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ABSTRACT
This work presents a review of the research recent results concerning the augmentation of hydrodynamic and thermal performance of various twisted
tape inserts in heat exchanger tubes. The thermal and hydrodynamic correlations for various twisted tape elements have been summarized. A
comparative study of thermal and hydrodynamic performance of numerous twisted elements has also been reported to understand the result of
applications of twisted tape inserts in heat exchanger tubes. The literature review found that multiple twisted tapes heat exchanger tube shape
enhanced hydrodynamic and thermal performance than other comparable twisted tape inserts heat exchanger tube shapes. The review of twisted tape
inserts techniques existing in this paper will be helpful to the investigators working in this field.
Keywords: Heat transfer; heat exchangers; passive techniques; fluid flow.


1.

To carry out comparative study of heat transfer and pressure
drop of heat exchanger tubes equipped with twisted tape
insert.
In order to achieve the desired objectives, the article is structured batch
wise for each objective clearly addressed and explained in their
respective context.

INTRODUCTION

Energy is a primary need to live our daily life at expenses of some
valuable things such as environment degradation by using fossil fuels.
Heat exchangers play a heating/cooling role in various fields like
electric power, metallurgy, chemical engineering, refrigeration, and airconditioning etc by Sunil et al. (2019), Singh Suri et al. (2017) and
Kumar & Kim (2016). Circular tubes are widely used in heat exchange
equipment’s because of the ease of production and its capability of
withstanding a high pressure Kumar et al. (2017) and Singh et al.
(2018). Insertion of twisted tapes into a tube provides a simple passive
technique for enhancing the heat transfer by introducing vortex
generator into the bulk flow by breaking laminar sub layer at the tube
wall due to repeated changes in the surface geometry. While insert
technology is employed for augmented heat transfer, pressure drop
would be improved by inserting in twisted tape in a tube Kumar et al.
(2017), Singh et al.(2018), Yashwant Singh et al. (2018) and Maithani
et al. (2019).
Twisted tapes with various shapes were proposed and utilized by
various researchers. Numerous investigations have carried out the
investigators in twisted tape inserts and thus, there is need to review the
past and current research so that the further research scopes can be
identified and implemented. The present article is thus aimed with
following objectives:

To review the augmentation in heat transfer and pressure drop
in heat exchanger tubes equipped with various twisted tape
inserts.

To arrange the heat transfer and pressure drop correlations of
a variety of twisted tape inserts in heat exchanger tubes.

2.

LITERATURE REVIEW ON TWISTED TAPE
INSERT IN HEAT EXCHANGER TUBES

Efforts for improving the thermal and hydrodynamic performance of
heat exchangers have directed the investigation in the direction of
disturbing the viscous sub layer by proving twisted tape inserts. Many
investigations have been carried out to analysis the flow field
characteristics of thermal and hydrodynamic of twisted tape insert
tubes. Singh et al. (2017) examined the efficiency factor of twisted tape
round tube for stable heat flux. The Reynolds number covered in the
range of 6300 to 22500 for co-twist arrangements in the turbulent flow
of air in the round tube. Kongkaitpaiboon et al. (2010) experimentally
investigated the augmentation of thermal hydrodynamic performance in
circular tube equipped with perforated conical rings. It was concluded
that the augmentation in thermal and hydraulic performance achieved
was 3.67 and 2.89 times more than plain circular tube, respectively. Li
and Guo (2009) carried out experimental and numerical investigation of
turbulent heat transfer and stream resistance in an improved round tube
equipped with twisted tape inserts.
Promvonge (2008) experimentally studied the thermal and
hydrodynamic performance of circular HET fitted with wire coiled
inserts. The maximum value of thermal and hydrodynamic performance
has been found to be 2.13 within the range of the parameters examined.
Zhang and Zhang and Liu (2013) carried out numerical analysis of 3D
turbulence fluid flow to study heat transfer and fluid flow
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characteristics for helical screw tape inserts without core rod inserts.
Shabanian et al. (2011) performed an experimental and computational
analysis to study the thermal performance in an air cooled round tube
fitted with three different types of tape inserts. Krishna et al. (2009)
investigate thermal performance enhancement technique and concluded
that heat transfer and friction factor enhancement in helical and left–
right twisted tape collectors was better than the plain circular tube
collector and it was 3.78 and1.45 times more than that of plain tube
collector. Eiamsa-ard et al. (2006) carried out a comparative
experimental study on thermal performance in a round tube with
regularly spaced tape inserts and plane tube. The results of the study
reveal that thermal performance increases with decrease of space ratio.
Naphon et al. (2006) carried out an experimental study to the
behaviour of heat transfer and flow friction in horizontal double circular
tubes equipped with tape inserts having length and thickness 2.0 mm
and 0.01 mm respectively. Maddah et al. (2014) conducted an
experimental investigation on heat transfer augmentation of
Alumina/water nanoﬂuid in a flat double circular tube with customized
tape inserts. Sharma et al. (2009) experimentally examined the thermal
performance by establishing mathematical relationship among Nusselt
number and friction factor. The working Alumina/water nanofluid was
circulated through a circular round tube of with tape inserts. Eiamsa-ard
et al. (2012) carried out an experimental investigation to study thermal
performance using helically inserts by using three different yrs and
helical Hrs 2.0-3.0. It was found that by inserting helically tape inserts
the value of hydrodynamic and thermal performance was significantly
higher than conventional helical tape. Eiamsa-ard and Wongcharee
(2013) examined the thermal performance in circular tube fitted with
dual tape inserts in three different types of geometrical configurations.
Jaisankar et al. (2009) experimentally investigated the efficiency factor
of twisted inserts with various spacer length inserts in a thermosyphon
solar water heating system.
Jaisankar et al. (2008) conducted an experimental investigation on
heat efficiency factor of solar heater's hose tube with tape inserts of
various twist ratios. Jaisankar et al. (2011) conducted an experimental
investigation to study the characteristics of hydrodynamic and thermal
performance of water heat exchanger equipped with helical and leftright tape inserts. Eiamsa-ard and Promvonge (2011) investigated
thermal performance for turbulent flow rate through a round tube
equipped with straight tape with double sided delta wings. Nananet et
al. (2014) carried out an experimental investigation to study heat
transfer enhancement by perforated helical tape inserts in circular tube.
Eiamsa-ard et al. (2010) conducted an experimental investigation to
study thermal performance in a circular tube fitted with triple twisted
tape inserts along with alternate clockwise and counter clockwise
twisted tape inserts.
Sarada et al. (2010) studied the Nurs increase in a round tube with
changing breadth of tape inserts. Their outcome demonstrates that the
utmost augmentation in thermal and hydraulic performance is observed
to be 2.16 and 2.66 times of that of the plain round tube, respectively.
Eiamsa-ard and Promvonge (2010) experimentally studied the thermal
behaviour of plane circular pipe equipped with multi tape inserts along
with various clock wise and counter clockwise tape inserts. Eiamsa-ard
et al. (2006) experimentally studied the behaviour of flow friction and
heat transfer in two-fold round tube fitted with tape inserts. A
significant improvement were noticed in both flow friction and heat
transfer. Eiamsa-ard et al. (2010) examined thermal performance in a
round tube fitted with pooled devices among the tape inserts and steady
or at regular intervals varying wire coil insert. Eiamsa-ard et al. (2010)
experimentally investigated the efficiency factor in a circular pipe fitted
with delta-winglet tape inserts. Sharma et al. (2003) explored a new
method to enhance heat transfer in a round pipe equipped with twisted
tape inserts. Sharma et al. (2005) discovered new mathematical
generalized correlations for heat transfer and fluid flow for a round pipe
fitted with twisted tape inserts. Yilmaz et al. (2003) carried out an
experimental investigation to study the effects of special geometry of
various components on efficiency factor. Chang et al. (2007) conducted

an experimental investigation on twisted tape with cut and explored
enhancement in performance of twisted tape with cut in comparison to
smooth round tube. Chang et al. (2007) carried out an experimental
investigation to study thermal performance in a round tube fitted with
jagged tape inserts.
Seemawute and Eiasma-ard (2010) experimentally investigated the
thermal performance through a round pipe having peripherally-cut
twisted tape inserts. The thermal performance in round tube with
peripherally-cut tape inserts with alternate axis, peripherally-cut tape
inserts and multi tape inserts was found 23%, 45% and 62%,
respectively than that of plain round tube. Eiamsa-ard et al. (2010)
experimentally examined the behaviour of thermal performance for a
round tube fitted with sole tape inserts, complete length dual tape
inserts and on a regular basis spaced dual tape inserts below identical
wall heat flux circumstances. Bhuiya et al. (2013) experimentally
examined the thermal performance for a turbulent flow through a round
tube fitted with perforated tape inserts. The experimental consequences
revealed a significant augmentation in thermal performance than the
consequences of plain round tube. Karami et al. (2012) experimentally
analysed the thermal performance in an air cooled round tube heat
exchanger equipped with typical tape inserts. Murugesan et al. (2011)
experimentally examined the efficiency factor for plain round pipe
fitted with V-cut tape insert.
Murugesan et al. (2010) experimentally investigated the thermal
performance of a double round tube fitted with simple plane tape inserts
and tape having wire nails. Murugesan et al. (2010b) experimentally
investigated the efficiency factor for a double circular tube having
square-cut tape inserts and plain tape inserts. Their results revealed that
the thermal performance for round tube equipped with square-cut tape
inserts were significantly more than plain tape inserts. Promvonge and
Eiasma-ard (2007) experimentally studied the augmentation in thermal
hydrodynamic performance of round tube attached with narrow conical
ring. Nagarajan et al. (2010) experimentally examined the
augmentation of thermal hydrodynamic performance of round tube
attached with left-right tape inserts. New empirical correlations based
on experimental data were introduced for thermal performance.
Thianpong et al. (2009) carried out an investigation to examine the
thermal performance in a dimpled shape circular tube fitted with
different tape inserts. Sivashanmugam and Suresh (2006) analysed the
circular pipe fitted with helical twisted tape inserts experimentally.
Sivashanmugam and Suresh (2007) experimentally determined the
efficiency factor for circular pipe incorporated with various helical ST
inserts having spacer distance end to end 100 mm, 200 mm, 300 mm
and 400 mm. Chang et al. (2009) experimentally examined the thermal
performance in a round tube equipped with various tape inserts.
Eiamsa-ard et al. (2009) experimentally examined the thermal
performance in turbulent section for round tube fitted through small
length tape inserts. Promvonge (2008) experimentally examined the
thermal performance in turbulent flow within a round pipe fitted with
wire coils shape inserts and tape inserts.
Bharadwaj et al. (2009) analysed the augmentation of thermal
hydrodynamic performance of round tube attached with grooved
twisted tapes. Mazumder and Saha [2008] experimentally investigated
the thermal performance in heat exchanger fixed with tape inserts for
turbulent flow. Murugesan et al .(2012) carried out an experimental
investigation of thermal performance through circular tube incorporated
with various twisted tape inserts. The range of Reynolds number (Rers)
was varied from 2000 to 12000 and water was taken as base fluid in the
experiment. Wongcharee and Eiamsa-ard (2011) experimentally
determined the thermal performance of round tube attached with
customized tape inserts with alternating alignment. Zhang et al. (2012)
experimentally examined the thermal performance in a round pipe with
three and four tape inserts. Their analysis shows a significant
improvement of thermal performance for three and four tape inserts.
Ray and Date (2001) investigated thermal performance in heat
exchanger fitted with tape inserts. The outcome of the analysis yields a
significant improvement in thermal performance for twisted tape inserts
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as compared plain heat exchanger. Salam et al. (2013) conducted an
experimental analysis to study the behaviour of flow friction and heat
transfer in turbulent flow in a heat exchanger with rectangular slash
tape inserts. Pal and Saha (2014) experimentally investigated the
efficiency factor in a tube fitted with coiled corrugation roughness
along with oblique teeth tape inserts. The working fluid in the
experiment was taken viscous oil with laminar flow. Klaczak (2000)
investigated the efficiency factor in round tube with erect copper pipe
tape inserts. Experiments were carried out with air as working fluid and
four tape inserts of twist ratio ranging from 1.63 to 5.28 and the range
of Reynolds number varied from 110 to 1500. Rout and Saha (2013)
examined the behaviour of heat transfer and pressure for laminar flow
inside a round pipe with tape inserts constituted from wire coil helical
screw.
Agarwal and Rao (1996) experimentally studied the augmentation of
thermal hydrodynamic performance of double pipe with wire coiled
inserts. The experiments examined double pipe in succession by
keeping wall temperature constant. Sivashanmugam and Suresh (2006)
experimentally examined the behaviour of heat transfer and pressure
drop in laminar stream in circular pipe with twisted tape as inserts for
twist ratio values of 1.94, 2.92, 3.92, and 4.88. Wongcharee and
Eiamsa-ard (2011) experimentally examined the thermal performance
in round tube along with alternating anti-clockwise and clockwise tape
inserts. It was found that the performance of round tube alternating anticlockwise and clockwise tape inserts significantly enhances the thermal
performance as compared to tube with tape inserts. Sujoy et al. (2012)
experimentally examined efficiency factor for laminar flow in round
tube made up of circular passage with centre-cleared.
Sujoy (2012) experimentally examined laminar flow in a heat
exchanger fitted with centre-cleared twisted tape insert. Ibrahim (2011)
experimental examination to determine the efficiency factor in round
tube was carried out with flat double round tube with full length helical
screw tape inserts. Patil (1999) experimentally examined the
performance of heat transfer in laminar flow in heat exchanger
equipped with circular pipe and varying width tape inserts. Saha (2010)
experimentally examined the behaviour of heat exchanger equipped
with twist tape of square cut as well as rectangular segment with
slanting ribs. Saha and Mallick (2004) experimentally examined the
changes in behaviour of Nusselt number and flow friction of laminar
stream through specially designed heat exchanger made up of duct
shaving square cut and rectangular segment twisted tape with or
without slanting teeth.
Pramanik and Saha (2006) experimentally examined the thermal
performance in laminar stream flowing in round tube fitted with flat
rectangular and square passage fitted tape inserts. Their investigation
showed that the performance of twisted tape having regularly spaced
geometry was improved than that full-length twisted tape inserts. Bilen
et al. (2001) examined the heat transfer rate of heat exchanger tube
equipped with rectangular blocks by using Taguchi method, considering
angular displacement of the block with span and stream wise
disposition. Kurtbas et al. (2009) experimentally examined the
performances of heat transfer and friction loss in a round tube by
constructing a novel conical twisted tape inserts. Al-Fahed et al. (1998)
experimentally examined the behaviour of heat transfer and flow
friction factor using oil as a functional fluid and then compared these
results for a plain round tube, micro fins and tape inserts. Promvonge
(2007b) carried out an experimental investigation to study the
augmentation of thermal hydrodynamic performance of round tube
fitted with numerous twisted tape shapes. In the experiment range of
Reynolds number was varied from 3000 to 18000 laterally with three
different pitch ratios ranging from 4.0 - 6.0. Chompookham et al.
(2010) experimentally examine the behaviour of wedge obstacle and
winglet vortex generators. It was discovered that the combined ribs and
the WVG show the considerable enhancement in efficiency factor over
the smooth passage. Bartwal et al. (2018) experimentally investigated
passive heat transfer enhancement technique. Air was used as a working
fluid with the range of Reynolds number varied from 5000 to 40,000.

The maximum TEF of 2.84 is retrieved for the PR = 3, and G = 9.
Akhavan-Behabadi et al. (2010) experimentally studied the
augmentation of thermal hydrodynamic performance of round tube
attached with various coiled wires inserts. Meng et al. (2005) examined
the thermal hydrodynamic performance of round tube attached with
vortex generator. Their analysis showed that the DDIR tube inserts has
better thermal performance than the other tubes.
Sarac and Bali (2007) experimentally studied the augmentation of
thermal hydrodynamic performance of round tube attached with vortex
generator. Their analysis showed that the decaying of the efficiency
factor decreased steadily from the axial. Yang et al. (2011) investigated
that the convergence of the tube can raise the stream rate which can
decrease the turbulence generated in the stream and consequently there
is decline in the heat transfer. Datt et al. (2018) presents the heat
transfer and friction characteristics of turbulent circular tube flow
through a square wing with combined solid ring twisted tape inserts
have been analyzed experimentally. The finest value of thermal and
hydrodynamic performance has been found to be 2.74 for of 3,000
within the range of the parameters investigated.
Hong et al. (2019) investigated turbulent thermal and fluid flow
characteristics of multiple twisted tapes (MTTs) inserted sinusoidal rib
tube (SRT) heat exchangers. The results ravelled that by inserting SRT
there is increase in heat transfer enhancement of about 27.4%–39.5%
and increased friction loss of around 49.4%–74.7% higher than that in
the baseline of spirally corrugated tube (SCT), also the overall thermal
performance was enhanced up to 1.59 for the alone use of SRT.
Piriyarungrod et al. (2018) presents the thermo-hydraulic characteristics
in the heat exchanger tube inserted with multiple-twisted tapes (M-TT).
The experimental results found that the use of multiple-twisted tapes
(M-TT) with N = 3, 4, 5 and 6 leads to the considerable increases in
heat transfer enhancement and friction factor as compared to those of
single twisted tape.
Farnam et al. (2018) explored that the heat transfer coefficient and
pressure drop of the straight-tube and twisted-tube fitted with twistedtapes are higher than those of the straight-tube and twisted-tube alone,
and evidently, both the parameters increase with the decrease in the
twist ratio. Eiamsa-ard, and Wongcharee (2018) developed Micro-fin
tubes into which non-uniform twisted tapes were inserted in a countercurrent arrangement gave higher heat transfer enhancement than the
ones in a co-current arrangement. Karami et al. (2012) developed
imperialist competitive algorithm is used to obtain optimize heat
transfer rate in an air cooled heat exchanger fitted with the classic
twisted tape inserts. According to the results, in order to obtain greatest
heat transfer rate, the twist ratio must be at the lowest level.
Sarviya and Fuskele (2018) investigated heat transfer augmentation
using a novel kind of twisted tape inserts with continuous cut edges.
From obtained results it is evident that higher heat transfer rates can be
achieved by employing twisted tape inserts with continuous cut edges at
the cost of a reasonable pressure drop. Sarviya and Fuskele (2018)
experimentally examined the thermal hydraulic performance of a heat
exchanger tube equipped with various twisted tape widths and twist
ratios. It can be seen that the combining effects of both the geometric
and structural modifications, an improved design with optimum
comprehensive performance was suggested.
Ayub et al. (2018) developed unique shell and tube heat exchanger
with interstitial twisted tapes was tested with propylene glycol/water
solution. From results it is clear new design heat exchanger showed
better thermal enhancement index for the whole range of fluid
concentrations. Lei et al. (2017) carried out numerical simulations to
investigate the thermo-hydraulic performance of the two reformed
shell-and-tube heat exchangers equipped with louver baffles. The
numerical results revealed that the heat transfer coefficient per pressure
drop of both the shell-and-tube heat exchangers with louver baffles are
higher than that of the shell-and-tube heat exchanger with segmental
baffles. Han et al. (2019) carried out multi-objective optimization of
corrugated tube with loose-fit twisted tape to achieve the optimal
performance, using response surface methodology and Non-dominated
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sorting genetic algorithm . The optimal design variables against Re are
also obtained, which carried out practical significances for designing
perfect heat exchanger.
Li et al. (2019) a numerical investigation is conducted to investigate
air side heat transfer and pressure drop performance of twisted oval
tube bundles with in line layout in cross flow. The results revealed that
the twisted oval tube bundles perform excellent heat transfer
performance compared with other tube bundles in cross flow. Li et al.
(2019) the ratio of outer major axis to outer minor axis, twist pitch
length, transverse tube pitch, longitudinal tube pitch and number of
longitudinal tube rows on the air side heat transfer tube and pressure
drop performance are examined, which reveals that the twisted oval
tube is an aerodynamic tube that is free of the angle of attack. Tan et al.
(2012) concluded that the emergence of twist in the twisted oval tube
results in secondary flow and it is this secondary flow that enhances the
total velocity and temperature distributions of the twisted oval tube.
Saravanan and Jaisankar (2019) examined that the helix with V cut
twisted tape insert has given better thermal performance than helix with
square cut twisted tape insert for an identical twist ratio. Aroonrat and
Wongwises (2019) determine the influence of dimpled depth on the
condensation heat transfer coefficient and pressure drop of R-134a
flowing inside circular dimpled tubes. Wang et al. (2019) investigated
the heat transfer performance in laminar flow of a round tube equipped
with a longitudinal vortex generator. Results reveal that multiple pairs
of additional longitudinal vortexes are developed, and the fluid can rub
the tube wall due to the concave shape surface of the insert.
Ponnada et al. (2019) the effect of perforated twisted tapes with
alternate axis, perforated twisted tapes and regular twisted tapes with
different twist ratios are compared by experimental investigation in a
circular tube under constant heat flux condition. At constant pumping
power, the maximum thermal performance factor obtained is 1.433,
1.396 and 1.24 respectively for perforated twisted tapes with alternate
axis, perforated twisted tapes and regular twisted tapes. Abolarin et al.
(2019) experimentally investigate the heat transfer and pressure drop
characteristics in a smooth circular tube with alternating clockwise and
counter clockwise twisted tape inserts. An increase in heat flux
significantly enhanced the heat transfer in the laminar flow regime and
delayed transition.
Geometries/parameters of various twisted tape inserts and correlations
developed between the parameters by various investigators for heat
transfer, pressure drop and thermal-hydraulic performance for different
twisted tape inserts used in heat exchanger tubes are given in Table1.

stream, the roughness creates turbulence and improves the heat
transfer/exchange by convection. The literature reveals that single
twisted tape inserts in a tube of heat exchanger thermohydrodynamically performs best as compared to delta and helical
twisted tape inserts, as the twist ratio induces multiple vortex stream
cells which helps to enhancement of local heat transfer rate. Various
investigators concluded that multi type twisted tape inserts in heated
tube surface of a heat exchanger tube boost up the rate of heat transfer.
Further it was concluded that the utilization of multiple twisted tape
increases the number of vortex flow as compared to single twisted tape
inserts, which helps to increase the heat transfer rate, as shown in
Figure 4.

3. COMPARATIVE STUDY OF VARIOUS TWISTED
TAPE INSERT HEAT EXCHANGER TUBES
From the investigation of heat transfer and pressure drop it is concluded
that heat transfer in the twisted tape inserts in round tube is improved
with a significant rise in the pressure drop. Thus, it is important to
choose twisted tape geometry that should not only outperformed in heat
transfer but also retain the pressure drop at a minimum possible level.
In order to achieve this goal of simultaneous consideration of thermal as
well as hydraulic performance a parameter that is taken in consideration
is known as efficiency parameter. The optimum data selected for
various parameters of the tape inserts are like, twist length, twist ratio,
pitch ratio, twist angle, etc. Thermal hydraulic performance parameter
of various twisted tapes has been determined using their corresponding
correlations of heat transfer rate; friction factor and thermal hydraulic
performance as listed in Table 1.
Figure 1 represents the multiple twisted tape inserts shape that
provides the utmost value of thermal hydraulic performance with air as
test fluid among all the twisted tape shapes examined. Figure 2
represents the multiple spiky twisted tape inserts shape that provides the
utmost value of thermal hydraulic performance with water as test fluid
among all the twisted tape shapes examined. Figure 3 represents the
circular with center cleared twisted tape inserts shape provides the
utmost value of thermal hydraulic performance with oil as test fluid
among all the twisted tape shapes examined. In a dynamic air field

Fig. 1 Comparison of thermal hydraulic performance as function of
Reynolds number for different type of twisted tape inserts with air as
working fluid.
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Fig. 2 Comparison of thermal hydraulic performance as function of Reynolds number for different type of twisted tape inserts with water as test
fluid.

Fig. 3 Comparison of thermal hydraulic performance as function of Reynolds number for different type of twisted tape inserts with oil as test fluid.
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Table 1 Correlations developed for heat transfer; pressure drop and thermal hydraulic performance in twisted tape insert heat exchanger tubes.
Twisted tape geometry
Working fluid: Air

Parameters/optimum
ranges

Correlations

Fluid: Air
Parameters:

Tube with solid rings and
square wings TT inserts. Datt
et al. (2018).

NTT = 1.0–4.0, dR=DT =
0.5–2.0, PW=WT
= 2.0–3.5, Wd=WT=
0.083
−0.333,
,

and

Fluid: Air
Parameters:
of 0.250 and
of 2.5
Minimum and maximum
values
of
results:
0.15-

0.32,

Multiple squares perforated
twisted tapes inserts. Singh et
al. (2017).
Fluid: Air
Parameters:
Twist ratios 2, 3, and 4.
Minimum and maximum
values of results:
,
.
Solid ring with multiple
twisted tapes inserts. Singh et
al. (2016).
Fluid:Air,

T
wisted tape inserts with and
without oblique teeth. Pal
and Saha (2014).

Parameters:

Minimum and maximum
values
of
results:
,
Fluid: Air
Parameters:

Perforated
conical
ring
twisted-tapes. Nanan et al.
(2014).

,
and

,
Pitch ratios = 4.0, 6.0,
12.0. Holes perforation N
= 4, 6 and 8.
Minimum and maximum
values
of
results:
,
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Fluid:
Parameters:

Air,
,

.
Minimum and maximum
values
of
results:

(TT

taken

in

reverse

directions

for

offset

swirl)

,

Micro–fins tubes. Eiamsaard et al. (2013).
Fluid: Air
Parameters:

Minimum and maximum
values
of
results:
Perforated
twisted
tape
insert. Bhuiya et al. (2013).

,
Fluid: Air
Parameters:

Helical screw-tape .Kumar et
al. (2013).

Wire diameter 0.0769,
0.1026)
Helix angle 30o ,60o)
Minimum and maximum
values
of
results:
,
,

(‘ ’ = coil helix
angle).

Fluid: Air
Parameters:

Classic twisted tape inserts.
Karami et al. (2012).

= 1.75, 2.3, 2.9 and 3.5
Minimum and maximum
values
of
results:
Fluid: Air
Parameters:

Helical twisted tape. Eiamsaard et al. (2012).

,
2.0, 2.50, 3.10.
Pitch ratios 1.5 & 3.0.
Minimum and maximum
values
of
results:
,
Fluid: Air
Parameters:

(a)TT with back wing. (b)TT
with forward wing. Eiamsaard et al. (2011).

and
(T-W towards

Wing width ratios of 0.5,
0.67 and 0.83.
0.75,
1.0 and 1.25.
Minimum and maximum
values
of
results:

the back wing set up)
and
(T-W towards the back wing set up)

,
.
Fluid: Air
Parameters:

Twisted tape with alternate
axis.
Wongcharee and Eiamsa-ard
(2011).

(Tube with TT with

= 3.0 , Density of
nanofluid varied from
0.30% to 0.70%.
Minimum and maximum
values
of
results:

alternative axis)
(Tube
with

TTT)
(

,
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Fluid: Air
Parameters:

Multiple
typical
twisted
tapes. Sarada et al. (2010).

.

Widths of the TT 10.0mm
to 22.0 mm.
Minimum and maximum
values
of
results:
,
Fluid: Air
Parameters:

Single, twin co- twisted and
twin counter twisted tape.
Eiamsa-ard et al. (2010).

and
(twin counter TT)
and
(For twin co-TT)

Pitch ratios 2.5,3,3.5 and
4.0
Perforated holes N = 4, 6
and 8.
Minimum and maximum
values
of
results:
,
Fluid: Air,
Parameters:

Clockwise
and
counterclockwise
twisted-tape
inserts. Eiamsa-ard et al.
(2010).

3.0, 4.0, and 5.0.
Minimum and maximum
values
of
results:
,
Fluid: Air
Parameters:

Periodically varying wire
coil.
Eiamsa-ard et al. ( 2010).

(Decrease

Two various
3.0, 4.0
of TT of varying three
coils pitch ratios.
Minimum and maximum
values
of

coil

(Decreasing/increasing

pitch
coil

ratios
pitch

ratios

and
and

TT)
TT)

,
Fluid: Air
Parameters:

Delta-winglet twisted tapes.
Eiamsa-ard et al. (2010).

= 3.0, 4.0 and 5.0.
(
is Depth ratio) =
0.11, .021 and 0.32.
Minimum and maximum
values
of

(For
delta-winglet
(Strai

oblique
TT)
ght D-W TT)
(Oblique D-W TT)

,
Fluid:

Air,

Parameters:
(For

Dual twisted tape inserts.
Eiamsa-ard et al.(2010).

= 3.0, 4.0, and 5.0.
Minimum and maximum
values
of
results:
,
Fluid: Air
Parameters:

single

TT

inserts)

(For dual TT inserts)
(For
TT inserts)
(‘LR’ = tape –length ratios)

Tape length ratios are
0.29, 0.43, 0.57 and 1.0.
8

single

TT inserts)
(For dual
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Short-length twisted tape
inserts.
Eiamsa-ard et al. (2009).

Minimum and maximum
values of
,
Fluid:

Coiled
wire
Promvonge (2008).

inserts.
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Air,

Parameters:

Pitch ratios e 4.0, 6.0 and
8.0.
4.0, 6.0.
Minimum and maximum
values
of
results:
0.5-3.0,
.
Fluid: Air
Parameters:

(Regular spaced TT)

2.0, 4.4
Minimum and maximum
values
of
results:
0.5-0.9,
VW twisted tape. Mazumder
and Saha ( 2008).
.
Fluid: Air,
Parameters:

Broken twisted tape inserts.
Chang et al. (2007).

twist ratios y
= 1, 1.5, 2, and y = 2.5.
Minimum and maximum
values
of
results:
,
Fluid: Air
Parameters:

Twisted tape inserts. Chang
et al. (2007).

1.56, 1.87, 2.82.
Minimum and maximum
values
of

.

,
.
Fluid: Air
Parameters:

Circular tube inserted with
classical TT. Eiamsa-ard, et
al. (2006).

and

,
6.0, 8.0 and space
ratio of 1.0,2.0,3.0.
Minimum and maximum
values
of
results:
.
Fluid: Air
Parameters:

Regularly spaced twisted
tape inserts. Eiamsa-ard et al.
(2006).

(S = Free Space Ratio)

6.0, 8.0.
Space ratios are 1.0, 2.0
3.0.
Minimum and maximum
values of results:
,
.

9

Frontiers in Heat and Mass Transfer (FHMT), 12, 26 (2019)
DOI: 10.5098/hmt.12.26

Global Digital Central
ISSN: 2151-8629

Fluid: Air
Parameters:
Angular vane angle ( )
= 15°, 30°, 45°, 60° and
75°.
Minimum and maximum
values
of
results:
Radial guide vane swirl
generator.
Yilmaz
et
al.(2003).

Square duct with twisted
tape inserts. Ray and Date
(2001).

,
1.67.
Fluid: Air
Parameters:

is notational

1.5 to 10,
0.1 to 500.
Minimum and maximum
values
of
results:

Fluid: Air
Parameters:

Vertical pipe with twisted
tape. Klaczak, A.(2000).
Twisted tape geometry
Working fluid: Water

.

swirl

parameter

,

(For

)

1.63 to 5.28.
= 8.1- 82.0.
Minimum and maximum
values
of
results:
Parameters/optimum
ranges

Correlations

Fluid: Water
Parameters:

SRT-4 twisted tapes insert.
Hong et al. (2019).

and

Rib pitch to diameter
ratios at 0.27–1.53, rib
height to diameter ratios at
0.02–0.056
and
corrugation angles at
9.2°–37.0°

1.59 and 1.49.
Fluid: Water
Parameters:
(y/w=2.5, 5, 10, 15, 20
and 25)
1.13, 1.18, and 1.2
Multiple- twisted tapes.
Piriyarungrod et al. (2018).

.
Fluid: Water/ Nanofluid
Parameters:
1.03 to 4.
Minimum and maximum
values
of
results:

(‘ ’
Ratio)

,
Typical twisted tape inserts.
Maddah et al. (2014).

10

volume

concentration,

TR:

Twist
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Fluid: Water, Parameters:
(y/w = 1.76 to 3.53)
147.827
Schematic diagram of Classic
twisted tape. Karami et al.
(2012).
Fluid:
Parameters:

Water,

and

2.0, 4.4 and 6.0.
Minimum and maximum
values
of
results:
Geometries of twisted tapes.
Murugesan et al. (2012).

,
Fluid: Water
Parameters:

)

Helical screw breadth is
7.50, 120, 150 and
200mm.
Minimum and maximum
values
of
results:
Tubes equipped with twin
twisted tapes. Zhang et al.
(2012).

(TTT),
(
(Quadruple

TT),

,

,
Fluid: Water
Parameters:

(For phase 1)

3.0, 5.0 spacer
length(mm) 100, 200, 300.
Minimum and maximum
values
of
results:

(For phase 2)

Left–Right various spacer
length tape. Jaisankar et al.
(2011).

and

and
.

,
Fluid: Water
Parameters:

.
,

Alternate clockwise and
counter-clockwise
twisted
tape inserts.
Wongcharee and Eiamsa-ard
(2011).

=

3.0, 4.0 and 5.0.
Minimum and maximum
values of results:
,
Fluid: Water
Parameters:

and

,
= 2.17, 3.33, 4.3 and 5.0.
Spacer lengths of 100,
200, 300, and 400 mm.
Helical screw-tape. Ibrahim
(2011).

.
Fluid: Water
Parameters:
)

V-cut Twisted tapes inserts.
Murugesan et al. (2011).

2.0, 4.4 and 6.0.
width ratio = 0.34 and
0.43
Minimum and maximum
values
of
results:
,
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Fluid: Water
Parameters:
Peripherally- cut TT with
alternate axis 1.25, 1.11
and 1.02.
Minimum and maximum
values
of
Peripherally-cut
and
alternate axis twisted tape.
Seemawute et al. (2010).

,
Fluid: Water
Parameters:

TT with left- right - helical
screw.
Nagarajan et al. (2010).

= 2.93 to 4.89
Minimum and maximum
values
of
results:
,
Fluid: Water, Parameters:

Spiky twisted tapes. Chang et
al (2009).

Stream ratio 0.004 to 0.01
Minimum and maximum
values
of
results:
,
Fluid: Water
Parameters:

Dimple tube with twisted
tape inserts. Thianpong et al.
(2009).

= 3.0, 5.0, and 7.0
Minimum and maximum
values
of
results:

Fluid: Water
Parameters:

(0 < Hrs/Drs < 15, 3500 <
40)

< 8500, 4.5 <

Minimum and maximum
values
of
results:
Twisted tape inserts. Sharma
et al. (2009)

,
Fluid: Water
Parameters:

(For Yrs = 10.16,

= 3.0, 5.0, and 7.0.
Minimum and maximum
values
of
results:
Dimple tube fitted with
twisted
tape
inserts.
Bharadwaj et al. (2009).

,
,

,
Fluid: Water
Parameters:
1.95, 2.93, 3.91 &
4.89. Spacer length 100,
200, 300 and 400mm.
Minimum and maximum
values
of
results:

Helical screw twisted tape
inserts. Sivashanmugam and
Suresh (2007).

< 7000, Clockwise twist)
,

,
12

<5.5, 35 < Tb <
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Fluid: Water
Parameters:

Twisted tape inserts with
conical-ring. Promvonge et
al. (2007).

and

= 3.75 and 7.5.
Minimum and maximum
values
of
results:
,
Fluid: Water,Parameters:

and

3.1–5.5
Minimum and maximum
values
of
results:
,
Horizontal pipe with helical
ribs. Naphon et al. (2006).
Fluid: Water
Parameters:

Twisted tapes with different
twist ratios. Sivashanmugam
& Suresh (2006).

and

1.95, 2.93, 3.91 and
4.89.
Minimum and maximum
values
of
results:

Fluid: Water
Parameters:
Helical
screw
tape.
ivashanmugam et al. (2006).

Minimum and maximum
values
of
results:
,
Fluid: Water
Parameters:

Twisted tape geometry
Working fluid: Oil

2.692 to 4.615,
Aspect ratio = 1, 0.5,
0.333,
80 to 500.
Minimum and maximum
values
of
results:
,
1.01.32.
Parameters/optimum
ranges

Circular with center-cleared
twisted tapes.Saha et al.
(2012).

Fluid: Oil
Parameters: Rib Pitch:
2.0437,
5.6481,
Rib
Height = 0.07692, 0.1026.
Centre clearance = 0, 0.2,
0.4, 0.6
Minimum and maximum
values
of
results:

Regularly spaced twisted
tape inserts. Saha et al. (
2004).

Correlations

(For
TT)

alternate

clockwise

and

counter
clockwise
(For TTT inserts)

(For TTT inserts)

,
.

13

Frontiers in Heat and Mass Transfer (FHMT), 12, 26 (2019)
DOI: 10.5098/hmt.12.26

Centre-cleared twisted tape
inserts. Saha (2012).

Global Digital Central
ISSN: 2151-8629

Fluid: Oil
Parameters:
= 2.5 and
320- 545. Centre
clearance = 0, 0.2, 0.4, 0.6
Minimum and maximum
values
of
results:
,
.
Fluid: Oil
Parameters:

Minimum and maximum
values
of
results:
,
(Short length TT with internal rib)
Rectangular-cut twisted tape
inserts. Saha ( 2010).

Fig. 4 Fluid flow pattern (A) single tape insert (B) double tape insert (C) multiple tape insert
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4. CONCLUSIONS
This article presents a critical review of work done in the area of
hydrodynamic and thermal performance using twisted tapes. The
effect of various twisted tape inserts parameters on hydrodynamic
and thermal performance are discussed in detail. The following
conclusions can be drawn:
1.
The applications of twisted tape inserts in a heat exchanger
tube are an efficient method to enhance the heat transfer to
fluid flow in the round heat exchanger tube. The reduction
of the twist pitch values and tube diameter ratio tends to
increase the heat transfer rate and pressure drop as well.
2.
The twist angle is the most significant structural factor. A
higher twist angle leads to larger hydrodynamic and
thermal performance. More the twist angle, the higher
tangential velocity will be created. As the twist angle
increases, the hydrodynamic and thermal performance
decreases slowly.
3.
Reducing values of the twist pitch to tube diameter ratio,
lead to increased values of heat transfer rate and pressure
drop as well. Swirl flow helps in decreasing the boundary
layer thickness of the hot air flowing and rises thee
residence time of hot air in the inner tube.
4.
Augmentation of thermal performance in full length twisted
tape is better than the twist fitted with rod and spacer. The
decrease in heat transfer augmentation in twist fitted with
rod is minimum compared to twist fitted with rod is
minimum compared to twist fitted with spacer. The
decrease in pressure drop is better for twist fitted with
spacer compared to twist fitted with rod.
5.
V-cut twisted tape offered a higher local Nusselt number,
local friction factor and also thermal hydraulic performance
as compared to plain twisted tape. In addition, the influence
of the depth ratio was more dominant than that of the width
ratio for all the flow parameters.
6.
Using any kind of twisted tape leads to thermal hydraulic
improvement which is more substantial for lower values of
excess air flow rate. Comparison of heat transfer
performance shows that the improvement of convection
heat transfer coefficient is more than total heat transfer
coefficient.
7.
Among the entire twisted tape elements examined, the
multiple twisted tape inserts have the maximum value of
hydrodynamic and thermal performance than that of other
twisted tape shapes for the examined range of twisted tape
parameters.

NOMENCLATURE
[ ]
[ ]

Twist ratio of TT
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