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ABSTRACT
The Sydney piloted premixed jet burner (PPJB) experi-

ments are numerically simulated to assess the flamelet gener-
ated manifold (FGM) model’s ability to predict finite-rate and
turbulence/chemistry-interaction effects under low Damköhler
number. The results are also compared and assessed with the
finite rate eddy-dissipation concept (EDC) model. A reduced
CH4/air mechanism of 71 species, that considers low-and high-
temperature chemistry, is derived from the Model Fuel Library
(MFL) and compared with the master MFL mechanism. The
same mechanism is used for chemistry closure for both FGM and
EDC models. The PPJB simulations are found to be sensitive to
the inflow profiles and different power-law profiles are adopted
for different centerline jet bulk velocity setups. An overall good
match with the experimental data is observed for the non-reactive
flow cases, with general under-prediction for the turbulent kinetic
energy (TKE). For the PM150 flame conditions presented here,
the FGM showed reasonable prediction of the temperature and
major species, with under-prediction for OH and over-prediction
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for temperature peak, CO2, and CO mass fractions. The FGM
was able to capture the flame necking downstream of the nozzle
but not the flame’s extinction and re-ignition. The impact of the
EDC chemical reaction rates time and length scales are shown.
The EDC model was found to capture the PM150 flame necking
as well as re-ignition downstream with the smaller time-scale
factor. With a higher reaction-time-scale constant, the necking
behavior was captured but the temperature was over-predicted
with no extinction or re-ignition observed.

INTRODUCTION

To reduce emissions, modern gas turbine engine designs of-
ten rely on burning a lean premixed mixture either fully or in a
staged manner [1]. Examples of such designs are the lean pre-
mixed pre-vaporized (LPP), Lean direct injection designs (LDIs),
dry low NOx (DLN) GE-combustor, and GE’s Twin Annular Pre-
mixed Swirl (TAPS) combustor [2]. Burning under lean condi-
tions, reduces emissions significantly with the adverse challenge
of possible dynamic instabilities [3]. Target emission levels [4]
for stationary gas turbine engines are set to be regulated to around
25ppm NOx for liquid fuels and for < 10ppm NOx and 10 ppm
CO for natural gas fuels. For aero-engines, the regulations are
even more stringent and single-digit ppm emission levels might
be targeted.

The naturally high turbulent conditions of the aforemen-
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tioned designs can thicken the flame’s reaction zone by the im-
pact of smaller sized vortices. The local vortices inside the reac-
tion zone can induce high mass and heat transfer that can result
in local or global extinction [5] and re-ignition [6]. Premixed
flames can undergo local flame extinction due to high flame
turbulence interactions in the premixed distributed flame front
regime that is characterized by low Damköhler number (Da) and
high Karlovitz number (Ka). The Da number is defined as the
ratio of the characteristic large eddy turbulence to characteristic
chemical time scales (i.e. τt

τc
) and the Ka number is defined as

the ratio of the characteristic chemical time scales to the smallest
turbulent time scale (i.e. τc

τη
) [7]. In this regime the flame can be

also termed as a thickened flame front.

Modeling under such conditions is not ideal for flamelet
models [8] as the assumptions of thin reaction zone and fast
chemistry (i.e. high Da number) are violated [9]. Flamelet
models, however, can predict weak finite-rate chemistry ef-
fects [5, 10, 11] with a reasonable success. Finite rate chem-
istry based models on the other hand will be ideal to predict
high turbulence-chemistry interaction for this type of simulation.
Most gas turbine engines, especially aero-engines, uses higher
hydro-carbon fuels and it will be costly to use finite-rate based
models to simulate a full gas turbine combustor. Flamelet mod-
els, on the other hand are efficient in terms of computational cost
but limited by their assumptions of fast chemistry. A few flamelet
models’ such as the flamelet progress variable (FPV) [12] and
the flamelet generated manifold model (FGM) [13,14] introduce
a progress variable equation that tracks the reaction progress
through a finite-rate source term. Performance of such models
under the current low Da and high Ka numbers, where strong
finite-rate effects are expected, are yet to be assessed.

The piloted premixed jet burner (PPJB), used in the current
work, is designed by Dunn and Masri [6] to investigate finite
rate chemistry effects in highly turbulent lean premixed com-
bustion. The setup has the advantage of isolating the finite-rate
chemistry/turbulence interactions without the complications of
swirl and spray injection. The setup has measurements for five
flames with different central jet velocity that ranges from 50 m/s
to 200 m/s. The flames are labeled as PM-xxx, where xxx is
the central jet velocity. A few attempts have been published to
simulate the current burner. Chen and Ihme [11] performed
large eddy simulation (LES) for the burner using the FPV ap-
proach; they reported that the model was capable of predicting
flow-field, temperature, and major species profiles. The flow-
field was also found to be sensitive to the scalar inflow compo-
sition, and scalar boundary conditions. Over-prediction for the
fuel-consumption for PM1-150 flame (discussed in the next sec-
tion) was also observed. The probability density function was
also used by Dunn et al. [9] to simulate the same burner setup.
The numerical predictions using a particle-based PDF model was
found to be able to predict the mean temperature field by vary-

ing the model mixing constant. Rowiniski and Pope [15] sim-
ulated the burner using the joint velocity-turbulence frequency-
composition PDF method. They found that at high central jet ve-
locity setups (i.e. PM1-150 and PM1-200) the simulations show
severe over-predictions for products and temperature with under-
prediction of fuel and oxidizer.

In the current work, the piloted premixed jet burner (PPJB)
experimental setup [11] is used to test the ability of the eddy
dissipation concept (EDC) and the FGM model to predict the
finite-rate chemistry effect in high-shear turbulent flow. The two
models are compared and assessed with the measurements. The
turbulent chemistry interactions are modeled with the EDC [16]
combined with In-Situ Adaptive Tabulation (ISAT) [17] and
chemistry agglomeration to reduce the computational cost. A
mechanism of 71 species is reduced from the Model Fuel Li-
brary (MFL) [18] database to model chemistry. The mechanism
includes the low-temperature chemistry effects. The impact of
local time and length scale modeling is also shown for the EDC
model. The paper is organized as follow. First we briefly de-
scribe the EDC and the FGM models components. Then the
burner numerical and experimental setup are shown. Next the
cold flow and reactive flow results are shown and discussed. Fi-
nally, the paper concludes with a summary of the paper results.

Eddy Dissipation Concept (EDC) model

Here we describe briefly the EDC model. More details can
be found in the ANSYS-Fluent theory guide [19]. For N chem-
ical species, ANSYS fluent solves N−1 species transport equa-
tion. For a species i the transport equation can be written as :

∂ (ρYi)

∂ t
+∇ · (ρ~vYi) =−∇ ·~Ji +Ri +Si , (1)

where Yi is the mass fraction of species i, ~v is the velocity
vector, ~Ji = −ρ

(
Di,m + µt

Sct

)
∇Yi−DT,i

∇T
T is the diffusion flux

for species i, and Ri is the net rate of production of species i by
chemical reaction, and Si is the rate of creation of species i from
the dispersed phase. In the Ji equation, Di,m is the mass diffusion
coefficient for species i in the mixture, and DT,i is the thermal
(soret) diffusion coefficient.

The EDC model assumes that reactions occur within small
turbulent structures, called the fine scales, as in a constant-
pressure reactor. The reactor initial conditions are taken to be
the current composition and temperature in the cell. The reac-
tion is assumed to occur in the fine scales, within the sub-filter
level. Where the fine-scale length scale ζ is modeled as :

ζ
∗ =Cζ

(
µε

κ2

)1/4
, (2)
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where ε is the turbulence dissipation rate, κ is the turbulent ki-
netic energy, µ is the laminar kinematic viscosity, and Cζ is the
volume-fraction constant. In addition, species are assumed to
react in the fine structures over a time scale τ∗ :

τ
∗ =Cτ

(
µ

ε

)1/2
. (3)

In the above equation Cτ is a time-scale constant. Consequently,
reactions proceed over the time scale τ∗ as :

Ri =
ρ (ζ ∗)3

τ∗
[
1− (ζ ∗)3

] (Y ∗i −Yi) , (4)

where Y ∗i is the fine-scale mass fraction over time and length
scales τ∗, and ζ ∗, respectively. The fine-scales, where reaction
occurs, ordinary differential equations are integrated numerically
using the ISAT algorithm [17]. In addition, the dynamic cell
clustering (DCC) is also used to reduce the computational time.

A mechanism of 71 species is reduced from the Model
Fuel Library (MFL) [18] database to model low-temperature and
high-temperature chemistry. Fig. 1 shows comparison between
the final reduced mechanism and the Master MFL mechanism of
2545 species. The ignition delay and CO mass fraction matches
those of the master mechanism.

Flamelet Generated Manifold Combustion Model

The FGM model [13, 14] is based on the laminar flamelet
concept [7] that assumes the scalar evolution (that is the real-
ized solution trajectories on the thermochemical manifold) in a
turbulent flame as an ensemble of the scalar evolution of one-
dimensional (1D) laminar flamelets. The solution across such
1D flamelets is tabulated and further convoluted with a presumed
probability density function to account for turbulence.

The flamelet tabulation approach can be summarized as
follows: a set of laminar one-dimensional premixed or non-
premixed manifolds are solved. For spray configurations as the
type simulated in the current work, non-premixed flamelets are
found to outperform premixed flamelets, particularly in the pre-
dictions of CO and H2 mass fractions [20]. Here, opposed jet
diffusion flamelets are utilized to generate the laminar manifolds.

For a constant pressure reacting mixture the laminar thermo-
chemical state (Φ = [T, yi, ρ]) 1D profiles are solved across the
flamelets domain. The flamelet domain boundary conditions rep-
resent the fuel and oxidizer streams, temperatures and mass frac-
tions. Ambient oxidizer conditions are used to represent the re-
action of pure oxidizer in Fuel. For non-premixed flamelets, the

(a) Ignition delay

(b) CO mass fraction

FIGURE 1: Comparisons between the reduced (71 species) and
the master (2545 species) mechanism ignition delay at and CO
mass fraction.

1D flamelet equations are solved in the mixture fraction space Z.
The mixture fraction Z is defined using the Bilger formula [21]:

Z =
β −βox

βfuel−βox
, , (5)

where β = 2 YC
Mw,c

+ 0.5 YH
Mw,H
− YO

Mw,O
, YC ,YH , and YO are the mass

fractions of carbon, hydrogen, and oxygen atoms, and Mw,c, Mw,c,
and Mw,c are the molecular weights. βox and β f uel are the values
of the mass transfer β at the oxidizer and fuel inlet streams.

The flamelet equations (i.e. energy and mass conservations)
can be expressed in the following vector form in the Z space [7]:

ρ
∂Φ

∂ t
−ρ

χ

2
∂ 2Φ

∂Z2 = ω̇ , (6)

where ρ is the mixture density, and ω̇ is the corresponding
source-terms for the species and energy equations. The scalar
dissipation rates χ is defined as [7]:

χ = 2D|∇Z|2 . (7)
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For a unity Lewis number the scalar diffusivity D is equal to the
thermal diffusivity. Each flamelet solves for the thermochemical
state vector Φ = (T,yi,ρ)

T for the species mass fractions yi, the
temperature T, and the density ρ for a given χ and initial fuel
and oxidizer boundary conditions.

For non-premixed counterflow configuration flamelets, the
scalar dissuasion rate χ is modeled as:

χ (Z) =
χst

4

3
(√

(ρ/ρ∞)+1
)2

2
√
(ρ/ρ∞)+1

exp
(
−2
[
er f c−1(2Z)

]2)
exp
(
−2 [er f c−1(2Zst)]

2
) , .

(8)
where χst and Zst are the stoichiometric scalar dissipation rate
and mixture fraction, respectively. And er f c−1 is the inverse
complementary error function. The stoichiometric scalar dissi-
pation rate χst is varied from 0.01 1/s until flamelet extinction at
χst = 91 1/s.

In FGM, Φ is parameterized by a mixture-fraction Z, a
reaction-progress variable C, and a heat loss/gain parameter (or
enthalpy) H. The latter is used to account for the non-adiabatic
effects. Parameterizing the solution with the progress variable
instead of the scalar dissipation rate as in regular steady diffu-
sion flamelets [7] allows the tables to access complete range of
chemistry solutions from equilibrium to full extinction [20]. The
reaction progress variable C is defined here as the sum of mass
fractions of CO2 and CO.

From the solved laminar manifolds the mixture fraction Z,
the progress variable C, and the enthalpy H, are computed by
solving Eqs. 6 without the unsteady term. At a higher scalar
dissipation rate, the flamelet will extinguish. For such a flamelet,
the unsteady term is retained in Eqs. 6 and the flamelet domain
is initialized by the last steady flamelet solution and then solved
and tabulated until the mixing unburned solution is achieved.

To account for turbulence fluctuations the solution is con-
voluted with a Beta (β ) PDF distribution for both Z and C, and
with a delta function for H. By using a delta function distribu-
tion for H, the enthalpy fluctuations are assumed negligible. To
further simplify the analysis, Z and C are assumed statistically
independent variables. Consequently, the joint probability den-
sity function (PDF) between Z, C, and H can be expressed as
PZ,C,H(z,c,h)=PZ(z)PC(c)δ (h-H), where PZ(z)=β

(
z; Z̃, Z̃”

)
and

PC(c)=β

(
c; C̃, C̃”

)
, and the small letters represent the stochastic

variable. Finally, the mean thermochemical state solution Φ can
be computed for the density weighted PDFs:

Φ

(
Z̃, Z̃”,C̃,C̃”, H̃

)
=

ρ

ρ

∫ 1

0

∫ 1

0
β

(
z; Z̃, Z̃”

)
β

(
c;C̃,C̃”

)
Φ(z,h,c)dzdc .

(9)

FIGURE 2: Experimental burner setup [9].

To simplify the tabulation and interpolation processes, the
effect of H̃ on the mean species mass fractions is neglected,
while the impact of the progress variable variance C” is neglected
on the thermochemical properties like density and temperature.
Consequently, the mean values for thermochemical state Φ are
then tabulated a priori in a lookup table as function of Z̃, C̃, Z”,
and H̃ for the temperature T, the density ρ and the specific heat
CP. While the mean mole fractions are tabulated as function of
Z̃, C̃, Z”, and C”. Where (̃ ) is the LES filtering. More details
on the approach can be found in [10].

Configuration and Numerical Setup

The experimental setup is shown in Fig. 2. A schematic
diagram for the corresponding computational setup is shown in
Fig. 3. A lean mixture of methane/air is injected from the central
tube with equivalence ratio of 0.5. To ignite the flame a co-flow
mixture of stoichiometric premixed CH4/air is injected through
the central co-pilot. Another lean co-flow of premixed hydro-
gen/air mixture at 1500 K is injected around the pilot to shield
the central jet combustion from the ambient air entrainment. For
the equivalent non-reactive simulation, air at 298 K is injected
through the pilot, the co-flow, and the central jet. The simula-
tions are performed using ANSYS Fluent [19].

The conditions for the non-reactive flow simulations are
summarized in Table 1. Where Vjet, Tcoflow, Tpilot, and Tjet are
the central air jet velocity, the coflow temperature, pilot temper-
ature and, central jet temperature, respectively. The reactive flow
simulations conditions are shown in Table 2. Where Re , Ret ,
Ka , and Da are the jet Reynolds number, the turbulent Reynolds
number, the Karlovitz and the Damköhler number, respectively.
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FIGURE 3: Schematic Diagram for burner setup and inflow con-
ditions.

TABLE 1: Non-reactive flow conditions for the PPJB simulations

Case Name Vjet Tcoflow Tpilot Tjet

1 NR−50−298 50 298 298 298

2 NR−50−CF−1500 50 1500 1500 298

3 NR−100−298 100 298 298 298

4 NR−150−298 150 298 298 298

5 NR−150−CF−1500 150 1500 1500 298

6 NR−200−298 200 298 298 298

The simulation setup is two-dimensional axi-symmetric
with velocity inlet and pressure outlet boundary conditions. To
achieve a realistic inflow conditions, the central inflow jet pipe
is extended 100D upstream, where D = 4mm and is the nozzle
diameter. The domain length is 100D upstream of the Nozzle
outlet (x=0), and 120D downstream. The computational domain
is shown in 4. The coflow and pilot pipes are extended by 70mm
only. The impact of extending the coflow domain to 80 mm was
found to be minor. The mesh count is 0.22 million hexahedral
cells with s stretch rate of 1.2 a the nozzle exit. No strong sen-
sitivity was shown by doubling he mesh count. Inside the inflow
pipe, the first cell has Y+ range of 18-22.

A systematic study was performed to find the best turbulent
inflow power-law profile. The inflow profile was found to have

TABLE 2: Reactive flow conditions for the PPJB simulations

Case Name Vjet Re Ret Ka Da

1 PM50 50 12500 720 100 0.069

2 PM100 100 25000 3100 1600 0.0089

3 PM150 150 37500 3700 2500 0.0063

4 PM200 200 50000 5200 3500 0.0053

FIGURE 4: Computational domain.

an impact on the flow field downstream. As shown in Figs. 5, for
the 50 m/sec inflow case, the 1/6 power law profile is closer to
predictions for the inflow boundary layer thickness. For higher
bulk velocities (i.e. 100, 150, 200 m/sec) the bulk velocity pro-
files or 1/18 th power law are more appropriate for capturing the
boundary-layer development and therefore it is recommended for
high velocity inflow cases to use the 1/18th power-law profiles.
The inflow velocity conditions are shown in Fig. 6.

Equilibrium composition for H2/air mixture for an equiva-
lence ratio of 0.43 is used for the hot co-flow reactive simula-
tions. For the pilot, the maximum composition from the mea-
surements at x/D=2.5 is used. Table 3 shows the inflow condi-
tions for temperature and species for the PM-flames.

For turbulence, the SST-k-Ω model is used for closure. A
coupled solver is used with second-order accurate convective
terms and the least-square method for derivatives computation.
More details on the numerical solver can be found in the AN-
SYS Fluent theory guide [19].

In the current paper all the non-reactive cases are reported as
shown in Table 1. For the reactive flow results, only the PM150
test condition results are shown. In addition, a parametric study
on the impact of modeling reaction length and time scales in
EDC are shown. Table 4 shows the different EDC test cases re-
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(a) NR-50-298

(b) NR-100-298

FIGURE 5: Impact of inflow velocity profile for NR-50-298 and
NR-100-289 cases.

TABLE 3: Inflow conditions for the PPJB reactive flow simula-
tions for the pilot and co-flow

Name Pilot Co-flow

T[k] 2236.4 1495.9

CH4 0.00211 —–

O2 0.02052 0.13123

H2 0.003552 6.664e-8

OH 0.003708 5.373E-5

H2O 0.1167 0.11136

CO2 0.127 ——-

ported here.

Results and Discussions

We first discuss the nonreactive flow simulations, mesh res-
olution, and turbulence model selection. Then the reactive flow
simulation for the PM150 case are shown in section using the
EDC and the FGM model.

FIGURE 6: Inflow profiles to the burner.

TABLE 4: Reactive flow conditions for the PPJB simulations

Case Name Cζ in Eq. 2 Cτ in Eq. 3

1 EDC-2-0.4 2.1377 0.4082

2 EDC-2-0.04 2.1377 0.04082

3 EDC-0.2-0.4 0.21377 0.4082

4 EDC-0.2-0.04 0.21377 0.04082

Nonreactive Flow Simulations
Figure 7, show the centerline velocity, centerline turbulent

kinetic energy, and the velocity distribution at two radial loca-
tions x/D=5 and x/D=15. Different mesh resolutions of 0.22 mil-
lion cells and 0.9 million cells are compared. In addition, the
realizable k-ε model and the SST-k-ω model are compared for
the smaller-size mesh. The results show that the realizable k-
ε model under-predicts the centerline turbulence kinetic energy,
while the SST-k-ω model over-predicts the centerline velocity.
Overall, the two models showed very similar results, except for
the TKE, where the SST-k-ω model matched the profile. The
results were also insensitive to grid refinement. Based on these
results a 0.5 millon cells and the SST-k-ω model were chosen as
the working mesh and turbulence closure model in all the follow-
ing simulations.

Figures 8, 9, 10, 11, and 12 show comparisons with the
measurements for NR-50-1500, NR-100-298, NR-150-298, NR-
150-1500, NR-200-298 cases, respectively. Good centerline data
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(a) Centerline U m/s

(b) Centerline TKE m2/s2

FIGURE 7: Comparison of axial velocity U and turbulent kinetic
energy (TKE) for NR-50-298 case with measurements with dif-
ferent mesh resolutions and turbulence models.

match are seen for all non-reactive jets. The centerline ve-
locity for NR-50-1500, where the co-flow is heated to 1500,
shows under-prediction of the centerline velocity with a good
spread rate in the radial direction. The NR-100-298 shows over-
prediction of the peak centerline TKE and over-prediction of the
velocity field in the radial direction. The radial profiles deviate
most for NR-100-298. In-addition, the profiles at the farthest
available downstream location show the most deviation from
measurements. Refining at these locations did not change the
results. An excellent match is shown for NR-150-298 case. The
centerline TKE was also over-predicted for the NR-150-1500 and
NR-100-298, with good centerline match otherwise.

Reactive Flow Simulations
In the current work we focus on the PM150 test case. This

case falls in regime C in the stability diagram shown in Fig. 13.
This regime is characterized by a neck structure close to the pilot
followed by extinction at x/D=25 and re-ignition further down-
stream. The flame CH∗ luminosity time-averaged over 2 s is
shown in Fig. 14. The PM150 flame showed reduction in lumi-
nosity between x/D=12-x/D=20 and an increase in luminosity in
the re-ignition zone around x/D=40. The target of the current

(a) Centerline U m/s

(b) x/D=5

(c) x/D=15

FIGURE 8: Comparison of velocity U and turbulent kinetic en-
ergy (TKE) for NR-50-1500 case with measurements.

work is to examine the model’s ability to capture such events.
First we compare the middle plane temperature distribution

between FGM and EDC models. As the PPJB setup has hydro-
gen/air mixture injected at the coflow section, ideally this setup
needs a three stream tabulation, where the two mixture fractions
can be defined, one for the co-flow and another for the pilot
and the central jet injection. Two simulations are performed
for FGM, one with a two-streams formulation, where the hy-
drogen/air mixture is approximated by a CH4/air mixture with
the equivalence ratio to produce the same co-flow temperature of
1500 K. The second FGM setup named FGM-inert, uses an inert
stream to substitute the H2/air co-flow stream. In the inert formu-
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(a) Centerline U m/s

(b) Centerline TKE m2/s2

(c) x/D=5

(d) x/D=15

FIGURE 9: Comparison of axial velocity U and turbulent kinetic
energy (TKE) for NR-100-298 case with measurements.

(a) Centerline U m/s

(b) Centerline TKE m2/s2

FIGURE 10: Comparison of axial velocity U and turbulent ki-
netic energy (TKE) for NR-150-298 case with measurements.

lation an extra equation is solved for the inert mass fraction and
the density and enthalpy are weighted to account for the mixing
effect with the inert stream. The two simulations steady-state,
mean temperature distribution are compared with the EDC mod-
els with different fine scales as in Table 4 and shown in Fig. 15.
The FGM model shows higher flame temperature which affects
predictions of the major species such as CO and CO2. That hap-
pened as injection at the co-flow section is for CH4 fuel rather
than H2 fuel. That also increases the reactivity due to the excess
fuel added and increases the peak temperature at the centerline
as the coflow gets entrained towards. With the inert, model how-
ever, the temperature distribution is similar to the EDC model
with the smaller fine time scale case EDC-0.2-0.4.

The centerline mean temperature, CO2, CO and OH mass
fractions are compared with the measurements in Figs. 16, 17, 18
and 19, respectively. As expected FGM with a single fuel (i.e two
stream formulation) over-predicts the temperature, while with
the inert model the centerline temperature seems to be captured
well. For EDC the impact of the reaction source term integra-
tion fine time scale is found to have more strong impact than the
length scale. With smaller integration time scale the EDC model
was able to capture the flame structure more accurately. The im-
pact of the reaction fine length scale is less prominent.

For the major species, FGM was found to over-predict CO
and CO2 and under-predicts the OH mass fraction. Neither FGM
or FGM-inert captured the re-ignition far downstream. The FGM
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(a) Centerline U m/s

(b) Centerline TKE m2/s2

(c) x/D=5

(d) x/D=15

FIGURE 11: Comparison of velocity U and turbulent kinetic en-
ergy (TKE) for NR-150-1500 case with measurements.

(a) Centerline U m/s

(b) x/D=5

FIGURE 12: Comparison of velocity U and turbulent kinetic en-
ergy (TKE) for NR-200-298 case with measurements.

with inert stream is found to reduce the reactivity significantly
and therefore no further data for this setup is shown. In addition,
reactivity was delayed further downstream for FGM as well as
the EDC model with the larger reaction integration time scale.
Similar to measurements, the OH trend for the EDC cases with
the smaller time scale (i.e. EDC-0.2-0.4 and EDC-0.2-0.04) was
found to increase further downstream, which indicates possible
re-ignition as expected for this type of flame. In general the EDC
cases with time scale factor of 0.2 were found to capture the trend
measurements more closely and better than with the larger time
scale.

To further understand the impact of fine time scale factor
on the flame structure, Fig. 20 show the OH mass fraction mid-
dle plane distribution for the EDC-0.2-0.4 and the EDC-2-0.4 for
PM150 flame. Both flames show a necking behavior downstream
of the nozzle around x/D=10. However, the EDC-0.2-0.4 shows
a region in-between x/D=10 and x/D=30 where OH is reduced
significantly. This region is followed by another region x/D >30
where OH increases similar to a re-ignition behavior. Such re-
ignition seems to occur radially first at x/D=30 rather than at the
centerline location. The FGM shows a shorter and more compact
flame structure. The corresponding centerline OH net chemical
rates are shown in 21. The EDC-0.2-0.04 has a higher consump-
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FIGURE 13: Stability Diagram [9].

FIGURE 14: CH∗ Experimental Luminosity for PM1-150
flame [9].

tion rate of OH at the centerline, which leads to the low luminos-
ity region observed in experiments.

For completeness the equivalent temperature radial profiles
at x/D = 2.5, x/D = 15, and x/D = 30 are shown in Fig. 22, re-
spectively. Ar x/D = 2.5 downstream of the nozzle outlet, all
models showed good behavior and captured the flame front cor-
rectly. At x/D=15, FGM overall over-predicts the temperature,
while all models over-predict the centerline, EDC-0.2-0.04 and
EDC-0.2-0.4 showed the best match with the temperature profile.
At x/D = 30, EDC-0.2-0.04 and EDC-0.2-0.4 match pretty well
with the measurements, while FGM, EDC-2-0.04 and EDC=2-
0.4 over-predicts the temperature globally.

(a) FGM-two-streams

(b) FGM with inert stream

(c) EDC-2-0.4

(d) EDC-0.2-0.4

(e) EDC-2-0.04

FIGURE 15: Steady state temperature distribution for PM1-150
case. The EDC cases are described in Table. 4

Conclusions

In the current work steady-state simulations for the piloted
premixed jet burner (PPJB) [11] are performed. The measure-
ments are used to assess the FGM and EDC models to predict
high finite rate and turbulence/chemistry interaction effects un-
der low Damköhler number. A parametric study is performed
for different power law turbulent inflow profiles. The sensitiv-
ity of the results to the inflow profiles is evident. Overall a
good match with the experimental data is observed for the non-
reactive flow cases with general under-prediction for the turbu-
lent kinetic energy (TKE). The reactive flow results show that
steady-state simulation was able to capture the necking behav-
ior for the PM150 flame. For PM150 flame presented here,
the FGM showed reasonable comparison with temperature, with
over-prediction of the peak, under-prediction for OH mass frac-
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FIGURE 16: Mean centerline temperature distribution for PM1-
150 flame.

FIGURE 17: Mean centerline CO2 mass fraction distribution for
PM1-150 flame.

tion and over-prediction for the major species. The EDC model
was able to capture flame extinction and re-ignition downstream
for the nozzle with the correct fine time scales. The current study
shows the importance of finite rate chemistry modeling for low
Damköhler number flows.
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