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Abstract— Heat Exchanger is widely used for increasing the 

heat transfer rate in many engineering application like 

refrigeration system, air conditioning system, power system, 

chemical rector, and many industrial and space aeronautical 

applications. For the effective performance and application of 

heat exchange, it is very essential to increase heat rate through 

it. So the interest of researchers has been directed toward for 

enhancing heat transfer rate and improve thermal hydraulic 

performance, by using different type of roughness techniques 

such as V- pattern rib, tapered twisted tape, micro channel, 

spiral coil shaped roughness. Some researchers were also 

focused on increasing turbulence 5000-20500 for enhancing 

heat rate using roughness inside or outside of tube or plates. 

In addition, researchers used a parameter for study with 

respect to the rib length ratio, rib pitch ratio, and rib 

inclination angle was conducted to optimize the geometric 

configuration of the ribs and improve heat enhancement. An 

extensive literature survey of research that this is a very 

dynamic essential area of research, and the main focus of 

present article seeks to provide comprehensive review of 

previous and recent research work published on enhancing 

heat transfer rate. 
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I. INTRODUCTION 

Heat exchangers have lots of industrial and experimental 

applications. One of the major challenges to design these 

devices is to create this equipment so compact which means 

to reach a higher heat transfer with minimum pumping power 

rather than conventional ones. Heat exchanger mainly used 

for heat transfer from hot fluid to cold fluid with maximum 

rate and minimum investment and running cost. In heat 

exchanger the temperature of each fluid changes as it passes 

through the exchanger and hence the temperature of dividing 

wall between the fluids also changes along the length of the 

exchanger. Several types of heat exchanger have been 

developed which are classified on the basis of nature of heat 

exchange process, relative direction of fluid motion, design 

and constructional features, and physical state of fluids. here 

we are work on relative direction of fluid motion type heat 

exchanger parallel and counter flow heat exchanger by using 

discrete copper wire roughness and enhance heat transfer rate. 

Here basically three type of technique are to be used for heat 

enhancement. But we use only passive method for enhancing 

heat transfer rate and breaking laminar sub-layers and 

increasing turbulence. Type of enhancement techniques is 

mentioned below: 

A. Active Method:  

Active augmentation, which has been studied extensively, 

involved some external power input to bring about the desired 

flow modification for enhancement and has not shown much 

potential owing to complexity in design. Furthermore, 

external power is not easy to provide in several applications. 

B. Passive Method:  

This method does not need any external power input and the 

additional power needed to enhance the heat transfer is taken 

from the available power in the system. 

C. Compound Method:  

A compound method is a hybrid method in which both active 

and passive methods are used in combination. The compound 

method involves the complex designs and hence it has limited 

applications. 

Discrete Copper wire roughness in parallel flow heat 

exchanger is most utilized passive heat enhancement 

techniques and is widely utilized in heat transfer equipments. 

II. LITERATURE REVIEW 

A. Hasanpour[1]Heat transfer and friction factor are 

experimentally studied in a double pipe heat exchanger which 

has an inner corrugated tube[fig.1] filled with various 

categories of twisted tapes from conventional to modified 

types which include perforated, V-cut and U-cut types.the 

twist ratios are 3, 5 and 7, the hole diameter ratio are 0.11 and 

0.33, the width and depth ratio of the cuts vary from 0.3 to 

0.6 and the Reynolds number is changed from 5000 to 15,000 

of turbulent regime. The results of the main parameters on 

heat transfer and pressure drop show that the Nusselt number 

and friction factor for all cases of twisted tape corrugated tube 

are more than the empty corrugated tube. Also the Nusselt 

number and friction factor for corrugated tube equipped with 

modified twisted tapes are higher than typical tapes except 

those of perforated types which lead to lower Nusselt number 

and friction factor. Fig.2 shows the experimental test bench 

of this experiment. Over the range of Reynolds number 

considered, the values of Nusselt number for all TT 

corrugated are higher than simple plain corrugated tube. 

 
Fig. 1: corrugated tube 
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Fig. 2: experimental test bench 

Nianben Zheng[2] the flow structures in the tube 

with parallel type ribs (P-type ribs) and V shape type ribs (V-

type ribs) were presented and analyzed, respectively. The 

results reveal that rib arrangements have perceptible effects 

upon the flow pattern and heat transfer in the ribbed tube. The 

average Nusselt number and friction factor in the V-type 

ribbed tubes were about 57-76% and 86-94% higher than 

those in the P-type rib tube, respectively. Performance 

evaluation criterion (PEC) based on the same pumping power 

in the V-type ribbed tube varied from 1.32 to 1.74, which 

were about 27-41% higher than that in the P-type ribbed tube. 

To further understand the effects arrangements on the heat 

transfer in the ribbed tube and reveal the essence of heat 

transfer enhancement, an analysis was also carried out from 

the point view of entransy dissipation extremes principle. The 

results demonstrate that the longitudinal swirl flow with 

multiple vortices induced in the V-type ribbed tube was a 

more effective flow pattern for heat transfer, compared to the 

longitudinal swirl flow with single vortex generated in the P-

type ribbed tube. 

Yonghua You[3] To improve the thermo-hydraulic 

performance of Rod baffle heat exchangers, round rods with 

arc cuts are proposed to be welded with rings to support 

staggered tubes in the current investigation, and numerical 

computation is conducted for the turbulent heat transfer 

enhancement with the current supports. Comparisons of 

Thermo-hydraulic performances between staggered and no 

staggered alignments are performed. Meanwhile, the 

influences of baffle distance (Lb), rod diameter (d) and 

clamping method of tubes are investigated. 

Amar Raj Singh Suri[4] an experimental study on 

Nusselt number  and friction factor  of heat exchanger circular 

tube fitted with multiple square perforated with square wing 

twisted tape inserts. The experimental determination 

encompassed the geometrical parameters namely, wing depth 

ratio (wd/wt) of 0.042–0.167, perforation width ratio (a/WT ) 

0.250, twist ratio (TL /WL ) of 2.5, and number of twisted 

tapes (N ) of 4.0. The effect of multiple square perforated 

twisted tapes with square wing has been investigated for the 

range of Reynolds number (Ren) varied from 5000 to 27,000. 

The maximum enhancement in Nurs and frs is observed to be 

6.96 and 8.34 times of that of the plain circular tube, 

respectively. Correlations of Nurs, frs and ηp are established in 

term.Of Ren and geometrical parameters of wings twisted 

tape which can be used to predict the values of Nurs, frs and ηp 

considerably good accuracy. 

Anas El Maakoul[5] the design and thermo-

hydraulic performance of a double pipe heat exchanger with 

helical baffles in the annulus side, are investigated 

numerically. Three-dimensional computational fluid 

dynamics (CFD) model, using the software FLUENT, have 

been performed to investigate the annulus side fluid flow, 

heat transfer coefficient and pressure drop for different 

configurations. A numerical analysis is conducted for 

different values of Reynolds number and baffle spacing 

(0.025–0.1 m). The numerical model was first validated for a 

simple double pipe heat exchanger by comparison with 

empirical correlations. The model was then used to 

investigate the helical baffles effects. The results obtained for 

a helically baffled annulus side provide enhanced heat 

transfer performance and high-pressure drop compared to the 

simple double-pipe exchangers. Thermal performance and 

high-pressure drop is an increasing function of baffle spacing 

and Re. In addition, empirical correlations expressing the 

results were developed based on curve fitting. 

 
Fig. 3: Configuration of helical baffles with different 

spacing 

Robin Smith[6] The success of heat exchanger 

network (HEN) retrofit not only lies in the amount of energy 

savings but also being able to comply with any pressure drop 

constraints imposed on the network. The techniques used for 

heat transfer enhancement increase the performance of the 

heat exchanger but at a penalty of increased pressure drop. In 

order for a retrofit design with heat transfer enhancement to 

be realistic, pressure drop must be considered. The effects of 

heat transfer enhancement on pressure drop can be mitigated 

by applying different techniques. For shell and tube heat 

exchangers, the decision on the best technique to apply is 

dependent on the side that is constrained that is shell side or 

tube side. The variety of options available for pressure drop 

reduction can make the process more complex. To effectively 

solve the problem, a step wise approach for the application of 

heat transfer enhancement with pressure drop consideration 

is proposed. The first step is the identification of the heat 
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exchangers that bring about pressure drop violation when 

enhanced. Pressure drop reduction techniques can be applied. 

Considering there might be multiple reduction techniques that 

can be used for a given heat exchanger, a ranking criterion 

has been defined for the identification of the best 

modification required. Heat transfer enhancement, even with 

pressure drop considerations remains an attractive option for 

HEN retrofit as the costs associated with changing the 

network topology are eliminated, and it requires reduced time 

for implementation. 

Li Xiao-wei[7] The mechanism of turbulent 

convective heat transfer enhancement was experimentally 

investigated by measuring the heat transfer in two 

dimensional roughness tubes with different roughness heights 

at various Reynolds numbers. The results show that there is a 

maximum Nusselt number ratio (Nu/Nu0) for a fixed 

roughness height with increasing Reynolds numbers. For 

water as working fluid, heat transfer can hardly be increased 

when the roughness height is lower than the thickness of the 

viscous sub layer, and both heat transfer and flow friction 

begin to increase when the roughness height is higher than the 

viscous sub layer. When the roughness height is more than 

five times of the viscous sub layer thickness, the flow friction 

begins to increase sharply but heat transfer is slowly 

enhanced. So the best heat transfer enhancement for a given 

pumping power is reached when the roughness height is about 

three times of the viscous sub layer thickness. The Prandtl 

number influences to the turbulent heat transfer enhancement 

by roughness were also analyzed. 

Yuan Xing[8] This paper experimentally 

investigates the effect of surface roughness on flow and heat 

transfer characteristics in circular micro channels. All test 

pieces include 44 identical, parallel circular micro channels 

with diameters of 0.4 mm and 10 mm in length. The surface 

roughness of the micro channels is Ra =0.86, 0.92, 1.02 lm, 

and the Reynolds number ranges from 150 to 2800. Results 

show that the surface roughness of the circular micro 

channels has remarkable effects on the performance of flow 

behavior and heat transfer. It is found that the Poiseuille and 

Nusselt numbers are higher when the relative surface 

roughness is larger. For flow behavior, the friction factor 

increases consistently with the increasing Reynolds number, 

and it is larger than the constant theoretical value for macro 

channels. The Reynolds number for the transition from 

laminar to turbulent flow is about 1500, which is lower than 

the value for macro channels. For the heat transfer property, 

Nusselt number also increases with increasing Reynolds 

number, and larger roughness contributes to higher Nusselt 

number. 

Promvonge et al[9] Effects of insertion of tandem 

wire coil elements used as turbulator on heat transfer and 

turbulent flow friction characteristics in a uniform heat-flux 

square duct are experimentally investigated in this work. The 

experiment is conducted for turbulent flow with the Reynolds 

number from 4000 to 25000. The wire coil element is inserted 

into the duct with a view to generating a swirl flow that assists 

to wash up the flow trapped in the duct corners and then 

increase the heat transfer rate of the test duct. Apart from the 

full-length coil, using hydraulic diameter of different length 

coil elements placed in tandem inside the duct with various 

free space lengths are introduced to reduce the friction loss. 

The results obtained from these wire coil element inserts are 

also compared with those from the smooth duct. The 

experimental results reveal that the use of wire coil inserts for 

the full-length coil, different length coil elements with a short 

free-space length leads to a considerable increase in heat 

transfer and friction loss over the smooth duct with no insert. 

The full-length wire coil provides higher heat transfer and 

friction factor than the tandem wire coil elements under the 

same operating conditions. Also, performance evaluation 

criteria to assess the real benefits in using the wire coil insert 

into the square duct are determined. 

M.A. Khairul[10] Heat exchangers are widely used 

for efficient heat transfer from one medium to another. 

Nanofluids are potential coolants, which can provide 

excellent thermal performance in heat exchangers. This paper 

presents the thermodynamic second law analysis of a helical 

coil heat exchanger using three different types of nanofluids 

(e.g. CuO/water, Al2O3/water and ZnO/water). Heat transfer 

coefficient and entropy generation rate of helical coil heat 

exchanger were analytically investigated considering the 

nano fluid volume fractions and volume flow rates in the 

range of 1–4% and 3–6 L/min, respectively. During the 

analyses, the entropy generation rate was expressed in terms 

of four parameters: particle volume concentration, heat 

exchanger duty parameter, coil to tube diameter ratio and 

Dean number. Amongst the three nanofluids, CuO/water 

nanofluid, the heat transfer enhancement and reduction of 

entropy generation rate were 

obtained about 7.14% and 6.14% respectively. Furthermore, 

heat transfer coefficient was improved with the increasing of 

nanoparticles volume concentration and volume flow rate, 

while entropy generation rate went down. 

 
Fig. 4: Geometry of a helical coil heat exchanger 

Shailesh joshi[11]Effect of surface roughness on 

pressure drop and heat transfer in circular tubes has been 

extensively studied. The sand grain roughness is major 

parameter is defining the friction factor during laminar flow 

and turbulent flow. Current studies have indicated a transition 

to turbulent flows at Reynolds number value much below 

2300 during single phase flow with small diameter. In this 

experiment investigate the roughness on small diameter. the 

roughness of inside tube surface is changed by etching it by 

acid solution. Two tubes of diameter 1.032mm and .62mm 

inner diameter are treated with acid solution to provide three 

different roughness values for each tube. The Reynolds 

number range is 500-2600 for 1.067mm tube and 900-3000 

for inner tube of diameter .62mm. 
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III. CONCLUSION 

In the above literature survey, research are focused on 

improving heat enhancement, friction factor, pressure drop, 

through heat exchanger, tubes or plates by using different 

type and shape of roughness discussed in [1 2 3 4], some are 

using other several passive techniques to enhance the heat 

transfer in a flow, such as ribs, wire coil [8 9 10] are generally 

more efficient in the turbulent flow than in the laminar flow 

excepted twisted tape it gives better result in laminar flow. In 

turbulent flow wire coils cause a high Pressure drop increase 

which depends mainly on pitch to wire diameter ratio p/e. If 

the pressure drop is not concerned, roughness is preferred in 

both laminar and turbulent regions. At the study of research 

there is no research found on parallel flow heat exchanger by 

using copper wire roughness. Due to high heat conductivity 

of copper and using it as roughness and enhance heat transfer 

rate.       
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