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ABSTRACT: This paper presents the 2-D numerical simulation for heat transfer and friction factor
characteristics of ribbed turbulent channel, with bottom plate applied to constant flux thermal boundary
condition, and upper plate is insulated. The fluid domain is designed using ANSYS Workbench software and
simulated using ANSYS Fluent software, based up on finite element method. Parameters like Nusselt
number, friction factor and heat transfer coefficient have been obtained for the design, and contours of
temperature and velocity are presented.The groove length/rib length (B) to channel height (H) ratios are
taken as 0.5, 0.75, 1.0 for the geometry. The main objective of the work performed was to find the best B/H
ratio under similar boundary conditions.
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I. INTRODUCTION

In recent years many researchers have contributed for
enhancing heat transfer characteristics of parallel plate
heat exchanger with one plate insulated and other
subjected to constant flux thermal boundary condition.
Luo et al. (2004) conducted experimental studies to
examine the force convection and flow friction
characteristics of fully developed turbulent flow in air
cooled horizontal equilateral triangular duct with
internal surface fabricated with uniformly spaced
square ribs. They studied the effect of duct geometry as
well as Reynolds no. on the test rig, and determined the
optimum relative rib height and relative rib to rib
spacing corresponding to maximum thermal
performance. Sahu and Gandhi (2014) numerically
investigated the effect on heat transfer and flow field
characteristics due to an inclined rib with a gap on solar
air heater duct. They determined that Realizable k−ε
turbulence model with standard wall function provides
best result for these kind of problems to be solved
numerically. Tatsumi et al. (2002) conducted a 3-D
numerical computation for determining flow and
thermal fields over full-span and discreet array of rib
attached to a channel with 90° inclination against the
flow direction. They predicted that generation of
vortices is effective to reduce the area of the flow
recirculation region and is effective to increase the wall
heat transfer. Vijiapurapu and Cui (2007) simulated
turbulent flow in a ribbed pipe using large eddy
simulation The spacing between the ribs is varied to

form three representative types of surface roughness: d-
type, intermediate, and k-type. It has been noted that
both intermediate- and k-type roughness produce strong
roughness effects with dominant pressure resistance,
but the flows with different types of surface roughness
exhibit quite different characteristics in terms of mean
flow quantities and coherent eddy structures. Singh and
Singh (2014) performed a numerical analysis of heat
transfer in turbulent channel flow using triangular
winglet type longitudinal vortex generator of different
angle at Reynolds number 10,000. They observed that
heat transfer increases with increase in angle of attack
for same Reynolds number. And conclude increase of
pumping power to flow fluid through the channel.
Mashilkar and Varkute (2014) conducted a 3-D
computational analysis of heat transfer augmentation
and flow characteristics due to three different artificial
roughness geometries in form of turbulators, pin-fin and
conical fins on heated wall of rectangular solar air
heater duct. They used Realizable k−ε turbulence model
with enhanced wall treatment for capturing physics at
near wall. Kumar and Agarwal (2014) also conducted a
CFD analysis to determine effect on heat transfer
coefficient and friction factor due to rectangular ribs on
rectangular duct of solar air heater. Effect of trapezoidal
ribs on heat transfer coefficient of absorber plate of
solar air heater used for low temperature heating
purpose, and agriculture drying purpose was studied by
Singh and Bartaria (2013). They concluded that by
imposed artificial roughness friction factor also
increases with increase in Nusselt number. Sohankar
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(2010) conducted a simulation to determine the fluid
flow and heat transfer characteristics through a rib-
roughened duct of square cross-section, he used
SIMPLEC algorithm to couple pressure and velocity in
the solution. He concluded that, though augmentation
increases the heat transfer but the constant turbulent
Prandtl number of the turbulent model used also has a
significant effect on the simulation results of heat
transfer. Deylami et al. (2013) conducted a numerical
investigation to study the effect of corrugation on heat
transfer and pressure drop in a corrugated channel.
They made the changes in rib-height to channel-height
and also there concern was to find adequate turbulence
model for numerical solution.Bhola and Singh (2015)
numerically investigated the experiments of Lorenz et
al. (1995) using Realizable K- turbulent model and
results were found close to the results of Eiamsa-ard
and Promvonge (2008) for grooved turbulent channel.
In the present research, numerical investigation of 2-D
ribbed turbulent channel is conducted to verify the
suitable B/H ratio for better heat transfer for such
geometry.

II. GEOMETRY OF THE PRESENT PROBLEM

The geometry created for analysis was made of
aluminum of 0.68 m length and has hydraulic diameter
of 0.08 m in which air flow occurs. Protrusions made
on plate were rib with 9 ribs. These geometries are used
for studying the effects of the variation of geometries
on the performance of plate heat exchanger. Value of
“S” will change according to the variations in “B”.The
dimension of the constant heat flux test section
mentioned above is the same as the grooved channel of
Eiamsa-ard and Promvonge [4], but instead of grooves,
rib protrusions are used.
A uniform rectangular mesh is used to resolve the
laminar sub-layer. To obtain grid independence
solution, number of cells is varied between 55,000 and
158,000 meshes. The mean inlet velocity between 1.19
and 2.19 m/s is based on Reynolds number cited above,
zero pressure gradients at the exit and no slip wall
boundary conditions are taken for the present
computation. In previous research, Chaube et al. [2]
suggested that the calculation with 2- dimensional flow
model yields the results closer to measurements as
compared that with 3-dimensional flow. In this work,
the 2D flow is therefore carried out for saving computer
memory and computational time.

Table 1: Geometric description of model.

Fig. 1. Schematic diagram for channel flow configuration.

Total length (m) 1.88
Entry length (m) 0.8

Length of test section (m) 0.68
Exit length (m) 0.4

Rib height (e), (m) 0.02
Rib length (B), (m) 0.02, 0.03, 0.04

Distance between two plates (H), (m) 0.04
Length of period (P),(m) 0.08
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Fig. 2. Geometry of ribbed channel.

Fig. 3. Mesh generation of Ribbed Channel.

III. MATHEMATICAL MODELING

The fluid domain under consideration is governed by the steady 2- Dimensional form of the continuity, the time-
averaged incompressible Navier–Stokes equations and the energy equation. These equations can be written as:
A. Continuity equation
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Tangential component
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D. Kappa-Epsilon model
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Where, G is the production term and is given by
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Here 1sC , 2sC , k and  are the empirical turbulent

constant. The values of Cμ, 1sC , 2sC , k and  are

0.09, 1.44, 1.92, 1.0 and 1.3 respectively.

E. Boundary Conditions
Fluid flow is considered to be turbulent. The
quantities U, k, ε are obtained by using numerical
calculations based on the k-ε model for high
Reynolds Number. The boundary conditions are
listed below:

1) At the inlet of the channel
0, == vUu in

2005.0 inin Uk =
21.0 inin K=

Kinstands for the admission condition for turbulent

kinetic energy and in is the inlet condition for

dissipation.
2) At the walls:

0vu ==
0k =ε=

3) At the exit:

atmPP =

The Reynolds number based on circular diameter in
case of circular tube and hydraulic diameter Dh in
case of rectangular tube, parallel plates.


 hDU .0.Re =

IV. SOLUTION PROCEDURE

The time-independent incompressible Navier–Stokes
equations and the turbulence model were discretized
using the finite volume method. Second order upwind
scheme was applied for convective and turbulent
terms. To evaluate the pressure field, the pressure–
velocity coupling algorithm SIMPLE (Semi Implicit
Method for Pressure-Linked Equations) was selected.
At the inlet, uniform velocity profile has been
imposed. Impermeable boundary condition has been
implemented over the channel wall while constant
heat flux condition is applied to the lower wall of test
section. The turbulence intensity was kept at 10% at
the inlet. Two parameters of interest for present case
are: (1) Nusselt Number (2) friction factor. The
friction factor, f is computed by pressure drop, Δp
across the length of test section, L, having the
hydraulic diameter, Dh=2H as= 4( )
The heat transfer is measured by Nusselt number
which can be obtained by= ⁄
V. RESULTS

The results for smooth plate are calculated according
to the correlation use by Lorenz et.al. [6], figure 4.
shows the heat transfer results for air (Ti= 299 K)
flow in the channel for three different rib width ratios
(B/H= 0.5, 0.75, 1). In the figure, the Nusselt number
are relatedas a function of Reynolds number. The
results for smooth channel is also presented in the
figure for comparison.It is shown that the Nusselt
number increases with increase in Reynolds number.
In all cases, ribbed channel flow gives higher value
for Nusselt number than that for smooth channel flow
due to induced turbulence.The maximum Nusselt
number is obtained for B/H= 0.75.
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Fig. 4. Variation of Nusselt number with Reynolds number.

Fig. 5. Variation of Friction factor with Reynolds number.
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X- Velocity for B/H 0.5

X-Velocity for B/H 0.75

X-Velocity for B/H 1

The increase in Nusselt number values by using
different ratios of B/H are about 143% to 216%. Figure
5. shows results for friction factor for different B/H
ratios. It is observed that the friction factor decreases
with increase in Reynolds number in all cases due to
increase in pressure drop. Maximum friction factor is
found for B/H 1.

Contours of X-velocity at Reynolds number 9000 are
also provided in above figures showing the
recirculation zone for different B/H ratios. It is
observed that with increase in B/H ratio there is
decrease in recirculation zone. But the velocity of fluid
in recirculation zone is nearly same for all three B/H
ratio.
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VII. CONCLUSION

Numerical investigation of forced convection in a two-
dimensional turbulent channel with periodic transverse
ribs on the lower channel for examining heat transfer
and friction factor is performed. It is found that Nusselt
number increases about 143% to 216% by use of ribbed
protrusion, and maximum enhancement is shown by
B/H 0.75 with an increment of 149%, 160% and 216%
for respective reynolds number, the increment is about
6% to 15% when compared to other two B/H ratio.
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