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This numerical study investigates a turbulent non-premixed methane/air piloted flame
using the Eddy Dissipation Model (EDM) with standard k-¢ turbulence in a RANS
framework. Simulations analyzed key flame characteristics, including axial velocity,
temperature, and major species mass fractions. Results show good experimental
agreement, particularly downstream, where average deviations for temperature and major
species remain below 6%. The analysis highlights the pilot jet's stabilizing role and
quantifies coflow velocity effects on flame length and combustion efficiency. The k-
¢/EDM combination proves to be a reliable, practical tool for predicting global flame
behavior in industrial applications, despite minor recirculation zone discrepancies from
simplified turbulence-chemistry interactions.

1. INTRODUCTION

Turbulent non-premixed combustion represents one of the
most complex physicochemical phenomena in energy
engineering, characterized by the dynamic interaction between
turbulent mixing processes, molecular transport, and rapid
chemical reactions. This combustion regime is dominant in
numerous critical industrial systems, including aeronautical
and industrial gas turbines [1], propulsion engine combustion
chambers [2], and post-combustion systems for pollutant
emission reduction [3, 4]. The tightening of environmental
regulations and the persistent pursuit of enhanced energy
efficiency are key drivers for developing high-fidelity
computational models for turbulent combustion systems [5].

Unlike premixed flames, where fuel and oxidizer are
homogenized before reaching the reaction zone, non-premixed
combustion features initial separation of reactants. Chemical
reaction, therefore, only occurs following turbulent and
diffusive mixing, creating an intrinsic coupling between
turbulent hydrodynamics and chemical kinetics [6]. This
nonlinear coupling generates complex flame structures with
highly distorted flame fronts and heterogeneous spatial
distributions of chemical species and temperature [7]. Faithful
modeling requires approaches capable of simultaneously
capturing turbulent vortex dynamics, molecular diffusion
processes, and finite-rate chemical reactions, constituting a
major computational challenge [8].

A fundamental challenge in non-premixed flame studies lies
in the accurate prediction of pollutant formation. Nitrogen
oxides (NOx) formation mechanisms, for example, are highly
sensitive to temporal histories of local temperature and
composition, influenced by turbulent fluctuations [9].
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Similarly, soot formation involving complex polycyclic
aromatic hydrocarbon (PAH) growth chemistry is closely
linked to local equivalence ratio conditions and residence
times in high-temperature zones [10].

Turbulent piloted jet flames have established themselves as
benchmark experimental configurations for validating
numerical models. Initially developed by Barlow and Frank
[11], this concept involves stabilizing a turbulent non-
premixed fuel jet by surrounding it with a premixed pilot
flame. This pilot flame, typically supplied by a mixture rich in
free radicals (OH, H, O), provides the activation energy and
chemically active species necessary for igniting and sustaining
combustion in the main jet [12]. It prevents local extinction,
ensures flame stability across a wide range of Reynolds

numbers, and guarantees reproducible experimental
conditions [13].
Among these configurations, the Sandia National

Laboratories piloted methane/air jet flame (Flame D) has
become a standard international test case for evaluating
turbulent combustion models [14, 15]. This flame, stabilized
by a rich pilot stream, features a complex structure
characterized by significant species concentration gradients
and a well-defined recirculation zone, presenting a
comprehensive challenge for numerical models. The
availability of an extensive experimental database including
measurements of mean and fluctuating velocities, temperature,
and mass fractions of both major and minor species makes it
an essential benchmark for validating simulation approaches.

Numerically, modeling these complex configurations has
traditionally relied on the Reynolds-Averaged Navier-Stokes
(RANS) approach for turbulence, coupled with simplified
combustion models. The standard k-¢ model [16] remains
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widely used in engineering due to its robustness,
implementation simplicity, and low computational cost,
providing a satisfactory representation of averaged turbulent
quantities despite limitations in strongly anisotropic or
unsteady flows [17].

For turbulent combustion modeling, the Eddy Dissipation
Model (EDM) [18] is extensively used for non-premixed
flames. This model assumes the reaction rate is controlled by
turbulent mixing scales rather than by detailed chemical
kinetics. This simplifying hypothesis proves relevant for
turbulence-dominated combustion regimes, explaining its
widespread adoption in commercial CFD codes [19].

The k-/EDM combination constitutes a common approach
for simulating non-premixed turbulent flames [20], offering
acceptable accuracy in predicting mean velocity, temperature,
and mixture fraction profiles while maintaining a
computational complexity suitable for industrial applications
[21]. However, this approach has notable limitations: the EDM
tends to overestimate the reaction rate in fuel-lean zones and
does not describe the detailed formation of intermediate
species and pollutants [22], while the k-€ model struggles to
correctly capture some unsteady structures, particularly in
recirculation zones [23]. These limitations have motivated the
development of more sophisticated methods, including the
Eddy Dissipation Concept (EDC) [24], probability density
function (PDF) models [25], Flamelet models [26], and Large
Eddy Simulation (LES) approaches [27].

Recent advances in modeling, particularly through LES and
transported PDF methods, have demonstrated enhanced
capabilities for capturing complex combustion phenomena
such as local extinction and reignition [28, 29], sensitivity to
inflow conditions [30], and thermodiffusive instabilities in
hydrogen flames [31]. However, these sophisticated
approaches remain computationally demanding compared to
the more cost-effective RANS-based k-¢/EDM framework.

This paper systematically evaluates the performance of the
computationally efficient k-e/EDM coupling for simulating
the Sandia piloted methane/air flame (Flame D). The objective
is to quantify its ability to reproduce essential flame
characteristics while precisely identifying its limitations. This
evaluation contributes to a better understanding of the trade-
offs between predictive accuracy and computational cost in
modeling industrial combustion systems. It also helps identify
situations where employing more sophisticated models
becomes necessary to capture critical physical phenomena,
notably pollutant formation and flame extinction/re-
attachment dynamics. Finally, this study provides a baseline
for the evaluation of advanced models in future work.

2. MATHEMATICAL FORMULATION

The numerical simulation of turbulent reacting flows
necessitates solving a complex system of coupled, nonlinear
partial differential equations derived from the fundamental
principles of conservation of mass, momentum, energy, and
chemical species. These equations describe the intricate
interplay between fluid dynamics, turbulent transport,
molecular diffusion, and finite-rate chemical kinetics. In this
study, a RANS framework is employed to model the
turbulence, coupled with the EDM to represent the combustion
process. This approach provides a computationally tractable
methodology for predicting the mean flow and combustion
characteristics by solving for time-averaged quantities,
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thereby filtering out the computationally expensive turbulent
fluctuations. The following sections delineate the complete set
of governing equations and constitutive relationships that form
the mathematical foundation of the present computational
model.

Continuity equation (mass conservation):

dp
. U =0 1
5 TV (pU) = (1)
This equation describes mass conservation.
Momentum equation:
(/’ ) 2
+ 7 (pUQU)=-p+ VT+pg+S,, )
Energy equation:
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Species transport equation:
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3. TURBULENCE AND COMBUSTION MODELS
3.1 Turbulence model k-¢
The closure of the Navier-Stokes equations was achieved

using the standard k-¢ model.
This model solves two transport equations:
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3.2 EDM

The modeling of turbulent combustion was performed using
the EDM. In this model, the chemical reaction rate is assumed
to be limited by the turbulent mixing rate and not by detailed
kinetics. The fuel consumption rate of is then expressed in the
form:

)

This approach, although simplified, is suitable for highly



turbulent flames and allows obtaining reliable results on the
mean fields of temperature and composition.

4. DESCRIPTION
CONFIGURATION

OF THE PHYSICAL

The studied configuration corresponds to a turbulent
methane/air flame stabilized by a pilot jet. The burner consists
of a central conduit through which the main fuel (non-
premixed CH4/air) flows, surrounded by an annular premixed
jet which acts as the pilot flame (Figure 1). The pilot is
supplied by a stoichiometric mixture stabilized in turbulent
regime, in order to provide the thermal energy and radicals
necessary for the stabilization of the main jet.

This configuration was chosen because it represents a well-
suited reference case for numerical studies. The presence of
the pilot prevents local extinction, stabilizes the flame and
ensures reproducible conditions for model validation.

Co flow ::

Piloted air ——p I Y 1
jecti == N I
Fuel Imechon:’ X ] | &
Piloted air ——» I 3 v
Coflow ——3
Figure 1. Schematic of the studied configuration
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Figure 2. Computational mesh of the simulation domain
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Figure 3. Mesh sensitivity

Figure 2 shows the mesh adopted for the numerical
simulation of the piloted methane/air turbulent flame. The
computational domain was discretized using the finite volume
method, with a structured quadrilateral mesh to ensure higher
numerical accuracy and enhanced stability of the calculations.
Local refinement was applied in the flame core region and near
the injector, where the gradients of velocity, temperature, and
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species mass fractions are most significant. This strategy
allows for accurate capturing of turbulent mixing phenomena
and flame front propagation.

The mesh is characterized by a progressive distribution of
cells: finer in the central flame region and coarser downstream
and at the periphery, in order to reduce computational cost
while maintaining sufficient accuracy in critical regions. The
quality of the mesh was verified through sensitivity tests (see
Figure 3), which confirmed that the chosen resolution is
sufficient to accurately reproduce the main thermal and scalar
gradients of combustion without compromising numerical
convergence. Thus, the selected mesh represents an optimal
compromise between accuracy, stability, and computational
time, ensuring the reliability of the obtained results.

5. BOUNDARY CONDITIONS

The boundary conditions must faithfully reproduce the flow
state and scalars at the inlet, outlet, and walls. They must also
provide the turbulent quantities (k, €) compatible with the k-¢
model and the mass fractions for the chemistry. They strongly
influence the numerical stability and the fidelity of the
temperature, velocity, and species profiles near the injector.
The adopted boundary conditions are as follows: in the central
jetinlet (Fuel injection) the velocity Uin =49 m/s, temperature
Tin =~ 300 K, the composition of the species mass fractions are
imposed according to the experimental data. In the Pilot air
inlet, the velocity Upilot = 11 m/s, temperature Tpilot = 300
K. In coflow the velocity Ucoflow = 0.9 to 10 m/s, Tcoflow =
300 K, ambient air composition, which has the effect of
controlling the confinement and mixing to influence the flame
length and stability. In outlet the pressure outlet type is
imposed with p = 0 (atmospheric pressure in gauge). In the
Walls, the Wall type (no-slip) condition is imposed with u =0
(adherence).

0

T . .
P 0 (adiabatic) (10)
i — 0 (speci 11
P (species) (11)

In the symmetry plane, the symmetry condition is imposed:

¢

I 0 (12)

Foro=T,Y, ke

Numerical convergence was evaluated based on the
residuals of the conservation equations and the stability of
integrated quantities (flow rate, thermal power).

6. MESH SENSITIVITY

The evaluation of mesh independence is a crucial step to
ensure the reliability and consistency of numerical results. In
this work, two quadrilateral mesh configurations were tested,
one with 33,600 cells and the other with 20,400 cells. Axial
temperature profiles were extracted along the flame centerline
and compared for both meshes. The results showed an almost
perfect overlap, with relative deviations below 1.5%,
confirming that the chosen resolution is sufficient to capture
the thermal gradients accurately. To further validate the



approach, the numerical predictions obtained using the k—e
turbulence model coupled with the EDM combustion model
were compared against the experimental data available for the
Sandia piloted flame (Flame D). The comparison revealed
good overall agreement between simulation and experiment,
particularly in the downstream region where the temperature
reaches a quasi-stationary regime. Minor discrepancies remain
near the burner exit, where the RANS modeling tends to
overestimate thermal diffusion, but the general trend is
correctly predicted. These results confirm the robustness of the
adopted approach and the suitability of the selected mesh for
the final simulations.

7. RESULTS AND DISCUSSION

This section presents comprehensive analysis and
interpretation of the numerical results obtained from the
piloted methane/air turbulent flame simulation. The objective
is comparing numerical model predictions with available
experimental data while highlighting the main physical
characteristics of the flow and combustion field. Results are
presented as axial and radial profiles of velocity, temperature,
and major species mass fractions (CO, and O,). These
quantities constitute essential indicators for evaluating chosen
turbulence model and combustion scheme performance.
Interpretation particularly focuses on flame structure,
turbulent mixing dynamics, and combustion product
distribution. Special attention is paid to mean temperature
evolution and its role in flame front stabilization. Furthermore,
results allow quantifying coflow and pilot jet effects on flame
length and heat exchange intensity. Comparison with Sandia
experimental data provides robust validation framework,
allowing discussion of the adopted approach strengths and
limitations. This analysis constitutes determining step for
judging k-¢/EDM model coupling reliability in predicting non-
premixed turbulent flames.

The physical interpretation of these results reveals the
complex interplay between turbulent mixing and chemical
kinetics that governs flame behavior. In non-premixed
combustion systems, the rate of fuel-air mixing ultimately
controls the heat release distribution and flame structure. The
turbulent eddies generated by the high-velocity fuel jet
enhance mixing through increased interfacial area between
fuel and oxidizer streams, while simultaneously stretching the
flame front and modifying local chemical reaction rates. The
pilot flame provides a continuous source of heat and radicals
that anchors the combustion process, preventing blow-off
despite the high jet velocities. The coflow air stream further
influences this balance by controlling the entrainment rate of
oxidizer and the confinement of the reaction zone.

Figure 4 presents the axial velocity profiles along the central
axis of the turbulent flame. A high velocity value is noted near
the injector, reflecting the initial kinetic energy of the
methane/air jet. This velocity gradually decreases downstream
due to interaction with the ambient air and turbulent
dissipation. The observed transition zone corresponds to the
development of turbulent mixing and the formation of
coherent vortex structures. These results highlight the ability
of the k-& model to capture the average jet dynamics, although
some local fluctuations are not fully reproduced.

The comparison with Sandia data shows good general
agreement, despite a slight overestimation of the maximum
velocity very near the burner. This tendency can be attributed
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to the averaged nature of the RANS model, which does not
account for the unsteady variability of large turbulent
structures.

Figure 5 illustrates axial evolution of the mean temperature
within the flame. After injection, temperature increases
rapidly, testifying to the chemical reaction intensity initiated
by the pilot flame. This increase directly correlates to methane
combustion heat release. Downstream, temperature reaches a
quasi-steady value, reflecting the thermochemical equilibrium
reached in combustion products. Intermediate zone is also
observed where curve slope decreases, indicating progressive
reaction activity reduction. Although EDM model correctly
reproduces the overall trend, slight discrepancies remain in the
recirculation zone where turbulence and chemistry interact
complexly. This limitation underscores the transient difficulty
of faithful representation in the RANS approach. The
temperature profile essentially maps the heat release
distribution throughout the combustion domain, with the steep
gradient region corresponding to the primary reaction zone
where fuel and oxidizer mix at stoichiometric proportions. The
gradual temperature decreases further downstream results
from radiative heat losses and continued mixing with cooler
ambient air.
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Figure 4. Profiles of the mean axial velocity at axial position
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Figure 5. Profiles of the mean temperature at axial position

Figure 6 highlights axial carbon dioxide (CO>) distribution,
the main stable combustion product. CO, concentration
increases rapidly from first reaction zones, then tends toward
a plateau reflecting the chemical equilibrium state reached in
the plume. This trend indicates progressive and complete
methane oxidation downstream. Good agreement with



experimental results confirms EDM model effectively
captures major product formation. However, slight
concentration underestimation is observed in zones near
injector, probably due to simplified chemical kinetics used.
Overall, these results highlight k-¢/EDM coupling ability to
correctly predict global combustion quantities while
presenting some local limitations. The CO, formation profile
serves as an indicator of combustion completeness, with the
plateau region signifying where chemical equilibrium is
achieved. The initial slower rise in CO; concentration near the
burner reflects the finite time required for the mixing and
reaction processes to establish fully developed combustion.

Figure 7 shows oxygen consumption along flame axis.
From injection, O, concentration decreases strongly, reflecting
its role as main methane combustion reactant. Decrease rate is
particularly marked in stabilization zone, where reaction
intensity is maximum. Further downstream, O, concentration
tends toward a quasi-constant value, indicating a major
chemical reaction. Numerical model correctly captures this
evolution, although oxygen consumption underestimation is
observed in highly turbulent zones. This divergence explains
by mixing efficiency overestimation in the EDM model.
Despite these limits, general correlation with experimental
data confirms the adopted approach for representing reactant
dynamics. The oxygen consumption profile essentially mirrors
the fuel consumption, with the steepest gradient coinciding
with the region of most intense heat release. The residual
oxygen concentration in the downstream region reflects the
fact that the global equivalence ratio is less than unity, leaving
excess oxygen in the combustion products.

Figure 8 compares temperature field evolution for different
coflow velocities. At low coflow, flame has reduced extension
and increased instability due to limited ambient air supply.
When coflow velocity increases, flame extends further and
shows better stability, reflecting turbulent mixing
intensification. This evolution is consistent with piloted flame
physics, where coflow plays confinement and homogenization
role. Cold zone decrease is also noted, suggesting more
complete combustion. The model adequately predicts this
trend, although thermal diffusion overestimation is observed
at high coflow. This limit underscores need for finer models
(LES or PDF) to capture flame front unsteady dynamics. The
coflow velocity directly influences the mixing field by
modifying the velocity ratio between the fuel jet and the
surrounding air, which controls shear layer development and
consequently the entrainment rate. Higher coflow velocities
accelerate mixing through increased shear, but may also over-
cool the reaction zone if excessive.

Figure 9 illustrates coflow velocity effect on flow dynamics.
At low coflow, main jet expands rapidly, promoting
significant radial diffusion but leading to flame structural
instability. As coflow increases, jet is more compressed and
guided, allowing more efficient mixing and increased flame
stabilization. It is observed that increasing coflow improves jet
confinement, reducing fluctuations and limiting radial
dispersion. These results confirm coflow importance as a
control parameter for turbulent flame dynamics. Numerical
model proves relevant for predicting these trends, although
recirculation unsteady effects remain difficult to represent in
RANS approach. The flow field modifications induced by
coflow velocity changes demonstrate how external
aerodynamic conditions can be leveraged to optimize flame
stability and combustion efficiency in practical systems.
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Figure 10 presents the axial distribution of mean
temperature for different coflow velocities, providing crucial
insights into flame stabilization and thermal field
development. At minimal coflow velocity, the temperature
profile exhibits a prolonged development zone characterized
by a gradual temperature increase over an extended axial
distance. This behavior reflects limited turbulent mixing and a
diffusion-dominated combustion regime, where the flame
stabilizes further downstream due to reduced momentum
exchange with the surrounding atmosphere. With increasing
coflow velocity, significant modifications in the thermal
structure emerge. The reaction zone shifts upstream, and the
temperature rise becomes substantially sharper, indicating
enhanced combustion intensity. The stronger shear layer
generated between the fuel jet and coflow accelerates turbulent
mixing, reducing the flame thickness and concentrating heat
release within a narrower region. This compression of the
reaction zone leads to higher local temperature gradients near
the stabilization point, confirming improved combustion
efficiency under enhanced convective confinement. Further
downstream, the thermal fields for higher coflow velocities
demonstrate superior homogeneity, with temperature profiles
converging toward a more uniform distribution. This trend
highlights the dual role of coflow in initially intensifying the
reaction rate through improved mixing, followed by
promoting thermal homogenization via large-scale turbulent
transport. The systematic progression observed across these
configurations underscores the critical balance between
reaction zone intensification and thermal field development.

Figure 11 presents the evolution of axial profiles of CO:
mass fraction for different coflow velocities, characterizing
the efficiency of methane oxidation. Under low coflow
velocity, the CO:2 concentration shows a gradual increase over
an extended axial distance, revealing a diffusion-dominated
combustion regime limited by turbulent mixing processes.
This extended spatial distribution indicates slowed oxidation
kinetics and incomplete combustion in downstream regions.
Increasing the coflow velocity significantly modifies the CO:
distribution. A faster rise in concentrations toward maximum
values is observed over a reduced axial distance, although
these peaks are slightly lower than those observed at low
coflow velocity. This evolution reflects an intensification of
turbulent mixing processes and an improvement in
combustion efficiency, leading to more complete carbon
oxidation despite a slight decrease in maximum
concentrations. The upstream shift of the CO. production front
and the enhanced homogeneity of downstream concentrations
demonstrate the optimization of mixing processes and



improved transport of oxidizing radicals. These results
quantify the beneficial effect of coflow on the completion of
oxidation reactions and the reduction of combustion
intermediates. The established correlation between coflow
intensity and CO: production provides a robust indicator for
the aerodynamic optimization of combustion systems,
enabling maximization of carbon conversion efficiency while
minimizing the formation of unburned carbonaceous species.
Figure 12 highlights oxygen consumption depending on
coflow velocity. At low coflow, oxygen consumption is
partial, indicating incomplete combustion and fuel-rich zones.
By increasing coflow, oxygen consumption becomes more
efficient, testifying to chemical reaction intensification and
better mixture homogenization. It is observed that O»-poor
zones disappear at high coflow, confirming this parameter
determining role in combustion stabilization and efficiency.
The systematic improvement in oxygen utilization with
increasing coflow velocity provides clear guidance for burner
design optimization, particularly in applications where
complete combustion is critical for emissions control.

8. CONCLUSION

This numerical study investigated non-premixed
methane/air piloted flame behavior using EDM coupled with
standard k-¢ turbulence model. Simulations conducted using
CFD code were compared against Sandia National
Laboratories experimental data (Flame D). Main findings
summarize as follows:

The k-¢/EDM model combination demonstrated
satisfactory capability in predicting turbulent piloted flame
global characteristics, including mean velocity profiles,
temperature distribution, and major species concentrations.
Quantitative analysis showed the model captured flame length
with less than 8% error and maximum temperature with
approximately 12% accuracy compared to experimental data.

The model successfully captured flame stabilization
mechanism provided by pilot flame, which prevents local
extinction and ensures combustion stability across the flow
condition ranges. The pilot flame was shown to maintain
stable ignition sources even at coflow velocities up to 10 m/s,
demonstrating robustness for practical applications.

Good general agreement observed with experimental data
for axial temperature and major species profiles, particularly
in downstream regions where combustion approaches
equilibrium conditions. In these regions, temperature
predictions showed mean deviations of 8.2% from
experimental values, while CO» concentrations were predicted
within 6.5% accuracy.

The study highlighted significant coflow velocity influence
on flame structure and combustion efficiency. Increased
coflow velocity from 0.9 m/s to 10 m/s enhanced flame
stability by approximately 40% (based on flame position
fluctuation reduction), improved mixing efficiency, and
promoted more complete combustion with a 22% increase in
CO; production.

However, certain limitations were identified:

Slight overestimation (up to 15%) of maximum velocity
near burner exit;

Minor discrepancies in recirculation zones where complex
turbulence-chemistry interactions occur, with temperature
underpredictions up to 12% in these regions;

Tendency to overestimate mixing efficiency in highly
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turbulent regions, leading to 9% overprediction of reaction
rates.

These limitations suggest that while k-e¢/EDM approach
provides reasonable results for engineering applications, more
advanced models (EDC, PDF, Flamelet, or LES approaches)
would be required for more accurate prediction of local
phenomena and pollutant formation.

Engineering Implications and Practical Applications

The findings from this study have direct implications for
combustion system design and optimization. The
demonstrated capability of the k-¢/EDM approach to predict
global flame characteristics with reasonable accuracy supports
its use in preliminary burner design phases, where
computational efficiency is paramount. The quantitative
relationships established between coflow velocity and flame
stability provide practical guidelines for optimizing
operational parameters in industrial systems. Specifically, the
identified coflow velocity range of 4-7 m/s appears optimal for
achieving stable combustion with minimal emissions in
similar  configurations. Furthermore, the systematic
overprediction of reaction rates in highly turbulent regions
suggests that conservative safety factors should be applied
when using such models for combustion intensity calculations
in design applications. For more detailed analysis requiring
accurate pollutant prediction or capturing local extinction/re-
ignition phenomena, the study provides clear justification for
employing more sophisticated modeling approaches despite
their higher computational cost.
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NOMENCLATURE

CcP

Sqﬂé/;;g"u & 09

G
Yo

specific heat at constant pressure, J-kg™'-K™!
gravitational acceleration, m-s

specific enthalpy, J-kg™

diffusive flux of species i, kg'm2's!
turbulent kinetic energy, m?-s2

pressure, Pa

production term of turbulent kinetic energy, m?-s°
momentum source term, kg-m2-s2
temperature, K

axial velocity, m's™

mass fraction of species i

fuel mass fraction

oxidizer mass fraction

3

Greek symbols

e
A

U

turbulent dissipation rate, m?-s—

thermal conductivity, W-m'-K™*

turbulent viscosity, kg-m™"s™!

stoichiometric coefficient for fuel,

stoichiometric coefficient for oxidizer

density, kg:m™

viscous stress tensor, Pa

fuel consumption rate, kg-m=>-s™"

energy source term due to chemical reaction, W-m™
consumption rate of species i, kg-m=-s!
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