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Abstract
When the relationship model between flow characteristics and efficiency of reciprocating porous medium burner is built by
energy spectrum analysis method, it is disturbed by a large number of factors affecting combustion efficiency, so it is impossible
to accurately analyze the relationship between flow characteristics and efficiency of the burner. A new relationship model
between flow characteristics and efficiency of reciprocating porous medium burner is constructed. According to the symmetry
of reciprocating porous medium burning system structure and the periodic exchange characteristics of internal gas flow, a
physical model of reciprocating porous medium burning system is constructed. On this basis, a reciprocating porous medium
burner is established. After giving the initial boundary conditions of the model equation, the finite volume method is used to
discretize the model equation, boundary conditions and calculation area. The Gauss-Seidel iteration method is used to solve
the mathematical model, and the relationship between the flow characteristics and efficiency of the reciprocating porous
medium burner is analyzed. The experimental results show that the model can effectively analyze the relationship between
flow characteristics, such as reversal half cycle, gas calorific value, secondary air ratio and efficiency in reciprocating porous
medium burner, and the stability of the model is strong. The analysis time is less than 0.5 s.
© 2022 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved
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1. Introduction
With the development of society and economy, energy
crisis and environmental pollution are becoming more and
more serious. People’s voice for energy conservation and
environmental protection is getting higher and higher [1].
The development of clean energy and the efficient use of
energy play an important role in promoting and
guaranteeing the sustained, rapid and healthy development
of the national economy, improving the environment and
the quality of people’s lives. Controlling the use of highly
polluted energy, developing the utilization of clean energy,
and improving the effect of energy conservation are to
greatly increase the use of energy, which has become one of
the researches focuses of energy researchers since the 1990s
[2, 3].
Environment is the source of human life and survival.
However, with the development of the world economy,
environmental problems are becoming more and more
serious, threatening the survival and development of
mankind. Nowadays, human beings are faced with three
major environmental problems: acid rain, greenhouse effect
and ozone layer damage. The harm of acid rain is getting
worse and worse, and almost all over the world [4, 5].
According to a survey conducted by the Economic
Commission for Europe (UNECE) and the United Nations
* Corresponding author e-mail: boxuezhong@126.com.

Environment Programme in 1989, acid rain has been
harmful to 28 countries in Europe, and 50 million hectares
of 110 million hectares of forests in Europe have become
fragile and withered due to acid rain; In the United States,
according to Environmental Protection Agency (EPA)
estimates, acid rain has corroded up to 5 billion United
States (US) dollars in 17 states since 1985. In China, acid
rain has been the trend of development, and the acidity of
rainfall has been increasing from south to north. The
economic losses caused by acid rain are also increasing year
by year. Soil in some areas is gradually increasing.
Acidification is a serious pollution problem in agriculture.
According to rough estimates, the area of farmland polluted
by acid rain in the mid-1980s has reached 40 million mu,
resulting in economic losses of more than 1.5 billion yuan
per year. In addition, some parts of China also suffer from
forest and water hazards, which seriously threaten the
ecological balance of [6-10].
Reciprocating porous medium combustion has higher
advantages than other combustion technologies in
improving combustion efficiency, expanding flammability
limit, saving fuel, improving environment and disposing of
all kinds of garbage and waste [11-14]. It is a combustion
technology with high combustion efficiency and low
pollution emission. This combustion technology is an
effective and practical combustion method in enhancing
combustion and emission control. Therefore, the
relationship between flow characteristics and efficiency of
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The secondary air enters from the downstream of the

reciprocating porous medium burner is analyzed by
modeling in order to improve fuel efficiency and reduce
environmental pollution.

regenerator at a flow rate of u2 and an initial temperature

of T0 . After heating in the regenerator area and the porous
medium combustion area, it flows out of the middle crosspipe mouth. It can also be seen in the figure that the distance
between the premixed gas inlet upstream of the burner and
the connecting point of the middle cross-pipe is relatively
small compared with the whole burner, and the proportion
of the premixed gas inlet in the whole calculation area is
relatively small [25]. The influence of the incoming flow of
the fresh premixed gas and the heated secondary air in this
section can be neglected. Therefore, in the first half of the
model processing, it can be considered that the primary and
secondary air has been premixed before entering the system
from the premixed gas inlet upstream of the burner [26].
Similarly, in the second half of the cycle, the outflow of
secondary air can also be considered as outflow from the
upstream middle cross-pipe of the burner. In this way, the
physical model can be simplified to one-dimensional
problem in the first and second half cycle.

2. Modeling and Analysis of Relationship Between
Flow Characteristics and Efficiency of Reciprocating
Porous Medium Burner
2.1. Establishment of physical model
According to the symmetry of the structure of
reciprocating porous medium burner and the periodic
interchangeability of the gas flow direction in the system,
the burner is simplified [15-18]. The physical model shown
in Figure 1 is established, which is divided into combustion
zone and regeneration zone. The combustion zone and
regeneration zone are cylinders, and the burner zone are
foam ceramic tile with high porosity, the regenerator area is
a regenerative sphere or honeycomb regenerator with low
void ratio, and the length of the combustion heat transfer

x

area is e ; The gas flow area [19] on the outside of the two
ends of porous medium is one-twentieth of the length of the
porous medium area, and the total length is L . In order to
prevent the burner from tempering, a heat dissipation
aluminium ring jacket with a length of 40 mm is installed
outside the burner at the entrance of some premixed gases
[20-22]. The igniter is located at 2/3 of the burner length.

2.2. Establishment of mathematical model
2.2.1. Establishment of model equation
According to the results of the physical model built in
Section 2.1, an axial coordinate system x is established. As
shown in Figure 1, for the combustion reaction process of
reciprocating porous burner in the first half cycle, a microelement is selected in the calculation area of physical model
[27, 28]. Considering the non-thermal equilibrium between
gas and solid phases, and according to the mass
conservation and energy in the micro-element body, the
conservation law is used to establish the one-dimensional
double temperature control equation for gas solid two
phase.
The continuity equation is:

During the first half period thp1 , some premixed gas
enters the burner from upstream of the burner at a flow rate

of u1 and initial temperature of T0 . At the same time, the
heated secondary air enters the burner at a flow rate of u2

and a temperature of T2 . It joins the primary air and
combusts after ignition by the igniter. The combustion
product passes through heat storage. The downstream of the
regenerator is excluded [23, 24]. The solid line in the figure
shows the direction of gas flow in the first half cycle. In the

∂ (ερ g )

second half cycle thp 2 , the premixed gas stops supplying.

The energy equation of mixed gases is:

ε

∂ (C pg ρ g Tg )

The energy equation for porous medium is:

∂t
(1 − ε )

+ε

∂t

+

∂ (ερ g )
∂x

=
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∂ (C pg ρ g uT )
∂  ∂T
= ε  λg g
∂x
∂x 
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Figure 1. Physical model of reciprocating porous medium combustion system
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The composition equation of the product is:

∂ ( ρ gY )
∂t

∂ ( ρ g uY ) ∂ 
∂Y 
+
=
 Dρ g
 +W
∂x
∂x 
∂x 

In the above equations, the porosity is

(4)

ε ; T is

temperature; Y is product component; h0 is low calorific
value of fuel per unit mass; W is chemical reaction rate;

component is methane, the content of which is up to 90%.
Because it combusts with a large amount of air to form a
lean gas, the proportion of other components is smaller [30].
Therefore, the combustion of other components can be
neglected and only the chemical reaction of methane
combustion can be considered. The stoichiometric equation
of chemical reaction can be expressed as follows:

λg is gas thermal conductivity; D is diffusion coefficient;

C pg is gas specific heat; C ps is specific heat of porous
medium; qr is the radiation of porous medium; ξ is wall

heat loss coefficient of combustion system; The subscripts
is a porous medium, and the subscript g indicates gas.

λs is the thermal conductivity of solid, and it can be
obtained by the following empirical equation.

λs =
(1 − ε )(0.561 − 0.855log(Ts ))

(5)

hv is the volumetric heat transfer coefficient, which is
mainly obtained from the Nusselt number of dimensionless
volume as following Equation (6):

Nuv ,1 =

hv d m2

(6)

λs

The Nusselt number of dimensionless volume can be
obtained by the following Equation (7):


1.236d m 
(7)
=
Nuv ,1  0.0426 +
 / Re dm
Xe 

The average pore size d m and Reynolds number of
aperture Re dm is are obtained through the following
Equation (8):

=
dm

4φ π ppc ; Re dm
=

ud m2

υ

(8)

where ppc is the number of holes in porous medium in
a centimeter unit length.
Similarly, the second half cycle is a heating process in
which the secondary air flows backward from the
downstream of the regenerator into the system. There is no
combustion reaction, but a simple gas-solid two-phase heat
transfer process [29]. Therefore, the model equation in the
second half cycle can be further simplified as follows:
The continuity equation is:

∂ (ερ g )
∂t

+

∂ (ερ g u2 )
∂x

=
0

(9)

The energy equation of mixed gases is:

(10)

(12)

The experimental analysis shows that the oxygen
concentration in the gas is very high and the combustion
efficiency is very high when combustion is carried out in a
reciprocating porous medium burner, especially for lean gas
fuel with low calorific value. Therefore, in the model
calculation, the combustion reaction is considered to be
complete [31, 32]. In addition, the purpose of chemical
reaction item treatment is the main one. The effect of
thermal effect caused by combustion reaction on
temperature field is considered. According to Arrehnius
law, the thermal effect caused by one-step reaction is the
same as that caused by detailed reaction. Therefore, the
overall one-step irreversible reaction can be used to simplify
the combustion reaction. Since the combustion reaction is
assumed to follow Arrehnius law, the chemical reaction rate
equation is as follows:

W = Af ρ R (1 − Y ) exp( − E / RTR )
where,

the

chemical

reaction

frequency

(13)

factor

2.6 × 108 s −1 , activation energy E = 130kJ / mol .
A=
f

Therefore, in combustion reaction, only the molar
fraction of reactants and biomass components exists.
Therefore, when the biomass component Y < 1 or not equal
to 1 in numerical simulation, it can be confirmed that
combustion reaction can not proceed steadily.
2.2.3. Treatment of radiation source term
On the one hand, natural gas becomes a gas fuel with
low calorific value after mixing with air, and the proportion
of combustible gas component is relatively small [33].
Therefore, the proportion of triatomic radiative gases such

as CO2 and H 2O in the product is relatively small, and
the radiation ability is greatly reduced. On the other hand,
compared with the radiation effect of porous medium, the
radiation effect of gas is much less than that of porous
medium. The radiation effect of gas can be neglected. Only
the radiation effect of solids is considered. At the same time,
the radiation coefficient of foam ceramic medium and the
phase function parameter fluctuate less with wavelength
variation [34], so the wavelength effect can be considered
as smaller, the wavelength is treated as gray body. For the
micro-elements in the physical model area, the radiation
energy transfer is established as follows:

The energy equation for porous medium is:
(14)
(11)

where, I b (τ ) and En (τ ) respectively denote black
body radiation intensity and n-order exponential integral
function, as shown in Equation (15):

2.2.2. Treatment of chemical reaction source term
The combustion reaction is a very rapid exothermic =
I b (τ )
reaction. Natural gas is used as combustion gas, the main

σT 4
=
; En (τ )
π

1

∫ξ
0

n −2

exp( −τ / ζ )d ζ

(15)
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Porous ceramic foam is composed of a network
framework with twelve sides interpenetrating. It has high
randomness, uncertainty and complex structure. It can be
treated as a continuous medium, and the combustion of
porous medium makes the temperature distribution in the
combustion chamber more uniform. The gap is much
smaller, so that radiation mainly comes from the adjacent
point, and the radiation energy far away has been greatly
attenuated before reaching the micro-element [35].
Therefore, the radiation energy can be treated by the
diffusion approximation method based on the optical
thickness assumption, and the Rosseland diffusion equation
can be obtained as follows:

qr ( x ) = −
The

16 σ T 3 dT
3 k dx

(16)

Stephen-Boltzmann

constant

5.67 × 10 W / m ⋅ K and k is the radiation
σ=
attenuation coefficient.
By incorporating the above equations into the energy
equation of porous medium and combining them, the
expression (17) of energy diffusion equation of porous
medium can be obtained:

(1 − ε )

−8

2

∂ (C ps ρ sTs ) ∂
∂T
=
(λss ) s + hv (Tg − Ts )
∂t
∂x
∂x

(17)

where

16 σ Ts3
λss= λs +
(18)
3 k
where, λss is the effective conversion coefficient of heat

conduction.

2.2.4. Establishment of ignition model
The reciprocating porous medium burner is ignited by an
igniter. The ignition process is regarded as a uniform
exothermic process with constant flow [36]. The uniform
heat release rate is limited to the combustion area of porous
medium, and the heat source range is 1/50 of the whole
porous medium area. The corresponding model equation is
simplified as the relative heat transfer between gas and solid
with constant internal heat source [37]. The temperature at
which the ignition is stabilized is the initial value of the
ignition combustion as the mixed gas.
2.2.5. Initial boundary condition
1. Initial condition

αs

is the convection heat transfer coefficient,

α s = hv / 169.4 ppc , and ppc is the number of hole per

cm unit length.

The second half cycle ttp ≤ t ≤ 2thp , u < 0 , if x = L :

=
Tg T0 ; Y=
0;=
u u2
in

If x = −0.05 xe , there is:
∂Tg
= 0;=
u u2
∂x
At x = 0 and x = xe , there is:
∂T
−α s (Tg − Ts ) x = xe
(1 − ε ) λs s =
∂x

(23)

(24)

(25)

3. Solid wall boundary
In order to prevent backfire, a cooling aluminium ring
with a length of 40 mm is installed at the inlet of the
premixed gas upstream of the burner. The heat loss

coefficient ξ1 is treated according to the unit length
uniform heat sink, and 1 200 is selected through the
comparison of the test results. Other avoiding areas adopt
better thermal insulation measures in the test process, with
less heat loss, according to adiabatic heat treatment.
2.2.6. Solution of mathematical model
Aiming at the established mathematical model equation,
variable of that dimension is 1 and parameter of that
dimension is 1 are introduced. The model equation and
boundary conditions are transformed into two dimension 1
forms. The finite volume method is used to discretize the
model equation, boundary condition and calculation area.
The model equation is solved by Gauss-Seidel iteration
method, and the combustion efficiency is obtained. The
calculation results of the rate can effectively analyze the
relationship between flow characteristics and efficiency of
the reciprocating porous medium burner.
Firstly, ignition simulation is carried out. Given constant

heat source h0 , the gas-solid two-phase energy equation of
constant internal heat source is solved. The obtained
temperature distribution field is taken as the initial ignition
temperature, and then the numerical simulation of system
combustion is carried out. Secondly, the position of the
flame is not predetermined, but by the energy balance of the
system itself.

When t = 0, −0.05 xe < x ≤ L , then:

Tg= T=
Ti 0 ; Y= 0; u= u1 + u2
s
2. Boundary condition
The

first

half

x = −0.05 xe , then:

cycle

0 ≤ t ≤ thp , u > 0 ,

Tg =−
0; u =+
u1 u2
(1 α ) T0 + α Tg 2 ;Yin =
If X = L , there is:

∂Tg ∂Y
=
= 0; u= u1 + u2
∂x
∂x
If x = 0 and x = 0 , there is:
∂T
−α s (Tg − Ts )
(1 − ε ) λs s =
∂x

(19)

(26)
when
(20)
(21)

x =0

(22)

In the above equation, X is the coordinate of that

dimension is 1; Ea is the activation energy; θ is the
temperature; Le is Levis number; D is diffusion
coefficient; M is the convective heat transfer coefficient;
v is motion viscosity.
3. Results
In order to verify the validity of the model of the
relationship between flow characteristics and efficiency of
reciprocating porous medium burner constructed in this
paper, the application effect of the model is empirically
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analyzed. The main characteristic of porous medium
combustion is “superenthalpy combustion”. The
reciprocating thermal cycle porous medium combustion
system is also based on porous medium combustion.
Periodic reversing combustion achieves normal and stable
operation. Therefore, in the steady combustion process of
reciprocating porous medium burner system, there is also
the phenomenon of “superenthalpy combustion”.
Superenthalpy combustion has the characteristics of high
thermal efficiency and high combustion rate. The
experiment will start from the flow characteristics of the
burner, such as reversal half cycle, gas calorific value,
secondary air ratio and so on to analyze the validity of the
model.
The following characteristics are explained below.
Relative to superenthalpy θ r , a characteristic quantity used
to represent the “superenthalpy” combustion program of a
combustion system is defined by Hanamura, as shown in
Equation (27):

θ max − 1
(27)
θ th − 1
where, θ max represents the maximum temperature of
reciprocating porous medium burner and θ th represents the
θr =

theoretical adiabatic temperature of gas. In the reaction
model, only the products and reactants can be distinguished.
Therefore, combustion efficiency η is directly represented
by the biomass components calculated in the model. It
should be pointed out that the model in this paper uses an
irreversible reaction to approximate the combustion
reaction effect of the system. The reaction model is
relatively simple, only a simple qualitative analysis.
3.1. Impact analysis of commutation half cycle
In Figure 2, Reynolds number Re = 10321 , gas

calorific value H 0 = 3.48 , secondary air ratio a = 0.2 ,

porosity in the left end burner is ε1 , and porosity in the right

end burneris ε 2 = 0.51 . When the heat loss coefficient in
left end is 1200, the influence of commutation half cycle on
relative enthalpy and combustion efficiency is analyzed by
the proposed model. As shown in the figure, for the relative
superenthalpy, the relative superenthalpy increases and the
combustion efficiency increases with the increase of the
commutation half cycle. It increases to the maximum at half

cycle β hp = 40 and then decreases gradually. This is
because when the calorific value of the gas is the same, the
maximum adiabatic theoretical combustion temperature
remains unchanged. From the analysis of Figure 2, it can be
seen that with the increase of half cycle, the maximum peak
combustion temperature is relatively small at the beginning,

relatively high at half cycle β hp = 40 , and then gradually
decreases.
Generally speaking, the effect of commutation half cycle
on relative superenthalpy is relatively small, it is equivalent
to that of commutation half cycle on combustion efficiency
of reciprocating porous medium burner, which is between
1.0 and 1.06. This is because when the calorific value of
premixed gas is fixed, the heat released from combustion is
fixed. Under normal combustion conditions, the change of
commutation half cycle is only an external factor to change
the maximum temperature of premixed gas combustion, not
an internal factor, so the influence is relatively small.

For combustion efficiency, at half cycle β hp = 5 , it is
relatively small, less than 0.9, and then increases rapidly,

reaching a higher level after β hp = 40 , then decreases
slightly, but the decrease is very small. Overall, except for
the small commutation half cycle, the combustion
efficiency is relatively low, and the overall combustion
efficiency
remains at a higher level. Therefore, the model
le
r
can
effectively analyze the relationship between
nda
yc
commutation
half cycle and combustion efficiency.
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Figure 2. Effect of half-period of commutation on the combustion
characteristics and efficiency of superenthalpy

3.2. Impact analysis of gas calorific value
Figure 3 shows the effect of gas calorific value on
relative superenthalpy and combustion efficiency when

Reynolds number Re = 10321 , half cycle β hp = 40 ,
secondary air ratio a = 0.2 , porosity in the left end burner

is ε1 = 0.85 , porosity in the right end burner is ε 2 = 0.51
in and heat loss coefficient in left end is 1200, the influence
of gas calorific value on the relative super-energy and
combustion efficiency is obtained from the model analysis
in this paper. As shown in the figure, for the relative
superenthalpy, the relative superenthalpy decreases rapidly
with the increase of the calorific value of the gas. When the

calorific value of the gas is H 0 = 3.48 , the relative
superenthalpy basically approaches 1, and the hyperbolic
trend is obvious. The results show that with the increase of
calorific value of gas, the characteristic of “superenthalpy
combustion” decreases gradually, and the lower the
calorific value of gas is, the more obvious the phenomenon
of “superenthalpy combustion” is.
For combustion efficiency, with the increase of calorific
value of gas, combustion efficiency gradually increases, and
overall, combustion efficiency remains at a high level. This

is because when the calorific value of the gas H 0 = 0.8 , the
peak value of the maximum combustion temperature is
smaller, the temperature distribution presents an inverted
“V” distribution, the burner has been in the extreme lean
combustion state, and the combustion efficiency is
relatively low; With the increase of the calorific value, the
overall temperature level in the system increases, the peak
temperature gradually increases, and the combustion
efficiency gradually increases. Therefore, this model can
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effectively analyze the relationship between gas calorific
value and combustion efficiency.
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Figure 3. Influence of gas calorific value on superenthalpy
combustion characteristics and combustion efficiency

3.3. Impact analysis of the secondary air ratio
Figure 4 shows the effect of secondary air ratio on
relative superenthalpy and combustion efficiency when
Reynolds number is Re = 10321 , gas calorific value is

1.0

0.1

0.2

0.3
Secondary air than

a

0.4

0.5

Figure 4. Influence of secondary air ratio on combustion
characteristics and combustion efficiency

3.4. Influence analysis of reynolds number
Figure 5 shows the effect of Reynolds number on
relative superenthalpy and combustion efficiency of the
burner system when the calorific value of gas is H 0 = 13.4

H 0 = 2.27 , half cycle is β hp = 40 , porosity in the left end

, half cycle is β hp = 40 , secondary air ratio is a = 0.2 ,

ε 2 = 0.51 and heat loss coefficient in left burner is 1200.

burner is ε 2 = 0.51 and heat loss coefficient is 1200 in the
left. As shown in the figure, with the increase of Reynolds
number, the relative superenthalpy increases obviously and
shows a linear distribution relationship. The main reason is
that when the calorific value of the gas is constant, the
adiabatic theoretical combustion temperature of the gas
remains unchanged. With the increase of Reynolds number,
the combustion load of the system increases
correspondingly, the maximum peak temperature increases
gradually, and the relative enthalpy increases gradually,
showing an approximate linear relationship.
For the combustion efficiency, similar to the relative
superenthalpy, the combustion efficiency increases slightly
with the increase of Reynolds number, and overall, the
change is relatively small. With the increase of Reynolds
number, the maximum combustion temperature and
preheating zone temperature gradually increase, the
preheating effect of fresh gas gradually increases, the
combustion effect in high temperature zone increases, and
the combustion efficiency gradually increases. Overall, the
combustor combustion efficiency is very high, basically
maintained at more than 98%.

burner is ε1 = 0.85 , porosity in the right end burner is
As shown in the figure, for the relative superenthalpy, the
relative superenthalpy is lower when the secondary air ratio
is a = 0.1 . When a = 0.2 , the relative superenthalpy is
higher, then decreases gradually. With the increase of the
secondary air ratio, the maximum combustion peak
temperature is higher when the secondary air ratio is
a = 0.2 , then decreases gradually, while the adiabatic
theoretical combustion temperature of gas combustion is
fixed. Therefore, the variation of relative superenthalpy is
similar to that of maximum combustion peak temperature.
At the beginning, the secondary air ratio is relatively high
when a = 0.2 , and then decreases gradually.
For combustion efficiency, similar to the relative
enthalpy, it is relatively small when the secondary air ratio
is a = 3 and relatively high when the secondary air ratio is a
= 1, and then gradually decreases. The main reason is the
analysis of the influence of the two wind ratio on the
combustion temperature distribution. Therefore, this model
can effectively analyze the relationship between the two air
ratio and combustion efficiency.
For combustion efficiency, similar to the relative
superenthalpy, it is relatively small when the secondary air
ratio is a = 0.1 and relatively high when the secondary air
ratio is a = 0.2 , and then gradually decreases. The main
reason is the analysis of the influence of the secondary air
ratio on the combustion temperature distribution. Therefore,
this model can effectively analyze the relationship between
the secondary air ratio and combustion efficiency.

porosity in the left burner is ε1 = 0.85 , porosity in the right
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of reciprocating porous medium burner in the proposed
model takes less time than 0.5 s, the stability of this model
is strong according to the results of many measurements,
and the difference between the measurements is small.
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Table 2. Time-use results of flow characteristic and efficiency
model of reciprocating porous medium burner based on energy
spectrum analysis (s)
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1.0
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Figure 5. Effects of reynolds number on combustion characteristics
and efficiency of superenthalpy

3.5. Comparison analysis of time-consuming
In order to verify the efficiency and stability of the
model, the results of the flow characteristics and efficiency
relationship model of reciprocating porous medium burner
based on energy spectrum analysis are compared. The timeconsuming results of analyzing the relationship between
reversal half-cycle, gas calorific value, secondary air ratio
and Reynolds number and combustion efficiency by the two
models are compared. The time-consuming results of
analyzing the relationship between flow characteristics and
combustion efficiency of reciprocating porous medium
burner by using the present model and the model based on
energy spectrum analysis are shown in Tables 1 and 2,
respectively.
Table 1. Results for the model in this article (s)
Half
period of
reversal

Gas
calorific
value
effect

Secondary
air than

Reynolds
number

1

0.36

0.42

0.41

0.42

2

0.42

0.35

0.47

0.5

3

0.35

0.36

0.4

0.39

4

0.47

0.42

0.42

0.39

5

0.52

0.36

0.43

0.42

6

0.32

0.33

0.44

0.45

7

0.25

0.36

0.45

0.44

8

0.36

0.36

0.48

0.35

9

0.35

0.38

0.26

0.32

10

0.41

0.35

0.41

0.31

11

0.47

0.41

0.35

0.36

12

0.45

0.4

0.38

0.28

13

0.43

0.37

0.36

0.35

14

0.42

0.38

0.24

0.41

15

0.41

0.38

0.35

0.26

The results of Table 1 show that the overall analysis of
the relationship between flow characteristics and efficiency

Half period
of reversal

Gas calorific
value effect

Secondary
air than

Reynolds
number

1

3.25

3.26

3.46

2.25

2

3.24

3.26

4.25

2.54

3

5.24

2.35

4.25

2.45

4

2.31

2.36

4.36

2.65

5

1.35

2.47

4.36

2.15

6

2.56

2.58

4.28

2.35

7

1.24

2.65

2.57

2.65

8

1.35

2.64

2.56

2.58

9

2.55

2.35

2.68

2.57

10

2.65

3.16

2.69

2.65

11

2.24

3.25

2.34

2.45

12

2.73

3.16

2.65

2.35

13

2.71

3.25

2.58

2.35

14

2.67

3.28

2.26

2.45

15

3.26

3.26

2.34

2.65

From the data in Table 2, it can be seen that the
relationship between flow characteristics and efficiency of
reciprocating porous medium burner based on energy
spectrum analysis takes longer time to analyze the
relationship between flow characteristics and efficiency of
reciprocating porous medium burner than that of the model
in this paper. The stability of the model can be seen from
many measurements. The difference between two adjacent
analyses is relatively high. Therefore, the results of Tables
1 and 2 show that the model presented in this paper has
strong stability and high efficiency in analyzing the
relationship between flow characteristics and efficiency of
reciprocating porous medium.
Comprehensive analysis of experimental results shows
that the model can effectively analyze the relationship
between flow characteristics and efficiency of reciprocating
porous medium burner, and the stability and efficiency of
the model is high, which has strong practicability.
4. Discussion
For the application of new combustion technology, a
large number of experimental studies are needed, and the
combustion mechanism and flow characteristics should be
analyzed so that it can be applied to industry. The premixed
combustion of porous medium gas should be further studied
in the following aspects.
1. Gas adaptability: It is not difficult to find that the
existing research results are mainly focused on the
numerical simulation and experiment of a single gas
source. Most of them are natural gas, a small part is
liquefied petroleum gas, and the combustion stability of
artificial gas with high tempering tendency in porous
medium. Qualitative research on combustion
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characteristics has not been reported. Only the numerical
simulation of the effect of hydrogen addition on
Methane combustion in porous medium has been made.
The results show that the lean combustion limit is
enlarged and the combustion speed is doubled after
hydrogenation, but the results are not validated by
experiments.
2. Theoretical study of porous medium gas combustionheat transfer combined device with built-in cold source:
When heat exchanger is installed in the combustor, the
combustion stability of the high combination device is
new and different from that of the combustor only, and
the research results of foreign scholars are quite
inconsistent. Scholars in China have not done any
detailed research in this respect. Therefore, it is
necessary for us to study the feasibility and reliable
common stable working range of using multiple gas
sources according to the characteristics of gas supply in
China.
Academically, through research, we can deepen our
understanding of the complex physical and chemical
phenomena of porous medium combustion after the built-in
cold source, and clarify the combustion characteristics of
porous medium, including flame stability. The influence of
pollutant emission promotes the interdisciplinary
integration of porous medium combustion, radiation heat
transfer, chemical reaction dynamics and other disciplines,
and innovates while tracking the international academic
frontiers.
3. Equipment development: Taking porous medium
combustion device without or without built-in cold
source as object, a lot of research has been carried out
from theory to experiment, such as the mechanism and
characteristics of heat transfer enhancement, combustion
stability, pollutant emission, etc., so as to develop ultraminiaturized gas combustion equipment or combustion
heat transfer combination device.
5. Conclusions
In this paper, a new model to study the relationship
between flow characteristics and efficiency of reciprocating
porous medium burner is presented. Based on the structural
symmetry of reciprocating porous medium burning system
and the periodic exchange of internal gas flow, the physical
model of reciprocating thermal cycle porous medium
burning system is determined. On this basis, the
reciprocating porous medium burning system is
constructed. The mathematical model of flow
characteristics and efficiency of medium burner is
established, and the normalization and solution of the model
are designed. The relationship between flow characteristics
and efficiency of reciprocating porous medium burner is
analyzed effectively. From the experimental results, it can
be concluded that the model can better analyze the
relationship between the communication half cycle, gas
calorific value, secondary air ratio and Reynolds number
and combustion efficiency and combustion rate in
reciprocating porous medium burner. The model also
changes below 0.5 s when used. The reciprocating porous
medium burner flow based on energy spectrum analysis is
adopted. The relationship model between dynamic
characteristics and efficiency is used to analyze the

relationship between flow characteristics and efficiency of
reciprocating porous medium burner. The time consumed in
this model is more than 2 seconds longer than that in the
proposed model. It shows that the proposed model has high
analysis efficiency and practicability.
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