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Abstract - Baffies are the significant structural component,
which is extensively been used in various industrial as well as
energy conversion application for instance solar air heater,
solar collector, heat exchanger (shell and tube), nuclear
reactor, catalytic convertor, etc. In most of application the
flow is turbulent, particularly in heat and mass transfer
application, baffles plays a important role in enhancing mixing
and heat transfer characteristics. Moreover, in case of laminar
flow baffles helps in generation of turbulence in flow. Various
researches have been carried out experimentally,
computationally and numerically to examined the thermo as
well as hydrodynamic characteristics which has been stated in
this article.
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1.INTRODUCTION

Baffles are obstructing or flow-directing panel or vanes
employed in some industrial process pipes, ducts and
vessels (tanks), such as tube and shell heat exchangers,
static mixers and chemical reactors. Baffles are an
essential part of the shell and tube heat exchanger
design. Baffles are designed to support tube bundles
and direct the flow of fluids in order to maximize the
thermal efficiency.

Heat transfer technology has its significant relevance in
various fields ranging from the functioning of refrigeration
systems to nuclear reactors and everything in between [1].
Some of the other field where heat transfer must be
regulated include fuel cells, heat engines, gas turbines, heat
pumps, electronic packaging systems and food processing
[2-5]. Conduction, Convection and Radiation are three basic
modes of heat transfer. Conduction is practically involved in
all operations in which heat interaction taking place.

Transfer of heat through conduction take place through a
solid surface that separates fluids having singular
temperatures [6]. For transmitting heat by the process of
conduction, baffles are the most common equipment used
pipes, channels and ducts in process industries.

1.2. Mathematical Modelling

For the fluid flow through pipe, duct and channel the
conventional governing equations are the Navier-Stokes
equations can be written in the most useful form for the
development of the finite volume method:
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Governing equations of the flow of a compressible
Newtonian fluid
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Using various correlation FEV results are been compared
analytically
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Where,

fis the friction factor for fully developed laminar flow
L: length of the pipe

V: mean velocity of the flow

d: diameter of the pipe

fis the friction factor for fully developed laminar flow:

f = 84 (For Re<2000) g _ Pland
Re P

Cr is the skin friction coefficient or Fanning’s friction
factor.

For Hagen-Poiseuille flow: ¢ _ |lpu2 _16
f wall 2 avg Re

' &
flow: 1 174 2010, { P

£, 187
I R RedT

For turbulent

Moody’s Chart
R: radius of the pipe
€p: degree of roughness (for smooth pipe, €p-0)

Re — o: Completely rough pipe.

2. LITERATURE REVIEW

Rafal etal. 2017 examined a thermodynamic performance of
mixed convection heat transfer in the shell and coil tube heat
exchanger with baffles. The influence of baffles configuration
has been examined. The effect of water mass flow and heat
flux on the heat transfer coefficient has been examined and
experimentally developed a correlation for the same.

Fig -1Baffle Configuration [1]

Wang et al. 2017 use multi-objective genetic algorithm in
order to optimize the configuration of shell-and-tube heat
exchangers with helical baffles. The used algorithm is based
on fluid-structure interaction.

The result reveals that the heat transfer coefficient per unit
pressure drop of shell-and-tube heat exchangers with helical
baffles increases firstly and then decreases with the increase
of helical angle, and decreases with the increase of
overlapped degree under certain shell-inlet velocity.

Fig -2 Tube bundle of shell-and-tube heat exchangers with
helical baffles. [2]

Kabeel et al. 2017 applied indirect evaporative cooling
system with internal baffles as a pre-cooling unit to improve
the performance of hybrid air conditioning system. the
results shows that on reducing supply air temperature by
21%, 71% improvement in coefficient of performance has
been seen. They also recommended the optimal air working
ratio in the indirect evaporative cooler with internal baffle
should be 0.15.
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(a) Indirect evaporative cooler with internal () Indirect evaporative cooler with internal
baffles, is employed to pre- cool the outdoor  paffes, is employed to pre- cool the
air before entering the desiccant wheel supply air before entering the room

Fig -3 Schematic of the hybrid air conditioner with two
indirect evaporative coolers with internal baffles [3]

Bachmann et al. 2017 experimentally investigates and
developed a correlation of the Bondenstein number in
horizontal fluidized beds through baffles. In their work two
configuration of baffles i.e. over and under flow are
considered. The developed correlation has been validated
with the experimental work of literature data.
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12 Xue et al. 2017 experimentally examined the influence of
vertical baffles o f different configurations in suppressing
10 sloshing pressure. On changing the frequency of vertical
1 i baffles the suppressing sloshing pressure was studied. The
— 8 .. dynamic impact pressure on tank wall and vertical baffle
z - were measured simultaneously and the found that the
P 6 IC : maximum dynamic pressure response to frequencies for
C% 4 » 7 tank is different with different vertical baffles.
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Fig -4 The experimental Bodenstein number versus the
correlated Bo for underflow configuration [4]
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A U A |
‘::::S: gas inlet Wen et al. 2017 examined the flow patterns of shell-side
flow field in heat exchanger with helical baffle are
investigated by particle image velocimetry. According to
field synergy principle a series of velocity vector graphs is
analyzed and found that the shell-side flow field of heat
exchangers has a periodic behavior and conclude that the
performance of heat exchanger can be improved by using
improved fold baffles.

Fig -5 Sketch of a common horizontal fluidized bed. The
green lines represent the internal vertical baffles

Anas et al. 2017 used annulus with continuous helical
baffles in a double-pipe heat exchanger to enhance the the
thermal performance. Using CFD the pressure drop and
heat transfer characteristics has been studied and the
performance of heat exchanger has been compared in both
turbulent and laminar flow regimes.

(a) (a) plain baffles (b) fold baffles
Fig -6 (a) Double pipe heat exchangers with helically Fig -8 Configuration of different baffles [7]

baffled annulus side. (b) Flow pattern.[5]
Dong et al. 2017 studied the mechanisms of resistance

characteristic and thermal performance of trisection helical
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baffles heat exchangers with diverse inclination angles and
baffle structures. The effect of different inclination angles,
baffle shapes and connection patterns are examined. They
conclude that the sector baffle is better than ellipse baffle
and axial overlap is not a good structure and the
performances of helical baffle heat exchangers are higher
than segmental one.

Fig -9 Calculation model of circumferential overlap
trisection helical baffle heat exchanger: (a) common shell,
and (b) tube bundle core for 20°S scheme, (c) 10°S
scheme, (d) 15°S scheme, (e) 15°E scheme, (f) 20°S
scheme, (g) 20°D scheme, (h) SEG scheme. [8]

Cho et al. 2016 analyzed the effect of dual vertical porous
baffles on sloshing reduction in a swaying rectangular tank
analytically. To validate the analytical solution a series of
experiments were conducted in the 2D rectangular tank
with dual vertical porous baffles. The effects of the
porosity and the position/submergence depth of baffles on
sloshing motions were systematically investigated and the
prediction tool will be used to find the optimal design of
baffles through an extensive parametric study.

Fig -10 Velocity vector snapshot for the case of Fig. 7 at
0.47 s by MPS method.[9]

Yang et al. 2016 experimentally examined the performance
of combined multiple shell-pass shell-and-tube heat
exchanger with continuous helical baffles. On comparing
performance it has been found that CSTSP-STHX has better
performance than that of SG-STHX and concludes that with
proper design annulus separator can obviously reduce
leakage.

Fig -11 Central sleeve tube of a continuous helical baffled

STHX [10]
3. CONCLUSIONS
. Implementing Baffles the rate of heat transfer can be
increased.

e The turbulence intensity of baffle equipped channel
or duct increases as Reynolds number increases.

. Increasing baffles height the heat transfer
significantly increases.

. Increasing baffle space, pressure gradient decreases
remarkably.

¢ Increasing the baffle space at the same mass flow
rate reduces heat transfer coefficient, while increasing the
baffle spacing at the same pressure drop increases heat
transfer coefficient.

e  helical baffles are more advantageous than
segmental baffles.

¢ Higher pressure drop enhances the heat transfer rate
but it leads to an increase in the power consumption.

. Heat transfer and pressure drop increase by
increasing nanoparticle concentration and baffle overlapping,
and decreasing helix angle.
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