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Abstract: This study explores the pressure, velocity and fluid flow features within a channel when a rectangular
baffle is present, focusing on laminar flow conditions. Computational Fluid Dynamics (CFD) code Fluent is
employed to analyze flow characteristics. The comparison includes total pressure and velocity drop, with the
analysis conducted under 2D, single-phase, and steady-state conditions. An observation is made on a
rectangular-shaped baffle channels. In general a rectangular-shaped baffle channels found to generates a re-
circulation zone at its tips, leading to the entrainment of fluid particles in contact with the baffles. Also, the pitch
length in a channel with baffles has a significant impact on pressure and velocity profiles. Increasing the pitch
length from 60 cm to 70 cm tends to reduce flow resistance and pressure drop, leading to a more uniform
pressure distribution along the channel. A detailed study has been conducted, and the results may be beneficial
for CFD engineering in the design of thermo-structural members.
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1. Introduction

One of the most efficient approaches for augmenting heat transfer rates in a smooth channel involves
incorporating baffles along the channel walls in either in-line or staggered arrays. Baffles play a crucial role in
disrupting hydrodynamic and thermal boundary layers, creating recirculation zones or vortices downstream [1].
The reattachment of flow post-baffle induces a sweeping motion along the channel walls, leading to an
increased heat transfer rate. This method is widely employed in engineering applications like compact heat
exchangers, air-cooled solar collectors, and electronic packages, resulting in extensive literature on the subject.
While the baffle arrangement enhances heat transfer, it also raises the pressure drop in the channel flow due to
reduced flow area effects [2]. Consequently, the design of channel heat exchangers involves critical parameters
such as baffle spacing and height. Closer spacing or greater baffle height yields a higher heat transfer rate but
compromises stream distribution and increases pressure drop. Conversely, greater baffle spacing or smaller
baffle height reduces pressure drop but promotes more longitudinal flow, resulting in decreased heat transfer[3].
Balancing these factors to realize the advantages of baffle arrangements or geometry is challenging. Various
researchers have studied the impact of baffle spacing on heat transfer and pressure drop. However, there is
currently no precise criterion for determining optimal baffle shapes in existing literature. Many previous works
introduce the use of baffle height and pitch spacing at 0.5 and 2 times the channel height, respectively. The
initial exploration into numerically investigating flow and heat transfer attributes within a duct under
periodically fully developed flow conditions was undertaken [4]. In one of the research work the authors
proposed that laminar behavior occurs in channels with baffles at Reynolds numbers below 600, and under such
conditions, the flow is free from vortex shedding [5]. In another research work reported a numerical
investigation of fluid flow and heat transfer features in a smooth channel with staggered baffles, building upon
the periodically fully developed flow concept introduced [6]. Kellar et al.[7] conducted heat transfer
computations in channels with staggered baffles, observing an increase in heat transfer with higher baffle height
and reduced baffle spacing.
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Cheng and Huang [8] explored asymmetrical baffles, emphasizing a significant influence of baffle location,
especially with increased baffle height. They further presented laminar forced convection in the entrance region
of a horizontal channel with one or two pairs of baffles [9]. Habib et al. [10] reported turbulent flow and heat
transfer characteristics within a periodic cell formed by segmented baffles staggered in a rectangular duct,
noting an increase in pressure drop with baffle height. Amiri et al. [11] investigated laminar flow and heat
transfer in two-dimensional channels with packed bed porous media, employing a two-phase equation
model.Lopez et al. [12] explored into numerical investigations of laminar forced convection in a three-
dimensional channel with baffles, specifically focusing on periodically fully developed flow and uniform heat
flux in the top and bottom walls. Guo and Anand [13] studied three-dimensional heat transfers in a channel with
a single baffle in the entrance region. Investigations on both solid and porous baffles in two-dimensional
channels for turbulent and laminar flow regimes were conducted, yielding similar thermal performance results
for both cases [14]. In one of the experimental investigations it was examined that turbulent channel flow with
porous baffles, exhibit comparable flow behavior to solid baffles[15].Amit Garg [16] numerically explored heat
transfer behavior in the entrance region of a channel with staggered baffles, considering Reynolds numbers from
50 to 500 and varying baffle heights. They highlighted the influence of the Prandtl number on the precise
location of the periodically fully developed region.

In the current study, numerical computations focus on two-dimensional laminar periodic channel flows over a
pair of staggered rectangular baffles mounted on the channel walls. The primary objective is to analyze changes
in flow patterns in terms of pressure and velocity performance in a baffled rectangular channel. Also, an attempt
is made to identify the most effective baffling configuration.

2. Flow Configuration and Mathematical Foundation
2.1 Physical Model

The system under investigation comprises a horizontal plane channel with a pair of baffles arranged in a
staggered configuration on the upper and lower channel walls, as illustrated in the Fig.1. The anticipated flow in
this system is expected to reach a periodic flow state, wherein the velocity field repeats itself from one cell to
the next. The concept of periodically fully developed flow and its corresponding solution procedure have been
elucidated. The fluid enters the channel at an inlet temperature (Tin), and traverses over a staggered baffle pair,
where the baffle height (denoted as b) is set to 0.03 m. The channel height is represented as H, and the ratio b/H
is referred to as the blockage ratio (BR). The spacing between the baffles is designated as s, with s/H defining
the spacing ratio (S).

Fig.1 Schematic of 2D baffled channel.
2.2 Numerical Method

The numerical simulations were conducted utilizing the Fluent-6 version of the FLUENT CFD Software
package, which employs the finite-volume method to solve the governing equations. The simulation focused on
water flow within a copper channel. The geometry was designed, and meshing in the CFD model employed
quad/tri shapes. The numerical model for fluid flow and heat transfer in the channel was established based on
the following assumptions.

Assumptions:

* Steady two-dimensional fluid flow and heat transfer.

* The flow is laminar and incompressible.
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* Constant fluid properties.
* Body forces and viscous dissipation are ignored.
* Negligible radiation heat transfer.
Derived from the aforementioned assumptions, the channel flow is regulated by the continuity equation, the
Navier-Stokes equations, and the energy equation. In the Cartesian tensor system, these equations can be
expressed as follows:
Continuity Equation;
6(pui):0
axi
Momentum Equation:
du; auj
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Energy Equation:
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Where 7 is thermal diffusivity and is givenby t = o

The governing equations underwent discretization through the second-order upwind scheme, decoupling via the
SIMPLE algorithm, and resolution using a finite volume approach. Convergence of the solutions was deemed
achieved when the normalized residual values dropped below 10 for energy and 10 for momentum variables.
Table 1 shows the properties of water at 27 °C.

Table 1: Properties of water at 27 °C

Properties Value
Density, p 998.2 kg/m®
Specific heat capacity Cp 4182 J/kg K
Thermal conductivity, k 0.6W/m K
Viscosity, p 0.001003 kg/m s

2.3 Boundary Conditions

Periodic boundaries are used for the inlet and outlet of the flow domain. Constant mass flow rate of air with 300
K (Pr=5.976) is assumed in the flow direction rather than constant pressure drop due to periodic flow
conditions. The inlet and outlet profiles for the velocities must be identical. The physical properties of the water
have been assumed to remain constant at average bulk temperature. Impermeable boundary and no-slip wall
conditions have been implemented over the channel wall as well as the baffle. The constant temperature of the
bottom and upper plates is maintained at 300 K while the baffle is assumed at adiabatic wall conditions. It
should be noted that the dimensionless temperature must be identical between the inlet and outlet. Outlet is
taken as Pressure outlet

3.Results and Discussion

The results are compared for the three scenarios with different numbers of baffles. Pressure drop and velocity
distribution along the channel length are evaluated refer Fig.1 to 10. The variation in pressure and velocity in
laminar single-phase water flow through rectangular channels with different numbers of baffles found to arises
from the intricate interplay of flow obstruction, redirection, and recirculation induced by the baffles. Baffles act
as obstacles, increasing resistance and altering the flow path, leading to higher pressure drops. The redirection of
flow around baffles creates varying velocity profiles along the channel observed. Recirculation zones and vortex
formation, particularly in the wake of baffles, further contribute to localized pressure variations understood.
Changes in channel geometry found to influence velocity gradients, and the interaction between baffles
introduces complexities, especially in cases with multiple pairs. The presence of baffles impacts boundary layer
development on channel walls, influencing velocity distributions and pressure gradients. In essence, the
observed variations result from the complex fluid dynamics influenced by the obstruction and redirection effects
introduced by the baffles in the channel.
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The pitch length in a channel with baffles has a significant impact on pressure and velocity profiles. Increasing
the pitch length from 60 ¢cm to 70 cm tends to reduce flow resistance and pressure drop, leading to a more
uniform pressure distribution along the channel. Longer pitch lengths facilitate smoother flow between baffles,
diminishing the intensity and size of recirculation zones. Moreover, a shorter pitch may induce higher velocity
gradients and localized variations, while a longer pitch promotes a more even velocity distribution, dampening
secondary flow effects refer Fig. 11 (a) and (b). The pitch length also influences boundary layer development,
with longer pitches contributing to thicker and more stabilized boundary layers, impacting velocity gradients
near the channel walls. Overall, the choice of pitch length plays a crucial role in optimizing flow conditions,
affecting pressure, and velocity characteristics within the baffled channel.
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Fig-1 Velocity vector for one baffle
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Fig-2 Velocity vector for two pair of baffles

5124



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 6 (2023)

1.02s+0]
9.86e+00
9.18a+00
8.87a+00
&.17erll
7.666+00
T.18e+00
6.650+00
8.15e+00
5.64e+00
5.14e+00
4.63e+00
4.13s+00
3.82e+00
3.12e+00
2.61atll
241e+00
1.608+00
1.10e+00
5.81e-01
8.56e-02

Fig-3 Velocity vector with three pair of baffle
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Fig-4 Velocity vector with four pair of baffle
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Fig-5 Pressure variation for one pair baffle
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Fig-6 Pressure variation for two pair of baffles

2.238+05
2.18e+05
2.0Ba+05
2.02se+05
1.95e+05
1.9088+05
Lale+l5
1.748+05
1.87s+05
1.60er0&
1.53e+05
1.46e+05
1.388+05
1.32e+05
1.258+05
1.18e+08
1L.itle+l5
1.045+05
Q.74e+04
9.04ar04
8.94e+04

Fig-7 Pressure variation for three pair of baffles

1.735405
1.85¢+05
1.569+05
1475405
1.39¢+05
1.308405
1.21e+05
1.120+05
1.04e+05
2.610104
8.64a+04
T.iTes04
6.908+04
B.03e+04
5.160+04
4205404
342404
2.568+04
1.69e+04
8.180+03
-5.08e+0Z

Fig-8 Pressure variation for four pair of baffles
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Fig-9 Pressure variation for the same pitch having four pair of baffle, Pitch length 60 cm
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Fig-10 Pressure variation for the same pitch having four pair of baffle, Pitch length 70 cm
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Fig.11 Pressure variation v/s pitch for pitch length (a) 60 and (b)70 cm
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2. Conclusion

Through simulation, the pressure and velocity variations in a baffled rectangular channel helped in identifying
the most effective baffling configuration. Simulation outcomes can be crucial for optimizing heat transfer,
minimizing pressure drop, and improving overall fluid flow characteristics. Results obtained on pressure and
velocity variations can be further used to optimize the distribution of fluid flow within the complex channel.
This is particularly important in applications where uniform flow is critical for achieving desired results, such as
in certain chemical processes or cooling systems. Understanding the pressure variation helps engineers and
researchers assess the energy requirements of the system and make informed decisions about pump sizing and
power consumption. By analyzing velocity variations, the simulation can reveal how different baffle
configurations impact fluid mixing and turbulence within the channel. This information is valuable in
applications where efficient mixing is essential, such as in chemical reactors or heat exchangers. Pressure and
velocity patterns found to reveal the presence of recirculation zones in the baffled rectangular channel.
Understanding these flow phenomena is crucial for minimizing dead zones and improving the overall efficiency
of the system. Over all, from the CFD investigations it has been found that pitch length in a channel with baffles
has a significant impact on pressure and velocity profiles. Increasing the pitch length from 60 cm to 70 cm tends
to reduce flow resistance and pressure drop, leading to a more uniform pressure distribution along the channel.
Longer pitch lengths facilitate smoother flow between baffles, diminishing the intensity and size of recirculation
zones. The simulation outcomes can be used to establish design guidelines for practical applications of baffled
rectangular channels, assisting engineers and researchers in making informed decisions for specific industrial or
scientific purposes.
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