11
Jet  Crossflow
Combustor , Gas turbine
VISTOL

11

Jet  Crossflow
Jetfluid  Crossflow fluid ~ Fric and Roshko (1994),
(Trajectory) ~ Jetfluid  Crossflow fluid  Pratte and Baines (1967), Crossflow
fluid Jetfluid (Entrainment)  Yuan and Street (1998), Jet
(Spread rate)  Pratte and Baines (1967)  Sivadas et al. (1997)
Jet (Decay rate) ~ Smith and Mungal (1998)

Jet Crossflow (Velocity ratio) ~ Smith and Mungal
(1998), Inlet condition Jet  Siadas et d. (1997)
Findlay et a. (1999) Vortex generator Zaman and Foss
(1997), (Unsteady)  Raud étal. (1999)
Jet  Crossflow (Configuration)
Jet (Ground - level source  Flush)  Fiic and Roshko (1994),
Jet (Elevated source) Boundary layer

Eff eta. (1995) Jet Flush

Boundary layer Pratte and Baines (1967)  Kamotani and

Greber (1972)
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121 Jet
Rajaratnam (1976) Jet 3 12 Potential
core region , Flow development region
Shear layer Jet
, Fully developed flow region Similarity
Corrsin (1946), Hinze and Zijnen (1949), Albertson et al. (1950), Abramovich
(1963)
Similarity Townsend (1956)  Tennekes
and Lumley (1972) (Spread rate) -~ Circular Jet
Shear layer(]) Downstream Virtual origin -~~~ Jet
Jet () Downstream
Virtual origin-~~ Jet
122 Jet  Crossflow
1221 Jet  Crossflow
Rajaratnam (1980) Jet  Crossflow 3 13
Potential core region Shear layer ~ Jet Total
pressure Keffer and Baines (1963) Velocity ratio 4
Potential core Jet Velocity ratio 4
Potential core Crossflow Pratte and Baines (1967)
Velocity ratio Potential core  Jet  Crossflow
Free jet
Potential core region Zone of maximum deflection
Jet Pressure gradient  Entrainment rate
Far field
Self-similar
Fric and Roshko (1994) Vortical sturcture ~ Jet  Crossflow

Jet  Crossflow Vortical structure 4 Jet shear layer vortices
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Kelvin-Helmholtz instability (Separation)  Shear layer Jet
Vortex ring Free jet, Horseshoe vortices Boundary
layer Adverse pressure gradient Jet Free stream
(Obstacle), Counter-rotating vortex pairs (CVP)
Farfield  Wake vortices Jet 14

Counter-rotating vortex pairs (CVP)
Separation Boundary layer

Jet CVP (Moussa et a. (1977), Andreopoulos
(1984,1985), Andreopoulos and Rodi (1984), Sykes et al. (1986), Coelho and Hunt (1989)
Kelso et al. (1996)) Kelso et al. (1996) Vortex ring
Crossflow fluid ~ Vorticity
CVP
Wake vortices Jet (ground - level
source) Fric and Roshko (1989, 1994)  Fiic (1990) Vorticity
Solid boundary Wake vortices Convection,
Tuming, Stretching ~ Diffusion ~ Vorticity Crossflow Jet
Crossflow Jet Lighthill (1963)
Morton (1984),
Kelso et a. (1996) Wake vortices Wall
vortices ~ CVP Reynolds number Wake 3
von Karman vortex street, Mushroom-like upright vortex Alternative
mushroom-like upright vortex 15 Jet  Crossflow
16
1222 (Trajectory) ~ Jet  Crossflow
Broadwell and Breidenthal (1984) Jet  Point source
Momentum flux Velocity ratio (rd-scaie)

Global length scale Jet  Crossflow
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Kelvin-Helmholtz instability (Separation)  Shear layer Jet
Vortex ring Free jet, Horseshoe vortices Boundan/
layer Adverse pressure gradient Jet ' Free stream
(Obstacle), Counter-rotating vortex pairs (CVP)
Farfield  Wake vortices Jet 14

Counter-rotating vortex pairs (CVP)
Separation Boundan/ layer

Jet CVP (Moussa et a. (1977), Andreopoulos
(1984,1985), Andreopoulos and Rodi (1984), Sykes et al. (1986), Coelho and Hunt (1989)
Kelso et a. (1996)) Kelso et al. (1996) Vortex ring
Crossflow fluid ~ Vorticity
CVP
Wake vortices Jet (ground - level
source) Fric and Roshko (1989, 1994)  Fric (1990) Vorticity
Solid boundary Wake vortices Convection,
Tuming, stretching ~ Diffusion  Vorticity Crossflow Jet
Crossflow Jet Lighthill (1963)
Morton (1984)
Kelso et al. (1996) Wake vortices Wall
vortices ~ CVP Reynolds number Wake 3
von Karman vortex street, Mushroom-like upright vortex Alternative
mushroom-like upright vortex 15 Jet  Crossflow
16
1222 (Trajectory) ~ Jet  Crossflow
Broadwell and Breidenthal (1984) ' Jet  Point source
Momentum flux Velocity ratio (rd-scale)

Global length scale Jet  Crossflow
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Jet(d = Jet)  Magason (1993) Centerline Trajectory  d -
scale yid = A{)n(Xi?m  A=159, =067, =033

1223 Entrainment  Jet  Crossflow
Entrainment Jet  Crossflow

3 Entrainment spread
rate  Decay rate Mean scalar
Entrainment -, Entrainment
Jet  Crossflow Free jet (Keffer and Baines (1963), Pratte

and Baines (1967), Rajaratnam and Gangadhariah (1980)  Andreopoulos and Rod
(1984))

Smith and Mungal (1998) Scalar concentration decay 11
Centerline concentration decay Near field (/e )13(
Centerline Maximum- concentration ) Far
field (I )8 Branch point 2 =03
(Enhanced mixing)
(Reduced mixing) Freejet  Decay rate 'l
Yuan and street (1998) Entrainment Jet  Crossflow
Large coherent structure Turbulent
shear flow , 112 (2 <3 Spanwise roller Shear
layer  Jet Jet  Crossflow
Large scale Free jet
Bending region Crossflow fluid
Crossflow fluid Jet fluid Jet fluid
Jetfluid  Crossflow fluid Large
scale Far field CVP Crossflow
fluid Jet Circulation ~ CVP
Trajectory  Entrainment Shérif

and Pletcher (1989)  Hasselbrink and Mungal (1996) Entrainment



Jet Crossflow

Davidson (1989) Smokestack plume Integral models
Pressure drag Models Broadwill  and
Breidenthal (1984)  Karagozian (1986)  Modkl CVP CVP

Jet
1224 Inlet condition Jet  Crossflow
Sivadas et al. (1997) Exit geometry Jet Trajectory
Spread rate Jet Aspect-ratio Jet penetration
Spread rate Circular jet Aspect-ratio (
Jet fluid  Crossflow fluid) Entrainment
Zaman and Foss (1997) Vortex generators Delta taps
Jet Delta taps (Windward side) Jet penetration
Strength ~ CVP Tap 113
Delta taps (Leeward side) Jet
penetration Strength ~ CVP Lincinsky et d. (1995)
(Leeward  side) Static  pressure
(Windward side) Static pressure “Pressure hill” Primary

source  Streamwise vorticity 114

123 Swirling Jet in Crossflow
Niederhaus et a. (1997) Jet
Crossflow Swirl Swirl Tangential velocity
Scalar concentration ~ Water channel Planar laser-induced
fluorescence (PLIF) CVP Swirl
Vortex
Comma shape Swirl Jet penetration

Swirl number {Ns 0= 0.17)



Maximum mean concentration Maximum concentration
pressure side
crossflow)
Wangjiraniran and  Bunyajitradulya  (2001), Bunyajitradulya and
Wangjiraniran (2003) rotating
pipe swirl Tangential velocity — circulation

Niederhauset et 4.

Suction (
crossflow) Pressure
() 7))
Niederhaus et a.  Wangjiraniran and
Bunyajitradulya initial tangential velocity
profile Niederhaus et d.  high concentration

pressure side Wangjiraniran and Bunyajitradulya  high temperature
suction side 115

Niederhaus et d. swirl
(

zero-tangential-velocity / zero-circulation ) cross-stream boundary layer
() 1.16 Weerin & Bunyajitradulya  rotating

pipe Swirl

crossflow (" ' non-zero tangential velocity/ non-zero circulation)
1.16 (c)

Initial tangential velocity profiles ~ Cross-stream boundary
layer ~ Vorticity ~ cross streem Skew shear
layer jet (Yuan 1999,) Large-scale structure  SJICF

Denev et a. (2005)
Swirl number () 0-0.6 LES



High concentration Suction Swirl

117 118 swirl
13
(Non-zero tangential velocity/Non-zero circulation
swirling Jet in Crossflow, NZT/NZC SJICF) Active  Passive Scalar
Wangjiraniran and Bunyajitradulya (2001,
WB)  Bunyajitradulya and Wangjiraniran (2003, BW) NZTINZC
SJICF Niederhaus
et .d (1997) Z11ZC SJICF passive scalar
global parameters (momentum flux ratio, Swirl ratio) initial
velocity profile WB/BW suction side
Niederhaus et .a .(1997) concentration passive scalar
pressure side

passive scalar  NZT/INZC SJICF
initial velocity profile  SJICF

14
Non-Zero tangential velocity swirling jet in Crossflow
Near field Interaction Jet fluid
Crossflow fluid Vortical structure C\P

passive scalar  active scalar
crossflow



Passive Scalar Technique Hu
H
Crossflow ' ' !
Active Scalar Technique
Crossflow  stoichiometric ratio
Crossflow Jet Crossflow  stoichiometric
ratio
crossflow stoichiometric ratio
Passive  Active Scalar Technique
Stoichiometric ratio
Stoichiometric ratio passive scalar technique  active
scalar technique crossflow  stoichiometric ratio
passive scalar technique
(clilution)

active scalar technique crossflow
stoichiometric ratio
passive  active scalar technique
crossflow stoichiometric  ratio
stoichiometric ratio
passive active scalar technique

technique

Beer's Law (H. Johari, R. Paduano (1997))



15

Swirl ratio
1 4 Reynolds number 1280
r = PJUJ
P * %
U
d
Pi
Pcf
Swirl ratio (Swirl ratio)
b HEZES
A j
9
*
f (7 )
swirl scalar
(NZTINZC SJICF)

(Flow control)

10
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