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Abstract - The axisymmetric methane-air counterflow flame in microgravity was

simulated to investigate effects of the global strain rate on the flame structure. The
flame shapes and profiles of temperature and the axial velocity for the mole fraction of
methane in the methane-nitrogen fuel stream, xm= 20, 50, 80%, and the global strain
rate, ag= 20, 60, 90 s each mole fraction were compared. The profiles of the
temperature and axial velocity of the axisymmetric simulations were in good agreement
with those of OPPDIF, an one-dimensional flamelet code. It was confirmed that the
flame is stretched more and the flame radius increases and the flame thickness
decreases as the global strain rate increases.

Key words : methane-air counterflow flame, microgravity, fuel concentration, global
strain rate, flame thickness, flame radius.
l. INTRODUCTION range of the fuel concentration, the profiles

In the previous study[l], the structure of
the counterflow flames in microgravity was
investigated for different fuel concentration
in the fuel stream by using the NIST Fire
Dynamics Simulator(FDS)[2]. In a wide
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of temperature and axial velocity were well
predicted. An increase in the fuel
concentration increased the flame thickness
and peak temperature and decreased the
flame radius.

In the present study, the results were
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analyzed for the global strain rate to see
its effects on the flame structure. The
flames in microgravity were chosen for
comparisons of the results with those of
the one-dimensional simulations with
OPPDIF{3].

Il. METHODOLOGY

The counterflow burner shown in Fig. 1
has two opposing ducts, separated by 15
mm. The fuel gas, a mixture of methane
and nitrogen, flows in the lower fuel duct,
and the air flows in the upper oxidizer
duct. The diameter of the two ducts is 15
mm, and the wall thickness is 05 mm.
The flame, axisymmetric about the y-axis,
is located between the two ducts and
shielded from the ambient air with
nitrogen.
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Fig. 1. The counterflow burner.

The global strain rate ag is defined as,
ag= ~2Va(1-Vepr™/Vapa®)/L (1)

where, pa is the density of air, pr is that
of the fuel at 1 atm and 25°C, respectively,
and L is the separation distance between
the two ducts, 15 m. The velocity of air in
the duct Va and the velocity of fuel Vg
have the same magnitude but opposite
signs, ie, Va= -Vp For given values of
the global strain rate a; and fuel
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concentration Xm, the velocities Vi and Vg
are calculated from Eq.(1). The values of
the fuel concentration Xnm,, velocity Va and
Vr, and duct dimensions are defined in the
input data file for the axisymmetric
simulations with the Fire Dynamics
Simulator(FDS)[2], while OPPDIF[3] does
not require the duct dimensions except for
L. A grid spacing of 05 mm x 05 mm
was used. All the numerical procedures are
the same as used in Part 1{1].

lll. RESULTS AND DISCUSSION

3.1. xm= 20%

The definition of the global strain rate
given in Eq. (1) shows that the velocity in
the fuel and air streams is proportional to
the global strain rate at a given fuel
concentration. As the velocity increases,
the flame is stretched more. The increase
in the global strain rate therefore results in
stretching the flame in the r-direction~

The flames of the fuel lean
concentration, xm= 20%, which is 20%
methane (CHs) and 80% nitrogen by
volume, were compared in Fig. 2 for the
three different values of the global -strain
rate, ag= 20, 60, and 90 s”. The flames
were obtained from the axisymmetric
simulations and represented by temperature
distribution and isotherms. Stretching flame
with increasing global strain rate can be
seen by a comparison of the flame shapes.

. As aq increases from 20 s to 60 and 90

-1 . .
s, the flame radius increases and the

flame thickness decreases. The isotherms
show this more clearly. Each line has a
100°C increment and the inner-most one
stands for 1000°C, Since the one-~
dimensional simulations with OPPDIF{3] do
not provide the flame shape, comparisons
of the flame shapes between the one-
dimensional and axisymmetric simulations
are not available.

The profiles of temperature and axial
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velocity along the duct centerline of the
axisymmetric simulations with FDS were
compared with those of the
one~-dimensional simulations in Fig. 3.
Both the temperature and velocity profiles

() ag= 90 s

Fig. 2. Flames of xm= 20% (FDS)

are in excellent agreement between the

one-dimensional and axisymmetric
simulations. The temperature profiles also
show that the flame thickness decreases
when the global strain rate increases.

32. xn= 50%

Fig. 4 depicts the flames of the medium
fuel concentration, 50% methane and 50%
nitrogen by volume in the fuel stream.
Decreasing flame thickness and increasing
flame radius with increasing global strain
rate, due to. the flame stretching with
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increasing velocity in the ducts, is clearly
shown. Since the flame thickness of
Xm=50% is thicker and the flame radius is
smaller compared with the flames of xm=
20% at the same global strain rate, the
effects of the global strain rate on the
flame structure are more clearly discernible.
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Fig. 3. Comparison of temperature and
~axial velocity profiles for Xm=
20%.
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Xm= 20 and 50% (e.g.,, compare the flames
of a;= 20 s in Fig. 2, 4, and 6). This
makes much more clear the effects of the
global strain rate on the counterflow flame

‘iz, 5, the profiles of the temperature
.l velocity of the one-dimensional

.nd axisymmetric (FDS) simulations
e well each other except for the peak

cuvrature at ag= 60 s'l, which is that stretching the flame increases its
redicted, and the under-predicted radius and decreases the flame thickness.
velocity in the high temperature The profiles of the temperature and

~t the distance from the fuel duct axial velocity plotted in Fig. 7 are in good

about 85 mm. The flame thickness

.5 thinner as the global strain rate o FDS201s —OPP 201/s
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iz, 4. Flames of xm= 50% (FDS)

xm= 80%

5 compares the flames of the fuel
nse, Xm= 80%. As seen in Figs. 2 and
o~n the mole fraction of methane is
;o flame is thicker and its radius is
" at the same global strain, compared

ne two lower fuel concentrations,
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Fig. 5. Comparison of temperature and
axial velocity profiles for xm=
50%.
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agreement between the axisymmetric
(FDS) and one-dimensional (OPPDIF)
simulations. There are some discrepancies
in the peak temperature of a,= 20 and 60
s, and the axial velocity in the high
temperature region of ag= 90 s, These
errors are similar to those of the fuel

concentration xm= 50% in Fig. 6.

(€) ag=90s"

Fig. 6. Flames of xn= 80% (FDS)

IV. CONCLUSIONS

The axisymmetric counterflow flames of the
nonpremixed nitrogen diluted methane-air were
simulated by using Fire Dynamics Simulator
and OPPDIF to investigate the effects of the
global strain rate on the flame structure. The
numerical parameters include a;= 20, 60, and
90 s™ for each mole fraction of methane in the
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fuel stream, xm= 20, 50, 80%. The flame
thickness decreased and its radius increased as
the global strain rate increased in all the three
fuel concentrations, by stretching the flames in
the r-direction. The temperature and axial
velocity profiles along the duct centerline
were in good agreement between the
one-dimensional and axisymmetric simulations.

+ FDS201/s OPP_20 1/

A FDS_601/5 weaeenc OPP_60 I/s

o FDS901/s — . OPP_90 1/s
2250 | A

2000
1750
1500 [
1250 £

1000 F

Temperature (K)

750 F

500

250 AAAATEY )

Distance ffomFuel Duct (mm)

FDS_20 /s OPP_201/s
FDS_60 1/5  mumeuee OPP_60 1/5
FDS 901/s —— — OPP_901/s

Axial Velocity (m/s)

Distance fromFuel Duct (nmm)

Fig. 7. Comparison of temperature and axial
velocity profiles for x,= 80%.
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