ot
Hl
3
)
okl
o
ot
8
=
'L
bt
Ay
X
o
iy
i)
ot
i

=3 pp.371~374 2011 KSPE Spring Conference

ojFAdL FAE AR i A& I 34 A A

ﬁ. _’g:***

4

A} Sxx

(e}

ol
oy

A
ol
8
*
ot

Numerical Study of Flame Stability of Turbulent
Combustion in a Dual Combustion Ramjet

Jeong-Yeol Choi* - Sang-Hoon Han** - Kyu-Hong Kim**

ABSTRACT

High-resolution numerical study is carried out to investigate the flame stability of the turbulent
supersonic combustion in a Dual-Combustion Ramjet (DCR). The auto-ignition in a shear layer between
hydrogen/carbon-monoxide syngas and air was studied at elevated enthalpy condition. Comparison of
a constant area combustor and a combustor with a small divergence angle shows that the supersonic

combustion has a characteristics of the lifted flame and its stability is influenced significantly by the

compressibility.
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Hybrid RANS/LES study is carried out for structure and  dynamics of  supersonic

a combustion flow field of supersonic coaxial combustion in dual combustion ramjet (DCR)
fuel and air flows at elevated enthalpy engine.[1] The flowfield is assumed to be
condition. It is to wunderstand the flame axi-symmetric for computational efficiency.

Species conservation equations for eight

* B st &3-S sta)
TAHN O T o= . .
) reacting species (O, Oy, H, H,, OH, H.O, CO,
w28 7 ASF RS R R CO;) and inert assumed nitrogen (Nz) are
AL41A A, E-mail: aerochoi@pusan.ac.kr considered with momentum and energy
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Dual-Combusticn Ramjet (DCR)

® Free shear layer
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Fig. 1 Schematics of the flow features in a Dual Combustion Ramjet (DCR) and the supersonic combustion flow

field in DCR
equations. Two-equation Menter’s shear stress
transport (SST) model is used with SST DES
(detached  eddy

enhance the eddy capturing characteristics at

simulation) extension to
separated flow region while preserving the
RANS characteristics at boundary layer.[2]
Convective flux vector are discretized by the
Roe’s flux difference splitting (FDS) method
and viscous fluxes are discretized by a central
difference method. The computational code has
been used previously for supersonic combustor
studies [3] and

multi-dimensional fifth order accurate scheme

currently extended to

with  wavelet-extended multi- dimensional

limiting process (O-MLP) scheme.[4] The

second order implicit time integration is used
with  sub-iterations  for  time  accurate
computation. The two-dimensional code is
parallelized by OpenMP for the optimum
performance in multi-core SMP (shared
memory processors) machines.

The DCR has two flow paths, gas generator
and supersonic combustor. The schematics of
DCR operation is summarized in Fig. 1. Fuel
is pre-burned in the gas generator with the air
compressed to subsonic speed. The pre-burned
fuel mostly composed of hydrogen and
carbon-monoxide is delivered to the supersonic
combustor at high speed, then consumed by

the combustion with supersonic main flow. In

Table 1 Flow conditions for the supersonic combustion flow field in DCR.

T (K) P (bar) Composition
Air M=2.0 1,200 K 1 bar O,+3.76N>
Fuel M=1.0 1,200 K 2 bar CO+H,
Grid 2,201x201(main  combustor) + 81x81(Air intake) + 61x61 (fuel nozzle)
Comp. Cond. 17=2.54 cm, Pr=0.9, Sc=0.4, MLP
| [ Tis | £ [ iy i
| l l )—[
———— _._._.'_—.I_J_'.[_"_T.i._._._. — e Combuster 1 constant ased-decargent tan= LG 0SS 1 +

Combustor 2 drcergent . tan = L/80 40727

Fig. 2 Computational domain of the supersonic combustion flow field in DCR: (upper) model combustor 1 with
constant area duct followed by a diverging duct, (lower) model combustor 2 with divergent duct.
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this study a simplified flow condition and two
combustor configurations as seen in Table 1
and Fig. 2 is considered as a preliminary step
of studying the flame stability and combustion
dynamics in DCR. The combustor 1 is
composed of coaxial fuel and air flow in a
constant area duct followed by divergent
2 has a

divergence angle from the beginning of the

section, while the combustor

Tik): 600 B0 1000 1200 1400 D600 18000 MW 2RO

combustor. All other flow variables and
computational conditions remain same during
the entire computational time.

Figure 3 is the instantaneous flow field for
the two combustors. The turbulent combustion
characteristics in supersonic shear layer is
clearly captured with fine structures of various
levels of eddy motions before the constant

area combustor section in combustor 1. Flame
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3 Instantaneous flow structures in combustor 1 (upper) and combustor 2 (lower)

overlaid with sonic line (M=1.0, black solid curves).
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lift-off is also captured well for this
configuration. In the meanwhile, combustion is
not fully accomplished in the combustor 2 due
to the expansion effect caused by a small
divergence angle in axi-symmetric
configuration. Thus, combustion efficiency in
combustor 1 seems to be quite high, but is
much lower for the combustor 2, as noticed
by fuel distribution. As a result, flow Mach
number of the main air flow in the combustor
1 is around 1.0, while it is much higher in
combustor 2.

The turbulent boundary layer is considered
as not being important for the turbulent flame
structure, but could be important to account
for the compressibility effect on the turbulent
combustion. The DES approach capturing the
wall boundary layer captured in RANS mode,
as shown in Fig. 3 seems to be appropriate
avoiding the higher grid resolutions required
to resolve wall turbulence by LES. The
multi-dimensional limiting process (O-MLP)
scheme applied revealed the great contribution
in capturing the turbulent eddy motions
compared with one-dimensional higher order
scheme, resulting higher combustion efficiency

at the same conditions.

More detailed and quantitative analysis

could be addressed in the final paper.
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