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ABSTRACT  

Steam turbines play a vital role in power generation as a prime mover which converts kinetic energy of steam 

into mechanical energy. The turbine consists of several stages with each stage consisting of a stationary blade 

and a rotating blade. CFD study was carried out for evaluating the performance of a utility Steam Turbine. 

The flow in a turbine blade passage is complex and involves understanding of energy conversion in three 

dimensional geometries. The performance of turbine depends on efficient energy conversion and analyzing 

the flow path behaviour in the various components of Steam Turbine. The CFD analysis of the turbine flow 

path helps in analyzing the flow and performance parameters and their effects on performance parameters 

like temperature, pressure and Power output. Turbine blade and rotor assembly is the key to the turbine to 

convert pressurized steam in to rotary motion; temperature and pressures are directly effects the surface of 

the blades these will cause regular maintenance replacement of blades. The aim of the project work is to 

reduce maintenance and improving quality / life. Initially literature survey was done to understand 

rectification methodology and approach to select suitable materials and also to select aero -foil shape.3D 

models of blades set’s shaft were prepared according to data collected from NACA series assembly of shaft 

and blades are modeled in 3D modelling software and CFD analysis were carried out to improve the overall 

efficiency by studying the flow behaviour properties. 
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I. INTRODUCTION 

The steam turbine was first suggested some 2000 years ago by Hero of Alexandria (Parsons [1911aD. Hero's 

turbine comprised a rotating spherical vessel and two diametrically opposed jets. Water within the central vessel 

was heated by naked flame, and the subsequent discharge of steam through the jets applied a reactive torque to 

the body. No means of extracting shaft work from the arrangement was proposed, and the first reports of the use 

of a steam turbine as a source of mechanical power originate much later in the early 19th century. During the 
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industrial revolution there was renewed interest in the application of reaction steam turbines as an alternative to 

reciprocating engines as sources of mechanical drive. 

 

Around 1840 Avery (working in the USA) devised a reaction turbine to drive circular saws, and at the same 

time Wilson (working in Scotland) independently implemented a reaction turbine as a mechanical drive in a 

cotton mill. Both turbines had much in common with the arrangement notwithstanding the obvious mechanical 

limitations of these devices, the de Laval turbine was widely used in a variety of industrial drive applications of 

up to 400 horse-powers throughout mainland Europe. The first practical steam turbine generator for the 

continuous production of electrical power was patented by Sir Charles Algernon Parsons in 1884 (British 

Patents 6734 and 6735 [1884]). Through a series of experiments Parsons determined that single stage turbines of 

the type later proposed by de Laval could only be expected to deliver low levels of power output with relatively 

poor efficiency. Since all the power is developed by critical expansion in a single stage increasingly large wheel 

diameters must be employed to obtain large power output, and the design is constrained by the material 

properties of the turbine wheel. Additionally, both steam and wheel velocities are high which causes 

considerable loss due to wind age effects. In the patents of 1884 Parsons proposed the division of the pressure 

drop available to the turbine into smaller steps thereby performing the steam expansion successively over a 

number of stages of axial flow blading. In this construction the steam flow was turned towards the tangential 

direction by a row of stationary blading, and the tangential component of momentum was converted to shaft 

work in the following rotating blade row. The blades were simply manufactured from flat strip, and arranged to 

give approximately equal enthalpy drop over both fixed and moving rows. The equal division of enthalpy drop 

between stator and rotor has become known as 50% reaction blading or pressure-velocity compounded blading 

(Kearton [1922]). By performing the expansion in small steps the steam velocities could be kept relatively low: 

Parsons knew that small controlled expansions were conducive to increased efficiency (he also later claimed that 

he was attracted to the concept since the calculations could be performed in terms of small expansions alone 

without the use of any integral expressions! (Lord Rayleigh [1933]) attracted to the concept since the 

calculations could be performed in terms of small expansions alone without the use of any integral expressions! 

(Lord Rayleigh [1933]).  

G nagendra Krishna,  K.Rajesh, Dr.A.SwarnaKumari from University college of Engineering, JNTU, Kakinada, 

India. Has done the research work on “DESIGN AND ANALYSIS OF STEAM-TURBINE BLADE AND 

SHAFT ASSEMBLY” in HPCL Vishakhapatnam; as per his statement they have used CMM data to model 

turbine blade and they have given the suggestion on material to improve the efficiency they have changed the 

material from AISI4130 super alloy steel to ZAMAK with Zirconia coating. We can use those materials and 

coatings in the theses work, they have used infra-red thermo meter to find out the temperature; temperature is 

about 360 0C [1]. 

Mr. Alexey I. Borovkov, Alexander V. Gaev from Computational Mechanics Laboratory, St.Petersburg State 

Polytechnic University, Russia has done the work on “3D FINITE ELEMENT STRUCTURAL ANALYSIS 

OF ATTACHMENTS OF STEAM-TURBINE LAST STAGE BLADES” they have given the results as 

follows:  
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To obtain the FE results, correctly describing local stresses and to reduce the computation time, a series of 3-D 

finite element models has been built and a method of multi-level sub modelling has been used. In the process of 

the finite element study of the 3-D stress-strain state of the blades attachments the following models have been 

used:  

1. Initial model – a macro-model incorporating a disc sector and a blade with a shroud flange, damper links, and 

the attachment;  

2. First-level sub model comprising a blade attachment and a disc sector;  

3. Second-level sub model intended for correct determination of local stress fields in rivets. With the use of the 

method of multi-level sub modeling on a sub model 717675 degrees of freedom, fields of local stresses and 

strains for the rivets have been obtained. To calculate the complete model without applying the method of multi-

level sub modeling, it would be necessary to solve a problem of 3-D contact interaction with as many degrees of 

freedom as 1102743 [2]. 

M.Vijayan, R.Beaula, JothiMalar.M, Renjini.B.S4, PG Scholar, Department of Mechanical 

Engineering, Government College of Engineering, Salem,Tamilnadu,India, Graduate trainee at HAL, Bangalore 

worked on “ESTMATION OF WING PARAMETERS FOR NACA 24012 AIRFOIL WITH CONTROL 

SURFACE” The main aim of thair project is to estimate the wing parameters such as lift, drag, coefficient of 

lift, coefficient of drag, stall point for varying angle of attack and to visualize the flow using low speed wind 

tunnel. Cambered wing with NACA24012 aerofoil series has been chosen for the estimation. This aerofoil has 

high coefficient of lift than other airfoils. This aerofoil has low pitching moment and has little roughness effect. 

The control surfaces attached with the wing are flaps, trim tabs and they are actuated using servo. Two 

component balances is used to determine the wing parameters. The NACA24012 aerofoil series finds 

application in general aviation, piston powered bombers, transport, commuter and business jets. Composite 

materials are the most advanced materials which have a longer life and performance characteristics than other 

materials. So we make use of the composite material carbon-carbon to replace the wing material for the aircraft. 

And they have given the results as: they have chosen NACA 24012 Airfoil for the estimation of wing 

parameters with control surfaces (flaps and trim tabs) and designed our airfoil using CADD. Analysis has been 

made using GAMBIT and FLUENT software. Wing fabrication is done using composite materials and the wing 

section is tested in subsonic smoke tunnel for flow visualization and force measurement. Once the critical angle 

of attack is reached, the aerofoil will stall. So by varying the angle of attack, we have found the coefficient of 

lift, coefficient of drag, stall point. Finally we compared the wind tunnel results with the analysis results. 

MD. SafayetHossain, Muhammad FerdousRaiyan, Mohammed NasirUddinAkanda, Nahed Hassan 

Jony from CUET, Chittagong, Bangladesh has worked on “A COMPARATIVE FLOW ANALYSIS OF 

NACA 6409 AND NACA 4421 AEROFOIL” to suggest best profile in their study they have suggested NACA 

4421 as best profile. In our theses both profiles will be analysed in different aspects, best one will be analysed 

with different angels [4]. 

Prof. Dr. ArkanKh. Husain Al-Taie from Mechanical Engineering Department, University of 

Technology, Baghdad, Iraqhas worked on “DESIGN OF A CONSTANT STRESS STEAM-TURBINE 

ROTOR BLADE” inthair project they have given the results as:  
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1. In design of rotor blades, the centrifugal stress must be calculated because it is considered the main source of 

stresses applied to the turbine rotor blade.  

2. The maximum stress is at the blade root.  

3. To minimize stresses, it is a normal practice to use variable cross sectional area blades.  

4. Design of a constant stress blade gives a blade with less stress at the lower half and a similar stress at the 

upper half.  

5. Reducing the blade material by reducing the blade cross section did not affect blade performance.  

6. Comparison of calculated stresses with literature was good [5] 

A.Sudheer Reddy, MD.Imran Ahmed, T.Sharath Kumar, A.Vamshi Krishna Reddy, V.V 

PrathibhaBharathi from Dept. Of Mechanical Engineering, CMEC, Hyderabad, AP, India. Has worked on 

“Analysis of Steam-turbines” and they have provided the details about Steam. Finally acquired knowledge 

over Steam- turbines and its manufacturing process which had led me know many unknown things that 

actually be followed during the production procedure and also about the various materials used. This paper has 

attempted to cover some of the issues related to Steam-turbines which a designer should be aware of. It is 

hoped that this notes helps a working Engineer have a better insight into the various aspects of the Steam-

turbines, so that the related issues can be tackled with better knowledge and Confidence [6].  

Ali Chaibakhsh, Ali Ghaffari from Department of Mechanical Engineering, K.N. Toosi University of 

Technology, has worked on “SIMULATION MODELING PRACTICE AND THEORY” and they have 

provided some suggetions like: Developing nonlinear mathematical models based on system identification 

approaches during normal operation without any external excitation or disruption is always a hard effort. 

Assuming that parametric models are available, in this case, using soft computing methods would be helpful in 

order to adjust model parameters over full range of input–output operational data. In this paper, based on energy 

balance. The presented turbine-generator model can be used for control system design synthesis, performing 

real-time simulations and monitoring desired states in order to have safe operation of a turbine-generator 

particularly during abnormal conditions such as load rejection or turbine over-speed [7]  

 

II. PROBLEM IDENTIFICATION 

Steam-turbines are generally used for power generation by using thermal energy (steam pressure) to produce 

rotary motion which in turn converted to electric power. In this process a set of turbine blades and shaft are used 

to convert steam pressure in to mechanical energy. 

Generally in turbine the blades and shafts are subjected to high amount of pressurized steam with high 

temperature. This causes thermal and static stresses which leads to effect daily maintenance and replacement of 

blades rapidly. The rapid replacement of blades causes less power generation and expensive. Analysis has to be 

done on aero-foil shape to suggest optimum shape for the blade using NACA series; entire assembly of shaft 

and group of blades with variant materials and aero-foil shapes to suggest the best material and shape which can 

withstand the thermal and static loads. 

Regular material AISI-4130 super alloy steel, Cast alloy c-271(as per previous paper), new material INCONEL 

alloy-625 or ZAMAK along with partially stabilized zirconium coating for surface protection for the materials 
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are used. As per the previous papers they have used CMM data from different companies now in this theses 

work NACA 6409 and NACA 4421& different angels will be analysed for the best profile. 

Static and thermal analysis is to be done on above three materials to analyze the structural and thermal 

characteristics. Alloy 625 is a nonmagnetic, corrosion – and oxidation-resistant, Nickel-based alloy. Its 

outstanding strength and toughness in the temperature range cryogenic to 2000
o
F (1093

o
C) are derived primarily 

from the solid solution effects of the refractory metals, columbium and molybdenum, in a nickel-chromium 

matrix. The alloy has excellent fatigue strength and stress-corrosion cracking resistance to chloride ions. Some 

typical applications for alloy 625 have included heat shields, furnace hardware, gas turbine engine ducting, 

combustion liners and spry bars, chemical plant hardware, and special seawater applications 

  

IIIBLADE MATERIALS & ITS COMPOSITIONS  

Material Composition & Properties of Cast alloy c-271: 
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Fig: 1 Material Composition of Cast alloy c-271 

 

Material properties & Composition of ZAMAK: Composition:  

ZAMAK = ZINC + ALUMINIUM + MAGNESIUM + COPPER 

 

Fig: 2 Material properties & Composition of ZAMAK 

 

Material properties & Composition of Zirconium 
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Fig:3 Material properties & Composition of Zirconium 

COMPOSITION:  

ZIRCONIUM = NIOBIUM + IRON + CHROMIUM + NICKEL 

 

Material properties & Composition of Y2O3 
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COMPOSITION:  

 

 

Y2O3 = YITRIUM + OXYGEN 

Parameters of Steam:  

 

 

 Parameters of temperature:  

 

 

III. ANALYSIS OF BLADES 

Analysis of NACA-4421 with Material Cast alloy c-271 

Thermal Analysis: 
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Fig: 4  -Blade profile NACA 4412 imported 

 

 

Fig: 5 meshing from creo-parametric using IGES format 

 

Fig: 6 Temp Dissemination after900 seconds &1800seconds 

 

Fig: 7 Temp Dissemination after3600 seconds &7200seconds 
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Fig: 8 Heat Flux over time of 900 seconds &1800seconds 

 

Fig: 9 Heat Flux over time of 3600 seconds &7200seconds 

 

Structural Analysis: 

 

 

 

Fig: 10 - load & boundary conditions 

 

 

Fig: 11 - Total deformation at 900s 
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Fig: 12 Total deformations at 1800s &3600s 

 

 

 

Fig: 13 Total deformations at 7200s 

 

 

 

Fig: 14 Equivalent Stresses at 900s &1800s 

 

Fig: 15 Equivalent Stresses at 2700s &3600s 
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Fig: 16 Equivalent elastic strains at 900s &1800s 

 

 

Fig: 17 Equivalent elastic strains at 3600s &7200s 

 

Fatigue Analysis: 

 

Fig: 18 life & safety factor  

 

Fig: 19 Alternative stresses 

 

Analysis of NACA-4421 with Material ZAMAK 
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Thermal Analysis: 

 

Fig: 20 temperatures at 900s &1800s 

 

Fig: 21 temperatures at 3600s &7200s 

 

Fig: 22 heat flux at 900s &1800s 

 

 

Fig: 23 heat flux at 3600s &7200s 

 

Structural Analysis: 
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Fig: 24 total deformations at 900s and 1800s 

 

 

Fig: 25 total deformations at 3600s and 7200s 

 

Fig: 26 equivalent stresses at 900s and 1800s 

 

 

Fig: 26 equivalent stresses at 3600s and 7200s 
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Fig: 27 equivalent strains at 900s and 1800s 

 

 

Fig: 28 equivalent strains at 3600s and 7200s 

Fatigue Analysis: 

 

Fig: 29 life and safety factor 

 

 

Fig: 30 Equivalent Alternative stresses 
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Similarly the analysis were done with the following combinations  

Analysis of NACA-6409 with Material Cast alloy c-271 

Analysis of NACA-6409 with Material ZAMAK 

Analysis of NACA-6409 with Coating Zirconium 

Analysis of NACA-6409 with Coating Y2O3 

 

IV RESULTS AND CONCLUSION 

Blade profile (NACA4421) and Material (Cast alloy c-271 & ZAMAK)  

 

 

Table: 1 Blade profile (NACA4421) and Material (Cast alloy c-271 & ZAMAK) 

 

 

 

Fig: 31 Graphs for the results of NACA 4421 With Cast alloy c-271: 
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Fig: 32 Graphs for the results of NACA 4421 with ZAMAK: 

 

Blade profile (NACA 6409) and Material (Cast alloy c-271 & ZAMAK) : 

 

Best Profile -NA CA 6409 

Best Material-ZAMAK 
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Fig: 33 Graphs for the results of NACA 6409 with Cast alloy c-271: 

 

 

Fig: 34 Graphs for the results NACA 6409 with ZAMAK 
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Surface Coating of NACA 6409 with Zirconium & Y2O3 coating 

 

Best Surface c oating : Y2O3 

 

Fig: 35 Graphs for the results of NACA 6409 with Zirconium: 



 

410 | P a g e  

 

 

 

Fig: 36 Graphs for NACA 6409 with Y2O3 

Conclusion 

The analysis carriedout for the profiles of NACA 6409 & NACA 4421 by applying ZAMAK and cast alloy c-

271 for the both profiles, with the help of Thermal, Structural & Fatigue analysis. The profile NACA 6409 with 

ZAMAK material was given best result. Then Y2O3 & Zirconium coating applied for the profile of NACA 

6409 with ZAMAK material. With these results NACA6409 with ZAMAK material & Y2O3 coating was best 

application for the Steam turbine blades for up gradation of steam turbine blade life cycle. 
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