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ABSTRACT: The gas turbines work at temperatures higher than temperatures of metals melting point, 

therefore the internal cooled used compressor air in order to protect the blades from damage and increase 

operating life. The aim of this work is to enhance gas turbine blade cooling system. In this work, the flow and 

heat transfer in a rectangular cross section channel have been investigated at conditions that simulate those in 

air cooled turbine blades. The experimental study for  the effectiveness of ribs using internal ribs  then coating 

by composite nanomaterials including titanium carbide powder and thermal polymer with the heat transfer and 

flow characteristics for a fully developing of the turbulent flow through the rectangular passage at different 

Reynolds number ( Re =7450, 8940 and 10855) with channel hydraulic diameter  of   (0.03664 m) at constant 

surrounding hot air temperature (673 K). The effect of different ribs geometries with rib height to hydraulic 

diameter ratio (e/Dh=0.1364) and rib-rib spacing (pitch) to rib height ratio (p/e=10) in a rectangular channel of 

0.5 m long , 57x27 mm internal cross section and 1.5 mm thickness was simulated. The experimental part, a rig 

was constructed to simulate conditions in an air cooled turbine blade. The operational conditions are: inlet 

coolant air temperature is (300 K), The surrounding constant hot air temperatures was (673K). The considered 

case with ribs was compared with a smooth channel (channel without ribs) at the same operational conditions. 

The channel with ribs was found to have higher thermal performance than the smooth ones: the percent increase 

in Nusselt number was (101%). The additional work involves coating the case with ribs by composite 

nanomaterials which is includes Tic nanoparticles and thermal polymer (6 wt. %) this composite enhances the 

Nusselt number by 170.6%. 
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NOMENCLATURE 

Symbol Description Units 

A Surface area m2

Cp Heat Capacity of air J/kg.K 

Dh Hydraulic Diameter m 

e Rib Height m 

f Friction Factor [-] 

g Acceleration due to gravity m/s2 

H Channel Height m 

h Heat Transfer Coefficient W/m2.K

k Thermal Conductivity W/m.K 

Lc Characteristic Length m 

m. Mass Flow Rate kg/s 

Nu Nusselt Number [-] 

μ Air Dynamic Viscosity N s/ m2 

P Rib Spacing(Pitch) m 

Q Heat Transfer Rate W 

pw   circumference m 

Re Reynolds Number=ρuD/µ [-] 

T Temperature K 

u Flow Velocity m/s 
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INTRODUCTION 

The gas turbine manufacturing is always looking for rise the thermal efficiency of gas turbine. One of the 

methods is by rising the turbine input temperature. Several major problems appear when rising the operating 

temperature such as : design melting temperature of the turbine gas is much higher than the melting temperature 

of  the most materials, and the thermal stresses can be created by the fast spatial variations in temperature 

within the blade which can be in dangerous limits. To tackle the problems associated to thermal stresses, creep 

and oxidation which bound the lifetime of turbines, cooling of blades are necessary [1]. 

For modified gas turbines, the turbine inlet temperature of the gases is in the maximum range of (1700° C – 

2000° C). These temperatures exceed the melting point of the turbine components. Therefore, it is essential to 

cool the turbine components so that they can withstand these extreme temperatures. With typical cooling 

techniques the temperature is decreased to almost 1000° C, so that they can withstand this extreme environment 

[2]. 

INTERNAL COOLING 

In general, gas turbine cooling is achieved by bleeding some relatively cool air from the compressor and using 

it inside the gas turbine blades to remove heat transferred into the blade from the hot mainstream. The cooling 

air flows through internal cooling passages inside the blade. These passages are specifically designed to 

maximize the heat transfer [3]. 

There are a number of methods such as film cooling, rib turbulators, jet impingement, shaped internal cooling 

passages, dimple cooling, shown in Figure (1.(a, b)) to cool a modern gas turbine blade. The pin fin used to 

cool trailing edge, rib turbulators are employed to cool the internal passages and jet impingement is employed 

to cool the leading edge. This study focuses on the using rib turbulators or turbulence promoters to use in the 

internal cooling turbine blades [2]. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  (a) Film cooling on a gas turbine blade (b) Interior cooling for a gas turbine blade, showing passages 

with pin fins and ribs [4] 

EFFECT OF RIB TURBULATORS 
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The aim for presenting the ribs at regular spaces is to improve the heat transfer averages. Ribs are manmade 

protrusions that are sited in a controlled technique along the walls. The rib prompts a separation through flow 

and hence causes an increase in the frictional loss. The improvement of the heat transfer has a drawback in the 

rising pressure drop, which sometimes be able to several times larger than for the smooth passage. 

The performance of heat transfer in the ribbed passage depends on Reynolds number of the coolant air , rib 

shape ,the passage aspect ratio. When the coolant passes over the ribs, the flow separates and reattaches as 

shown in Figure (2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Rib turbulators placed on opposite walls of the cooling passage showing flow separation and 

reattachment [5] 

Arkan Al Taie et al. [6-10] presented an experimental and numerical investigation of heat transfer 

characteristics and thermal performance in 50 cm stainless steel tube long , inlet diameter of (30 mm) and outlet 

diameter of (60 mm) with constant surrounding hot air temperature of (1000, 1200 and 1400 K) using ANSYS 

Fluent 14.5. Results indicate that the use of internal ribs increase the heat transfer rate and found to possess the 

highest performance factors for turbulent flow. 

In this paper, the effect of fitting different rib geometries in a rectangular channel with internal flow of coolant 

air and uniform wall surface temperature on the fluid flow and heat transfer will be investigated. 

COATING OF NANOMATERIALS 

Nanoparticles (NP) are defined as particles with a diameter smaller than 100 nm, are increasingly used in 

different applications [11], Recently ,some of the companies which thing the possible for Nano materials 

technology and are in active improvement work for the specific industrial implementations is increasing . Nano 

materials can be employed to increase efficiency and enhance heat transfer in a different thermal systems. Most 

of the work in the field of Nano technology is being completed in academia and national laboratories at a step 

after discovery study [12]. 

The improving of heat transfer by surface coating that can be nano structured, micro structured and macro 

structured coatings. The commonly shaped structures using Nano structured coating are Nano finned and Nano 

porous structure such as shown in figure (3) where mean grain size equals 215 nm. In the field for 

nanotechnology have led to the improvement for effective methods of heat transfer augmentation using Nano 

fins  and Nano-porous. The pressure drop in the surface coating will negligible because when compared the  

coating thickness  of  Nano structure with the size of micro channel is negligible . The heat transfer rate will be 

largely more for the Nano structured coating because the Nano structured coating will have more the surface 

area  and high thermal conductivity [13]. 

Several coating techniques are obtained for coating Nano fins  and Nano porous over surface. Generally, Nano 

porous coating got by using thermal spray [14] electro deposition [15], and Spray pyrolysis [11].  
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Figure 3. AFM (Atomic Force Microscope) image of the coated surface 

TITANIUM CARBIDE NANOPARTICLES (TiC) 

Titanium carbide nanoparticles (TiC- Nano) is a model transition metallic carbide, that displays not only small 

size, high surface activity and distribution uniformity, but also high  hardness , strength, antioxidation and high 

thermal stability , corrosion resistance, good  thermal conductivity, electrical conductivity, toughness [16]. 

The nanoparticles of titanium carbide that used in this work have high melting point about 3200 ºC , high purity 

more than 99% , cubic  crystal phase , black color and particle size from 40 to 60 nanoparticles. 

The Applications of titanium carbide TiC such as: 

1. Industrial cutting equipment, wear-resistant materials 

2. Titanium carbide nanoparticles coating can enhance the wear resistance of cutting tools, alloy, nozzles, 

the abrasive steel bearings. 

Storage conditions of of titanium carbide Nano powder should be closed in vacuum and kept in  dry and cool 

room and it must not be contact to air [17]. 

TEST RIG AND EXPERIMENTAL APPARATUS 

The rig composed of the following main parts and measuring apparatus. The experimental rig which 

constructed in Laboratories of Engineering College - Kerbala University, Figures (4) and (5) show the 

photographic and schematic diagram respectively of the experimental apparatus: 
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Figure 4. Photographic view of experimental rig 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Schematic diagram of the experimental setup 

Experimental rig includes: 

1. Heating system 

2. Channel test section 

3. Blower 

4. Ribs 

5. Control circuit 

6. Measuring devises 

HEATING SYSTEM 

Furnace was insulated with alumina as a good insulator so as to avoid the losses of heat energy to the 

surrounding. The heat input for 3960 Watt was given to the Ni-chrome heating wire putted at equal spacing 

from the test section channel to ensure constant surrounding temperature of (673 K), as shown in figure. (6) . 

Thermocouples readings were recorded every half hours till the steady state condition was attained. 

 

 

 

 

 

 

 

 

     

 

 

Figure 6. Heating system 

TEST SECTION 

The test section consists of a stainless steel box with length of 670 mm, width of 500 mm and height of  500 



 Heat Transfer Enhancement of Gas Turbine Blades Using Coated Ribs with Nanocomposite Materials 

14  

mm, containing the constant temperature hot air (673 K). It surrounds the stainless steel rectangular channel 

with a length of 500 mm and cross section of (60 mm x 30 mm), coolant air passed through it, and ribs are 

fitted  through the channel test section at equal distance (spacing) of 50 mm, as shown in figure (7).  

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Test section 

AIR BLOWER 

A centrifugal blower type was used in the experimental rig to supply coolant air. It was driven by A.C. motor of 

260 W (220 v and 1.6 A) at 3000-3600 rpm. A blower device fitted with an elongation channel, which is linked 

to test section placed in the horizontal orientation through furnace box. 

The blower was connected to the test section through a stainless steel converging nozzle which elongated to 1 

m to insure fully developed turbulent [ in this case entrance length, mLe 766.0= , according to 

correlation (1)] [18].  

6/1Re4.4 he DL =                                                                                                                                      (1)  

Where Le is the entrance length 

RIBS 

Circular stainless steel ribs with different arrangement were manufactured in Al-Furat Company for Chemical 

Industries- Babylon, as shown in figure (8), these ribs were fitted in the channel test section by the following 

procedures: 

1. Drilling holes along the channel test section with 50 mm spaces. 

2. Pressing the first rib by pipe fitting until it reached to the final location as shown in figure (9) and (10). The 

rib was then screwed in position. 

3. Repeating step 2 to secure all other ribs. 

Ribs were located at attack angle of 90o to the coolant air stream, including: 

 

 

 

 

 

Figure 8. Photographic view of ribs 
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Figure 9. Photographic view of rib location   

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Photographic view of rib fitting 

MEASURING PROCEDURES 

For the experimental work, the following procedures were done: 

1. Supply the electrical power to heaters and adjusting the controller to the required hot air surrounding 

temperature with measuring the current and the voltage, using a clamp meter. 

2. Wait for a period of time to reach the steady state condition (approximately 30 minutes), then read and 

record  all measurements required. 

3. Regulate the blower gate to obtain the required flow rate (Re=7450), and wait to reach the constant air 

temperature around the channel test section (673 K). 

4. Record thermocouples reading (T1, T2, T3, T4 and T5) which represent the inner wall surface temperature 

of smooth channel (without ribs), and the air cooling temperature at the channel centerline by thermocouple. 
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5. Repeat the above steps for another flow rate of (Re= 8940 and 10855). 

6. Repeat the above steps using ribs coated with nanoparticles. 

 

DATA REDUCTION 

The enthalpy rise of the coolant fluid is calculated from equation: 

)(.

ioP TTCmQ −=                                                                                                                             (2) 

Where, 
.m = air mass flow rate, PC = air heat capacity  , oT  and  iT are air outlet and inlet temperature, 

respectively 

The convection heat transfer coefficient from the test section can be written as:  

)( TcTwhAQ −=                                                                                                                              (3) 

Reynolds number is calculated as follows: 

 

huD
=Re                                                                                                                                                        (4) 

Where, hD = channel hydraulic diameter, u= air flow velocity  and  = kinematic viscosity. 

The mass flow rate can be calculated as follows: 

   
cuAm =.

                                                                                                                                                  (5) 

Where,  = air density, u= air flow velocity  and cA = channel cross section area. 

The net heat input to the fluid is determined from the electrical energy input to the system as follows: 

  lossesQIVQ −= .1                                                                                                                            (6) 

Where, V and I 
 
are voltage and current, respectively, and  Qlosses is the heat losses by conduction through the 

lagging. 

The average Nusselt number is estimated as follows: 

k

hD
Nu h=                                                                                                                                                     (7) 

Where,  k  is air thermal conductivity. 

COATING WITH TiC NANOPARTICLES 

Titanium carbide is used as coating for boiler components, automotive and rollers ,The important applications of 

titanium carbide are cutting tools, grinding wheels, inserts and milling tools, secondary carbide in cemented 

carbides, deep drawing dies and extrusion dies for ceramic molding, ball-bearing coatings, coatings for fusion–

reactor applications, high-temperature heat exchangers, turbine engine seals and into structural components such 

as magnetic recording heads, transparent optical materials and composite reinforcing materials [19]. In this 

work, thermal polymer was mixed with TiC nanoparticles shown in figure. (11) for thermophysical properties of 

40nm ,99% purity, melting point 3200 °C.it was mixed Tic nanoparticles with thermal polymer ( 6wt. %) in the 

Laboratory of Department of Physics/ college of Education for pure Sciences/ Babylon University, the resulting 

solution was painted the ribs by spraying process [20]. TiC nanoparticles having high thermal conductivity 
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which will contribute in increasing thermal conductivity to ribs and then increase the conduction heat transfer 

from the channel wall to coolant air stream, so this composite material will has a porous surface that maximize 

the late time of coolant air with ribs , that increase the heat transfer from ribs to the coolant air stream. Ribs was 

scanned  before and after coating  using Scanning Electronic Microscope (SEM) in the Laboratory of 

Department of Physics/ College of Science/ University of Baghdad as shown in figure. (12). The obtained 

scanning photos are shown in figure. (13 and 14). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. TiC nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Scanning Electronic Microscopic Device 
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Figure 13. Ribs Surface in Scanning Electronic Microscopic Before Coating By TiC Nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Ribs Surface in Scanning Electronic Microscopic After Coating By TiC Nanoparticles 

EFFECT OF COATING RIBS ON TEMPERATURE 

The case with ribs was coated ribs by composite Nanomaterials consist of titanium carbide powder and thermal 

polymer, the resulting solution was painted the ribs by spraying process in order to study the effect of coated on 

the heat transfer in the best case and compared it with the  same case before coating at constant surrounding hot 

air temperature (673 K) and Reynolds number of (10855), Figure (15) presents the cooling air temperatures 

along the channel centerline for rib with and without coating. For that without coating , temperature of coolant 

air  about 18.333%  an increasing at experienced [21-26]. while for that with coating ribs , about 21.333%   an 

increasing. 
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Figure (16) shows the inner wall surface temperature for with and without coating ,the temperature distribution 

in the inner channel wall surface for ribbed channel with coating is lower than without coating. 

Figure (17) shows the experimental thermal performance factor with and without coating by composite 

Nanomaterials with different Reynolds number ( Re =7450, 8940 and 10855), when increasing the Reynolds 

number the thermal performance factor, for that without coating the maximum thermal performance factor 

about 1.386 while with coating about 1.876  for Reynolds number (10855) at experienced [27-33], the average 

increasing in thermal performance factor with and without coating about 27.455% . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Air temperature distribution at the channel centerline with (Re=10855) for with and without coating 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Temperature distribution of the inner wall channel at (Re= 10855)  with and without coating 
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Figure 17. Thermal performance variation with (Re=7450, 8940 and 10855), respectively for  with and without 

coating  

CONCLUSIONS 

In this work, the following conclusions were obtained: 

1. Cooling (thermal performance factor) was improved by coating by composite Nanomaterials at constant 

surrounding hot  air temperature of 673K with Reynolds number of (10855) , the case with ribs where  

enhanced by 138.6 % and when it is  coated by  composite Nanomaterials enhanced by 187.6 %. 

2. The ribs were very active in heat transfer improvement due to turbulence caused by flow separation after 

the ribs and the creation of  vortices in the air flow between the ribs  and the inner channel wall , ribs rises 

the temperature of the coolant air at channel centerline and decreases the temperature of inner wall 

channel. 

3. It can be concluded that ribs coated by composite Nanomaterials provided improvement in the heat 

transfer and can be useful in the turbine blade cooling application. 

4. Increasing Reynolds number (coolant air flow velocity) decreases the temperature of inner wall channel. 
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