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A Numerical Investigation on the Dynamic Behaviors of Single Vortex
in a Reacting and Non-reacting Jet Flow
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Abstract

The dynamic behaviors of the single vortex in a reacting and non-reacting methane-air
jet flow were investigated numerically. The numerical method was based on a
predictor-corrector for low Mach number flow. A two-step global reaction mechanism
was adopted as a combustion model. After fuel and air were developed entirely in
computational domain, the single vortex was generated by an axisymmetric jet that was
impulsed to emit a cold fuel. Through comparisons of single vortex in reacting and
non-reacting jet flow, it was found that global dynamic behaviors and the mechanisms
leading to the formation, transport processes of vortex ring were influenced significantly
by heat release from reaction. In addition, the interaction between a single vortex and
flame bulge generated by buoyance effect in a reacting jet flow was found.
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Table 1. Inflow boundary conditions

Comp. Vel. Temp.
_(Mole fraction)  (m/s) (K)
Nozzle _
Fluid Xcne=1.0 0.6 298
Ambient Xo02=0.21
. 0.2 298
Fluid XN2=0.79
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Fig. 3 Temporal evolution of mixture fraction in a non-reacting flow ; (a) 0.00 ms,
(b) 18.75 ms, (c) 2375 ms, (d) 28.75 ms, (e) 33.75 ms
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Fig. 4 Temporal evolution of mixture fraction in a non-reacting flow ; (a) 0.00 ms,
(b) 18.75 ms,(c) 23.75 ms, (d) 28.75 ms, (e) 33.75 ms
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Fig. 6 Axial position of the single
vortex versus time.

1 E28% 39
t

CFD 1 - 2]

(2

9] dgg Fx @a gk wkgo Ffole H
wrgo] HlE HelA dFd 7ld=st FHow,
Wms olFolyE 4% Add 7|dFS & 5 9
t}. Fig. 8(b)¥ Thermal expansion 322 H|u}
SAMNE g% AA 27l plad FBE Fu
wSo A 27d &5 4LE F JdHE F
I 33ee ¢ 4 AUtk Fig. 8@dM e &3
A 7H 7l st Avn 43 A Qe Baroclinic
torque ol #3 £ WHEE veld Fo|th
wtgol AL 7o) FAI FUiEY w9 A
A ol% A9 7|98 ES& & 5 AUt Hwk
L9 BFSd zrlele 9A A ZA JFES
v, 24 FFo] dEHHE A7l 9% 49
o AAdd 2 z:VY ¥IE FI UYL ¢
4 otk Fig. 8(d)Y %9 Viscousol & «
g W32 nukg dhgo] H&d AFE H
ojry, W39l A & WHo nlAE FIFo
FES & & don, & 0msE A ne A

9o 2 Fig 8le)= FHo o8 4T

& Uehd
Aoz wgsl Feol 2%ms o FelA 5o
AR BlE dgol WA Frhste, wwge
Agole 288 slasl gase e #AY

T Aok HelA AFHE Fe AM[HAM A
A, Ade] 4 FE dx FdA JE 2F
EolA AFHAG AAY %7] 959 AYAde
Baroc- linic torque®] &) #ufZo|m, ¥k
9] AL Thermal expansion®] AEd nlxE

ol AMAHYL FAT & AATH £ W

Aoz AW %4 BEIX b
Stretching®] 9% & #nH nEHZol
g3 YdsHe 4F Aol 27 45 A
el 71998E & & U
9.0 T T
8.0 200000
( oo % T
-] Oo Oo
- 70 ° S, O
E [ ° Y 4
et e ° o
~ 60} ole [ S oooo °
° 4
sop® LJ Non-reacting
o Reacting
4.0 -l L 1 .
15 20 25 30 35 40

Time (msec)

Fig. 7 Radius of the single vortex
versus time.



(=1 F i ST
40 H 12X ;51 SR IRH S
[cFD 1 -2
12u —r T T 4y T 300 T T .2
Non-reacting
goH \ "o Reacting (2) i M (&) (c)
o 00 150 R
'3
“ i
g 40 : oI \
§ 4.0 J|| 'll N N 0.0H “'- +
£ 00 o ' }
i ) \ 3
. : g | 8o - 4 1500
' -
L
80 L —L = -12.0 . L 2300 L 1 L
24 —_ 15 20 25 30 35
Time (msec)

20F

Tetemenary/dt (m¥scc?)

________________

0.0 -

©.]

2.0 L .
15 20 25 30 35 15 20
Time (msec)

25 30 35

Time (msec)
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