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ABSTRACT

The Numerical simulation was performed on the flow field around the two-dimensional rectangular bluff body in order
to simulate an engine nacelle fire and to complement the previous experimental results of the bluff body stabilized flames.
Fire Dynamic Simulator (FDS) based on the Direct Numerica Simulation (DNS) was employed to clarify the characteris-
tics of reacting flow around bluff body. The overall reaction was considered and the constant for reaction was determined
from flame extinction limits of experimental results. The air used atmosphere and the fuel used methane. For both fuel
gection configurations against an oxidizer stream, the flame stability and flame mode were affected mainly by vortex
structure near bluff body. In the coflow configuration, air velocity at the flame extinction limit are increased with fuel
velocity, which is comparable to the experiment results. Comparing with the isothermal flow field, the reacting flow pro-
duces aweak and small recirculation zone, which is result in the reductions of density and momentum due to temperature
increase by reaction in the wake zone.
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Figure 1. Schematics of simulated configuration with axises.
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Table 1. Constant Sets for Reaction Rate

A E. a b
Set 1 1.3x10° 48.8 -03 13
Set 2 6.7x10™ 48.8 0.2 13
Set 3 1.0x10% 48.8 0.7 0.8
Set 4 1.3x10° 48.8 1.0 1.0
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Figure 2. Flammable limits in the experimental flame stabil-
ity map for co-flow configuration. Solid diamond symbol
(@) indicates the experimental values and hollow symbol
(<) does numerical ones.
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Figure 3. Temperature field for two different air velocities in
the counterflow configuration. Fuel velocity was fixed at
60 cm/s and air velocitis were 300 cm/s (up) and 500 cm/s

(down), respectively.
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Figure 4. Methane mole fractions for two different air veloci-
ties in the counterflow configuration. Fuel velocity was fixed
at 60 cm/s and air velocitis were 300 cn/s (up) and 500 cm/s

(down), respectively.

ol

N

Jo

B

N I
o El

N
N
o

Jo
I
2
>
A
o,
2
ot
2
lo
ot

ol
o
o Mo
B g
O o o 9o

Ollm\l

"
KH S

o>

BT

N
=
9 K

L
Y
X
ot
i

L

£
ot Hd
=2 i
rlo
H
L
Hir
rlo
e
Mo
O
M
H
N
Q T o
i
=i
N
9
A
o2 o
9|L

o

SIS Eeld 4 9t} Fig.

e N 2 T omR ol rlo & r
)
X
)
T
a
i
e
ol
N,

N
Jo
%
o
2
Mo J
e ox
o
anj
Hir
rlo
re
b
Y,
o, i
Sh
o
1o tlo o

o
il
K
&
R
_I \
2
o
o,
A
o,
o
[isd
oy
o ffr
ol
X,
)
N,

° 2
v
30 N =~ o of

R
N o
A
o,
T

oft
A
g

o
o,

T o kI oX
I
o
re
it
o
Y
o

EXE Figure 52} Figure 69 1
BT A H o] 719

TEMPERATURE

2ZH

X/D

Figure 5. Temperature field for two different air velocities in
the coflow configuration. Fuel velocity was fixed at 60 cm/s
and air velocitis were 300 cm/s (up) and 600 cm/s (down),

respectively.
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Figure 6. Methane mole fractions for two different air veloci-
ties in the coflow configuration. Fuel velocity was fixed at
60 cm/s and air velocitis were 300 cm/s (up) and 600 cm/s

(down), respectively.
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Figure 7. Time-averaged streamlines of isothermal (up) and
reacting (down) flows in the counterflow configuration. Fuel
velocity was fixed at 60 cm/s and air velocity was 300 cm/s.
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Figure 8. Time-averaged streamlines of isotherma (up) and
reacting (down) flows in the coflow configuration. Fuel
velocity was fixed at 60 cm/s and air velocity was 600 cm/s.
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