free-spacing ratio (s/w) 

and twist ratio (y/w) 

results in the increases of 

Nusselt number, friction 

factor and also 

enhancement index 

 

6 J.P. Meyer 

(2011) 

 

 

 

 

 
   wire coiled inserts 

 Reynolds no. from 

5300 to 24000 

 twist ratios, y/w = 4 

and 3 

 

air Enhancement of heat 

transfer to 345% 

Friction factor 
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7 Suvanjan 

Bhattacharyya 

(2012) 

 

 

 

 

 

 
coiled wire with 

equaliteral triangular 

cross section 

 Reynolds no=200-

1100 

 

Air Enhancement technique 

acting alone for laminar 

flow through a circular 

duct up to a certain 

amount of twisted-tape 

center-clearance 

 

8 Sujoy Kumar 

Saha 

(2012) 

 

 

 

 

 

 
coiled wire inserts 

 

 Reynolds no= 

200-1100 

 

 

 

Water Thermo hydraulic 

performance has been 

evaluated. 

 

 

9 M. Shahabuddin 

(2013) 

 

 

  
 

 Reynolds no was 

between 5000 and 

20,000, 

 

 

Water Friction factor increases 

to 35-135% 

nusselt no. increases 97-

173% 

 

10 Subhankar Saha 

(2013) 

 

 

 

 

 

 

 Reynolds 

no>2000 

 

 

Air That the centre-cleared 

wavy strip inserts in 

combination with 

integral helical rib 

roughness perform 

significantly better than 

the individual 

enhancement technique  

 

11 M.M.K. Bhuiya 

(2013) 

 

 
 

 

Twisted tape consisting of 

wire nails 

 Reynolds 

no=7200-11500 

 

  twist ratios (y = 

1.92, 2.88, 4.81 

and 6.79) 

 

 

Air  The Nusselt number, 

friction factor and 

thermal enhancement 

efficiency increased with 

decreasing twist ratio 

 

 

12 M. Saha 

(2013) 

 

 

 

 

 
Perforated twisted tape 

 Reynolds 

no=7200- 

82000 

 

Water Nusselt number, friction 

factor and thermal 

performance factor in the 

tube with perforated 

twisted tape inserts was 

found to be 110 –340, 

110 –360 and 28–59% 
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13 A.S.M. Sayem 

(2013) 

 

 

 

 

 

 

 Reynolds no- 

6950-79500 

  twist ratios (y = 

1.95, 3.85, 5.92 

and 7.75 

Water The Nusselt number, 

friction factor and 

thermal enhancement 

efficiency were 

increased with 

decreasing twist ratio 

 

14 Sagnik Pal 

(2014) 

 

 

 Reynolds no= 

 250-1500 

Water  Thermo hydraulic 

performance has been 

evaluated.  

 

 

15 Pranab Kumar 

Pal 

(2015) 

 

 

 Reynolds no. 

6000-20000 

p/d=1-2 

Water Heat transfer, friction 

factor, efficiency 

increases 

16 S. Vahidifar 

(2016) 

 

 Reynolds number 

of 10000 

 pitch of (P/D=1, 

2, 4) and wire 

diameter of 

(d/D=0.05, 0.07, 

0.11) 

Air Nusselt ratio decreases 

as the Reynolds number 

increases 

 

CONCLUSION 
It is observed from the previous studies that use of twisted 

tapes in heat exchanger systems is quite effective method of 

heat transfer augmentation. Increase of Nusselt number, 

friction factor and thermal performance is reported by using 

twisted tapes inserts but accompanied with some pressure 

drop. A lot of experimental and numerical research studies 

have been performed on heat transfer augmentation using 

twisted tape inserts. Different types of geometries have been 

tested to check the heat transfer augmentation and many 

useful correlations to determine heat transfer and friction 

characteristics were developed. Geometry of pipe/duct and 

twisted tapes, flow characteristics are the major factors to 

control the thermo hydraulic performance. 
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