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ABSTRACT: The cylindrical regenerative thermal oxidizer (CRTO) came into
being later than the three-chamber regenerative thermal oxidizer (TRTO).
Compared with TRTO, CRTO has a smaller size and a larger regenerator volume
for absorbing and releasing heat. There are few studies on CRTO despite its
numerous applications. A CRTO was selected in industrial applications for
simulation research. The velocity and temperature of the CRTO were investigated
after error analysis of industrial and simulated data. It was found that the velocity
and temperature in the regenerative chamber had obvious stratification and
gradients after homogenization by the regenerator unit. The velocity and
temperature distribution in the oxidation chamber were independent of the
position of the CRTO inlet and outlet or the structure below the regenerator, and
there were identical periodic changes in each period. A TRTO with primary
parameters as those of the CRTO was employed for comparison. The time of the
intake and exhaust periods of a CRTO regenerative chamber were 30 s longer than those of a TRTO. The regenerator volume of
heat storage used by CRTO for heat exchange increased by 1/6 compared to that of TRTO at the same total regenerator volume.
Simulation shows that CRTO had a more uniform velocity and temperature in the regenerative chamber compared to those in
TRTO, increasing by approximately 2%; the thermal efficiency is higher, with an average increase of about 3%.

1. INTRODUCTION
Introduced into the industry by Hamon Research Cottrell
Company,1 the regenerative thermal oxidizer (RTO) technol-
ogy has been used to treat volatile organic compounds
(VOCs) in environmental protection.2 The regenerator made
of ceramics is applied in the regenerative chamber of the RTO.
The regenerator stores or releases much of VOCs’ combustion
heat with high thermal efficiency.3,4 RTO can operate without
an external fuel at low VOC concentrations due to the
sufficient energy provided by the regenerator.5−7 Therefore,
energy saving could be accomplished.8,9 In addition, RTO is
suitable for treating almost all types of VOCs.

RTO mainly consists of an oxidation chamber and multiple
regenerative chambers. During RTO operation, the intake gas
with VOCs and the purge airflow flowed upward into the
regenerative chambers, respectively. They absorb heat from the
regeneration chamber and then flow into the oxidation
chamber.10 These two processes are referred to as the intake
period and the purge period, respectively. The VOCs are
oxidized in the oxidation chamber. The high-temperature
exhaust gas flows downward from the oxidation chamber to the
regenerative chamber and releases heat, which is called the
exhaust period. For the cuboid-shaped RTO, the three periods
above form a cycle. The intake and exhaust periods occupy an
equal number of the regenerative chambers, while purging
occupies only one. Therefore, the cuboid-shaped RTO has an

odd number of regenerative chambers, which is divided into 3
chambers (corresponding to the three-chamber RTO, TRTO),
5 chambers, and 9 chambers. Cylindrical RTO (CRTO) adds a
regenerative chamber without gas flow, termed the dead zone,
between the intake and exhaust regenerative chambers. Its
purpose is to prevent the intake gas from bypassing the
regenerative chambers and proceeding directly to the RTO
outlet. The number of common CRTO regenerative chambers
is 12.11

Many research studies have been conducted on the cuboid-
shaped RTO, focusing on the regenerative chamber and the
regenerative chamber channel.12−15 The research included the
influence of operating parameters on the temperature and heat
transfer in the regenerative chamber, such as structural
parameters of the regenerator and regenerative chamber,16−19

switching time,20−23 and superficial velocity.17,21,22,24 Due to
the homogenization effect by the regenerator unit, the gas flow
exhibited a relatively uniform velocity and temperature
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distribution in the cross-section perpendicular to the flow
direction. Researchers presented different findings. Hao21

found that the side length of the regenerator was the most
important factor for thermal efficiency and heat transfer
coefficient. The switching time and channel thickness had little
impact on the thermal efficiency. The superficial velocity and
channel thickness of the regenerator had little effect on the
heat transfer coefficient. Along the flow direction, the velocity,
temperature, and heat transfer all showed periodic changes.25

Hao26 studied the uniformity of the velocity and temperature
in the regenerative chamber: the two parameters showed high
uniformity after the gas flowed through the honeycomb
regenerator.

The research on the regenerative chamber was also extended
to the entire cuboid-shaped RTO. Although its average thermal
efficiency could reach 90%,27−29 the residence time in each
period within the oxidation chamber varied greatly, resulting in
a nonuniform distribution of velocity and temperature within
the oxidation chamber.19,30 This was due to the odd number of
regenerative chambers and cuboid-shaped oxidation chamber.
The different intake and exhaust regenerative chambers at
different periods resulted in differences in the gas flow paths.

The advantages of CRTO are its smaller size and compact
structure. The regenerative chamber of the CRTO in the purge
period is 1/12 of the total regenerative chambers, while the
TRTO in the cuboid-shaped RTO is 1/3. The purge airflow
flows with normal temperature but without VOCs. It blows the
VOCs remaining in the regenerative chamber into the
oxidation chamber for decomposition, thereby improving the
removal efficiency of VOCs. However, a purge occupying too
much regenerator volume will reduce the heat exchange
volume, thereby diminishing thermal efficiency.

As one of the core components of CRTO, the switching
valves guide the gas flow in and out. There are two types of
switching valves under the CRTO regenerator. One is the
rotary valve driven by a reducer. Valves of the second type are
similar to the cuboid-shaped RTO. That is, each regenerative
chamber corresponds to three valves, namely, the intake,
exhaust, and purge valves. There are 36 valves in the 12
regenerative chambers. The second type was selected.

There have been few studies about CRTO in China despite
its wide application. Similar cylindrical heat exchange
structures were mainly rotary air preheaters and gas−gas
heat exchangers (GGHs).31−33 The velocity and temperature
in the heat exchanger were relatively uniform, and periodic

Figure 1. Industrial CRTO external (a,b) and internal structures (c).
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modifications would occur due to rotation. Mao34 found that
the temperature was quite stable with time in the regenerator
of a rotary flow reversal reactor.

Due to its high thermal efficiency and VOCs’ emissions
meeting Chinese standards, more than 500 units of RTO were
applied in 2016 alone.35 In recent years, some Chinese
environmental protection companies have made hundreds of
industrial applications. Moreover, competition among RTOs is
becoming increasingly fierce, resulting in low quotations.
Installing more regenerators can improve the thermal
efficiency, and increasing the temperature of the oxidation
chamber can meet the emission standards. But these methods
will increase the investment or operational costs. Meanwhile,
RTO has a large number of regenerator volumes with a large
amount of heat storage, resulting in a slow response to
parameter adjustments. In addition, the local emission
standard for VOCs in some areas of China has shifted from
50 to 30 mg/m3.36 Further studies are needed if the RTO
intends to satisfy low-price and high-efficiency requirements.

This research was based on a CRTO application, whose inlet
gas flux was 10,000 m3/h. After verification with industrial
data, the distribution of longitudinal velocity and temperature
within the CRTO in a cycle was studied. A comparison was
made with a TRTO in a cycle regarding the average velocity
and temperature in the regenerative chamber. A comparative
analysis was conducted to assess the homogeneity of the
velocity and temperature. Finally, the thermal efficiency was
analyzed between the CRTO and TRTO.

2. INTRODUCTION OF THE MODEL AND METHODS
2.1. Model Introduction. Figure 1 shows the industrial

CRTO’s external and internal structures. It mainly consists of
the channel for the inlet and outlet, the tee pipe, the gas
distribution room, the regenerative chamber, and the oxidation
chamber. The intake enters the gas distribution room from the
tee pipe. Then, it flows through five adjacent fan-shaped
regenerative chambers (inlet chambers) (Figure 2) to absorb

the heat of the regenerators before flowing into the oxidation
chamber. VOCs are burned in the oxidation chamber. After
combustion, the high-temperature exhaust enters five adjacent
regenerative chambers (outlet chambers) on the other side and
releases heat to the regenerators. Finally, it flows sequentially
down to the gas distribution room, the tee pipe, and the outlet.
The purge air flows into the gas distribution room through the
tee pipe. The VOCs remaining in the purge chamber are blown

into the oxidation chamber and mixed with the intake in the
oxidation chamber.

Table 1 shows the states of the regenerative chamber in a
cycle. The regenerators switched a period counterclockwise by

the valves every 30 s (Figure 2 and Table 1). It can be seen
that each regenerative chamber underwent a sequential period
consisting of intake, purge, exhaust, and dead zone. The inlet
and outlet regenerative chambers were symmetrical; the
regenerative chambers of the purge and no-airflow dead zone
separated the inlet and the outlet chambers.
2.2. Physical Model. Figure 3 shows the physical model.

Diameters of the regenerative chamber and oxidation chamber
were both 3250 mm. The center of the regenerative chamber
was a central column without a gas flow. The height of the
regenerative chamber was 1000 mm, and that of the oxidation
chamber was 2560 mm.
2.3. Simulation Hypothesis and Settings. The simu-

lation hypothesis boundary conditions were set as follows:
(1) VOCs were set as methanol, toluene, and ethyl acetate.

The gas was uniform mixed and set as ideal
incompressible fluid, the same as Hao.26

(2) The outer wall of the CRTO had a 300 mm-thick
insulation layer in industry. Therefore, the simulation set
the outer wall as an insulation wall.

(3) The heat release of the VOCs could achieve a stable
operation of CRTO in industry. Therefore, burner
combustion was not considered in the simulation.

(4) The gas could fully exchange heat with the regenerator
in the regenerative chamber.

The boundary conditions were set as follows:
(1) The inlet velocity and flux at 343 K in its entrance were

3.30 m/s and 10,000 m3/h, respectively.
(2) The purge velocity and flux at 293 K in its entrance were

9.35 m/s and 1000 m3/h, respectively.
(3) The exhaust outlet was set as a pressure outlet. The

hydraulic diameter was 1.28 m.
(4) The mass fractions of methanol, toluene, and ethyl

acetate were 1.59 × 10−3, 1.20 × 10−3, and 1.19 × 10−3,
respectively.

(5) The regenerator was made by the ceramic shaped with
plate. Its density was 2.35 g/cm3. The specific heat
capacity was 1250 J/(kg·K). The thermal conductivity
was 2.5 W/(m·K), and the porosity was 62.6%.

Figure 2. Regenerative chamber number and chamber status.

Table 1. Corresponding Statuses of the Regenerative
Chamber for CRTO in a Cycle

time
(s)

period
number

inlet
chamber
(intake
period)

dead zone
chamber

(dead
period)

outlet
chamber
(exhaust
period)

purge
chamber
(purge
period)

0−30 (1) 01−05 06 07−11 12
30−60 (2) 02−06 07 08−12 01
60−90 (3) 03−07 08 09−12.01 02
......
150−

180
(6) 06−10 11 12.01−04 05

......
240−

270
(9) 09−12,01 02 03−07 08

......
330−

360
(12) 12,01−04 05 06−10 11
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The standard k−ε model was set as the turbulence
model.11,34

The finite-rate model considers the elementary reactions of
the combustion process, and the chemical reaction rate in the
model is a function of the temperature and activation energy.
The finite-rate model uses the Arrhenius formula to represent
the chemical reaction rate.37,38 The finite-rate model and the
eddy dissipation model are combined into the finite-rate/eddy
dissipation model. In the model, the generation or con-
sumption rate of each component is taken as the minimum

value of the Arrhenius reaction rate and the eddy dissipation
rate. The reaction of air and VOCs in RTO releases a large
amount of heat. So the Finite-Rate/Eddy-Dissipation model
was adopted.

Scattering and refraction parameters of the gas were hard to
get. The DO (Discrete-Ordinates) radiation model does not
consider these parameters, and it is widely used and accurate.
So, the DO model was used to control the radiation and the
heat transfer of the polar gases such as CO2 and H2O.21,39

Figure 3. CRTO physical model.

Figure 4. Experimental temperature (a) and error between experiment and simulation (b).
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The regenerator was set as a porous medium. In the porous
medium model, the viscous and inertial loss terms are
important components of the momentum source term,11,40

which is simple and expressed by

= + | |S v v v
1
2i i i

i
k
jjj y

{
zzz (1)

where μ is the kinematic viscosity of the flow, α is the
permeability, v is the velocity vector, C2 is the inertial
resistance coefficient, and ρ is the fluid density of the flow.
The solution for the viscous and inertial resistance coefficients
are typically available using the semiempirical Ergun equation,
which is expressed by

=
D

1 150 (1 )

p
2

2

3
(2)

=C
D
3.5 1

2
p

3
(3)

where Dp is the mean pore size and ε is the porosity.
The maximum number of the calculation iterations was 20

in time step of each 1 s during the transient simulation.
2.4. Model Verification. Figure 4 shows the experimental

temperature and temperature error between the experiment
and simulation. Points A−D correspond to the thermocouples
in Figure 1. The experimental data were collected every 5 s
with no fuel added in three cycles. The temperature

distribution had obvious periodicity. The maximum error
was 11%, and the minimum one was close to 0. Therefore, this
simulation method can be used for the subsequent research.

3. SIMULATION RESULTS
3.1. Longitudinal Velocity in CRTO. 3.1.1. Longitudinal

Velocity between Tee Pipe and Regenerative Chamber. The
regenerative chamber of 05 in Figure 2 was selected. 0, 90, and
180 s in Figure 5 corresponded to the intake, purge, and
exhaust periods, respectively. There was no gas flow in 270 s,
which corresponded to the dead period. Thus, no analysis was
made in 270 s. Since the transverse velocity was much lower
than the longitudinal velocity, the longitudinal (Z-axis in
Figure 1) velocity was selected for analysis.

Figure 5 shows the longitudinal velocity between the tee
pipe and the regenerative chamber of 05. After entering the tee
pipe from the bottom, the inlet gas in the intake period rushed
upward into the gas distribution room, resulting in a
nonuniform flow (Figure 5a). However, the porous structure
of the regenerator made the flow uniform rapidly after entering
the regenerative chamber.34 Purge flowed in from the left of
the tee pipe with a low flow rate (Figure 5b). The velocity
stratification of the outlet gas in the exhaust period in the
regenerative chamber was obvious (Figure 5c). The gas flow
caused a strong vortex in the tee pipe, resulting in fairly large
pressure losses.

3.1.2. Longitudinal Velocity in Oxidation Chamber. Figure
6 shows the longitudinal velocity in the oxidation chamber. It

Figure 5. Longitudinal velocity between the NO. 5 tee pipe and regenerative chamber in m/s at (a) 0 s, (b) 90 s, and (c) 180 s.

Figure 6. Longitudinal velocity in the oxidation chamber in m/s at (a) 0 s, (b) 90 s, (c) 180 s, and (d) 270 s.
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can be seen that the velocity gradient was relatively obvious.
The velocity distribution of the oxidation chamber showed the
same regulation at each period, but this regulation rotated
along the cylindrical axis as the periods switched. Therefore,
the velocity and residence time distribution of the gas in the
oxidation chamber were the same for different periods.
However, both the velocity distribution and residence time
varied greatly in different periods of TRTO.26

3.2. Temperature in CRTO. 3.2.1. Temperature between
Tee Pipe and Regenerative Chamber. Figure 7 shows the gas
temperature between the tee pipe and the regenerative
chamber of 05. It can be seen that temperature stratification
in the regenerative chamber was obvious. Both the inlet gas in
Figure 7a and the purge air in Figure 7b from the left of the tee
pipe absorbed heat from the regenerator. Thus, the temper-
ature of the regenerator kept dropping during the intake and
purge periods. The high-temperature gas from the oxidation
chamber continued to heat the regenerator in the exhaust
period (Figure 7c). Thus, the temperature of the regenerator in

the exhaust period increased. During the dead period, the
temperature within the regenerator reached the highest (Figure
7d). There was no heat exchange between the tee pipe and the
gas distribution room below the regenerator, so their
temperature difference was small.

In industrial applications, the purge air to the regenerative
chamber (set as the dead zone) was shut down for a while. It
was found that the purging air had little effect on the
temperature and the heat exchange in the regenerative
chamber. The VOCs in the regenerator could be removed to
the oxidation chamber in a short time (less than 1/4 of the
period time). Therefore, the time of the purge period can be
shorter than that of the intake or exhaust periods in order to
reduce the regenerator heat loss by the purge. However, it is
not recommended to reduce the purge flux.

3.2.2. Temperature Distribution of Oxidation Chamber.
Figure 8 shows the temperature in the oxidation chamber.
Temperature of the rising flow from the inlet and the dead
zone chambers was low in the oxidation chamber. The

Figure 7. Gas temperature between the NO. 5 tee pipe and regenerative chamber in K at (a) 0 s, (b) 90 s, (c) 180 s, and (d) 270 s.

Figure 8. Temperature in the oxidation chamber in K at (a) 0 s, (b) 90 s, (c) 180 s, and (d) 270 s.

Figure 9. Structure of the TRTO.
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temperature increased as the VOCs oxidized and diffused. But
the temperature in the oxidation chamber was not uniform,
especially the wall showed the lowest temperature. Similar to
the longitudinal velocity distribution, the temperature
distribution rotated along the cylinder axis as the periods
switched.

4. COMPARISON BETWEEN TRTO AND CRTO
4.1. TRTO Model. TRTO and CRTO, known as the

second and third generations of RTO, respectively, are both
widely used in China. A TRTO was simulated and compared
with the CRTO in order to gain a deeper understanding of
RTO. Figure 9 shows the structure of the TRTO. The main
parameters of the TRTO [oxidation chamber volume,
regenerator volume, and regenerative chamber superficial
velocity (0.93 m/s)] were the same as those of the CRTO.
However, the CRTO regenerator had a height of 1200 mm,
which was 200 mm higher than that of the TRTO at the same
regenerator volume and superficial velocity. With reference to
the industrial applications, the structure below the TRTO
regenerative chamber mainly included intake inlet and exhaust
outlet, purge inlet, and gas distribution room.

The cycles of the TRTO and CRTO were both 360 s.
Accordingly, the switching time of each period for the TRTO
was 120 s. The working states of the three regenerative
chambers are listed in Table 2. The simulation method
followed that used by Hao.26

4.2. Velocity Comparison in the Regenerative
Chamber. Figure 10 shows the regenerator surfaces in
comparison. The bottom of the regenerator was selected as
the reference surface. Surfaces were selected at an interval of
10% height from the bottom to the top in Figure 10.

Figure 11 shows the average velocity of the regenerative
chamber surfaces. Four faces were selected at every 20% height
from the regenerator bottom to its top. The distance between

each surface and the regenerator bottom can be seen in Figure
11. Height of the TRTO regenerator was 200 mm higher than
that of the CRTO. The intake or exhaust volume of the
regenerative chamber from CRTO was 5/6 (Table 1) of the
total volume, while that of TRTO was 2/3 (Table 2). So, the
CRTO regenerator has a larger area for intake and exhaust
than that in TRTO. The velocity in the CRTO regenerator was
low compared to that in TRTO and had little fluctuation at the
same gas flux. The velocity in the regenerator changed stepwise
because the CRTO switched the regenerative chambers every
30 s.
4.3. Temperature Comparison in the Regenerative

Chamber. Figure 12 shows the average gas temperature of the
regenerator surfaces. The regenerator released heat to gas, and
the regenerator temperature continued to decrease during the
intake period. The regulation was reversed during the exhaust
period.

The time of the intake and exhaust periods of a CRTO
regenerative chamber was 150 s, which was longer than the
120 s of the TRTO. The regenerator volume of heat storage
used by CRTO for heat exchange increased by 1/6 compared
to that by TRTO at the same total regenerator volume. The
CRTO provided more efficient heat exchange than that of the
TRTO.
4.4. Uniformity of the Velocity and the Temperature

in the Regenerative Chamber. The coefficient of variation
(CV) was used to calculate the uniformity of the regenerative
chamber during the intake and exhaust periods, which is
expressed by

=
| |

CV
(4)

where σ represents the standard deviation and μ represents the
average.

The calculation results are listed in Figure 13. The velocity
and temperature were nonuniform in the lower and top parts
of the regenerative chamber due to the inlet or the outlet
effects. TRTO had stronger velocity and temperature
fluctuations than those in CRTO. Low fluctuation, which
indicates high uniformity, is more advantageous for heat
transfer.

The CV of each height was averaged, and the results are
shown in Table 3. The regenerator volume of the CRTO in
intake and exhaust periods were larger than those of the
TRTO. Accordingly, the velocity and temperature distribution
of the CRTO were more uniform than those of the TRTO.

Table 2. Corresponding States of the Regenerative Chamber
for TRTO in a Cycle2

time
(s)

period
number

inlet chamber
(intake period)

outlet chamber
(exhaust period)

purge chamber
(purge period)

0−120 (1) no. 1 no. 2 no. 3
120−

240
(2) no. 2 no. 3 no. 1

240−
360

(3) no. 3 no. 1 no. 2

Figure 10. Selected regenerator surfaces in the regenerative chamber for (a) TRTO and (b) CRTO.
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Moreover, the intake period with a lower gas temperature was
more uniform than the exhaust period.
4.5. Comparison of the Thermal Efficiency. The

calculation method for thermal efficiency is shown in eq 5

=
+

×
Q T T

Q T T Q T T

( )

( ) ( )
100%out out

in in purge purge (5)

where Qin is inlet gas flux (m3/h); Tin is average temperature of
the inlet gas (K); Qout is outlet gas flux (m3/h); Tout is average
temperature of the outlet gas (K); Qpurge is purge air flux (m3/
h); Tpurge is average temperature of the purge air (K); and T is
average temperature of the oxidation chamber (K).

Figure 14 shows the thermal efficiency with time of TRTO
and CRTO in a cycle. The midpoints of each period were
connected by the red line. The thermal efficiency was mainly

Figure 11. Average velocity of the regenerator surfaces for (a) TRTO and (b) CRTO.

Figure 12. Average gas temperature of the regenerator surfaces in (a) TRTO and (b) CRTO.

Figure 13. CV at (a) velocity CV and (b) temperature CV in the intake period.

Table 3. Average CV of the Regenerative Chamber

period intake exhaust

TRTO velocity (%) 1.03 1.21
temperature (%) 0.81 1.17

CRTO velocity (%) 0.86 1.05
temperature (%) 0.81 1.08
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affected by the oxidation chamber temperature and outlet
temperature when the inlet temperature remained constant.
The thermal efficiency at the beginning of the next period was
higher than that at the end of the previous period because the
switched regenerative chambers had already absorbed or
released heat.

During the intake and exhaust periods, the temperature of
the oxidation chamber decreased due to the gradual decrease
in the heat released by the regenerator to the gas. High-
temperature gas flowed from the oxidation chamber to the
regenerative chamber. However, due to the limited heat
storage capacity of the regenerator, the heat in the regenerator
gradually became saturated during the exhaust period, which
increased the RTO outlet temperature. Therefore, the thermal
efficiency kept decreasing at every period (Figure 14).

CRTO had more regenerators in heat exchange during the
intake or exhaust periods. Therefore, CRTO utilized heat
storage more fully than the TRTO. It can be seen from Figure
14 that the average thermal efficiency of CRTO in a cycle was
calculated to be 94.55%, which was greater than TRTO’s
90.72%.

The temperature in the oxidation chamber of TRTO was
more nonuniform, and the time of its period was four times
that of CRTO, so its thermal efficiency fluctuates greatly. The
thermal efficiency of the curve inlet 3 shown in Figure 14a was
the highest. The reason was that the gas had the longest
residence time in the oxidation chamber when no. 3 and no. 1
regenerative chambers were in the inlet and outlet chambers
(Table 2 and Figure 9), respectively. The average thermal
efficiency of each period in Figure 14b fluctuated mainly due to
the periodic changes in the oxidization chamber and outlet
temperatures.

In addition, adopting the height of the regenerative chamber
to analyze the thermal efficiency is more insightful. The height
was also the main indicator in previous studies. However, it is
recommended to use the regenerator volume to analyze the
thermal efficiency when the volumes are different.

5. CONCLUSIONS
The velocity and temperature of a CRTO with 12 regenerative
chambers during a cycle or a period are studied for the first
time. The CRTO is compared to a TRTO with the same main
parameters. The main conclusions are as follows:

(1) Longitudinal velocity and temperature of the CRTO
from the tee pipe to the regenerative chamber bottom
are nonuniform, and the inertia of the airflow causes
significant vortices, which increase the apparatus
resistance. The velocity and temperature became
uniform rapidly with obvious stratification after flowing
into the regenerative chamber.

(2) Longitudinal velocity and temperature gradient in the
CRTO oxidation chamber are obvious. However, the
distribution in the oxidation chamber is not related to
CRTO’s inlet and outlet positions or the structure under
the regenerative chamber after homogenization by the
regenerator unit. That is, the velocity and temperature
distribution of the oxidation chamber show the same
regulation at each period, but this regulation rotates
along the cylindrical axis as the period switched.

(3) The CRTO regenerator has a larger area for intake and
exhaust than that in TRTO. So, the velocity and
temperature fluctuations in the CRTO regenerative
chamber are smaller and more uniform than those in
TRTO, with a coefficient of variation increase of
approximately 2%.

(4) The time of the intake and exhaust periods of a CRTO
regenerative chamber are both 150 s, which is 30 s
longer than those of the TRTO. The intake or exhaust
volume of the regenerative chamber from CRTO is 5/6
of the total volume, while that of TRTO is 2/3. The
average thermal efficiency of CRTO is about 3% higher
than that of TRTO. Comprehensively speaking, CRTO
had a better effect.

In future work, research will be conducted on the elemental
reactions of VOCs in regenerator, combustion, and flame
theory within regenerative and oxidation chambers.
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(9) Marín, P.; Díez, F. V.; Ordóñez, S. A new method for controlling

the ignition state of a regenerative combustor using a heat storage
device. Appl. Energy 2014, 116, 322−332.
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