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Abstract: In this paper, in order to study the wear of the guide vane of the hydraulic turbine, a test
bench was built according to the actual internal flow of the hydraulic turbine of the power station.
The value of the wear of the surface of the guide vane after polishing was reduced by 18.1 um
compared with that before polishing of P = 30.9 MW and by 12.5 um at P = 42.8 MW. In order to
reduce the influence of sediment wear on the guide vane, a 0.3 mm thick tungsten carbide coating
was sprayed on its surface, and the wear of the guide vane after spraying tungsten carbide was
obtained. The wear of the guide vane was reduced by about a factor of three to four times compared
with that before spraying. In addition, according to the pH value of 6.73 of the river where the power
station is located, the change of dissolved oxygen in the water body will affect the wear of the metal
material on the surface of the guide vane, and the dissolved oxygen varies with the change of the
water body temperature, so we simulated the temperature of the water body in the flood and the dry
period of the power station, and got the wear amount of the polished guide vane in the flood period
under the two working conditions of 28.1 um and 47.3 um, respectively. The wear amounts of the
guide vane in the dry period were 25.2 um and 43.9 pum, respectively. In addition, the service life of
the guide vane before and after polishing and after tungsten carbide spraying was estimated based
on the wear data obtained from the test, which provides a basis for power plant maintenance.

Keywords: guide vane; wear; tungsten carbide; pH; roughness

1. Introduction

In recent years, with the rapid development of industry, hydropower has come to
occupy an increasingly important position as a clean and renewable energy source. As a core
component of hydropower plants, the hydraulic turbine has received a lot of attention from
researchers and has encountered many problems in the development process. Most rivers
in China have a high sediment content, especially in the Yellow River basin, where sediment
intake is as high as 1.6 billion tons per year, which can cause turbines to suffer more severe
wear from sediment. When sediment particles flow over the overflow components, they
form deep or shallow grooves on the surface, thus causing some damage to the overflow
components, and in severe cases the blades can break. Meanwhile, the movement of sand
particles in the turbine can bring about performance degradation, vibration, cavitation,
and other problems which seriously affect the stability of the turbine [1-3]. Therefore, it is
crucial to study the internal flow of the turbine in the sand-laden flow and the wear of its
overflow components.

A lot of research has been done by domestic and foreign scholars on reducing the effect
of turbine erosion by sediment wear [4-7]. Because the simulation technique combined with
the experimental method can simulate the internal flow of the turbine well, it is recognized
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by domestic and foreign scholars. Han Y et al. [8] first decomposed and reconstructed
the tip leakage vortex (TLV) of the mixed flow pump as a turbine in pump mode by
dynamic mode decomposition (DMD) through numerical simulation. The results show
that DMD can accurately decompose the dominant frequencies of TLV evolution and its
harmonic frequencies. The coherent structures captured by DMD are mainly distributed
near the trajectory of PTLV. Koirala R et al. [9] developed a simplified 3GV device to
perform erosion and observe its effect for the hydraulic turbine guide vane, and verified
the rationality of the device by numerical simulations. The experimental results showed
that sediment wear increased with the mass of sediment particles, thus increasing the
pressure at the outlet of the guide vane. Liu M et al. [10] developed a theoretical model
for the prediction of the centrifugal pump as energy performance in pump and turbine
mode, and an iterative method for determining BEP based on flow rate in turbine mode.
Based on experimental measurements and numerical simulations, three centrifugal pumps
were used to verify the proposed method’s accuracy. In addition, Rajkarnikar B [11] and
R. Koirala H. P. Neopane [12] also investigated the internal flow conditions of the turbine
and the erosion of overflow components by sediment wear by using a combination of
numerical simulations and experiments, as well as proposed corresponding solutions.

With regard to solving the problem of turbine overflow components subjected to
sediment wear and erosion, many researchers have proposed methods to improve the
design of overflow components. KOIRALA R et al. [12] studied the effect of four different
guide vanes subjected to sediment wear and erosion by numerical analysis through ANSYS
and validation using experiments, and obtained the guide vanes design scheme subjected
to the least sediment wear. KHANAL K et al. [13] used experiments and numerical simula-
tions to design the runner blades that are subject to the least erosion while ensuring the
efficiency of the turbine. In addition, Martinez J ] et al. [14] have studied the optimization
of turbine overflow component design. The study of overflow component materials can
also reduce the influence of sediment wear and thus improve the service life of the turbine.
RAI A K et al. [15,16] studied the influence of sediment wear on the water bucket of an
impact turbine with three materials and two coatings, and analyzed the serious location
of wear and the form of wear on the water bucket part through comparative tests, and
analyzed the materials with better sediment wear resistance.

In this paper, based on the above study, the influence of reducing the guide vane by
sediment wear was considered from the perspective of materials, and one material and one
spraying were selected as the object of study. The maximum wear of the two materials was
obtained based on the test, and the service life of the guide vane of the two materials was
predicted based on the value of the maximum wear. In addition, the influence of the acidity
and alkalinity of the river where the power station is located and the roughness of the
surface of the guide vane test piece on the abrasion by sediment is also considered, which
is one of the innovative points of this paper. The experimental study provides guidance to
the power station on the problem of wear of the internal parts of the turbine by sediment, a
theoretical basis for the selection of spraying materials and polishing over the parts, and
the need for the power station to pay attention to the influence of river acidity on the wear
of the parts. Through the above considered wear factors, the overall operating efficiency
of the turbine unit of the power station can be improved, providing a guarantee for the
sustainability of the power station.

2. Test Bench Design and Prototype Processing
2.1. Test Bench Design

Regarding the design of a mixed-flow hydraulic turbine test stand, a one-to-one
replication according to the real model of the power station would waste a lot of time and
financial resources, so many scholars are proposing a simple test stand design concept
when designing a test stand for over-flow components [17,18]. In this paper, based on
the structure and flow of the hydraulic turbine guide mechanism of the real machine, the
sediment wear test of its hydraulic turbine guide vane is carried out. Firstly, CFD full-flow
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channel sand and water numerical calculation of the real turbine is carried out [19,20], and
then two flow channels containing complete movable and fixed guide vanes are extracted
according to the full-flow channel numerical simulation results, and the sand and water
flow lines of the outer side walls of the flow channels contain the adjacent movable and
fixed guide vanes side walls, and a single test working section around the flow channel is
designed according to the flow similarity principle in line with the actual flow to ensure
the simulation of the real turbine. This is done in order to ensure the simulation of the
environment of the movable guide vane and fixed guide vane working in the flow channel
of the real hydraulic turbine.

Since the power station lacks the design drawings of the guide vane, this paper uses
reverse engineering [21-23] means to scan the guide vane of the power station on site using
a handheld 3D scanner, as shown in Figure 1. Solid restoration is performed according
to Geomagic Studio software, which is based on the principle of using many tiny spatial
triangular slices to approximate the restored solid model. In modeling, the NURBS surface
model is created directly by fitting NURBS surface slices. The surface process is divided
into a point phase, a polygon phase, and a surface phase, and these three phases are
closely linked together. The point phase to polygon phase realizes combining point clouds
and smoothing data; the polygon phase to surface phase realizes smoothing and editing
polygon models; and the surface phase to analysis phase realizes regularization and shape
adjustment. The cavities are filled based on curvature, tangent and plane methods. For
general holes, the curvature holes are repaired directly based on the surrounding point
cloud data; for undesirable holes, the point cloud data around the holes are firstly removed,
then repaired, and finally the guide vane is modeled, and the solid model of the guide vane
is obtained as shown in Figure 2. Finally, the movable guide leaf was modeled using the
commercial software UG.

Figure 1. Scanned view of the site.

Figure 2. Guide vane surface model.

In this paper, the study is P = 42.8 MW and P = 30.9 MW, two operating conditions,
so to adjust the guide vane opening, the guide vane has been modeled to re-adjust the
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sketch shown in Figure 3, the guide vane according to the axis of rotation adjustment to
take its own array of guide vane with the maximum outer diameter circle of 200.8 mm,
252.8 mm, respectively. according to the calculation results to obtain the flow channel
extraction schematic As shown in Figure 4. The CAD design of the test stand under
operating conditions P = 42.8 MW and P = 30.9 MW designed according to the flow path
schematic is shown in Figure 5. The physical diagram of the wear test bench obtained by
machining is shown in Figure 6.

(a) 64.3% opening

(b) 81.0% opening

Figure 3. (a,b) Sketch of guide vane opening of 64.3%, 81% sketch.

Figure 4. Schematic diagram of runner extraction.

In order to make the test wear situation conform to the actual power station, the test
sand samples were collected from the head of the power station gate and sent to the testing
center of the Ministry of Land and Resources for testing, and the analysis report of the
sediment particle testing was obtained as shown in Table 1. In addition, the average pH
value of the river where the power station is located was measured to be 6.73, which is
weakly acidic.
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Figure 5. (a,b) CAD design drawing of test bench.

(a) Test section

(b) Panoramic view of the test bench

Figure 6. (a,b) Physical drawing of the test bench.
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Table 1. Sediment particle test report.

Component

Gravel Sand Silt Clay

20~10 mm

0.5~0.25
mm

0.25~0.075
mm

0.075~0.005
mm

10~5 mm 5~2mm  2~1mm 1~0.5 mm <0.005 mm

granulometric
distribution (%)

0.00

0.00 8.51 7.62 19.29 10.42 30.93 21.19 2.04

2.2. Prototype Processing

In this paper, the material of the guide vane test piece is ZG06Cr13Ni4Mo, because
we want to compare the effect of roughness on the wear of the guide vane, so the surface
of the guide vane is polished and ground to increase its smoothness. Many methods
have been proposed by domestic and foreign scholars about the measurement of surface
roughness of the specimen [24-26]. By measuring the roughness of the guide vane specimen
at five different positions after polishing and taking the average value as the specific
discrimination of roughness, the results are shown in Figure 7 and Table 2. Under the same
working condition, the guide vane before and after grinding was tested for mud and sand
wear respectively, and the diagram of the guide vane before and after grinding is shown in
Figures 8 and 9. In addition, considering the reduction of wear, a tungsten carbide coating
with a thickness of 0.3 mm was sprayed on the surface of the guide vane. In order to
facilitate the measurement of the test piece after the test, laser inscriptions were made along
the z-direction on the slot surface of the guide vane, and each inscription was numbered as
shown in Figure 10. The depth before and after the surface wear at the back and front test
positions of the guide vane is read using a white light interference profiler, and the data
before and after the test are calibrated by selecting the same position within the reference
plane and extracting the calibrated position in the same plane, then the difference between
the two contour lines is the wear depth of the corresponding position. The white light
interference profiler is shown in Figure 11.

In this paper, the wear data of the 1st, 2nd, 8th and 29th indentation points on the
backside of the guide vane specimen were measured by a 3D white light interferometer.
These indentation points were chosen because the wear of these indentation parts was
more serious under the simulation results and the actual observation of the power station,
as shown in Figure 12.

Table 2. Roughness measurement (after polishing).

Work

Testl

Average Value

Test2 (1m)

Test3 Testd Test5

Conditions
(MW)

Ra
(um)

Rq
(um)

Ra
(um)

Rq
(um)

Ra
(um)

Rq
(um)

Ra
(um)

Rq
(um)

Ra
(um)

Rq
(um)

Ra
(um)

Rq
(um)

30.9
42.8

0.164
0.175

0.204
0.223

0.209
0.198

0.256
0.261

0.151
0.157

0.185
0.196

0.174
0.173

0.226
0.215

0.194
0.169

0.231
0.224

0.178
0.174

0.220
0.224
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Figure 7. (a—e) Surface roughness measurement of guide vane.
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(a) Front (b) Back

Figure 8. (a,b) Before grinding the guide vane.

(a) Front (b) Back

Figure 9. (a,b) After grinding the guide vane.

(a) Laser engraved dots

(b) Marking point number

Figure 10. (a,b) Laser engraved dots and numbers.
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(a) Front

Figure 12. Simulation results compared with the actual measurement of the power station. (a) Front,
(b) Back.

3. Analysis of Test Results
3.1. Effect of Roughness on Wear of Guide Vane

In order to verify the effect of the surface roughness of the guide vane on sediment
wear, the wear amount of 1, 2, 8 and 29 engraved points on the back of the guide vane at
different vane heights were obtained according to the test results. The wear amount of the
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guide vane with two different roughnesses under P = 30.9 MW working conditions is taken
for comparative analysis. In addition, the wear amount of the guide vane with two different
roughnesses under the P = 42.8 MW working condition is taken for comparative analysis
of different working conditions. In order to reduce the measurement error and ensure the
accuracy of the test data, five measurements were repeated for each inscribed point, and
the average data of the five measurements was taken as the final result, and the confidence
level of the measurement results was 97%. The wear data of the four inscribed points under
two working conditions are shown in Figures 13 and 14. From Figures 13 and 14, it can
be seen that the wear at the guide vane is more serious at the No. 1 and No. 29 points,
and the wear at the low leaf height at the No. 29 point is more serious, which may be
because the sediment with larger particle size has poor flowability and it is easy to form
deposits at the low leaf height, and the sediment particles have a larger impact angle at
the No. 29 point, resulting in more serious wear; the wear at the different leaf heights at
the No. 1 point is more moderate, which may be due to the fact that when the sand and
water flowed through the No. 1 point, the sediment with a large particle size was deposited
at the bottom of the flow channel, while the sediment with small particles would follow
the flow of water to scour the tail position of the guide vane because of the strong flowing
nature, and the tail position had a small collision angle with the sediment particles, so the
wear at the different leaf heights at the No. 1 point tended to be gentle and did not have
much difference. The wear amount at the No. 2 engraved point and No. 8 engraved point
is flatter, but the wear amount is lower, which is due to the influence of sand and water
velocity, as the flow channel becomes narrower, the sand and water velocity becomes larger,
the kinetic energy contained in the sediment particles increases, and the wear amount
increases gradually. In addition, the surface wear forms of the inscribed points 1, 2, 8, and
29 at 50% of leaf height were photographed, as shown in Figures 15 and 16, and the 50%
leaf height was chosen considering the effect of the sidewall effect [27,28]. According to
the results in Figures 15 and 16, it can be further verified that the wear at the head position
is mainly large particle sediment impact wear, and the wear at the tail position is mainly
sand level shift scouring. Comparing the wear of the guide vane under the two operating
conditions, it can be seen that the wear curves of the four points at different leaf heights tend
to be similar, with the wear of the No. 1 and No. 2 points being higher at the middle leaf
height and lower at the low and high leaf heights; the wear of the No. 8 point at different
leaf heights varies smoothly without excessive or low wear; the wear of the No. 29 point
gradually decreases from the low to the high leaf height. At P = 42.8 MW, the wear amount
of all four points is larger than that at P = 30.9 MW, which is due to the increase of water
velocity caused by the increased inlet flow, which further aggravates the sediment wear.
The surface of the guide vane before grinding and polishing will have a lot of small
uneven pits, the large particle size of the sediment particles hitting these pits will make
the area of the pits increase, and the small particle size of the sediment particles will form
refraction inside the pits causing secondary or even multiple collision wear, although the
secondary collision is smaller compared to the first collision kinetic energy, but due to the
pushing effect of the water will give the sediment particles new kinetic energy, intensifying
the surface wear of the guide vane, as shown in Figure 17. In addition, the larger the
particle size of the potential energy contained in the larger the more likely to cause sand-
water separation, while causing greater sources of interference, will produce additional
turbulent eddy, while the formation of more sand particles and guide vane surface collision
refraction will affect the flow of water flow patterns; it is easy to achieve the grinding and
polishing shown in the carved point 8 before the amount of wear in some leaves high than
before grinding and polishing, of course, this in the guide vane head position (1, 2 near
the engraved point) is less affected. From Figures 15 and 16, it can be seen that there are
many pits of different sizes in the head position of the guide vane which are formed by the
impact wear, and the different sizes of the pits may be due to the collision of large grain
size sand particles to expand the pits with smaller areas, and then the sediment with small
grain size continuously collides inside the pits to increase the wear depth of the pits, and
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the area of the pits formed at P = 42.8 MW is larger. Because the flow rate becomes larger,
the kinetic energy and potential energy of sand particles increases, and the wear caused is
more serious. Obvious sand and water scouring marks appear at the tail position. In order
to further understand the influence of the surface roughness of the guide vane on the wear,
the guide vane specimens before and after the wear were weighed to obtain their specific
wear amount, as shown in Table 3. As can be seen from Table 3, the polished guide vane is
less eroded by sediment abrasion.
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Figure 13. (a—d) Wear amount at different scoring points (P = 30.9 MW).
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(a) Carving point No. 1
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(c) Carving point No. 8

(d) Carving point No. 29

Figure 15. (a—d) Wear on the surface of guide vane (P = 30.9 MW).
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(a) Carving point No. 1 (b) Carving point No. 2 (c) Carving point No. 8 (d) Carving point No. 29

Figure 16. (a—d) Wear on the surface of guide vane (P = 42.8 MW).

Particle trajectory

Guide vane surface

Figure 17. Trajectory diagram of sediment particles.

Table 3. Weighing of guide vane specimens before and after wear.

Work Before Polishing After Polishing
Conditions Before Test (g)  After Test (g) Wear Amount (g) Before Test(g)  After Test(g) Wear Amount (g)
P =309 MW 4731.25 4711.39 19.86 4710.84 4698.73 12.11
P =428 MW 4734.97 4703.34 31.63 4716.08 4695.69 20.39

3.2. Wear after Tungsten Carbide Spraying

Tungsten carbide is a compound composed of tungsten and carbon with the molecular
formula WC. Tungsten carbide is chemically stable and tungsten carbide powder is used
in cemented carbide production materials [29-31]. Tungsten carbide coating is highly
dense, with high bonding strength, while the porosity can be less than 1% and the bonding
strength can be more than 70 MPa. low oxidation of the coating material, less carbon loss,
high hardness of the coating. High-speed impact and strong deformation distort the lattice
of the material and increase the activity of the material, thus increasing the possibility of
physical bonding with adjacent particles or substrate materials, which makes the coating
highly reliable; the physical properties of the carbides used in this test are shown in Table 4.

Table 4. Physical properties of tungsten carbide.

Melting Point 2870 °C Micro-Penetration Hardness 17,300 MPa

Boiling point 6000 °C Modulus of elasticity 710 GPa
Density 15.63 Compressive strength 56 MPa

Poisson ratio 0.31 Thermal expansion coefficient 6.9 x 1076/K

In this paper, tungsten carbide (HV = 1264) powder with a thickness of 0.3 mm was
thermally sprayed on the guide vane surface to enhance its anti-wear performance. The
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wear amounts of different leaf heights at inscribed points 1, 2, 8, and 29 were obtained
based on the measurements after the test, as shown in Figure 18. According to Figure 18, the
wear of the guide vane after spraying tungsten carbide is significantly reduced at different
leaf heights, and the wear difference at different leaf heights is reduced compared with
that before spraying, which shows that the fatigue resistance of tungsten carbide material
is much greater than that of ZG06Cr13Ni4Mo. The guide vane time after spraying was
measured by weighing, and the results are shown in Table 5. From Table 5, it can be seen
that the guide vane wear is significantly reduced after tungsten carbide spraying, which is
three to four times of the role before spraying.
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Figure 18. (a—d) Wear amount at different scoring points.

Table 5. Weighing of guide vane specimens before and after wear (Tungsten Carbide Coating).

Work Conditions (MW) Before Test (g) After Test (g) Wear Amount (g)
30.9 4744.28 4740.74 3.54
42.8 4740.01 4734.23 5.78
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3.3. Effect of Power Station River pH on Wear of Guide Vane

Oxygen depletion corrosion is also known as oxygen absorption corrosion or oxygen
depolarization corrosion. The solution of neutral oxygen molecules (O;) in the cathode
reduction reaction is caused by electrochemical corrosion. The cathodic process due to the
diffusion of oxygen makes it difficult to be blocked, which might also be caused by the
cathodic reaction process,.. Many metals in the corrosion of the aqueous solution, as well as
in the humid atmosphere and soil corrosion, are examples of this. Oxygen depolarization
corrosion in cathodic control and the corrosion rate will depend on the oxygen reduction
reaction rate on the cathode surface, and the relative size of the oxygen transported to the
cathode surface between the two, as a depolarizing agent of neutral oxygen molecules,
relies only on diffusion and convection transport. The reaction products leave the cathode
by diffusive migration, and there is no gas precipitation or stirring effect [32-34].

According to actual measurements, the pH of the river where the power station
is located is 6.73, which is weakly acidic, because the pH of water is between 4 and 9,
and the steel corrosion depends mainly on the oxygen concentration, which increases
with the oxygen concentration, and the flow rate of water increases, the diffusion rate of
oxygen reaching the metal surface increases, the stagnant liquid layer on the metal surface
also becomes thinner, and the oxygen consumption corrosion rate accelerates. Because
the power station is located in the river flood season in May to October, which includes
summer and autumn, the river water temperature is higher and the water velocity is
larger, so it leads to an increase in the rate of dissolution reaction and oxygen reduction on
the surface of the guide vane. During the dry period from November to April, the river
water temperature is lower and the water velocity is reduced, meaning that the oxygen
consumption corrosion rate is smaller.

In order to make the test similar to the actual power station, the water temperature is
controlled to simulate the wear of the guide vane during the dry and flood periods of the
power station. The average temperature of the river where the power station is located is
generally 24-27 °C in summer and 4-8 °C in winter. Because the temperature of the water
body will affect the change of dissolved oxygen in the water, so it can also be used as the
basis of the effect of the water body’s dissolved oxygen on the wear of guide vane. The
water used for the test is tap water, and its average temperature is 25.6 °C, which can be
used to simulate the wear of the guide vane in the summer. The test bench is equipped
with a cooling system which can cool the winding water body to meet the winter water
temperature standard, and the cooling system is shown in Figure 19. The wear data of the
guide vane under two different working conditions after polishing are obtained according
to the test, as shown in Figures 20 and 21. It can be seen in Figures 20 and 21 that there is a
significant effect in the temperature on the wear amount of the guide vane. Comparing
the two test water temperatures, the wear of the guide vane at different leaf heights at a
water temperature of 7.8 °C is lower than that at a water temperature of 25.6 °C. However,
comparing the wear trends of different leaf heights in the two groups of water temperatures,
it can be seen that the change of water temperature does not affect the wear pattern of the
guide vane at different leaf heights.

(a) Cooling tubes (b) Cooling pool

Figure 19. (a,b) Cooling system.
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Figure 21. (a—d) Wear amount at different scoring points (P = 42.8 MW).

3.4. Estimated Life of Guide Vane

In the guarantee period, the indicator of the turbine wear amount should comply
with the maximum depth of universal wear, which should not exceed 4 mm. The local
wear of anti-wear plate should not exceed 10 mm or should not be worn through, and the
maximum depth of local wear of other parts should not exceed 8 mm [35]. The maximum
wear area and maximum wear amount of the guide vane made of ZG06Cr13Ni4Mo in the
direction of the wing chord length can be obtained according to the results of the turbine
after 96h of operation at P = 30.9 MW and P = 42.8 MW operating conditions; the maximum
wear area and maximum wear amount of the guide vane after tungsten carbide spraying
can be obtained after test operation of 142 h. The wear depth can be predicted cumulatively
according to the wear amount, and the specific formula is as follows:

Az = ZEI X t; (1)

where: E; is the wear rate in a certain time period; #; is the operating time in a certain time
period, Az represents the depth of wear.

The wear amount of the guide vane at different blade heights in the wing chord
upward was obtained through the test. Considering the influence of the side wall effect,
the average of 40-60% wear amount of all the inscribed points on the front and back of the
guide vane was taken as the wear amount of each inscribed point for the life estimation of
the guide vane, and some inscribed points with the incorrect measurement or that were
difficult to measure were deleted, and the wear amounts of different wing chords upward
were obtained, as shown in Figures 22-24. According to Figures 22-24, the maximum wear
amount of the guide vane before and after polishing and spraying tungsten carbide can be
obtained. From the test of the effect of water temperature on the wear of guide vane, it can
be seen that the guide vane of the power station is affected by sediment wear differently in
the flood and dry water periods, so the difference of the wear of the guide vane in different
wing chord upwards under two water temperatures is extracted for calculation, as shown
in Table 6. The specific service life of the guide vane can be obtained by substituting the
data in Table 6 into Equation (1), as shown in Table 7.
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Table 6. Maximum wear under different working conditions.
. - 1 1 Tungsten Carbide
Water Temperature (°C)  Working Condition (MW)  Before Polishing (um)  After Polishing (um) .
Spraying (um)
256 30.9 46.2 28.1 6.23
: 42.8 59.8 47.3 11.58
30.9 - 252 -
7.8 42.8 - 43.9 -
Table 7. Estimated life of the guide vane.
Continued Wear of Base
Working Wear Depth Up to Wear Depth Up to Tungste.n Carbide Material (h)
Condition (MW) ?Jn;m h].3ef0(1$) PS III.HE.Aﬂ?}l;) ngayl;:g d":’}&:;ir Before After
olushing olushing ishe Polishing Polishing
30.9 16,623.38 29,090.91 6837.88 23,461.26 35,928.79
42.8 12,842.81 16,842.08 3678.76 16,521.57 20,520.84

According to Table 7, without polishing the guide vane, the service life of the guide
vane is 16,623.38 h (i.e., 23.09 months) at P = 30.9 MW, assuming sufficient rainfall and a
constant water temperature of 25.6 °C throughout the year, and the service life of the guide
vane is increased by 6837.88 h (i.e., 9.50 months) after the spraying of 0.3 mm of tungsten
carbide. Under the condition of P = 42.8 MW, the service life of guide vane is 12,842.81 h
(i.e., 17.84 months), and the service life of tungsten carbide after spraying is increased by
3678.76 h (i.e., 5.11 months). The actual situation of the power station is that there is a dry
period and a flood period and the water temperature changes, resulting in changes in the
amount of dissolved oxygen in the water body. This is also one of the reasons affecting
the wear of the guide vane, so the guide vane polishing treatment and the simulation of
the actual situation of the power station for life prediction, assuming that the polished
guide vane is put into use at the beginning of the flood period, in P = 30.9 MW conditions,
the guide vane service life is 29,090.91 h (i.e., 40.40 months), and after tungsten carbide
spraying, the service life is increased by 6837.88 h (i.e., 9.50 months). At P = 42.8 MW, the
service life of the guide vane is 16,842.08 h (i.e., 23.39 months), and after tungsten carbide
spraying, the service life of the guide vane is increased by 3678.76 h (i.e., 5.11 months).

4. Conclusions

1. By setting up a bypass test bench to restore the flow situation of the over-flow com-
ponents of the power station, the test bench was built by using reverse engineering,
and the more serious wear was obtained at the back of the guide vane at 1, 2, 8 and
29 engraved points according to the simulation, and the specific study of these four
engraved points was carried out.

2. The roughness of the guide vane specimen was measured by 3D morphometer. Com-
paring the wear amount of the guide vane with two kinds of roughness under two
working conditions, we found that the guide vane head position is easy to be worn by
the impact and collision of sediment particles, and the tail position is easily worn by
the scouring of sediment particles.

3. In spraying a 0.3 mm tungsten carbide coating on the surface of the guide vane
specimen and conducting the mud and sand abrasion experiment, we found that the
guide vane is subject to increased mud and sand abrasion performance which is three
to four times greater than that before spraying.

4. The average pH value of the water body measured in the power station is 6.73, and
it was determined that the change of dissolved oxygen in the water body will affect
the wear of the guide vane and the dissolved oxygen is susceptible to the change of
the water body temperature. The test is conducted according to the simulation of
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the actual flood and dry water temperature in the power station, and the wear of the
guide vane is more serious when the water temperature is 25.6 °C than when the
water temperature is 7.8 °C.

5. According to the test, we extracted the wear data of the guide vane in different
airfoil chords upwards, extracted the average wear data of 40-60% as the basis for
the estimation of the guide vane life, and estimated the service life of guide vane
before and after polishing and after tungsten carbide spraying at P = 30.9 MW and
P = 42.8 MW by the maximum wear amount in airfoil chord upwards. In order to be
closer to the actual operation of the power plant, the life time of the guide vane was
estimated by the wear data of the guide vane after polishing at two water temperatures,
and the life time of the guide vane was 40.40 months and 23.39 months at P = 30.9 MW
and P = 42.8 MW, respectively, while the lifetime increased by 9.50 months and
5.11 months after tungsten carbide coating, respectively.

6.  The design of this paper helps to analyze and study the influence of the guide vane
under different working conditions by the sediment wear factor, but considering that
the internal flow of the turbine is more complicated, a real model can be considered
for the study if the funding is sufficient. Furthermore, the experimental measurement
error cannot be neglected. In future research, we are committed to testing a real model
and further reducing the test error.
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