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Abstract 
 
Turbine blades are radial aerofoils attached to the rim of a turbine rotor to generate tangential force that helps to harvest 
energy from high-pressure steam. The more energy extracted, the more efficient the turbine and the more power produced. 
The blade’s profile, tip and root are the crucial parts of a steam turbine blade. This research analyses the varying tilt angles 
of a steam turbine blade composed of aluminium alloy using a NACA 4412 aerofoil. Three types of simulations have been 
implemented; static structural, steady state thermal and fluent analysis, to determine the optimal tilt angle. In static structural 
analysis the lowest total deformation of 0.33 mm, minimum stress of 33.16 MpA and least stain of 0.52 mm/min occurred 
at a tilt angle of 35o of turbine blade. Whereas steady state thermal analysis records the total heat flux of 1.55E+08 (W/m!) 
at 35o. The fluent analysis determined the lift, drag, pressure average, and velocity of air at a twist angle of 35o to be 507.65 
N, 170.16 N, 26.19 kPa, and 383.97 m/s, respectively. The results suggested that for optimum performance, an aluminium 
alloy stream turbine blade should be tilted at a 35° angle. Aluminium Metal Matrix Composite have improved corrosion 
resistance with introduction of second phase particles and light weight structure will be more energy efficient.  
 
Keywords: Design of turbine blade, Modelling and Simulation, Tilt angle Optimization, Novel Aluminium blade, Structural and Fluent 
Analysis 
 

 
1. Introduction 

 
Turbine is one of the core equipment of the generation system 
where the turbine functions to generate mechanical energy in 
the form of rotation by utilizing the driving fluid [1], [2]. This 
driving fluid produces torque so that the turbine can rotate, 
the force exerted by the fluid (steam) with a certain enthalpy 
can create the large torque needed to rotate the turbine at high 
speed [3]–[5]. The turbine can rotate by utilizing the kinetic 
energy [6]  of steam provided by the driving energy. The 
turbine referenced in this paper is a steam turbine. [7], [8]. It 
is well known that steam turbines currently provide the 
majority of the world's power [9], [10]. There is an increasing 
necessity for the steam turbine to handle the role of peak-load 
management since the solar [11] and wind power [12] plants 
are rarely available to regulate the load on networks. As peak-
load on grids falls, the steam turbine normally runs in an off-
rated mode [13], with a substantially lower mass-flow rate of 
steam than in the rated condition. When mass flow rate 
decreases, the work capacity of turbine blades likewise 
decreases [14], lowering system performance and safety. The 
aerodynamic performance and energy efficiency [15] of 
steam turbine must thus be improved, especially when 
operating with low mass flow rates. Steam Turbine consists 
of several blades arranged in series, and each blade has 
various characteristics in their working principle. Turbine 

blades are the primary component of a gas turbine [16], [17] 
or steam turbine's section. These turbine blades are 
responsible for extracting energy [18] from the high 
temperature [19], high pressure gases [20] produced by the 
combustion chamber [4,18–20]. 
 A turbine blade's aerodynamic [24] profile must be 
carefully considered in order to the steam flow properly and 
produce rotational energy effectively. Turbine blades must 
also be sturdy enough to endure high centrifugal pressures and 
be sized to minimize unwanted vibrations. Many types of 
turbine blades have been suggested, but practically all of them 
are built to benefit from the idea that when a mass of steam 
abruptly changes its velocity, the mass will produce a force 
that is directly proportional to the rate of change of velocity 
[25], [26]. Steam Turbine blades consist of various 
components, namely blade tip, blade profile, and blade root. 
In the Turbine Blade, the Blade Profile [27] is consisting of 
convex surface [28] which known as the back arc, a concave 
surface [29] known as the inner arc, and the transition part 
between the convex and concave surfaces which are both 
known as the leading edge [30] and trailing edge [31].  The 
Blade Root [32]  is the component on the Turbine Blade that 
is in direct contact with the hub, and the Blade Tip [33] is the 
component on the Turbine Blade that is furthest from the hub. 
 Aluminium has been extensively used in applications, 
which include military engineering, aerospace and 
transportation industries where properties such as attractive 
appearance, lightweight, excellent corrosion resistance and 
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good strength are paramount. The properties of aluminium 
can, however, be improved despite its unique attributes 
through the introduction of second-phase particle(s) into the 
matrix [15]. This could be achieved through the introduction 
of any or a combination of metallics, ceramics, nitrides, 
nanoceramics or agro-based waste to the aluminium matrix, 
thereby leading to the formation of aluminium matrix 
composites (AMCs) [34]. 
 The design of a steam turbine blade may be improved in 
a number of ways, but in this study, static structural, steady 
state thermal, and fluent analysis simulations have been 
implemented to analyse the varying tilt angles of a steam 
turbine blade composed of aluminium alloy using a NACA 
4412 aerofoil to find the optimal performance and sustainable 
manufacturing. The following blade tilt angles have been 
simulated: 33°, 34°, 35°, 36°, 37°, and 38°. 
 
 
2. Simulation Methods 

 
There are a few things to undertake in order to improve the 
outcome of the steam turbine blade’s simulation. The first 
step is to do research on the properties and calculations of 
steam turbine blades. After acquiring desired parameters 
proceed with the design, fulfil the simulations requirements 
to get optimal results. It is further simplified as follows. 
 
2.1. Doing Research about Steam Turbine Blade 
Researching the parameters or calculations for designing a 
steam turbine is essential in order to develop a good design. 
This study is a critical stage since it provides us with 
numerous calculations for developing a suitable steam turbine 
design. To provide a better computation for the design of the 
steam turbine blade, a number of calculations should be 
employed. The calculations and relevant perimeters have 
been further classified in to the following: 
 
2.1.1. Airfoil Selection 
Since it may create lift, drag, and moment on the turbine 
blade, the airfoil or aerofoil is a crucial component. To 
achieve the best results, utilize an airfoil that is commonly 
used in industry. NACA Air tools ought to be used to design 
the optimal airfoil for a steam turbine blade. 
 
2.1.2. Material Selection 
Many variables, such as the turbine design, operating 
circumstances, and application requirements, influence the 
material choice for steam turbine blades. Nonetheless, the 
following materials are frequently used for steam turbine 
blades: 
 

• High-Strength Steel: Low-alloy steels such as 
ASTM A723 and ASTM A387 are often used for 
high-pressure steam turbine blades. They possess 
exceptional resistance to high-temperature creep, 
high tensile strength, and good toughness. 

• Nickel-based superalloys, such as Inconel 718 and 
Inconel 738, are utilized in both low-pressure and 
high-pressure steam turbine blades. They have 
exceptional high-temperature strength, creep 
resistance, and corrosion resistance. 

• Titanium-based Alloys: Low-pressure steam turbine 
blades frequently employ titanium alloys like Ti-
6Al-4V and Ti-6Al-2Sn-4Zr-2Mo. They offer a 
high strength-to-weight ratio, great corrosion 
resistance, and strong creep resistance. 

• Ceramic Matrix Composites: Innovative materials 
such as ceramic matrix composites (CMCs) are 
becoming more widespread in steam turbine blades. 
They offer exceptional high-temperature strength 
and thermal shock resistance, which helps boost 
steam turbine efficiency. 

 
 The novelty of this study is to analyse the varying tilt 
angles of a steam turbine blade composed of aluminium alloy 
using a NACA 4412 aerofoil to find the optimal performance. 
 
2.1.3. Centrifugal Force 
Centrifugal forces in general can be expressed as; 
 
F= 	𝑚𝑟𝜔!       (1) 
 
where 
 
F = Centrifugal Force 
m = Mass of the moving object 
r = Distance of object from centre of rotation 
𝜔 = Angular Velocity 
 
 For this case, in steam turbine blade for centrifugal force 
can be expressed in Equation 2. 
 
𝐹 = 	𝜌𝐴𝜔! ∫ 𝑟𝑑𝑟"#

"!       (2) 
 
Where	ρ	is	density	material	and	A	is	cross	blade	section	  
 This formula is used to get a better result for steam turbine 
blade design. Please refer Table 1 
 
Table 1. Calculation design for steam turbine blade 

Material Aluminium Alloy 
Density 7850	 kg m$⁄  
Airfoil NACA 4412 

Cross Sectional Area 727,827 mm2 
Blade Tip 96 mm 

Blade Root 100 mm 
Blade Length 200 mm 

Centrifugal Force 78738,37 N 
 
2.1.4. Steam Turbine Blade Design 
After obtaining the optimum calculations steam turbine blade 
is designed using CAD (Computer Aided Design). There are 
multiple applications to make CAD design, in this case the 
Autodesk Inventor is used for designing. The design is as 
follows. 

 
Fig. 1. 3D Steam Turbine Blade Design using a NACA 4412 aerofoil 
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 Considering the twist angle of blade, six different turbine 
blades are designed for simulation. Twist angle of steam 
turbine blade is the angle between the Blade Tip and Blade 
Root. To obtain this angle, an isometric design of the turbine 

blade is perceived from top. A line is then drawn between the 
airfoils, and finally, the turbine blade's twist angle is 
determined. The referenced twist angles range from 33 to 38 
degrees[35]. On the basis of varying twist angles, the 
engineering design is shown below. 

 

 
Fig. 2. Engineering Design of Steam Turbine Blade based on twist angle, (a) 33 Degree, (b) 34 Degree, (c) 35 Degree, (d) 36 Degree, (e) 37 Degree, 
(f) 38 Degree 
 

2.2. Simulation  
ANSYS is a widely used engineering simulation software that 
offers several types of simulations i.e. structural analysis, 
fluid dynamics, electromagnetic, explicit dynamics, multi 
physics and system simulation to analyse and optimize 
various physical phenomena. In this study the static structural, 
steady state thermal and fluent analysis have been 
implemented to simulate the optimal blade angle and other 
variables. Figure 3 below provides a visual representation of 
the geometrical design for better understanding. 

 
Fig. 3. The Geometrical Setup for Simulation, (a) Static and Thermal, 
(b) Fluent 
 
 
 Following the geometrical setup, the parameter must be 
set. Table 2 shows the parameter 

Table 2. Parameter Setup for Simulation 
Material Aluminium Alloy 

Body Sizing 8𝑥10(&') 
Rotational velocity 187,5	 𝑟𝑎𝑑 𝑠⁄  

Gravity 9,806	𝑚 𝑠!⁄  
Inlet Pressure 49,25 kPa 
Temperature 348,27 K 

Outlet Pressure 0,0135Mpa 
 
 For additional parameter, In CFD Setup, there are several 
parameters that can be used to get an optimal outcome. It is 
recommended to conduct a convergence study in ANSYS 
simulations to attain superior quality. Convergence analysis 
is repeating the simulation with increasing mesh sizes or 
solver settings and comparing the results to assess the amount 
of convergence. When the results no longer noticeably alter 
as the mesh size or solver parameters are increased, the 
simulation is said to have converged. For Fluent only, the 
iterations are 6000x in order to get a good quality. The 
parameters are demonstrated in figure 4. 
 
 
3. Result and Discussion 

 
3.1. Static Structural 
It simulates the structural behaviour of a system or component 
under static loads. This analysis is used to predict the stress, 
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strain, deformation, and failure of structures, components, 
and assemblies under steady-state loading conditions. The 
following steps are contained within ANSYS's static 
structural analysis. generation of geometry, meshing, material 
specification, solution, and post-processing. Further meshing 
can be sub-classified into mesh quality, mesh type, body 
sizing, etc. In this case, the quality of meshing is high, the 
mesh type is skewness, and the body sizing is 8𝑥10(&'). 
Figure 5 below shows the mesh metric's skewness value. 
 

 
Fig. 4. CFD Solver Parameter (Guodong Yi *, Huifang Zhou, Lemiao 
Qiu * and Jundi Wu, 2020) 
 

 
 For the mesh of a steam turbine blade, the allowable 
skewness ranges from 0.80 to 0.94 (see Figure 5).  

 
Fig. 5. Skewness and Orthogonal Quality Mesh Spectrums 

 
 The static structural analysis calculated total deformation, 
stress and strain as shown in Table 3. 
 
Table 3. Static Structural Result of Steam Turbine Blade 

No. Twist 
Angle 

Total 
Deformation 

(mm) 

Stress 
(MPa) 

Strain 
(mm/mm) 

1. 33 0.39 33.9 0.58 
2. 34 0.44 42.77 0.83 
3. 35 0.33 33.16 0.52 
4. 36 0.39 46.45 0.79 
5. 37 0.38 41.44 0.73 
6. 38 0.39 40.05 0.69 

 
 The total deformation, stress, and strain is determined by 
using static structural simulation. Three spatial components 
often combine to generate total deformation. Strain is the 
result of a material deforming due to stress, while stress is a 
measure of what the substance experiences from externally 
applied pressures. The total deformation, stress and strain 
graph have been computed to find the optimal values. For the 
graph please refer to figure 7. 

 

 
Fig. 6. The Meshing of Steam Turbine Blade, (a) 33, (b) 34, (c) 35, (d) 36, (e) 37, (f) 38 degree 
 
 

 

 
Fig. 7. The Graph Result of Static Structural, (a) Total Deformation, (b) 
Stress, (c) Strain 
 
 Based on simulations performed with varying blades 
angles of 33o, 34o, 35o, 36o, 37o and 38 o degrees, the graph (a) 
configured the maximum total deformation of 0.44 mm at 34o 

and minimum total deformation of 0.33 mm at 35o. In graph 
(b) the minimum stress of 33.16 MpA at 35o twist angle and 
maximum stress of 46.45 MpA at 36o is being computed. The 
graph (c) depicts the minimum strain of 0.52 mm/min at 35o 
and maximum stain of 0.83 mm/min at 34o. 
 
3.2. Steady-State Thermal 
It is the type of analysis used to model the thermal behaviour 
of a structure or element under steady-state circumstances. 
The temperature distribution, heat transfer rates and thermal 
stresses is determined using this approach. The steady state 
thermal analysis performed using ANSYS consists of the 
succeeding phases. The creation of geometry, meshing, 
boundary conditions, material specifications, finding a 
solution, and post-processing. Further meshing is divided into 
mesh type, mesh quality, body size, etc. In this case, the body 
sizing is 8𝑥10(&'), mesh type is skewness and the mesh 
quality is high. Please refer to the Table 4 
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Table 4. Steady State Thermal Result of Steam Turbine 
Blade 

No. Twist 
Angle 

Temperature (K) Total Heat Flux 
(𝑾/𝒎𝟐) 

1. 33 620 1.44E+08 
2. 34 620 1.37E+08 
3. 35 620 1.55E+08 
4. 36 620 1.73E+08 
5. 37 620 1.37E+08 
6. 38 620 1.4E+08 

 
 A graph is drawn to represent the values and extract the 
conclusions. The graph is Figure 8.  
 Based on simulations performed with varying blade 
angles of 33o, 34o, 35o, 36o, 37o and 38 o degrees, the graph 
configured a decreasing trend at 34o, quite different from the 
Static structure, an increasing shift from 34o to 36o and again 
a decline at 37o. The graph shows the maximum heat flux of 
1.73E+08 (W/m!)	at 36o and the lowermost 1.37E+08 
(W/m!)	at 34o and 37o. The temperature graph is constant 
since each twist angle has the same temperature. 

 
 

 
Fig. 8. Total Heat flux at the varying blade angles 
 
 
3.3. Fluent Analysis 
Lift, drag, average pressure, air velocity, and the highest 
temperature are all variables that is obtained through a fluent 
analysis. The meshing operation must first be carried out to 
obtain values. Mesh quality, mesh type, mesh size, body 
sizing, insulation, and other perimeters are all used in this 
method. In this situation, the meshing quality is high, the 
mesh type is skewness, the meshing size is (1𝑥10(&$)) and 
the body size is (8𝑥10(&')). The meshing process velocity 
must be determined for the insulation. The value is 
determined to be 2𝑚 𝑠⁄  by the computation. 
 The result of the meshing operation is shown in Figure 9. 

 

 
Fig. 9. The Mesh Result of Steam Turbine Blade, (a) 33, (b) 34, (c) 35, (d) 36, (e) 37, (f) 38 degrees 
 
 
Fluent analysis of the meshing system determines lift, drag, 
average pressure, air velocity, and the maximum temperature 
variables. The outcome is shown in Table 5 below. 
 
Table 5. Fluent Analysis Result of Steam Turbine Blade 

No. Twist 
Angle 

Lift 
(N) 

Drag 
(N) 

Pressure 
Average 

(kPa) 

Velocity 
of Air 
(m/s) 

Pressure 
Maximum 

(kPa) 
1. 33 457.31 140.41 26.36 376.48 60.27 
2. 34 551.17 181.65 24.76 405.99 61.21 
3. 35 507.65 170.16 26.19 383.97 61.41 
4. 36 477.14 170.56 25.04 382.99 64.57 
5. 37 462.11 177.99 25.88 380.6 61.91 
6. 38 474.5 183.74 24.99 381.25 61.2 

 Two of the five values derived from fluent analysis are 
Lift and Drag. Lift and drag are the components of this force 
that are parallel to the flow direction and perpendicular to the 
incoming flow direction, respectively. As the blade's velocity 
is zero meters per second, a tool in CFD Post is implemented 
to get the air velocity. Finally, to get the pressure maximum 
employed the contour from CFD Post. Using the values from 
Table 5, the graph is being generated. 
 From the graph (a) it is deduced that at 33o the lift is 
457.31 N, it reached to its peak point 551.17 N at 34o, and 
then gradually dropped to 474.5 N at 38o. In graph (b) the least 
value of drag is 140.41 N at 33o then it starts increasing to 
181.65 N at 34o, then it descends again and the maximum drag 
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of 183.74 N calculated at 38o. In graph (c) the maximum 
pressure average of 26.36 is calculated at 33 and minimum of 
24.76 at 34. In graph (d) the minimum velocity of air is 376.48 
m/s at 33o and maximum at 405.99 m/s at 34o. The pressure 
maximum is plotted in graph (e) with least value of 60.27 at 
33o and maximum value of 64.57 at 36o. The velocity 
magnitude, relative velocity magnitude and tangential 
velocity of stream turbine has been simulated with profiles in 
figure 11, 12 and 13 respectively. 
 Figure 12 and 13, shows the relative velocity magnitude 
and Tangential Velocity respectively. 
 

 

 
Fig. 10. The Graph Result of Fluent Analysis, (a) Lift, (b) Drag, (c) 
Pressure Average, (d) Velocity of Air, (e), Pressure Maximum 
  
 

 
Fig. 11.  Velocity Magnitude of Steam Turbine Blade, (a) 33, (b) 34, (c) 35, (d) 36, (e) 37, (f) 38 degrees 
 

 
Fig. 12. Relative Velocity Magnitude of Steam Turbine Blade, (a) 33, (b) 34, (c) 35, (d) 36, (e) 37, (f) 38 degrees 
  

 
Fig. 13. Tangential Velocity of Steam Turbine Blade, (a) 33, (b) 34, (c) 35, (d) 36, (e) 37, (f) 38 degrees 
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4. Conclusions 
 

In this study the three types of simulations i.e. static structural, 
steady state thermal and fluent analysis have been performed 
on the aluminium alloy steam turbine blades with varying 
blade angles of 33o, 34o, 35o, 36o, 37o and 38o. The following 
conclusions are drawn: 
 
• Static Structural Analysis: In this investigation the 

lowest total deformation of 0.33 mm, minimum stress 
of 33.16 MpA and least stain of 0.52 mm/min has 
occurred at a tilt angle of 35o of turbine blade. 

• Steady State Thermal: This simulated the maximum 
Total heat flux of 1.73E+08 (W/m!)	at 36o and the 
lowermost 1.37E+08 (W/m!)	at 34o and 37o. while 
the Total heat flux recorded at 35o is 1.55E+08 
(W/m!). 

• Fluent Analysis: The lift, Drag, pressure average and 
velocity of air at the twist angle of 35o are 507.65 N, 
170.16 N, 26.19 kPa and 383.97 m/s respectively. 

• This finding also provides insight into the use of 
aluminium alloy as turbine blades, further more 
Aluminium Metal Matrix Composite can be doped 
with fillers to improve corrosion resistance. 

 
 In accordance with the results and findings, a stream 
turbine blade made of aluminium alloy should be tilted at a 
35° for best performance. This study proposes the potential of 
aluminium alloy in the manufacturing of steam turbine blade. 
Future models of the turbine blade may possibly simulate 
other variables for a perfect match to the actual operating 
conditions. 
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