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Abstract - The present paper is a review of research
work of heat transfer growth in circular tubes for
laminar and turbulent flow. Active as well as passie
methods are employed for increasing the heat transf
coefficient in circular tube; Passive methods do ro
require application of external power such as actie
method require. The effectiveness of both active an
passive methods depends strongly on the mode of hea
transfer, which might range from single phase free
convection to dispersed flow film boiling. Passive
techniques, where inserts are used in tHtow passage to
augment the heat transfer rate, are advantageous
compared with active techniques, because the insert
manufacturing process is simple and these technigse
can be easily employed in an existing heat exchamgin
design of compact heat exchangers, passive techregu
of heat transfer augmentation can play an important
role if a proper passive insert configuration can b
selected according to the heat exchanger working
condition (both flow and heat transfer conditions).The
thermohydraulic behavior of an insert mainly depend
on the flow conditions means flow is laminar or
turbulent apart from the design of insert. This review
paper is organized in the two sections: Insert in
laminar flow and insert in turbulent flow.

Keywords - Circular tube, Heat transfer Augmentation,

laminar and turbulent flow, Heat Transfer Coeffitie
Friction factor.

[. INTRODUCTION

A heat exchanger is a complex device that provities
transfer of thermal energy between two or moredfiyi
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which are at different temperatures and thermatint@ct
with each other. Heat exchangers are used either
individually or as components of a large thermaltem,
wide variety of commercial, industrial and househol

applications, e.g. power generation, refrigeration,
ventilating and air-conditioning systems, process
manufacturing, aerospace industries, electronicp chi

cooling as well as in environmental engineering.e Th
improvements in the performance of the heat Exchang
have attracted many researchers for a long tinteegsare
of great technical, economical and not the leasilogical
importance.

“Heat transfer Augmentation” meancrease
in heat exchanger's performance with the help of
augmentation techniques, this can lead to moreceoimal
design of heat exchanger that can also help to make
energy, material and cost savings related to a heat
exchange process. In this review paper emphagjs/ésn
on inserts used in for the augmentation of heaisfex in
tube. The subject of heat transfer growth in haehanger
is of serious interest in the design of effectiveda
economical heat exchanger Bergles et al., idedtiileout
14 augmentation techniques used for the heat egehsn
These augmentation techniques can be classifienl int
passive, active and compound techniques. Passive
techniques do not require any type of external pdiee
the heat transfer augmentation such as coatingida&,
rough surface, extended surface, displaced inserir]
flow device, surface flow device, surface tensimglitives
for liquid, and additives for gases. Whereas, thtva
techniques need some power externally, such asielec
acoustic fields, surface vibration, mechanical didid
vibration, injection, suction, jet impingement, .etand
compound technique are the combination of this two
method.
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Il. CIRCULAR TUBESFITTED WITH INSERT IN
LAMINAR FLOW

This review paper involving recent research workhesat
transfer growth in circular tube. any studies wer
conducted previously to analyze heednsfer growth ir
circular tube with laminar flow.
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Fig 2.1 (a) full-length twisted tape, (b) regularly spaced
twisted tape and (c) smoothly varying (gradually
decreasing) pitch full-length twisted tape

[1] Sheeba et al., investigated ttieermal performance «
thermosyphon solar water heater system fitted ‘itlcal
twisted tape of various twist ratiosoreclusions made froi
the results that heat transfer enhancement in dditdpe
collector is higher than the plain e collector with
minimum twist ratio and gradually decres with increase
in twist ratio in laminar flow[2] Eiasma Ard et al.
investigated the behaviaf heat transfer and friction lo
in circular tube and they found thgtaat from the frictior
factor, heat transfer rate can be substantially improve:
using both the wavy surfaced wall and the heliegde
insert [3] P Selvaraj et al., used water and ethyleryed|
mixture 90:10 (by weight) flow through the circularbe
because ethylene glycol pents corrosion and acts
antefreezing agent. They investigate that the mami
heat transfer enhancement is obtained up to 36Y%
circular Tube in laminar flow with grooved inserés
compare tosimple tube with turbulent flo. [4] Veysel
Ozceyhan etl., investigate the heat transfer enhancet
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in a tube with the circular cross sectional , uniform heat
flux was applied to the external surface of thee and
their findings as follows:

The variation of Nusselt number, friction fac
and overalenhancement ratios for the tube with rings v
presented and the best overenhancement of 18% was
achieved.[5]P.K. Nagarajana et used 300 mm right-left
helical twist with 100 mm spacer of different twistio on
their investigation and found tt Nusselt humber for the
tube fitted with 300 mm rig-left helical twist is higher
than that for plain tube for a given Reynolds nun
attributing to heat transfer enhancement due tol $lowv
inside of tube. [pJ P Meyer and J. A Olivier investigat
the heattransfer and pressure drop characterizes
enhanced tube with helical coil inseThere investigation
covered the laminar, transitional and turbulent fl¢
regimes.They found the better heat transfer in the lam
flow as compare to turbulern heat transfer tube.

[7] Timothy et al.,performed an experimental study o
double pipe helical heat exchanger used coil tasert
with laminar flow of fluid. They found that increase in
Nusselt number significantly in the entrance regard
heat trasfer rates were higher in counter fli
configurationas compared to parallel flow.] M E Ali
investigates that average heat transfer coeffidrearease:
as number of coil turns decrease for a fixed di@metic
in laminar flow. [9Veeresh Uskele anR M Sarviya
experimentallystudied the heat transfer and friction fac
characteristics of double e and plane tube heat
exchanger. Theyound that heat transfer coefficient &
friction factor increase with the decrease in t ratio
compared to plain tube in laminar flo

[10] P. Sivashanmugam and S.Suresh studied the lal
heat transfer and friction factor characteristicsicirculal
tube fitted with full length helical screw tapes tin
different twist ratios under const heat flux conditions,
They reported significant improvement of the heahsfer
rate for using the tape inserts and found thateth&mot
much change in the magnitude of heat transfer iodent
to vary twist ratio sets. [] Ujhidy et al., have studied and
proposed Dean Number. Dean Number is a measufe
magnitude of the secondary flow, which is useful tlee
future investigation of heat transfer growth ircalal tubes
contained twist tape in laminar flo

[12]Suresh Kumar et al. investiga the thermohydraulic
performance of twisted tape inserts in a large &wyiic

diameter annulus and found that thermohydre

performance in laminar flow with a twisted tapebmstter

than the wire coil for the same helix angle andckhess

ratio.
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lll. C IRCULAR TUBESFITTED INSERTIN
TURBULENT FLOW

Investigation of heat transfer augmentation inseed in
turbulent flow circular tubes discussed in thistieec Heat
transfer augmentation insert in turbulent flow féeetive

up to certain Reynolds number. More Reynolds number
blocks the flow passage and increases the predsype

Direction of Flow .

Fig 3.1 Turbulent flow generator in circular tube

[13] W. Noothong et al., studied influences of mda a
concentric double pipe heat exchanger. The turbdlew
was introduced by using twisted tape in the flovection
with different twist tape ratio; result shows tlsatwist
ratio increases heat transfer rate as compareain pibe
in turbulent flow. [14]M.A.K. Chowdhuri et al., ude
special geometry inside of tube with turbulent flovihe
test section is electrically heated and air isvedid to flow
as the working fluid through the tube by meanslofers.
Same experiment is carried out to determine heatster
through the same tube without any insert. Compaitireg
results obtained from these two different sets of
experiments and found that heat transfer throughd can
be enhanced by using inserts inside the tube up.80
times than tube without insert with turbulent flow
circular tube. [15] P. Sivashanmugam and S. Suresh
investigated heat transfer and friction factor eletaristics
of circular tubes fitted with full length helicalcrew
element of different twist ratio with heat flux uerd
turbulent flow conditions, they investigate thatximaum
performance of the helical twist insert was achikewees
compare to twisted tape insert in turbulent flowg][ P.
Murugesan et al. reported experimental investigatiof
heat transfer and friction factor for turbulentiin a tube
fitted with trapezoidal cut twisted tape. There evation
says that that heat transfer coefficient and fictfactor
increases with the decreases in twist ratio. Tapetzoidal
cut twisted tape with twist ratios increases that iensfer
rate 41.8 % higher than plain tubes. [17] P.Corcarel
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K.P. Sandeep conducted experiments in helical heat
exchangers with coils of two different curvaturdios,
straight tubular heat exchangers at various flol@srand
for different end point temperatures. The insided an
outside convective heat transfer coefficients were
determined based on overall heat transfer coefficdad a
correlation to compute the inside convective heatdfer
coefficient as a function of Reynolds number. [18]M
Mridha and K P D Nigam investigated turbulent fatce
convection in a new device of coiled flow invertand
found 4-13% enhancement in heat transfer as compare
straight helical coil while relative pressure dmeas found

to be 2-9%. Further, gain in heat transfer in cbiflow
inverter for turbulent flow condition as compared t
straight tube for same flow rate and boundary diomi
was 35-45% while increase in pressure drop found 29
30%. [19] Smith Eiamsa-ard et al., presented an
experimental study on the mean Nusselt numberidrict
factor efficiency in a round tube with short-lengttisted
tape insert under uniform wall heat flux boundary
conditions. In the experiments, measured dataadentat
Reynolds numbers in a turbulent region with aithestest
fluid. The experimental result indicates that tHeors
length tapes perform lower heat transfer and éicfiactor
values than the full-length tape around 14%, 9.59d a
6.7%; and 21%, 15.3% and 10.5% respectively. [20]
Sharma et al., Conducted experiments to evaluatt he
transfer coefficient and friction factor for turleat flow in

a tube with twisted tape inserts in the transitiange of
flow with AI203 nanofluid are conducted. The result
showed considerable enhancement of convective heat
transfer with AlI203 nanofluids compared to flow hvit
water. [21] C Thianpong et al., investigated expentally
heat transfer and friction characteristics for wag¢hylene
glycol, and 1ISO VG446 turbine oil flowing inside four tubes
with three-dimensional internal extended surfaces a
segmented twisted-tape inserts. Investigation shthas
tube with three-dimensional internal extended sgsaand
twisted-tape inserts; enhance the convective haasfer
for the turbulent tube side flow of highly viscoilisid.

IV. CONCLUSION

This review paper discuses the considerable
experimental work which has been done on heat feans
augmentation through internal inserts in circulabes.
Some kind of internal insert like helical tap irtsewire
mesh tape insert etc., placed in the flow passagetobe
to augment the heat transfer rate. This insertsesnthe
bulk flow well and therefore performs better in [aar
flow. However in laminar flow the thermal resistanis
not limited to a thin region. Hence, it is conclddihat
inserts are effective in laminar flow. Turbulenovl is
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effective up to a certain Reynolds number becauseem
Reynolds number block the flow and increases the
pressure drop which is the cause of lower heatstean
Turbulent flow is more frequently encountered than
laminar flow so a great change of local heat transdte in
separated flow region is achieved and considerbbbt
transfer augmentation may result up to reattachment
region.

However, the question of scalability remains
unanswered because of practical difficulties in
experimental work. There is a need of analyzingadyits
similarities amongst the geometrical similarities large
scale model covering industrial application. Furthe
research is required to be conducted at a large sta
considerable range of curvature ratio, low range of
curvature ratio, low range of Prandtl number and lo
Reynolds numbers, temperature etc.
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