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Hydraulic turbines - Generalities

Agenda
* Introduction
 Reaction turbines

 Impulse turbines: Pelton
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HYDRAULIC TURBINES GENERALITIES

Introduction
Why hydraulic turbines?

PRESSURE and KINETIC
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HYDRAULIC TURBINES GENERALITIES

Introduction

Potential water flow « Q »
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HYDRAULIC TURBINES GENERALITIES

Introduction o |
Efficiency hillchart

Theoretically:
P=p.g.QH

Practically:
P=n.p.g.QH

1‘|"Z ef ficiency of hydraulic turbine

Hydro power - Water falls/flows
Phydro = p.g. Q. H [W]

Mechanical energy - Turbine
Pneca = T. [W]

Electrical energy - Generator
Paiec = U.1.V3.cos ¢ [W]
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines
Main hydraulic components

Guide vanes

Stay ring — Stay (or wicket gates)

vanes
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines
Working principle
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines

Additional functionalities
Problem to be solved Possible solution

Flow or head variation msmmmmp Variable blades or
variable speed

Need of storage Emmm—p UMpPINg

Distribution network = Synchronous
special needs condenser mode

Preserving the | | |
' Fish-friendl rbin
environment s <« Fish-friendly » turbines
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: BULB

Inside the dam 7

_—Horizontal axis

= Generator in watertight enclosure
, L , SUre
T ——

== vanes and blades)

Very low heads 1 > 25'm.. —
Output < 100 MW
Diameter <9 m
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: BULB

Access Runner
pit chamber
ring
Combined
guide/thrust Runner hub
bearing
Runner
blade
Draft tube
Guide
bearing
Shaft
Bulb nose Guide
vanes

Generator rotor Generator stator
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: BULB

Hydro Technical Training
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: KAPLAN
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Low heads 5 2> 55 m
Output < 220 MW
Diameter < 10 m
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: KAPLAN
W=
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: KAPLAN

Pre-assembled rotor

Typical cross section

Blade inspection
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: FRANCIS

Medium and high heads

Horizontal or vertical axis

. ) B Diameter up to 10 m
i
p——— Output up to 900 MW
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: FRANCIS

s - Upper pit
liner
Turbine shaft Servomotor
S
Operating ring Guide
bearing
Spiral case
Head cover
Stay ring Guide
vanes
Bottom ring
Draft tube
Francis
runner

|
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: FRANCIS

Main characteristics

Most widely spread turbine, large variety of runner profiles
= Ry
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: FRANCIS
Main characteristics

Single requlated
Fixed runner blades

Mobile guide vanes
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: PUMP TURBINES (PSP)
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Head from 100m to more than 1000m
Output =600 MW

Diameter < 1to 7m according to the
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: PUMP

URBINES (PSP)

Working principle

Downstream reservoir‘

(]
Hydro Technical Training
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Upstream reservoir

. -
. = €5
A 5
{ v
.
23

Global cycle efficiency ~ 80 %
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: PUMP

URBINES (PSP)

Main characteristics

Hydro Technical Training

Mainly with « Francis » runner type

Single or double regulated
Variable speed
Mobile distributor
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: PUMP

URBINES (PSP)

Main hydraulic characteristics

High difference between downstream level and runner axis
level (Also called submergence) needed for the pump mode

KAPLAN

Hydro Technical Training
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: PUMP TURBINES (PSP)
Main hydraulic characteristics

Single stage or multi-stage according to the head (from 1 to 5 runners)

1 STAGE /1 RUNNER 2 STAGES /2 5 STAGES

RUNNERS
H<600m 1 RUNNER for ~200

600 <H=<900m m
‘ Hydro Technical Training GE Internal — For Distribution within GE 27



HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: PUMP TURBINES (PSP)
Main hydraulic characteristics

Instability zone in turbine mode

Guide vanes with independent servomotors
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HYDRAULIC TURBINES GENERALITIES

Reaction Turbines: PUMP TURBINES (PSP)

A Head (m)
> el . . ) i
900 LIl Multi-stage turbines (4 to 5) Grand Maison / Bissorte
800 ng\j
700 Lig% ‘ Double-stage PSP (1 stage for ~400 m head) Yang-Ya
1
600 =

« Classical » single stage PSH
Most widely spread
Guangzhou, Muju, Huizhou, Zanghewan, etc.
200

Deriaz turbines Naussac

Axial turbines La Rance

In summary: Range of use according to the head
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HYDRAULIC TURBINES GENERALITIES

Impulse Turbines: PELTON

Maxi HEAD: 1900 m

TANGENTIAL WATER JET

Maxi OUTPUT: 430 MW

§ VERTICAL or HORIZONTAL
AXIS

Hydro Technical Training

RUNNER IN AIR
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HYDRAULIC TURBINES GENERALITIES

Impulse Turbines: PELTON

Main hydraulic components

Manifold
(colle
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HYDRAULIC TURBINES GENERALITIES

Impulse Turbines: PELTON
Working principle

*Step 1 » Step 2 * Step 3

Before the impact During the impact After the impact

- Water jet with -> Energy transfer 4 Kine_tic energy

Kinetic energy between water jet turned into mechanical
and the bucket energy (torque)
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HYDRAULIC TURBINES GENERALITIES

Impulse Turbines: PELTON

Main characteristics

From 1 to 6 jets

High output = Vertical axis

I: e -; -" ]
Bl il l} 7 ;
S: ¥ ’\P ‘“v»‘ % [;1—7;

Runner position above the downstream water level
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HYDRAULIC TURBINES GENERALITIES

Impulse Turbines: PELTON

Main characteristics
Low output = Horizontal axis
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HYDRAULIC TURBINES GENERALITIES

Impulse Turbines: PELTON
Hooped Pelton (GE Hydro patent)

INDIVIDUAL BUCKETS

Separate the functions
» hydraulic

» Mechanical

Higher manufacturing
quality (Precision, proven
extended NDT, serial

production of buckets...) RIMS
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