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A series of experiment were carried out on a 60000 m%/h non-catalytic reverse-flow reactor for thermal oxidation of
ultra-low concentration methane. The start-up performance, methane conversion rate, lowest methane concentration of
stable operation, reactor temperature distribution and the yield of super-heated steam were studied. The results show
that the temperature distribution on the cross section of the reactor is quite uniform during the whole process including
the start-up period, while on the section along the direction of flow, a peak temperature appears at the middle, and
temperature falls as it gets farther away from the axis. With the methane concentration at inlet increases from 0.3% to
1.0%, the peak temperature enhances form 990°C to 1066°C, while methane conversion rate almost keeps constant
(about 98.6%). As the flow of the reactor is 60000 m%/h, the lowest inlet methane concentration of stable operation is

0.28%.
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INTRODUCTION

Methane is a kind of conventional energy, and
also a kind of greenhouse gas. The huge emission
of ventilation air methane (VAM) from coal mine
causes serious environmental problem and results
in a waste of energy. The ultra-low concentration
VAM combustion is difficult to achieve with
traditional methods. Nowadays the oxidation
technologies of ultra-low concentration VAM are
TFRR (thermal reverse-flow reactors) and CFRR
(catalytic reverse-flow reactors) [1]. A series of
theoretical and experimental study have been done
on CFRR [2-8], CFRR achieves relatively low react
temperature, however, the reaction activity of the
catalyst is greatly affected by temperature, the
catalyst is expensive and oxidation process is
complex, all of this limit the application of CFRR.
TFRR is less expensive and complex; however it
needs relatively high reaction temperature. Also,
more  detailed researches on  temperature
distribution and methane conversion rate are
required for stable and reliable operation of TFRR
[9]. While researches on TFRR reported are not
enough. Zheng Bin, etc. carried out a series of
experimental researches on ultra-low concentration
VAM oxidation based on a self-developed pilot
regenerative reverse-flow oxidation reactor [10].
Wang Pengfei, etc. established a one dimensional
single-temperature model of ultra-low
concentration VAM thermal reverse-flow oxidation
reactor as well as fractal systems [11, 12, 13].
However, up to now, there is still not any applying

* To whom all correspondence should be sent:
E-mail: sdutliu@163.com

plant of TFRR is reported.

A 60000m*/h non-catalytic reverse-flow reactor
for thermal oxidation of ultra-low concentration
VAM was proposed, the goal of current paper is to
study its performance, including the start-up
performance, methane conversion rate, lowest
methane concentration of stable operation, and
temperature distribution in the reactor.

EXPERIMENT EQUIPMENT AND
CONDITIONS

The experiments were carried out on a
60000m3/h non-catalytic reverse-flow reactor for
thermal oxidation of ultra-low concentration
methane, the plant mainly consists of oxidation
reactor, heat extraction system, conveying and
mixing system, start-up system, deducting and
dehumidifying system, monitoring and control
system.

Three vertical columns of K-type thermocouples
(which were labeled as left, middle and right) were
fixed on the flow direction to obtain temperature
distribution of oxidation reactor. There were 15
offset temperature measuring point in each column.
The schematic diagram of temperature points
arrangement show in figure 1.

The fuel gas used for start-up is liquefied
petroleum gas. The concentration of ultra-low
concentration methane is between 0.3% and 1.0%,
which is obtained by mixing coal mine draining
methane and VAM from air return ventilation mine
shaft. The water used in the experiments is softened
water produced by a LMZF-12 automatic water
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soften system in Julong coal mine methane periodically, and heat is concentrated at the core of
pumping plant. The soften water is in line with the ceramic regenerator.
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As more and more heat is sent to the reactor,
core temperature increases, and results in the
temperature distribution as mentioned above. This
temperature distribution is quite similar to that
under normal operation conditions, so that the time
cost from start up condition to normal operation
condition can be controlled.

Methane conversion rate

The experiments were carried out in order to
obtain the peak temperature and methane
conversion rate under different inlet methane
concentration. During these experiments flow rate
was 60625+385m?h, concentration of methane was
adjusted from 0.3% to 1.0%, results are shown in
Figure 3.
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Fig. 3. The effects of methane on peak temperature
and methane conversion

Figure 3 shows that as the increase of methane
more and more heat is released, so that the peak
temperature enhances apparently from 990
°C~1066 °C, meanwhile the outlet methane
concentration shows slightly increase (from 0.004%
to 0.01%), however methane conversion rates under
different inlet methane concentration almost keeps
constant, which are all larger than 98.6%, and
shows an average value of 98.82%. This indicates

that high efficient conversion can be achieved
under relative wide range of inlet methane
concentration.

The lowest methane concentration of stable
operation

Heat released by methane oxidation reaction is
partially kept in the reactor to maintain the reaction,
and the rest heat may be extracted by the inner heat
exchanger. As methane concentration gets too low
to maintain the reaction, the temperature may
decrease gradually until reaction gets its end.
Therefore design of reactor and heat extraction
system plays a significant role on the stable
operation of the plant. In this experiment, the stable
operation condition as following: the flow is about
60000m%h, under a certain inlet methane
concentration, after 2 hours continuous operation
average temperature of the reactor never falls, the
peak temperature is larger than 950°C, and methane
conversion rate is no less than 97%. Table 1 shows
several record of the lowest methane concentration
of stable operation. The results show that as air
flow rate keeps about 60000m%h, the lowest
average methane concentration of stable operation
is 0.28%.

Uniformity of temperature distribution

Experiments on uniformity of temperature
distribution in the reactor were carried out under
different methane concentration, which was
achieved by adjusting the amount of drainage
methane for mixing.

Temperature distribution in Figure 4 under
different methane concentration shows that the
temperature profiles at different location (left,
middle and right) coincide well which reveals the
perfect temperature uniformity.

Tablel. The lowest methane concentration of the plant stable operation.

Lowest methane

Air flow Peak temperature -
Number m¥/h) C) concentration
( %)
1 60258 965 0.27
2 61212 980 0.29
3 60480 976 0.28
4 60650 970 0.28
Average / 0.28
value
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Fig. 4. The effects of methane concentration on the
temperature of reactor.
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As methane concentration increases, core
temperature of the reactor is enhanced, which
enlarges the extent of high temperature zone and
oxidation zone, and then promotes methane
conversion. However, the increase of outlet
temperature with concentration can be ignored,
which says that the affect of methane concentration
variation on heat loss of exhausted gas is little.

CONCLUSION

A series of experiment were carried out on a
60000m%h non-catalytic reverse-flow reactor for
thermal oxidation of ultra-low concentration
methane. With results, following conclusions can
be obtained:

(1) Temperature distribution on the cross
section of the reactor is quite uniform during start-
up period, while on the section along the direction
of flow, a peak temperature appears at the middle,
and temperature falls as it gets farther away from
the axis, which is quite similar to that under normal
operation conditions, and helps to achieve normal
operation as soon as possible.

(2) The peak temperature enhances apparently
from 990~1066 °C, meanwhile the outlet methane
concentration shows slightly increase (from 0.004%
to 0.01%), however the methane conversion rates
under different inlet methane concentration almost
keeps constant (98.82%), which indicates that high
efficient conversion may achieved under relative
wide range of inlet methane concentration.

(3) As the flow is about 60000m?/h, the lowest
methane concentration of stable operation is 0.28%,
under which average temperature keeps stable, peak
temperature is larger than 950 °C, and methane
conversion rate is no less than 97%

(4) Under normal operation conditions,
temperature profiles at different location (left,
middle and right) coincides well and with the
increase of methane concentration high temperature
zone and oxidation zone is enlarged, while heat loss
of exhausted gas increases little.
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EKCITEPUMEHTAJIHO U3CJIEABAHE HA TEPMHUYHOTO OKNCJIEHUE HA CBPbX-
HNCKHW KOHIEHTPAIITMNY HA METAH B HE-KATAJIMTUYEH PEAKTOP C ObPATEH
I[IOTOK

3. JIut, U. JTw?, 3. Yaurt

YWuunuwe no enepeemura u unoicenepcmeo, Yuueepcumem Ilanoone, Jocunan 250061, Kumaii
2Vuunuwe no mpancnopm u mpancnopmmuo umsicenepcmeo, Texnonozuuen ynusepcumem Llanoonz, 3ubo 255049,
Kumaii

ITocTpnuna Ha 12 nexemBpu, 2014 r.; kopurupana Ha 9 HoemBpH, 2016 T.
(Pesrome)

[IpoBeneHa e cepusi OT EKCIIEPUMEHTH B HEe-KaTaJMTHUYECH PEaKTop ¢ 0OpaTeH MOTOK 3a TEPMUYHOTO OKUCIICHHE Ha
CBPBX-HHCKM KOHLIEHTPAalMM Ha MeTaH 1pu aebutr 60000 m/h. B myckoBus mepuoj ca M3CJIEBaHM CTENEHTa Ha
NpeBpbIlaHe, Hai-HUCKaTa JOMYyCTUMa KOHICHTpAIlMs Ha MeTaHa 3a yCTOHYMBa paboTa, TeMrepaTypHUs npodui u
noOuBa Ha mperpsita mapa. Pesynrtaturte mokasBaT, Ye TEMIIEPaTYpHOTO paslpeleieHHe MO HAalpedyHOTO CeYeHHEe Ha
peakTopa e II0YTH PaBHOMEPHO MO BpeMe Ha LeJMs NPOLec, BKIIOYBAWKU M IYCKOBUS NEPHOJ, AOKATO MO TBIDKHHATA
Ha peakTopa ce HaONIOJaBa MaKCHMaJHa TeMIeparypa, KOsTO CIaja MNo-HaTaThK. [IpuW MOBHIIaBaHe BOJHATA
KoHUeHTpaus Ha MeraHa oT 0.3% mo 1.0% wmakcumanHaTta Temmeparypa ce mokausa oT 990°C mo 1066°C mpm
MOCTOSIHHA cTerneH Ha npeBpbiane (oxoio 98.6%). Ilpu u30panust neOUT Ha ra3a Hail-HUCKAaTa KOHIIEHTPALUs Ha
MeTaH 3a crabmnHa padora e 0.28%.
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