e
i R
— E_ VON KARMAN INSTITUTE FOR FLUID DYNAMICS

L-6 Wind Tunnel
Smoke Generators
Smoke Suction Unit

Uy S 5 S et [ f EX p er i men tal

Power Supply for the Spray

Spray Nozzle

e Apparatus

Blowers

Soeens » Foam sheets/—| " Twin-Jet Shear Layer
i Wind Tunnel

RPOOWoO~NOULE,WNE

e




|

— V""— —
Rv Z_——

=

VON KARMAN INSTITUTE FOR FLUID DYNAMICS

PARTICLE IMAGING

VELOCIMETRY
Spray

P1V /for single-phase flow/ Dliejpllst
m new PCO camera + NIKKOR 35mm

Nozzle
Injection

Oil smoke

Image size: 1280x768 pixel (= 85x50 mm) seeding particles

m Nd:YAG pulsed laser /6W/
m Positioning system
m  SensiCam acquisition software

PTV(S) /for two-phase flow/ I -
Particle Tracking Velocimetry and Sizing

m  Size Discriminating (dgeqing < ropler)
m Gas Phase Flow Field Data in Two-Phase Flow

Post-processing:
m Matlab, TecPlot, Excel
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Single-phase flow = Two-phase flow

| Elow
U, v U, U, v U, Visualization

= 2 m/s
= 1 m/s

Digital
Image
Recording
for
Particle
Imaging
well defined Velocimetry

mixing layer PV(S)

developement
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Single- phase flow ‘_Tw_(‘)—ph_ase flow
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Visualization

shear layer
flow structure
/droplets in the
mixing layer/
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Velocity Magnitude, U, [m/s]

Velocity Magnitude, U, [m/s]

Velocity Profiles of Gas Phase in Single-Phase Flow
/' U;=2m/s, U,=1m/s, r=0.5, 1=0.33 /
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Velocity Profiles of Gas Phase in Single-Phase and Two-Phase Flow
/' U;=2ml/s, U,=1m/s, r=0.5, A=0.33 /
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Streamwise direction, x

—>=10mm PIV single-phase flow
—+=300mm PIV single-phase flow
¢ 10mm PTVS two-phase flow

+ 300mm PTVS two-phase flow
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Experimental
Results
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PIV
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PTV(S)




/
_—%@&_ VON KARMAN INSTITUTE FOR FLUID DYNAMICS
R /—

/—'

Two-phase flow characteristics Introduction

[ELGHOBASHI, 1994] [GORE and CROWE, 1989]
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Levy & Lockwood (1981)
Hetsroni & Sokolov (1971
Tsuji etal. (1984)
Modarress er al. (1984a)
Modarress et a. (1984b)
Lee & Curst (1982]

Tsuji &  Morikawa (1882)
Shuen et a/. (1985}
Parthasarathy & Faeth [IS87)
Zisselmar & Molerus (1979)
Sun & Faeth [1986)
Maeda et af, (1980)
Serizawa et al. (1975)

Negligible
effect on
turbulence

Theofanous & Sullivan [1882)
Wang eral 11987)
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% CHANGE IN TURBULENT INTENSITY
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+———— Dilute suspension Dense , .
suspension Figure 2. Change in turbulent intensity as function of length scale ratio.

a,= 104+ 105 St =103+ 102 AT.1) = f (d,/lo)
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Turbulence Modulation Map

oo & Savotov (571 Effect of characteristic length
Niodacres ot ol 15648 scale ratio on modulating
Modarress &t &, (1984b)

Lee & Curst (1962 turbulent intensity:

Tsuji &  Morikawa (1882)
Shuen ar 8/, (1985
Parthasarathy & Faeth ({I987)

i {1879)
AT.L) = £ (d /1)
Maeda et &/, (1980) p""€e

Serizawa &t &, (1975)
Theofanous & Sullivan (1982)

s eren B d, - particle diameter
Ie = ﬂUld Iength Scale (integral

length scale or characteristic length of the most
energetic eddy)
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0.0QIJ.I..‘.......Q.}.)DJ...........QQI............ Ao T.1. of the fluid based on PIV/ and PTVS velocity meas.
Mixing Layer: @ negative rel. change (- 90%)

Main Flow: positive rel. change (+1500%) GRS uNEERIoRIERI::)
in Int. J. Multiphase Flow \/ol.15. No.2, pp.279-285.
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CHANGE n/ Turbulence Intensity, CONCLUSIONS
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300+

33% of d,= 50um

200+

14% of d,=300pm

Theofanous & Sullivan (1982)
Wang aral, (I887)

Hwvdr oenDx+A749490bS0

’Cumulative PDF for x=300 mml

—O-dp = 300 micron

100

—o—dp = 150 micron

—o—dp = 50 micron
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Mixing Layer.
Main Flow:




