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TRASPORTO SEDIMENTO SOLIDO

PRINCIPALI AREE NEL MONDO DOVE SI PRESENTA QUESTO PROBLEMA A
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TRASPORTO SEDIMENTO SOLIDO

Speciali particelle, che sono piu dure della
superficie del materiale della turbina, sono la
principale causa dell’'erosione idro-abrasiva.

Gia una concentrazione di particelle di 80 mg/I
(0,08 kg/m3) pud causare considerevoli danni
(dipende dal tipo di turbina).

Alcuni fiumi raggiungono una media di 2.000 mg/I
durante la stagione piu piovosa ed € normale
misurare picchi di 20.000 mg/I

In India sono stati misurati valori di 80.000 mg/I
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EROSIONE IDRO-ABRASIVA > EFFETTI

CONSEGUENZE DEL FENOMENO

Costi di riparazione

Diminuzione del TBO (time between

Perdita di rendimento . .
overhaul — intervallo tra le manutenzioni)

I Modifiche alla geometria | ==sm=mm) | Aggiunta danni per cavitazione —

\

Sicurezza meccanica

Perdita nella produzione di energia

Perdita di sicurezza della centrale
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AMBITI DI STUDIO Y AN

Operation/design dependent

Simulazione numerica
- Comprensione fisica del processo erosivo
- Turbolenza

Other
factors ?

Relative
particle

Operation

velocity

Design dependent |Progettazione della turbina

Particle pa':t'tgm / - Scelta dei profili idraulici
hardness o . .
a';?ﬁ/:;%e cavitation - Angolo di impatto delle particelle

Erosion

Modelli di riferimento
- Feedback da centrali idroelettriche esistenti

Particle
conc.

Material
properties

Particle
size

lstrlbutlon

Cannot be influenced
Highly varying with time

Particle
Shape

|
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PREDHYMA A

b - ¥
[ R

An EU collaboration project

» Grant Agreement! for:  Initial Training Networks

= Call |dentifier: FP7-PEOPLE-2013-ITN

« Implementation Mode: EID AL
» Project Acronym: PREDHYMA

« Grant Agreement no.: 608393 Research methodology

. Project full name: Praidistion of Brosian Use direct simulation [ first principles to compute

damaging arising from:

Damages in Hydraulic Machines
= Impacts of gravels and stones

» Date of Approval; 6 June 2013 < Hydro-abrasive erosion >
 Project Start Date: 1 October 2013 «  Cavilalion erosion

= Project End Date: 30 September 2017 - Erosion from droplets impacts
. Budget: | N

» Coordinator: ANDRITZ Hydro Switzerland

* Resources: 4 PhD students (4x3 p.y)

http://predhyma.ec-lyon.fr/
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PREDHYMA

Results
- « Overall good agreement with
sieps & | ing: experiment
« Existing semi-smgirical Ity Lurgenin: Eyuton z L. * Need to account for real
Catltwteq & Ematyton) S A L - sediment shape through
= correction factor
urnarical Ingeadients * Simplified Particlo Equaticn|
of Mation in ASPHODEL * Importance of turbulence

description in the whuh ﬂo\n
domain (net anly in the

e ora b & Generation of turbulant
At Al fuctuations

wall region)
Simplified Particl ation o
nﬂlcm I ASPNGD!I. + Existing semi-empirically
K and Eps not soivad by ASPHODEL “J:I'ﬁ':“':;ﬁgﬂﬂu‘ﬂ Dry structure-structure simulation with ELUROPLEXUS
s e o et » use of genenc Wurbulence statistics
4 . Inthe near wall raglon + Simplifie n Particle Equatio

af Motion in ASPHODEL

- Genera tion af turbulent
fluctuations

* Damage resulting from a

single sediment impact

Results

1.2
» Overall good agreement with s
experiment B, W

* Need to account for real = 0.6
sediment shape through

correction factor

h 'Ill'il'lllll."'i

uHH

—simulation

-1} —eXperiment

* Importance of turbulence
description in the whole flow

-0.01 -0.005 0 0.005  0.01

normalized erosion depth

domain (not only in the near-

: position from SP & [m]
wall region)

http://predhyma.ec-lyon.fr/
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PREDHYMA

» Small sediments produce
negligible erosion: WRONG
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PREDHYMA

Learnings

—
' §
--'--.
Iy
P

« Small sediments produce
negligible erosion: WRONG

» Consequently, considering only
large inertia sediments, which are
only slightly influenced by
turbulence, the effect of
turbulence can be neglected:
WRONG

vy /|- - reference
v! U |—no turbulence

-0.01 0 0.01 0.02
position from SP z |m)]

norm. erosion depth |-|
O
o
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FEEDBACK DA IMPIANTI ESISTENTI

Si allega, per facilitarne la visione, quanto presentato in Figura 5-1; ovvero il decadimento delle prestazioni di impianto per | periodi 2003+2012 (sopra) 2013+2020 (sotto).
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FEEDBACK DA IMPIANTI ESISTENTI

Sl allega, per facikitarne ka visione, quanto presamato in Figura 5-2; ovvero l'analisi del decadimento delie prestazion o deflle ore di operazione dal 2003 ad oggi.

Cperating time (per unit} [h]
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e e e g g i T o o 40000

——Total operating time_Gr2

AT M

——Total operating time_Gr1 [h]

B Efficiency point (respect original unit condition)
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¥
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IIIIII

“h,
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R e
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R .
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-

= —--n-—-.-.:-—-. ————
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2010 2011 2012 2013 2014 2015 2016 2017
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FEEDBACK DA IMPIANTI ESISTENTI

UNIT N°1 ALFALFAL-Comparison btw Runners "C-D-F-G"- Progressive Power loss
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ESEMPIO APPLICATIVO
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ESEMPIO APPLICATIVO

PROBLEM DESCRIPTION: Site visit — Guide Vanes

e T
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ESEMPIO APPLICATIVO

PROBLEM DESCRIPTION: Site visit — Sand Erosion

E 3| § 3
2 33 &
. . . Particle Size Distribution E_ © 1
« Particle diameter: 22 ym. ™
.‘ 4 L~ 9
. . d F N )
« Water samples particle concentration: 45| /1
4 ./ : f\ .
0,52 kg/m?| [1,04 kg/m? foo/
. , \ X
(1111 JE— N —— . 5 ./ /! »
E :I Medium erosion risk ||m|t -1 SR y / Bt
T 900 H---4--4---2---t----—-4-—---f  ——High erosion risk limit : 1.8 ' / i
| L R O N Y SO ey oy s s S S ey s s | / / i
800 H----hed-mmioobes ) / i \ |
SR e ( o — P L \
LI e s St S e o e S Sl Mt e el ¢ 22 e ! e
o Particle Size (um
000 1t HIGH EROSION LIMIT ~350 hiyear
HIGH EROSION LIMIT: ~700 h/year
A L J P Fraction of Damage Increase
00 50 0 eSO 0 0 particles with >
A T O O s o e R O O Mohs Upto5 | 51054 |55t059] 61069 | 71079 | 81089
SNSRI O rardness | (%) | (%) | (%) | ot
o e Averaged | gg5 0 0 415
e e U S M S NHSUS Composmon

0,0 01 02 0,3 0,4 0;5 0;6 07 08 09 1,0

Annual average of particle concentration C (kg/m#)
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ESEMPIO APPLICATIVO

v' Grooves in facing plates
v' Lower damage in Leading edge zone
v" High erosion zone close to upper and lower cover

AT TS

GUIDE VANE

A2
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ESEMPIO APPLICATIVO

CFD SIMULATION: EROSION MAPS - RESULT FOR Q=100%

EXISTING PROFILE

STREAM LINES SUCTION SIDE PRESSURE SIDE

¥ <
" ate Density | AN

’
F id.Erosion Rate Density == A
i tour 1 =

1.000e-06
9.000e-07
8.000e-07
7.000e-07
6.000e-07
5.000e-07
4.000e-07
3.000e-07
2.000e-07
1.000e-07

0.000e+00
mh-2 s"-1]
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ESEMPIO APPLICATIVO

CFD SIMULATION: EROSION MAPS - RESULT FOR Q=70%

EXISTING PROFILE

STREAM LINES

SUCTION SIDE

PRESSURE SIDE

‘0sI0n Hare vensity
2

10e-06
10e-07
)0e-07
)0e-07
10e-07
10e-07
)0e-07
)0e-07
)0e-07 .
06-07
)0e+00
25"-1]

aie Density
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ESEMPIO APPLICATIVO

CFD SIMULATION: EROSION MAPS - RESULT FOR Q=40%

EXISTING PROFILE

SUCTION SIDE

PRESSURE SIDE

STREAM LINES

FSiQ“ Rate Density
0e-06
0e-07
0e-07
10e-07
10e-07
10e-07
10e-07
0e-07
10e-07
10e-07

10e+00
1 gh-1]

00 )

1ate Density
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ESEMPIO APPLICATIVO

BLADES MATCHING MODIFICATION: EROSION MAPS - RESULTS FOR Q=40%

EXISTING PROFILE

B=0° B=3,5°

sion Rate Density
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ESEMPIO APPLICATIVO y .\

BLADES SHAPE MODIFICATION: EROSION MAPS - RESULT FOR Q=100%; B=7°

STREAM LINES SUCTION SIDE PRESSURE SIDE

Rate Density

+Rate Density

— N MM M N N N NN w
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ESEMPIO APPLICATIVO

BLADES SHAPE MODIFICATION: EROSION MAPS - RESULT FOR Q=70%; B=7°

A

PRESSURE SIDE

STREAM LINES SUCTION SIDE
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ESEMPIO APPLICATIVO

BLADES SHAPE MODIFICATION: EROSION MAPS - RESULT FOR Q=40%; B=7°

A

SUCTION SIDE

PRESSURE SIDE

STREAM LINES

n Rate Dansity
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ESEMPIO APPLICATIVO y .\

BACK

BLADES SHAPE MODIFICATION : COMPARISON FOR Q=100%

STREAM LINES PRESSURE DISTRIBUTION | EROSION MAP S.S. EROSION MAP P.S.

EXISTING

NEW PROFILE
B=7,0°

el S I o N A i N gy

27 ANDRITZ / TRASPORTO DI SEDIMENTO SOLIDO NEGLI IMPIANTI IDROELETTRICI. ESEMPI DI ANALISI, CONTROMISURE E GESTIONE / © COPYRIGHT




ESEMPIO APPLICATIVO y .\

BACK

BLADES SHAPE MODIFICATION : COMPARISON FOR Q=70%

STREAM LINES PRESSURE DISTRIBUTION | EROSION MAP S.S. EROSION MAP P.S.

EXISTING

NEW PROFILE
B=7,0°

J ’y e / L1
i £ i
i1 f )
Hiity y /7 74
M L4/
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ESEMPIO APPLICATIVO

BLADES SHAPE MODIFICATION : COMPARISON FOR Q=40%

A

BACK

STREAM LINES

EXISTING

PRESSURE DISTRIBUTION

EROSION MAP S.S.

EROSION MAP P.S.

NEW PROFILE
B=7,0°
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ESEMPIO APPLICATIVO

CONCLUSIONS: TBO IMPROVEMENT

(
Damage distribution in GV - Existing-70%-1,00

Sand erosion rate

[ka/(m?s)] ~——Pressurs Side  ——Suctian Side
, 2,00E-08 s
/ 25060
,  150E-08 A e
350600
/ 3,006-00
5 1.008-08 sl
20060
L A
0,00E400 b i o

] 01 0,2 0,3 0,4 05 0,6 a7 0.8 0,9

-
T
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GV Length

Damage distribution in GV - New-70%-1,00

Sand erosion rate

[kg/(m?s)] ——Pressure Side  ——Suction Side
2,00E-05 100 i
1.206-p4
1,50E-05 /-
1,006 s
8,00€-05
1,00E-05
5,006-05
4,00E-05
5,00E-08
2,00€-05
0,00E+00 - 0006400
0 0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 1
GV Length

EXISTING NEW
[ ss TOT | Area |2,96E-04| 100% [ ss TOT | Area |1,276-04| 43%
0 1,81E-04| 4,646-05| 2,27E-04) 0 1,186-04| 6,74E-06| 1,25E-04]
0,5 | 878E-05| 5186-05) 1,406-04]  0,00| 9,16E-05 31%| 05 | 4,936-05| 3,186-06| 5,24E-05 0,00] 4,44E-05 59
100% 1 4,90E-05| 4,13E-05| 9,02E-05| 0,33| 5,75E-05 19%| 100% 1 4,70E-05| 2,33E-06| 4,93E-05| 0,33| 2,54E-05 9
15 | 650605 4,376-05| 1,09E-04f  0,66] 4,97E-05 17%| 15 | 2,64E-05| 1,196-05| 3,84E-05 0,66| 2,19E-05 7%
2 2,36E-04 4,236-05| 2,78E-04] 1,00| 9,68E-05 33%) 2 9,96E-05| 2,22E-06| 1,02E-04) 1,00| 3,50E-05| 12
Ps ss TOT | Area |[5206-04| 179% ps ss TOT | Area |2,84E-04| 96%
0 1,826-04| 2,246-04| 4,06E-04] 0 1,186-04 2,70E-06| 1,21E-04f
0,5 | 1,41E-04| 3,90E-05| 1,80E-04]  0,00| 1,47E-04) 50%) 05 | 1,536-04 3,856-06| 1,57E-04f 0,00 6,94E-05 23%
70% 1 1,64E-04| 4,926-05 2,14E-04f  0,33] 9,85E-05 33%) 70% 1 1,526-04 4,056-06| 1,56E-04f  0,33| 7,836-05 26%
15 | 1,416-04| 9,056-05| 2,31E-04] 0,66 1,11E-04 38%) 15 | 1,346-04| 2,066-06 1,36E-04f  0,66| 7,306-05 25%
2 1,936-04| 2,66E-04] 4,59E-04) 1,00] 1,73E-04 58% 2 1,176-04 4,006-07| 1,18E-04] 1,00 6,34E-05 21%
[ ss TOT | Area [8956-04| 303% [ ss TOT | Area |5,76E-04| 195%
0 2,78E-04| 5,536-04| 8,31E-04] 0 | 4,886-05| 1,026-03| 1,07E-03
0,5 | 671E-05| 2,77E-04] 3,44E-04]  0,00] 2,94E-04) 99%) 05 | 1,54E-05 1,91E-05| 3,44E-05 0,00 2,75E-04 93%
40% 1 7,47E-05| 5,606-06| 8,03E-05 0,33| 1,06E-04 36%) 40% 1 1,17E-05| 1,286-05| 2,45E-05 0,33 1,476-05 5%
1,5 | 826E-05| 2,79E-04| 3,62E-04] 0,66 1,10E-04) 37%) 1,5 | 1,136-05| 2,38-05| 3,51E-05 0,66 1,49E-05 5%
2 2,66E-04| 9,126-04| 1,18E-03 1,00| 3,85E-04]  130%| 2 5,726-05| 9,926-04| 1,05E-03 1,00] 2,71E-04 92
Q=40%
Q=70%
—a—NEW —a—EXISTING
= 70%
Q=100%
—a—NEW —a—EXISTING
5 35%
.
4 30% I S e e P {
8 i0 0,80 1,00
o 25%
© 20% Distributor Height
v}
£
8 15% 0,60 0,80 1,00
5
10% Distributor Height
5%
0%
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ESEMPIO APPLICATIVO

CONCLUSIONS: TBO IMPROVEMENT

v All parameters are in % of Full
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SPARE MANAGEMENT

Our digital O&M solution to optimize your business

PERFORMANCES PREDICTION

A n [%] Energy production [GWh]
- 30000
100,00 - - 25000
- 20000
98,00 - |
- 15000
B Energy Production [GWh]
|- 10000
96,00 ) I = Z 1Predicted energy production
i [GWh]
- 5000 = Collected data [N Loss %]
"W\ = e o Effic] d i
9400 =TT --——-—mm - | aal orediction |y Lose %]
0 10 20 30 40 50 60 70 Time
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SPARE MANAGEMENT

Our digital O&M solution to optimize your business

SIMULATION OF SEVERAL DIFFERENT SCENARIOS
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SPARE MANAGEMENT

Our digital O&M solution to optimize your business

MAXIMIZE POWERPLANT PRODUCTIVITY

ENERG‘EEEI:TZUCHON PRE F E RRE D | | | F::E:D]
SOLUTIONS ’
oo | . - T 1 o AEXPERIENCE
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SPARE MANAGEMENT

Our digital O&M solution to optimize your business

MAXIMIZE POWERPLANT PRODUCTIVITY

FINAL STEP OPTIMIZATION IS MADE OF:

ANDRITZ EXPERIENCE + CLIENT DEPENDING VARIABLES

« DATA COLLECTION * FINANCIAL SITUATION

+ HPP SAFETY

« PERFORMANCES PREDICION
FINAL OPTIMIZATION . ROLE IN GRID

« REHAB COSTS PREDICTION “Taylor made approach”

« DOWNTIME COSTS PREDICTION * PLANTFACTOR

+ MAXIMIZE PRODUCTIVITY * PLANT AVAILABILITY

+ LOAD DISPACING + VARIABLE ENERY PRICE

. COATING * OTHER...
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LEGAL DISCLAIMER

© ANDRITZ AG 2018

This presentation contains valuable, proprietary property belonging to ANDRITZ AG or its affiliates (“the ANDRITZ GROUP”), and no licenses
or other intellectual property rights are granted herein, nor shall the contents of this presentation form part of any sales contracts which may be
concluded between the ANDRITZ GROUP companies and purchasers of any equipment and/or systems referenced herein. Please be aware
that the ANDRITZ GROUP actively and aggressively enforces its intellectual property rights to the fullest extent of applicable law. Any
information contained herein (other than publically available information) shall not be disclosed or reproduced, in whole or in part, electronically
or in hard copy, to third parties. No information contained herein shall be used in any way either commercially or for any purpose other than
internal viewing, reading, or evaluation of its contents by recipient and the ANDRITZ GROUP disclaims all liability arising from recipient’s use or
reliance upon such information. Title in and to all intellectual property rights embodied in this presentation, and all infor mation contained therein,
is and shall remain with the ANDRITZ GROUP. None of the information contained herein shall be construed as legal, tax, or investment advice,
and private counsel, accountants, or other professional advisers should be consulted and relied upon for any such advice.

All copyrightable text and graphics, the selection, arrangement, and presentation of all materials, and the overall design of this presentation are
© ANDRITZ GROUP 2018. All rights reserved. No part of this information or materials may be reproduced, retransmitted, display ed, distributed,
or modified without the prior written approval of Owner. All trademarks and other names, logos, and icons identifying Owner’s goods and
services are proprietary marks belonging to the ANDRITZ GROUP. If recipient is in doubt whether permission is needed for any type of use

of the contents of this presentation, please contact the ANDRITZ GROUP at welcome@andritz.com.
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