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I. INTRODUCTION 
 

The size of heat exchangers could not become 

compact if fluids involved has low thermal 

conductivity and effectiveness is also reduced due to 

low thermal conductivity of fluid. The heat transfer 

enhancement in heat exchanger is possible with the 

improvement of thermal properties of fluid involved. 

A possible method for enhancing the thermal 

conductivities of fluids is to suspend little strong 

particles in the fluids. Different sorts of powders, for 

example, metallic, non-metallic and polymeric 

particles can be added into fluids to frame slurries.  

 

The thermal conductivities of fluids with suspended 

particles are relied upon to be higher than that of 

basic fluids. A mechanical application test was 

completed in which the impact of molecule 

volumetric stacking, size, and stream rate on the 

slurry weight drop and heat exchange conduct was 

examined. In ordinary cases, the suspended particles 

are of µm or even mm measurements.  

 

Such expansive particles may cause some serious 

issues, for example, scraped spot and obstructing. In 

this manner, fluids with suspended expansive  

 

 

 

 

 

particles have minimal reasonable application in heat 

exchange upgrade. Utilization of nanoparticles gives 

a viable method for enhancing heat exchange 

qualities of fluids. Particles <100 nm in measurement 

display properties unique in relation to those of 

ordinary solids. Contrasted and micron-sized  

particles, nanophase powders have a lot bigger 

relative surface territories and an incredible potential 

for heat exchange improvement. A few scientists 

attempted to suspend nanoparticles into fluids to 

shape high viable heat exchange fluids. By 

suspending nanophase particles in heating or 

cooling fluids, the heat exchange execution of the 

liquid can be essentially progressed. 

 

II. LITERATURE REVIEW 
 

The heat exchanger plays an important role in almost 

all of the mechanical industries and especially in case 

of process industries it is an key element. Heat 

exchangers are used in different processes ranging 

from conversion, utilization & recovery of thermal 

energy in various industrial, commercial & domestic 

applications. Some common examples include steam 

generation & condensation in power & cogeneration 

plants; sensible heating & cooling in thermal 

processing of chemical, pharmaceutical & 

agricultural products.  

 

Abstract- The design of heat exchanger has significant effect on its heat transfer characteristics and 

pumping power requirement of heat exchanger. Similarly, the fluid used in heat exchanger also influences 

its heat transfer characteristics. In recent years, the researchers have shown keen interest in application of 

nanofluids in different types of heat exchangers. The nanofluids have good thermophysical properties 

which makes it suitable for various types of heat exchangers. The current paper reviews the existing design 

and new design of heat exchangers and type of fluids used in order to improve overall effectiveness of 

heat exchangers. 
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P. Eiamsa-ard, et al. [1] In this paper, the effects of 

regularly spaced twisted tape is analyzed by 

comparing it with the full-length twisted tape and 

plain tape. The twisted tapes used are of different 

pitches. Numerical simulation is used to visualize the 

flow. The experiment results show that heat transfer 

rate and friction increased with decreasing twist ratio 

and space ratio. The full-length twisted tapes found 

to be more useful than regularly spaced tapes from 

the thermal performance point of view.  

 

S. Naga Sarada et. al. [2] This experiment work 

shows the results obtained from experimental 

investigations of the augmentation of turbulent flow 

heat transfer in a horizontal tube by means of 

varying width twisted tape inserts with air as the 

working fluid. In order to reduce excessive pressure 

drops associated with full width twisted tape inserts, 

with less corresponding reduction in heat transfer 

coefficients, reduced width twisted tapes are used. 

Experiments were carried out for plain tube 

with/without twisted tape insert at constant wall heat 

flux and different mass flow rates. Both heat transfer 

coefficient and pressure drop are calculated and the 

results are compared with those of plain tube. It was 

found that the enhancement of heat transfer with 

twisted tape inserts as compared to plain tube varied 

from 36 to 48% for full width (26mm) and 33 to 39% 

for reduced width (22 mm) inserts. Correlations are 

developed for friction factors and Nusselt numbers 

for a fully developed turbulent swirl flow, which are 

applicable to full width as well as reduced width 

twisted tapes. 

 

A.Rahul kumar et. al. [3] The objective of this paper 

is to investigate the swirl flow behavior and the 

laminar convective heat transfer in a circular tube 

with twisted-tape inserts. The fluid flow and thermal 

fields are simulated computationally in an effort to 

characterize their structure. Apart from this, issues 

like long term performance & detailed economic 

analysis of heat exchanger has to be studied to 

achieve high heat transfer rate in an existing or new 

heat exchanger while taking care of the increased 

pumping power. It was concluded from the 

experiment that for same twist ratio, twisted tape 

shows higher heat transfer coefficient & friction 

factor increase because of higher degree of 

turbulence created.  

 

W.H.Azmi et. al. [4] This paper covers the 

experimental determination of heat transfer 

coefficients of SiO2/water and TiO2/water nanofluid 

up to 3% volume concentration flowing in a circular 

tube. The investigations are conducted in the 

Reynolds number range of 5000 to 25000 at a bulk 

temperature of 30 0 C. The experiments are 

undertaken for flow in a circular tube with twisted 

tapes of different twist ratios in the range of 5< 

H/D< 93.  It was found that the heat transfer 

enhancement is inversely increased with twist ratio. 

The heat transfer coefficient of SiO2/water nanofluid 

at 3.0% volume concentration is 27.9% higher than 

water flow for the same twist ratio of five. However, 

the value of heat transfer coefficient of TiO2/water 

nanofluid evaluated at the same concentration is 

11.4% greater than water for twist ratio five. 

Regression equations for Nusselt number estimation 

are developed valid for water and nanofluid flow 

with twisted tape inserts under turbulent flow 

conditions.  

 

A.V.Gawandare et. al. [5] The present experimental 

work is carried out with copper twisted tape inserts 

3mm with different twists respectively. The work 

includes the determination of friction factor and heat 

transfer coefficient for various twisted wire inserts 

with varying twists and different materials. 

Correlations for Nusselt number and friction factor 

are developed for the twisted wire inserts from the 

obtained results. The results of varying twists in 

square jagged tape with different pitches have been 

compared with the values for the smooth tube. The 

3mm thick with 3.2 twists copper insert shows 

increase in Nusselt number values by 76% however 

there is increase in friction factor by only 19.5% as 

compared to the smooth tube values.  

 

A. E. Zohir [6] In this paper, heat transfer 

characteristics and pressure drop are studied for 

turbulent flow in a sudden expansion pipe equipped 

with propeller swirl generator. The experiments are 

performed for varying Reynolds number for three 

locations for the propeller fan upstream the sudden 

expansion and three locations downstream the 

sudden expansion. Use of propeller at downstream 

gives better result than at upstream. Correlations for 

Nusselt number and thermal performance are 

presented for different fan locations and different 

Reynolds number.  

 

S Eiamsa-ard et. al. [7] Here the combination of 

twisted tape and helical screw tape is used for 

generating swirl flow. The two tapes are arranged in 
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co-swirl and counter swirl arrangement. Initially both 

the tapes are testes alone for 

 

Agrawal et. al. [9] conducted an experiment study 

to determine the characteristic of friction and heat 

transfer for heating and cooling of Servotherm oil 

under uniform wall temperature with twisted tapes 

inserts. In experiment two double pipe heat 

exchangers is used, one pipe for hot and other is for 

cold in series. The prediction of isothermal friction 

factor and Nusselt number is given by new 

correlation for uniform wall temperature of viscous 

liquids when twisted tapes of twist ratio is less than 

or equal to 5.  The results showed a growth in 

isothermal friction factor which was 3.13–9.71 times 

the values of plain tubes whereas at constant 

pumping power and constant flow rate increase in 

Nusselt number were found to be 1.21–3.70 and 

2.28–5.35 respectively times the plain tube values. 

The relationship was developed to predict isothermal 

friction factor for (Re/y) ¼ 9-1000.   

 

Al-Fahed et. al. [10] carried out an   experimental 

investigation to study the effect of clearance 

between tube and tape on heat transfer 

characteristics for fully developed turbulent flow 

through a horizontal isothermal tube. The 

experimentation is conducted for fifteen different 

twisted tapes. 3.6, 5.4 and 7.1 these three different 

twist ratios were selected with five different widths of 

10.8 mm, 11.4 mm, 12.0 mm, 12.6 mm and 13.2 mm. 

The   results showed that with decrease in tube- tape 

clearance the enhancement of heat transfer rate 

increases.  Result Also shows that, for twist ratio 3.6 

and tape width 10.8 mm, heat transfer enhancement 

was nearly equal to   13.2 mm width of same twist 

ratio. Almost 17% difference in heat transfer 

enhancement was obtained from different widths 

with twisted tape of twist ratio 3.6, and same 

difference in heat transfer improvement for twisted 

tapes of twist ratio 5.4 and 7.1 was 9% and 5% 

respectively. The study concluded that with small 

twist ratio and tight   fit tape   are desirable to 

achieve high heat transfer improvement for turbulent 

flow in practical design of thermal systems.  

 

Al-Fahed and Chamra L.M.  [11] conducted   an 

experimental study to study and compare heat 

transfer coefficients and pressure drop for a plain, 

twisted tape inserts and microfin in laminar flow 

region. By using a single shell and tube heat 

exchanger tThe experiments were performed, were 

steam as a heating source and oil was used as a 

working fluid.  The twisted tapes of three different 

twist ratios 3.6, 5.4 and 7.1 for and two widths ratio 

0.95 and 0.77 were selected in the study.  The study 

shows that from the results that the use of twisted 

tapes is most effective method to improve heat 

transfer rate.  It was also found that heat transfer rate 

increases with decreasing twist ratio.  Higher values 

of heat transfer were obtained by using tight fit 

tapes for twist ratios 3.6 and 5.4 than loose fit tapes. 

But the high heat transfer rate was obtained by loose 

fit tapes than tight fit tapes for twist ratio of 7.1.  The 

comparison of friction factor of micro fin tube with 

that of plain tube was done using Friction Loss Ratio. 

The friction loss ratio of micro fin tube was 

approximately unity due to which pressure drop in 

micro fin tube was almost same as that of plain tube. 

A small increase in heat transfer and pressure drop 

coefficients was obtained by using micro fin tubes 

over the plain tubes therefore, the studied microfin 

tubes were not found useful for laminar flow.  

 

Liao et. al. [12] carried out an investigation on tubes 

with three dimensional internal extended surfaces. 

Experiments were performed to investigate heat 

transfer and friction characteristics for ethylene 

glycol, water, and ISO VG46 turbine oil with laminar, 

transitional and turbulent flow through four   tubes 

with three dimensional internal extended surfaces 

and copper continuous or segmented twisted tape 

inserts. On three copper, continuous twisted tapes 

insert the experiments were conducted with twist 

ratio 5, 10 and15 along with two copper segmented 

twisted tape inserts with a twist ratio of 10 and 15. 

The range of Prandtl number (Pr) and Reynolds 

number (Re) was 5.5–590   and 80–50,000 

respectively.  The   results   showed that by using 3 

DIEST tubes technique with twisted tape inserts to 

increase heat transfer rate is suitable for laminar flow 

of highly viscous fluid flowing through tube. Also, 

there was found a small increase in heat transfer for 

transitional and turbulent flow but friction factor 

increases considerably.  

 

C. Thianpong et. al [13] conducted an experimental 

investigation for heat transfer and pressure drop 

analysis for turbulent flow with perforated twisted 

tapes in heat exchanger. The experimentation is 

carried out for perforated twisted tapes of having 

hole diameter ration d/W is 0.11, 0.33 and 0.55 with 

wing depth ratio w/W is 0.11. 0.22 and 0.33. 

Experimental result shows that the heat transfer 
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enhancement in perforated twisted tube and twisted 

tube is be up to 208% and 190% as compared to 

plain tubes. Perforated twisted tube with same 

pumping power having d/W ratio 0.11 and 0.33 gave 

the maximum thermal performance factor of 1.33 at 

Reynolds number of 5500. The empirical relations for 

friction factor, heat transfer and thermal performance 

for perforated twisted tube were also developed.   

 

Bodius Salam et. al. [14] carried out experiments 

for measuring tube side heat transfer, friction factor, 

heat transfer enhancement using twisted tapes with 

rectangular cut. A stainless-steel tape with 

rectangular cut with twist ratio 5.25 is used as insert 

in tube heat exchanger. The rectangular cut had 8 

mm depth and 14 mm width. The experimentation is 

carried out for uniform heat flux which is maintained 

with the help of nichrome wire. The heat flux 

variation 14 to 22 kW/m2 for smooth tube, and 23 to 

40 kW/m2 for tube with insert with varying Reynolds 

numbers between 10000-19000. Nusselt numbers 

obtained from smooth tube were compared with 

Gnielinski correlation and errors were found to be in 

the range of -6% to -25% with r.m.s. value of 20%. 

Nusselt numbers in tube with rectangular-cut twisted 

tape insert were enhanced by 2.3 to 2.9 times at the 

cost of increase of friction factors by 1.4 to 1.8 times 

compared to that of smooth tube as compared to 

Reynolds number. Heat transfer enhancement 

efficiencies were found to be in the range of 1.9 to 

2.3 and increased with the increase of Reynolds 

number. 

 

Timofeeva et al. [15] dispersed 15nm silicon dioxide 

nanoparticles in synthetic oil, Therminol 66 (TH66), to 

improve the base fluid heat transfer efficiency. 

Benzethonium chloride (BZC), benzalkonium chloride 

(BAC), and CTAB were used as surfactants, at 5wt%, 

to examine their influence on the nano particles 

dispersion behavior. The SiO2 nano powder, of 

1vol%, and TH66 base fluid were sonicated 

with/without surfactant for 50 min to prepare the 

nano fluids. Visual appearance of the samples, 

for24h, indicated that the surfactants had improved 

the stability of the nanofluids, with BAC showing the 

highest dispersion condition. However, pure 

SiO2/TH66 nanofluid had illustrated large particles 

agglomeration which was linked to the strong 

attraction force between the nanoparticles. The 

findings were also confirmed through SEM and 

spectral analysis.  

 

Rohini Priya et al. [16] fabricated 40–60nm particle 

size CuO with H2O and tir on (surfactant) nanofluids 

via 6h sonication. It was reported that the ideal CuO: 

tir on ratio that could ensure colloidal stability 

correspondedto2.5:1.This was also confirmed from 

the zeta potential measurements, where the 

nanofluids were found to possess an absolute value 

of 30mV, which was sufficient to preserve the 

stability of the colloidal. Furthermore, the authors 

have stated that the stability of their nanofluids was 

also confirmed through visual observation but gave 

no data on the manner.  

 

Byrne et al. [17] prepared CuO/DW nanofluids with 

and without CTAB. Three concentrations of the CuO 

nanopowder were used, 0.005vol%, 0.01vol%, and 

0.1vol%, with and without surfactant, of 1:1vol% 

ratio, to produce the suspensions. Dynamic light 

scattering (DLS) measurements indicated an increase 

in agglomeration with the rise in particles 

concentration, where the 0.1vol% sample containing 

no surfactant showed a rapid decrease in particle size 

from about3000nm at time zero to 300nm after 

4h.This reduction in particle size was explained by 

the researchers to be caused from the settling of 

heavier agglomerates of particles, leaving the smaller 

particles freely detected. On the other hand, the 

samples that contained surfactant had an average 

particle size of 200nm with no variation for a period 

of 7days. 

 

Yang and Liu [18] were able to maintain the 

dispersion of SiO2/DIW nanofluids, of 30 nm size and 

10% mass concentration, for 12 months by 

functionalizing the nanoparticles with silanes of (3-

glycidoxylpropyl) tri methoxy silane. The term 

“functionalized nanofluid” was also proposed to 

describe any nanofluid that uses functionalizing in its 

fabrication process.  

 

Chen et al. [19] compared the stability of pristine 

CNTs (PCNTs) and chemically treated CNTs (TCNTs) 

dispersed in DW, EG, and glycerol. The average 

length and diameter of the CNTs used were about 

30𝜇m and 15nm, respectively. Potassium hydroxide 

was used, via a mechanochemical reactor, to 

introduce hydrophilic functional groups to the CNTs 

surface and hence produce TCNTs. Through TEM 

images and visual evaluation, it was revealed that the 

PCNTs nanofluids were rapidly aggregating and 

completely sedimented after 5min from preparing 

the nanofluids of 0.1vol% PCNT. On the other hand, 
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the TCNTs nanofluids, of similar vol%, maintained a 

long-term stability (many months) with no visible 

precipitation at the bottom of the test vial. It is worth 

mentioning that surface modification technique via 

functionalization is not a special method used only 

for nano fluid but can also be employed in other 

applications. 

 

III. CONCLUSION 
 

From the existing researches, it has been shown that 

use of twisted tapes has brought significant 

improvements in augmentation of heat transfer rate 

of heat exchangers. The twist ratio is crucial 

optimization parameter affecting heat transfer 

coefficient at various Reynolds number. Apart from 

optimizing design of heat exchangers, the type of 

fluid used in heat exchanger also affects the Nusselt 

number and friction factor of heat exchanger.  
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