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We recently developed a micro bluff body combustor. Both experimental and numerical investigations
demonstrated that the bluff body can significantly extend the blow-off limit. In the present paper, the
effect of solid materials (i.e., quartz, stainless steel, and SiC) on the blow-off limit of this micro-combustor
was investigated numerically. The results show that the blow-off limit of the quartz combustor is the
largest, while that of the SiC combustor is the smallest. The underlying mechanisms were analyzed in
terms of the interactions between the flow field, heat transfer processes and flame stabilization. It is dem-
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Bluff body upstream walls, the fresh mixture is not sufficiently preheated and the gaseous volume does not

expanded so significantly. Therefore, the flame stretching effect is weaker than the other two cases
and thus a larger blow-off limit is achieved. Moreover, for the stainless steel and SiC micro-combustors,
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obtain a large blow-off limit for the micro bluff body combustor. The present study also demonstrates
that both flow and heat transfer processes, as well as their interactions, play an important role in flame

stabilization of the micro bluff body combustor.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

With the rapid development of micro-electro-mechanic system
technology, many types of small devices, such as micro-aircrafts,
robots, gas turbines, engines, and portable electronic devices have
continuously appeared. As the electrochemical batteries have dis-
advantages of short life spans, long recharging periods and espe-
cially their low energy densities, combustion-based power
sources are considered to be potential alternatives in the future
due to the much higher energy densities of hydrocarbon fuels
[1,2]. Therefore, combustions under micro- and meso-scales have
attracted increasing attention during the last two decades [1,2].

However, there are several challenges to maintain stable flames
in micro-combustors. The most important one is the increased heat
losses due to large surface area-to-volume ratio [1-3]. By far, var-
ious kinds of unstable flames have been reported [4-15]. For in-
stance, flames with repetitive extinction and ignition (FREI) of
premixed CHy/air mixture were observed in both straight channel
and curved duct [4-6]. This combustion mode was later numeri-
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cally reproduced [7-11]. In addition, some special flame patterns,
such as rotating Pelton-wheel-like flames, spiral flame, and X-
shaped spinning flames, were observed in micro- and meso-scale
channels [12-17].

Up to now, tremendous efforts have been made to stabilize the
flame in micro-combustors. Thermal managements, such as heat
recirculation and heat losses control, are good approaches to over-
come the negative effect of heat losses and sustain a stable flame in
micro-combustors [18-25]. The “Swiss-roll” combustor which can
utilize the thermal energy of burned hot gases to preheat the fresh
mixture is an effective method in increasing flame speed and
extending flammability limits of micro-combustors [18-20]. The
thermal properties of the solid material play a significant role in
flame stability of micro “Swiss-roll” combustors [18]. Stainless
steel mesh was used by Li et al. [21] to anchor premixed H,/air
flame in a micro thermal photovoltaic system. Shi et al. [22,23]
investigated combustion characteristics in the combustors with
porous media. Jiang et al. [24] developed a miniature cylindrical
combustor with porous wall. Flame can be stabilized in the com-
bustor chamber due to the reduction of heat losses and preheating
effect on the cold fresh mixture. Taywade et al. [25] utilized an
external heating cup for heat recirculation in a three-step micro-
combustor. It is shown that heat recirculation significantly en-
hances the flame stability.
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Utilizing the recirculation zone is another effective way to sta-
bilize flame in micro-combustors. Yang et al. [26] and Pan et al.
[27] developed micro-combustors with a backward facing step.
The experimental results showed that the step is useful in control-
ling flame position and widening operational ranges. Khandelwal
et al. [28] investigated premixed CHy/air flame in micro-combus-
tors with two backward steps. Their results showed that a stable
flame can occur in wide ranges of inlet velocity and equivalent ra-
tio. Wu et al. [29] proposed an improved design of a micro gas tur-
bine engine which was originally developed by the MIT group [30].
They added an additional wafer of micro channel to regulate the
velocity distribution and direction near the combustor entrance.
Their numerical results indicate that the improved design can sig-
nificantly extend the operating range of mass flow rate, which may
lead to higher power density of the micro-combustor. Very re-
cently, Fan and co-workers [31,32] developed a planar micro-com-
bustor with a bluff body. The main concern of their work is the
blow-off limit, which is an important index of the combustion lim-
it, i.e., the largest inlet velocity before flame is blown out of the
combustor. The experimental results show that the blow-off limit
of Hy/air flame is extended by five times as compared with the
straight channel. Numerical results of the blow-off limit also show
reasonable agreement with the experimental data. This work dem-
onstrates that the micro-combustor with a bluff body has a strong
ability in flame stabilization. Veeraragavan and Cadou [33,34]
showed that heat recirculation through combustor walls has a cru-
cial effect on the temperature distribution and burning velocity in
micro-combustors. The serial papers by Vlachos and co-workers
[35-37] demonstrate that a high thermal conductivity of the walls
leads to a large blow-off limit for the straight channel. Motivated
by those works [33-37], we were dedicated to numerically inves-
tigate the effect of solid material on the blow-off limit of premixed
H,/air flame in the micro bluff body combustor. The underlying
mechanisms were discussed from viewpoints of the interactions
between the flow field near the bluff body, heat conduction in solid
walls, heat losses from the outer walls, and flame stabilization.

2. Numerical method
2.1. Geometrical model

The cross section of the micro bluff body combustor is schemat-
ically shown in Fig. 1. The total length of the combustor (Lp) is
16.0 mm. The width (Wy) and height (W;) of the combustor cham-
ber are 10 mm and 1 mm, respectively. The thickness of combustor
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wall (W3) is 1 mm. The cross section of the bluff body is an equilat-
eral triangle with a side-length W5. The bluff body is symmetrically
located with respect to the upper and lower walls, and the distance
from the vertical surface of the buff body to the combustor inlet
(Ly) is 1 mm. The size of the bluff body is indicated by a dimension-
less parameter, i.e., the blockage ratio { = W,/W. As the aspect ra-
tio (Wo/W;) of the combustor chamber is very large (10:1), we
adopted a two dimensional model in our numerical simulation to
reduce the computation load.

2.2. Mathematical model

As the characteristic length of the combustor chamber is still
sufficiently larger than the molecular mean-free path of gases
flowing through the micro-combustor, fluids can be reasonably
considered as continuums and the Navier-Stokes equations are
still suitable in the present study [38]. It is well known that the
combustion is a very complicated process involving flow, heat
transfer and chemical reactions. According to the classic book by
Williams [39], the flame instability usually has two major types,
i.e., thermo-diffusion instability and hydraulic instability. Many
other factors, such as the interactions among heat, mass transfer
and chemical reactions may also trigger a turbulent combustion.
For the combustion under micro- and meso-scales, these interac-
tions can be greatly enhanced due to the small space of the com-
bustor chamber. Therefore, the flame isprone to be turbulent in
micro-combustors and it is not suitable to judge a flame is a lam-
inar one or a turbulent one just by the Reynolds number. We can
list many experimental examples to support this. For instance, Ku-
mar et al. and Fan et al. observed many kinds of unstable flame pat-
terns, such as rotating Pelton-wheel-like flames, spiral flame, X-
shaped spinning flame in micro- and meso-scale channels [12-
15,23,26-28]. In these cases, the Re at the inlet port is controlled
to be in the laminar regime, however, the flames are not laminar
ones. Our recent experimental investigations on CH, combustion
in the small bluff body combustor also demonstrated that the
flame transited to a turbulent mode with flame pulsation and noise
emission at a relatively low Re of 175. (Note: these data have not
been published yet.) In addition,many researchers [19,40,41] have
reported that using a turbulent model can better predict the micro-
combustion behaviors above a certain Re. Their conclusions have
been confirmed by experimental data. For example, Zhang et al.
[40] reported that the turbulence model can get a much better pre-
diction than the laminar model as compared with their experimen-
tal data. Ivan and Ahsan [41] showed that using a turbulent model
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Fig. 1. Schematic diagram of the micro bluff body combustor [31]: (a) longitudinal cross section of the combustor, (b) combustor exit.
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better predicted the diffusion combustion behaviors in a micro-
combustor. Kuo and Ronney [19] also suggest that it is more appro-
priate to predict the combustion characteristics in micro-combus-
tors by using a turbulence model when the Reynolds number is
above ~500. It is worthy pointing out that they used the stan-
dardk-epsilon turbulent model in their work. In our case, the cor-
responding inlet velocity for Re = 500 is ~8.0 m/s. As to the micro
bluff body combustor, our main concern is its blow-off limit which
is much larger than 8.0 m/s (refer to Section 3.2). Besides, in our
previous work [31], we compared several turbulent models and
reaction models and found that the realizable k-epsilon turbulence
model best predicted the blow-off limit as compared with our
experimental data. The realizable k-epsilon turbulent model is a
relatively recent development and differs from the standard k-
epsilon model. It can be effectively applied to simulate various
flows, such as the rotating uniform shear flow, free jet,free mixed
flow, tubular flow, boundary-layer flow, and flow with separation.
Therefore, we apply this model in the present paper. The governing
equations for the gaseous mixture are shown below:
continuity:

div(pu) =0 (1)
momentum:

X direction: div(puu) = — g—z + div(ugradu) (2)

Y direction: div(pvu) = — g—g +div(ugrad v) (3)

energy:

div(puh) = div(ksgradT) + > "div(hipDingradY;) + > hiRi  (4)

species:
div(puY;) = div(D;, grad (pY;)) + R; (5)

where Y; denotes the mass fraction of species i; R; is the generation
or consumption rate of species i; h; is the enthalpy of species i, and
kris the thermal conductivity of fluid; u is the velocity vector; u and
v are the x and y direction components of the u, respectively; pu is
the dynamic viscosity of the fluid. D;, is the mass diffusion coeffi-

cient: D;p, = %,where D;; is the dual mass diffusion coeffi-
cient of species i in the species j; X; and X; are the mole percent of
species i and j, respectively.

The transport equations of turbulence energy k and its dissipa-

tion rate ¢ are shown in Eqs. (6) and (7), respectively.

opku) _ 0 (1) oK) ¢

OXi B 8Xj s O an + Gk pe (6)
d(pewi) 9 e\ 9 B &
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i5) C2=1.9,0,=1.0,0,=12.

As heat conduction in the solid walls can affect the combustion
significantly [18], heat transfer in both of the combustor walls and
bluff body is considered in the present computation. The energy
equation for the solid phase is given as:

div(k,gradT) =0 (8)

where C; = max(0.437 1l 2

where ks is the thermal conductivity of solid material.
2.3. Computation scheme

In the present study, three kinds of solid materials, i.e., quartz,
stainless steel (316L) and SiC, are used and their effects on the

blow-off limit are compared. Temperature dependences of their
thermophysical properties were incorporated using polynomial
functions based on handbook values [42]. The density of the gas
mixture is calculated using the ideal gas assumption, while the
specific heat, viscosity, and thermal conductivity were calculated
from a mass fraction weighted average of species properties.

The detailed chemical reaction mechanism of H,/O, mixture re-
ported by Li et al. [43] was used, which includes 13 species and 19
reversible elementary reactions. The thermodynamic and transport
properties of the gaseous species could be found in the CHEMKIN
databases [44,45]. The finite-rate model was selected to solve the
interaction between the turbulent flow and combustion. This mod-
el computes the chemical source terms using the Arrhenius
expression.

Boundary conditions are set as follows: uniform concentration
and velocity distributions of premixed H,/air mixture were speci-
fied at the inlet of micro-combustor. The inlet temperature of mix-
ture was set at 300 K. At the exit, an outflow boundary condition
was specified. Surface to surface radiation between the inner sur-
faces of the combustor is considered using the discrete ordinates
(DO) model [19]. At the outer surface of the solid walls, the heat
losses including natural convection and thermal radiation are cal-
culated by Eq. (9).

q = h(Two — Tx) + £0(Tyo — ) 9)

where h is the natural convection heat transfer coefficient. Based on
the classic empirical correlation in [46], the value of h can be eval-
uated to be around 20 W/m? K when the out wall temperature is
1000 K. On the other hand, the heat loss via natural convection is
much less than that via thermal radiation. We checked that the var-
iation of h had a negligible effect on the blow-off limit. Therefore,
we used an approximate mean value (h = 20 W/m? K) in the present
study. This value is typical and was applied by other researchers
[47).Tw, is the outer wall temperature and the ambient tempera-
ture T, takes a constant value of 300 K. ¢ is the emissivity of the so-
lid surface, and ¢ is the Stephan-Boltzmann constant with a value
of 5.67 x 10~8 W/(m? K*).

FLUENT 6.3 [48] was applied to solve the conservation equa-
tions of mass, momentum, energy and species as well as the con-
jugated heat conduction in solid materials. The second-order
upwind scheme was used for discretization and the “SIMPLE” algo-
rithm was employed for the pressure-velocity coupling. A non-
uniform square grid system was employed and grid independence
of the results was verified. The convergence of CFD simulation was
judged upon residuals of all governing equations. Results reported
here were achieved with residuals smaller than 1.0 x 1075,

3. Results and discussion
3.1. Model validation

In our previous study [31], the present numerical model has
been validated by the experimental data, as shown in Fig. 2. It
can be seen from Fig. 2 that the predicted blow-off limits agree rea-
sonably well with the counterparts of the experiment. The relative
errors between the numerical and experimental results are 5.3%,
12.2% and 5.8% for the equivalence ratios of 0.4, 0.5 and 0.6, respec-
tively. This confirms the reasonable accuracy of the numerical
model adopted in the present paper.

3.2. Effect of the solid material on the blow-off limit

Fig. 3 depicts the blow-off limits of the micro-combustors made
of different solid materials, in which the numbers 1, 2 and 3 indi-
cate quartz, stainless steel and SiC, respectively. The thermal
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Fig. 2. Experimental and numerical results of blow-off limits for different equiv-
alence ratios [31].

conductivities at 300K are 1.18 W/(mK), 12.63 W/(mK), and
52.08 W/(m K) for quartz, stainless steel and SiC, respectively
[42]. The blockage ratios of the three micro-combustors are the
same of 0.5. It is seen from Fig. 3 that, when the equivalence ratio
is the same, the blow-off limit of the quartz combustor is the larg-
est, followed by that of the stainless steel combustor, and the SiC
combustor has the smallest one. Khandelwal et al. [28] also found
that stable combustion range of a combustor with backward steps
can be extended when the solid walls are made of materials with
lower thermal conductivity, which is consistent with the present
study. However, our conclusion and that of Khandelwal et al.
[28] are opposite to the results for the straight channel by Vlachos
and co-workers [35-37]. The underlying mechanisms will be dis-
cussed in the following.

It is expected that flame stabilization in the micro bluff body
combustor is affected by flow field and heat transfer processes as
well as their interactions. For the convenience of discussion, we
here define a ‘recirculation zone’ behind bluff body. The area where
the longitudinal velocity component V, < 0 is defined as the recir-
culation zone, and the longest distance from the contour of V, =0
to the right wall of bluff body is defined as the length of the recir-
culation zone. Similarly, a ‘low velocity zone’ is defined as the re-
gion of 0 < v, <20 m/s to indicate the area with relatively lower

60 T T T T T

50+

30r

Blow-off limit,& (m/s)

20r .

o

Material type

Fig. 3. Blow-off limits of the micro-combustors for different equivalence ratios: 1, 2
and 3 indicate quartz, stainless steel and SiC, respectively.

velocity. The recirculation zone and low velocity zone play an
important role in anchoring the flame root. In addition, the heat
losses ratio, @, is defined in Eq. (10) to indicate the ratio of heat
losses from the outer walls, Q, to the input enthalpy involved in
the fuel, Q.

2=Q/Q (10)

Detailed discussion will be given in the following texts.
3.3. Discussion

Fig. 4 shows the contours of the longitudinal velocity compo-
nent in the vicinity of the bluff body (axial distance <2.2 mm) in
the combustors made of different solid materials. The inlet veloci-
ties are the same of 15 m/s. It is seen from Fig. 4 that the areas of
recirculation zones are almost the same due to the identical block-
age ratios of the three cases. However, it is clearly noticed that the
low velocity zone for the quartz combustor is much larger than the
other two cases. Fig. 5 illustrates the contours of the vertical veloc-
ity component near the bluff body (axial distance <2.2 mm) of the
three micro-combustors. This figure shows that the velocity gradi-
ents, Ov/dx, for the stainless steel combustor and SiC combustor
are much larger than the quartz combustor, which leads to

0.002

Fig. 4. Contours of the longitudinal velocity component near the bluff body
(0<x<2.2mm) at an inlet velocity of 15 m/s: (a) quartz, (b) stainless steel, (c) SiC.
The equivalence ratios are the same of 0.5.
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Fig. 5. Contours of the vertical velocity component near the bluff body
(0<x<2.2mm) at an inlet velocity of 15 m/s: (a) quartz, (b) stainless steel, (c)
SiC. The equivalence ratios are the same of 0.5.

stronger shear stresses for these two cases. Consequently, the
flame stretching effect in the stainless steel combustor and SiC
combustor are more pronounced which results in smaller blow-
off limits for these two combustors as compared with the quartz
combustor.

The reason for this phenomenon lies in the difference of solid
materials. As have mentioned above, the thermal conductivities
of stainless steel and SiC are much larger than that of quartz.
Therefore, far more heat is transferred from downstream to up-
stream walls, which makes their wall temperature profiles much
different from that of the quartz, as shown in Fig. 6. From Fig. 6,
one can see that the wall temperature levels for stainless steel
combustor and SiC combustor are much higher than that of quartz
combustor. Moreover, wall temperature profiles are more uniform
for the former two cases. The most important thing is that the wall
temperatures on the two sides of the bluff body (1.0 mm < axial
distance < 1.5 mm) are up to 500-600 K higher for the stainless
steel combustor and SiC combustor. Therefore, the preheating ef-
fect of upstream wall on the fresh cold mixture is much better
for the stainless steel combustor and SiC combustor, which can
be clearly seen from the temperature fields, as shown in Fig. 7.
From Fig. 7, it is evident that gas temperature near the inner walls
of the upstream is much higher for the stainless steel combustor
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Fig. 6. Outer wall temperature profiles of the combustors made of different solid
materials at the same inlet velocity of 15 m/s. The equivalence ratios are the same
of 0.5.
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Fig. 7. Temperature fields of the combustors made of different solid materials: (a)
quartz, (b) stainless steel, (c) SiC. The inlet velocities are the same of 15 m/s and the
equivalence ratios are the same of 0.5.

and SiC combustor, which leads to remarkable volumetric
expansion and thus flow acceleration of the gas mixture in the
upper and lower regions of the bluff body. Consequently, the low
velocity zones of these two cases are much smaller and the shear
stresses of these two combustors are much stronger as compared
with the quartz combustor, as depicted in Figs. 4 and 5. The heat
recirculation via the solid walls would also lead to an increase in
the burning velocity [33,34]. However, this has two-sided effects.
On the one hand, an increase in the burning velocity has a positive
effect on the blow-off limit. On the other hand, an increase in the
burning velocity would result in a more obvious volumetric expan-
sion of the gaseous mixture, which has a negative effect on the
blow-off limit.

The different characteristics of flow fields exert a significant ac-
tion on the reaction zones which are usually indicated by the con-
tours of a key radical OH. For comparison, reaction zones of the
three cases at an inlet velocity of 15 m/s are presented in Fig. 8.
From Fig. 8 it is obviously noted that in the stainless steel combus-
tor and SiC combustor, reaction zones are more intensively
stretched and start to split due to the stronger shear stress in the
shear layers (interfaces between recirculation zone and low
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Fig. 8. Mass fraction contours of the radical OH in the combustors made of different
solid materials: (a) quartz, (b) stainless steel, (c) SiC. The inlet velocities are the
same of 15 m/s and the equivalence ratios are the same of 0.5.

velocity zone behind the bluff body). With further increase in the
inlet velocity, the reaction zones will be more seriously prolonged
and complete splitting of reaction zones will occur. We present the
reaction zones near the blow-off limits of the three combustors in
Fig. 9. This figure demonstrates that the reaction zone of the quartz
combustor almost splits into two parts when the inlet velocity is
increased to 36 m/s. For the stainless steel combustor and SiC com-
bustor, the corresponding inlet velocity at which the reaction
zones split are around 25 m/s and 21 m/s, respectively. With a
slightly further increase in the inlet velocity, the two reaction
zones will be totally separated and flame cannot sustain by solely
depending on the smaller reaction zone in the recirculation zone.
Consequently, flame blowout occurs. This phenomenon is verified
by our previous experimental investigation of the quartz combus-
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Fig. 9. Mass fraction contour of the radical OH near the blow-off limit in the
combustors made of different solid materials: (a) quartz, the inlet velocity is 36 m/s,
(b) stainless steel, the inlet velocity is 25 m/s, (c) SiC, the inlet velocity is 21 m/s.
The equivalence ratios are the same of 0.5.

Fig. 10. Flame photograph directly taken with a digital camera in our previous
experiment under the blow-off limit condition of the quartz combustor. The
blockage ratio and equivalent ratio are both 0.5 [32].

tor, as shown in Fig. 10. This picture is directly taken with a digital
camera under the blow-off limit condition. From this photograph it
can also be seen that flame split into two parts before being blown
out of the combustor.

Another thing should be elucidated is the difference between
blow-off limits of the stainless steel combustor and SiC combustor.
It can be noted from Fig. 4 that the low velocity zone of the SiC
combustor is a little larger than that of the stainless steel combus-
tor; however, the blow-off limit of the SiC combustor is less than
that of the stainless steel combustor (see Fig. 3). This is caused
by the difference in the heat losses ratios of these two micro-com-
bustors. The heat losses ratios (including convection heat loss ratio
®D.on, radiation heat loss ratio @,,4, and the total heat losses ratio
@,,) of the three combustors are shown in Fig. 11. From this figure
it is seen that the convection heat loss ratio of the stainless steel
combustor is only 0.64% larger than that of SiC combustor; how-
ever, the radiation heat loss ratio of the SiC combustor is 15.11%
larger than that of the stainless steel combustor. This is because
the emissivity of the stainless steel is only ~0.20 while that of
SiC is ~0.90. Thus, the total heat losses ratio of the SiC combustor
is larger than the counterpart of the stainless steel combustor by
14.47%. Therefore, although the low velocity zone of the SiC com-
bustor is a little larger than that of the stainless steel combustor
(see Fig. 4), the blow-off limit of the SiC combustor is less than that
of the stainless steel combustor due to its much larger total heat
losses ratio which caused the wall temperature level of the SiC
combustor to be lower than the stainless steel combustor (see
Fig. 6). In addition, it is noteworthy from Fig. 11 that the total heat
losses ratio of the quartz combustor (23.2%) is even higher than
that of the stainless steel combustor (13.3%), although the wall
temperature level of the quartz combustor is comparatively lower.
This is because the emissivity of quartz (~0.92) is much larger than
that of the stainless steel (~0.2).
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Fig. 11. Heat losses ratios of the combustors made of different solid materials: 1, 2
and 3 indicate quartz, stainless steel and SiC, respectively. @, @rqq, and Do
denote convection heat loss ratio, radiation heat loss ratio, and the total heat losses
ratio, respectively. The equivalence ratio is 0.5 and the inlet velocity is 10 m/s.



78 A. Fan et al./ International Journal of Heat and Mass Transfer 66 (2013) 72-79

4. Conclusions

The effect of solid material on the blow-off limit of a micro bluff
body combustor was numerically investigated. The results show
that, at the identical blockage ratio and the same equivalence ratio,
the blow-off limit of the quartz combustor is the largest, followed
by that of the stainless steel combustor, and SiC combustor has the
smallest one. The underlying mechanisms were discussed from the
interactions among the flow field, heat transfer processes and
flame stabilization. The analyses demonstrated that when the ther-
mal conductivity is larger, more heat is transferred to the upstream
walls and the fresh mixture is better preheated. Thus, the gaseous
volume expands more dramatically, which leads to a smaller low
velocity zone (although the recirculation zones for the three cases
are almost the same). Therefore, the blow-off limit of the quartz
combustor is larger than the stainless steel combustor and SiC
combustor. Analyses of the reaction zones show that the flame
blowout is caused by the stretching effect of the shear layers.
When the inlet velocity is near the blow-off limit, the reaction
zones are seriously prolonged and almost split into two parts. Fur-
ther increase in the inlet velocity will lead to complete splitting of
the reaction zone. As a result, flame blowout occurs because the
flame cannot sustain solely depending on the small part of reaction
zone behind the bluff body.

Although the low velocity zone of the SiC combustor is a little
larger than that of the stainless steel combustor, it has a compara-
tively smaller blow-off limit. This difference mainly arises from
their heat losses ratios. Because the emissivity of SiC (~0.90) is
much larger than that of the stainless steel (~0.20), the total heat
losses ratio of the SiC combustor is larger than the counterpart of
the stainless steel combustor by 14.47%, which causes the SiC com-
bustor to have a comparatively smaller blow-off limit.

In summary, solid materials with relatively low thermal con-
ductivity and emissivity are beneficial to obtain a large blow-off
limit for the micro bluff body combustor. This provides some guid-
ance to develop micro-combustors with a wide operational range.
The present study also shows that flow and heat transfer processes,
as well as their strong interactions, have significant effect on flame
stabilization in micro-combustors.
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