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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)

Torquemeter

oGV E— |
section 7 e AN § -

Turbine  \_
section S

Probe
traversing
system

Flow direction

e e e e

P o
: S

g PéYRY COPYRIGHTOPOYRY POYRY PRESENTATION 7

MARCH 2016



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)

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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Transonic Turbine Blade Cascade

Heat Transfer Measurement Blades
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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)

CLICK ON MOVIE TO PLAY
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THE NASA TURBINE BLADE CASCADE

(GIEL ET AL. 2001)

NASA Glenn Research Center

Transonic Turbine Blade Cascade

Blade Heat Transfer Data
Case F

Re.,=10x10°, M, =098,
with inlet turbulence grid
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THE NASA TURBINE BLADE CASCADE

(TRANSAT: STEADY STATE)

Tip leakage flow with heat transfer
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THE NASA TURBINE BLADE CASCADE
(TRANSAT: TRANSIENT: V-LES
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Multiphase flow in steam turbines =
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CONDENSING FLOW ON STEAM TURBINE BLADE
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CONDENSING FLOW ON STEAM TURBINE BLADE

A. Matysiak (2007)

Issues:

1- Assume a Wilson line
2- Assume a droplet distribution
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SECTION AT ABOUT 80% SPAN
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LAGRANGIAN: ONE- VS. TWO-WAY COUPLING

‘TransAT |

» Assuming saturation
* Log-normal distribution
* 1 micron < D < 68 micron
+ 13 million particles, only
, (78000 tracked)
' TransAT « URANS
g - IST grid
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LAGRANGIAN: ONE/TWO-WAY COUPLING

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

-— CLICK ON MOVIES TO PLAY
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EULERIAN INTERFACE TRACKING : LEVEL SETS
(PHASE CHANGE AT BLADE SURFACE)
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Multiphase jets =
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JET ATOMIZATION : LOW RESOLUTION
(LEON & HAUTMAN, 2002)

Domain Size:

<x> =25 mm (33D)
<y>=45.8mm (61D)
<z>=6.8mm (9D)

Grid size:
<x,y,z> = <258,194,50>
= 2.5 million

Dy =0.35D
D =0.756m

' Dx=0.06D
'fl Dy=0.12D
' D=0.75mm

(left) Mesh resolution in the XY plane. (right) Mesh
resolution in the YZ plane (spanwise plane).
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JET ATOMIZATION : LOW RESOLUTION
(LEON & HAUTMAN, 2002)

|
|
1

| TransAT

(left) Snapshot of flow evolution before primary breakup. (right) Jet
topology at 2.5 ms - ligaments and stretched drops are formed.
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JET ATOMIZATION : LOW RESOLUTION
(LEON & HAUTMAN, 2002)

OUTPUT RESULTS

* Droplet distribution
» Droplet count in domain with a built-in | &g
scheme for drop detection

- Disintegration location Y
» Mean Sauter Diameter o
* Droplet volume flux 0

* Droplet surface area {

* PDF of population distribution (Transar
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JET ATOMIZATION : HIGH RESOLUTION
(SHINJO ET AL., IIJMF 2010)

OpenFoam
(6.5 million
cells, VOF)

sty ._ _ TransAT (6.4
R million cells,
LES/VOF)

MARS (6 billion
cells, CIP VOF);
il Shinjo, IJMF, 36,
s 2010

[ FACULTY OF SCIENCES, TECHNOLOGY AND COMMUNICATION
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JET ATOMIZATION : HIGH RESOLUTION
(SHINJO ET AL., IIJMF 2010)

TransAT
simulations

Experiment
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JET ATOMIZATION : HIGH RESOLUTION
(BEHZAD & ASHGRIZ, IJMF 2012)

Parameters:

m LESI (Level Set)

m Dynamic DSM

m 50 million cells (512 CPU)
m 3rd-order schemes

Source:
m Behzad & Ashgriz,
University of Toronto (2012)
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SWIRLING PARTICLE JET
(APTE ET AL., IJMF 2003)

—...g

—= Swirling, Secondary Jet

| — = Particle-Laden, Non-swirling, Primary Jet

* No. of comp. particles: 43815 = .

* No. of real particles: 219075

» Two-way coupling. : : 7 T

» Re of flow: ReD = 52400 "

* Mass loading = 0.034 (in the
primary jet).

e Diameter range: 11-120 microns

e LES using WALE

e Grid: 551.000

Experimental Data:
wH =0.0938, 0.781, 1.63, 2.66
3.5, 4.84,6.09,9.84

y/R
(R TS < S

Fig. 1. Schematic of the swirling, coaxial-jet combustor.

TransAT

Click on movie to play
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SWIRLING PARTICLE JET
(APTE ET AL., IJMF 2003)
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