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The Influence of Density Variation on Shear Layer Vortex

In a Jet Diffusion Flame

Hideo KAWAHARA (Oshima National College of Maritime Technology)
Tatsuo NISHIMURA (Department of Mechanical Engineering)

The present study treats with the onset of shear layer vortex in a jet diffusion flame and its development. The flow
instability of jet depends on the density variation in the combustion field, i.e., heat release and different fuels etc. We
perform adirect numerical simulation for two fuels, i.e., CH, and C3Hg in the Reynolds number of 500 to 3000 based on
the exit of fuel injection tube with a diameter of 10mm. The density of C;Hg is larger than that of air, but the density of
CH, is smaller. The flame sheet model of infinite chemical reaction and unity Lewis number are assumed in the
simulation. It is found that intermittent shear layer vortex region occurs before periodic vortex region and that the
intermittent region for CsHg appears at a lower Reynolds number than that for CH,4. In the periodic vortex region, the
vortex for C3Hg changes from outward to inward rotation in the downstream zone of fuel jet, unlike the case of CH,.
The vortex frequency is represented in terms of Strouhal number, almost independent of the Reynolds number.
Furthermore, the effect of therma buoyancy outside the flame is examined. It is revealed that a large scale vortex
induced by thermal buoyancy enhances the onset of shear layer vortex and maintains the devel opment of periodic vortex.

Key Words:Combustion, Flow instability, Numerical simulation

o.gg
gboobuoobooboobooboobon

ooooboboobooobooobooboobooo

gooobooobooobooboobooboon

oooobooobooobooboobobobobobo

gooobooobooobooboobooboon
ooooboboobooobooobooboobooo
gooobooobooobooboobooboon
ooooboboobooobooobooboobooo
gooobooobooobooboobooboon
ooooboboobooobooobooboobooo
goooobooobooboobooboobooo
oooobobooooobooobooboobooo
goooobooobooboobooboobooo
oooobobooooobooobooboobooo
goooobooobooboobooboobooo
oooobooobobboobooboobo
gboobuoobooboobooboobgon
oooobobooooobooobooboobooo
goooobooobooboobooboobooo
oooobobooooobooobooboobooo

000000d00000oooooooooooooog
000 10020HizOOOOOOOOOOmMOooOOoo
000000 0000o0oooooooooooog
Kelvin-Helmholtz OO 0O 0OOOOODOOOOOO
O0te-"ooo000000o0ooooooon
00000000 00o0oooooooooooog
000000d000oooooooooooooo
ooooooooo"® 4
0000d00oDOooooooooooooood
0000000000 0oooooooooooog
000000d000ooooooooooooooo
0000000000 0oooooooooooog
000000d000ooooooooooooooo
0000000000 0oooooooooooog
000000d000ooooooooooooooo
0000000000 0oooooooooooog
0000 20000000000000000000
0000000000 0ooooooooooog
000000 0000oooooooooooooog
0000000000 0ooooooooooog
000000 0000oooooooooooooog

gboboboooooon



2 (126)

00000000000 000000000000
00000000000 0000D0000O0O0O00
Oo000000oOoo

00000000000 0000O0OO000DO
00000000000 000000000000
00000000000 0000D0000O0O0O00
00000000000 000000000000
00000000000 0000D0000O0O0O00
00000000000 000000000000
OooO0O0ooog

0.00000
0000000000000000000000
0000000000000 0000000000
00000000000000000000000
0000000000000 0000000000
0000 1000000000000000000
0000000000000 0000000000
00000000000000000000000
0000000000000 0000000000
00000000000000000000000
00000000 ,00000000000000
0000000001mO00000000000
000,0000000000000000000
0,00000000,,, 000000000000
0o0,0000,000000,,.00000000
0000000000000 00000w0000
0000000000000 0000000000

X

9 u/d x=0 v/d x=0 2/3 x= 0.0 | A
\ 8.00] 8.001

gravity

0 T/0 0= 0.0
v= 0.0

0 0/0 0=00.0
0 0/0 0=00.0

15.00

uudn L,(T=TL.0Y =Y, 0
v=0
z- &0

AT

AR AR

Air flov Ua 0
(9 v/0 r)y=(0 v/0 r),
(0 2/0 r)y=(d z/9 r),

Air flow U,

Fuel flow u¢
Fig.1l Analytical domain and boundary conditions

Vol.54 No.2 (2004)

0o0o0o0oooooooooooooooooog

0o0ddDdoooooooooooooooog

00o0o0oO0oo0oOoobOooooooooon

000o0odooooooooooan

010 0OO00OOoOoooooooooooood
v ,O000v ;000v 00 -v ;000v ;00
O000Ov jO000o0ogoooooood
0o000odo0oooooonoooon
oooooooooooood

020 0OdO00O0O0oO0oOooOoOooooDoOoooon

030 O0ddoooooooooooooooo
ooodoooonooooad

040 00000000 c,0000000

050 000O000O0DOO0OO0o boOoooood
0000 LeOA/O0p Oc,0DOO100O0
O0DO0O0OAOpDOODDOODODODODO
oooo

060 SoretdJ00 Dufour000O0O00CDOOOO
ooooooon

070 OO0OupOO0OO0OODOOOOO DODODODOO
oooooooooooon

uOT>’0 DOTY

0o0odododoooooooooooooooog

0o00d00DdoDOdooOoooonoooDooon

a_p+aﬂ+£M:0

ot ox r or

o(pu) | 9(pw) . () _

ot 0X or

PV 4 ou 0p ov
-t - +— —)+—(u—
o o (Lo = P)9 (Alax) ar(ﬂax)

Eﬂ 2 6[#6uj 6(#6vj 6(#xj
rox 3|ox\' ox) ox\_ or) ox\ r

o), Aan)  Apw) _ 0 oy
ot 0X or ox  0x

_PW HOv_0p 0 25%1 ov
r ror or ax(”ar) (,u )

+£ﬂ—2]ui—£ i ﬂau a Iuav a qu
ror r2 3lox\" ox ax\War ) ax\r

010

(5?%—w—0

020

0 ov
+— -
or (w ar)

030
Yi
p=pROY - *
i m
o) , o(pz) , o(pv2) _ & ( g) 9 ( gj
a o ox | ar _axpDax+ar pDar
_mz, oz 050
r r or



gooobooobooobooboobooboon
ooooboboobooobooobooboobooo
0000,00000000/0,00000000,0
000000p ,0,20000000000000
gobobooo,0bbooooobobooooobooo
ooon
Yi Vi

1,0 1,00
goooboooboooboobooboobooo
gobobopobo,o3po0bobogooooooobon
0o0oovY,,.,00.23300,,,00.767000000
00000000000 0,000000000,7
gooooboooog

Yoo! |

% 0 T, =1+q"Ye ,z
Yoo +You ] f q YeoZs

Zy =
00000=0,v ,/0,v 0000000000
0000000000000 0000' 000000
O[00,/00,v ,0,T,0]00000000,0
00000000,00000000000000
00000000000000000000000

oooooooboooboobooboboboobobo

0000000 100000000000 0000
0 Re,00p 00,00/ 00 50000 3000 0
O000o000oO000p ;0O 00000000
Ooooooooooogo

Table 1 Characteristics of propane and methane

Fuel CsHg CH,

Density p ,(kg/m) 1.819 0.657
Viscosity p ,(Padls) 4.51x 10° | 17.11x 10°
Heat of reaction
50.33 55.5
0 ,(MI7kg)
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Fig.2 Experimental visualization of jet diffusion flame by Chen et al.
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