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Abstract— Heat transfer enhancement in heat exchangers 

finds much industrial importance because it gives an 

opportunity to reduce heat transfer surface area required for 

a given application and thus reduce the heat exchanger size 

and cost. Commonly used heat transfer enhancement 

methods are Active, Passive & Compound. In most of 

applications and key areas like power plants, process & 

chemical industries uses surface enhancement methods 

which are the type of passive method. Twisted tape inserts, 

coil wire, dimpled and extended surfaces are the most 

effective heat transfer enhancement techniques used due to 

their easy manufacturing & installation at lower cost, but 

these methods are only effective in laminar regions. Active 

& compound methods are rarely used because of their 

complexity & cost. Very few researchers made their 

contribution for the Active methods which involves the fluid 

injection in main bulk fluid & tangential injection of the 

fluid with effective swirl generation. In case of turbulent 

flow applications we have lot of scope to concentrate on the 

active techniques like injection and jet impingement. Present 

work mainly emphasis on the broad review of various heat 

transfer intensification techniques which involves different 

means induces swirling flow for heat transfer enhancement. 

Key words: Heat Exchangers, Swirl Flow, Heat Transfer 

Enhancement, Tangential Entry 

I.  INTRODUCTION 

Heat exchangers is most important device used in industrial 

and engineering applications like air conditioning, chemical 

reactor, refrigeration systems, process industries etc. 

enhancing the thermal characteristics of heat exchangers   is 

challenging task as it directly contributes for plant output 

and efficiency. Many techniques have been investigated on 

enhancement of heat transfer rate and decrease the size and 

cost of the involving equipment especially in heat 

exchangers. These techniques are used in heat exchangers. 

Some of the applications of heat exchangers are-in process 

industries, thermal Power plants, air conditioning 

Equipments, refrigerators, radiators for space vehicles, 

automobiles etc. Heat transfer augmentation techniques refer 

to different methods used to increase rate of heat transfer 

without affecting much the overall performance of the 

system. [1] 

Three types of heat transfer enhancement 

techniques can be used Active, Passive and combined effect 

of active and Passive methods are called compound 

techniques. These methods are employed on the basis of 

different parameters like heat load, application, design 

complexity, type of flow and fluid, cost required for 

enhancement. All heat transfer enhancement methods 

emphasis on improving heat transfer by optimum utilization 

of energy. [1, 2, 3]. 

II. HEAT TRANSFER ENHANCEMENT IN HEAT EXCHANGERS 

Heat transfer enhancement in heat exchangers needed for 

following reasons 

1) To make the equipment compact and achieve a 

high heat transfer rate using minimum pumping 

power.  

2) In recent years, the high cost of energy and 

material has resulted in an increased effort aimed at 

producing more efficient heat exchange equipment.  

3) In specific applications, such as space application, 

heat exchanger for an ocean thermal energy 

conversion (OTEC) plant requires a heat transfer 

surface area of the order of 10000 m
2
/MW. 

Therefore, an increase in the efficiency of the heat 

exchanger through an augmentation technique may 

result in a considerable saving in the material cost. 

4) In some specific applications, such as heat 

exchangers dealing with fluids of low thermal 

conductivity (gases and oils) and desalination 

plants, there is a need to increase the heat transfer 

rate.  

5) Increase the performance of heat exchangers hence 

the efficiency of process & system for given 

temperature difference. 

6) Transfer required amount of heat with high 

effectiveness. 

7) Reduce the volume & weight. 

8) Effective utilization of energy-Minimum operating 

cost. 

III. MECHANISMS OF AUGMENTATION OF HEAT TRANSFER 

[2] 

Following are the mechanisms which are used for heat 

transfer enhancement. 

1) Disruption of the unenhanced fluid velocity. 

2) Disruption of the laminar sub layer in the turbulent 

boundary layer.  

3) Introducing secondary flows. 

4) Promoting boundary-layer separation. 

5) Promoting flow attachment/reattachment. 

6) Enhancing effective thermal conductivity of the 

fluid under static conditions. 

7) Enhancing effective thermal conductivity of the 

fluid under dynamic Conditions. 

8) Delaying the boundary layer development. 

9) Thermal dispersion. 

10) Increasing the order of the fluid molecules. 

11) Redistribution of the flow. 

12) Modification of radiative property of the 

convective medium.  

13) Increasing the difference between the surface and 

fluid temperatures. 
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14) Increasing fluid flow rate passively. 

15) Increasing the thermal conductivity of the solid 

phase using special Nanotechnology fabrications 

IV. HEAT TRANSFER ENHANCEMENT TECHNIQUES 

Heat transfer intensify techniques (passive, active or a 

combination of passive and active methods or compound 

methods) are commonly used in areas such as process 

industries, heating and cooling in evaporators, thermal 

power plants, air-conditioning equipment, refrigerators, 

radiators for space vehicles, automobiles etc. [3]
   

A. 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. Augmentation of 

heat transfer by this method can be achieved by: 

1) Mechanical Aids: 

Such instruments stir the fluid by mechanical means or by 

rotating the surface. These include rotating tube heat 

exchangers and scrapped surface heat and mass exchangers. 

Induced pulsation by cams and reciprocating plungers 

2)  Surface Vibration:  

They have been applied in single phase flows to obtain 

higher heat transfer coefficients. 

3) Fluid Vibration: 

 These are primarily used in single phase flows and are 

considered to be perhaps the most practical type of vibration 

enhancement technique. 

4) Electrostatic Fields: 

 It can be in the form of electric or magnetic fields or a 

combination of the two from dc or ac sources, which can be 

applied in heat exchange systems involving dielectric fluids. 

Depending on the application, it can also produce greater 

bulk mixing and induce forced convection or 

electromagnetic pumping to enhance heat transfer. Use of a 

magnetic field to disturb the seeded light particles in a 

flowing stream 

5) Injection:  

Such a technique is used in single phase flow and pertains to 

the method of injecting the same or a different fluid into the 

main bulk fluid either through a porous heat transfer 

interface or upstream of the heat transfer section. 

6) Suction:  

It involves either vapor removal through a porous heated 

surface in nucleate or film boiling, or fluid withdrawal 

through a porous heated surface in single-phase flow. 

7) Jet Impingement: 

It involves the direction of heating or cooling fluid 

perpendicularly or obliquely to the heat transfer surface. 

B. Passive Techniques: 

These techniques generally use surface or geometrical 

modifications to the flow channel by incorporating inserts or 

additional devices. In the convective heat transfer one of the 

ways to enhance heat transfer rate is to increase the effective 

surface area and residence time of the heat transfer fluids. 

The passive methods are based on the same principle. 
Different types of passive heat transfer enhancement 

techniques are described below,  

1) Treated Surfaces:  

Such surfaces have a fine scale alteration to their finish or 

coating which may be continuous or discontinuous. They are 

primarily used for Boiling and condensing duties.  

2) Rough Surfaces:  

These are the surface modifications that promote turbulence 

in the flow field in the wall region, primarily in single phase 

flows, without increase in heat transfer surface area.  

3) Extended Surfaces:  

They provide effective heat transfer enlargement. The newer 

developments have led to modified finned surfaces that also 

tend to improve the heat transfer coefficients by disturbing 

the flow field in addition to increasing the surface area.  

4) Displaced Enhancement Devices:  

These are the inserts     that are used primarily in confined 

forced convection, and they improve energy transport 

indirectly at the heat exchange surface by displacing the 

fluid from the heated or cooled surface of the duct with bulk 

fluid from the core flow. 

5) Swirl Flow Devices:  

They produce and superimpose swirl flow or secondary 

recirculation on the axial flow in a channel. These include 

helical strip or cored screw type tube inserts, twisted tapes. 

They can be used for single phase and two-phase flows.  

6) Coiled Tubes: 

 These lead to relatively more compact heat exchangers. It 

produces secondary flows and vortices which promote 

higher heat transfer coefficients in single phase flows as 

well as in most regions of boiling.  

7)  Surface Tension Devices:  

These consist of wicking or grooved surfaces, which direct 

and improve the flow of liquid to boiling surfaces and from 

condensing        surfaces.   

8) Additives for Liquids: 

These include the addition of solid particles, soluble trace 

additives and gas bubbles in single phase flows and trace 

additives which usually depress the surface tension of the 

liquid for boiling systems. 

C. Compound Method  

When any two or more techniques 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. Used to Improving the 

thermo-hydraulic performance of a heat exchanger.  This 

technique involves complex design and hence has limited 

application. 

V. HEAT TRANSFER ENHANCEMENT WITH ACTIVE METHODS 

A. Surface Vibration: 

Carlson F et al. [4] Studied heat transfer enhancement due to 

vibrating solid boundaries effect on heat transfer through a 

channel subjected to vibrating walls. Depending on H heat 

rate through channel increases or decreases as a function of 

α, below H =2 heat rate increases and above heat transfer 

rate decreases. At H=5 minimum heat transfer rate. At high 

value of H heat rate unaffected by vibrations. 

B. Magnetic & Ultrasound: 

Mathieu Legay et al. [5] Reviewed literature regarding the 

heat transfer enhancement by ultrasound. Author reveals 

that   most of these works are performed at the laboratory 
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scale involving academic set-ups and usually using classical 

low frequency ultrasound. Well-known ultrasonically 

induced effects such as acoustic cavitation, acoustic 

streaming, and fluid particles oscillations are responsible for 

heat transfer improvement observed. Ultrasonic technology 

was used alongside a conventional heat transfer process in 

order to enhance it. it was found that ultrasound not only 

increases heat transfer rates, but might also be a solution to 

fouling reduction. 

Sesen et al. [6] experimentally studied that heat 

transfer can be increased by actuating magnetic 

nanoparticles inside a nanofluid. They have used miniature 

heat transfer enhancement system based on the actuation of 

magnetic nanoparticles dispersed in a base fluid (water). It 

consists of a pool filled with a nanofluid containing 

ferromagnetic nanoparticles, a heater, and two magnetic 

stirrers. The ferromagnetic particles within the pool were 

actuated with the magnetic stirrers. They have found that 

there is substantial heat transfer enhancement about 120% to 

130 %.Sesen et al. [7] gathered results from the experiments 

indicate the advantageous effects of magnetic nanofluid 

actuation on heat transfer magnification and flow 

circulation. An average heat transfer coefficient 

enhancement of 37.5% was achieved with magnetic 

actuation. In addition, this enhancement was achieved with 

5W of additional power consumption, which ensures that the 

proposed method could be further exploited to achieve 

higher energy efficiency. 

C. Jet Impingement: 

Celata et al. [8] reported the possibility of enhancing the 

heat transfer rate in diabatic pipe water up flow using 

injection of air at the inlet of the heated channel. In turbulent 

upward mixed convection. Under these conditions, air 

injection was proved to enhance the heat transfer coefficient 

up to a factor of 10 in mixed-convection flow. The 

turbulence increase locally produced by air bubbles 

suppresses the laminarization effect, thus greatly enhancing 

the heat transfer coefficient. 

Zumbrunnen et al. [9] did experimental parametric 

investigation to evaluate the effect of gas injection on 

convective heat transfer from a constant heat flux surface to 

an impinging liquid jet in the absence of boiling. The air 

was injected into the capillary tubes and combined with the 

water to form a two-phase jet. Convective heat transfer 

coefficients were enhanced by factors as high as 2.2 near the 

stagnation line and 1.6 at a distance of five jet widths with 

no discernible change in pressure drop in the water supply 

system.  

Zumbrunnen [10] reveals that enhanced heat 

transfer was achieved by periodically restarting an 

impinging flow and thereby forcing renewal of the 

hydrodynamic and thermal boundary layers. Although 

convective heat transfer was less effective during a short 

period when flow was interrupted, high heat transfer rates, 

which immediately follow initial wetting, prevailed above a 

threshold frequency, and a net enhancement occurred. 

Enhancements in convective heat transfer coefficients of 

nearly a factor of two, and theoretical considerations suggest 

that higher enhancements can be achieved by increasing the 

frequency of the intermittency.  

Tong-Bou Chang [11] studied heat transfer 

performance of the jet impingement type shell and tube heat 

exchanger. The orifices are arranged internally within the 

tube bundle. Present invention is provided in which the jet 

impingement cooling tubes and the heating tubes in shell 

and tube heat exchanger are formed either as a staggered 

tube bundle or as a square tube bundle, and the orifices on 

each cooling tube are provided according to the arrangement 

of tube bundle. Thus, the heat transfer performance of jet 

impingement type shell and tube heat exchanger is 

remarkably increased. 

Kinsella [14] the current research is concerned with 

the design of a swirl jet which aims to enhance the surface 

heat transfer from a heated surface in a radially uniform 

manner. At low H/D, the surface heat transfer is reduced in 

the stagnation zone due to the swirl generator blockage of 

the jet flow. It has also been found that the optimum degree 

of swirl from a heat transfer perspective is a function of the 

nozzle to impingement surface spacing. 

D. Suction 

Zaidi et al. [12] studied the problem of heat dissipation from 

a surface generating very high heat fluxes. In the present 

study, a novel technique of vapor removal through suction is 

investigated. A 5 mm by 5 mm Inconel sheet heater was 

used, heated by a DC power source in a pool of saturated 

water. Data of suction tests are compared with non-suction 

test results. The results of the present study suggest that the 

suction technique is very effective in enhancing the critical 

heat flux and convective heat transfer coefficient from very 

high heat flux surfaces. In the present study, an 

enhancement as high as 1600% in critical heat flux over the 

non-suction test results was achieved. 

E. Fluid Rotation: 

Yildiz et al. [13] studied the influence of fluid rotation on 

the thermodynamic behavior of a double tube heat 

exchanger. It was detected that the enhancement of heat 

transfer was about 250% more than the smooth tube and the 

increase of pressure loss was reported to be within the range 

of 500 to 1000%. 

F. Swirl Generator: 

Saraç and Bali [14] investigated the thermodynamic features 

of a pipe fitted with propeller-type vortex generators at three 

different positions in the axial direction. Using this method, 

the increase in the heat transfer was reported to be 18% to 

163% more than what it would be in the plain tube. 

Eiamsa-ard et al. [15] studied heat transfer 

efficiency in a heat exchanger tube equipped with propeller 

type swirl generators at several pitch ratios (PR) and blade 

angles. The substantial enhancement in the heat transfer rate 

over the plain tube around 2.07 to 2.18 times for pitch ratios 

PR = 5, blade numbers and blade angles can be provided by 

the tube with the propeller inserts. 

Zhang et al. [16] investigated the heat transfer and 

friction factor of a rotor-assembled strand fitted in a plain 

tube in turbulence region. Increase in friction factor by 

158.5–295.9% and the Nusselt number by 91.4–178.7% 

observed. The decreasing lead of rotor assembled strands as 

well as the increase of diameter would heighten the friction 

factor. The thermal performance factor (PEC) value also 

increases with an increase of the rotor diameter. 

http://heattransfer.asmedigitalcollection.asme.org/solr/searchresults.aspx?author=D.+A.+Zumbrunnen&q=D.+A.+Zumbrunnen
http://heattransfer.asmedigitalcollection.asme.org/solr/searchresults.aspx?author=D.+A.+Zumbrunnen&q=D.+A.+Zumbrunnen
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A.E.Zohir et al. [17] aimed at studying the heat 

transfer characteristics and pressure drop for turbulent 

airflow in a sudden expansion pipe equipped with propeller 

type swirl generator or spiral spring with several pitch 

ratios. Reynolds number was kept ranging from 7500 to 

18,500 under a uniform heat flux condition in the 

experiment. The experiments are also undertaken for three 

locations for the propeller fan (N = 15 blades and blade 

angle of 65) and three pitch ratios for the spiral spring (P/D 

= 10, 15 and 20). The experimental results shows that the 

tube with the propeller inserts provides improvement of the 

heat transfer rate over the plain tube around 1.69 times for 

X/H = 5. While for the tube with the spiral spring inserts, an 

improvement of the heat transfer rate over the plain tube 

around 1.37 times for P/d = 20.The increase in pressure drop 

using the propeller is found to be three times and for spiral 

spring 1.5 times over the plain tube. 

M. Ahmadvand et al. [18] had investigated the 

effects of axial vane swirler on heat transfer augmentation 

and fluid flow. Three different blade angels of 30°, 45° and 

60° were examined Flow rate was adjusted at Reynolds 

numbers ranging from 10000 to 30000. Study has been done 

under uniform heat flux condition and air was used as 

working fluid. Nusselt was found to be increase from 50% 

to 110% depending upon the blade angle simultaneously 

friction factor increased by the range of 90–500%. It was 

seen that thermal Performance was increased as vane angle 

is increased and decreased by growth of Re number. When 

increasing the blade angle, higher decay rate has been 

observed for local Nusselt number. 

VI. HEAT TRANSFER ENHANCEMENT WITH PASSIVE 

METHODS 

Eventually, many recent works related to passive 

augmentations of heat transfer using vortex generators, 

protrusions, and ultra high thermal conductivity composite 

material have been reviewed[1] 

A. Fins: 

Huq et al. [19] reported heat transfer and friction data for 

turbulent air flow in a tube having internal fins in the 

entrance region as well as in the fully-developed region. The 

uniformly heated test section was 15.2m in length and the 

inner diameter of the tube was 70mm which contained six 

equally spaced fins of height 15mm. The Reynolds number 

based on hydraulic diameter ranged from 2.6 × 104 to 7.9 × 

104. Heat transfer coefficient, based on inside diameter and 

nominal area of finned tube exceeded unfinned tube values 

by 97% to 112% for the tested Reynolds number range. 

When compared at constant pumping power, an 

improvement as high as 52% was also observed for the 

overall heat transfer rate. 

B. Baffles: 

Nasiruddin, Siddiqui [20] studied Heat transfer enhancement 

in a heat exchanger tube by installing a baffle. For the 

inclined baffles, the Nusselt number enhancement is almost 

independent of the baffle inclination angle, with the 

maximum and average Nusselt number 120% and 70% 

higher than that for the case of no baffle, respectively. For a 

given baffle geometry, the Nusselt number enhancement is 

increased by more than a factor of two as the Reynolds 

number decreased from 20, 000 to 5000. The results show 

that the average Nusselt number for the two baffles case is 

20% higher than the one baffle case and 82% higher than the 

no baffle case.  

C. Twisted Tape: 

Kumar and Prasad [21] used typical twisted tape (TT) for 

Water as working fluid with Twist ratios y=3.0– 12.0. 

Experiments were conducted for 4000≤Re≤21000, 

Decreasing values of the twist-pitch to tube diameter ratio 

lead to increasing values of heat transfer rate, and the 

pressure drop as well. Twisted-tapes generate turbulence 

superimposed with swirlness inside the flow tube and 

consequently result in enhanced heat transfer Increase in 

twisted-tape solar water heaters performance is remarkable 

at low and moderate values of Reynolds number and 

monotonous at high values of the Reynolds number. 

Eiamsa-ard et al. [22] studied the Twisted tape with 

wings alone (WT), Twisted tape with alternate axes alone 

(T- A), Typical twisted tape (TT) Twist ratio y=3.0 for water 

as working fluid.  Angles of attack β=43°, 53°and 74°, 

5200≤Re≤22000. WT-A with the largest angle of attack 

gave the highest Nusselt number (Nu), friction factor (f) as 

well as thermal performance factor. 

D. Coil Wire: 

Promvonge [23] revealed that comparing the combined 

turbulators consisted of wire coil and twisted tape with a 

smooth tube at a constant pumping power, a double increase 

in heat transfer performance is obtained especially at low 

Reynolds number.  

Chokphoemphun S. et al. [24] investigated the 

combined devices consisted of the twisted tape (TT) and 

constant/periodically varying pitch ratio of the wire coil. 

They found that, at low Reynolds number, the device 

combined with TT at twist ratio of 3.0 and the DI-coil, 

provided the highest thermal performance which was around 

6.3%, 13.7%, 2.4% and 3.7% higher than the wire coil 

alone, the TT alone, the TT with uniform wire coil, and the 

TT with D-coil, respectively. 

E. Swirl Generator: 

Swirl flows have wide range of applications in various 

engineering areas such as chemical and mechanical mixing 

and separation devices, combustion chambers, turbo 

machinery, rocketry, fusion reactors, pollution control 

devices, etc. Swirl flows result from an application of a 

spiral motion, a swirl velocity component (also called as 

‗tangential‘ or ‗azimuthal‘ velocity component) being 

imparted to the flow by the use of various swirl-generating 

methods. Generally, the swirling pipe flows are classified 

into two types: (I) Continuous swirl flows, which maintain 

their characteristics over entire length of test section; and 

(II) decaying swirl flows. 

Yilmaz et al. [25] used the swirl generator with 

conical deflecting element; experiment is conducted for air 

as working fluid and 32000≤Re≤111000.In swirling flow, 

increasing the Reynolds number and the vane angle 

increased the Nusselt number. To obtain lower pumping 

powers for the same heat transfer rate, higher vane angles 

and relatively lower Reynolds numbers must be employed. 

Kurtbas et al. [26] devised a novel conical injector type 

swirl generator (CITSG) and experimentally examined the 
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Performances of heat transfer and pressure drop in a pipe 

with the CITSG. They found that the Nu decreases with the 

increase of Reynolds number, the director angle (β), the 

director diameter (d), and with the decrease of the CITSG 

angle (α); the effect of the β on Nux is at negligible level for 

higher Re. 

Ebru karak et al. [27] reported that heat transfer 

rates of swirl generators with holes for the entrance of fluid 

were investigated by placing them at entrance section of 

inner pipe of heat exchanger. Various swirl generators 

having different arrangements of holes were used for water 

to water heat exchanger. For Reynolds number 8500-17500 

heat transfer enhancement is 130% than heat exchanger 

without swirl element. 

Gulsah Cakmak et al. [28] used plates with 

injectors. The turbulators were made in 100-mm lengths and 

they have of 6, 8, 10, 12, 16 and 20 injectors of 5-mm length 

of 6- and 9- mm diameter. The injectors were made placing 

in way form of 60° and 90° angles to swirl elements 

.Experiments were repeated at various Reynolds number 

from 10850 to 21658. Results shows that the heat transfer 

rates increased with decreasing diameters and injector angle 

with increasing number of injector diameters and the swirl 

element. Heat transfer enhancement is increased 93% over 

heat exchanger with no swirl elements. 

VII. HEAT TRANSFER ENHANCEMENTS WITH COMPOUND 

METHODS 

Thianpong et al. [29] studied the friction and compound heat 

transfer behaviors in a dimpled tube fitted with a twisted 

tape swirl generator. The results reveal that both heat 

transfer coefficient and friction factor in the dimpled tube 

fitted with the twisted tape, are higher than those in the 

dimple tube acting alone and plain tube. It is also found that 

the heat transfer coefficient and friction factor in the 

combined devices increase as the pitch ratio and twist ratio 

decrease. 

Promvonge [30] used wire coils in conjunction 

with twisted tapes. The combined wire coil and twisted tape 

turbulators are compared with a smooth tube at a constant 

pumping power. Heat transfer performance is doubled at 

low Reynolds number. The best operating regime for 

combined both the turbulators is found at lower Reynolds 

number values for the lowest values of the coil spring pitch 

and twist ratio. 

Promvonge and Eiamsa-ard [31] Conical-ring 

turbulators and a twisted-tape swirl generator for all the 

devices used, the enhancement efficiency tends to decrease 

with the rise of Reynolds number and to be nearly uniform 

for Reynolds number over 16,000. The smaller twist ratio is, 

the larger the heat transfer and friction factor for all 

Reynolds numbers. 

VIII. CONCLUSION 

1) Current intensive review reveals that most of the 

industrial applications use passive heat transfer 

enhancement methods. Passive methods give the 

significant heat transfer enhancement in laminar 

regime. 

2) There is lots of scope to concentrate on the active 

heat transfer enhancement methods in turbulent 

flow. Design and use point of view these are more 

complex methods but can be modified for the 

turbulent flow. 

3) Compound methods can be used by employing 

optimized parameters of the combined heat transfer 

methods active as well as passive. But combine 

system leads to complex design. 

4) Future study can be extended to reveal the heat 

transfer enhancement behavior by effective swirl 

generation methods both by actively or passive 

means. Literature shows that heat transfer 

enhancement by tangential injection for effective 

swirl generation can be preferred for further study. 
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