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Diffusers & Nozzles →
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SIMPLE DIFFUSER (MEX= 1.2: MASON, 1980)
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RADIAL DIFFUSER  (FAN, XI, ZHANG & SUN,  POWER 2007)
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RADIAL DIFFUSER  (FAN, XI, ZHANG & SUN,  POWER 2007)
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Turbine blades: Aerodynamics →
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LISA 1&1/2-STAGES AXIAL TURBINE FACILTY

(MEX = 0.53. BEHR, KALFAS & ABHARI, GT 2006)
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Rotor blisc of the 1.5-stage unshrouded turbine
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THE LISA HIGH-WORK TURBINE BLADE

(BEHR, KALFAS & ABHARI, GT 2006)
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M exit :  Exp. = 0.53; CFD = 0.54
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THE LISA HIGH-WORK TURBINE BLADE

(BEHR, KALFAS, ABHARI, GT 2006)
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CLICK ON MOVIE TO PLAY
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THE NUEVOPIGNONE TURBINE BLADE CASCADE

(MEX = 0.7-1.6: MICHELASSI ET AL., 1996)
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THE NUEVOPIGNONE TURBINE BLADE CASCADE

(MEX = 0.7-1.6: MICHELASSI ET AL., 1996)
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THE NUEVOPIGNONE TURBINE BLADE CASCADE

(MEX = 0.7-1.6: MICHELASSI ET AL., 1996)
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Turbine blades: Heat transfer →
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THE NASA TURBINE BLADE CASCADE 

(MEX = 0.98; GIEL ET AL., 1999, 2001)
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THE NASA TURBINE BLADE CASCADE 

(GIEL ET AL. 2001)
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THE NASA TURBINE BLADE CASCADE 

(GIEL ET AL. 2001)
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CLICK ON MOVIE TO PLAY
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THE NASA TURBINE BLADE CASCADE 

(GIEL ET AL. 2001)
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THE NASA TURBINE BLADE CASCADE 

(TRANSAT: STEADY STATE)
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Tip leakage flow with heat transfer
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THE NASA TURBINE BLADE CASCADE 

(TRANSAT: TRANSIENT: V-LES

MARCH 2016
PÖYRY PRESENTATION 19



COPYRIGHT©PÖYRY
MARCH 2016

PÖYRY PRESENTATION 20

Multiphase flow in steam turbines→
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CONDENSING FLOW ON STEAM TURBINE BLADE
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Saturation line

Wilson line

G0

L0

erosion

Section of 

interest
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CONDENSING FLOW ON STEAM TURBINE BLADE
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Issues:

1- Assume a Wilson line

2- Assume a droplet distribution

(Log-normal; Rosin-Rammler)

A. Matysiak (2007)
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SECTION AT ABOUT 80% SPAN
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• Inflow Velocity = 80 m/s

• Exit Pressure  = 0.16 bar

• Inlet Pressure = 0.33 bar
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LAGRANGIAN: ONE- VS. TWO-WAY COUPLING
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• Assuming saturation

• Log-normal distribution

• 1 micron < D < 68 micron

• 13 million particles, only  

(78000 tracked)

• URANS

• IST grid
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LAGRANGIAN: ONE/TWO-WAY COUPLING
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CLICK ON MOVIES TO PLAY
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EULERIAN INTERFACE TRACKING : LEVEL SETS 

(PHASE CHANGE IN BULK)
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CLICK ON MOVIES TO PLAY
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EULERIAN INTERFACE TRACKING : LEVEL SETS 

(PHASE CHANGE AT BLADE SURFACE)
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CLICK ON MOVIES TO PLAY
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Multiphase jets→
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(left) Mesh resolution in the XY plane. (right) Mesh 

resolution in the YZ plane (spanwise plane).

JET ATOMIZATION : LOW RESOLUTION
(LEON & HAUTMAN, 2002)
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(left) Snapshot of flow evolution before primary breakup. (right) Jet 

topology at 2.5 ms - ligaments and stretched drops are formed. 

JET ATOMIZATION : LOW RESOLUTION
(LEON & HAUTMAN, 2002)
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• Droplet distribution

• Droplet count in domain with a built-in  

scheme for drop detection 

→ see image

• Disintegration location

• Mean Sauter Diameter

• Droplet volume flux

• Droplet surface area

• PDF of population distribution

OUTPUT RESULTS

JET ATOMIZATION : LOW RESOLUTION
(LEON & HAUTMAN, 2002)



COPYRIGHT©PÖYRY

OpenFoam

(6.5 million 

cells, VOF)

TransAT (6.4 

million cells, 

LES/VOF)

MARS (6 billion 

cells, CIP VOF); 

Shinjo, IJMF, 36, 

2010

JET ATOMIZATION : HIGH RESOLUTION
(SHINJO ET AL., IJMF 2010)
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TransAT

simulations Experiment

JET ATOMIZATION : HIGH RESOLUTION
(SHINJO ET AL., IJMF 2010)
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Parameters:

 LESI (Level Set)

 Dynamic DSM

 50 million cells (512 CPU)

 3rd-order schemes

Source:

 Behzad & Ashgriz, 

University of Toronto (2012)

JET ATOMIZATION : HIGH RESOLUTION
(BEHZAD & ASHGRIZ, IJMF 2012)
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• No. of comp. particles: 43815

• No. of real particles: 219075

• Two-way coupling.

• Re of flow: ReD = 52400

• Mass loading = 0.034 (in the 

primary jet).

• Diameter range: 11-120 microns 

• LES using WALE

• Grid: 551.000

Click on movie to play

SWIRLING PARTICLE JET
(APTE ET AL., IJMF 2003)
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SWIRLING PARTICLE JET
(APTE ET AL., IJMF 2003)


