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ABSTRACT

By using detailed reaction mechanism of,CHtalytic oxidation on rh surface, the catalytiarpal oxidation of low
concentration Chlwas investigated numerically in a micro-channelusing on the effects of reactor material and
convective heat transfer coefficient on it. Thailssshow that: the reactor with different reactoaterials and h has
the fixed effect on methane catalytic partial ofioia. First, methane conversion of the outlet is3926 on ceramic
reactor; Xcna is 96.1%, 96.5% and 96.9% in several other reactdhe material of big thermal conductivity such as
stainless steel, corundum, red copper producesabigigld of CO and ktthan ceramic reactor. At the same time, high
thermal conductivity has a problem of carbon depmsion the wall. Then, when h is 0 W-kt, the methane
conversion efficiency reaches 99.9%, yield coeffiofH, reaches 95.85%, yield coefficent of CO reacheg¥®6The
smaller h is, the more syngas we get in this reattmrder to get more syngas and have stable emtidn, just adopt
the material of high thermal conductivity and keéle@ reactor adiabatic.

Keywords: Reactor material; convective heat transfer coiefiitc low concentration CH catalytic partial oxidation;
numerical investigation

INTRODUCTION

In recent years, with the development of micro ifzdiron technology and micro-electro-mechanicatays (MEMS)
[1-2], more and more researchers are aware of nhiarpers as a promising type of portable energycdeWlicro
burners have many advantages, such as the simpttuse, long working life, easy fuel replacemeartd providing
powers from a number of microwatts to hundreds atsv They have been widely applied to the militagrospace,
chemical analysis, biomedical, environmental mamitp digital electronic products and other fieldsie to the low
concentration of methane hard to be on fire, mahglars put forward to join the hydrogen to pronfote POM is a
good way to produce FHwhich has high efficiency. Because of the probtEhCarbon deposition; we add a small
amount of water vapor in the reactor [3aich coupled partial oxidation reaction. These suees are just adopted
for good combustion.

Now, many scholars have focused on POM. Sun Zhetweli[5] study the action of gravity on it by nuical methods.
Carbon deposit has increased along the directignawvity wall and reduced in the opposite directibarniainen et al
[6] suggested that CHhas dissociation of carbon and hydrogen on treysdtsurface first, and then GCOran giangu
et al [7] adopted the experiment to research theocedeposit. Mallens [8] used TAP to study the R@ntl they think
the reaction of CO is quicker than €@V alter et al [9fhought that ChHgenerated Cx and CHx firstly. Wang Haiyan
[10] obtains the developing tendency of outcrod fioaunder the multi - ventilation powers ancefippressure. Ashok
V and An. Palaniappan [11-12] research the kinedind mechanism of oxidation and cyclization—oxolatiEarly
some researches have played an important rolederstand the methane/oxygen catalytic partial diidabut still
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have some questions, such as reactor material @meective heat transfer coefficient which have affen the
production of synthesis gas. This paper uses theerioal method to learn the low concentration of,@fipartial
oxidation reaction on Rh catalyst, focusing on telamaterial and h on the characteristic of caialyartial oxidation
reaction of CH. The reaction mechanism is analyzed with detddys a theoretical foundation for the furtherdston
the combustion system.

1 PHYSICAL AND MATHEMATICAL DESCRIPTION

1.1 Physical model

The configuration of the 3-D micro-tube adoptethis paper is shown in Fig.1. The internal raditihe tube §is 0.5
mm, the thickness of the wall is 0.1 mm and the letength of the tube L is 10 mm. Rh catalystssisumed to be
uniformly deposited on the smooth inner-wall witdensity of 2.72x18kmol-m? The center of the tube entrance
locates at the origin of coordinates, and the mdbbcity of the mixture gas is uniform at the anire of the tube and
positive with x-axis. Catalytic combustion occutgtee surface of catalyst, which the gas reactaa is quite slow
compared to gaseous combustion.

Fig.1 The schematic structure of circulatube
1.2 Numerical models
Though the micro-tube is millimeter-scale, its @weristic size is still much bigger than the agerfiee distance of
the reactant molecules. So it is reasonable totamminuum model in this paper. In addition, tleelj force term,
dissipations and radiation of the gaseous speoéesegjlected. The main governing equations arels\k.

Continuum equation,
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Energy equation of the solid wall,
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The ideal gas and caloric equation of state,
p=pRTY —k . @)

D Diffusion coefficient (m-s%), p pressure, u, v Axial, radial velocities (ff),sh Total enthalpy of the gas phase
J- Klg), Ki, K; Total number of gaseous species and surface speétadial coordinate (m), x Axial coordinate (m),
Density (Kg-n¥),Thermal conductivity(W-mK™), Y Mass fraction,p Viscosity (P&), ® Methane/oxygen
equivalence ratio.

1.3 Reaction mechanism

In a millimeter-scale catalytic combustor, homogrreereaction is generally ignored, since it willibeibited by the
use of catalysts. So only a heterogeneous mechasgisntluded in the calculation of this paper. Tdetailed
elementary heterogeneous mechanism of methandRévestablished by Deutschmann et al[13] is usédisnpaper.

2 CALCULATION METHOD AND MODEL VALIDATION

Laminar flow model and component transmission masie@mployed. The method for solving the problenthis
SIMPLE algorithm. Import speed inlet boundary (tesidence time of the gas mixture in the tube ishmarger than
the reaction time) and pressure outlet boundaryatdo use. Inlet and outlet pressure are an gthes& pressure.
Inner wall uses the coupling wall. Wall has adopd#éfrent material in table one. These equatiorsused to have a
detail on research. XCHepresents methane conversioni W\ represents yield coefficient.

0
n, —N
Xew, = CH; 1 x100%. (8)
CH,
Ny
Wy, = ——5—2——x100%. 9)
2Xney, +Npyo
Weo = €0 x100% . (10)

Hy

Table 1 Property parameter values of different wallmaterial

project Aw-mkY  plkg-m?] Co[J-kgh kY
ceramic 2 2600 1464
stainless steel 16 7200 615
corundum 32 3940 37
red copper 387 8978 381

To verify the accuracy of the dynamic model, thggatal model which was used in the literature [}43tbessandro
Donazzi is used in this paper, and this paper adbihte same working condition such as it in trexditure[15]. As
shown in Fig.2, the result between simulation axgkement has close agreement, so the mathematadé| and
reaction mechanism in this paper is correct.
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Fig.2 Computing validation(reaction airspeed 4x1®NI-Kg ¢ 1 h%, volume fraction of CH, 1%, volume fraction of O, 0.5%)

RESULTS AND DISCUSSION

3.1 The effects of reactor material on methandytatgartial oxidation

The mixed gas is constituted by D, and N. N, is an inert gas, and it does not participate érdaction. Methane
volume fraction is 5%; oxygen volume fraction i8%., water vapor volume fraction of 1%. Inlet presss latm, and
the convective heat transfer coefficient is 1v¢-ki. Preheating temperature of the mixed gas is 9GkHown in
Fig.3 and Fig.4, for different wall materials, oxygconsumption rate has little change, becauseeoxigdiffusion
controlled, and the temperature gradient of difiereactor has a little effect on itcp% (methane conversion) of the
outlet is 92.31% in ceramic reactorgp are respectively 96.1%, 96.5% and 96.9% in sewdfar reactors. The
smaller the coefficient of thermal conductivitytise higher the temperature of the oxidation zenand the lower the
temperature reforming zone is on the contrary. lEie¢hconversion is high in the oxidized zone, bus ikow in
reforming area. Finally methane conversion of lfggrmal conductivity such as red copper is highantothers.
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Fig.3 The axial concentration distribution Fig.4 The axial concentration distribution
of conversion efficiency of CH of mass fraction of @

Fig.5 and Fig.6 shows that the reaction produddyiedistributed in different material wall. Yielbefficient of H
(W) of the ceramic is higher in the reforming zonet, &fter 5Smm from the inlet, it is lower than thiaer material.
Finally Wy, is 83.6% in ceramic reactor, and the others arperively are 88.9%, 89.6% and 90.2%. As to the
selectivity of the COWco is 84.4% in ceramic reactor, and others are reispdc 87.4%, 87.7% and 87.9% else.

Because the different material has diffefe(ithermal conductivity). When theof the material is low, the heat loss is
least than others.
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—4— corundum
—v— red copper
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Yield coeffient of H,(96)
3

Yield coeffient of co(%6)
N

o 2 4 6 8 10 0 2 4 6 8 10
Axial position /mm Axial position /mm

Fig. 5 The axial concentration distribution Fig. 6 The axial concentration distribtion
of yield coefficient of H gfeld coefficient of CO

From Fig.7, the axial change of the temperatuthérceramic reactor is large, but the heat lokilées The heat loss of
the ceramic reactor is 0.0265w. The lakgs good for the heat transmitted to the upstreathdownstream. At the
same time, it can preheat the mixed gas. In oalget a high yield coefficient of CO and;Hust use the material of
high thermal conductivity, such as red copper.t@ in Fig.8, carbon deposition presents differvettt material. In
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the ceramic reactor, the carbon deposition of sarfaoverage is 0.17, and the others are mainly. 024y have the
difference of 0.04, and it just takes up 23.5% Hiy teramic. Because the low heat loss of the ceregaictor, the
reactor has a higher temperature than the othégh.telmperature is beneficial to reforming reactidrich decreases
carbon deposition.
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Fig.7 Heat loss and the max temperature &8 The axial concentration distribution
difference of the wall of C(s) on the coupling wall surface

3.2 The effects of convective heat transfer coiefficout of the wall on methane catalytic partisidation

The mixed gas is constituted by D, and N. N, is an inert gas, and it does not participate énrdaction. Methane
volume fraction is 5%; oxygen volume fraction i8%, water vapor volume fraction of 1%. Inlet presss 1atm, and
the preheating temperature of the gas is 900khAws in Fig.9, the methane conversion efficiencyesrs different
with surface convective heat transfer coefficiafhen the wall is insulated, the methane conversifiniency is
maximal, and it reaches 99.9%. But in the convedtieat transfer coefficient of 5w?ak™, it only reaches 41.95%.
Fig.10 shows that the consumption of oxygen keap®seswith different h.
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Fig.9 The axiabmcentration distribution of Fig.10 The axial concentration
conversion efficiency of CH distribution of mass fraction of O,

As shown in Fig.11 and Fig.12, yield coefficentfand CO perform variance with different h.When $pectively
are 0.1.2 and 5 w- -k, yield coefficent of Hreaches 95.85988.9%. 71.6% and 17.7%. Methane happens strong
reforming reaction and partial oxidation, when Hitike which contributes to high temperature eowiment in the
reactor. Yield coefficient of CO performs the sammdency as 5 When h respectively are 01. 2 and 5 w-i-k*,
yield coefficent of CO reaches 86.7986.3%. 75.7%and 29.5%.

—v— h=5w-m*k*
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Yield coefficent of co(%)
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Fig. 11 The axial concentration distribution Fig. 12 The axial concentration disioution
of yield coefficient of H, ofeld coefficient of CO

From Fig.13, surface coverage changes a lot wiiitien convective heat transfer coefficient charfiges Ow- m?- k*

to 5 w- n-K*, surface coverage of carbon deposition reach@969548 0.202018140.13758537 and 0.048442189.
The smaller h is, the smaller the heat transfenbthe wall is. When h is small, it just generaadsigh temperature
environment which contributes to mathane decomiposifs shown in Fig.14, the heat loss and the temperature
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difference of the wall changes with h. When h spestively @ 1. 2 and 5 w-ii-k*, heat loss is respectively 0
0.02702247w 0.05103969w and 0.11107236w. The max temperatifierefice increases with h which just makes
reactor wall temperature uneven. To get more syagd9reheat the inlet gas well, keep the reaciabatic.

Surface coverage
Heat loss(w)
Temperature(k)

. . . . . . . . . . .
] 2 a4 6 8 10 0 1 2 3 4 5
Axial position /mm o fwemk?

Fig.13 The axial concentration distribution Fig.14 Heat loss and the max tempeure
of C(s) on the coupling wall surface difference dfa wall
CONCLUSION

By using detailed reaction mechanism of dtalytic oxidation on Rh surface, the catalytictial oxidation of low
concentration Cliwas investigated numerically in a micro-chanrmaduking on the different material and convective
heat transfer coefficient on it.

First, Xchs (Methane conversion) of the outlet is 92.31% aaro& reactor, Xy is 96.1%, 96.5% and 96.9% in
several other reactors. The bigger thermal condtictif the material reactor is, the highegp4is. Then the big such
as red copper has a high yield coefficient g&Hd CO. The ceramic reactor has a small problerarion deposition,
and the carbon deposition on the surface is ndtiufee the combustion. In order to get more syngeasjust adopt the
material of high thermal conductivity. To differecbnvective heat transfer coefficient, methane lg@tapartial
oxidation behaves different. When h is 0 W- &', the methane conversion efficiency reaches 99y@std coefficent
of H, reaches 95.85%, yield coefficent of CO reacheg®6To get more syngas and preheat inlet gas kesdly the
reactor adiabatic. When h is small, it has a nedditiserious problem of carbon deposition which nlbiesweakened in
some methods. In conclusion, In order to get mpngas and have stable combustion, just adopt theriaaof high
thermal conductivity and keep the reactor adiabatic
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