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Abstract In general, a lot of work on heat exchanger is
successfully done; still a lot of work has to be donén
this proposed research work done to study the effects of
Reynolds number, fin pitch and tube pitches on the
overall Heat transfer and friction factor for wavy fin
tube heat exchangers with large tube diameterTo
compare the simulated case friction factor (f) and
Colburn factor (j) with the experimental data of
Bhuyian et al.2013.To compare ifine and staggered
configurations.

Index terms Heat Exchanger, fiction factor, Colburn
factor, Reynolds number

1.INTRODUCTION

The fin geometry has become as increasingly
important factor in the design of a plaadfin heat
exchanger. The high performance offset strip, wavy
and louver fins provide quite high heat transfer
coefficierts for gases and twphase applications. It
offers significant advantages like lower gas pressure
drop than circular tube designs and the ability to have
the fins normal to the gas flow over the full gas flow
depth over the traditional fiandround tube
geometry. Enhanced surface geometries are widely
used with liquids for cooling electronic equipment.
The typical extended surfaces used for the patd

fin heat exchangers are: plain fin, wavy fin, offset
strip fin, louvered fin, perforated fin, etc. Basen

the tube arrangement, these types of heat exchangers
can further be divided in two different groups such as
staggered and inclined arrangement. Fig. 1 shows
some typical finnedube heat exchanger designs
especially for plain and wavy structure.
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Fig. 1. Different fin and tube arrangement in plain
and wavy finnedube heat exchanger

2. METHODOLOGY

2.1 LAMINAR MODEL

Theflowi n t he | aminar range
described by the conservation laws for mass
(continuity), momentum (NavieBtokes), and by the
energy equation. The basic equations describing the
threedimensional flow are as follows:

The Continuity Equation:
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The Momentum Equation:
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The Energy Equation:
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2.2 TURBULENCE MODELS

This section briefly describes basic concepts and
classification of different turbulence models. The
three turbulence models tested in this study wete k
model, RNG kU model and
model. The fluid flow was governed by the equations
descibed in the following sections named after the
above three turbulence models for transitional range
flow (1300 O Re 02000).
Turbulence consists of small scale fluctuations in the
flow characteristics over time. It is a complex
process, mainly because it three dimensional,
unsteady and chaotic, and it can have a significant
effect on the characteristics of the flow. Turbulence
occurs when the inertia forces in the fluid become
significant compared to viscous forces, and is
characterized by a high Reynoldsmber.

In principle, the NaviefStokes equations describe
both laminar and turbulent flows without the need for
additional information. However, turbulent flows at
realistic Reynolds numbers span a large range of
turbulent length and time scales and vabgenerally
involve length scales much smaller than the smallest
finite volume mesh which can be practically used in a
numerical analysis. The Direct Numerical Simulation
(DNS) of these flows would require computing
power which is many orders of magnitutiggher
than available in the foreseeable future.

To enable the effects of turbulence to be predicted, a
large volume of CFD research has concentrated on
methods which make use of turbulence models.
Turbulence models have been specifically developed
to accaint for the effects of turbulence without
recourse to a prohibitively fine mesh and Direct
Numerical Simulation.

2.3 THE CFD MODEL

Geometry considered for the present investigation is
plain finin-lined and staggered configuration shown
in the Fig. 4.1. The-direction isperpendicular tdhe
paper. Assuming symmetry condition on the
midplane between the two fins, the bottom and the
top boundaries simulat¢he fin and the mighlane
respectively. Fig. 4.2 showthe nomenclatureised
for longitudinal tube pitchl(), transversdube pitch
(Lt), fin pitch (Fp), fin thickness (Ft), and tube
diameter (D).
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The detailed geometry (A.A Bhuiyan et al 2013) of
the numerically examined heagxchanger was
defined by the following dimensions:

Tube diameter (D) 9.525 mm

B-a s e | iLongitudgaBtghe pitch (l) 19.05 mm

Transverse tube pitch (Lt) 25.4 mm
Fin Pitch (Fp) 3.53 mm
The number of tube row (N) 4

A=
\f\‘\ A

.

Inline wavyfin configuratior{a)

k

Staggered wawfin configuratior{b)
Fig.2: Geometry considered for the present
investigation

2.4 NOMENCLATURE

Figure 3 shows the nomenclature used for the wavy

fin staggered configurations used in the present
study. Figure 3 (a) explains the nomenclature (the
tubes are in staggered order) Note that even though
different fin configurations are used in thefgures

the nomenclature is the same for all two models used
in the present study, i.e. wavy fin staggered and

wavy-fin in-line configurations.
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Fig. 3: Nomenclature used with respect to inline

wavy-fin and wavyfin staggered configuration

Figue 3(a) shows the nomenclature used for
longitudinal tube pitch (LI) and transverse tube pitch
(Lt). In the present study three different combinations
of longitudinal tube pitches (LI) and transverse tube
pitches (Lt) are investigated for their effects the
heat transfer and pressure drop for the plain and wavy
fin configurations. The fin thickness (Ft) and the tube
diameter (D) are kept constant in all the simulations.

3. RESULT DISCUSSION
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Fig. 4: Effect of varying longitudinal tube pitch on air
outlet temperature variation for Wavy fin-lime

Configuration
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Fig. 5: Effect of varying longitudinal tube pitch on
pressure drop variation for Wavy fin -lime
Configuration
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Fig. 6: Effect of varying longitudinal tube pitch on
heat transfer a@efficient variation for Wavy fin In
line Configuration
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Fig. 7: Effect of varying longitudinal tube pitch on
Nusselt number variation for Wavy fin -lme

Configuration
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Fig. 8: Effect of varying longitudinal tube pitch on
friction factor variation for Wavy fin Idine
Configuration
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Fig. 9: Effect of varying longitudinal tube pitch on

Colburn factor variation for Wavy fin Hine
Configuration
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Fig. 10: Effect of varying transverse tube pitch on air

outlet temperature variation for Wavy fin -lime

Configuration
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Fig. 11: Effect of varying transverse tube pitch on

pressure drop variation for Wavy fin -lime
Configuration
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Fig. 12: Effect of varying transverse tube pitch on
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heat transfer coefficient variation for ady fin In-
line Configuration
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Fig. 13: Effect of varying transverse tube pitch on

Nusselt number variation for 8wy fin Inline

Configuration
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Fig. 14: Effect of varying transverse tube pitch on

friction factor variation for Wavy fin Idine
Configuration
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Fig. 15: Effect of varying transversebei pitch on
Colburn factor variation for Wavy fin Hine
Configuration
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Fig. 16: Effect of varying fin pitch on air outlet
temperature variation for Wavy fin dime
Configuration
45
40
35
5“_" 30
2 25
s % —4=Fp=1.53 mm
E -m-Fp=253 mm
g B Fp=3.53 mm
10 +

200 400 600 800

Reynolds number

1000 1200

Fig. 17: Effect of varying fin pitch on pressure d
variation for Wavy fin Inline Configuration
60

th
=)

=
=3

~4—=Fp=1.53 mm
—#-Fp=2.53 mm

[
=3

Fp=3.53 mm

Heat transfer coefficient, w/m*-k
= 3

=}

200 400 600 800

Reynolds number

1000 1200

r

op

Fig. 18: Effect of varying fin pitch on heat transfer

coefficient variation for Wavy fin Idine
Configuration
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Fig. 19: Effect of varying fin pitch on Nusselt
number variation for Wavy fin Hine Configuration
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Fig. 20: Effect of varying fin pitch on friction factor
variation for Wavy fin Inline Configuration
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Fig. 21: Effect of varying fin pitch on Colburn factor
variation for Wavy fin Inline Configuration
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Fig. 22: Air outlet temperature variation for wavy fin

staggered configuration
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Fig. 23: Effect of varying longitudinal tube pitch on
air outlet temperature variation for wavy fin

staggered configuration
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Fig. 24: Effect of varying longitudinal tube pitch on
pressure drop variation for wavy fin staggered

configuration
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Fig. 25: Effect of varying longitudinal tube pitch on
heat transfer coefficient variatiofior wavy fin

staggered configuration
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Fig. 26: Effect of varying longitudinal tube pitch on
Nusselt number variation for wavy fin staggered

configuration
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Fig. 27: Effect of varying longitudinal tube pitch on

IJIRT 149011

configuration
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Fig. 28: Effect of varying longitudinal tube pitch on
Colburn factor variation for wavy fin sgered
configuration

Fig. 29: Effect of varying longitudinal tube pitch on
air outlet temperature for wavy fin staggered
configuration

Fig. 30: Effect of varying longitudinal tube pitch on
pressure drop for wavy fin staggered configuration
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