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Abstact

The majority of hydroelectric power plants of the energy system of Georgia has
been operated for more than three decades. The characteristics of the energy devices
and equipment existing in many of them do not comply with their former standards.
Because of the of the rotors of hydroturnibes or the oars of the guide apparatuses, its
efficiency decreases, which is followed by the reduction of power and accordingly,
the decrease of production, which is compensated by the increase of water
consumption. The lack of control of the energy characteristics of the hydroblocks and
water consumption lead to low-quality usage of water resources, which causes losses
in labour and capital investments. This is generally the reason of the rise of prices.

When choosing generating units, as a rule, stationary characteristics are taken
into consideration, while the influence of water turbine on the efficiency of
generating unit in the HPP operation period is not taken into consideration.

The importance of the study of abrasive wear of the flowing channel of the
hydroturbine is also strengthened by the fact that the process of abrasive wear (the
movement of liquid flow of alluvium particles and their influence on the surface of
flowing channel), can become a factor provoking the development of cavitation effect,
which in its turn, will make the parts wear more intensive and even can cause the
decomposition of their material.

In this connection it will be necessary and important to work out quantitative
criteria, characteristic of the intensity of abrasive wear, of the flowing channel of the
hydroturbine, which envisages the relation of the intensity of wear with the change
of the hydroturbine efficiency, and which as a result, will provide an opportunity for
the determination of overhaul optimal period for the generating unit.

If we take it into consideration that absolute majority of HPPs is located on
thew mountain and mountain foot ergions of rivers and the fact that the rivers in
these regions are characterized by high turbidity (high content of alluvium in the
river water), it becomes clear that the question of study of abrasive wear of the
flowing channel of hydroturbines is in direct connection with the effective
functioning of HPPs of the energy system of Georgia, which is very important for the
country in the present situation.

When there is presence of hard alluvium in water, there is wear, caused by the
collission of hard particles with the surface of flowing channel as well as a result of
slipping of hard particles on the surface of flowing channel. In the elation of these
factors with intensity decisive importance is assigned to some of them in certain cases.

Intensive abrasive of the parts of hydroturbines can be explained by a
considerable value of the speed of jacking derivation flow of surfaces.
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In addition, it is not the average water speed that has essential importance, but
the local speed, which generally exists in the turbulent flow and, in particular, is
caused badly in contact with shell derivation surface.

It is generally believed that apart from the speed volume, an impact on the
abrasive intensity must be caused by: the thickness, hardness, form of the concentrate
of suspended particles, as well as the quality of the material, out of which the
elements of flowing highway of the hydroturbine are made. The quality of this surface
layer is especially important, which is in the direct contact with suspended particles.

Quantitative registry of the given factors taken together is a very complex
mathematical problem, since each of these factors is of various nature, at the same
time they change in time and have special influence on the wear of various parts of
the hydroturnibe.

We should also mention that the loss of hydroturbine weight will not be
complete characteristics of the process of wear by the final calculation. Of course, the
loss of weight is important, but the power loss of turmine or the decrease of efficency
is more important and this feature is decisive.

It is very important to determine the influence of abovementioned factors on
abrasive wear of hydroturbine parts. The character of their influence can be
determined on the basis of theoretical considerations or through some experimental
methods. All this is caused by the fact that wear of the parts of hydroturbine is
significantly influenced not only by alluvium abrasion features but material wear
resistance as well. Because of this, wear resistance of any hydromixture must be
connected with the material under its influence. The attempt based on theoretical
considerations is given in order to identify the main regularities of abrasive wear. In
addition, it is accepted that decomposition of material occurs during abrasive wear.
This process causes the consumption of transported alluvium particles’” kinetic energy.

During abrasive wear of hydroturbines the following regularities can be
observed: 1. Wear of turbine details is directly proportional to the time of
hydromixture’s influence on the detail, the concentrate of abrasive particles in
mixture and the relative speed of mixture cubed. 2. Wear of turbine detail increases
in conjunction with the increase of particle thickness, specific weight and hardness of
particles. 3. Wear of hydroturbine detail depends on the shape of particles, the size
and shapes of a detail and wear resistance of material.

The influence of the factors on turbine wear mentioned in the second and
third paragraphs above, can only be determined by experimental studies of
hydroturbines in operation.

The approximate quantitative assessment of alluvium abrasion resistance has
been carried out by reducing separate factors to one certain equivalent. For the
evaluation of average concentrate of alluvium wearresistance and composition given
at this time, 0,5 mm diameter quartz particles’ influence on the flowing channels of
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hydroturbines for 8760 hours (one year) is proposed. These 0,5 mm diameter quartz
particles have equivalent abrasion features.

Wear of hydroturbine’s separate parts must be anticipated through the
comparison of alluvium abrasion resistance in existing hydroelectric power stations
and in the hydroelectric power stations which are not projected yet. At this time,
determination of the meaning of alluvium ‘s minimized concentrate is considered on
the basis of relative speed of water flow in the flowing channel of the hydroturbine.

The experience of operations of various types of operating HPPs shows us that
the change of efficienncy ( n) of generating unit at the given power (N), completely
depends on the abrasion of flowing parts during the time (T) of operation.

It is known that the power of generating unit in the processes of its work is in
the interval: 0,5Nmax<N<Nmax in which there is maximum efficiency- nmax, which
approximately corresponds with 0,75 Nmax. The representation of the work zone of
generating unit in the form of analysis-function, while taking into consideration the
time factor, that is the determination of efficiency change by the influence of abrasion
is very necessary and important.

The solution of this problem envisages the determination of work
characteristics n=f(N) during various time T, fixed time interval AT and
correspondingly the quantity of produced electric power A 3. The search of
information between measuring must be carried out by way of relevant standard
observations and measuring at HPPs so as to include the annual To cycle of the work
of the generating unit.

Therefore, the results of full-scale obsevation will enable us to judge about the
evaluation of the change of efficiency in time and accordingly of the influence of
hydroturbine abrasion in respect of electric power generated by HPP.

Measuring of the power of the generating unit is possible by means of the
electric power meter present at the HPP, on the condition that the readings will be
taken simultaneously with taking other indications when there is fixed opening of
turbine guide apparatus.

The generating unit must be working in permanent regime in the period of
observation and it must not be influenced by the shaking of the loading in the system.

The measuring of water consumption of the water passing in the hydroturbine
must be carried out by the method (16), which is based on the connection between
the difference of the water consumption of the water passing in the hydroturbine and
the different points of spiral cabin.

The measuring carried out provide an opportunity to determine the following
according to the change of the opening of turbine guide apparatus: a curve of change
of active power of generator, a curve of changeablity of the fall of the level of pressure
fluid (mercurous nitrate) of differential manometer; curve of changeability of
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manometer pressure in front of the turbine; a curve of changeability of water level in
the lower --—-;

On the basis of this data there can be built a curve of changeability of the
efficiency of generating unit according to the opening of guide apparatus of the
turbine; a curve of changeability of generating unit, efficiency according to the power
of the generator.

If we take into consideration the time interval between the two neighbouring
measurements, in hours, then we can appreciate qualitative decrease of efficiency in
time.

Having set the values mentioned above, it is possible to determine the average
specific speed of the decrease of the generating unit efficiency for unit power and
pressure %

h.kvt.m.

For practical realization of the theoretical attitudes given in this paper,
abrasive wear of the flowing channel of Ratchahesi’s (located on the River Ritseula)
horyzontal hydroturbines has been studied as an example. Based on the materials of
authors’ visual inspection, instrumental measurement, laboratorial analysis of
granulometric and mineralogical content of hard alluvium in water and metal
hardness of the flowing channel of the hydroturbines, it has been found that the
rotors of hydroturbines underwent inferior abrasive wear while the front and rear
lids, as well as the oars of the guide apparatus suffered from intensive abrasive wear.
The quantitative determination of T period in-between repairing works (less than 0,5
years) has been carried out for the guide apparatus on the basis of the concentrate of
hard particles in water, their shape, thickness, hardness and the flow speed of passing
water in the hydroturbine which corresponds to the the actuak period of
hydroturbine repair.

Quantitative estimation of Ratchahesi’s Frensis hydroturbines abrasive wear
has also been carried out. Under the conditions of hard alluvium high concentrate
(0,78 g/1) and high content (more than 4 units according to Mohs scale) of mineral
hardness (55%) in alluvium, the hydroturbine worked for 1248 hours. The
instrumental measurement performed by the authors determined the total volume of
worn areas on the front and back lids as well as the oars of the guide apparatus and
based on this, metal weight loss has been determined: on the front lid- 31,0 kg, on the
back lid- 9,23 kg, on the oars of the guide apparatus — 3,99 kg, in total 44,22 kg.
Compared with the results of studies of a wide range of hydroelectric power stations’
hydroturbines abrasive wear given in technical literature, it has been found that the
hydroturbine of Ratchahesi worked in dangerous area in terms of abrasive wear
(corresponding to the hydraulic head and hard alluvium concentrate), which actually
required its repair in 0,5 years.
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OMAMOE (339009090980  obogwgdol  3sdmygbgdol,  slg3g  IHB0sBYdIMO

B9306900L  sMLGHIPOGHMMO  ZWwslolL  9EgdBHOMPYd0m gl gdMEO
QOYIM900L yHoo.

8. dglfogwoo odbs 9. ®oEgMwsbg dgdsg MoFs 3gbol  BGIBLOLOL
306OH0DMbGHIwmHo  30OHMEGHMOBObOL  4990bstg  bsfowmgdol  (339ms.
503960 0dbs, ®md d/ds mzoeds Qobogss Mdbodzbgarm, bmerm obs s
939565 bmxqdds s 803sMMZ390 535650l 60BdGdBs - doeosh 36089369cm3s60
506M5BOWwOo (33900.
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9. BsGHoMmgdMmo  250m33193900  (3bsYmRL, OHMI  9JL3WIsGsE0sdo  IYmg
300MOM99JBGHOMLIAYOIODY  gargdBHOmgbghaools  2sdmdmdsggdol  gsbMHEOL
LadOmgdBH™  LBooYdg T0gzsbs)  gM0-gho  JOMOMIO  BodEHMM0S
300MOMaM9YA5GHJO0L M9gImbEMsdMMOLO 3500l bMMow 2obloBmzMs, Mo3 bs
396bmOE0IEIL 060030 IOIE, Ymzgwo  3MB3IOYAYo  TgdmbzgzoL
d9Ls0530L0  30EOMVMYBoOMo 339000l IMMEglol  BogMOHToMYdIO
3JBHMMHJO0L gomzseobfjobgdom.
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