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Abstract- This project is carried out to increase the heat transfer rates. To enhance this property, ribs are used. Various rib 
shapes are found, in which the rib with square cross section is chosen. These ribs increase the turbulence level which in turn 
increases the heat transfer and decreases the friction factor. Thus the heat transfer rate increases. Various parameters such as 
Heat transfer coefficient, Reynolds number and Nusselt number are studied and temperature distribution over the blade wall 
is obtained. 
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I. INTRODUCTION 
 
Turbine blades are used in aircraft propulsion and in 
land based power generation or industrial 
applications. The inlet temperature in turbine or far 
higher than the melting point of the blade material. 
Hence cooling has to be done. The blades are cooled 
by extracting air from the compressor of the engine 
by various methods. In this project, internal blade 
cooling method is used. There are three types of 
internal blade cooling. The first method is the Jet 
impingement cooling which is applied in the leading 
edge of the blade. This is done by impinging air 
through tiny holes. This method is efficient for first 
stage vanes. The second method is pin fin cooling 
which is employed in the trailing edge of the blade 
due to space limitation. The third method is the 
cooling done by using ribs which is employed in the 
middle portion of the blade. 
 

 
Fig 1: Turbine blade cooling 

 
II. OBSERVATION 
 
A. Ribs: 
Ribs are a popular heat transfer augmentation device 
used in various heat exchanging channels such as the 
internal cooling channels in turbine blades. The flow 
disturbance caused by the rib arrays greatly increases 
the production of turbulent kinetic energy, which 

enhances turbulent heat transfer in the channel. The 
ribs cause the flow to deflect and impinge on the 
opposite wall and its ribs, resulting in higher heat 
transfer coefficient than that obtained in the 
corresponding smooth channel. 
 
B. Rib shapes: 
The various rib are – square, isosceles triangular, 
reverse right-angle triangular, right angle triangular, 
right angle trapezoidal, isosceles trapezoidal, semi-
circular, fan-shaped, house-shaped, reverse cut-
trapezoidal, cut-trapezoidal, reverse boot-shaped, 
boot-shaped, reverse pentagonal, pentagonal and 
reverse right angle trapezoidal. 
 

 
Fig 2: Rib shapes 

 
C. Rib arrangement:  
In order to attain higher heat transfer              
coefficient, it is desirable that the flow at the heat 
transferring surface is made turbulent. The rib 
arrangement are full-span and discrete ribs. In case of 
full span ribs, the flow generated in the duct and its 
related heat transfer is highly three dimensional even 
when the rib height- to- duct height ratio is small. In 
case of discrete ribs, flow passing the ribs accompany 
a pair of counter rotating stream wise vortices and 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Volume- 3, Issue-3, July-2015 

 Analysis Of Turbine Blade Cooling Using RIBS 
 

58 

thus enhance the flow mixing which keeps the wall 
heat transfer higher. 

 
Fig 3: Rib arrangement 

 
III. PROCEDURE 
 
A. GEOMETRY: 
The three dimensional geometry was modeled in 
CATIA. A blade consisting of 5 ribs on either side of 
the turbine blade wall was modeled. A square cross-
sectional rib was modeled which was of 10x10mm. 
The pitch to height ratio (p/e) is taken as 8. A no-
ribbed turbine blade wall was modeled to find in 
which case the heat transfer rate is better. 
 
a. ithout Ribs: 

 
Fig 4: No-ribbed geometry 

 
b. With Ribs: 

 
Fig 5: 5-Ribbed geometry 

A. 
ESHING: 
 
The geometry which was created in CATIA was 
imported in ANSYS FLUENT. 
 
he mesh conditions are; 
 
ype : All quad 
 
ize : 0.008 
 
ethod : Hex-dominant, Multi-zone 
 
a. Without Ribs: 

 
Table 1: Mesh details 

 

 
Fig 6: No-ribbed mesh 

 
b. With Ribs: 

 
Table 2: Mesh details 

 

 
Fig 7: Ribbed geometry 
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B. CONDITIONS: 
Conditions were given for the model to find the 
results. In computational predications of forced 
convection of the rectangular duct mounted with ribs 
were performed with pressure based, energy equation 
and k-ԑ model. The blade material was given as 
Titanium (Ti) and the fluid region was specified as 
air. The diameter distribution was specified as Rosin-
Rammler.  The boundary conditions were given as; 
Inlet velocity 10m/s, inlet temperature 360K, wall 
temperature 1200K. The reference value was 
computed from the inlet. In computational field 
COUPLED algorithm was used. In the solution 
method, gradient was selected as Green Gauss Cell 
based. In solution control, the flow courrant number 
was specified as 50. The monitor values were kept 
constant at 0.001. The solution was initialized as 
Standard.  Then the solution was converged in 
ANSYS Fluent. 
 
IV. RESULTS AND DISCUSSIONS 
 
Fluid flow and heat transfer investigations were 
carried out for 5-ribs and no-ribs. From the above 
analysis, temperature distribution, heat transfer co-
efficient, Reynolds number and Nusselt number were 
found.  
 
A. Without ribs: 
a. Temperature Distribution: 
The blade temperature was given as 1200K. The 
temperature reduction at the blade wall is observed to 
be 47K i.e., the final blade temperature near the outlet 
was observed to be 1153K. A constant temperature is 
observed at the inlet. A temperature variation is found 
along the duct. 

 
Fig 8: Temperature distribution 

 
b. At inlet: 

 
Fig 9: Temperature distribution at inlet 

c. At outlet: 
A temperature variation is found towards the interior 
of the duct. At the outlet , the temperature is reduced 
to 1153K. 
 

 
Fig 10: Temperature distribution at outlet 

 
d. Particle Tracking: 
The below graph which is plotted between Total 
Temperature (K) and Time (s). The inlet temperature 
is found to be 360K and is gradually increased to a 
temperature of 625K at the outlet due to the 
interaction of air molecules. 
 

 
Fig 11: Particle tracking 

 
e. Heat Transfer Coefficeint: 
At the inlet the heat transfer coefficient is found to be 
29.9 W/m 2 K  and it is increased to 55.4 W/m2 K at 
the outlet. Hence, there is only a minimum heat 
transfer variation. 
 

 
Fig 12: Heat transfer coefficient 
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f. Reynolds Number: 
The turbulence is found to be high towards the 
interior of the blade and is found to decrease towards 
the wall. 
 

 
Fig 13: Reynolds number 

 
g. Nusselt Number: 
The Nusselt number at the inlet is found to be 1.13 
which varies upto 2.26 along the duct. 
 

 
Fig 14: Nusselt number 

 
B. With ribs: 
a. Temperature Distribution: 
Temperature reduction at each rib was observed, 
which indicates that heat transfer takes place. 
Gradually the temperature is found to increase, which 
is due to the heating up of air molecules flowing 
through the duct. The temperature at each rib is as 
follows: 
 

 
Table 3: Temperature distribution 

 

 
Fig 15: Temperature distribution 

b. At inlet: 

 
Fig 16: Temperature distribution at inlet 

 
c. At outlet: 
The temperature at the outlet is reduced to 1086K. 

 
Fig 17: Temperature distribution at outlet 

 
d. Particle Tracking: 
The below graph represents the temperature variation 
from inlet to outlet. The inlet temperature is found to 
be 360K and is gradually increased to a temperature 
of 580.34K at the outlet. 

 
Fig 18: Particle tracking 

 
e. Heat Transfer Coefficient: 
The heat transfer coefficient was found  to be 98 
W/m2 K along the blade surface. 

 
Fig 19: Heat transfer coefficient 
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f. Reynolds Number: 
The Reynolds number was found to be 5833.33 along 
the blade surface. 

 
Fig 20: Reynolds number 

 
g. Nusselt Number: 
The Nusselt Number is found to be 4.81 along the 
blade surface. 

 
Fig 21: Nusselt number 

 
C. Application: 
The thrust increases as temperature increases, but this 
high temperature may lead to damage of turbine 
blade. This damage could be overcome by turbine 
blade cooling, which is further enhanced by the use of 
ribs. Hence, the damage of the blades is reduced. In 
this project, it is found that the blade could withstand 
high temperature because of the use of ribs. 

CONCLUSION 
 
It can be concluded from the present review that a lot 
of work has been carried out to increase the heat 
transfer rate in a turbine internal blade cooling by 
studying various aspects like temperature distribution, 
heat transfer coefficient, Reynolds number and 
Nusselt number. Comparison was made between 5-
ribbed and no-ribbed turbine blade wall, from which 
it was found that using 5-ribbed turbine blade, 
enhances the heat transfer rate and the temperature 
distribution is found to be better. Thus a conclusion is 
made that using ribs in a turbine blade is effective. 
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