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In this research, a Large Eddy Simulation (LES) of hydrogen jet non-premixed flame was carried out and a prediction
method for nitric oxide (NO) applicable to LES was proposed. Combustion model in LES is based on conserved scalar
approach and laminar flamelet model. In NO prediction method, NO source term is calculated using temperature and
species concentration predicted by LES and the transport of mass fraction of NO is calculated as a passive scalar, which
does not affect flow field. Computed results are found in overall agreement with experimental data in velocity and
temperature field. The trend of distribution of NO concentration was predicted reasonably by using this method, however

the amount is underestamated.
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Tab.1: Experimental Parameters

Fuel H,: Ny =50:50(vol.)
co-flow  Air
Diameter of fuel nozzld> 8mm
Bulk velocity at fuel nozzld/. 34.5m/s
co-flow velocity 0.2m/s
Reynolds numbeRe = U.d/v 10000
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Fig.1: Concept of Computational Domain
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Tab.2: Computational Method

Coupling algorithm  fractional step method

Spatial diffrential scheme

Velocity field 2nd-order central differential

scheme
Advection term for scalar SMART scheme

Diffusion term for scalar 2nd-order central differential

scheme

Time integration scheme  3rd-order Runge-Kutta method

cooooobooooooobooooboooboooon
OO0ONOOODOOOO 1000step DONOOOOOOOO
0000000o0o0oo0oooOoNOOOOOOooOoooOo

5. ooon

gboooboobooboobobooboboobooboon
0000000000000 O0O0O0O0OooDoo0O HITACHI
SR8000 1node(8CPUYD 0 O OO 1000stepi D OO OO
1000000D0ONOOO0OO0ODOODDOO0OoO0ooooOO
00000000000 000000000000 3x1073
O00016000step 00O OO0 OO0O0OOOOOGQ

Fig2uoOO0ODOOO wOOOOO OO0 TOODOOO
0000000 RMSOOOOOODOOOFG.30 /D=5
0000000000 0Fg40 2/D=20000000
oooboooobobbooobbuoooboboooboo
gobooooboboooooooboooooobooooa
goboooobooboooboboooboboooboooobo
ooobooobobooobooobobooobooooo
O00000000Fg20000000000000000
Fig300OO0O0O0O0D0O0O0OD ¢/D=500000000
oooooobobooobboobobooobboooboo
dbodoooooooobooooooooooooooo
goooboobobooobooboboboboooobg
oooooobobooobboobobooobbooooo
dbodooooooooboooboooooooooooo
oobooboobobooboobooo

Fig.BDDDDDDDDDDJ;/D:M]DDDDDDD
0000000400k DO0Ooooooooooooooo
oobobooobobooobboobobooobboooo

45 —
9 u (Experiment) (]
40 u(LES)
u' rms (Experiment)  ©
B U rms(LES) -------
= 30
E o}
g
= 20 [
=] .
S 151
10
r ° o O e e o=t o)
mmmeemoq-— 1 Il 1 1 J
0 5 10 15 20 25 30
x/D
12
& (Experiment) e
& (LES)

& rms (Experiment) ©
& rms(LES) -------

08

2]
S
i 06 -
Ms
04 - o
02 i
0 o Q =z ('l)’ o D ’%? Cl) Cl)
0 5 10 15 20 25 30
x/D
1800 - T (Expariment
periment . °
1600 - T(LES) ——
1400 - T rms(Experiment) ©
1200 T rms(LES) -------
<
% 1000
E
;,: 800
600
400 i
o S R NN
200 | P
0 P —=-""1 1 1 1 )
0 5 10 15 20 25 30

Fig.2: Axial distribution of streamwise velocity, mixture

fraction, temperature and their fluctuation

00000000000000000000000000
0000z/D=50000000000000é¢0000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000FiIg40 /D =20000
00000000000000000000000000
000000000000

Fig.70 NOOOOOOOOOOOOODOOOOOOOO
000 NODODOOOOOO 2000step 0000 6)000
000000000Fg.700 NOOODOOODOOOOOO
00000000000000000000000 NOO



u (Experiment) e
40 ¢
u(LES) ——
35 u' rms (Experiment) o
7 0 u rms(LES) -------
E
g
= 20
=
= 15
10
5
O L 1 | J
0 15 2 25 3

& (Experiment) e
&(LEY)
& rms (Experiment)  ©
& rms(LES) -------
[%2]
£
s
M
O L 1 ]
15 2 25 3

2000

L Y .
1800 F T (Experiment) (]
1600 |- T Ex T_(LESt)
' rms men o]
1400 | (Expert )
T rms(LES) -------

1200
1000
800
600
400
200

T,T'rms[K]

Fig.3: Radial distribution of streamwise velocity, mixture
fraction, temperature and their fluctuatiaty O = 5)

cooboboooooooooboooooOoooon

Fig.50 NOODOOOODOOOOOOOOOOFig.60
¢/D =2000000000000000000000
0000000000000000000 NOOOOOO
000000000000000000000NOOOD
00000000000000000000 (/D < 20)0
0000000000000Fig.60000 LESODOO NO
000000000000000 1/4000000000
NODDOOOOOOOO0O00O000000000000
000000000000000000000000000
0000000NODODOOOO0O000 (RI)~R3)DOD
0O0[N]0000000000000000000 0,00

30

) u (Experiment) e
25 . u(LES) ——
° u' rms (Experiment) o
7 20 ° u rms(LES) -------
£
=
£
£l
S
0.7
4 & (Experiment) e
06 - £(LES)
05 L & rms (Experiment)  ©
& rms(LES) -------
é 04
[0S
w03 |
02
0.1 —/C’)’ o >
°
O Il Il
0 05 1 15 2 25 3 35 4 45 5
r/D
1800
1600 1 . LI T (Experiment) o
T(LES) ——
1400 - T rms(Experiment) ©
X 1200 T rms(LES) -------
[%2]
£ 1000 ¢
g 800
=
— 600 [
400 /Q@‘@/C’;/OOOO © o T ° o
200 ¢© © 0 o .
[l o T

r/D
Fig.4: Radial distribution of streamwise velocity, mixture
fraction, temperature and their fluctuatiatry O = 20)

0000000000000000000000, 0000
O000000000000000000000 1000
OO0o00000O0fullkinetcsD NODODOOODOODOOO
NOODOOODODODODOOODOO0OO0ODO0ODO0OO0NOD
000000000000 0fullkineticsD OO NOOOD
O0000000000000000000000000
O0Y0Fig500000NODOODOODOOOOODDOO
0000D0DD0DDOO0OO0ODDDODONODOODODODOOOO
O00Fig.60 Fig40DOODOODODOOODOODOOD
00000000 NODOOOOODODODOOOOOOODOD
O00000000000000ONDODOODODOOOOO
00000000000 00000000



18

16 Experiment o o °
LES
= 14 |
g .
2 12+
c
S
g 10|
5 st )
5
O 6 L
o
Z 4} .
2 | .
0 LI 1 1 1 1 )

Fig.5: Axial distribution of NO concentration

18

Experiment (]
16 o ® per
. LES
'€l4-
Q.
S 12+ ® .
5 .
5 10 .
= °
B 8r
[ ] [ ]
3 6F
(@]
Z 4} °
[ ]
2+ ® e
L
O 1 1 1 1 1 1 1

Fig.6: Radial distribution of NO concentration/(D = 20)

ooooOoooooooODbooOoooo 300000
O0000000OFgS0000000OOOOOOOOO
O00NOODODODOODODOOOOOOODODOoONOOO
O000oo0o0o0oooooooooNOoDOOoOO
cooooooboboooboooobooooooooo

6. OO0

0000000000000 00OooooDO LESOO
O0OLESOO0O000O0OOO0OOODOOOOOOOO0 NO
gooboooobobobobobobobooooboo
0000000000000 0z/D=500000000
gobooobbooobooobbooboboooobon
00000000oooooooooooo Nooooo
gbobobobobooooooboobobobooo
gobobgboooobobobooooboboboon
gbooooogobooboboboboooog

O0ONOOOOODOOUOUOOoOoOoooooooooog
O00O0oo00oU0ooooooooooNOoOoooooDooo
gobooobobooobbooobbooboboooobon
O00O0ONOOOOUOODOOOUOOOoooooooo
gbooooooooboobon

m 35.000

i

>y

w'h

.

0.000

Fig.7: Transition of instantanious distribution of NO con-
centration (Each figure is at an interval of 2000 steps, 6
non-dimensional time scale)

gooo

[1]

(2]

3]

[4]
[5]

[6]
[7]

[8]

9]

Cook, A. W. and Riley, J. J. , Combustion and Flame
112, pp.593-596, 1998

Kempf, A., Schneider, C., Sadiki, A., Janica, J., Turbu-
lence and Shear Flow Phenomena, Second International
Symposium, Vol3, pp.315-320, 2001

oo oo, 00 uo,oo0oo,ou0ooooooo
00000, Vvol.2, pp.123-124, 2001

0000,0000,pp.2150000, 1989

Miyauchi, T., Mori , Y. and Imamura, A. , Sixteenth
Symposium (International) on Combustion, 1977

0000000000, pp293000000, 1995

000000000000 0ooooooo, pp.50,0
ooooo, 1980

oo0oo,0000,000,0000,00 00,0
000 52-1(2000),pp.63-66

Tacke, M.M. , Cheng, T. C. , Hassel, E. P., Janicka, J.,
Twenty-sixth Symposium (International) on Combustion
(1996), pp.169-175, 1996

[10] Tacke, M.M., Linow, S., Geiss, S., Hassel, E. P., Jan-

icka, J., Chen, J.Y., Twenty-seventh Symposium (Inter-
national) on Combustion (1998), 1998



