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ABSTRACT - The need to increase the thermal performance of heat
exchangers, thereby affecting energy, material & cost savings have
led to development & use of many techniques termed as Heat
transfer Augmentation. Augmentation techniques in
convective heat transfer by reducing the thermal resistance j
exchanger. Twisted tapes-a type of passive he,
augmentation techniques have shown significantly ge
past studies. Different designs of twisted tapes used are
width twisted tapes (RWTT), Baffled reduced width twisted
(BRWTT1) & Baffled reduced width twisted tape with &
(BRWTT2). The proposed work is aimed at finding the heat transte
performance in a circular pipe by em

equipment,

etc. Passige techniques,
e to augment the heat
ith active techniques,
is simple and these
Sting heat exchanger. In
passive techniques of heat
ortant role if a proper passive
according to the heat exchanger
working condition (both flowfand heat transfer conditions). In the
past decade, several studies off the passive techniques of heat transfer
augmentation have been reported. The present paper is a review on
progress with the passive augmentation techniques in the recent past
and will be useful to designers implementing passive augmentation
techniques in heat exchange. Twisted tapes, wire coils, ribs, fins,
dimples, etc., are the most commonly used passive heat transfer
augmentation tools.

transfer augmentation can
insert configuration can be s

Key Words: Heat exchanger, twisted corrugated tape, twist
ratio, turbulence..

used in various industrial
g applications such as air
systems, heat recovery

mpact and achieve a high heat transfer
pumping power. Techniques for heat
transfer augmentation are relevant to several engineering
applications. In recent years, the high cost of energy and

anger in specific applications, such as space application,
rough an augmentation of heat transfer. For example, a heat
exchanger for an ocean thermal energy conversion (OTEC)
plant requires a heat transfer surface area of the order of
10000 m*MW. Therefore, an increase in the efficiency of the
heat exchanger through an augmentation technique may result
in a considerable saving in the material cost. 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 thereby breaking the viscous and
thermal boundary layer. However, in the process pumping
power may increase significant lyand ultimately the pumping
cost become high. Therefore, to achieve a desired heat transfer
rate in an existing heat exchanger at an economic pumping
power, several techniques have been proposed in recent years
and are discussed under the classification section.
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Types of artificial roughness, corrugated or corrugated

channels:
The roughness elements are classified as follows:

a) According to arrangement of ribs: Depending on
whether one complete rib or ribs in pieces are placed on
absorber plate, the ribs can be full (continuous) or broken
(discrete).

b) According to orientation of ribs: transverse, inclined and
V- shaped.

¢) According to shape of cross section of ribs: square,
rectangular, circular, semi-Circular, trapezoidal, triangular.

d) According to material of ribs: Aluminum, copper, brass
etc.

e) According to geometry: Sand grains, ribs, dimples,
expanded metal wire mesh, Compound rib groove
arrangement Corrugated or corrugated channels.

f) According to method of attachment of ribs: Gluing,
casting, machining of roughness elements on heat transfer
surface.

Research Opportunities:

The aim of insert is to enhance heat transfer rate
the size and cost of heat exchanger but not with<he 1t
pumping power. By referring the above literature

searchers by
varying

nhances the internal
sequently results in
gated twisted tape
re the secondary fluid
ous change in direction of
the tangential vector to th ing curve surface of the duct,
which results in the local ction of the bulk flow velocity
vector. Therefore a corrugated twisted tape insert may prove
to be beneficial by improving the heat transfer rate and by
reducing the pressure drop.

Experimental work done on various inserts:

Computational Fluid Dynamics or CFD is the analysis of
systems involving fluid flow, heat transfer and associated
phenomena such as chemical reactions by means of computer-
based simulation. The technique is very powerful and spans a
wide range of industrial and non-industrial application areas.

CFD Code Procedure : CFD codes are structured around the
numerical algorithms that can tackle fluid flow problems. In
order to provide easy access to their solving power all
commercial CFD packages include sophisticated user
interfaces to input problem parameters and to examine the
results. Hence all codes contain three main elements:

e  Pre-processor,

e  Solver and

e Post-processor.
We briefly examine the fu
within the context of a CE

each of these elements

Pre-Processor

input into a form
ivities at the pre-

e Definitioh of fluid properties.
e  Specification of appropriate boundary conditions at
cells which coincide with or touch the domain
boundary.
Solution to a flow problem (velocity, pressure,
werature etc.) is defined at nodes inside each cell. The
dccuracy of a CFD solution is governed by the number of cells
in the grid. In general, the larger the number of cells the better
the solution accuracy. Both the accuracy of a solution and its
cost in terms of necessary computer hardware and calculation
time are dependent on the fineness of the grid. Optimal
meshes are often non-uniform: finer in areas where large
variations occur from point to point and coarser in regions
with relatively little change. Efforts are under way to develop
CFD codes with a self adaptive meshing capability.
Ultimately such programs will automatically refine the grid in
areas of rapid variations. A substantial amount of basic
development work still needs to be done before these
techniques are robust enough to be incorporated into
commercial CFD codes. At present it is still up to the skills of
the CFD user to design a grid that is a suitable compromise
between desired accuracy and solution cost.

Numerical Simulation by the Solver: There are three
distinct streams of numerical solution techniques: finite

difference, finite element and spectral methods. In outline the
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numerical methods that form the basis of the solver perform

the following steps:

e Approximation of the unknown flow variables by
means of simple functions.

e Discretisation by substitution of the approximations
into the governing flow equations and subsequent
mathematical manipulations.

e  Solution of the algebraic equations.

The main differences between the three separate streams are
associated with the way in which the flow variables are

approximated and with the discretisation processes.

Finite difference methods: Finite difference methods
describe the unknown A of the flow problem by means of
point samples at the node points of a grid of co-ordinate lines.
Truncated Taylor series expansions are often used to generate

finite difference approximations of derivatives of A in te

hting functions and

integrating. As a resu btain a set of algebraic equations

for the unknown coefficie the approximating functions.
The theory of finite elemests has been developed initially for

structural stress analysis.

Spectral Methods: Spectral methods approximate the
unknowns by means of truncated Fourier series or series of
Chebyshev polynomials. Unlike the finite difference or finite

element approach the approximations are not local but valid

throughout the entire computational domain. Again we
replace the unknowns in the governing equation by the
truncated series. The constraint that leads to the algebraic
equations for the coefficients of the Fourier or Chebyshev
series is provided by a weighted residuals concept similar to

the finite element method or by making the approximate

function coincide with the exacgsolution at a number of grid

points.

The finite volume

the integfated equation representing flow processes
such as convection, diffusion and sources. This
onverts the integral equations into a system of
algebraic equations.

Solution of the algebraic equations by an iterative
method.

Post-Processing :
As in pre-processing a huge amount of development work

has recently taken place in the post-processing field. Owing to
the increased popularity of engineering workstations, many of
which have outstanding graphics capabilities, the leading CFD
packages are now equipped with versatile data visualization

tools. These include:

e Domain geometry and grid display.

e Vector plots.

e Line and shaded contour plots.

e 2D and 3D surface plots.

e  Particle tracking.

e View manipulation (translation, rotation, scaling

etc.).
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e  Colour postscript output.

More recently these facilities may also include animation for
dynamic result display and in addition to graphics all codes
produce trusty alphanumeric output and have data export
facilities for further manipulation external to the code. As in
many other branches of CAE the graphics output capabilities
of CFD codes have revolutionized the communication of ideas
to the non-specialist.

II. METHODOLOGY
1. Present experimental work:

The experimental study on passive heat transfer augmentation
using corrugated twisted tape inserts for varying twist ratio
and wave-width with aluminum and copper as a material was
carried on in a single phase flow heat exchanger having the
specifications as listed below:-

or =0,to 300 °C. (12 points)

sure tapings at start and end
mm of water column

umel thermocouple(K-type- -

Temperature
U-tube manome’
of the test pipe. O-
9  Calibratedchrom

270°C to 1350 °C)
10 Voltmeter = 0-200 V; ammeter 0-2 amp.

11 Nichrome wire (resistivity=1.5 x 10°Qm) heater
wound around test pipe.

Experimental Set up :

The apparatus consist of a blower unit fitted with the
test pipe. The test section is surrounded by nichrome heater.
Six thermocouples are embedded on test section and two
thermocouples are placed in the air stream at the entrance and
exit of test section to measure air temperatures. Test pipe is
connected to the delivery side of the blower along with the
orifice to measure flow of air through the pipe. Input to the
heater is given through power unit and is measured by meters.
It is also noted that only a the total heat supplied is
utilized in heating the air emperature indicator with clod
junction compensation igfprovided to measure the temperature
ion. Air flow is measured with

Varaic
Valtmeler =

______________________ , ..

Thermocougle } i

; Thermacouple

fest e ‘ K
-

Flow
confrol
"i'“\ Pressure lap,
. | Pressure
: Ilrressura pf
|
|

g

Inclined
U-Tube Display Unit Manometer
Manometer

Bloswer
& Motor

Figure 2 : Schematic diagram of forced convection set
up

T; measures inlet air temp & is indicated by Digital
Voltmeter (DV) on the front panel. The thermocouple no 8 is
used for measuring outlet air temperature. The thermocouples
T, to T; are used to measure surface temperature of test
section. The power control unit uses an isolating transformer
for stepping down mains voltage to 130 volts AC & get
controlled DC output in the range 0-150 volts using
unijunction transistor(UJT), pulse transformer &Silicon
Controlled Rectifier (SCR) circuit & capacitive filter. The
heater power is necessarily DC. The voltage signals (V) for
measurement is obtained by means of a potential divider &
current signal (I) is obtained by measuring the voltage drop
across a small resistance. This current is measured by means
of an ammeter on the front panel & for voltage measurement
test points are provided below the ammeter. The output can be
controlled by means of potentiometer. The ground is
internally connected.
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Experimental work carried out on inserts: Specifications of inserts :
The literature that has been discussed above deals i Width of tape = 24mm.

with active as well as passive techniques used for heat transfer i. Twist ratios, TR=8.33, 8.83,9.375,9.79 & 10.42.
augmentation, but maximum researchers have used passive iii. Length of insert, L = 700 mm
technique as it doesn’t require any external agency for heat iv. Wave-width, WW = 13,16 & 24 mm
enhancement, hence it is advantageous over the active V. Thickness of inserts, t = Imm
techniques thus giving ample of room for experimental
studies.

. The researchers haye us.ed thSFe‘? tape with varying Table 3.1: Detailed specificatiOns of corrugated twisted
pitches where they are getting higher friction factor of about
30% to 50 % hence an attempt have to be made to reduce this inserts
friction factor. This attempt can be done by changing the Twist
shape of insert and also by using various materials. The inserts SN [Pitch [ Width Description | oo
u.sed for the experlment are corrugated .tw1sted tape with T | 225 % Aluminum | Same pitch
different wave-widths and pitches as there is no work done on 2 | 225 24 16 | Aluminum varying | 9.375
such type of insert. 3 [225 | 24 | 24 [ Aluminum | wavelength

The work includes the following:
1. Determination of friction factor and Nusselt number
for smooth tube and for various corrugated twisted

tape inserts with varying pitches and wave-widths.

2. The results of Nusselt number, friction factor,
Performance evaluation criteria for all the aluminum
corrugated twisted tape inserts are plotted on the
graph and compared with the values for the sm
tube.

3. Similarly all the above parameters copper
corrugated twisted tape inserts are pio
graph and compared with the values for the

tube. ) machine using drilled holes.
4. To observe the effect of vary ’ 6. Rotate the headstock (chuck) end & at the same time

: ) move tailstock by required amount towards the
and aluminum inserts. he

. Two materials are chg

exchanger equipp
inserts.

el

Figure 5(b) : Aluminium corrugated insertTR-9.375, WW-16
mm

Figure 3: Terminologies of corrugated twisted tape

Figure 6 (c): Aluminum corrugated insert TR-9.375, WW-24
mm
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Observation Table :

Table 1: Observation table of without insert

SN Parameters | Value
T, 32.7
T, 42.6
T; 48.9
Temperatures T, 52.6
°C Ts 56.8
T 57.6
T, 54.3
Ts 40.3
Difference | ™ | 4
Inclined
Manometer hy 3.25
Reading

As per the observation table shown in methodology
experimentation was carried out and temperature and
manometer difference values obtained are put in the table
4.2.1. This manometer difference indicates change i
flow rate operated by the valve next to the test secg
increase in manometric head indicates increase ip
rate and this causes increase in Reynolds¢nu
Reynolds number increases the friction factor has to red

Table 2 : showing mass flow rate, ion factor and

Nusselt number of wi

ses then
.2 then at

ion factor drops as

heat transfer enhan
number.

Sample observation and result table of copper insert with
TR-8.83, WW-16 mm

Table 3 : Observation table of copper insert

Sr No. Parameters Value

T, 31.9
40.8
45.8
48.1
50.7
50.9
49.

Temperatures °

mm

(;:/S) F Nu
9466.089 | 0.003737 | 0.067640951 | 51.11746
8231.131 | 0.003249 | 0.07156849 | 46.0319
7242.43 | 0.002859 | 0.075109639 | 42.80081
5913.419 | 0.002334 | 0.095331465 | 38.72239
4181.419 | 0.001651 | 0.155996943 | 30.95081

An sample observation table is shown above for the
insert of copper with TR-8.83 & WW-16 mm and it is
observed that the Reynolds number increases with the
decrease in friction, so at lower Reynolds number the friction
factor is high however as the Reynolds number increases the
friction factor drops as compared to the initial value. The
Nusselt number increases with the increase in Reynolds
number which indicates that heat transfer enhancement takes
place at higher Reynolds number. There is another parameter
PEC which is defined above and it is observed that the
performance evaluation criteria decrease with the increase in
Reynolds number hence there is increase in heat enhancement.
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Computational Mesh & Numerical Approach for Analysis of
Heat Pipe :-

The geometry is created in a commercial CAD tool and
meshing is done in ANSYS ICEM CFD. ANSYS ICEM CFD
provides advanced geometry acquisition, mesh generation,
mesh optimization, and post-processing tools to meet the
requirement for integrated mesh generation and post
processing tools for today’s sophisticated analyses.
Maintaining a close relationship with the geometry during
mesh generation and post-processing, ANSYS ICEM CFD is
used especially in engineering applications such as
computational fluid dynamics and structural analysis. ANSYS
ICEM CFD’s mesh generation tools offer the capability to
parametrically create meshes from geometry in numerous

formats:

e  Multiblock structured

e  Unstructured hexahedral

e Unstructured tetrahedral

e  Cartesian with H-grid refinement

e Hybrid meshes comprising hexahedral, tetra
pyramidal and/or prismatic elemen

e  Quadrilateral and triangular s

etry database offers
rmation in various
unstructured meshes, to er-domain connectivity and
boundary conditions are thép’stored in a database where they
can easily be translated to input files formatted for a particular
solver. In the present study unstructured tetrahedral mesh is
used for the whole geometry with prismatic elements along

the wall of the pipe so as to capture the boundary layer

correctly. The Fig. shows the complete meshed domain of the

Heat Pipe. The entire domain consists of majorly two different

parts i.e. Heat pipe and twisted tape.
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Fig.: effect of Velocity contour on twisted tape
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Fig : velocity streamline
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Tna /,7‘@583‘4?8 [2] M.M.K. Bhuiya, M.S.U. Chowdhury, J.U. Ahamed,

1e+02 1310 M.J.H. Khan , M.A.R. Sarkar, M.A. Kalam , H.H.

continuity ot Masjuki , M. Shahabuddin, “Heat transfer performance

for turbulent flow through a tube using double helical

—x-velocity 16400 tape inserts”, International Communications in Heat
ool and Mass Transfer, Vol.39,2012,Page 818-825.

= Yveloclty [3] Halit Bas, Veysel Ozceyhan, “Heat transfer enhancement

, LA in a tube with twisted tape inserts placed separately

Rl 1603 from the tube wall”, Experimental Thermal and Fluid

Sty ot Science Vol.41 (2012) Page51-58.

[4] Smith Eiamsa-ard, Chij Thianpong and Pongjet

- 1805 Promvonge, nvestigations of Heat

16-06 Transfer and Pr Drop Characteristics of Flow

epsilon through Circ Fitted with Regularly-spaced

1e-07 .
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Comparison Tape and
., Proceeding of the
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2011,Page 50-

Scaled Residuals Sep 02, 2015
ANSYS FLUENT 13.0 (3d, dp, pbns, rke)

Fig : Residuals plot
. Eiamsa-ard , C.
enhancement in a tube using
inserts”, Applied Thermal

III. CONCLUSION

The heat transfer enhancement, thermal performance
friction factor characteristics of corrugated twis
inserted tube will be investigated experimen

ayilsamy , S. Suresh , P.S.S.
transfer and pressure drop

experiments will be performed for the tubg characteristi circular tube fitted with and without
corrugated twisted tapes with different pitches and a V-cut  twi tape  insert” ,  International
different wave numbers . Based on the experimental re Communicafions in Heat and Mass Transfer,Vol. 38
following will be parameters which could be summarized 3 (2011) Page329-334

Smith Fiamsa-ard, Pongjet Promvonge, “Performance
sessment in a heat exchanger tube with alternate
ockwise and counter-clockwise twisted-tape inserts”,

the tube with corrugated twj : International Journal of Heat and Mass Transfer,
those of the plain tube v . Vol. 53 (2010) Page1364-1372.
P. Murugesan, K. Mayilsamy, S. Suresh, P.S.S.
2) The highest hea i Srinivasan, “Heat transfer and pressure drop
by which it is higher th . characteristics of turbulent flow in a tube fitted with
trapezoidal-cut twisted tape insert”, International
3) The fri i it S Jjournal of academic research,Vol. 1. September 2009

Page 123-128.

5) The empirical co will be developed in the
proposed study which wi dict the Nusselt number and
friction factor. The maXimum deviations between the
predicted results and experimental results for Nusselt number

and friction factor will be checked.
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