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Abstarct- Numerical simulations are employed to study the effect of the heat transfer, flow field in a square channel with 
different ribs (rectangular/triangular/semi-circular and triangular). Standard k- 휀 turbulence model and enhanced wall 
treatment are used to produce the simulations. The inflow Reynolds number is varied from 5000 to 10000. A two-
dimensional domain of the square channel is considered. All the ribs were uniformly spaced in channels with a pitch-to-
height ratio of 4, a base width-to height ratio of 2. X-momentum and energy equations with appropriate boundary conditions 
at the inlet, outlet and confining walls are solved based on finite volume method using the flow solver, Fluent. The computed 
results are validated with those available in literature. The research is further extended to a three dimensional domain of the 
square channel.  The effect of the angle of the ribs at which they are inclined in the flow domain is studied. The work is 
further extended to study the effect of  height of the ribs. For the considered square channel, the optimized shape of the ribs, 
the optimized angle of the rib inclination and the optimized height of the ribs are identified.   
 
Keyword- Turbulent flow, square channel with ribs, k-ε turbulence model, average surface Nusselt number, Skin friction 
coefficient.  
 
 
I. INTRODUCTION 

 
The usage of ribs in the cooling channels or heat 
exchangers is one of the commonly used passive heat 
transfer enhancement technique. This heat transfer 
enhancement technique has been applied to various 
types of industrial applications such as shell-and-tube 
type heat exchangers, electronic cooling devices and 
internal cooling systems of gas turbine blades. Ribs 
are usually set in air current channel to reinforce the 
heat transfer of the thermal power plants. Gas turbine 
blade gas tips encounter large heat load as they are 
exposed to the high temperature gas for high 
performance results. Introducing Turbulence 
promoters(ribs) in the internal cooling passages 
which are modelled as short, square or rectangular 
channels is one of the effective way to enhance the 
heat transfer. Computational analysis made by 
Gongnan, Weihong et. al (2012) analyzes the 
influence of rib height on the heat transfer of the 
turbine blade. Siva Kumar, Natarajan and et al. 
(2013) have experimentally studied the influence of 
rib height on the heat transfer of the rectangular 
convergent channel with square shaped ribs by 
varying the reynolds number from 20,000 to 40,000. 
 
Several investigations have been carried out to study 
the effect of these parameters of the ribs on the heat 
transfer and friction factor. Liu Pingan, Gao Ye and 
et. all (2010) have found out from their numerical 
simulations that triangular ribs have the highest heat 
transfer and resistance coefficient for the flows with 
large Reynolds number. Kamali ,  Binesh (2008) have 
prepared an algorithm, which is used to demonstrate 
the distribution of the heat transfer coefficient 
between a pair of ribs and friction in a square duct 
where the rib pitch to height ratio is varied from 8 to 

12 and they found that the heat transfer is maximum 
in the case of trapezoidal ribs with decreasing height 
in the flow direction. Pongjet, Chinaruk (2008) have 
included two types of rib arrangements namely in- 
line and staggered and simulations includes the 
wedge shaped ribs also apart from the rectangular and 
triangular ribs where the rib is 6mm high and 20mm 
thick and the pitch is 40mm in their numerical 
simulations. 
 
Yongsiri, Eiamsa-ard and et. al (2014) have 
investigated the effect on the heat transfer, pressure 
loss and thermal performance of the channel with 
inclined detached-ribs with different attack angles are 
examined and compared with those of a typical 
transverse attached rib with attack angle equal to 90 
by varying Reynolds number from 4000 to 24,400. 
Moon, Park and et.al (2014) have conducted 
numerical simulations to study the effect of heat 
transfer and friction losses in rectangular channels 
with various rib shapes. Smulsky, Terekhov and et. al 
(2011) have conducted experimental study on the heat 
transfer of the square channel with ribs by varying the 
orientation angles of the ribs to the flow direction.                                                                               
An experimental study has been carried out by 
Giovanni Tanda (2004) to investigate the effect on 
heat transfer in rectangular channels with transverse 
continuous and V-broken ribs which have rectangular 
or square cross-section with varying pitch ratios. 
Carl-Olof , Bengt (1998)  have performed an 
experimental analysis to investigate the effect on the 
flow fields, heat transfer and pressure drops in 
rectangular channels having cross ribs, parallel ribs, 
cross V-ribs, parallel V-ribs, and multiple V-ribs. 
 
Thianpong , Chompookham and et. al (2009) made an 
experimental study on the heat transfer in rectangular 
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channels with triangular ribs by varying rib heights. 
J.C. Han (1988) has carried out an experimental study 
on the effect of heat transfer and friction 
characteristics in the rectangular channels with two 
opposite rib roughened wall by varying the aspect 
ratio of the channel with an attack angle of  90deg. 
Francesca, Daniele  and et.al. (2012) have carried out 
an experimental study to investigate the flow and hest 
transfer characteristics in a rectangular channel with 
45 angled ribs provided on one and both side of the 
channel. Giovanni Tanda (2011) have experimentally 
studied the effect of the rib spacing on the heat 
transfer and the friction in the rectangular channel 
with 45  angled ribs. Liu, Wang (2010) have made 
numerical investigation on the effect of fluid flow and 
heat transfer characteristics of a channel with semi-
attached ribs. It is found that the semi-attached ribs 
with a 45  angle of attack have a higher efficiency 
than that of fully attached or detached ribs. 
Abdulrazzaq, Hussein and et. al. (2013) made a 
numerical investigation on enhancement of heat 
transfer by varying the angle of the triangular ribs in 
turbulent flow region of varied Reynolds number 
from 20,000 to 60,000.  
 
A two-dimensional domain of a square channel is 
considered and a constant heat flux boundary 
condition is applied to the ribs section of the channel. 
Air is considered as the medium flowing in the 
channel with constant velocity and temperature. It is 
assumed that the flow is a steady, turbulent, 
incompressible and fully developed flow. Numerical 
simulations are performed using the finite volume 
method. The orientation angle of the ribs to the flow 
direction is varied and further the rib height is varied. 

  
II. PROBLEM STATEMENT 
 
2.1 Problem Statement 
The main objective is to study the effect on the heat 
transfer of a square channel with different ribs with 
pitch to height ratio as 4 and width to height ratio as 2 
for various Reynolds number with dimensions as 
shown below. The two-dimensional detailed view of 
the channel is shown below. 
 

 
Fig. 1. Detailed view of the channel with trapezoidal cross 

section ribs 
 
Various parameters of the channel are as follows: p/e 
is 4, w/e is 2, H/e is 3, L1/e is 10, L2/e is 19 and L3/e 
is 10. In all these simulations, e is considered as 1cm. 
Hence, H is 3cm, w is 2cm, p is 4cm, L1 is 10cm, L2 
is 19cm, L3 is 10cm. 

2.2 Boundary Conditions: 
The inlet velocity of the air is uniform and is 
calculated as per the required inflow Reynolds 
number as shown in the table below. The inflow 
Table 1:Inlet velocity as per the inflow Reynolds 
number 
 

 
 
Reynolds number is expressed as Re=ρ*H*V /µ. The 
inlet temperature of the air is 298K. A constant heat 
flux of 100 W/m  is supplied to the L2 section of the 
channel. Therefore, at the inlet velocity-inlet 
condition, to the L2 section of the channel the 
required heat flux with wall condition, at the outlet 
pressure-outlet condition and rest all the sections a 
wall conditions are given for the simulations.  
 
For the three dimensional study, only a portion of the 
entire channel is considered. Hence for the front and 
back faces of the three dimensional model, symmetry 
condition. 
 
2.3 Solution Methodology 
Time averaged governing equations are got under 
steady and incompressible conditions without 
considering viscous dissipation and buoyancy effect. 
The governing equations used for the current problem 
are as follows:  
 
The continuity equation is: 
                            = 0                                                                  

The momentum equation is: 
 
                        = − + (휗 − 푢′푢′ )                                          

The energy equation is:                          
                          휌푈 (퐸 + 푃) = (푘 )                                            

The Reynolds stress equation is: 

                        -푢′푢′ = 휗 + − 푘훿                                                

Viscosity coefficient of the turbulent motion , is 
                         휗 = 퐶 푘 /휀 
The model constants are 휎 =  1.0, 휎 = 1.3, 퐶 휀 =
1.44, 퐶 휀 = 1.92  푎푛푑 퐶 = 0.09.           
 
In the discretization of governing equations, SIMPLE 
algorithm is used in pressure-velocity coupling. 
Standard k- 휀 turbulence model and enhanced wall 
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function in the near wall region are the conditions 
employed in the simulations.                    
Local Nusselt number along the heated surface [Nu] 
is calculated as follows: 
                          [Nu] =

( )
                                                                                          

where q is the constant heat flux, e is the rib height, λ 
is the thermal conductivity, T  is the heating 
surface temperature and T  is the inflow temperature.                              
The average Nusselt number Nu along the heated 
surface is calculated as follows: 
                           Nu = ∫[Nu] dx                                                                    
where A is the area of the heating surface. 
 
III. RESULTS AND DISCUSSION: 
 
3.1. Validation 
The results obtained are presented in the form of 
average Nusselt number. The flow field in the 
channel is analyzed using streamline distribution 
plots. In each case of the channel results are well 
matched with the results available in the literature. 
The inflow Reynolds number is varied from 5000 to 
10000 in an interval of 1000. The average Nusselt 
number plot for the channel with different ribs is 
validated as shown in the Figure2. 
 

 
Fig.2.  Average Nusselt number plot for channel with different 

ribs 
 
It is found that the average Nusselt number Nu of the 
heated wall in the channel with triangular ribs is the 
largest, which is the smallest in the channel with 
rectangular ribs. 

 
3.2. Effect of the orientation angle of the ribs on heat 
transfer. 
These simulations have been carried out in three-
dimensional. The angle at which the ribs are oriented 
with the flow direction is varied from 30deg to 90 deg 
and the optimized orientation angle has been found 
out.     

 

 
Fig.3 Average Nusselt number plot for channel with ribs 

oriented at different angles 

 
Fig.4. Skin friction coefficient plot for channel with ribs 

oriented at different angles 
 
3.3 Effect of the Blockage ration on the heat transfer 
Blockage ratio is defined as the ratio between the rib 
height e and the channel height H. If the Blockage 
ratio is equal to 1, the flow in the channel will be 
fully restricted. In order to avoid the restriction on the 
flow in the channel the range of the BR is considered 
to be 0.083 < BR < 0.33 i.e. the highest value of the 
rib height will be  height of the channel height. From 
the results it is found that the channel with rib height 
equal to  height of the channel has the highest heat 
transfer. For the varied cases the average Nusselt 
number and skin friction coefficient are plotted. 
 
The simulations have been carried out for the channel 
with triangular ribs oriented at an angle of 30deg to 
the flow direction since it has the largest heat transfer. 
 

 

 
Fig.5. Average Nusselt number plot for channel with ribs  

having different Blockage Ratio

 
Fig.6. Average Skin friction coefficient plot for channel with 

ribs  having different Blockage Ratio 
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CONCLUSIONS 
 
The effect of the rib geometry on the heat transfer of 
the channel has been studied and analyzed. The 
following are the conclusions drawn from the 
simulations: 

(1) For the considered Reynolds number, the 
average Nusselt number Nu of the heated wall 
in the channel with triangular ribs is the 
largest, which is the smallest in the channel 
with rectangular ribs. 

(2) The average Nusselt number follows an 
increasing trend as the Reynolds number of 
the flow increases for the varying orientation 
angle of the ribs to the flow direction. 

(3) The skin friction coefficient of the channel has 
a steep decreasing trend as the inflow 
Reynolds number increases. 

(4) It is found that the triangular ribs with an 
orientation angle of 30deg has the highest heat 
transfer. 
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