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 By using ANSYS Fluent Turbine, this study replicates the cooling of turbine blades. 

Simulate the symmetrical structure of the turbine blade cooling channel to simplify the 

problem model. The primary objective of this study is to characterize the fluid flow and 

heat transfer properties within the cooling blade channel. As a result, the model's simulation 

and boundary conditions are defined in such a way that the fluid behavior is concentrated on 

heat transfer. The cooling mechanism in this model is defined as cool airflow through an 

empty region in the blade's inner sides. The downstream wall is subjected to uniform heat 

flow, while the remainder of the wall is treated as an adiabatic surface. The flow had a 

Reynolds number (Re) range of 5,000 to 20,000. We solved the governing equations using 

the RNG k-turbulent model. The friction factor, Nusselt number, and skin friction are all 

affected by the turbulator height. The result indicates that the inclusion of a turbulator has 

a considerable effect on the cooling channel's performance. The presence of a turbulator 

within the cooling route increases the rate of heat transfer, and the increase is proportional 

to the form and size of the turbulator. When a trapezoidal turbulator was introduced into a 

smooth channel, the Nusselt number increased considerably. 

 

Keywords: 

gas turbine, blade, cooling channel, Reynolds 

number, Nusselt number 

 

 

 
1. INTRODUCTION 

 

Gas turbines, alternatively referred to as combustion 

turbines, are a type of internal combustion engine. It converts 

chemical energy generated by the combustion of fuel to 

mechanical work using a continuous flow of gaseous working 

fluid [1-3]. Mechanical work can be used in any industrial 

application, while the ejected gaseous fluid can be used to 

provide thrust for propulsion. Due to its reliability and high 

power- to-weight ratio, the gas turbine has a wide range of 

applications. The only disadvantage of this method is that it is 

more expensive and less efficient than reciprocating engines. It 

is applicable to a variety of industries, including power 

generation, oil and gas, process plants, aviation, and marine 

applications. The demand for electricity from these uses is 

increasing at a constant rate [4, 5]. As a result, increasing 

turbine efficiency is a primary objective of all research 

endeavors in this area. As seen in Figure 1. 

The gas turbine operates on the Brayton cycle principle. 

Cycles are classified as closed or open, depending on whether 

exhaust gas from the turbine output is recirculated, as seen in 

Figure 2. Fresh air at ambient pressure and temperature is 

pulled into the compressor, where its pressure and temperature 

are increased. This highly compressed air then passes into the 

combustion chamber, where the fuel is burned at a constant 

pressure, producing high-temperature pressurized gases. 

These gases flow through the turbine and expand to air pressure, 

generating useful work. The ideal Brayton cycle depicted in 

Figure 3 consists of four internally reversible phases. At point 

1, ambient air is taken into the system and compressed 

entropically to a very high pressure range from 15 to 35 atm. 

Fuel is burned in the combustion chamber with high-pressure 

air, with preferably no pressure loss between points 2 and 3. 

The fuel is initially burned with less than one-third of the air 

present, and the combustion products are subsequently mixed 

with the remaining air. The hot gases emerging from the 

turbine stator and rotor combustor expand entropically 

between points 3 and 4, resulting in the turbine rotating. A 

portion of the work is extracted for the purpose of compressing 

air, while the remainder is used for other purposes [6, 7]. In an 

open cycle, hot gases from the turbine are expelled without 

being recirculated back into the system. In contrast, a closed-

cycle gas turbine replaces the combustion process with 

constant pressure heat addition and the exhaust process with 

constant pressure heat rejection. The Brayton cycle is a closed-

loop ideal cycle. The Brayton cycle P-v and T-s diagrams in 

Figure 3 summarize all four internally reversible processes [8-

10]. 
 

 
 

Figure 1. Gas turbine schematic 
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Figure 2. Gas turbine cycle. left: open cycle. right: closed-cycle turbine schematic 

 

 
 

Figure 3. Brayton cycle 

 

This paper organizes the remaining sections as follows: 

Section 2 discusses recent turbine cooling strategies. Section 3 

describes numerical modeling methods, mesh independence, 

and validation. Section 4 explores how turbulator geometry 

and height affect flow and heat transfer characteristics. Section 

5 wraps up the study by noting major findings and implications. 

 

 

2. LITERATURE REVIEW 

 

Continuous performance enhancement of gas turbine 

systems requires a continual increase in turbine intake 

temperatures. Turbine component cooling becomes a 

significant issue. One way to endure such a high temperature 

is to employ a sophisticated material with a high melting point, 

however, this has limitations due to the extremely high gas 

temperature. Numerous internal and external cooling 

technologies are employed to get the temperature of the turbine 

metal below its melting point. Internal cooling is accomplished 

by circulating relatively cold air collected from the compressor 

bleed via the turbine blades' internal serpentine tunnels, as 

seen in                          Figure 4. Internal cooling is accomplished through both 

jet impingement and pin-fin cooling [11-13]. External cooling, 

also known as film cooling, is a method of cooling that 

occurs outside of the body.    

The following section outlines general (non-formatting) 

guidelines to follow. These guidelines are applicable to all 

authors and include information on the policies and practices 

relevant to the publication of your manuscript. 

For several decades, substantial research on gas turbine 

blade cooling has been done. Turbine blade cooling resulted in 

a significant reduction in blade temperature and an increase in 

blade lifetime of only a few percent. The cause for the minimal 

improvement was due to the cooling holes being placed 

incorrectly for a turbine blade that was not cooled and one that 

had internal cooling channels [14, 15]. They carried out their 

analysis using three distinct solvers: 

1) a Navier–Stokes solver in the case of external flow and 

heat flux, 2) a finite element analysis (FEA) of the heat transfer 

and stress distribution within the solid, and 3) a one-

dimensional aerothermal model for cooling ducts with 

roughened ribs [16, 17]. 

 

 
 

Figure 4. Internal cooling 

 

 

3. METHODOLOGY 

 

3.1 Structure of the ANSYS/FLUENT code 

 

ANSYS/FLUENT is a commercial computational fluid 

dynamics (CFD) code that was developed in 1970. It is a 

general-purpose program for simulating structural and 

physical interactions, fluid dynamics, vibrations, chemical 

processes, and heat transport, among other phenomena. In a 

nutshell, ANSYS/FLUENT is a computer-aided engineering 

(CAE) application. This research utilizes the most recent 

version of ANSYS/FLUENT software, starting with Version 

14.5, and progressing to Version 15.0 and 16.2 as the research 

proceeds. CFD codes are generally based on numerical 

techniques that extract information about fluid flow 

phenomena. These scripts are divided into four sections: 

(1) identification of the problem, (2) pre-processing, (3) 

resolution, and (4) post-processing. The flow chart in Figure 5 
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depicts the overall procedure for the ANSYS/FLUENT code. 

 

 
 

Figure 5. Flow chart showing the general procedure of the 

ANSYS/FLUENT code (Fluent, A. N. S. Y. S., 2015) 

 

3.2 Problem discretion 

 

The governing equations for mass, momentum, and energy 

conservation were discretized using the finite volume 

technique (FVM), using a second-order upwind strategy for 

momentum and energy terms to improve accuracy. This work 

focuses on turbulator cooling, a type of impingement cooling, 

and tries to optimize the geometry of a gas turbine blade's 

cooling path. The stable RANS equations are solved using 

CFD analysis with Ansys/Fluent. The computational domain is 

represented by a long rectangular channel whose length is nine 

times its height. The turbulator is available in four different 

heights: 15 mm, 20 mm, 25 mm, and 30 mm. The diameter of 

the pitch is assumed to be 50 mm. The performance of several 

turbulator shapes, including triangular, trapezoidal, and circular, 

is investigated using numerical simulations with Reynolds 

numbers ranging from 5000 to 20,000. The turbulator wall is 

subjected to a uniform heat flow of 800 W/m2, air as the 

working fluid. The schematic diagram is present in Figure 6. 

The channel geometry is subjected to turbulent flow 

conditions using the k-𝜀 turbulence model. Figure 6 depicts the 

schematic diagram. 

The turbulent flow regime is simulated in this study using 

the RNG k-ε model, which is based on the Boussinesq 

hypothesis, which describes the relationship between the 

Reynolds tensor and the gradient of the mean velocity, the 

turbulent kinetic energy, and the turbulent viscosity [18, 19]. 

In the RNG 𝑘-𝜀 model, to specify the turbulence specification 

method, the turbulence intensity and hydraulic diameter are 

used. I is defined as the Turbulence Intensity. 

 

I = 
𝑢𝐹

𝑢𝑎𝑣𝑔
 = 0.16 ( 𝑅𝑒𝐻)

−1

8  (1) 

 

3.3 Grid independent study and code validation  

 

The grids utilized in this investigation were produced using 

ANSYS V.20's meshing tool. The computing domain is 

divided into a uniform and non-uniform grid.    A fine grid is 

used in the separation zone as well as at the channel's 

downstream wall due to the significant gradient in the flow's 

temperature and velocity components. Four different grids, as 

listed in Table 1, were evaluated to determine the effect of grid 

size on the computed results. The proportion of relative 

inaccuracy between the third and fourth grids was determined 

to be 2.445 percent, which can be ignored. As a result, the 

current study makes use of a grid of 214,000 points to save 

effort and processing time. The error percentage is calculated 

as follows: 

 

𝑒% = |
𝑄 − 𝑄𝑛−1
𝑄𝑛−1

| (2) 

 

where, Q represents any quantity. A schematic diagram of the 

grid generated in the transverse direction is present in Figure 

7. 

 

 
 

Figure 6. The schematic diagram of the cooling passage of 

the turbine blade 

 

Table 1. Grid independent study 

 
Grid 

No. 

Grid 

Nodes 
𝐍𝐮 e% 𝐮 (𝐦𝐬−𝟏) e% 𝐲+ 

1 112,000 29.354 − 0.5621 − 0.645 

2 138,000 30.928 2.446 0.5632 0.306 0.652 

3 214,000 31.546 2.445 0.5655 0.334 0.732 

4 378,000 31.921 0.085 0.5656 0.079 0.724 
 

 
 

Figure 7. Mesh of the model 

 

3.4 Validation  

 

Due to facility constraints, experimental validation could 
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not be done at this time. However, our numerical model was 

rigorously verified against published data [20], yielding good 

agreement in Nusselt number and friction coefficient changes. 

Future work will include wind tunnel testing to support the 

existing findings, as shown in Figure 8. 

 

 
(a) Average Nusselt number 

 

 
                               (b) Skin friction coefficient 

 

Figure 8. Validation of the present CFD results for pure 

water with numerical data from previous studies: (a) average 

Nusselt number, (b) Skin friction coefficient 

 

 

4. RESULTS AND DISCUSSION 

 

The main objective of this numerical analysis is to 

investigate turbulent flow and heat transfer in a channel with a 

turbulator of triangular, circular, or trapezoidal shape with 

Reynolds numbers ranging from 5,000 to 20,000, turbulator 

heights of 15, 20, 25, and 30 mm, and a fixed pitch diameter 

of 50 mm. The first section of the analysis describes the 

numerical results of forced convective heat transfer and fluid 

flow over a channel with a variety of turbulators. This section 

discusses and evaluates the thermal and hydraulic efficiency 

implications of the turbulator form and Re. 

4.1 The effect of turbulator shape on fluid flow and heat 

transfer 

 

The addition of a turbulator to the channel had a significant 

effect on heat transfer and fluid flow, as illustrated in Figure 

9(a) and Figure 9(b), which shows the surface Nusselt number 

and average skin friction coefficient along the channel's down 

wall for each channel at Re values ranging from 5,000 to 

20000 and an amplitude height of 20 mm. The triangular 

turbulator had the highest Nusselt number compared to the 

other shapes, but the circular turbulator had the lowest Nusselt 

number. The circular turbulator has the lowest skin friction 

coefficient, followed by the triangular and trapezoidal 

turbulators. 

 

 
(a) Average Nusselt number 

 

 
(b) Average skin friction for different turbulator shapes 

 

Figure 9. (a) Average Nusselt number, (b) average skin 

friction for different turbulator shapes 

 

The Nusselt number grows as the Reynolds number 

increases, as illustrated in Figure 9(a). This is owing to the 

turbulator's vortex, which contributes to an increase in the heat 
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transfer ratio. Increased flow rate results in a thinner boundary 

layer and lower thermal resistance, which results in an 

increased heat transfer rate. At extremely high Reynolds 

numbers, this boost becomes significant. 

According to Figure 9(b), the average skin friction 

coefficient of all turbulators is the same. The enhancement of 

heat transmission was related to flow difficulties, and flow 

after the turbulator generated a larger recirculation area and a 

thin boundary layer. 

Figure 10 illustrates the effect of various turbulator shapes 

on the velocity distribution at Re = 5,000, pitch diameter = 50 

mm, and turbulator height = 20 mm. 

The velocity streamline was significantly influenced by the 

converging and diverging sections of the turbulator walls. Due 

to the sharp edge of the curved wall, a stable vortex was 

generated at the diverging region of the turbulator wall of each 

shape. 

The trapezoidal turbulator channel has the greatest velocity 

gradient behind the turbulator. This increase in velocity 

gradient results in a narrower thermal boundary layer at the 

trapezoidal turbulator wall's converging portion. Due to the 

tension between the wall and viscous sublayers, the velocity 

of the walls remains low. However, the addition of turbulator 

walls to the cooling blade channel improves the velocity 

distribution near the wall, resulting in a more uniform mixing 

of the flow layers. 

 

 
 

Figure 10. Velocity steam line contour for different 

turbulator shape 

 

Figure 11 illustrates the influence of several turbulator 

designs, including trapezoidal, triangular, and circular walls, 

on the isothermal contour at Reynolds number = 5000, a 

turbulator height of 20 mm, and a pitch diameter of 50 mm. 

The isothermal contour of the turbulator walls reveals that the 

thickness of the thermal boundary layer varies with the 

turbulator shape, resulting in a variation in flow mixing and 

surface area. As a result, depending on the turbulator design, 

the temperature gradient at the wall will rise or decrease, 

eventually affecting the heat transfer enhancement. The same 

graphic demonstrates that the trapezoidal turbulator wall has a 

greater temperature gradient than the triangular corrugated and 

circular turbulator walls. The isothermal contour's principal 

pattern indicates a reduction in the thermal boundary layer 

following the first turbulator, where this point represents the 

initial recirculation zone formed by the turbulator. However, 

due to flow mixing and the secondary vortex formed by the 

turbulator walls, the boundary layer thickness begins to 

expand again. 

 

 
 

Figure 11. Temperature distribution contour for different 

turbulator shapes 

 

Figure 10 shows that the triangular turbulator creates 

stronger flow separation and recirculation zones near the wall, 

encouraging turbulent mixing and hence increasing local heat 

transfer. Figure 11 demonstrates that trapezoidal turbulators 

produce sharper temperature gradients, indicating thinner 

thermal boundary layers that cause higher convective heat flux. 

The influence of Reynolds number on PEC is seen in Figure 

12 for triangular, trapezoidal, and circular turbulator designs. 

The trapezoidal shape has a higher PEC value than the other 

shapes due to a significant increase in heat flow across that 

channel. In comparison, the PEC increased with an 

improvement of Re. PEC reached is seen in Figure 12 for 

triangular, trapezoidal, and circular turbulator designs. The 

trapezoidal shape has a higher PEC value than the other shapes 

due to a significant increase in heat flow across that channel. 

In comparison, the PEC increased with an improvement of Re. 

PEC reached a high of 1.25 at Re = 20,000 and a trapezoidal 

turbulator shape, while it reached a minimum of 1.05 at Re = 

10,000 and a circular turbulator shape. By adding a turbulator 

wall to the cooling blade channel, PEC is significantly 

improved. 

 
 

Figure 12. PEC for different turbulator shapes 

 

In general, PEC increases with flow rate because the friction 

factor falls with Reynolds number due to the fact that the 

thickness of the boundary layer is significantly affected by 

flow rate at low Reynolds numbers. 
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(a) Average Nusselt number 

 

 
(b) Average skin friction for different turbulator heights 

 

Figure 13. (a) Average Nusselt number, (b) average skin 

friction for different turbulator heights 

 

4.2 The effect of turbulator height on fluid flow and heat 

transfer 

 

The numerical results of the average skin friction and 

Nusselt number at different turbulator heights and Reynolds 

numbers are presented in this section. The influence of 

different amplitude heights (15, 20, 25, and 30 mm) on the 

average Nusselt number for a trapezoidal turbulator wall with 

a pitch diameter of 50 mm and a Reynolds number in the range 

of 5000 to 20000 is shown in Figure 13(a). The simulation 

findings indicate that when the turbulator height of the 

trapezoidal turbulator increases, the average Nusselt number 

increases along with the friction factor. This increase in Nu is 

attributable to the downstream section's promotion of the 

improved temperature and fluid mixing gradients as the 

turbulator height increases. It is worthy to be mentioned here 

that the two highest heights of the turbulator height show 

approximately the same heat transfer rate while they provide a 

higher enhancement in the heat transfer compared to the 

smooth channel. However, as illustrated in Figure 13(b), the 

increase in the average Nu reaches a maximum at turbulator 

height = 25 mm, whereas the friction factor continues to climb 

as the amplitude height increases (b). It is worth noting here 

that the two highest turbulator heights exhibit nearly the same 

heat transfer rate while providing a greater heat transfer 

increase than the smooth channel. 

Furthermore, the intensity of the vortex increases with the 

increase of the turbulator height. Figure 14 illustrates the effect 

of turbulator characteristics, namely turbulator height, on the 

distribution of flow velocity at Re 5,000. The result suggested 

that the turbulator wall has a considerable effect on the 

velocity streamline gradient at the center of each diverging 

segment. The streamlines of velocity grew and reduced in size 

when the turbulator setting was changed. The finding indicates 

that as the turbulator height grows in the core of each divergent 

section, the recirculation zone is impacted. Additionally, the 

intensity of the vortex increases as the turbulator height 

increases.  

 

 
 

Figure 14. Velocity steam line contour for different 

turbulator heights 

 

 
 

Figure 15. Temperature distribution contour for different 

turbulator heights 

 

At Reynolds number Re equal 5,000, Figure 15 illustrates 

the influence of various turbulator heights (15, 20, 25, and 30 

mm) and a 50 mm wavelength on the isothermal contour of the 

cooling blade channel combined with the trapezoidal 

turbulator wall. It was discovered that increasing the turbulator 
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height had a substantial effect on the temperature gradient 

distribution because the secondary vortex strength increases 

and encourages fluid mixing in the core of each divergence 

section. Additionally, the result indicates that there is no 

discernible change in the thermal boundary layer after 

turbulator height = 25 mm, as the channel's maximum fluid 

mixing occurs at turbulator height = 25 mm. Additionally, the 

thickness of the thermal boundary layer grows with increasing 

turbulator height at the diverging section for the same reason. 

Increased temperature gradients should result in an increase in 

heat transfer rate.  

Table 2 presents a comparative analysis of the three 

turbulator geometries, revealing that while the triangular shape 

offers the highest Nusselt number, the trapezoidal shape 

provides the best PEC due to balanced heat transfer and 

pressure loss. 

 

Table 2. Comparison 

 
 Triangular Trapezoidal Circular Smooth 

Nusselt 

number 
240 230 210 180 

Skin 

friction 
0.0179 0.0169 0.0172 0.0135 

PEC 1.08 1.25 1.05 0 

 

 

5. CONCLUSIONS 

 

The present study numerically evaluated fluid flow and the 

heat transfer performance behavior in a rectangular passage of 

a gas turbine blade using air as the working fluid. Three 

distinct turbulator shapes were evaluated within a rectangular 

channel, as well as the effect of turbulator shape on heat 

transmission and fluid flow parameters. The numerical study 

was conducted using the k-ω turbulence model. Additionally, 

the influence of the turbulator height was examined. It was 

discovered that the inclusion of a turbulator had a considerable 

effect on the cooling channel's performance. The presence of 

a turbulator within a cooling route increases the rate of heat 

transfer, and the increase is proportional to the form and size 

of the turbulator. When a trapezoidal turbulator was 

introduced into a smooth channel, the Nusselt number 

increased considerably. 

The results indicated that adding a turbulator wall to the 

channel significantly increased heat transfer. Additionally, it 

has been demonstrated that the trapezoidal turbulator wall has 

the highest value of PEC = 1.25, which is a factor of the 

Nusselt number and friction factor. 

The turbulator height has a direct effect on the rate of heat 

transfer, with a greater turbulator height resulting in a faster 

rate of heat transfer. The trapezoidal turbulator with a pitch of 

50 mm and a diameter of 25 mm a maximizes heat transfer. As 

a result of the improved mixing of the flow, the 

subrecirculation zones generated by the turbulator wall of the 

trapezoidal boost heat transmission. As the Nusselt number 

(Nu) increases and the Reynolds number (Re)  increases, as 

well, resulting in a dramatic fall in the friction factor. 

Among all investigated geometries, the trapezoidal 

turbulator at 25 mm height had the best thermal-hydraulic 

performance, with a PEC of 1.25. Triangular forms improved 

heat transfer the greatest, but their greater friction factor 

reduced efficiency. In contrast, circular shapes exhibited the 

lowest pressure drop but fared poorly in heat transfer. The 

trapezoidal shape provides a balanced design for practical use 

in turbine blade cooling systems. 
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NOMENCLATURE 

CFD computational fluid dynamic 

𝐶𝑓 skin friction coefficient 

e% error percentage 

PEC performance evaluation criteria 

Q quantity 

RANS Reynolds average Navier stokes 

Re Reynolds number 

TBC turbine blade coating 

V+ fluid velocity 
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