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Abstract: Enhancement of turbulent forced convection heat transfer in a channel backward facing step via using different 
configurations of turbulators is numerically explored. The turbulators are represented as rectangular and triangular baffles 
with staggered arrangement on the top and bottom wall of the channel behind the step. Three values of baffles height is 
examined for Reynolds number wide variety up to 105. The governing Navier-Stockes and energy for modeling the 
turbulence. CFD commercial code is included  to get the solution  of a based finite volume discretised algebraic equations. 
The findings display that the triangular turbulators  pointed  the optimum heat transfer intensification as compared with 
rectangular. 
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I. INTRODUCTION 
 
Separation and reattachment flows are still of one 
efficient tools for enhancing heat transfer. Creating 
eddy flow, motivation of flow structure results in 
distorts the growth of thermal boundary layer. One of 
the simple shaped configuration is a backward facing 
step. . In spite of its simplicity, it offers complex flow 
structure. It is widely used as in cooling of electronic 
equipment, turbines and heat exchangers. A lot of 
works focused on heat transfer intensification in a 
backward facing. However limited studies focused on 
those with baffle turbulators. The aim of the present 
study is to make a comparative influence of two 
configuration of turbulators on heat transfer 
intensification and friction. An experimental study by 
Kasagi and Matsunaga [1] was emphasis on the flow 
inside a backward facing step. A tracking velocimeter 
facility was considered. It was pointed that the shear 
stresses has the optimum values upstream of the re-
attachment The results were validated with numerical 
simulation. ABE and Kondah [2] conducted a 
computational study to predict the flow and thermal 
field of separating and reattachment turbulent flows. 
The fulfilled  model was formulated mainly from 
low-Reynolds number k-ε model. Wang et al. [3] 
predicted the turbulent flow over a backward-facing 
step. Nie and Armly [4] investigated the influence of 
step height on the strength of separation flow. They 
used a flux of constant heating at the stepped wall 
downstream of the step. It was pointed that the 
maximum Nusselt number occurred at the same zone 
where minimum Nusselt number observe. Saidi and 
Sunden [5] stated the mechanism of turbulent flow 
structure and heat transfer in three dimensional rib-
roughened channels using simple eddy viscosity and 
algebraic stress models. Their results were validated 
with the algebraic stress model. Javic and Driver [6] 
reported the turbulent flow characteristics over a 
backward facing step. They validated their results 
with the work of Staford/Nasa center for turbulence 

research. The turbulent flow inside a channel with 
ribs turbulators was investigated by Lio et al. [7].The 
study pointed that the heat transfer was noticeably 
enhanced when using ribs turbulators. Hane and 
Park[8] presented a numerical study to predict the 
turbulent flow characteristics inside a a channel 
roughened with ribs turbulators. The mainly emphasis 
was to obtain the heat transfer characteristics and 
friction factor. An experimental study of turbulent 
flow through a backward facing step was documentd 
by Fenge et al.[9] They documented the visualization 
of separation and measurement of the wall pressure. 
It was pointed that below the separation bubble and 
the reattachment zone, the negative peak of the time 
varying wall pressure was in phase with the passage 
of the local large scale vertical structure. The forced 
convection turbulent flow inside a ribbed channel was 
studied by Rau et al. [10]. In their study, an emphasis 
was on predicting thermal field characteristics  and 
friction factor trend. 

 
Fig.1 Schematic representation of the physical problem, 

L=1m,H=0.1m, h=0.05m,s=0.05m, P=0.72m, c=0.25m,ht=0.05 
and d=0.17m 

In this investigation, the problem  is stated in Fig.1, 
where two types of solid baffles , triangular and 
rectangular are arranged in staggered manner on the 
top and bottom wall of the channel behind the step. 
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The pitch between baffles and baffles width are 
assumed to be constant. Different heights of the 
baffles (hr=0.25 to 0.5) are tested. The bottom wall is 
kept at uniform heating while the top wall is assumed 
to be insulated. 
 
II. MATHEMATICAL FORMULATION AND 
NUMERICAL PROCEDURE 
 
An incompressible fluid with constant properties are 
assumed. The turbulent fluid flow equations and 
energy are described as follows   

 

 
where eff is the combined laminar and turbulent 

viscosity and eff is an effective exchange coefficient                                                                                                                                         

2.1 Turbulence model 
This model is considered to treat turbulence in the 
flow. Two equations, one for the turbulent kinetic 
energy and the other for dissipation of turbulent 
kinetic energy are include in this model [11] as listed 
below. 

 
The turbulent viscosity is represented by: 

 
The model coefficients are (σk; σЄ; C1є; C2є; Cµ) = 

(1.0, 1.3, 1.44, 1.92, 0.09), respectively. 
 
The average Nussult number on the lower hot wall is 
calculated as: 

 

The thermal enhancement( th ) factor is represented 

as 

 
 
2.2 Boundary conditions 
At inlet:Uniform velocity  is considered 
Uniform cold temperature, T=Tc is considred. 
At the walls: 
 No slip boundary conditions are imposed: U = V = 0, 

k = 0, and 0




y

 , q =1000W/m2. 

To capture the large steep gradients near the walls of 
the channel, standard wall function laws proposed by 
Versteege [12] are used. 
At outlet:: 
Zero gradients are imposed for the dependent 
variables. 
  
III.   RESULTS AND DISCUSSION 
 
The results are represented as mean Nusselt number, 
friction factor and thermal enhancement ratio. These 
factors are obtained for Re=102 to 105 and hr=0.25 to 
0.5. 
 Fig.2 shows the average Nusselt number with 
Reynolds number for different values of rectangular 
baffles relative heights. This figure also shows a 
comparison with plane backward facing. It can be 
noted that the Nusselt number is significantly 
enhanced as the baffles height ratio increases. This 
enhancement is for each specified Reynolds number 
and it is follow this trend as Reynolds number 
increases. The percentage increase in Nusselt number 
is larger when increasing Reynolds number. This 
attributed to increasing eddy flow behind each baffle, 
consequently energy interchange is larger and  heat 
transfer is augmented. 

 
Fig. 2 Average Nussult number with Reynolds number for 

different rectangular baffles heights 

 
The trend of friction factor is decreased with 
increasing Reynolds number while it increases with 
increasing baffles height ratio as shown in Fig.3. 
Increasing the baffles height ratio increases 
contraction of the flow and hence pressure drop 
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increases which is associated the remarked increase 
in friction factor 

 
Fig. 2 Average Nussult number with Reynolds number for 

different rectangular baffles heights. 

Fig.4 states a comparison between the baffled and 
plane backward facing step. It is observed, for hr=0.5,  
using baffles turbulators indicates an optimum 
Nusselt number increases by about 145٪ for 
triangular baffles and 137٪ for those of rectangular. 
This value is decreased as baffle height ratio 
decreases. This comparison extends for friction factor 
where it is significantly increase as utilizing baffles 
compared with the case of no baffles turbulators.  

 
Fig. 4 Average Nussult number with Reynolds number for two 

configuration of baffles and hr=0.5 

thermal enhancement ratio for triangular and 
rectangular baffles at hr=0.5 is addressed in Fig.5. It 
is noticed that the thermal enhancement ratio for 
triangular baffles is greater than those of  rectangular. 
The percentage increase is enhanced with increasing 
Reynolds number and Re=50000 pointed the 
optimum increase. This may attributed that the 
triangular baffles configuration makes the flow 
acceleration and strength of recirculation is better 
which enhances thermal performance ratio for 
triangular baffles is greater than those of  rectangular. 
The percentage increase is enhanced with increasing 
Reynolds number and Re=50000 pointed the 
optimum increase. This may attributed that the 
triangular baffles configuration makes the flow 
acceleration and strength of recirculation is better 
which enhances thermal performance 
The comparison between friction factor behavior for 
triangular and rectangular baffles is depicted in Fig.6. 
It is clearly observed that the friction coefficient is 

increased for triangular baffles as compared with 
those of  triangular baffles. The general trend is 
decreasing friction factor as Reynolds number 
increases which coincides with moody chart trend for 
turbulent confined flow  

 
Fig. 5 Thermal enhancement versus Reynolds number for  

hr=0.5 

 
Fig. 6 Friction factor versus Reynolds number for hr=0.5 

 
CONCLUSIONS 
 
A numerical study for comparison two types of 
baffles turbulators on heat transfer augmentation in a 
backward facing step is performed. The following 
conclusion can be obtained. 

1. A triangular baffles is found to be better for heat 
transfer intensification as compared with those of 
rectangular baffles. 

2. For hr=0.5 and Re=5×105 , the optimum thermal 
enhancement ratio is increase by about 139٪ and 
129٪ for triangular and rectangular baffles 
respectively. 

3. The friction factor is increased by about 294٪ for 
triangular baffles and 257٪ for those of triangular 
when Re=5×105 and hr=0.5. 
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