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HIGHLIGHTS

« Flame-anchoring mechanism of a micro-TPV rector is numerically investigated.

« The gap on the platinum can provide a low-velocity region to stabilize micro flames.
« It allows to trade fuels and radicals from the inner and outer streams through gap.

« The catalytically induced combustion can be anchored on the micro-TPV rector.
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The present study proposes a conceptual design for a combustion chamber for overcoming critical heat
loss and flame instability in a micro-thermophotovoltaic power system (micro-TPV). In the design, a plat-
inum tube is used simultaneously as a catalyst reactor and an emitter. The flame-stabilizing mechanisms
of a TPV reactor are numerically investigated regarding the effects of reactor configuration and fuel con-
centration. The interaction of heterogeneous and homogeneous reactions between the inner and outer
chamber of the TPV reactor is also examined. Results indicate that the catalytically induced combustion
can be anchored in the gap between two segmented platinum tubes by inheriting thermal energy and
radicals from the upstream section of the segmented catalyst. The gap not only provides a low-
velocity region for stabilizing flames, but also enables the exchange of fuels and radicals from the inner

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

With the rapid progress in electromechanical and electronical
consumer devices such as laptop computers, mobile phones, and
aerial drones in recent years, the demands on micro power sources
with high power densities are increasing. Characteristically,
required power densities range from 10 to 1000 W/kg and energy
densities from 500 to 5000 Wh/kg [1]. State-of-the-art battery
technology (e.g., Li-ion batteries) is unable to deliver the levels of
power and energy densities required for future portable electronic
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and electromechanical applications. In addition, batteries have a
considerable environmental impact, high cost, and long recharging
time. An alternative is the utilization of hydrocarbon fuels in
combustion-driven micro-scale power sources. A number of nota-
ble theoretical and experimental works have exemplified and
demonstrated the benefits of scaled-down power generating
devices onvolving combustion-driven thermal cycles with the use
of internal micro-combustion engines, micro gas turbine engines,
and micro piezoelectric devices. Because of substantial technical
difficulties in maintaining structural integrity and minimizing heat
dissipation through the various system components, the develop-
ment of micro thermophotovoltaic (micro-TPV) devices has drawn
attention to capitalize on direct energy conversion without moving
parts [2]. Therefore, thermophovoltaics utilize photovoltaic cells to
generate electricity from the radiation of a high-temperature
source. TPV conversion employs a variety of heat sources that heat
an emitter to a typically incandescent temperature to provide radi-
ation. For providing a stable and controllable heat source in a TPV


http://crossmark.crossref.org/dialog/?doi=10.1016/j.cej.2016.06.112&domain=pdf
http://dx.doi.org/10.1016/j.cej.2016.06.112
mailto:yueheng@mail.ncku.edu.tw
http://dx.doi.org/10.1016/j.cej.2016.06.112
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej

486 Y.-T. Wu, Y.-H. Li/ Chemical Engineering Journal 304 (2016) 485-492

power system, burning fossil fuel is a straightforward and reliable
approach with the benefits of inherently high energy density,
immediate use, and ease of supply.

In miniaturization processes, the increasing surface-to-volume
ratio of a micro-TPV reactor causes difficulty in maintaining the
heat generated from the combustion process because of the heat
loss to the wall, and concurrently enhances the possibility of radi-
cal termination through wall reactions. Consequently, a major
challenge in the design of micro-TPV reactors is maintaining sus-
tainable combustion and maximizing radiation heat output from
the TPV emitter. To overcome these challenges, stabilization of
flames in a micro-TPV system can be achieved through several
methods. The most common method is to use simple configura-
tions such as a backward-facing step, a bluff-body, or a cavity to
induce flow recirculation and stabilize flames in a confined cham-
ber. Wan et al. [3] employed a cavity in a micro combustor to gen-
erate a recirculation zone and stabilize flames in the cavity. Yang
et al. [4] and Yadav et al. [5] used a backward facing step to anchor
flames inside the micro reactor. In addition, a porous inert medium
(PIM) is employed in a micro-TPV combustor to enhance the heat
transfer capability between high-temperature combustion prod-
ucts and the combustor wall by capitalizing on the high thermal
conductivity and emissivity of the solid matrix. PIM micro-
combustion can yield high power density and increase the power
and operational range of lean flammability. Yang et al. [6] and
Chou et al. [7] have used SiC porous medium foam employed in a
micro modular combustor to augment the combustion stability
and radiation uniformity of an emitter. Alternatively, catalytic
combustion is a plausible solution for overcoming the challenges
associated with increasing surface-to-volume ratios. Platinum is
also considered a selective material for delivering the radiation
congregated in a short wavelength spectrum, and it is advanta-
geous for maximizing the overlapping area between the radiant
spectrum of the emitter and the bandgap range of PV cells.
Therefore, catalytic materials are engaged on the micro-reactor
walls to reduce the impact of thermal quenching [8,9]. Li et al.
[10,11] have demonstrated that the deployment of catalyst seg-
mentation and a cavity in a micro-channel can significantly stabi-
lize catalytically-induced combustion in the reactor. The
heterogeneous reaction in a prior catalyst segment produces chem-
ical radicals and catalytically induced exothermicity, and the
homogeneous reaction can be subsequently ignited and anchored
in the following cavity. The concept of micro-channel design was
adopted to design a tubular platinum reactor with perforated holes
was fabricated and assessed with hydrogen fuel, and the corre-
sponding combustion behaviors and operational ranges were sub-
sequently examined [12].

Except for the radiation from an emitter, flames are regarded as
an alternative radiation source to be further collected and con-
verted into electricity through photovoltaic cells. It is feasible to
manipulate the intensity of flame radiation by adjusting the fuel
composition of gas mixtures [13] or by adding various volumetric
concentrations of iron pentacarbonyl into liquid hydrocarbon fuels
[14]. Unlike the flames confined in the combustion chamber and
expected to heat only the emitter, Li et al. [13,14] have used
high-luminescent flames to encompass and heat the emitter in a
micro-TPV system. The results demonstrated a significant increase
in the radiation efficiency of the TPV system engendered by the
simultaneous collection of radiation from flames and the emitter.

The aim of the present study was to improve the radiation
intensity of micro-TPV reactors by simultaneously converting radi-
ation from flames and an emitter into electricity. The correspond-
ing high surface-to-volume ratios at the microscale engender flame
stabilization difficulty because of thermal and radical quenching
on the combustor walls. Accordingly, the concept of micro-TPV
combustor design originates from the aforementioned flame stabi-

lization mechanism of the micro-channel with catalyst segmenta-
tion and cavities [10,11] and the heat recirculation mechanism of
Swiss-roll combustors [15]. The configuration of the proposed
micro-TPV combustor comprises two platinum tube segments with
a gap. The gap has a function similar to a cavity for decelerating the
flow in localized spaces, as well as a channel to trade and collect
the fuel and radicals from two sides. The distribution of different
equivalence ratios of fuel-air mixtures through the inner and outer
chamber of the reactor is a deliberate strategy for sustaining max-
imal incandescence over platinum tubes with minimal fuel con-
sumption. The catalytically-induced flames are anticipated to be
stably anchored on the outer surface of the reactor, and the pur-
pose of radiation integration is achieved in the design of the seg-
mented TPV reactor. Therefore, this study numerically
investigated the functionality of a gap between the segmented cat-
alytic tube in terms of flame stabilization and combustion
behaviors.

2. Numerical method

To demonstrate and validate the aforementioned concept that is
feasible in a micro-TPV combustor, a numerical simulation was
performed with a commercial CFD-ACE + program [16]. Fig. 1
shows the schematic configuration of the proposed micro-TPV
combustor that consists of two platinum tube segments with a
gap of 1 mm. The dimensions of the two platinum tube segments
are 5.3 mm (ID) x 6 mm (OD) x 4.5 mm (L) and 5.3 mm (ID) x
6 mm (OD) x 44.5 mm (L), respectively. The platinum tubes are
coaxially placed in a quartz tube with a dimension of 8 mm
(ID) x 10 mm (OD) x 50 mm (L), and this coaxial reactor consti-
tutes the central (inner) and annulus (outer) chambers. The cross
sections in the central and the annulus are approximately identical.
In this study, different equivalence ratios of Hy-air mixtures were
individually introduced to the inner and outer chamber of the TPV
reactor. The inlet temperature was 300 K and a uniform velocity
profile (20 m/s) was specified at the inlet. At the exit, a constant
ambient pressure of 101 kPa was specified, and an extrapolation
scheme was used for species and temperature. Chemical reaction
mechanisms are used in the gas phase as well as on the catalyst
surface. The homogeneous reaction mechanism proposed by Miller
and Bowman [17] was used for hydrogen-air combustion, and this
mechanism comprises of 9 species and 19 reaction steps. The sur-
face reaction mechanism was compiled primarily from that pro-
posed by Deutschmann et al. [18]. These reaction mechanisms
have been used in previous studies [19] and the comparisons with
experimental results are satisfactory [20]. In this study, the effects
of reactor configuration, fuel concentration, and flow velocity on
the flame stabilization mechanism were addressed and discussed.
This study emphasizes the thermal and chemical effects in the
vicinity of the gap between the catalyst segments, not the opti-
mization of reactor dimension.

3. Results and discussion
3.1. Effect of reactor configuration

Regarding the effect of reactor configuration, two identical plat-
inum reactors, plain and segmented platinum tubes with a gap,
were employed to investigate the effects of the reactor
configuration and fuel-air distribution on the performance of the
micro-TPV reactor. Fig. 2 shows the local distributions of OH mass
fractions overlaid with velocity vectors and local equivalence ratio
(LER) level lines for the two catalyst configurations at a fixed inlet
velocity of 20 m/s in the inner and outer chambers. The upper
panel of Fig. 2 shows the numerical results for the segment
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Fig. 1. Schematic of the segmented platinum reactor with a gap.
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Fig. 2. Distributions of OH mass fractions overlaid with velocity vectors and LER level lines for the two catalyst configurations, (a) segmented platinum and (b) plain platinum
reactors, respectively, at a fixed inlet velocity of 20 m/s in the inner and outer chambers.

platinum tubes with a gap, and the lower panel displays the plain
platinum tube. The equivalence ratio of the hydrogen-air mixture
was 0.3 for the inner chamber and 0.6 for the outer chamber. The
definition of an LER is based on the local balance of hydrogen and
oxygen atoms of eight major species (H,, O,, H, O, OH, HO,, H,0,
and H,0) involved in H, and O, reactions [3], as given by Eq. (1).

3 % (Xu, + Xuy0 + Xuy0,) +4 % (X + Xou + Xro,)

LER =
1% (Xo + Xm,0 + Xon) + Xo, + Xuo, + Xnyo,

(1)

Concerning the plain platinum tube, hydrogen at the inner sur-
face of the platinum tube was initially reacted heterogeneously
and provided catalytically-induced exothermicity to facilitate
hydrogen conversion on the outer surface through thermal con-
duction on the tube. The distribution of the computed OH mass
fraction presents the flame location. The flame was typically
anchored in the low-velocity region of the boundary layer along
the outer surface. The relationship between the inner and outer
chambers is associated only with the heat transfer interaction on
the platinum tube. Regarding the segmented platinum tube, the
distribution of velocity vectors implies the interaction of fluid
dynamics between the inner and outer chambers; the mixtures
in the outer chamber appear to flow toward the inner chamber.
Accordingly, the LERs in the vicinity of the gap were incremental.
According to the distribution of the computed OH mass fraction,
abundant OH radicals generated on the outer surface of the
upstream section of the segmented platinum tube were noted to
induce the sequential homogeneous reactions over the inner and

outer surfaces of the downstream section of the segmented tube.
Specifically, the catalytically-induced homogeneous reaction could
stabilize in the gap by inheriting thermal energy and radicals from
the upstream section of the segmented catalyst. The interactions
between the inner and outer chambers are complicated—they
involve the influences of flow behavior, mass diffusion of the mix-
ture, and the heat transfer effect.

Fig. 3 shows the ratio of surface mass fraction (Ys) to mean bulk
mass fraction (Y},) along the inner and outer surfaces of the plat-
inum tubes. In general, a heterogeneous reaction is considered to
be kinetically controlled, in which the surface concentration is
greater than 95% of the bulk concentration, and mass transfer con-
trolled, in which the surface concentration is less than 5% of the
bulk [10]. No significant difference existed regarding the distribu-
tion of hydrogen mass fraction between the two configurations
because hydrogen has inherently large mass diffusivity and a high
sticking coefficient to platinum catalysts. Bumps were observed in
the fuel mass fraction along the inner and outer surfaces of the seg-
mented platinum reactor, as shown in Fig. 3b. This is due to H,
mass transfer occurring in the gap. Despite the effect of H, mass
transfer, the heterogeneous reaction of the two configurations
was regarded as a mass-transfer-controlled when the distance
reached 0.4 cm.

Fig. 4 shows the H, and OH radial mass fraction and tempera-
ture distribution along the axial direction near to the inner and
outer surfaces of the two platinum reactors in the first 2-cm span
from the inlet. The numerical results demonstrated that complete
consumption of hydrogen was achieved within the 2-cm-long
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Fig. 3. Fuel mass fraction along the inner and outer surfaces of the (a) plain
platinum and (b) segmented platinum reactors.
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Fig. 4. H, and OH radial mass fractions and temperature distributions along the
axial direction near the inner and outer surfaces of the (a) plain platinum and (b)
segmented platinum reactors in the first 2-cm span from the inlet.

catalyst tube in both configurations. For the plain platinum reactor,
H, was prone to light off early on both sides of the platinum tube
because of its high mass diffusivity, as shown in Fig. 4a. No signif-
icant difference was observed regarding the inception of the OH
mass fraction in the vicinity of the inner and outer surfaces. How-
ever, for the segment platinum reactor, bumps in H, concentration
distributions appear in the location of the gap, where H, exhibited
no heterogeneous consumption but exhibited concentration accu-
mulation because of mass transfer from mean stream. The drop in

temperature distribution was caused by the dilution of the low-
temperature mixtures in the gap, whereas the OH radical concen-
tration abruptly rose in the gap, indicating the occurrence of a
homogeneous reaction.

Figs. 5 and 6 demonstrate the H and OH mass fractions and tem-
perature distribution along the axial direction near to the inner and
outer surfaces of the two platinum reactors in the first 2-cm span
from the inlet. The presence of gaseous species, H and OH, denoted
the occurrence of a gas reaction, whereas the presence of surface
species, H(*) and OH(*), implies the occurrence of a surface reac-
tion. The concentrations of the H and OH radicals in the plain plat-
inum tube were approximately an order of magnitude lower than
those in the segmented platinum tube, but the concentrations of
the H(*) and OH(*) surface radicals were similar in both configura-
tions. The mass diffusivity and sticking coefficient of H, were
inherently higher than those of O,; therefore, the distribution of
surface species concentration over the inner surface of the plat-
inum tube was dominated by increasing H(*) and followed by
increasing OH(*). Compared with the results in Fig. 3, the distribu-
tion of H(*) coincided with the distribution of the H, mass fraction
ratio, the value of which was higher than or equal to 5%. After the
dominant H, diffusion zone, O, was subsequently diffused to the
catalyst surface and yielded the surface radical OH(*). As opposed
to the absence of a significant increase in gaseous radical concen-
trations over the inner surface of the plain platinum tube, H and
OH radical concentrations apparently increase in the vicinity of
the gap for the segmented platinum tube. The surface reaction
occurring in the upstream section of the segmented platinum tube
was expected to sequentially assist the inception of the gas reac-
tion in the downstream section of the tube. Consequently, gas
and surface reactions were sustained in the inner chamber of the
segmented platinum tube, whereas only a surface reaction occurs
on the inner surface of the plain platinum tube. Conversely,
because of the increasing hydrogen concentration, the concentra-
tions of gaseous and surface species evidently increased over the
outer surface of the plain platinum tube, as seen in Fig. 6a. This
implies the occurrence of catalytic combustion. Typically, a radical

0.015 LSALRLE BLELELELE BLELEUELE BLRLELELE BLELELELE ILRLELELEN ILELELELE BLELELELE ILELELELE RLELELA 2200
.(a) j
T 12000

0.012 7 Wall Temp. ] 1800
] —— H (= 200) ]

0.009 OH(220) 1600 wmag

g 1 —H®E2) ] =
e - = — 1400
= 0.006 ] —— OH(*) (= 5) | 5
g J 11200 e
& 0.003 ] -
B ; 1000 &
” ] . =
@ 0 ST e e 800 =
< ] o
S o015 () 72200
11— 42000 Z

0.012 4 Wall Temp.

] —— H(=20) 7 1800

0.009 OH (= 2) - 1600
1 — H(*) (=2) _- 1400

0.006
] — OH(*) (<5 A
] G2 10

0.003 7 4 1000

0 R BLRLELRL L LR B L B IR IR LR LR 800

0 02 04 06 08 1 12 14 16 18 2
Axial distance (cm)
Fig. 5. H and OH mass fractions and temperature distributions along the axial

direction near the inner surface of the (a) plain platinum and (b) segmented
platinum reactors in the first 2-cm span from the inlet.
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Fig. 6. H and OH mass fractions and temperature distributions along the axial
direction near the outer surfaces of the (a) plain platinum and (b) segmented
platinum reactors in the first 2-cm span from the inlet.

competition exists between gas (homogeneous) and surface
(heterogeneous) reactions over plain platinum, which leads to
low concentrations in gaseous species. The coexistence of gas
and surface reactions was observed on the outer surface of the seg-
mented platinum tube (Fig. 6b). The significant difference between
the results in Figs. 5b and 6b is the concentration distribution of
the H radical along the upstream section of the segmented plat-
inum tube and the gap. The H radical concentration around the
upstream section of the segmented catalyst and the gap in the
outer chamber was higher than that in the inner chamber. In prin-
ciple, the hydrogen concentration in the outer chamber is richer
than that in the inner chamber, and the abundant and unburnt
hydrogen travels from the outer chamber to the inner chamber
through the gap. Tracking the chemical reactions of hydrogen com-
bustion along the outer surface of the segmented platinum tube
indicated that the chemical reaction rate of R1 (OH + H, = H,O
+ H) was predominantly higher than the reverse chemical reaction
rate of R2 (O + OH = O, + H). Specifically, the production rate of the
H radical was somehow higher than the consumption rate of the H
radical. By contrast, the chemical reaction rate of R1 apparently
decreased to a certain magnitude equivalent to that of R3
(H+HO,=20H), and R3 replaced the importance of R2 along
the inner surface of the segment platinum tube. Ultimately, this
resulted in a reduction in the H radical concentration in the gap
of the inner chamber.

Regarding the plain platinum tube, the heterogeneous reaction
was sustained in the inner chamber, whereas the hetero- and
homogeneous reactions were sustained in the outer chamber
because of their relatively high equivalence ratios. The interaction
between the inner and outer chambers was associated with the
heat transfer on the platinum tube. Regarding the segmented plat-
inum tube, however, the gap played an essential role in micro-
flame stabilization by providing a low-velocity region, a heat
source, and significant amounts of chemical radicals such as H, O,
and OH. The gap increased the aerodynamic and chemical effects
in both chambers, despite the dominant chemical reaction steps
of gas reaction being different, resulting in various H radical
concentrations.

3.2. The effect of fuel concentration

To understand the effect of fuel concentration, equivalent fuel—
air mixtures were introduced to the inner and outer chambers to
diminish the influence of mass diffusion driven by the concentra-
tion gradient. Accordingly, two fuel deployments were realized:
ERi, = 0.3/ERoy: = 0.6, and ER;, = ERyy = 0.45, both of which were
engaged in the segment platinum reactor with identical total
hydrogen inputs. Fig. 7 demonstrates the distribution of the OH
mass fraction overlaid with velocity vectors and LER level lines
for the different fuel concentrations. According to the OH radical
distribution, the flame sustained in the gap and tailed only toward
the inner and outer chambers (Fig. 7a). For ER;, = ERyy = 0.45, the
flame sustained in the gap and tailed only toward the inner cham-
ber (Fig. 7b). Remarkably, a flame was detached and anchored in
the boundary layer on the outer surface downstream section of
the segmented platinum tube. The velocity vectors demonstrate
that the fluids flowed from the outer chamber toward the inner
chamber through the gap, and the LER contours reveal the flamma-
bility of the gas mixture in the gap. Fig. 8 shows the temperature
distribution overlaid with velocity vectors and velocity magnitude
lines in the first 1-cm span from the inlet. Notably, the numerical
results of the temperature and flow velocity in the gap and inner
chamber shown in Fig. 8a are significantly higher than those
shown in Fig. 8b. In general, higher flow velocities in the gap were
associated with increasing hydrogen concentrations, specifically, a
relatively large LER distribution occurred in the gap and along the
downstream region of the catalyst surfaces, as shown in Fig. 7a.
This induced the catalytic combustion sustained on the down-
stream section of the segmented platinum tube and generated a
greater wall temperature and gas temperature distribution along
the inner surface of the downstream section of the segmented plat-
inum tube (Fig. 8a). This is in stark contrast to the wall tempera-
ture and gas temperature distribution along the inner surface in
Fig. 8b. Accordingly, the flow velocities near to the inner surface
of the downstream section of the segmented platinum tube were
increased in the high-temperature regime, and this is associated
with the increase in the flow velocities in the gap.

Fig. 9 shows fuel mass fraction along the inner and outer sur-
faces of the segmented platinum reactor for the two fuel deploy-
ments. Interestingly, the hydrogen mass fraction along the outer
surface exhibited a larger bump in the location of the gap for
ER;, = ERgy = 0.45. This proves that the flame in the outer chamber
does not anchor in the gap, but instead on the outer surface

(a) Quartz tube

OH

6.0E-03

3.2E-03

5.0E-04

e

I (b) Quartz tube
'0.5 I T T T T I T T T T I T T T T I T T T T

1
0 0.5 1 1.5 2
Axial distance (cm)

Fig. 7. Distributions of OH mass fractions overlaid with velocity vectors and LER
level lines for (a) ER;, = 0.3/ER,, = 0.6, and (b) ER;, = ER,y = 0.45, respectively, at a
fixed inlet velocity of 20 m/s in the first 2-cm span from the inlet.
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Fig. 8. Distributions of temperature overlaid with velocity vectors and LER level
lines for (a) ER;, = 0.3/ERyy = 0.6, and (b) ER;, = ERoy = 0.45, respectively, at a fixed
inlet velocity of 20 m/s in the first 1-cm span from the inlet.

because of the massive hydrogen flow from the inner chamber to
the outer chamber. Otherwise, the heterogeneous reaction of the
two configurations is regarded as a mass-transfer-controlled reac-
tion. Fig. 10 shows the H, and OH radial mass fraction and temper-
ature distribution along the axial direction near to the inner and
outer surfaces of the segmented platinum reactor in the first
2-cm span from the inlet. The gas temperature along the outer
surface in Fig. 10a was higher in the upstream section of the seg-
mented platinum tube but lower in the downstream section of this
tube (Fig. 10b). This is because that the increase in the equivalence
ratio in the inner chamber enhanced the chemical reaction along
the upstream inner surface, leading to an enhanced gas reaction
in the outer chamber because of the increasing wall temperature.
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Fig. 10. H, and OH radial mass fractions and temperature distributions along the
axial direction near the inner and outer surfaces of the segmented platinum reactor
in the first 2-cm span from the inlet for (a) ERi, = ERoy¢ = 0.45, and (b) ER;, = 0.3/
ERoyc = 0.6.

Nonetheless, the discontinuity of the flame and entrainment of
fresh hydrogen in the gap of the outer chamber influenced the
deterioration of the gas reaction and reduced the OH radical con-
centration. This explains the lower OH mass fractions shown in
Fig. 10a compared with those shown in Fig. 10b. Furthermore,
the hydrogen concentration was relatively low, resulting in the
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Fig. 9. Fuel mass fractions along the inner and outer surfaces of the segmented platinum reactor for (a) ER;, = ERoy = 0.45, and (b) ER;, = 0.3/ERoy¢ = 0.6.
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reduced gas temperature distribution along the outer surface on
the downstream section of the segmented platinum tube, as shown
in Fig. 10a and b.

Figs. 11 and 12 display the H and OH mass fractions and tem-
perature distribution along the axial direction near the inner and
outer surface of the segmented platinum reactor in the first 2-cm
span from the inlet for the two fuel deployments. Because of the
relatively high H, concentration shown in Fig. 11a, the H(*) con-
centration over the inner surface of the upstream section of the
segmented platinum tube is apparently higher than that shown
in Fig. 11b. Furthermore, the distribution of the H(*) mass fraction
shown in Fig. 11a is wider than that shown in Fig. 11b. When
ERin = ERoye = 0.45, the hydrogen mass fraction ratio along the inner
surface dropped to 5% when the axial distance reached 0.2 cm
(Fig. 9a). However, for ER;, = 0.3/ER,y¢ = 0.6, it dropped to 5% when
the axial distance reached 0.15 cm. The H(*) radical distributions
are consistent with the H, distribution in which the mass fraction
ratio was higher than or equal to 5%. In addition, the OH mass
fraction shown in Fig. 11 indicates that the inception of the homo-
geneous reaction occurred on the inner surface of the upstream
section of the segmented platinum tube. Fig. 12a shows the H(*)
mass fraction distribution on the outer surface of the upstream
and downstream sections of the segmented platinum tubes. In par-
ticular, the pump of the H(*) mass fraction on the leading edge of
the downstream section of the segmented platinum tube revealed
the presence of a surface reaction and evident hydrogen entrain-
ment from the main stream of the outer chamber to the inner
chamber. Fig. 12b shows the H(*) mass fraction distribution over
the outer surface of the upstream section of the segmented
platinum tube according to the higher hydrogen mass fraction
ratio, and the OH(*) mass fraction distribution was postponed to
the downstream section of the segmented platinum tube.
However, the H and OH radical concentrations were evidently
increased on the outer surface of the upstream section of the seg-
mented platinum tube when ER;, = 0.3/ERy, = 0.6. This implies
that the flame anchored on the outer surface of the upstream seg-
ment platinum tube with the assistance of abundant radicals and
thermal energy.
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Fig. 11. H and OH radial mass fractions and temperature distributions along the

axial direction near the inner surface of the segmented platinum reactor in the first
2-cm span from the inlet for (a) ERin = ERoye = 0.45, and (b) ER;, = 0.3/ERqyc = 0.6.
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Fig. 12. H and OH radial mass fractions and temperature distributions along the
axial direction near the outer surface of the segmented platinum reactor in the first
2-cm span from the inlet for (a) ER;, = ERoye = 0.45, and (b) ER;, = 0.3/ERyyc = 0.6.

4. Conclusion

This study numerically discusses the flame-anchoring
mechanism of a micro-TPV reactor in terms of the effects of
reactor configuration and fuel concentration. The interaction
between the inner and outer chambers is investigated according
to the effect of aerodynamics, mass and heat transfer, and
chemical reactivity. The following conclusions are obtained from
this study.

1. The effect of reactor configuration in the plain platinum reactor
and the segmented platinum reactor are discussed. In the plan
platinum tube, flames are sustained in the boundary layer on
the outer surface. The flame-stabilizing mechanism between
the inner and outer chambers is associated with heat transfer
interaction on the platinum tube. In the segmented platinum
tube, the catalytically induced homogeneous reaction can stabi-
lize in the gap by inheriting thermal energy and radicals from
the upstream section of the segmented catalyst. The gap could
provide a low-velocity region, heat source, and considerable
amounts of chemical radicals such as H, O, and OH, which can
facilitate micro combustion stabilization.

2. For the different fuel deployments, the flame is sustained in the
gap and only tails toward the inner chamber when
ER;, = ERyy = 0.45. On the outer surface of the downstream sec-
tion of the segmented platinum tube, a flame is detached and
anchored on the boundary layer. This is because an increase
in the equivalence ratio in the inner chamber enhances the
chemical reaction along the upstream inner surface, leading to
an enhanced gas reaction in the outer chamber because of the
increasing wall temperature. Nonetheless, the discontinuity of
the flame and entrainment of fresh hydrogen in the gap of the
outer chamber influence the deterioration of the gas reaction
and reduce OH radical concentration. Therefore, appropriate
fuel concentration in the inner chamber is a key parameter
for sustaining a gas reaction anchored on the gap and fulfills
the purpose of radiation integration from flames and the
emitter.
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