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Abstract 

This paper investigates the stabilization of a laminar premixed  ame on a rotating cylinder. Experiments and 
DNS are combined to analyze the effects of rotation rate on the  ow topology and  ame stabilization. Both 
experiment and simulation reveal that the usual stabilization pattern (two symmetric  ame roots on both 
sides of the cylinder) is strongly affected by rotation. The  ame roots position on the upper and lower sides 
of the cylinder are modi"ed with increasing rotation speeds. One of the two  ame roots is quenched over a 
long region. The distance between the  ame roots and the  ameholder changes with the rotation speed until 
a bifurcation takes place: at a critical rotation speed, the  ame roots merge, and the  ame stabilizes upstream 

of the cylinder. DNS results are used to explain the  ame topologies observed experimentally. 

Keywords: Laminar  ame; Experimental combustion; DNS; Rotating cylinder 

1. Introduction 

Flow dynamics behind rotating cylinders [1,2] is 
a classical topic in non reacting  ows, where 
rotation can promote or mitigate hydrodynamic 
instabilities [3,4] . Flames stabilized behind rotating 
cylinders (FSBRC) have been much less studied. 
Nevertheless, FSBRC con"gurations ( Fig. 1 ) have 
practical and theoretical interests: (1) New engine 
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concepts, such as wave rotors [5] or constant- 
volume combustion chambers [6] , are currently 
developed to increase combustion ef"ciency and 
reduce pollutant emissions of modern gas turbines. 
They involve rotating valves, which intermittently 
open/close the combustion chamber inlet and 
outlet. These situations may lead to  ames which 
anchor on these valves, and are pulled by them 

into the feeding chamber, leading to  ashback. 
(2) From a fundamental point of view, FSBRC 

constitute a con"guration which challenges our un- 
derstanding of  ame/wall interaction and  ame 
stabilization. In a FSBRC ( cf. Fig. 1 ), the  ame 
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Fig. 1. Sketch of the Intrigs con"guration with the parameters controlling the  ow topology. 

root at the upper side of the cylinder has to stabi- 
lize in a boundary layer  ow which pushes it down- 
stream, while the  ame root located on the lower 
side is pulled upstream by the cylinder movement. 
The  ame roots (the points where the  ame anchors 
near the cylinder) control not only the mean  ame 
position, but also its dynamics as shown recently 
for laminar [7–9] and turbulent  ames [10] . 

(3) Introducing rotation in the con"guration of 
Fig. 1 has another effect: it breaks the symmetry of 
the  ow. Symmetry breaking controls the dynamics 
of many non-reacting  ows [11] as well as combus- 
tion instabilities [12] , so that rotating  ame hold- 
ers may be useful for combustion instabilities con- 
trol. To describe FSBRCs, it is useful to recall re- 
sults obtained for non-reacting cases where the  ow 

behind a rotating cylinder is controlled by (1) the 
Reynolds number Re = u b d /ν, (2) the rotation rate 
α = ωd/ (2 u b ) , (3) the blockage ratio θ = d/h and 
(4) the eccentricity γ = (y c − h/ 2) / (0 . 5(h − d )) = 

(2 y c /h − 1) / (1 − θ ) . For a "xed uncon"ned cylin- 
der at zero eccentricity ( ω = 0 and γ = 0 ), when 
a critical Reynolds number, Re c ≈ 40 , is exceeded, 
vortices are shed behind the cylinder. For a con- 
"ned cylinder, the critical Reynolds number de- 
pends on the blockage ratio [13] . However, when 
the cylinder is rotating, the Von Karmann street 
remains only at low rotation rates ( α < 2), and is 
inhibited at larger rotation rates (2 < α < 4). For 
the present study, only  ame-holders located at the 
center of a straight channel will be considered, i.e. 
γ = 0 . 

The situation becomes more complex in reac- 
tive conditions since the  ame can couple with the 
vortical  ow. Cha and Sohrab [14] studied such a 
case where the rotational axis is normal to the  ame 
front. They showed that rotation enhances the pre- 
mixed  ame stabilization (blow-off and  ashback 
limits). However, no reactive case has been studied 
where the rotation axis is aligned with the  ame. 

This paper describes an experimental investiga- 
tion of the stabilization of a 2D lean premixed 
methane–air  ame on a rotating cylinder for 0 < 

α < 5, at moderate blockage ratio ( θ = 0 . 235 ) and 
without eccentricity ( γ = 0 ). Two-dimensional Di- 
rect Numerical Simulations (DNS) are also per- 
formed to analyze the  ame topology and quench- 
ing, depending on the rotation rate α. For a "xed 
cylinder ( α = 0 ), a classical stabilization mecha- 
nism is observed. For low rotation rates ( α < 4), 
the symmetry of the  ame is broken and two dif- 
ferent behaviors are observed for the two branches 
of the  ame. At large rotation rates ( α > 4), the 
 ame stabilizes upstream of the cylinder. The ge- 
ometry of the experimental bench is presented in 
Section 2 , and the numerical setup for DNS in 
Section 3 , followed by the experimental results in 
Section 4 . The stabilization mechanisms are pre- 
sented and discussed in Section 5 . 

2. Con guration 

The experimental bench is presented in Fig. 2 : a 
lean premixed laminar methane–air  ame is stabi- 
lized in the wake of a d = 8 mm stainless steel ro- 
tating cylinder. The cylinder has been grinded and 
the rugosity is less than 1 µm. The burner has a 
constant cross section of h = 34 mm by l = 94 mm. 
The reactants are premixed in a one-meter long in- 
jection tube and equally distributed to six injec- 
tors placed at the bottom of the injection cham- 
ber. The  ow is laminarized by an array of small 
glass balls and two honeycomb panels and passes 
through the cooled plenum to ensure a constant 
fresh-gases temperature. Finally, it enters the com- 
bustion chamber where the cylinder is located. The 
rotating cylinder is placed in a sealed-bearing cage 
and driven by a brushless electric DC motor. The 
engine speed ranges from 600 to 20,000 rpm. The 
combustion chamber has one optical access at the 
front, and one on each lateral sides. In this study, 
only one operating point was considered: 8 = 0 . 75 
and u b = 1 . 07 m.s −1 . The associated laminar  ame 
speed and adiabatic temperature are s 0 l = 0 . 23 m / s 
and T ad = 1950 K . For this operating point and for 



CH4+Air

Injection

Chamber

Cooled

Plenum

Combustion

Chamber

1
3
8

2
0
0

1
5
8

3
7

1 mm Glass 

Balls

3 mm Honey 

Comb Panels

5 mm Water 

Cooling

8mm Rotating 

Cylinder

(Flame Holder)

Brushless DC 

Electric Motor

Bearing Cage

3 Optical acces

(Quartz)

34

Flame

Fig. 2. Transverse cut ( left ) and isometric view ( right ) of the Intrigs burner. 

a "xed cylinder ( α = 0 ), the  ame is steady. Flames 
are imaged on an intensi"ed PCO-Sensicam cam- 
era equipped with a CH 

∗ narrow band-pass "lter 
and a f/16 180 mm telecentric lens [15] . The cam- 
era axis is aligned with the cylinder centerline axis 
( x ). 

3. Numerical setup 

To analyze experimental results, a DNS was 
also performed. The compressible code AVBP 

is used to solve the multi-species Navier–Stokes 
equations with realistic thermochemistry on un- 
structured meshes [16] . Numerics are based on 
a two-step Taylor–Galerkin "nite-element scheme 
called TTG4A, which is third-order in space and 
fourth-order in time. A two-step mechanism for 
methane–air is used containing 6 species, based 
on the methodology described in [17] , where adi- 
abatic temperature and laminar  ame speed have 
been validated against a detailed chemical scheme. 
Schmidt and Prandtl numbers are assumed con- 
stant. The NSCBC approach [18] is used to im- 
pose acoustic boundary conditions [19] at the in- 
let (imposed velocity u ′ = 0 ) and outlet boundary 
(imposed pressure with a length correction, p ′ = 0 ). 
Side walls are treated as no-slip with a heat  ux, 
ϕ w = (T − T 

side 
w ) /R w , corresponding to an im- 

posed wall temperature, T 
side 
w = 300 K and a heat 

resistance, R w = 10 −2 K.m 
2 /W. Heat losses are also 

applied on the rotating cylinder, with the material 

temperature obtained from the experiment: T 
cyl 
w = 

610 K. The rotation is accounted for by imposing a 
velocity ~ u (θ ) = αu b ~ e θ at the surface of the cylinder. 
The simulation is performed in a 2D slice that starts 
at the inlet of the plenum and ends at the chamber 
outlet. It contains 1.7 million cells, with a minimum 

cells size of 100 µm and 5 cells in the  ame front. 

4. Experimental results 

First, the global effect of rotation on the  ame 
topology is studied by using several rotation rates 
from α = 0 to 5. The  ame is "rst ignited at α = 0 . 
Once thermal equilibrium is reached, the rotation 
rate is increased in small steps. Three different  ame 
topologies can be identi"ed in Fig. 3 : for a "xed 
cylinder ( α = 0 , Fig. 3 top ) the  ame is stationary 
and symmetric: this  ame shape is referred to as 
Symmetric Stabilized Downstream (SSD). For low 

rotation rates ( α < 4, Fig. 3 , center ) the  ame stabi- 
lizes downstream of the rotating cylinder, and ex- 
periences a strong dissymmetry: the upper  ame 
root moves clockwise along the cylinder, but re- 
mains closely attached. The lower  ame root is al- 
most quenched and the  ame starts producing a no- 
ticeable level of CH 

∗ emission only far downstream 

of the cylinder. This  ame topology is referred to 
as Asymmetric Stabilized Downstream (ASD). For 
larger rotation rates ( α > 4, Fig. 3 bottom ), a tran- 
sition takes place and the  ame moves upstream 

of the rotating cylinder: this situation is named 



Fig. 3. The three FSBRC topologies observed experi- 
mentally: Symmetric Stabilized Downstream  ame (SSD, 
top ), Asymmetric Stabilized Downstream  ame (ASD, 
center ), and Asymmetric Stabilized Upstream  ame 
(ASU, bottom ). 

Fig. 4. Sketch of the ASD type  ame with the parameters 
describing the  ame topology. 

Asymmetric Stabilized Upstream (ASU). In this 
con"guration, the  ame roots have merged and it is 
a new stabilization regime where the velocity pro- 
"les and the vortex generation are completely dif- 
ferent from the classical stabilization downstream 

of a bluff-body. 
The critical rotation rate at which the  ame tran- 

sitions from ASD to ASU is called α∗. Tests show 

that α∗ is governed by the ratio u b /s 
0 
l . More than 

100 rotation rates have been tested, from α = 0 to 
5, leading to  ame topologies similar to Fig. 3 . In 
the present experiment, the  ame transitions from 

ASU to ASD in a narrow range: 3.98 < α∗ < 4.15. 
When the  ame is stabilized downstream, its 

topology can be described by the two  ame roots 
positions. In order to study the effect of α, the po- 
lar coordinates of the roots are de"ned in Fig. 4 : β

Fig. 5. Flame root angles β ( top ) and distances ξ ( bot- 
tom ) function of the rotating rate α. (——- ) upper  ame, 
( - - - - - ) lower  ame (see Fig. 4 for angle and distance def- 
initions). DNS results from Section 5 are presented as ×
for the upper  ame and , for the lower  ame. 

is the angle between the z axis and the  ame root, 
and ξ , the distance to the center of the cylinder. The 
upper and lower roots are identi"ed with subscripts 
1 and 2, respectively. In the experimental images, 
the  ame root is de"ned as the location where the 
gradient of light intensity (measured through CH 

∗

emission) is maximum [9,20,21] . Figure 5 shows the 
evolutions of the roots location versus α for the up- 
per and lower  ames. Each curve corresponds to 
the mean value of four different tests performed on 
different days. The corresponding error bar is the 
standard deviation between the four experiments. 
Snapshots of the  ame shapes are shown in Fig. 6 , 
to be compared with DNS results in Section 5 . 
Regarding the upper  ame, ξ 1 is almost constant 
meaning that the  ame is always anchored to the 
cylinder. However, its angle β1 , consistently de- 
creases when α increases. For low rotations rates ( α
< 1.5), the  ame location is unchanged but ξ 1 then 
decreases rapidly. For large rotation rates ( α > 3.2), 
the upper  ame is actually anchored on the lower 
side of the cylinder: the  ame root is dragged in the 
direction of the cylinder rotation. The lower  ame 
exhibits a very distinct behavior ( Fig. 5 ): its an- 
choring angle is less affected by the rotation while 
its distance to the cylinder varies drastically. ξ 2 in- 
creases rapidly until a maximum value of 1.5 d at α
≈ 1.3. With a further increase of the rotation rate, 
the  ame almost reattaches to the cylinder, before 
transitioning to an ASU type  ame. One may ques- 
tion the existence of a  ame between the cylinder 
and the root de"ned as the location of maximum 

gradient of CH 
∗ intensity. However, its emission 

level being orders of magnitude lower than the re- 
mainder of the  ame front, it is not considered as 
a  ame front. It is worth noting that for nonzero 
values of α, the upper  ame is more intense than 
the lower  ame. This result suggests that the re- 
actants are mainly consumed by the upper  ame. 



Fig. 6. Snapshots of normalized CH ∗  ame emission and 
normalized DNS heat release rate "elds, for four different 
rotation rates: α = 0, 1.91, 3.65, and 4.90. 

This mechanism will be addressed in more details in 
Section 5 . 

5. DNS analysis of the ASD quenched "ame 

In the ASD state, where the two  ame roots 
remain distinct, the results of Figs. 5 and 6 raise 
multiple questions because the  ame structures ev- 
idenced in all previous images are very different 

from usual laminar  ames. The most important is- 
sue is to identify the mechanisms that may lead to 
the  ame root structures observed on the upper and 
lower branches. Flame stretch, dilution of the un- 
burnt gases by the burnt gases and heat losses to 
the cylinder are the three obvious phenomena that 
may explain these structures. At low rotation rates, 
the lower branch quenching distance is much larger 
than usual. Such a quenched zone can be explained 
either by an excessive stretch, dilution or heat loss 
(or a combination of the three). These questions 
are now addressed via numerical simulation. DNS 
were performed for various rotation rates and es- 
sentially produced the same results as the exper- 
iment. Figure 6 presents the  ame topology ob- 
tained by DNS corresponding to the experimental 
results. The agreement is good, β and ξ are well pre- 
dicted ( c.f. Fig. 5 ). In particular, quenching in ASD 

 ames for moderate rotation rates, and upstream 

 ame stabilization for higher rotation speeds, are 
well captured. Nevertheless, discrepancies are ob- 
served for α = 1 . 91 and 3.65: while the upper  ame 
is well described, the lower  ame have the cor- 
rect distance ξ 2 but not the right angle β2 ( β

DNS 
2 = 

72 ° while βEX P 
2 = 56 °, at α = 3 . 65 ). This discrep- 

ancy may come from the reduced kinetic mecha- 
nism used in the DNS or the inability of the CH 

∗

chemiluminescence to capture local  ame extinc- 
tions [22] . 

Once validated, the DNS can be used for de- 
tailed diagnostics, using quantities virtually impos- 
sible to quantify experimentally. Here, the analysis 
is limited to the quenched branch of the two  ame 
roots at α = 1 . 91 and 3.65. These two cases have 
been chosen because they have very different stabi- 
lizations. At the lower rotation rate α = 1 . 91 , the 
lower  ame is further downstream than the case of 
higher rotation rate, α = 3 . 65 . 

5.1. Flame stretch 

One mechanism that could explain the quench- 
ing of the lower  ame branch is stretch. This effect 
is signi"cant for counter ow  ames [23] , in partic- 
ular on  ame speed and quenching limits. Figure 7 
corresponds to a steady state axial velocity "eld 
with the corresponding stream lines. The stream- 
lines show that, for both cases, the rotating cylinder 
carries burnt gases from the upper  ame towards 
the lower  ame branch. The burnt gases coming 
from the upper  ame meet the fresh gases and cre- 
ate a counter ow. The stretch is calculated in trans- 
verse plane of the  ame front ( ζ - direction in Fig. 7 ), 
ζ is the curvilinear abscissae de"ed as the maximum 

of the heat release rate, or the prolongation of the 
lower  ame front. The stretch κ, is de"ned as: 

κ (ζ ) = −~ n ~ n : ∇ ·~ u + s d ( ∇ ·~ u ) (1) 

where ~ u is the velocity "eld with its axial component 
u and the vertical component v , ~ n is the direction 
normal to the  ame front and s d is the displacement 
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Fig. 7. DNS steady state 2D axial velocity "eld with 
the corresponding stream lines for α = 1 . 91 ( top ) and 
α = 3 . 65 ( bottom ). 

Fig. 8. Stretch, κ, from Eq. (2) along the lower  ame ab- 
scissa ζ of the lower branch, indicated by a black dashed 
line in Fig. 7 . For both, α = 1 . 91 ( ——-) and 3.65 (- - - - -). 
The ζ coordinate of the lower  ame root are represented 
by ( , ) for α = 1 . 91 and ( • ) for α = 3 . 65 . 

speed. For a stationary  ame Eq. (1) becomes: 

κ (ζ ) = ∇ t ·~ u t = t 2 x 
∂u 

∂x 
+ t x t y 

(

∂u 

∂y 
+ 

∂v 

∂x 

)

t 2 y 
∂v 

∂y 
(2) 

where ~ t is the direction transverse to the  ame front, 
as shown in Fig. 7 . The values of stretch from 

Eq. (2) , for both α = 1.91 and 3.65, are plotted in 
Fig. 8 . For the low rotation rate, stretch at the lower 
 ame root has a value of κ ≈ 250 s −1 . The criti- 
cal stretch for the methane–air  ame quenching, 
at this operating point, is found to be around κc = 

4000 s −1 [24,25] . Therefore, it is unlikely that stretch 
is responsible for the  ame quenching. Moreover, 
Fig. 8 also shows that at the higher rotation rate, 
the  ame can withstand stretch levels of 750 s −1 , 

giving further indication that stretch is not likely to 
be responsible for the local extinction. 

Fig. 9. DNS reduced fuel mass fraction "eld, F α = 1 . 91 
( top ) and α = 3 . 65 ( bottom ). 

5.2. Dilution 

Another aspect that could explain the  ame 
quenching of the lower branch is the dilution of 
the unburnt gases by the burnt gases. An indica- 
tor for the dilution is the reduced fuel mass frac- 
tion F = Y CH 4 /Y 

u 
CH 4 

, which is based on the initial 

fuel mass fraction in the unburnt side Y 
u 
CH 4 

. F goes 

from one in the unburnt gases to zero in the burnt 
gases. A 2D "eld of the reduced mass fraction is 
shown in Fig. 9 . The rotating cylinder carries burnt 
gases towards the lower  ame branch. These burnt 
gases impact the unburnt gases and create a stagna- 
tion point but not signi"cant dilution is observed. 
The border between the fresh and burnt gases is 
clearly seen. On the other hand, for high rotation 
rates ( α = 3 . 65 ) some of the burnt gases are en- 
trained all the way around the cylinder. This phe- 
nomena creates a diluted zone in the unburnt gases 
of the upper  ame where F < 1 . It suggests that 
there exist a critical rotation rate, at which the upper 
branch burnt gases, make a complete rotation and 
mix back with the incoming unburnt gases. Unfor- 
tunately, this phenomenon does not seem to explain 
the quenching of the lower branch at low rotation 
rates. 

5.3. Heat losses 

The cooling of the burnt gases by the “cold”
cylinder could also explain the quenching of the 
lower branch. The reduced temperature, 2 is 
displayed in Fig. 10 . 2 = (T − T 

u ) / (T 
b − T 

u ) 
is based on the unburnt ( T 

u ) and burnt mixture 
temperatures ( T 

b = T ad , i.e. the adiabatic  ame 
temperature). 2 goes from zero in the unburnt 
gases to one in the burnt gases. The reduced tem- 
perature "eld shows that the burnt gases carried 



Fig. 10. DNS reduced temperature "eld obtained for 
α = 1 . 91 ( top ) and α = 3 . 65 ( bottom ). 

from the upper  ame are cooled as they travel 

along the “cold” cylinder walls ( T 
cyl 
w = 610 K). 

For the low rotation rate ( α = 1 . 91 ) the region 
of low temperature (less than the adiabatic  ame 
temperature i.e. iso-contour 2 = 0.8 in Fig. 10 ), 
is bigger than in the case of a higher rotation rate 
( α = 3 . 65 ). This region of low temperature may 
explain why the lower branch is quenched, and 
it suggests that there is a signi"cantly larger heat 
 ux from the burnt gases to the cylinder at low 

rotation rates. In the DNS, the cylinder tempera- 
ture is imposed and constant for all rotation rates. 

This cylinder temperature, T 
cyl 
w , was measured 

experimentally for the different rotation rates. The 

variation of T 
cyl 
w with α is within the uncertainty 

of the measurements ± 50 °K. An effort has been 
focused on reducing this experimental uncertainty, 
as well as the implementation of the joint resolu- 
tion of combustion and heat transfer in the solid 
by coupled solvers. However, until now, the reason 
why the low temperature region is larger at low 

rotation rates is still not well understood. 

5.4. Enthalpy losses 

A proper quantity to visualize this effect com- 
bining dilution and cooling due to the rotating 
cylinder, is the enthalpy loss L [26] , de"ned as: 

L = 2 + F − 1 , (3) 

For adiabatic cases with a one-step chemistry and 
a unit Lewis number, L = 0 . The "eld of enthalpy 
loss L is shown in Fig. 11 for both cases. As ex- 
pected, it goes to zero far from the cylinder and 
side-walls. In the case of α = 1 . 91 enthalpy loss is 
even slightly larger than zero for the upper  ame, 
where a small heating of the fresh premixed gases 

Fig. 11. Entalphy loss "eld L = 2 + F − 1 , obtained for 
α = 1 . 91 ( top ) and α = 3 . 65 ( bottom ). 

Fig. 12. Reduced heat release rate H ( top ) and enthalpy 
losses L ( bottom ), along the lower  ame abscissa ζ of the 
lower branch, indicated by a white dashed line in Fig. 11 . 
For both, α = 1 . 91 ( ——-) and 3.65 (- - - - -). The ζ coor- 
dinates of the lower  ame root are represented by ( • ) for 
α = 1 . 91 and ( , ) for α = 3 . 65 . 

(initially at T 
u = 300 K) takes place near the cylin- 

der. This effect is not seen in the case α = 3 . 65 be- 
cause at higher rotation rates the burnt gases are 
dragged upstream of the cylinder ( Fig. 9 bottom ). 
Therefore, the effect of dilution (reduction of F) 
overcomes the effect of preheating (increase of 2). 
This region of low enthalpy in the upper part of the 
cylinder explains why the upper  ame front is less 
intense at α = 3 . 65 than at α = 1 . 91 . 

To quantify the effects due to enthalpy losses on 
the  ame quenching, the reduced heat release rate 
H = H R/H R max and the heat losses L , are plotted 
in Fig. 12 , along the curvilinear abscissae ζ of the 



lower branch. Enthalpy loss reaches large negative 
values ( −0 . 8 ) near the bottom of the rotating cylin- 
der, indicating a massive effect of heat losses for the 
lower  ame. The  ame root is de"ned here as the 
location of the maximum of the heat-release gradi- 
ent, this point correspond to a value of L ≈ −0 . 2 , 
for both, α = 1 . 91 and 3.65. When L reaches val- 
ues of the order of −0.2,  ame quenching cannot 
be avoided. The lower  ame can only start burning 
when L increases again downstream of the cylin- 
der. This inert mixture corresponds to the region 
enveloped by the isocontour −0.2 in Fig. 11 . This 
region is much larger for α = 1 . 91 than it is for 
α = 3 . 65 , which explains why, at low rotation rate, 
the lower  ame is pushed downstream. 

Figure 9 showed that little dilution takes place 
on the lower branch of  ame. As a result, this con- 
"guration is equivalent to having a 1D counter ow 

 ame, with unburnt gases on one side and burnt 
gases with reduced enthalpy on the other side. 
With this analogy, for a given strain rate, if the 
enthalpy of the burnt gases is reduced to the limit 
of L = −0 . 2 there will be  ame extinction. The re- 
duction of burnt gases enthalpy is mainly governed 
by heat losses induced by the “cold” cylinder so 
that  ame quenching is controlled by both rotation 
rate and heat transfer. The reason why the heat 
loss to the cylinder is more important for α = 1 . 91 
remains unknown, but it is the subject of upcoming 
studies. 

6. Conclusion 

This article describes the "rst study of the sta- 
bilization of a lean laminar premixed methane–air 
 ame on a rotating cylinder. For non-reactive  ows, 
the rotation of the cylinder is known to impact 
the development of instabilities. For reactive  ows, 
both experiment and simulation reveal unusual sta- 
bilization patterns, depending on the rotation speed 
of the cylinder. First, experiments and simulations 
are performed at several rotation rates. For the up- 
per branch a very good agreement for  ow topol- 
ogy and  ame shape was found. However, for the 
lower branch the angle β2 is not well reproduced 
by the DNS. This difference is due to the reduced 
kinetics mechanism used in this study. Computa- 
tions with more sophisticated kinetic mechanisms 
will be considered in future studies. For low rota- 
tion speeds,  ame quenching appears for the lower 
 ame branch. Using DNS results, this quenching 
is found to be controlled by heat losses: the ro- 
tation of the  ame-holder carries low enthalpy 
burnt products from the upper branch to the lower 
branch, leading to  ame quenching. The enthalpy 
loss, of the dragged burnt products, is mainly due to 
the heat losses to the cylinder. The reason why the 
heat loss to the cylinder is more important for low 

rotation rates remains unknown. However, the joint 
resolution of combustion and heat transfer in the 

solid by coupled solvers is underway. This should 
give a better understanding of the interaction be- 
tween heat transfer and rotation rate. At higher ro- 
tational speeds, a bifurcation appears and the  ame 
stabilizes upstream of the cylinder. Ongoing works 
are being performed to compare DNS data with 
experimental velocity "elds, and to further under- 
stand the ASU stabilization mechanism. 
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