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Ways to Increase Turbine Efficiency
and Improve Heat Rate SIEMENS
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Steam Turbine Engineering
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Improving Efficiency and Heat Rate SIEMENS

— 3D Reaction Airfoils (Bowed)
- Increased Stage Count
- Reaction versus Impulse Designs
- Proven Efficiency Improvement

— Advanced Control Stage Design

— Optimized Sealing Technology
- Labyrinth Blade Path Seals
- Spring-back and Retractable Seals
- Sustainable Clearances

— Reduce Potential Leakage Paths

— Select LP Annulus Area for Best Efficiency

) Siemens Power Generation
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Industry Development of Airfoils SIEMENS

e Cylindrical Airfoil (since early 1900’s)
= constant profile section

» Twisted Airfoil (since late 70’s)

= variable profile sections

= adjustment to variable flow angles
= reduction of incidence loss

« 3D (since late 90’s)

= variable profile sections

= application of tangential lean or bow
= Influence on radial pressure gradient
= reduction of secondary losses

) Siemens Power Generation
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3DV™ Current Generation Bowed Blading SIEMENS

3DS™
« 3D with reduced Secondary losses
« 2"d generation of advanced 3D blading
* based on twisted blades
» superimposed compound lean (bow)

e 3DV™
« 3D blading with Variable stage reaction

3rd generation of advanced 3D blading

based on 3DS blades

optimized load distribution within the blade path

achieve maximum overall blade path efficiency

) Siemens Power Generation
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3DS™ Blading — Reduced Secondary Losses SIEMENS

Endwall

Passage Voras
{ = "Horseshos” Vorlax)

Caurler Wortex

blading 2%
efficiency
Improvement
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Presenter
Presentation Notes
Secondary losses occur when as the steam is turned along the airfoil profile and interacts with the hub and and tip endwalls which have a low velocity boundary layer to produce vortices at the leading edge which result in losses (steam not flowing along profile and doing work).
The 3DS tapered-twisted and bowed blade (see pictures – bow with view in axial direction “C-shaped”) minimizes secondary losses by directing some steam towards the bub and tip to suppress the vortices.
Secondary losses higher in shorter blades with high pressure drops….up to 50% of total stage loss in HP blading!!
Stage loading = delta H stage / wheel speed U2
Shop Tests 2-3%, field verification shows up to 2% improvement in stage efficiency
Extensive experience list.. Up to 600C (1112F).. Over 100 applications in past 8 years and have tested well
secondary flow losses
low velocity boundary layer
vortices formed at leading edges
end wall cross flow
pressure side to suction side
vortex mixing
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3DS™ Blading — Pictorial SIEMENS
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Advanced Control Stage Technology

SIEMENS

January 2014

Past Features
® Turn around control stage
® Bolted on nozzle block

® Riveted, side entry rotating
blade

/ Vane chipping calculation

New, increased
pitch airfoil section
— prevents HCF
induced vane

Clc

WPCA/Entergy Seminar

Current - World Class Features
@ Straight thru control stage
® Increased Impulse Chamber P& T
® Improved airfoil profile design
® Contoured endwall nozzle
® Slide in nozzle block
® Triple pin rotating blade

® Improved materials

N

Ired endwall

Est. up to
+3-5% CS n
over Past
Designs

Modernized triple
pin blade




Comparison of Blade Design Principles

SIEMENS

Impulse Stage

Vor v,
U

» Fixed blade row accelerates the steam
* Moving blade row changes only the
direction of the steam

- High Work per Stage

January 2014 WPCA/Entergy Seminar

50% Reaction Stage

\\
))

U

* Fixed blade row accelerates the steam

* Moving blade row changes both the
speed and direction of the steam

- Lower Peak Steam Velocity V1
- High Stage Count for Efficiency

Siemens Power Generation
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Blade Path Sealing Technology

SIEMENS

January 2014

HP

Small Axial
Expansion

LP

Large Axial
Expansion

Casing

Rotating Blade

Stationary Blade

WPCA/Entergy Seminar

Casing

R

Rotating Blade

Stationary Blade

:

Rotor

Seal Optimization with
Modern CFD-Tools

Siemens Power Generation
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Sealing Technology SIEMENS

R le D | Ri i
etractable Dummy Seal Rings TurboCare Retrofit:

Brush Seals in Impulse Blade Path

Benefits

*Reduction in leakage flow
*Improved efficiency
 Favorable wear behavior characteristics

) Siemens Power Generation
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Presenter
Presentation Notes
Bristle pack consists of curtain of metal bristles approx .004 to .005” diameter (material Haynes 25TM – nickel based alloy) – OK up to 600C
Brush material does contain cobalt, so cannot utilize in BWR nuclear applications.
Small amount of steam thru bristles actual cool bristles..
Right now only applied to seal segments (stationary).  Industrial turbines no segment.  Turbocare has used segments…more here…
Because bristles canted at angle, “blowdown effect” (pressure from steam flow) causes bristles to close (approx .010 inch movement) to essentially zero clearance (small laminar flow at seal tip…1 to 4 mils?) at steady state operation  over 50% reduction in leakage flow
NOTE!!  Per Lewis / Eric – After short period of time achieve equilibrium (“line-to-line”) and brushes very slight contact with shaft (after polishing effect) – no torque or heat transferred to rotor
Note brushes still at angle
Brushes essentially ride rotor surface and “polish” rotor surface during wear in.  Insufficient force to heat, damage, or apply torque to rotor.
Efficiency improvement approx 0.5 to 1.0% depending upon type of turbine, locations applied, and seal clearances
Bristles give way in transient operation
Brush seal is used as add-on in current labyrinth seals.
Limited delta P in axial direction (approx 10 bar (150 psia)) / per brush – 4 brushes 600 psia
Usable for low and moderate pressure drops: bladepath, gland seals, LP piston
Not used HP piston (delta P too high) or IP dummy (may not have sufficient leakage flow for cooling IP).
“Pressure cavity” patent by Rolls-Royce – pressure in cavity opposes Pinlet, reducing pressure applied to brushes against backing plate  allowing brushes to slide/rotate during blowdown (Pinlet < Pcavity < Poutlet)
Also operation enhancement…reduce hard rubs during transients!!



Turbine Technology —

LP Last Stage Design Features SIEMENS

L-OR Design Features

Freestanding L-0
Full 3D Design
Thin Trailing Edge
Fir Tree Root Design
Supersonic Airfoil
Flame Hardened
Leading Edges

YVVVYYY

Hew Desigh

L-OC Design Features

Thin Trailing Edge

Welded Diaphragms

Full 3D Design for optimum radial flow
distribution and low exhaust loss
Hollow Vanes

Moisture Suction
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Efficiency Improvement Summary SIEMENS

— 3D Reaction Airfoils (Bowed)
- Increased Stage Count
- Reaction versus Impulse Designs
- Proven Efficiency Improvement

— Advanced Control Stage Design

— Optimized Sealing Technology
- Labyrinth Blade Path Seals
- Spring-back and Retractable Seals
- Sustainable Clearances

— Reduce Potential Leakage Paths

— Select LP Annulus Area for Best Efficiency

) Siemens Power Generation
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Implementing New Technology for

Improved Efficiency and Heat Rate SIEMENS

Retrofit Turbine Modules
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Improving Efficiency and Heat Rate SIEMENS

Questions ?

) Siemens Power Generation
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