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Abstract

This research numerically examines the influence of flow recirculation within a micro-combustor
facilitated by an auxiliary chamber. Computational results indicate that incorporating this
auxiliary chamber promotes flow recirculation, thereby enhancing flame stability. Employing a
recirculating micro-combustor allows for higher inlet flow velocities without causing flame
extinction. The configuration under analysis includes a main chamber and an auxiliary chamber.
The main chamber features a stepped tubular design, while the auxiliary chamber, responsible
for inducing recirculation, consists of a plain tube with a central conductive wire. The inclusion
of both the wire and the step in the tubes contributes to greater flame stability in micro-
combustors. However, the numerical findings reveal that flow recirculation within the micro-
combustor provides a substantially greater stabilizing effect compared to the other two
approaches.
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1 Introduction

Today, due to advancements in semiconductor and micro machining technology, there is a
possibility of producing equipment in small sizes, even down to a millimeter. This has led to the
rapid development of micro electrical and mechanical systems (MEMS) and their applications.
These systems include very small mobile systems, micro robots, small aerospace systems, and
micro power generation systems. Despite their small size, these systems have the ability to
produce a significant amount of energy. As a result, they are being developed for use in both
economic and military sectors [1,2]. Due to the high surface-to-volume ratio in this type of
combustion systems [3-6], thermal quenching of the flame and heat loss to the surrounding
environment [6-8] are significant factors. These factors have a greater impact compared to
medium and large combustion chambers. Thermal quenching can effectively disrupt the
combustion process in this type of chamber, potentially leading to shutdown or blow out [5, 6
and 8]. As a result, recent studies in the field of micro photovoltaic systems have primarily
focused on addressing these issues, particularly the heat transfer process.

Hua et al. [9], Kamali et al. [5], and Li et al. [10] each conducted separate numerical analyses of
hydrogen-air premixed combustion in micro-combustors. Their work underscores key obstacles
to stable combustion, including brief mixture residence times relative to reaction durations and
extensive heat-transfer surfaces relative to combustion volumes. They determined that
introducing a step in the micro-chamber extends the premixed flow's residence time, fostering
stable burning. Furthermore, they noted that heat loss rates and wall shear stresses vary with the
micro-combustor's diameter [10]. In a separate investigation, Baigmohammadi et al. explored the
role of a highly conductive wire in enhancing flame stability within a micro-combustor,
concluding that such a wire improves overall flame steadiness [11]. Zarvandi et al. also

simulated the impacts of wire diameter and positioning in a micro-combustor, finding that
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positional changes shift the flame and larger diameters bolster stability via improved heat
transfer from the flame's downstream to upstream regions [12]. Additionally, Baigmohammadi et
al. assessed the benefits of a catalytic element for flame stability by modeling methane-
hydrogen-air premixed combustion with a central catalyst. Their outcomes showed that the
catalyst significantly boosts flame stability, especially under elevated flow speeds [13]. Cai et al.
numerically evaluated methane-air premixed flame dynamics and stability in a planar channel,
considering channel dimensions. They observed that length adjustments affect mixture residence
and external heat losses, while wall conductivity markedly influences flame form and position,
particularly at varying inlet speeds [14]. Tang et al. performed numerical assessments of
hydrogen-air premixed combustion in a micro-combustor linked to a micro-thermophotovoltaic
(MTPV) setup for power production. Their results indicated that chambers with heat
recirculation achieve roughly double the efficiency of straight-channel designs. Optimal inlet
velocities were essential for maximizing MTPV output, yielding an overall efficiency of 0.7092
[15].

Wang et al. experimentally evaluated a micro-thermoelectric generator (micro-TEG) featuring a
micro-chamber with consistent high surface temperatures and broad flame stability limits. They
examined influences from fuel input, equivalence ratios, and hydrogen blending on power
output, reporting minimum thermal efficiencies exceeding 79%, underscoring micro-
combustion's high effectiveness [16]. Peng et al. numerically modeled a three-dimensional
micro-tube with varied inlet nozzle configurations, analyzing effects on burning traits, flow
patterns, species profiles, and heat performance. Their insights are highly applicable to micro-
thermophotovoltaic (TPV) system designs [17]. In another effort, Peng et al. combined
experimental and numerical methods to study hydrogen-air combustion in a stepped micro-

combustor, comparing step lengths and wall thicknesses for impacts on flame stability and
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thermal outcomes, aiding optimal micro-TPV selections [18]. Wan et al.'s review synthesized
decade-long advancements in flame stabilization techniques for micro-combustors, covering wall
cavities, heat recirculation, porous media, catalysts, and more. It concludes with
recommendations for advancing stable micro-combustion [19]. Bazooyar et al. numerically
modeled turbulent premixed hydrogen flames in a stepped and cavitied thermophotovoltaic
chamber, simulating inlet temperatures, equivalence ratios, and velocities to assess stabilization
[20]. Johara et al. offered a detailed overview of thermoelectric generator (TEG) principles,
including Seebeck, Peltier, Thomson effects, and Joule heating, along with practical
implementations [21].

Wang et al. detailed an analysis of high-Reynolds-number laminar methane-air flame dynamics,
incorporating heat and flow recirculation synergies. They identified localized quenching from
counterflows in recirculation zones and stretch effects, suggesting distinct flame formation
mechanisms in micro-heaters versus traditional setups [22]. Aravind et al. were able to enhance
the power generation of micro-burners for thermoelectric electricity production through
innovative techniques, including current recirculation to increase heat absorption. The final
findings demonstrate a notable enhancement in overall efficiency, ranging from 10 to 20 percent
[23]. Gupta et al. investigated acetylene-air premixed flame dynamics in a multi-channel micro-
combustor array, identifying flat, turbulent, and triple flame modes tied to flow behaviors. They
noted that triple flame onset positions shift with rising Reynolds numbers and downstream

recirculation lengths [24].

2 Numerical approach and boundary conditions

The configuration of the analyzed micro-combustor is illustrated in Figure 1. In this setup,
premixed methane-air mixture enters from the left and proceeds rightward. The coordinate origin

is positioned at the leftmost point along the centerline. As depicted in Figure 1, the burner
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consists of two components. The primary component comprises the micro-step, while the
secondary component consists of a simple tube and a high-conductivity wire connected to its
center. also, this burner features three combustion zones:

a) The first zone: the flame is positioned inside the micro-step (X direction).

b) The second zone: the flame undergoes a 90-degree rotation and is positioned in the R

direction.
¢) The third zone: the flame is situated between the micro-step and the simple tube (-X
direction).

The wire is positioned commencing at the backward-facing step, situated 1.50 mm downstream
from the combustor's inlet. The flow regime within the computational domain remains laminar
(Re < 1000). Given the axisymmetric configuration of the combustor and the laminar nature of
the flow, only half of the structure was modeled. In this analysis, flames were presumed to
exhibit axisymmetric behavior, with all factors potentially inducing asymmetry in such
geometries being deliberately omitted. A Lewis number approaching unity (¢ = 0.9) mitigated
thermo-diffusive instabilities within the micro-combustor [25]. These instabilities, along with
others noted, are generally regarded as the primary contributors to asymmetric flame patterns in
compact-scale combustors [26-28].
Accordingly, the parameters employed in the investigation are summarized in Table 1. Notably,
the external emissivity value of 0.2 represents an intermediate figure between that of weathered
stainless steel (~ 0.85) and polished stainless steel (~ 0.075). Furthermore, the thermal
conductivity of 20 W-m™'-K™' for the combustor body aligns with properties of certain ceramics,
including aluminum oxide or stainless steel. The inserted wire was modeled as a hypothetical
high-conductivity element capable of enduring elevated temperatures. Of particular note, this

simulated wire's attributes mirror those of materials like aluminum nitride (AIN), which
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demonstrates resilience to high flame temperatures and possesses substantial thermal
conductivity [29].All simulations conducted in this investigation, encompassing the resolution of
the laminar Navier-Stokes equations (continuity, momentum in axial and radial coordinates,
energy, and species transport) as well as the associated combustion kinetics, adhered to the
methodology previously detailed by the authors in their prior works [11,12]. Accordingly, the
governing equations were discretized via a finite-volume method, which was formulated based
on Patankar's SIMPLER algorithm implemented on a collocated grid, as described by Rahman et
al. [30]. To augment the accuracy of the calculations, the convergence criterion for all equations
was specified as 10"{-6}. In the interest of conciseness, further particulars regarding the

numerical techniques utilized are directed to the referenced publications.

3 Results and discussions

Primary outcomes, including grid independence, validation, recirculation effects on flame
stability, and outer wall temperature profiles in the auxiliary chamber for methane-air flames, are

addressed below.

3.1 Mesh study and Validation

Figure 2 demonstrates the verification of the computational code and its associated solvers
employed in the simulations. Details regarding this code and the solvers have previously been
outlined by the authors in references [11, 31]. The code adequately replicates earlier numerical
[32] and experimental [33] findings, exhibiting a maximum discrepancy below 13%. In
particular, it forecasts the observed temperatures with precision surpassing £5%. Furthermore, a
grid independence assessment was carried out to evaluate the influence of mesh resolution on the

analyzed variables. As illustrated in Figure 2, augmenting the element count above 7520
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produces negligible alterations in the temperature profile along the reference line at r = 0.3 mm

within the combustor. Accordingly, this grid size was chosen for subsequent analyses.
3.2 Effect of the fluid flow circulation in micro burner

In this study, it has been observed that micro burner flow has a very high capability in flame
stability, especially at high velocities, based on the simulated modeling. For example, when
using the micro tube model, only the inlet mixture velocity can be increased up to 0.7 m/s. When
using the micro step model, this velocity increases up to 2.8 m/s. By introducing a wire into the
micro step, this velocity can be increased up to 4.8 m/s Figure (3). But when the circulation flow
micro-burner is used, this velocity increases significantly and reaches to 25 m/s, which indicates
the high capability of this type of micro-burner in flame stability. Figure (4).

The main reason why using flow circulation leads to flame stability is better and more heat
transfer from the front flame to its back. In fact, by adding a tube to the micro step, we have

created a new heat loop that has a high capability in preheating the inlet mixture (Figure 5).
3.3 Effect of the H2/H1 on flame characteristics in recirculation micro burner

Considering that dimensions and sizes are very important in micro burners, as a result, the first
parameter that should be analyzed is the H2/H1 ratio in the recirculation micro burner. In this
section, four ratios, namely H2/H1=0.5, H2/H1=1, H2/H1=1.5 and H2/H1=2, have been
investigated. The results show that with the increase of the H2/H1 ratio, and due to the increase
in the heat generation volume, the stability of the flame increases and it moves upstream (Figure
6). The increase in heat generation volume is due to the increase in the production of active
radicals such as H, OH, CH3, O, etc., which increases with an increase in the H2/H1 ratio

(Figure. 7 and 8). Generally, by increasing the H2/H1 ratio from 0.5 to 2, it is possible to prevent
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flame blow out that occurs at a velocity of 22m/s and at H2/H1=0.5 and even increase the inlet

mixture velocity to maintain flame stability.
3.4 Effect of the fluid flow velocity in the recirculation micro burner

Inlet velocity critically influences flame positioning within micro-combustors. As depicted in
Figure 9, variations in inlet velocity alter both the flame's configuration and its spatial location.
At elevated inlet velocities, the flame shifts downstream, attributable to heightened mass flow
rates and consequent reductions in fluid residence time inside the combustor. Conversely, at
reduced velocities, accelerated downstream progression of the reaction front occurs, stemming
from diminished heat release rates. Given the escalation in mass flow, an optimal equilibrium
emerges between augmented volumetric heat release and curtailed residence time, at which point
flame stability is achieved.

This behavior arises because higher inlet velocities introduce greater quantities of reactant
mixture into the micro-tube, thereby substantially elevating peak temperatures in the combustion
chamber. While such velocity increases can enhance the combustor's efficiency, exceeding a
predefined threshold may precipitate blowout. The aforementioned effects are illustrated in
Figures 10-13, which reveal alterations in temperature distributions across the three zones and
along the recirculating micro-tube's outer wall as inlet velocity rises.

Furthermore, as shown in Figures 14-16, elevating the premixed reactant's inlet velocity
augments the mass fractions of key species, including H, OH, O, and CHs. This enhancement
results from the downstream displacement of the flame, which affords additional spatial extent
for preheating the incoming mixture prior to its entry into the reaction zone. Such intensified
preheating elevates flame temperatures and species concentrations. Additionally, under premixed

conditions, increased velocity delivers more reactants to the reaction region, thereby amplifying
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temperatures and heat release rates. Given the temperature dependence of radical species, this

rise correspondingly increases their mass fractions within the recirculating micro-tube.
3.5 Effect of convective heat transfer coefficient in the recirculation micro burner

A principal utilization of micro-combustors pertains to their incorporation in micro-
thermophotovoltaic (micro-TPV) systems. Consequently, an examination of the consequences of
convective heat transfer from the walls on the combustion domain is deemed essential. In broad
terms, augmenting the convective heat transfer coefficient induces a reduction in wall
temperature attributable to amplified heat dissipation. As depicted in Figure 17, the temperature
profile across the outer wall of the recirculating micro-combustor demonstrates a decline in wall
temperature corresponding to elevations in the convective heat transfer coefficient and resultant
heat transfer intensification.

Figure 18 delineates the mass-weighted average mass fractions of essential radicals, namely O,
OH, CHs, and H, under varying wall convective heat transfer coefficients within the recirculating
micro-combustor. It is evident that escalations in this coefficient precipitate a diminution in
radical concentrations owing to heightened heat extraction from the wall. Notwithstanding the
absence of substantial radical depletion within the interval of h =5 W/m?:K to h = 35 W/m*K,
subsequent increments may culminate in flame quenching.

In essence, considering the escalation of the convective heat transfer coefficient alongside the
elevated surface-to-volume ratio characteristic of micro-combustors, safeguards are imperative to
preclude flame extinction or blowout stemming from the forfeiture of critical radicals such as O
and OH. Accordingly, design and operational strategies for micro-combustors ought to be

implemented to avert such instabilities.
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3.6 Effect of external emissivity coefficient in the recirculation micro burner

Given that micro-thermophotovoltaic (micro-TPV) systems constitute a principal application of
micro-tube combustors, an analysis of the consequences of radiative heat transfer from the
micro-tube wall to the surroundings, along with its ramifications for the combustion domain, is
deemed essential [34]. In broad terms, this form of heat transfer to the environment represents a
dissipative loss that depletes active radicals, such as OH and O, in the vicinity of the micro-tube
wall, thereby precipitating combustion instability and eventual flame quenching [35].

Figures 19a and 19b present the wall temperature distribution profiles under diverse emissivity
coefficients along the recirculating micro-combustor. Analysis of Figure 19 reveals that
elevations in the emissivity coefficient lead to diminished temperature levels on the outer wall of
the recirculating micro-combustor. This effect arises from intensified radiative heat transfer
rates, attributable to the pronounced relationship between temperature and radiative processes.
As stipulated by the radiative heat transfer equation, such transfer escalates proportionally to the
fourth power of temperature. In summary, the elevated surface-to-volume ratio inherent in
micro-tubes renders the internal combustion process continually vulnerable to the quenching of
active radicals [35], encompassing O, H, and OH. Consequently, parameters for the recirculating
micro-combustor must be meticulously selected to ensure flame stability amid risks of blowout
and extinction.

As illustrated, the escalation of heat transfer from the recirculating micro-combustor wall to the
environment through radiative dissipation induces a downward trajectory in the mass fractions of

OH and H radicals, as depicted in Figure 20.

4 Conclusions

This numerical assessment evaluates the potential of fluid flow recirculation within a micro-

combustor, achieved through the implementation of an auxiliary combustion chamber, to
10
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enhance premixed methane-air combustion processes. Utilizing a two-dimensional laminar
premixed computational model, the influences of flow recirculation, auxiliary chamber height
ratio (H2/H:i), inlet mixture velocity, external convective heat transfer coefficient (hou), and
surface emissivity (€) on temperature profiles and combustion evolution in a recirculating micro-
combustor were quantified. The computational findings indicate that internal fluid flow
recirculation exerts a profound and substantial impact on flame quality and stability. This
approach serves as a critical mechanism for refining combustion dynamics in micro-combustors,
by augmenting the formation of key species essential for sustaining effective flames at micro-
scales. Additionally, flow recirculation bolsters flame quality and resistance to blowout under
elevated velocities through enhanced production rates of OH, H, CHs, and O radicals. Based on
the results, the integration of flow recirculation within the combustor, coupled with the
establishment of a secondary thermal circuit, renders the examined configuration more resilient
to flame quenching induced by heat dissipation. Consequently, this advancement may broaden

the applicability of such combustors in micro-thermophotovoltaic systems.
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Table 1. Some of the applied values in the study

Inlet velocity (Vin)

Wire’s thermal conductivity (Kwire)

Wall’s thermal conductivity (step & simple tube) (Kv)
External heat transfer coefficient (hout)

External emissivity coefficient (e)

Equivalence ratio ()

1.5 m/s- 25m/s

170 W/m.K

20 Wm.K

5 W/m?.K-35 W/m?.K
0.2-0.8

0.9

16



Y

2.40
1.60
0.40
[
I
TLH
b
S
2
Z
7
4
i B

1.50

1.20

0.30

CH4/air

Fig 1. Configuration of the recirculating micro-combustor (dimensions in mm).

350

17



2000

—a4a—— 840

1800 - [ —sa—— 1,800
- M s 7520
- - — — — 13500
i — 15400

1600 - [l %

—
o=
2
>

Temperature [K]

1200

1000

1 ! 1 ! 1 !
0.004 0.006 0.008 0.01
Micro-burner length [m]

0.002
Fig 2. The studied computational mesh; temperature distribution on the auxiliary axis of r =

0.3mm

355 (Primary combustion chamber)

18



1.94e+03
1.86e+03
1.78e+03

1.70e+03 ~ ,/ MICRO TUBE BURNER
1626403 Vmax=0.7 m/s ,

1.53e+03
1.45e+03
1.37e+03
1.29e+03
1.20e+03 Vmax=2.8 m/s
1.12e+03
1.04e+03
9.58e+02
8.76e+02
7.93e+02 i
7116402 Vmax=4.8 m/s

6.29e+02
5.47e+02
4.64e+02
3.82e+02
3.00e+02

Tepmerature([K] V=4.8m/s RECIRCULATION MICRO BURNER

Fig 3. Flame shapes and positions: plain micro-tube vs. stepped, stepped-with-wire, and

360 recirculating micro-combustor.

19



25

m Max Mixture Velocity [m/s]

438
2.8

0.7
= | ]

Micro Step-wire Recirculation Micro
burner burner

Micro Tube Burner  Micro Step burner

Fig 4. comparison of the maximum inlet velocity of mixture between the simple micro-tube and
the micro step and micro step-wire and recirculation micro burner

365

20



Tambient

Tambient
7
T4 / b
| < VAV, S— Ve VoV oy
3 %
/ & - /
T2 PN, ", o T— P, o o —
| 1 - I 1 4
T1
gas, kf, Tg gas  kf, Tg
- . centerlne —-— .. - . centerlme —-— .
{a)-Micro Tube burner {b)- Recirculation Micro Burner

370  Fig 5. Schematic view of thermal model in (a)-micro tube burner (b)- recirculation micro burner

21



2086403 V=21 mis H2=0.5 H1- blow out

1.990+03
1.90e+03
181e+03
1726403
1.63e+03
1546403
1450403
137403
1.28e+03
1.19¢+03
1.10e+03
1018403
9.220+02
8.330+02
7 440402
6.550+02
5.67e+02
4.78e+02
3.89e+02
3.00e+02
TEMPERATURE [K]

V=22 m/s H2=H1

V=22 mis H2=15H

V=22 mis H2=2 H1

Fig 6. Flame shape and location in the recirculation micro burner for various H2/H1

375

22



0.001 = 0.01
[ ——&— H2=0.5H1 [
i — 4 — H2=H1 I
0.0008 [~ —.=-— H2=1.5H1 0.008 - v
[ e @ H222HA - i :g_gfm
B L P N — =
c
_S i A i ) I ——— H2=1.5H1
E 0.0006 i ?& § 0.006 - - H2=2H1 .
= 3 blow out ; |
9 | S @ [
E ooooaf g | 4 E 0.004
T ﬂm,e AA (a) :'0:
I a
0.0002 0.002
o 0
Micro burner length [m] Micro burner length [m]]

Fig 7. Distribution of H &OH mass fraction along the inner wall of zone 3 in the recirculation

micro burner (Vin=22m/s)

380

23



0.0014 - i
[ 5

= B — =& — OH

= [ e Gl CH3 L b

% ooo1| e =

] - -

£ L -

@ - -

Eﬁ 0.0008 |- -~

g B e i -A/

= T

o 0.0006 "~

o i B -7

< i -~ T

= - e

g 0.0004 |- ~z

X " blow out

@ i

% 0.0002

= S e
¢ ) T . T .
05 1 15 2

H2/H1

Fig 8. Variation of the mass-weighted average mass fraction of species versus variation H2/H1

of the recirculation micro burner (Vin=22m/s)

24



V=4.8 m/s

1.94e403
1.86e+403
1.78403 V=8 m/s
1.70e403
1.62e403
153e+03
1450403
1.37e+03
1.29e+03
1206403
1126403
1.04e403

it V=11 m/s
8.76+02
7.93e+02
7116402
629402
5.47e+02
4642402
3.82e+02
3.00e+02

TEMPERATURE [K]

385 V=22 m/s - blow out

Fig 9. flame shape and location in the recirculation micro burner for various inlet velocities

(H2=0.5H1)

25



2200

2000

1800

elK]

peratur
S
o
o

Tem

—s— v=1.5m/s
—&— v=4.8m/s
—— v=15mis
—a—— v=20mis

Zone2

L l Il L 1 Il

Zone3

l L L | L I L | L L I

0.002 0.004 0.006 0.008

Micro burner length[m]

0.01 0.0005

Micro bumer hight[m]

r=0.95mm

0.01 0.005 0

Micro burner length[m]

Fig 10. Distribution of temperature along the r=0.3mm (zone 1) and x=10.15mm (zone 2) and

(zone 3) in the recirculation micro burner (H2=0.5H1)

26



¥ —s— v=1.5mis
1700 - ——— v=4.8 m/s
- —— v=15m/s
i v=20 m/s
1600 |-
e
= [
— L
2 1500 |-
(u -
b -
@
= i
51400 -
= B
g I
2 1300 F
1200fmaen,
0.01 0.008 0.006 0.004 0.002 0
Micro burner length[m]
395 Fig 11. Distribution of temperature along outer wall in the recirculation micro burner

(H2=0.5H1)

27



—_—s— v=1.5mfs

) —_ = — yv=4.8mis
B —_ .= y=15mfs
2000_— ......... @ v=22m/s
1800} 1 &
B l 4\
B Fay
21600 I \.
g | 3\&
E1400 ! &\A%
5 Sy
o,
£1200
2
£ E,v"’
1000F / =
7 ]
: 2}7 EI@@
800[-% N
% s @@g zone1
8000
600t
0.005 0.01

Micro bumer length[m]

2one 2

[T IR T W

0.0005 0.001
Micro bumer hight[m]

zone 3

I Il Il 1 Il l 1 Il | Il I

0.01 0.005 0
Micro bumer length[m]

Fig 12. Figure 1. Distribution of temperature along the r=0.3mm (zone 1) and x=10.15mm (zone

2) and r=0.95mm (zone 3) in the recirculation micro burner (H2=2H1)

28



1eoog
g Eﬂ‘m —a— v=1.5m/s
= —=— v=4.8mis

& —— v=15m/s
v=22mis

1500 k

—
N
o
o
T

Wall Temperature[K]
8 B
o o
1 1

1100 el Ak b 2 & = T EEERE]

100 U s 0 s g g O aow w J @ pos o g

098 0.01 0.008 0.006 0.004 0.002 0
405 Micro burner length[m]

Fig 13. Distribution of temperature along outer wall in the recirculation micro burner (H2=2H1)

29



0.008 =
= -@%
E Wy & % —e—— v=4.8 mis
- r - © — = — v=8ms
' [}
B B —-=-— v=11m/s
0.006 ¥ - S G v=21 m/s
B | L @
5 - E
F= E A | i o
(8] ' .
o E
= I i
» 0.004 - |
© i ] i
S 0 -
L i ZONE 1 |
O P | |
0.002f- ! ¥
n ' i
: . 0.01[01_0.008 0.006 0.004 0.002_ 0
Micro burner length [m] Micro burner length [m]

Fig 14. Distribution of OH mass fraction along the inner wall in the recirculation

410 micro burner (H2=0.5H1)

30



0.001 -

—— v=4.8 m/s
—— v=8m/s

—— v=11mis
—e—— v=21 m/s

0.0008

on

0.0006

0.0004

H mass fract

0.0002

00002 0004 0006 0008 00/01 0008 0006 0004 0002
Micro burner length[m] Micro burner length[m]

Fig 15. Distribution of H mass fraction along the inner wall in the recirculation

415 micro burner (H2=0.5H1)

31



0.002 —s— H

' ~ —a— — OH
.5 : —._._._ 0
S : "2 T & GH3
5 0.0015 | & ~
® - / N
= A
= ; .
o i ,/ N

~
o - o "
¢ oo001f / p e,
i -/ ‘ ~ &
E - ’ S T ~
E | / ,’ —_ __‘-"::..
5 £ 7
? 0.0005 -
& L blow out
% ' 1
s [ \
---------------- e —
10 15 20 =

Inlet MixtureVelocity [m/s]

Fig 16. Variation of the mass-weighted average mass fraction of species versus variation

420 velocities of the recirculation micro burner (H2=0.5H1)

32



1200 —=—— h=5Wim2-K 1600

- =l = =15 Wim2-K
ok —x—gens RIS WIM2-KC, 1880 h=5 W/m2-K
= 1500 h=15 Wim2-K
h=35 Wim2-K
g & 1450
3 g
2 3 1400
g g
@ -
2 1000 |- 1350
e L £
E oesof Vo (a) =1
s e 2 2 1250
900 |- TV e
P e ety 1200
850 1= 1150 |
[ 1 R | < 1 1 1 ) E L 1 L 15 )
800 501 0.008 0.006 0.004 0.002 0 11005501 0008 0.006 0.004 0.002 0
Micro bumer length[m] Micro bumer length[m]

425

Fig 17. Distribution of temperature along outer wall in the recirculation micro burner (a) v=4.8

m/s and (b) v=20 m/s.(H2=1.5H1)

33



0.0006 [ — == OH

[ ——v—-— 0

5 [ _ -~ A~ _ _ soo@ees CH3

B 000054 ~ TR e

b I b

4 i

= 0.0004 B

= i

e i

E ke

3 0.0003‘!_ _________ e =

. i

2 i

E o0.0002

o i

2 i

2 i

# o0.0001 |-

i i

N oo e gy @
o L 1 P T TN | 1 |
5 10 156 20 25 30 35

430 Convective Heat Transfer Coefficient[W/m*2.K]
Fig 18. Variation of the mass-weighted average mass fraction of species versus variation
convective heat transfer coefficient of the recirculation micro burner (v=4.8m/s & H2=1.5H1)
435

34



1150

1450
1100

1400
% 1050 |- % 1350
< —_— =02 g
2 o 3 1300
g | - —o- - e=05 5
& 1000k | —-—g—-— €=0,8 2 1250
S £
@ - -
[ AT ® hp = 1200
= WL e, 1 SO =
= 9s0f s A 3
z o SR SN (a) 2 1150

B Cecw s g\,
L "‘\“.‘--. ‘el

900 > ez . 1100

1050

850

L 1 1 1 1 J 1000 : 1 1 1 1 l J
0.01 0.008 0.006 0.004 0.002 0 0.01 0.008 0.006 0.004 0.002 0
Micro burmer length[m] Micro bumner length[m]

Fig 19. Distribution of temperature along outer wall in the recirculation micro burner (a) v=4.8
m/s and

(b) v=20 m/s.(H2=1.5H1)

440

35



0.0005 —

0.0004

0.0003

0.0002

H mass fraction

0.0001

—as— e=0.2
—a— e=0.5
—— e=0.8

Fig 20. Distribution of H &OH mass fraction along the inner wall of zone 3 in the recirculation

001 0008 0006 0004 D002 0
Micro bumer length[m]

micro burner (v=20m/s & H2=1.5H1)

36

OH mss fraction

0.004 —~

ooz

0.001

0.008 0.008 0.004
Micro burner length[m]

0.



