6.1. scalar
(NZTINZC SJICF) suction side
scalar scalar y
suction scalar Niederhaus et al. (1997)

Local maximum concentration

pressure
6.2.
passive scalar technique 1
,  crossflow '
crossflow active scalar technique
crossflow crossflow
stiochiometric ratio crossflow stoichiometric ratio
crossflow
stoichiometric ratio curve CN
passive scalar technique active scalar technique
6.2.1. JICF: y/rd Cvl passive scalar
active scalar
profile traverse sideview passive
active active scalar

(Active scalar outer edge)
active scalar
6.2.2. Swirl ratio 0.5: yird CNt active passive
scalar
profile traverse sideview passive

active active
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scalar active
scalar
6.2.3. Swirl ratio 0.8: y/rd Q,r active passive
scalar near field far field Cff 1
passive scalar active scalar
profile traverse sideview passive

active far field

active scalar Swirl ratio 0.5
6.3. swirl flame length swirl ratio 0.5 flame length
flame length JICF 13% swirl ratio 0.8 flame length
flame length JICF 20%
swirl ratio 0.5 stoichiometric ratio
JICF swirl ratio 0.8 swirl
stoichiometric ratio crossflow
6.4. scalar traverse sideview
scalar X 0.8-5rd

Kr
(CS) =Kr{Cd)

K r 3 K r

effective velocity ratio

WO-"l

( ) concentration
Kr

effective velocity ratio
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Pratte and Baines
(1967)

Kamotani and
Greber (1972)

Jet  Crossflow

] Trajectory ~ Spread rate
J Wind
tunnel
. Jet 6
8 ' Boundary layer

Trajectory, Plane distribution,
Spread rate, Decay rate
Entrainment

Wind tunnel
] Jet
25
2 Boundary layer

Hot-wire anemometer
Thermocouple

r=—P 155253

ucf

d 0.158 = 048 0362

/ 2Yn
r= 1
VPect ¢ty

15.3,59.6

Recf - -/ - =2800-4200

V

\

Trajectory Collapse  Velocity ratio
rd-Scale
Jet )AyIAC (
Vortex zone 14
Jet Self similarity
Vortex  zone
Turbulent ~ Vortex motion
Trajectory Momentum ratio
Jet
Crossflow hFE  30F
Trajectory Density ratio
Penetration
Trajectory :
Entrainment

Turbulent intensity
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4

Fric and Roshko
(1994

Kelso et al(i 9%).

\ortex
Jet  Crossflow
Wind

Interaction

tunnel

Smoke-wire flow visualization
Hot-wire anemometer

\ortex
Jet  Crossflow

Interaction

Wind tunnel  Water channel

(Dye ( Water tunnel 1
Smoke - wire flow visualization ~ Wind
tunnel Flying-hot-wire

r=—

U
Re = —— 11400- 7600

2-10

Retf = N ,11400- 3300

Redf = U‘v~ ,440 - 6200

Wake vortices Flow field Jet
Laminar boundary layer
Jet Wake
Strouhal frequency ~ Wake Velocity
ratio
Separation
CVP Vortex  ring
Crossflow  Vorticity
WP
Separation  Boundary layer
Wake (Upright voritces (
Reynolds number Wake
3 von Karman vortex street,

Mushroom-like upright vortex Alternative

mushroom-like upright vortex
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6

Zaman and Foss
(1997)

Sivadas étal.
(1997)

Vortex generators
Trajectory  Jet  Crossflow

tunnel
X-wlre anemometer

Exit geometry
Trajectory ~ Spread rate  Jet

Crossflow

tunnel

Laser light sheet visualization
Image processing

Coropiu T,

Kpcfuct Y

Wind ] 211 =1544

Wind

cf=6.77, 418 m's

r=—L ,r=395978

u cf

Delta taps (Winaward side)
Jet penetration Strength
CVP Tap
Delta taps (Leeward side)
(Leeward
side) Static pressure
(Windward side) static pressure
"Pressure hill” Primary source
Streamwise vorticity
Jet Circular
jet Aspect-ratio (
Jetfluid  Crossflow fluid)
' Horse shoe vortex Jet
Aspect-ratio
Circularjet
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8

Niederhaus et.al.
(1997)

Smith and
Mungal (1998)

Crossflow

Water channel

Jet

Scalar concentration

Planar laser-induced fluorescence

(PLIF)

Scale

Jet  Crossflow

Wind tunnel

Scalar concentration

Planar laser-induced fluorescence

(PLIF)

=— 4.9-111
ucf

Ns=0-0.17
i 2 12
Py

r\Pci<f)

R :—\/—18400-41500

CVP

Swirl Vortex

Comma shape Swrl
Jet penetration Swrl
Maximum mean

concentration  |If o Swir
Centerline  concentration ~ decay
(s/rd) 13 Near field
(Slrd) 23 Farfield  Branch point

=0.3ral ( Centerline)

Probability density function )p.df (.
Non-marching Branch point
Tilted  Branch point
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Yuan and Street
(1998)

Wangjiraniran
and
Bunyajitradulya
(2002),(2003)

Trajectory  Entrainment  Jet
Crossflow
Simulation Scalar
concentration

Large eddy simulation (LES)

Non-
Zero circulation

Thermocouple

r — ,r=2133

ucf
f
Re. | ucfd |

Req = 1050,2100

r o

-T-
1/%:

-

-7

r--N«4.35
ucf

r=7-200.17,052,0.82
Rec/ = Ucfd « 3400

Re: - « 12000

o Trajectory  Center plane Jet
Velocity ratio Collapse
Power law
J Power law
Jet fluid (Entrainment)
Jet Jet (
Upstream Power law) Pressure drag
Turbulent intensity

Crossflow fluid

Suction
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Denev et dl,,
(2004

o Swirl number(s) =

"ol ber0 DI 2
06 \pU JJ,radr

LES =0-0.6

é,DIZ

2\p \rdr
Ta gl d1

e i P

1=yl (u2+v2+w?2)

/B ALK )
C..
Fluctuation

o Re=2100

r= B 33
]

swirling



1.2 A
y/ d- A(X/ rd)mPratte and Baines, 1967)

Trajectory
Outer boundary
Centerline
Inner boundary

21
Swirl ratio
Swirl ratioO
Swirl ratio05

Swirl ratio08, Swirl ratio*08

2.2 venturi

2.3 venturi

0-25

(mm)
0.1
0.2
04

Trajectory

2.63
2.05
1.35

set (RPM)
0

190

305

crossflow
crossflow

(LPM)

76.6

96.0

105.8

jet
manometer
0.2

jet (cc/min)

357
457
701

0.28
0.28
0.28

(RPM)
0
175 - 205
290 - 320

(cm/sec)
3.2

44

dwyer Model 424

£0.05

(cm/sec)
118
152
23.3

44



2.4 Swirl ratio ,
manometer :
Swirl (RPM)\ (cmls) 135 155
cmls cmis
0.5 175 RPM 0.54 0.47
190 RPM 0.59 0.51
205 RPM 0.64 0.55
0.8 290 RPM 0.90 0.78
305 RPM 0.95 0.82
320 RPM 1.00 0.86
25
Case
(cc) (cc) (cc)
SAO , 10 12,5 10
SA05 10 125 10
SA08 10 125 10
SA*08 10 12,5 10
TAO 10 13 10
TAOS 10 13 10
TAO8 10 12.5 10
TA*08 10 12 10
4.1 Flame length
Flame length rd (rd) Flame length
JICF 2.2 4.4
SJICF Sr05 19 3.8
SJICF Sr08 2.1 5.2
SJICF Sr*08 2.25 4.8

175

cm/s
0.42
0.45
0.49
0.69
0.73
0.77

131
12.9
13.6
13

12.7
12.5

Ty (rd)

45
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/AIIS O‘
ow JET
VRIUALY DGV“O'.:.__ FULLY DEVELOFED H(‘)w REGION
REGION @
11 Jet 1.2 Circular Turbulent Jet
Crossflow (Rajaratnam, 1976)

| -Potentiol core region
O -Zone of moximum deflection
[ -Vortex 20ne

AD - Jet penetrotion line
OG-Center line of jet

OF - Axis of jet

1.3 Jet 1.4 Vortical structure
Crossflow (Rajaratnam, (1976)) Jet  Crossflow (Fric and Roshko,
1994)



Farside
Elevation
voriex view

() Near-side

Far-side Elevation
vortex

@

1%l

|11

Figure 28, For caption see facing page.

Far-side

() 2
Near-side
vortex loop

@

@%5—(—'?%

No—
| | gk

15 Wake vortices
(Upright vortices)
a) von Kaman vortex street
) Mushroom-like upright vortex structure
¢) Alternative Mushroom-like upright
(Kelso et al., 1996)

48

@*
=
£

Il\brdlipﬂ%m

1500 2000 2500

1.6 Jet
Crossflow (Kelso et al., 1996)
Note: 1.) Upright vortices
Velocity ratio 4
2. ) Vortex breakdown Velocity ratio > 3
3. ) Lim etal. (1992) 4.) R=r= Velocity
ratio

-
OUTER PROFILE b“’g
0k o
0178 i
3 n)[ ] Mwﬁf %
-Y_o a ad W" ’ 1
== v {

(a) 1(1 [ oy n ()

1 CEN(ERIINE PROFILE A IT* A

ad yr***]l

(),

1.7 Trajectory  Jet
Crossflow (Pratte and Baines, 1967)
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100 —r—mf—r—v—rrrwvr——v—vﬂ-rwwr—'—r—rwvwl
a dim) Ullos) |
o 5 0158 130
L « 1S
225
10 e+ 35 J
[~ s § 120
y =15 0228 38 i _’b;
E I > J io"
i ? 1]|
[ yi, ]
ad ad
o1 PR sl 4w aal " .1
0! | 19 1C0 100C
3
ad
1.8  Centerline Trajectory 1.9  Trajectory
Jet  Jet  Crossflow (Pratte and Baines, TjTo 0=1Tj-To 75=F  Tj-To 320 =
1967) F (Kamotani and Greber, 1972)

100 -

of
C (%) w0} E
s: ‘t‘:“ - ]
1 1 ’e 1 1 1 1 1 1 ‘:“;'\‘ T
0 05 10 15 20 25 30 35 40 a5 50 Noax
xird : N,
aaaal PURPRTEPEN | “"\
. . . s 0.1 2 B ] 7 Y 10
P *) J ; sird .
2 31U 1.11  Centerline concentration decay
y 40 0
d ANANLW S (Smith and Mungal, 1998)
20 15
r=5 0
0 210 :0 a) u ﬂ‘l (;Z 013
xid xrid

1.10  Centerline trajectory
(Smith and Mungal, 1998)



1.12  Contour Instantanous

spanwise vorticity () Contour

Scalar concentration ()
Centerplane (Yuan and street, 1998)

on - pJ'Vipiv

1.14 Static pressure

(Zaman and Foss, 1997)

50

tA
a-X Xa s G-L e
Mg ™ \
»- - *
i - g — 0 & " .
=
2‘_
N
U1 o .
03 "% i li. 306 i i ie
D XD

1.13  Trajectory Maximum mean

velocity ~ Centerplane ()

Circulation
(Zaman and Foss, 1997)
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xird ~0 S ] Xird ~05 |
RS o
4 b)
a) 22
o+ ————r———
1 4 1 -
wd
4
xrd = 1 J_ xird {
3 ‘ﬁ" :’ﬁ\
c) 37 d)
. @ ®
0 T e Emmz__
2 1 0 1

1.15  Temperature contours Bunyajitradulya and Wangjiraniran ~ (2003)

concentration contours Niederhaus et al.(1997) swirling jet in crossflow  swirl
number 0.17 (a) (c) temperature contours  x/rd ~ 0.5 1
() (d) concentration contours
temperature contours contours velocity ratios' 1.6
Niederhaus et al. downstream
() (d) 5% initial concentration

-
- X —— X
Pressure s Suction  Pressure g Suction

(a) (b) “ Lc) (d) . (e) e P " )
1.16 initial velocity profiles Wangjiraniran and
Bunyajitradulya (2001) (a) non-swirling jet () zero-
tangential-velocity/zero-circulation method, (c) non zero-tangential-velocity/ non zero-
circulation method; (d) tangential velocity profiles () (c);
skewed shear layers: (e) ()

(c)
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1.17  Instantaneous iso concentration
S1=0.1, Top view ) $=0,
)$=0.4, )s$=0.6 (Denev et.al., 2004)

surface

20-
15. oy W
y/rd J? §
0.  ¢°
4
05-

x/rd

0 S0 1 Sri7 NV 1 Si82

1.19  Maximum centerplane-temperature

trajectories for all cases.( angjiraniran and
Bunyajitradulya 2001)
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,1.18

Streamline
x=0 X=1.83D Top view
()5=0, ()s=0.4, ( )s=0 6.(Denev et.al.l
2004)



53

|

M

=
E2;

’Jém\—/ “

}Overﬂow Jet

L

Overflow Crossfiow!

ay Ventun Jet

@ Overflow Test sectior

_[_

Q" Open Valve Jet
Open Valve Cf

Test section

— Tt
Adjust Flowrate Swirling Jet

-{ Screen
Honey Comb

Screen

Adjust Flow rate

Crossflow Valve Jel Valve

Venturi cmssﬂow

2.2 Crossflow swirling jet pipe



Jet hole

Test Section 19.8 X20.2 ¢cm

Screen Layer Emesh 50/ inchg
Screen Layer (mesh 50 /inch
Screen Layer (mesh 50 /inch
Screen Layer Emesh 50/ inchg

Screen Layer (mesh 50 / inch)
Honey Comb
Screen Layer (mesh 50 /inch)

Screen Layer (mesh 50/ inch)
Screen Layer (mesh 50 / inch)

2.5

DC Motor
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Jet Pipe

24

-In[l/lo] xIrd 1.00
0.500 gy
0375
N
0.250 '/ \1
0.125 1 / \\
SavE VPSSR i..,..... et SR SISSIE S
0.000 e
0 10 20

2.6
extinction

: Oy/rd
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31 Schematic
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32 ¢vr  Trajectory
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PG P8 08
a) Instantaneous sideview

FO PG 8 P8
b) Mean image
41  Passive Scalar Technique: cN x 300

sideview
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A0 Kb AR A8
a) Instantaneous sideview

[A0) KB KB A8
) Mean image
4.2 Active Scalar Technique; CN x 300

sideview
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) Instantaneous topview

ressure "“fiction resstie lessuie
) ' Mean image

43  Passive Scalar Technique: CN x 300
top view
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ressure Ayction ressure

P

W uction

a) Instantaneous topview

) Mean image

44 Active Scalar Technique:
top view

P

ressure

A8

CN x 300
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W uction
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45  Passive Scalar Technique: Contour ( )

’ X ’
h 7 49 it
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] |

/
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4.6  Active Scalar Technique: Contour ¢~ ( ) crossflow  stoichiomatic ratio a
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Integral of Extinction

<0000 1‘
]
|
..... |
10000 4

0.0 D 1 H

0 4— p— = — L —_— —
A0 A0S AO8  A*08 PO POS POE P08

scalar mixed

30000

20000 -

10000

Sro Sro5 Sc08 Sr+*08

b)

[Active per Passive Scalar

) 0.315
0.300 4 0.274
| 0.245 0.229
0.200 l
{
|
0.100
|
JICF s

49 Q) Ca 45 46
) ' cN stoichiomatic
ratio 49 a)
C) CN  active passive
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Pessive Scdlar Trgjectary vs CerierPlane Trgectary
14604
3 B
o 1:
i 0. b
0. s
0. f
0. ?
0 1 2 3 4 5 €
x/rd
419 passive maximum

centerplane-temperature (Weerin angjiraniran and Asi Bunyajitradulya, (2001))

decay

x/rd

4.20 C, downstream  passive and active scalar technique
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Passive Scalar
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