
  
Abstract—The present paper is a review of research work in 

last decade on heat transfer enhancement in a circular tube 
and square duct. In the present paper emphasis is given to 
works dealing with twisted tape ,screw tape inserts because 
according to the recent studies, these are known to be economic 
tool in the field of  heat transfer enhancement. Passive 
techniques, where inserts are used in the flow passage to 
increase the heat transfer rate, are advantageous compared 
with active techniques, because the insert manufacturing 
process is simple and cheap and these techniques can be easily 
employed in an existing heat exchanger. The thermohydraulic 
performance of above  inserts depends on the various factors 
such as flow conditions, geometry of pipe and insert 
configurations. The present review is organized separately 
according to type of insets, pipe geometry, for laminar and  
turbulent flow respectively. 
 

Index Terms—Twisted tape, screw tape , circular tube, 
square duct,heat transfer enha ncement 

 

I. INTRODUCTION 
The process of improving the performance of a heat 

transfer system or increase in heat transfer coefficient is 
referred to as heat transfer augmentation or enhancement. 
This leads to reduce size and cost of heat exchanger. An 
increase in heat transfer coefficient generally leads to 
additional advantage of reducing temperature driving force, 
which increases second law efficiency and decreases 
entropy generation. General techniques for enhancing heat 
transfer can be divided in three categories. One is passive 
method such as twisted tapes, helical screw tape inserts, 
rough surfaces, extended surfaces, additives for liquid and 
gases. The second is active method, which requires extra 
external power, for example mechanical aids, surface fluid 
vibration, use of electrostatic fields. Passive methods are 
found more inexpensive as compared to other group. 
Twisted tape is one of the most important members useful in 
laminar flow from this group.  

The third category includes combined application of 
active and passive techniqes  to obtain enhancement in heat 
transfer that is greater than that produced by either of them 
when used individually, is termed as compound  
enhancement. This technique involves complex design and 
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hence has limited applications.  
Heat transfer augmentation techniques (passive, active or 

a combination of passive and active 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.Passive techniques, where inserts are used 
in the flow passage to increase the heat transfer rate, are 
advantageous compared with active techniques, because the 
insert manufacturing process is simple and cheap and these 
techniques can be easily employed in an existing heat 
exchanger. 

Furthermore, as a heat exchanger becomes older, the 
resistance to heat transfer increases owing to fouling or 
scaling. These problems are more common for heat 
exchangers used in marine applications and in chemical 
industries. 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. The heat transfer rate can be 
improved by introducing a disturbance in the fluid flow 
(breaking the viscous and thermal boundary layers), but in 
the process pumping power may increase significantly and 
ultimately the pumping cost becomes high. Therefore, to 
achieve a desired heat transfer rate in an existing heat 
exchanger at an economic pumping power. 

In general, swirl flow generators are placed in the flow 
passage to augment the heat transfer rate, and this reduces 
the hydraulic diameter of the flow passage. Heat transfer 
enhancement in a tube flow by inserts such as twisted tapes, 
screw tape is mainly due to flow blockage, partitioning of 
the flow and secondary flow. Flow blockage increases the 
pressure drop and leads to increased viscous effects because 
of a reduced free flow area. Blockage also increases the flow 
velocity and in some situations leads to a significant 
secondary flow. Secondary flow further provides a better 
thermal contact between the surface and the fluid because 
secondary flow creates swirl and the resulting mixing of 
fluid improves the temperature gradient, which ultimately 
leads to a high heat transfer coefficient. 

In present  paper, a review of heat transfer augmentation 
tool i.e. twisted tape and screw tape swirl flow generators 
are discussed, for laminar and turbulent flow. Since they are  
most commonly used as enhancement tool. This paper also 
gives performance evaluation criteria for a swirl flow 
generator. Finally it is expected to be the pioneer source as 
an intensive literature review for a swirl flow generator. 

A. Circular Tube Fitted with Twisted Tape in Laminar Flow 
Many studies were conducted previously to analyze heat 

transfer and pressure drop with twisted tape (as shown in 
figure 1) as swirl generators in a circular tubes.  
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Hong and Bergles [1] reported heat transfer enhancement 
in laminar viscous liquid flows in a tube with uniform heat 
flux boundary conditions, but their correlation has limited 
applicability as it is valid for a high Prandtl number 
(approximately 730).They reported that as much as threefold 
improvement in heat transfer rate using twisted tape insert in 
a tube.  
 

 

 
Fig. 1 Schematic diagram of different inserts, (a) for twisted tape , (b) for 

Screw tape insert 

Marner and Bergles [2] were the first investigators to 
recognize the importance of uniform wall temperature 
(UWT) boundary condition to a major group of heat 
exchanger used in chemical industry. They studied UWT 
heating and cooling of ethylene glycol(Pr = 24-85, Rea=380-
3470) using single twisted tape insert of y = 5.4 in a tube 
and internally finned tubes, and observed that both heat 
transfer and friction factor increased substantially beyond 
particular Reynolds number, at which secondary swirl flow 
and turbulence were induced in the flowing fluid.Manglik 
and Bergles[3] correlated heat transfer and pressure drop for 
twisted tape inserts for uniform wall temperature conditions 
using water and ethylene glycol as working fluid, for 
laminar flow condition and explained physical description of 
enhancement mechanism. Depending upon the flow rate and 
tape geometry, the enhancement in heat transfer is due to the 
tube partitioning and flow blockage, the large flow path and 
secondary fluid circulation. They proposed laminar flow 
correlations for the friction factor and Nusselt number, 
including the swirl parameter, which defines the interaction 
between viscous, convective inertia and centrifugal forces.  

Shivkumar and Raja Rao [4] studied compound laminar 
flow heat transfer augmentation laminar flow heat transfer 
to power law fluid in spirally corrugated tubes with twisted 
tape inserts. But they did not observe any better results 
compared to the case twisted tape insert in the plain circular 
tube.Saha et al.[5]studied pressure drop and heat transfer 
characteristics in a circular tube fitted with regularly spaced 
twisted–tape elements under constant wall heat flux 
boundary condition They concluded that pinching of place 
rather than connecting elements by rods is a better 
proposition from the thermohydraulic performance point of 
view. Reducing tape width yields poor results. Vijay Babu 
and Raja Rao [6] studied pseudo-plastic type power law 
fluid for laminar flow in a circular pipe under constant wall 
temperature condition and proposed a predictive correlation 

to fit well all available data. 
Agarwal and Raja Rao[7] reported experimental 

investigations of isothermal and nonisothermal friction 
factor and mean Nusselt number for uniform wall 
temperature (UWT) heating and cooling of servotherm 
oil(Pr = 195-375) in a circular tube(Rea = 70-4000) with 
twisted tape inserts (y = 2.41-4.84). Isothermal friction 
factor were found to be 3.13-9.71 times the plain tube 
values. The Nusselt were found to be 2.28 -5.35 and 1.21-
3.7 times the plain tube forced convection values based on 
constant flow rate and constant pumping power respectively. 
They proposed correlation representing effect of heat 
transfer on friction factor for practical application.Loknath 
[8] studied pressure drop and heat transfer on laminar flow 
of water though horizontal tube under constant wall heat 
flux conditions, tube fitted with half length and full length 
twisted tapes. He found that that half length twisted tapes 
were more effective than full length tapes.Al-Fahed et al. [9] 
reported pressure drop and heat transfer results for a plain, 
microfin, and twisted-tape insert-tubes in shell and tube heat 
exchanger with oil as working fluid under constant wall 
temperature. The twisted-tape used in the experiments 
includes three different twist ratios each with two different 
widths. The twist ratio and the width of the tape seem to 
have a large effect on the performance of the twisted-tape 
insert. 

Saha et al.[10] studied laminar flow of viscous fluid 
though horizontal tube under constant wall heat flux 
conditions, tube fitted with regularly spaced twisted tapes. 
They found that pinching (placing of a twisted tape exactly 
at the centre of the tube) of twisted tape in a tube performs 
better than a twisted tape inserted by a loose fit. Patil 
[11]reported the friction factor and heat transfer 
characteristics of laminar swirl flow of pseudo plastic type 
power law fluid in a circular tube using varying width full 
length twisted tapes under uniform wall temperature 
conditions. He found that, from the considerations of 
enhanced heat transfer and savings in heat transfer and 
savings in pumping power and in tape material cost, reduced 
width twisted tapes are better for enhancing laminar swirl 
flow heat transfer. He has observed that 17-60% reduction 
in friction factor and 5-24 % reduction in Nusselt number 
for 15-50%reduction in tape-width. 

Sarma et al.[12] new method was postulated to predict 
heat transfer coefficients with twisted tape inserts in a tube, 
in which the wall shear and the temperature gradients are 
properly modified through friction coefficient correlation 
leading to heat transfer augmentation from the tube wall. 
The eddy diffusivity expression of van Driest is modified to 
respond to the case of the internal flows in a tube with 
twisted tapes for ranges of Reynolds number corresponding 
to the laminar flow in tubes. The predictions from the 
present theory are compared with some correlations 
available in literature for twisted tape inserts.  

Yadav [13] studied influences of the half length twisted 
tape insertion on heat transfer and pressure drop 
characteristics in a U-bend double pipe heat exchanger using 
oil as working fluid. The experimental results revealed that 
the increase in heat transfer rate of the twisted tape inserts 
was found to be strongly influenced by tape – induced swirl. 
The heat transfer coefficient is found to increase by 
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40%with half-length twisted tape inserts when compared 
with plain heat exchanger. On the basis of equal mass flow 
rate the heat transfer performance of half length twisted tape 
is better than the plain heat exchanger, and on the basis of 
unit pressure drop the heat transfer performance of smooth 
tube is better than half-length twisted tape. It was also 
observed that the thermal performance of plain heat 
exchanger was found better than half length twisted tape by 
1.3-1.5 times. 

B. Circular Tube Fitted with Twisted Tape in Turbulent 
Flow 

The important investigations of twisted tape for turbulent 
flow in a circular pipe are represented in following section. 
Twisted tape in turbulent flow is effective up to a certain 
Reynolds number range but a not over a wide Reynolds 
number range. 

Lopina and Bergles [14] observed that the difference 
between isothermal and heated flow friction factors for the 
swirl flow of liquids is substantially less than the 
corresponding difference for a plain tube. In turbulent flow, 
insertion of a twisted tape increases the heat transfer, but the 
pressure drop also increases significantly. 

Manglik and Bergles [15] developed correlations for both 
turbulent flow and laminar flow. For an isothermal friction 
factor, the correlation describes most available data for 
laminar, transitional and turbulent flows within 10 per cent. 
Date [16] formulated and solved numerically the problem of 
fully developed, uniform property flow in a tube containing 
a twisted tape. Presented comparision between existing 
experimental data with numerical prediction. Saha et al. [17] 
found that, for a constant heat flux boundary condition, 
regularly spaced twisted tape elements do not perform better 
than full-length twisted tape because the swirl breaks down 
in-between the spacing of a regularly twisted 
tape.Sivashanmugam and Sunduram [18] studied the 
thermohydraulic characteristics of tape-generated swirl flow 
under constant heat flux in circular tube using water as 
working fluid. 

Noothong et al.[19] studied  influences of the twisted tape 
insertion on heat transfer and flow friction characteristics in 
a concentric double pipe heat exchanger using air as 
working fluid. In the experiments, the swirling flow was 
introduced by using twisted tape placed inside the inner test 
tube of the heat exchanger with different twist ratios, y = 5.0 
and 7.0. The experimental results revealed that the increase 
in heat transfer rate of the twisted-tape inserts is found to be 
strongly influenced by tape-induced swirl or vortex motion. 
Over the range investigated, the maximum Nusselt numbers 
for using the enhancement devices with y = 5.0 and 7.0 are 
188% and 159%, respectively, higher than that for the plain 
tube. In addition, the effects of the twisted tape on the heat 
transfer enhancement efficiency were also 
investigated.Murugesan et al. [20] reported experimental 
investigations of heat transfer and friction factor studies of 
turbulent flow in a tube fitted with trapezoidal –cut twisted 
tape with twist ratios 6 and 4 for water as working fluid. 
They found that Heat transfer coefficient and friction factor 
increases with the decreases in twist ratio. The trapezoidal –
cut twisted tape with twist ratios 6 and 4 augment the heat 
transfer rate 27 and 41.8 % higher than plain tube. 

C. Circular Tube Fitted with Screw Tape Insert in Laminar 
Flow 

The tape twisted in the form of screw-tape with similar 
geometry of the helical-tape is a modified form of the 
twisted-tape wounded on a core-rod as shown in figure1(b). 
However, both the helical screw-tape and the twisted-tape 
generate a similar swirling flow in the circular tube and both 
of them possess different characteristics of flow. For the 
helical screw-tape, the swirling flow rotates in single way 
smooth direction of flow like a screw motion, while the 
twisted-tape shows the swirling flow in two way directions 
of parallel flows simultaneously (two parallel flows 
separated by the twisted-tape). Important investigations in 
the area of heat transfer augmentation in circular tube with 
screw tape inserts are summarized in this section.  

Sivashanmugam and Suresh [21] studied the laminar heat 
transfer and friction factor characteristics in a circular tube 
fitted with full-length helical screw-tapes with different 
twist ratios under constant heat flux conditions, including 
the increasing and decreasing order of twist ratio sets. They 
reported on a significant improvement of the heat transfer 
rate for using the tape inserts and also found that there is not 
much change in the magnitude of heat transfer coefficient 
enhancement between using the increasing and decreasing 
twist ratio sets.  

Sivashanmugam and Nagarajan [22] reported 
experimental investigation on heat transfer and friction 
factor characteristics of laminar flow in a circular tube fitted 
with right-left helical screw inserts of equal length, and 
unequal length of different twist ratio under constant heat 
flux condition. The heat transfer coefficient enhancement 
for right-left helical screw inserts is higher than that for 
straight helical twist for a given twist ratio. Performance 
evaluation analysis has been made and the maximum 
performance ratio of 2.85 and 2.97, respectively were 
obtained for 300 R and 300 L, and 400 R and 200 L type 
inserts. 

D. Circular Tube Fitted with Screw Tape Insert in 
Turbulent Flow  

 Several researchers have studied various configurations 
of screw tape, such as full-length screw tape, increasing and 
decreasing order of twist, regularly spaced screw tape insert 
and right and left helical screw tape inserts. 

 Eiamsa-ard and Promvonge [23] reported effects of 
insertion of a helical screw-tape with or without core-rod in 
a concentric double tube heat exchanger on turbulent heat 
transfer and flow friction characteristics with cold and hot 
waters as the test fluids. The Reynolds number in a range of 
2000 to 12,000. An effect of the loose-fit, helical screw tape 
inserts with/without core-rod were experimentally studied 
The experimental results show that the increases in average 
Nusselt number of using the loose-fit, helical tape with and 
without core-rod are found to be 230% and 340%, 
respectively, over the corresponding plain tube.Furthermore, 
the enhancement efficiency of the helical screw-tapes varies 
between 1.00 and 1.17, 1.98 and 2.14, for the tapes with and 
without core-rod, respectively. Sivashanmugam and Suresh 
[24] reported experimental investigation of heat transfer and 
friction factor characteristics of circular tube fitted with full-
length helical screw element of different twist ratio and 
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increasing and decreasing order of twist ratio set have been 
studied with uniform heat flux under turbulent flow 
conditions. The Reynolds number was varied from 2700 to 
13500. The maximum Nusselt number for the twist of 1.95 
was obtained. The performance of the helical twist insert 
was compared with the twisted tape performance reported in 
the literature and found that it is better than twisted tape 
performance.  

Sivashanmugam and suresh[25] investigated heat transfer 
and friction factor characteristics of circular tube fitted with 
full length helical screw elements of different twist ratio and 
helical screw inserts with spacer length 100,200,300,400 
mm with uniform heat flux under turbulent  flow conditions. 
They found that regularly spaced helical screw elements can 
safely be used for heat transfer augmentation with less 
reduction in pressure drop than full length helical screw 
inserts.  

E. Laminar Heat transfer in Square /Rectangular Duct 
 Square duct offers more surface to volume ratio than 

circular tube therefore more heat transfer enhancement was 
observed in square and rectangular duct. Important 
investigations in square and rectangular duct using various 
geometrics of swirl generators have discussed in this 
section.  

Ray and Date [26] numerically predicted characteristics 
of laminar flow and heat transfer through square duct with 
twisted tape insert under constant heat flux condition. The 
transport equations were solved on a non-staggered non-
orthogonal grid using the curvilinear version of the complete 
pressure correction algorithm. They found that, Square duct 
containing twisted tape offers better thermo hydraulic 
performance than plain duct for all Re,Pr,y. Heat transfer of 
square tubes was found considerably higher (up to a 
maximum 350%) than the circular tube. Ray and Date [27] 
derived a correlation for the friction factor and Nusselt 
number for a square duct from the predicted data. They 
compared the correlation for the friction factor with 
experimental data and the agreement was found to be within 
+10 per cent. 

Saha and Mallik [28] reported an experimental 
investigation of the heat transfer and pressure drop 
characteristics of laminar flow of viscous oil through 
horizontal rectangular and square plain ducts and ducts 
inserted with full-length twisted tapes, short length twisted 
tapes, and regularly spaced twisted-tape elements, under 
constant heat flux boundary conditions. They proposed 
empirical correlations and found that the short-length 
twisted tape in square and rectangular ducts performs worse 
than the full-length twisted tape. However, regularly spaced 
twisted-tape elements perform significantly better than the 
full-length twisted tapes. 

Pramanik and Saha [29] studied heat transfer and the 
pressure drop characteristics of laminar flow of viscous oil 
through rectangular and square ducts with internal 
transverse rib tabulators on two opposite surfaces of the 
ducts and fitted with twisted tapes under constant heat flux 
conditions. The combined use of full-length twisted-tape 
and transverse ribs enhances the thermohydraulic 
performance of the square and rectangular ducts compared 
to the use of only twisted-tape or only transverse ribs for 

laminar flow. However, the performance evaluation shows 
that the short-length twisted tape in square and rectangular 
ducts with rib turbulators, through which laminar flow 
occurs under constant wall heat flux boundary condition 
performs worse than the full-length twisted tape. 

 

II. CONCLUSION 
A twisted tape insert mixes the bulk flow well and 

therefore performs better in laminar flow, because in 
laminar flow the thermal resistant is not limited to a thin 
region. The result also shows twisted tape insert is more 
effective, if no pressure drop penalty is considered.  

Twisted tape in turbulent flow is effective up to a certain 
Reynolds number range. It is also concluded that twisted 
tape insert is not effective in turbulent flow, because it 
blocks the flow and therefore pressure drop increases. Hence 
the thermohydraulic performance of a twisted tape is not 
good in turbulent flow. These conclusions are very useful 
for the application of heat transfer enhancement in heat 
exchanger networks.  

This helical  screw tape can help to promote higher heat 
transfer exchange rate than the use of twisted-tape because 
of shorter pitch length which leads to stronger swirling flow 
and longer residence time in the tube. 

Because of lower pressure drop and ease of 
manufacturing, the twisted-tape is, in general, more popular 
than the helical screw-tape having a higher heat transfer rate 
at the same mass flow rate. However, at low values of 
Reynolds number the pressure drops for using both tapes are 
not much different. 

Heat transfer of square tubes was found considerably 
higher  than the circular tube. This is mainly because of 
square duct has high surface to volume ratio. 

The combined use of full-length twisted-tape and 
transverse ribs enhances the thermohydraulic performance 
of the square and rectangular ducts compared to the use of 
only twisted-tape or only transverse ribs for laminar flow.  

The short-length twisted tape in square and rectangular 
ducts performs worse than the full-length twisted tape. 
However, regularly spaced twisted-tapes perform 
significantly better than the full-length twisted tapes. 

 

III. APPENDIX 
Ao   plain duct flow cross sectional area, (W.D),m2 
Cp    specific heat at constant pressure, KJ/Kg.K 
d     iameter of screw tape rod, m 
De   equivalent diameter of t = 4Ao / 2 (W+D) ,m 
H    average convective heat transfer coefficient,W/m2 K 
H   axial distance for 180o rotation of twisted tape, m 
K    thermal conductivity of the test liquid, W/m.k 
Nu   Nusselt number (defined on equivalent diameter) 
P     pitch of screw tape,m 
Pr   prandlt number,  Pr=Cp µ / K , dimensionless 
Re  Reynolds number (based on equivalent diameter), 

Re= Devρ/ µ , dimensionless 
t   thickness of screw tape,m 
v  average velocity of test liquid, m/s 
y  wist ratio of the twisted tape, y = H/De ,dimensionless 
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 w  width of duct, as well as insert , m Greek symbols 
ρ   density of test of liquid, Kg/m3 
µ  viscosity of test liquid, Kg/m.s 
Subscripts 
a augmented condition 
Ao   plain duct flow cross sectional area, (W.D),m2 
Cp    specific heat at constant pressure, KJ/Kg.K 
d     iameter of screw tape rod, m 
De   equivalent diameter of t = 4Ao / 2 (W+D) ,m 
H    average convective heat transfer coefficient,W/m2 K 
H   axial distance for 180o rotation of twisted tape, m 
K   thermal conductivity of the test liquid, W/m.k 
Nu   Nusselt number (defined on equivalent diameter) 
P     pitch of screw tape,m 
Pr   prandlt number,  Pr=Cp µ / K , dimensionless 
Re  Reynolds number (based on equivalent diameter), 

Re= Devρ/ µ , dimensionless 
t   thickness of screw tape,m 
v  average velocity of test liquid, m/s 
y  wist ratio of the twisted tape, y = H/De ,dimensionless 
w  width of duct, as well as insert , m Greek symbols 
ρ   density of test of liquid, Kg/m3 
µ  viscosity of test liquid, Kg/m.s 
Subscripts 
a augmented condition 
 

ACKNOWLEDGEMENT 
This work was done by Mr. S.V.Patil (Research Scholar) 

as a part of his doctoral programme during July 2007 to July 
2010,at the department of Chemical Engineering, 
Dr.Babasaheb Ambedkar Technological University, Lonere, 
under the guidance of Professor P.V.Vijay Babu. We are 
thankful to the authorities at Dr.BATU; for providing all 
facilities for completing this work. 

REFERENCES 
[1] S.W.Hong, and A.E.Bergles,“Augmentation of laminar flow heat 

transfer in tubes by means of twisted-tape inserts”, ASME Journal of 
Heat Transfer,  98, 1976, 251–256. 

[2] W.J.Marner and A.E.Bergles,“Augmentation of highly viscous  
laminar heat transfer inside the tube with constant wall temperature”, 
Exp. Thermal Fluid Sci.,2,1989,252–267. 

[3] R.M.Manglik and A.E.Bergles,“Heat transfer and pressure drop 
correlations for twisted-tape inserts in isothermal tubes”, Part 
I.Laminar flows, ASME Journal of Heat Transfer, 115(4),1993, 881–
889. 

[4] C.Shivkumar and M.Raja Rao,.“Studies on compound augmentation 
of laminar flow heat transfer to generalized power law fluids in 
spirally corrugated tubes by means of twisted tape inserts”, ASME 
HTD, 96,1998, 685–692. 

[5] S.K.Saha,U.N.Gaitonde and A.W. Date,“Heat transfer and pressure 
drop characteristics of laminar flow in a circular tube fitted with 
regularly spaced twisted-tape elements” J. Exp. Thermal Fluid Sci., 
2,1989, 310-322. 

[6] P.V.Vijay babu and  M.RajaRao“Heat transfer correlations for 
laminar non-Newtonian flow in tubes with twisted-tape inserts”, 
ASME HTD,174 ,1991, 59–64. 

[7] S.K.Agarwal and M. Raja Rao,“Heat transfer augmentation for the 
flow of a viscous liquid in circular tubes using twisted tape inserts” 
International. Journal of Heat Mass Transfer, 39,1996,3547–3557. 

[8] M.S. Lokanath,“Performance evaluation of full length and  half length 
twisted tape inserts on laminar flow heat transfer in 
tubes”,Proceedings of the 14th National Heat and Mass Transfer 
Conference and Third ISHMT–ASME Joint Heat and Mass Transfer 

Conference, IIT Kanpur, India, Paper No. HMT-97- 031,1997,319–
324. 

[9] S.Al-Fahed, L. M.Chamra and W.Chakroun,“Pressure drop and heat 
transfer comparison for both micro-fin tube and twisted-tape inserts in 
laminar flow”, Exp. Thermal and Fluid Sci.,18, 1999,323–333. 

[10] S.K.Saha, A.Dutta and S.K.Dhal, “Friction and heat transfer 
characteristics of laminar swirl flow through a circular tube fitted with 
regularly spaced twisted-tape elements”, Int. J. Heat and Mass 
Transfer, 44, 2001,4211–4223. 

[11] A.G.Patil,“Laminar flow heat transfer and pressure drop 
characteristics of power-law fluids inside tubes with varying width 
twisted tape inserts”, ASME J. Heat Transfer, 22(1), 2000,143–149. 

[12]  P.K.Sarma,Subramanyam,P.S.Kishore,V.DharmaRao and Kakac 
Sadik,“Laminar convective heat transfer with twisted tape inserts in a 
tube”, International Journal of Thermal Sciences, 42,2003, 821–828. 

[13] A.S.Yadav,“ Effect of half length twisted tape turbulators on heat 
transfer and pressure drop characteristics inside pipe U- bend heat 
exchanger”, Jordan journal of Mechanical and Industrial 
Engineering”,3(1),2009,17-22. 

[14] R.F.Lopina and A.E.Bergles,  “ Heat transfer and pressure drop in 
tape generated swirl flow of single-phase water”,Trans. ASME, J. 
Heat Transfer, 91, 1969, 434–441. 

[15] R.K.Manglik, and A.E.Bergles, “Heat transfer and pressure drop 
correlations for twisted-tape inserts in isothermal tubes:Part II: 
Transition and turbulent flows”,Trans. ASME, J. Heat Transfer, 
115,1993, 890–896. 

[16] A.W.Date,“Prediction of a fully developed flow in a tube containing 
twisted tapes”,Int. J. Heat and Mass Transfer,17, 1974, 845–859. 

[17] S.K.Saha,U.N.Gaitonde and A.W.Date, “Heat transfer and pressure 
drop characteristics of turbulent flow in circular tube fitted with 
regularly spaced twisted tape elements”,Expl.Thermal and Fluid Sci., 
3, 1990,632–640. 

[18] P.Sivanshanmugam and S.Sunduram,“Improvement in  performance 
of heat exchanger fitted with twisted tape”, Journal of Energy 
Engg.,125, 1999,35–40. 

[19] W.Noothong, S.Eiamsa-ard and P.Promvonge,  “Effect of twisted- 
tape inserts on Heat Transfer in a Tube”, The 2nd Joint International 
Conference on Sustainable Energy and Environment, 
Bangkok,Thailand, 2006,1-5. 

[20] P.Murugesan, K.Mayilsamy, S.Suresh and P.S.S.Srinivasan, “Heat 
transfer and pressure drop characteristics of turbulent flow in a tube 
fitted with trapezoidal –cut twisted tape insert, International Journal of 
Academic research, 1(1),2009, 123-128. 

[21] P.Sivashanmugam and S.Suresh, “Experimental studies on heat 
transfer and friction factor characteristics in laminar flow through a 
circular tube fitted with helical screw-tape inserts”. Journal of Applied 
Thermal Engineering, 26,2006, 1990–1997.  

[22] P.Sivashanmugam and P.K. Nagarajan,“Studies on heat trasfer and 
friction factor characteristics of laminar flow through a circular tube 
fitted with right and left helical screw –tape inserts”,Experimental 
Thermal and Fluid science ,32,2007,192-197. 

[23] S.Eiamsa-ard and P.Promvonge,“Heat transfer  characteristics in a 
tube fitted with helical screw-tape with/without core-rod inserts”, 
International Communications in Heat and Mass Transfer, 
34,2007,176–185. 

[24] P.Sivashanmugam and S.Suresh, “Experimental studies on heat 
transfer and friction factor characteristics of turbulent flow through a 
circular tube fitted with helical screw-tape inserts”, Chemical 
Engineering and Processing, 46,2007,1292–1298. 

[25] P.Sivashanmugam and S.Suresh, “Experimental studies on heat 
transfer and  friction factor characteristics of turbulent flow through a 
circular tube fitted with regularly spaced helical screw tape inserts”, 
Experimental Thermal and Fluid Science, 27,2007,1311 – 1319. 

[26] S.Ray and A.W.Date, “ Laminar flow and heat transfer through square 
duct with twisted tape insert”, International Journal of Heat and fluid 
flow, 22, 2001,460–472. 

[27] S.Ray, S., and A.W.Date, “Friction and heat transfer characteristics of 
flow through square duct with twisted tape insert”, International 
Journal of Heat and Mass Transfer, 46,2003, 889–902. 

[28] S.K.Saha and D.N.Mallick, “Heat Transfer and Pressure Drop 
Characteristics of Laminar Flow in Rectangular and Square Plain 
Ducts and Ducts With Twisted-Tape Inserts”. Transaction of ASME 
Journal of Heat Transfer, 127, 2005,966-977. 

[29] D.Pramanik and S.K.Saha,“Thermohydraulics of laminar flow 
through rectangular  and  square ducts with transverse ribs and twisted 
tapes”, Transaction of ASME, Journal of Heat Transfer,128, 
2006,1070-1080. 

International Journal of Chemical Engineering and Applications, Vol. 2 , No. 5 , October 2011

330



Mr. Suhas V. Patil has received B.Tech. and 
M.Tech. degree in Chemical Engineering from Dr. 
Babasaheb Ambedkar Technological University, 

Lonere-India in 1995 and 2005 respectively. He is 
Presently working as Assistant Professor in 

Chemical Engineering department, at Datta Meghe 
College of Engineering, Airoli, Navi Mumbai. His 

research areas of interest include Heat transfer 
augmentation and heat exchanger network analysis. 

 
 

Dr. P.V.Vijay Babu graduated and post graduated 
in Chemical Engineering from NIT Warangal 
(Formerly Regional Engineering College 
Warangal). He received his PhD degree in 
chemical Engineering from Indian Institute of 
Technology, Bombay. Presently, he is a Professor 
and Head of the Department in Chemical 
Engineering of Dr. Babasaheb Ambedkar 
Technological University, P.O.Lonere, Raigad, 
Maharashtra,India.His research interests are Heat 

transfer augmentation, Pinch technology,Thermodynamics,Chemical 
reaction engineering and Environmental engineering.  

 

International Journal of Chemical Engineering and Applications, Vol. 2 , No. 5 , October 2011

331



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /FangSong_GB2312
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LingoesUnicode
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


