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Abstract Convective heat transfer augmentation
techniques are used in many industrial applications such as
process industries, thermal power plants, heating ventilation
and air conditioning system, refrigeration system, radiator of
automobile etc. Heat transfer augmentation techniques can
be classified as active, passive and compound. The main
objective of this study is to understand heat transfer
augmentation using passive techniques. In passive
techniques inserts are used to increase convective heat
transfer coefficient (h) with decrease in thermal resistance.
This study is review of progress in the field of heat transfer
augmentation using non metallic inserts in past few years. In
this study different research work, methodology and results
obtained in the field of heat transfer augmentation are
discussed. Different types of inserts, their geometry and
effect of their geometry on rate of heat transfer are discussed
in this study. The performance of non metallic insert (acrylic
twisted tape) is found to be better than metallic (aluminium)
insertby 51.36% [4]. Nusselt number is found to increase to
112 and 187 percentage for Bakelite differential annular
type insert and non metallic acrylic twisted tape insert
respectively than plain tube [1]. It is found that heat transfer
rate is enhanced more for the twisted tape having small pitch
to diameter ratio and small angle of twist [3].

Key Words: Heat transfer augmentation, Insert, Flow
divider insert, twisted tape inserts, twist ratio, friction factor.

1.INTRODUCTION

Heat transfer is transfer of energy from one object to other
due to temperature difference. Heat transfer process is used
in many industries such as food process, chemical,
automobile and thermal industries which directly influence
the economy of these industries. Enhancing the performance
of heat transfer devices leads to energy material and cost
saving. The study of increased heat transfer performance is
known as heat transfer augmentation. In this main focus is
kept on increasing convective heat transfer coefficient (h).
Heat transfer augmentation techniques can be classified as
active, passive and compound techniques. In active
techniques, there is need of external power for enhanced
heat transfer on other hand passive techniques do not

require any external power. The combination of active and
passive technique is known as compound technique. As
compared to active technique, passive technique is cost and
performance efficient. So, in this paper heat transfer
augmentation using passive techniques are studied in detail.

In passive techniques convective heat transfer coefficient is
increased by decreasing thermal resistance so that there is
enhancement in heat transfer. This can be achieved either by
increasing the effective heat transfer area or by generating
turbulence in the fluid flowing through the device. For
increasing effective area, some modifications are done inside
the pipe such as introduction of rough surfaces or extended
surfaces. The turbulence is generated by using inserts or
turbulators.

Friction factor(f): Itis one of the parameter used for judging

performance of enhancement technique. Friction factor
relates the pressure drop to other properties of flow ,
velocity and geometry of pipe. Friction factor is a
dimensionless number. For laminar fully developed flow
friction factor is function of only Reynolds number. For
turbulent fully developed flow friction factor is function of
Reynolds number and (e/D) ratio. e/D is roughness
parameter for inner wall of pipe also known as relative
roughness and it is the ratio of mean height of roughness of

pipe to diameter of the pipe.
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Overall enhancement enhancement

efficiency(y"):

ratio(n) and

These two factors give us information about performance of
system used to enhance the heat transfer. The performance
is evaluated by comparing results obtained using and

without using inserts.

In passive techniques of heat transfer augmentation, values
of Nusselt number, friction factor, overall enhancement ratio
and enhancement efficiency are calculated for a pipe with
and without using insert. As Nusselt number is directly
related to convective heat transfer coefficient so it will give

information about enhancement in heat transfer.

Table -1: Nomenclature

Nu Nusselt number in plain pipe or tube

£ friction factor with insert

1

hi convective heat transfer coefficient using
insert(w/m2k)

h convective heat transfer coefficient for plain tube
(w/m2k)

p/d Pitch to diameter ratio

TR Twist ratio

P density of fluid ( kg/ m3)
\% Fluid velocity (m/s)
d Diameter of tube(m)
" Dynamic viscosity of fluid ( Ns/m?2)
K Thermal conductivity(W/m-K)
cp Specific heat (J/kg k)
h Convective heat transfer coefficient(w/m2k)
e/D Roughness factor
L Characteristic length (m)
Nusselt number with insert
Nui

2. LITERATURE SURVEY

S.G. Mushan et al. [1]: This experimental study is based on
passive technique of heat transfer augmentation. In this
study two types of insert are used namely Bakelite
differential annular insert and flow divider type non metallic
acrylic twisted tape insert. Air is used as working fluid for
this experimental investigation. Constant heat flux is applied
to test section (plain pipe). Firstly, an experimental
investigation is carried out on plain tube to obtain Nusselt
number and friction factor. Obtained values are compared
with values obtained using correlations (Dittus-Boelter and
Blasius) to validate experimental setup. Two tests were
carried out to calculate Nusselt number and friction factor in
pipe using non metallic inserts. Values of Nusselt number
and friction are obtained by varying Reynolds number from
5000 to 17000. Nusselt number and friction factor obtained
by using non metallic inserts are compared with values
obtained for plain tube case. Also overall enhancement ratio
and enhancement efficiency are calculated for both the
inserts. In this experiment it is observed that for Bakelite
insert, Nusselt number increased by 12%, friction factor
found to be in range 0.5 to 0.6 and overall enhancement was

observed in range 0.54 to 1.12. For acrylic twisted tape
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insert, Nusselt number increased by 87%, friction factor was
observed in the range 0.06 to 0.08 and overall enhancement

ration was observed in range 1.10 to 1.58.

D.R. Hase et al. [2]: This research work is based on passive
technique of heat transfer augmentation using Nylon flow
divider insert (non metallic insert). The non metallic flow
divider type insert creates turbulence which increases heat
transfer rate. The angle between two consecutive blades is
kept 90 degrees. Constant heat flux is applied to test section
(plain pipe) and experimental investigation is carried out for
different mass flow rates of air to calculate Nusselt number
and friction factor. Firstly, an experimental investigation is
carried out on plain tube to obtain Nusselt number and
friction factor. Obtained values are compared with values
obtained using correlations (Dittus-Boelter and Blasius) to
validate experimental setup. After validating the setup,
experimental investigation is carried out by inserting nylon
flow divider insert in test section to calculate Nusselt
number and friction factor. Obtained values of Nusselt
number and friction factor for both above mentioned case
are compared with each other. Also, overall enhancement
ratio and enhancement efficiency are calculated for nylon
flow divider insert. In this study it is observed that friction
factor is high at low Reynolds number and it decreases with
increase in Reynolds number. In this experiment it is
observed that Nusselt number increased by 70%, Overall
enhancement ratio was above unity and enhancement

efficiency observed in the range 1.5 to 2.0.

Sandeep P. Nalavade et al. [3]: This research work gives
results of experimental and numerical investigation of
friction factor and forced convective heat transfer
characteristics for air flow in a heated pipe using novel flow
divider type turbulators. The turbulator consist of
aluminium divider plates mounted on a central rod having
twist angle of 90 degrees. Experiment is carried out for
turbulent flow regime for Reynolds number range 7000 to

21000. In this research work two things are studied i) Effect

of pitch to diameter ratio of turbulators on heat transfer,
friction factor and overall thermal performance ii) Effect of
and of twist of turbulators on heat transfer, friction factor
and overall performance factor. In this experiment pitch to
diameter ratio parameters (p/d=0.54, 0.72 and 1.09) are
investigated with angle of twist 90 degrees. The
experimental investigation is checked to study the impact of
pitch to diameter ratio on convective heat transfer and
pressure loss in fluid flow behaviour. CFD simulation is
carried out to find the effect of change in angle of twist of
turbulators. In this experiment constant heat flux is given to
the test section (GI pipe). Data such as temperature of tube
wall, air inlet, air outlet and the differential pressure drop
across the test section and pressure head at orifice meter are
recorded. The above data are used to calculate Nusselt
number, friction factor and thermal performance factor for

different Reynolds number.

M.M.Herlekar et al.[4]: This experimental study is based on
passive technique of heat transfer enhancement using non
metallic flow divider type insert along with air as a working
fluid. For validation of the experimental setup , first
experiment is carried out on a plain tube to obtained Nusselt
number and friction factor. The obtained values from
experiment are compared with values obtained from
empirical correlation(Dittus - Boelter). It is observed that
the values from experimental investigation are in good
agreement with the values obtained from empirical
correlation. In the second part, experimental investigation is
carried out by using newly developed flow divider type
metallic (aluminium) and non metallic (acrylic) of same
geometry for different flow rates and heat input. After
performing above experiments obtained values of Nusselt
number and friction factor are compared with values
obtained for plain tube to understand how much heat
transfer rate is enhanced. In this experiment constant heat
flux is given to test section and mass flow rate of air is
varied. Reynolds number is varied from 7000 to 16000 i.e.

experiment is carried out for turbulent flow regime. All the
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properties of air are calculated at mean bulk temperature of

the air.

S. Naga Sarada et al.[5]: This research study shows the
results obtained from experimental investigations of heat
transfer augmentation in turbulent flow flowing through a
pipe. Effect of varying width of twisted tape on heat transfer
enhancement is studied using air as working fluid. It is
observed that there is excessive pressure drop for full width
twisted tape, here twisted tape having width small than
inner diameter are used. Twisted tape having width in range
10mm to 22mm are used for experimental investigation.
Twisted tapes of twist ratios 3,4 and 5 and of 5 different
widths i.e. 26mm full width, 22mm,18mm,14mm and 10mm
are used. Firstly, experiment is carried out on plain
horizontal tube by applying constant heat flux and varying
the flow rate of air to obtained values of Nusselt number and
friction factor. These values are compared with values
obtained from empirical correlation(Dittus-Boelter) for
validation of setup. After validating the experimental setup
same experiment is carried out in horizontal tube using
straight inserts and insert of different width (26mm full
width,22mm,18mm,14mm and 10mm) . Each insert is
inserted axially into the test section. The insert in the pipe
produce resistance to flow and increases turbulence.In this

experiment Reynolds number is varied from 6000 to 13500

H.V. Chavan et al.[6]: This paper is based on passive
techniques of heat transfer augmentation using twisted tape
inserts of various twist ratios(3.78,3.89,4.22) using air as
working fluid. Experiment is carried out to find values of
Nusselt number and friction factor for twisted tape having
different twist ratios. Due to introduction of insert large
turbulence is generated in the flow which generates large
mixing of the fluid that enhances heat transfer. The length
and width of insert is 1000mm and 45mm respectively. In
this experiment constant heat is supplied to test section.

Experimental investigation is carried out on plain tube to

calculate Nusselt number and friction factor for different
flow rate of air also Reynolds number is varied from 5000 to
25000. The obtained values are compared with values
obtained from empirical correlation for validation of
experimental setup. After validating experimental setup, the
twisted tapes of different twist ratios (3.78,3.89 and 4.22)
are inserted and Nusslet number and friction factor are
calculated for different mass flow rate of air by varying the
Reynolds number. It is observed that the heat transfer rate is
enhanced by using twisted tape insert. Heat transfer
enhancement may ouccr due to two reason a) Tape reduces
hydraulic diameter which causes and increased heat transfer
coefficient b) Twist tape causes tangential velocity
component. Hence, speed of flow is increased , particularly
near the wall. Heat transfer enhancement may be due to
increased shear stress at wall.

3. OBSERVATIONS AND RESULTS FOR VARIOUS
INSERTS IN HEAT TRANSFER AUGMENTATION

Author Type Geometric Observatio | Comment
name of view of n
flow insert
S.G. Turbu Nu Heat transfer
Mushan | lent increased rate is
etal. [1] and f enhanced
decreased by12%
with
increase in
Re. Nu is
increased
by 12%
S.G. Turbu Nu Heat transfer
Mushan | lent increased rate is
etal. [1] and f enhanced by
decreased 87%
with
increase in
Re. Nu is
increased
by 87%
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D.R. Turbu Nu Heat transfer H.V. Turbu § Values of Heat transfer
Haseet | . increased | rateis Chavan |, . ! Nuand f enhancement
al. [2] and f enhanced by etal[6] \\ | 5 are rate is
| ] i
' decreased 70% < R < | observed highest for
with LX A highest for tapes Of_
| increase in L{ twist ratio | Small tw:t
. I ratio at the
Re. Nu is ]: A 3.78 same time
increased )
by 70% pumping cost
Qi,u is more
Sandee Turbu Values of Insert having
I;Ipl ; lent Nuand f small p/d 4. CONCLUSIONS
alava
eetal are highest and smal ; e Performance of non metallic acrylic twisted tape
3] : for angle of twist y p
p/d=054, | 8ive better insert is better than Bakelite differential annular
lue of N heat transfer .
value ol Nu . insert by 66%.
is highest augmentatio
for 300 n Insert e The turbulator with pitch to diameter ratio (p/d)
having small
angle of & 0.54 and 30°angle of twist (6) performs better.
twist p/dand
small angle of Hence, heat transfer rate is more for the turbulator
twist give having small twist ratio and small angle of twist.
better heat
transfer e Acrylic (non metallic) insert gives better
augmentatio enhancement results than aluminum (metallic)
n
insert by 51.36 %. This is because acrylic insert
M.M.He Turbu Values of Heat transfer provide more turbulence to the flow of the fluid.
lek i i
r te lar4 lent Nu is 2.11 times Acrylic has high heat capacity than aluminum.
etal.[4] increased more than
and f the plain e The rate of heat transfer is depend on width of the
decreased | tube insert used. As width of tape decreases values of
fmth . Nusselt number hence convective heat transfer
mcreasing
Re. Nu is coefficient decreases and friction factor also
increased decreases.
by 111%
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