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Abstract:

The mystery of erosion phenomenon is not yet fully understood in terms of extent of its dependence
on various parameters and the relative importance of these parameters in different situations. The hydro power
projects, especially those located nearby Himalayan region, suffer a serious setback due to silt erosion.
Erosion of key underwater components leads to increase the down time of the project for preventive
maintenance. Thus, there is an urgent need to solve this problem or at least minimize its deleterious effects.
Many remedial measures have been suggested to control the problem. However, dependence of erosion on
numerous parameters adds to the complexity of the problem. Therefore, along with all the efforts to minimize
the occurrence of erosion, the erosion resistance of the material must primarily be improved. Presently, 13/4
martensitic stainless steel or CA6NM, is being widely used for the critical underwater components of hydro
turbine. However, 13/4 steel is reported to be less resistant to silt erosion and having poor weldability. This
led to the development of alternative materials. Recently, the new grades of nitronic steel are reported to be
more erosion resistant than 13/4 steel.
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1. Introduction

The battle against erosion is being fought from the long time wherever hard particles entrained in a
gas or liquid medium are impinging on a solid at any significant velocity. Many researchers have contributed
to investigate the ways it destroys the integrity of the surface of the key components in various applications [1,
2, 3]. There has been lot of deliberations on the pros and cons of erosion. Various aspects of this complex
phenomenon are studied from the long time for different materials and under different conditions. Much
information has been presented about the erosion mechanism, effect of various parameters on erosion in
particular conditions, effectiveness of measures taken to protect the material from erosion and the factors to be
considered for the design of erosion resistant materials. However, the most important outcome of the
extensive study of more than five decades is that there is still wide scope to learn more and more about
erosion. The severity of the damage caused by erosion is increasing day by day in many applications,
especially hydroelectric power plants in Himalayan region. Considering the necessity of efficient management
of hydropower plants in India to ensure progressive development in the power generation sector, the silt
erosion problem to underwater parts of hydro projects needs to be solved urgently.

This paper aims to address the severity of erosion, dependence of erosion on variety of parameters,
effectiveness of various remedial measures applied so far and development of erosion resistant materials for
hydro turbine application.

2. Erosion of hydro turbines

Hydro power plant is considered to be a key factor in realizing the energy dreams of India. However
these projects, especially those located nearby Himalayan region, suffer a serious setback due to silt erosion. It
has been observed frequently that large amount of sediment (as high as 20,000 ppm) is present in water during
the rainy season. The silt mainly consists of quartz (70-98%), having hardness of 7 on Moh’s scale. The
process of slit erosion resembles to saw-cutting of material with continuously hitting of angular particles of
high hardness. The impact of these silt particles causes the erosive damage which is greatly governed by
magnitude and direction of flow in relation to material surface.

The popularly used turbines in hydro power plants are impulse (e.g. Pelton) and reaction (e.g. Francis,
Kaplan) turbines. Many underwater parts of the these hydro turbine components, namely buckets, nozzle(s)
and needle(s) in case of impulse turbines and runner blades, guide vanes, labyrinth seals and faceplates in case
of reaction turbines, are vulnerable to silt erosion. Subsequently it results in severe damages to the turbine
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components in the form of leakages, forced outages, increased vibration and drop in turbine efficiency. The
pits formed on the surface or thinning of the components due to erosion make the turbine structurally weak
[4]. Erosion of key underwater components leads to increase the down time of the project for preventive
maintenance. The frequent overhauling decreases the total energy production. Erosion rate of 3.4 mm/year has
been reported for the needle and the buckets of Pelton turbine which resulted in reduction of 1.21% in the
efficiency of hydro turbine located in Himalayan region [5]. Thus, there is an urgent need to solve this
problem or at least minimize its deleterious effects.

3. Remedial Methods

In order to solve or minimize the silt erosion phenomenon, it is necessary to understand the damage
mechanisms and the parameters influencing this phenomenon. This requires multi dimensional approach
which includes technical know-how of various fields of engineering studies. Erosion consideration may
influence selection of type of turbine in their overlapping range on the basis of ease of replacing or repairing
worn components. In case of Pelton turbine, damaged runners, needles and nozzles rings can be easily
repaired by welding or replaced in few hours. Hence it may be preferred over Francis turbines. As suggested
by Clark [6], the rate of erosion of critical components can be reduced by reducing the impact velocity of
particles and the collision efficiency at susceptible regions in the flow regime. The design of components
subject to high erosion rates should be based on determination and control of particle trajectories in the
components. The various measures adopted to minimize/control the silt erosion and its deleterious effects in
hydro power plants are listed as follows

e Improving water sedimentation by using continuously flushed sand removers.

e Using only the upper layer of water which contains less solids and fewer abrasive particles.

e Improving plant design and layout, equipment design and operating conditions to reduce silt
damages
Using highly erosion resistant materials for hydraulic components
Applying protective hard coatings on the base material.
Employing technology of quick repair and replacement of components affected by silt erosion
Continuous monitoring to further improve the operations on the basis of feedbacks.

4. Current Scenario

As discussed earlier, many remedial measures have been suggested to control the problem. It is
practically not feasible to arrest all the silt particles flowing with the water to improve water sedimentation.
Therefore interaction of these particles with the surface of the surrounding components is unavoidable.
Measures can be taken to make these interactions less hostile by controlling the velocity and impact angle of
the impacting particles. However such efforts fetch very limited relief owing to design considerations
preventing major changes in these parameters. For example, the velocity of impacting particles automatically
decreases with the decrease in flow velocity of water. However this leads to decrease in power produced by
the turbine. Similarly flow of water is directed over the runner blade with a specific angle which ensures
maximum conversion of hydraulic energy into mechanical energy. Therefore changing the direction of flow to
change the angle of impacting particles will ultimately lead to reduction in hydraulic efficiency of turbine.
Therefore some other ways need to be adopted / discovered to control these parameters.

The important point to be noted is that the erosion of underwater parts is primarily controlled by
metallurgical factors. The ongoing research work is focused on prevention and prediction of erosion and can
be broadly organised into three domains [7]. The theoretical aspects of the various issues involved in erosion
are being studied and interlinked to fully understand this phenomenon. The laboratory and field tests are being
conducted to confirm various theoretical predictions, quantify the effect of various parameters and evaluate
the performance of new erosion resistant materials. The mathematical modelling and computer simulation
are being increasingly used to perform complicated computational experiments under controlled conditions.

Today literature on erosion observes dependence of erosive wear on numerous variables which has
been categorized [8] as:

e Impingement variables e.g. particle velocity (v), angle of incidence (a), flux or particle
concentration, particle loading and the rotational speed of the eroding particles.
e Particle variables e.g. particle shape, size, hardness, friability (ease of fracture)
e Material variables e.g. mechanical properties such as hardness, ductility, work hardening
behaviour, physical properties like specific heat, melting point and density and microstructure.
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From the literature survey it appears that there is general consensus amongst the researchers over the
effect of impingement angle, velocity and shape of the impacting particles [9, 10, 11]. The dependence of
fundamental mechanism of material removal on particle kinematics, as predicted by theoretical models, was
verified by some investigators by impacting single angular particles [12]. On the contrary, the issues like
particle size, material hardness are widely debated. The factors like microstructure, ductility, tensile toughness
and work hardening coefficient of the material are considered to be highly significant while the properties like
tensile and impact strength are not highly rated for erosion behaviour of the material. Attention is drawn to
some factors like effect of temperature and effect of carrier fluid in slurry and its viscosity and lubricity. The
new perspective in regards with the better understanding of the erosion phenomenon emphasizes on its
correlation with high strain rate material properties [13], dynamic strength, thermophysical properties
(density, Sp. Heat etc.) and large strains.

The material removal mechanism in erosion has been studied in details by many researchers. Several
theories/ models suggested by them are micromachining mechanism, deformation wear, fatigue model,
mechanical energy density, localization model, lip formation, platelet mechanism etc. Thus it is evident that
erosion takes place with different mechanism under different testing conditions for the variety of materials
used. Hence, the erosion behaviour needs to be clarified under suitable testing conditions for systems of
interest.

Some researchers tried to protect the target surface to reduce the erosive loss by way of surface
treatment and/or suitable coatings like weld overlays, thermally sprayed coating, hard chrome plating, D-gun
spraying, HVOF coatings, PVD-TIN coating, plasma nitriding and boronising [14, 15, 16, 17, 18]. The
interesting results were reported for low impact velocity. However, it turned out that there are various issues
which add to the difficulty of developing effective coatings. For example, the defects in the coating, such as
cracks and porosity accelerate the erosion process considerably.

It therefore becomes clear that the mystery of erosion phenomenon is not yet fully understood.
Involvement of numerous parameters influencing the problem adds to the misery of the research community.
It is now urgently needed to plan systematically for the strategies to attack the problem on all fronts.

5. Development of Erosion Resistant Materials

It is often said that prevention is better than cure. But when complete prevention is impossible, the
resistance power must be increased by some way or the other. Similarly, along with all the efforts to minimize
the occurrence of erosion, the erosion resistance of the material must primarily be improved. Alloy designing
and heat treatment are the two important methods of improving properties of materials. Sufficient data is
available on erosion resistance of various materials under specific conditions. Accordingly, various kind of
stainless steels are preferred for various underwater parts of hydro turbines (Table 1).

Table 1. Stainless steels currently used for the critical underwater components [Naidu 2001]

Sr. No. Component Material
Runner 13%Cr, 4% Ni stainless steel
Labyrinth seals 13%Cr, 4%Ni or 18%Cr, 10%Ni stainless
steel
Guide vane 13%Cr, 4% Ni stainless steel
Liners for top cover and pivot ring 18%Cr, 10%Ni stainless steel
Fasteners in water path Stainless steel
Tubes for bearing coolers Cupro-Nickel (80% Cu-20%Ni)
Rubber seals Neoprene synthetic rubber

Presently, 13/4 martensitic stainless steel or CA6NM, is being widely used for the critical underwater
components together with austenitic steel selectively. The high hardness of 13/4 steel (of the order of 300-400
VHN) is considered to be the main cause of its good erosion resistance. However, 13/4 steel is reported to be
less resistant to erosion, especially to silt attack [1]. The pits formed on the surface or thinning of the
components due to erosion are rectified by applying welding techniques. This is another area where the
currently used 13/4 steel is facing lot of problems due to its poor weldability. The weld metal and heat
affected zone (HAZ) is prone to cracking. Further, the formation of carbides and intermetallic compounds in
the HAZ makes it vulnerable to excessive erosion due to silt laden water. Therefore, this steel requires pre and
post welding treatment. Practically it becomes difficult to follow the precise welding treatment on the shop
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floor. In order to overcome these problems, various other grades of steel have been developed so far for the
fabrication of underwater parts, as shown in Table 2.

In erosion resistant applications, austenitic matrix is preferred because of its high toughness and
ductility and better work hardening ability. However, relatively low yield strength and hardness of
conventional austenitic stainless steels may be the main obstacles for their use in erosion resistant
applications. The erosion resistance of both nitronic and PH stainless steels was observed to be inferior to 13/4
steel. This was attributed to softer matrix of these steels. Various studies have underlined the importance of
material hardness which provides resistance to indentation and scratching by hard particles. However after
certain level of hardness, ductility plays a crucial role in improving the erosion resistance of the material. Thus
for high erosion resistance, high hardness coupled with good ductility is perhaps the better choice. Therefore
it calls for the use of improved austenitic stainless steel grades having sufficient strength, hardness and
ductility. The hardness of the earlier grades of nitronic steel (low carbon grades) was less. Therefore in the
new grades of nitronic steel, as shown in Table 3, the carbon percentage (wt%) has been increased which
resulted in increase in hardness.

6 Conclusions

Erosion still remains an unresolved mystery to a great extent. Various measures adopted to
minimize/control the silt erosion in hydro turbine have fetched limited relief. Therefore, there is now urgently
needed to plan systematically for the strategies to attack the problem on all fronts.

The limitations of currently used hydro turbine steel i.e. 13/4 have led to the development of
alternative material. The new grades of nitronic steel are found to be suitable for erosion resistant applications.
The erosion resistance of both the nitronic steels i.e. 21-4-N and 23-8-N steels is better than 13/4 martensitic
stainless steel which is currently used for fabrication of underwater parts of hydro turbine. Therefore it seems
that nitronic steels can be a future material for fabrication of the components subjected to silt erosion.

References

[1] R. Chattopadhyay, High silt wear of hydroturbine runners, Wear 162-164 (1993) 1040-1044

[2] B. S. K. Naidu, Hydro power : An Indian perspective, CBS publishers, New Delhi (2001) 134

[3] D. B. Goel, Metallurgy of erosion of underwater parts in hydro electric projects, 3rd Int. Conf. on Silting
problems in Hydropower Projects (2008) 1-10.

[4] R. C. Shivamurthy, M. Kamaraj, R. Nagarajan, S. M. Shariff and G. Padmanabham, Influence of
microstructure on slurry erosive wear characteristics of laser surface alloyed 13Cr—4Ni steel, Wear 267
(2009) 204-212

[5] T. R. Bajracharya , B. Acharya , C. B. Joshi , R. P. Saini and O. G. Dahlhaug, Sand erosion of pelton
turbine nozzles and buckets: A case study of chilime hydropower plant, Wear 264 (2008) 177-184

[6] H. M. Clark, A comparison of the erosion rate of casing steels by sand oil suspensions, Wear 151 (1991)
217-230

[7] H. Grein and A. Schachenmann, Abrasion in hydroelectric machinery, Silt damages to equipment in
Hydro power stations and remedies measures, C.B.1.P Delhi (July 1996) 1-11

[8] T. H. Kosel, Solid particle erosion, Metals Handbook, 10th Edition, Vol. 18, ASM Int. Materials Park
(1992) 199-213

[9] H. Mcl. Clark, Particle velocity and size effects in laboratory slurry erosion measurements OR... do you
know what your particles are doing, Tribology International 35 (2002) 617-624

[10] D.V. De Pellegrin, G.W. Stachowiak, Sharpness of abrasive particles and surfaces, Wear 256 (2004)
614622

[11] Y.l. Oka, K. Okamura, T. Yoshida, Practical estimation of erosion damage caused by solid particle
impact Part 1: Effects of impact parameters on a predictive equation, Wear 259 (2005) 95-101

[12] S. Dhar, T. Krajac, D. Ciampini, M. Papini, Erosion mechanisms due to impact of single angular
particles, Wear 258 (2005) 567-579

[13] B.F. Levin, K.S. Vecchio, J.N. Dupont, and A.R. Marder, Modeling solid-particle erosion of ductile
alloys, Metallurgical and Materials Transactions- A Volume 30A, (July 1999) 1763-1774

[14] B. S. Mann, High-energy particle impact wear resistance of hard coatings and their application in
hydroturbines, Wear 237 (2000) 140-146

JETIRDS06097 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 660


http://www.jetir.org/

© 2018 JETIR November 2018, Volume 5, Issue 11 www.jetir.org (ISSN-2349-5162)

[15] B. S. Mann and V. Arya, Abrasive and erosive wear characteristics of plasma nitriding and HVOF
coatings: Their application in hydro turbines, Wear 60 (2001) 249-354

[16] S. Chatterjee and T. K. Pal, Solid particle erosion behaviour of hard facing deposits on cast iron-
Influence of deposit microstructure and erodent particles, Wear 261 (2006) 1069-1079

A. A. C. Recco, D. Ldpez, A. F. Bevilacqua, F. D. Silva and A. P. Tschiptschin, Improvement of the slurry
erosion resistance of an austenitic stainless steel with combinations of surface treatments: Nitriding and
TiN coating, Surface & Coatings Technology 202 (2007) 993-997

[17] J.F. Santa, J.C. Baena, A. Toro, Slurry erosion of thermal spray coatings and stainless steels for
hydraulic machinery, Wear 263 (2007) 258-264

[18] A.K. Chauhan, D. B. Goel and S. Prakash, Erosion behaviour of hydro turbine steels, Bull. Mater. Sci
31 (2008) 115-120

[19] A.K. Chauhan, D. B Goel and S. Prakash, Solid particle erosion behaviour of 13Cr-4Ni and 21Cr-
4Ni-N steels, Journal of Alloys and Compounds 467 (2009) 459-464

[20] Aniruddha A. Gadhikar, Characterization study of steels for erosion resistant applications, PhD Thesis
submitted to MNIT Jaiput, June 2011

JETIRDS06097 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 661


http://www.jetir.org/

