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Characteristics of jet in crossflow (JICF) and non-zero tangential velocity swirling jet
in crossflow are experimentally investigated by means of passive and active scalar
techniques. The jets have an effective velocity ratio of 4, a Reynolds number of 1,300, and
swirl ratios (Sr) of 0 (JICF), 0.5, and 0.8. Mixing is investigated at volumetric stoichiometric
ratio crossflowjet of 1.25:1. The results show the followings. 1) The maximum integral scalar
in the wall normal direction is located on the suction side. 2) For JICF, mixing occurs mostly
on the outer region of active scalar. For Sr= 0.5 mixing occurs hoth on the outer and inner
regions. For Sr = 0.8, mixing characteristic is similar to JICF, though some inner region
mixing can be observed. 3) As swirl is increased from 0 to 0.5, the flame length decreases;
while as swirl is increased further to 0.8, the flame length increases and is longer than that
of the JICF. 4) For all jets, with swirl or without and within the limited extent of downstream
distance investigated, the traverse integral of the mean scalar over the thickness of the jet at
downstream cross sections is found to be approximately constant at three times of that at
the jet exit, (¢ 0)=3c ¢ ). This is approximately consistent with the result of analysis.

Department Mechanical Student's signature__ Theewonn
Field of study Mechanical Advisor's signature__ A/’ﬁ f
Academic year 2005 Co-advisor's signature




AWIAINTAUNIINYIA Y
CHuLALoNGKORN UNIVERSITY



11

13
14

15

21
2.2
2.3

31
32
33
34
39

41
4.2

instantanenous, Mean, and Contour IMAJES.........urrrvvrrrmmmrssssssmmmmressssess 23
THAVEISE. vttt 25



A3 TIECIONY o snnnens 28
B4 ———————— 29



11
12

21
2.2
2.3
24

2.5
4,

—

Jet  CrOSSHOW.....vvvvovvvvcssserrrssssccsisssssssesssssssssssssssnsaans 3

A Trajectory
yjrd = A{xird) (pratte 34) Baines, 1967).......ccccuuvrrrvviriimmmmerrrrirrrinnenn 46
........................................................................ 46
VENMUTY  CIOSSHOW....uvvvvvvvvsreerrvvcrisssesnssscssssessssenns 46
VENMUTY 8 eimivviiisssssseessssssssssssssssssssssssssssssssssnnns 46

Swirl ratio

manometer 47
........................................... 47
FIAME [BNGHN.......ovvvvvvicciissi s e 47



11
12
13
14

15
16

L7
18

19

110
11
112
113
114

115

116

Jet  Crossflow

............................................................................................... 47
Circular Turbulent Jet (Rajaratnam, 1976)............cccvvveeerrrmmmmmmnnnnen 47
Jet  Crossflow (Rajaratnam, 1976).............cccmmmmrrrrsesssennen 47
Vortical structure ~ Jet  Crossflow
(Fric and ROSNKO, 1994)........ccvvvvvimimrnrrrssisisnnssssssssmissssssssssssssssssssssssssenes 4T
Wake vortices (Upright VOIICES)......uurvvveveermsmmmmmmmmsnsssssssssssssnnens 48
Jet  Crossflow
(KelSO €t @, 1996)......ccvrvvvvcesrnrimimnessrssssssensssssssssssssssssssssssssssssssssssssssssssssnes 48
Trajectory ~ Jet  Crossflow (Pratte and Baings, 1967).............cccvmmmrmmrernene 48
Centerline Trajectory Jet
Jet  Crossflow (Pratte and Baings, 1967)..........ccmmmmmmrrsrssseesssmmmmmmnnnns 49
Trajectory T-To=0T}-To=75T}-To=75F
T-To = 320 F(Kamotani and Greber, 1972)........ccccouvervvvvrimmmnneerrssssnnnnenn 49
Centerline trajecton/ (Smith and Mungal, 1998)............ccmmmmmmmrrsrssesesssmmmnnanns 49
Centerline concentration decay (Smith andMungal, 1998)................ 49
Contour  Instantanous spanwise vorticity () Contour
Scalar concentration () Centerplane (Yuan and street, 1998)............. 50
Trajectory  Maximum mean velocity — Centerplane ()
Circulation () (Zaman and Foss, 1997)......ccccceee 50
Static pressure
(Zaman and FOSS, 1997).....cccummmmmmmrrsssssssssmmmmmssssssssssssssssssssssssssssssssssssens 50
Temperature contours Bunyajitradulya and Wangjiraniran (2003)
concentration contours ~ Niederhaus et al.(1997)......ccouuvrrrrvrvveermmmmmnnnenen o
initial velocity profiles Wangjiraniran

and Bunyajitradulya (2001)..........ccermrmmmmmmrrrrsssseesmmmsmmsnssssssssssssssssssssssssens il



Instantaneous iso concentration surface  S1=0.1, Top view ) s=0,
)5=0.4, )s=0.6 (Denev etal., 2004)...............ccoiiimmmmmmmmrrrersrsssrmnininnnns
Streamline x=0  X=1,83D Top view

()s=0, ()s=0.4,()s=0.6 (Denevetal, 2004)....ccccourrrrrrrrrrrrirrusren

Maximum centerplane-temperature trajectories for all cases.

(Wangjiraniran and Bunyajitradulya 2001)...........mrmrrsrerrnsrrrrrrrrsrsrssenen
SWINing et In CrOSSHIOW........vrvvvvvresrrrrrivrrssssessssssssesssseenn
Crossflow ~ swirling et PIPE.......oreerrrrvvrissnerereeen

Schematic
TIRJECIONY i vvvvvvcsrrsnssisnssessssssssssssssmsssssssssssssssssssssssns
a) xird
)
Q0 W O 89

Passive Scalar Technique: x 300
SIBVIBW....vvvveveeesssssssssessssessssssssssssssssssssssssssssssssnssssnnnns
Active Scalar Technique: x 300
SIBVIBW....vvvvevveesssssssssssssessssssssssssssssssssssssssssssmnnnsnsenns
Passive Scalar Technique: x 300
TOD VIBW..ovvvvvvvveervssssssssessssssssssssssssssssssssssssssssssssssnns
Active Scalar Technique: x 300
TOD VIBW covvvvvvvvvsneessssssssssssssssssssssssssssssssssssssssssssens
Passive Scalar Technique: Contour ~ ( )

52

52

52

53

53

54

54

54

54

55

55

55

57

58

59

60

b1



49

4.10
411
4.12
4.13
4.14
4.15
4.16
417
4.18
4.19

4.20

421
4.22
423
4.24
4.25
4.26

4.6  Active Scalar Technique: Contour ~ ( )
crossflow  stoichiomatic ratio............cceu.. 6L
4.7  Passive Scalar Technique: Contour ~ ( )
........................................................... 62
4.8 Active Scalar Technique: Contour  ( )
crossflow  stoichiomatic ratio.................u.. 62
a)
stoichiomatic 1alioc e 63
........................................................... o4
Swirl Passive technique -~ e 65-69
Swirl Active technique 65-69
............................................................ 10
Swirl Passive technique s 71-74
Swirl Active technigue 71-74
Swirl stoichiomatc ... 715-18
swirl stoichiomatc ... 75-78
Swirl TTQJECIONY..vvvvvcvvvsiivmsssrnsssssssssssssssssssssssssssssssssssssssssnes &
passive
maximum centerplane-temperature (Weerin Wangjiraniran and
Asi Bunyajitradulya, (2001)).......mrrrrreeeermmmmmmmsessssssssessmsmssssssssssnnen 80
downstream  passive and active scalar
TBCNNIGUE v vvvvvevrsvverssssssssss s s 80
Fitcurve Trajectory — ACIVE  PASSIVE......emmnnrrrrsrvesermimnssssssssssseens 8l
SWIl e —— 82
SWIL e—— 83
Fit curve ACIVE  PASSIVE....covvvrirsnrrrrsssssssssmmsssssssssssssssnenns &
Fit curve ACIVE  PaSSIVE.....ovvvrrrsssverssssnsssnsennes 85
scalar xird active  passive............ 86



4.2

4.28
51

=0.2
scalar
control volume

scalar
flame length
x/rd

scalar



ﬁggg@gww

BTET 2 < TR 29

Ba=

extinction
extinction
extinction
extinction ( Extinction 66
)
extinction
N yird xird
Number density [ﬁdﬂll@ \dtnm
(1)
Densimetric Froude Number
ced X
ey ned)
eagy-aredfl ine
noise
noise
noise
noise
N yd VLW
N yid 0 Y
) xird

DRy y11dm |\2 ced R



yuyl Y2 o e 3
ced y

effective velocity ratio
Noise
Noise
Noise
Noise
3000
Pressure side ' Crossflow
swirling jet
Suction side " Crossflow
Swirling jet
ccd 1Pixel
downstream
upstream
16 mm)

M- - 2)



or kot Xrd
N KON yird
Q { i(DC(NT ylrd
ye W
0 knt xird

e | i

ccd 1Pixel
Extinction species {|G’gh)

y  extinction B/l,y.h X

X extinction [N ]
y extinction [1 J ]
X extinction I)gl
y  extinction ]1,_y>J? X
y  extinction J,]Y ] i
NI xid ( 20%)
kG xid
( 20%)y-[|:y1
Extinction cross section absorption cross section  scattering

Cross section [areandaﬂe&])



A
CCD
CWP
JICF
NZTINZC
Z112C
p
SJICF
05

08
*08

\Active

Passive

pressure
suction

Active

Charge Coupled Devices

Counter Rotating Vortex Pair

Jet  Crossflow

Non zero tangential and Non zero circuration
Zero tangential and Zero circuration

Passive
Swirling Jet  Crossflow
swirl ratio 0.5
swirl ratio 0.8
swirl ratio 0.8
ced X
ced y
Active scalar technique
Passive scalar technique
crossflow
ylrd

ylrd 0\
yid QN

crossflow



	ปกภาษาไทย


	ปกภาษาอังกฤษ


	หน้าอนุมัติ


	บทคัดย่อภาษาไทย


	บทคัดย่อภาษาอังกฤษ


	กิตติกรรมประกาศ


	สารบัญ



