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Numerical calculation was conducted to obtain the optimum structure parameters of the trapped vortex combustor (TVC) with the
guide vane and blunt body. The results show that the optimum structure parameters of the guide vane are a/Hf = 0:5, b/Li = 0:2,
and c/L = 0:1, and the optimum structure parameters of blunt body are S/L = 0:7, L2/L = 0:1, and L1/Li = 0:25. Then, the
influence of different inlet conditions on the combustion turbulence flow was studied. The results show that high inlet
temperature and low inlet velocity can effectively reduce total pressure loss; the equivalence ratio has little effect on total
pressure loss. The study of unsteady flow shows that double vortices undergo the process of preliminarily forming-breaking
down-forming again-being stable gradually.

1. Introduction

The trapped vortex combustor (TVC) [1, 2] was proposed to
meet the performance requirements of high temperature rise
and low pollution for the modern gas turbine and aircraft
engine. This concept combustor attracts more and more
attention because of its characteristics of simple structure,
small pressure loss, good flame stability, and high combus-
tion efficiency [3–5].

Ezhil and Mishra [6] numerically investigated the react-
ing flow characteristics of a 2D trapped vortex combustor.
The vortex core location shifts with variation in operating
condition, and temperature contours at locations down-
stream of the trailing edge indicate that both cavity flames
are merged together for higher primary air velocity cases.
Chen and Zhao [7] numerically investigated the effects of
guide vanes on the performance of a trapped vortex combus-
tor by three-dimensional steady and unsteady simulations.
The results reveal that the introduction of guide vanes signif-
icantly changes the cavity vortex structure. Zhu et al. [8]
studied a trapped vortex combustor to understand the effects
of the angle and location of primary injection on the cavity
flow structure with both experimental and numerical

methods. Two different flow structures have been found out
with different combinations of the inlet angle of the primary
injection (θ) and the distance between the primary injection
and the bottom wall of the cavity (H). Li et al. [9] conducted
an experiment to investigate the effect of strut length on com-
bustion performance of a trapped vortex combustor. The
results show that lean blowout (LBO) and combustion effi-
ciency depend upon the strut length to a great extent.
Numerical simulations were also performed to explain the
experimental results. Sharifzadeh and Afshari [10] carried
out a numerical simulation on the flow field in a trapped vor-
tex combustor. The predicted results show that configura-
tions with both air and fuel jets adjacent to the mainstream
or adjacent to the cavity inferior wall leads to more homoge-
neous mixture and a better global fuel distribution. Ezhil and
Mishra [11] experimentally characterize the 2D twin cavity
TVC in terms of its visible flame length, pollutant emission
level, and exit temperature; results reveal that visible flame
length value is sensitive to mainstream Reynolds number,
primary (cavity) air velocity, and cavity equivalence ratio.
And numerical results are also discussed to explain certain
intricacies in flow and flame characteristics; numerical stud-
ies indicate that shortening of flame length at higher Re cases
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is caused due to quenching of flame at the shear layer by the
incoming flow. Wu and He [12] designed a trapped vortex
combustor with replaceable bluff bodies to experimentally
investigate these processes. The combustion process was ana-
lyzed theoretically in the viewpoints of relative evaporation
time, mixing time, and reaction time. Numerical simulations
were also conducted to help analyze the formation and deple-
tion processes of pollutants in TVC. Xie and Zhu [13]
designed a modified advanced vortex combustor, which is a
kind of TVC, to overcome the incomplete combustion of
fuel. The results show that the proposed advanced vortex
combustor achieves excellent efficiency, low NOx emissions,
a uniform outlet temperature distribution, enhanced outlet
velocity, and acceptable total pressure loss. Deng et al. [14]
experimentally and numerically studied the flow characteris-
tics of an AVC in a rectangular channel and an annular chan-
nel to provide an optimized configuration of an advanced
vortex combustor (AVC). Zeng et al. [15] performed numer-
ical calculation to analyze the combustion flow in different
advanced vortex combustors; the performance of the
advanced vortex combustor with vortex generator principle
is obviously better than that without vortex generator. Agar-
wal et al. [16, 17] combined the guide vane and inclined
struts with TVC; results show that it obtained better perfor-
mance than TVC without the guide vane and inclined struts.

In this paper, based on the structure of TVC and the previ-
ous study [16], a trapped vortex combustor with the guide vane
and blunt body was proposed. However, the effect of the guide
vane and blunt body structure parameters on the combustor is
very important. The vortex structures and flow characteristics
of TVC are sensitive to the structure parameters of the guide
vane and blunt body. Hence, it is necessary to study the struc-
tural parameters of TVC to obtain the optimal structural
parameters in order to improve the performance of TVC. Sim-
ulation on unsteady flow was also performed to analyze the
variation of double vortex structure. Moreover, based on the
optimal structure, the effect of different inlet conditions on
the combustion flow of TVC was studied.

2. Geometric Model, Governing Equations, and
Boundary Conditions

2.1. Geometric Model. Figure 1 shows the geometric model of
three-dimensional TVC with the guide vane and blunt body.
Combustor length is 250mm, Li = 50mm is defined as the
depth of the combustor inlet, and the guide vane has a thick-
ness of 1mm. The size of the inlet face is 50mm × 30mm.
Hf = 30mm is defined as the depth of the cavity, and L =
36mm is the length of the cavity. Position parameters (a, b,
c) of the guide vane and structure parameters (S, L2, L1) of
the blunt body are marked in Figure 1. In this paper, a is
the length of the guide vane inside the cavity, b is defined
as the distance from the guide vane to the cavity leading edge,
and c is the distance from the guide vane to the cavity fore
wall. S is the distance from the blunt body to the cavity fore
wall, L2 is defined as the length of the blunt body, and L1 is
the height of the blunt body. Structure parameters of the
guide vane and blunt body are listed in Table 1.

2.2. Governing Equations and Boundary Conditions. The gov-
erning equations can be summarized as follows.

The continuity equation is given as
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The energy equation is given as
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The species equation is given as
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The turbulence kinetic energy equation and the turbu-
lence kinetic energy dissipation equation [18] are listed as
follows:
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The eddy dissipation model is given as [19]
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The method of pressure and velocity coupling is SIMPLE
[20]; second-order central difference scheme and second-
order upwind difference scheme are used for the diffusion
terms and the convective terms individually. To obtain a grid
independent solution, the computation domain is meshed
with 1351 962 mixed (hybrid) cells.

The mainstream inlet velocity is 50m/s, inlet temperature
is 300K, and equivalence ratio is 0.6. Gaseous methane fuel
(CH4) is premixed at the inlet. Outlet pressure boundary
and convection combustor wall boundary are adopted. For
the blunt body and guide vane, the coupled convective heat
transfer boundary is adopted. At the wall, no-slip condition
is used.
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3. Results and Discussions

The comparison between experiment [17] and calculation
results is shown in Figure 2. For most comparison of experi-
ment and simulation, the error is relatively small as a whole.
Thus, the models and boundary conditions in this paper are
acceptable.

3.1. Optimum Structure of the Blunt Body. The total pressure
loss is

δ∗ = P∗
1 − P∗

2
P∗
1

, ð8Þ

where P1
∗ is the inlet total pressure and P2

∗ is the outlet
total pressure.

The combustion efficiency is

η = 1 − ∑EIxLHVx
1000LHVf

, ð9Þ

where EI (g/kg) is the pollutant emission index, LHV
(kJ/kg) is the low calorific value, subscript x is various pollut-
ant emissions, and subscript f is fuel.

Figure 3 shows the influence of S, L1, and L2 on total
pressure loss. It can be found that with the increase of S, total
pressure loss decreases. The height L1 has the greatest influ-
ence on total pressure loss; the larger L1 is, the greater the
total pressure loss. The smaller the length L2 is, the smaller
the total pressure loss.

Total pressure loss is mainly caused by the obstruction of
the guide vane and blunt body, as well as the double vortices
in the cavity and in the backflow region behind the blunt
body. As shown in Figure 3(a), when S/L = 0:5, in the process
of combustion, due to the thermal expansion of combustion
products, the surrounding gas is squeezed to flow toward
the mainstream. The obstruction of the blunt body deceler-
ates the gas in the windward part of the blunt body, and the
gas around the blunt body accelerates. The closer the blunt
body is to the guide vane, the greater the effect of the acceler-
ated gas on the secondary vortex in the cavity. The larger L2
is, the greater total pressure loss is, and total pressure loss
increases with the increase of L1. The length L2 is parallel
to the mainstream direction, which does not have a great
impact on the gas flow. However, with the increase of L2,
the time of gas flowing on the blunt body surface becomes
longer, and the effect of turbulent viscosity becomes stronger,
so total pressure loss increases to some extent. The height L1
is related to the blocking degree of the main channel. The
larger L1 is, the greater the blocking degree is. After the gas
flows through the blunt body, due to the influence of the
reverse pressure gradient formed behind the blunt body,
the larger the backflow region appears behind the blunt body,
so the increase of L1 is bound to increase total pressure loss.
When S/L = 0:5, the structure with the smallest total pressure
loss is L1/Li = 0:15, L2/L = 0:1, and total pressure loss is
5.92%.

As shown in Figures 3(b) and 3(c), with the increase of S,
the blunt body is more far away from the guide vane; the
influence of the main flow on the secondary vortex in the
cavity decreases, so total pressure loss decreases. When S/L
= 0:7, the influence of blunt body length L2 on total pressure
loss becomes smaller. When S/L = 0:6 and S/L = 0:7, the min-
imum total pressure loss is 5.85% and 5.80%, respectively,
and the corresponding structure is also L1/Li = 0:15 and L2/
L = 0:1.

Figure 4 shows the flow field distributions under different
blunt body parameters. The main flow is divided into two
parts by the guide vane, the double vortex structure can be
formed in the cavity, and the vortex structure is basically sim-
ilar. The main vortex is formed by the gas from the guide

S

a

L1

L

H
f

L
i

Outlet

Blunt body

Guide vane

Inlet L2

b

c

Figure 1: The geometric model of TVC.

Table 1: Structure parameters of the guide vane and blunt body.

S/L 0.5 0.6 0.7

L2/L 0.1 0.2 0.3

L1/Li 0.15 0.2 0.25 0.3 0.35

a/Hf 0.5 0.6 0.7 0.8 0.9

b/Li 0.1 0.2 0.3

c/L 0.05 0.1 0.15
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vane into the cavity; its core is close to the cavity rear wall.
There is a secondary vortex between the main flow and the
main vortex. The secondary vortex core is close to the cavity
front wall, and the streamline between the two flows is from
the main stream to the cavity, which is conducive to the mix-
ing of fuel and gas.

As shown in Figure 4(a), the flow field changes along with
L1 (S/L = 0:7, L2/L = 0:1). It can be seen that as the height L1
increases, the backflow region behind the blunt body has

obvious changes; its size is getting bigger and bigger. The big-
ger backflow region means that it has greater ability to absorb
the unreacted gas for reaction. A stable double vortex struc-
ture can be formed in the cavity. However, the higher the
blunt body, the greater the obstruction to the main flow
and the bigger the gas velocity passing around the blunt body.
Therefore, the influence of the main flow on the double vor-
tex structure in the cavity will also increase, which shows that
with the increase of L1, the vortex cores of the main vortex
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Figure 2: Comparison of experiment and calculation.
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Figure 3: Total pressure loss under different blunt bodies. (a) S/L= 0.5, (b) S/L= 0.6, and (c) S/L= 0.7.
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and the secondary vortex move towards the cavity bottom,
and the size of the secondary vortex changes little, while the
size of the main vortex decreases.

The flow field distribution under different L2
(L1/Li = 0:25, S/L = 0:7) is shown in Figure 4(b). It can be
seen that there are still relatively stable double vortices in
the cavity, and the vortex core and the vortex region are basi-

cally unchanged, which indicates that the change of the
length L2 has little effect on the structure of the double vorti-
ces in the cavity. With the increase of L2, the backflow area
behind the blunt body decreases gradually, which is not con-
ductive to absorbing unreacted gas to participate in the com-
bustion. In addition, with the increase of L2, when the gas
flows through its surface, the influence of the surface on its

L1/Li = 0.15 L1/Li = 0.2 L1/Li = 0.25 L1/Li = 0.3 L1/Li = 0.35

(a)

L2/L = 0.1 L2/L = 0.2 L2/L = 0.3

(b)

S/L = 0.5 S/L = 0.6 S/L = 0.7

(c)

Figure 4: Flow field under different blunt bodies. (a) Different L1, (b) different L2, and (c) different S.
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viscosity is also increased, and the gas velocity near the wall is
reduced, which forms a small vortex on the blunt body sur-
face. When L2/L = 0:3, the vortex is very obvious.

The flow field distribution under different S is shown in
Figure 4(c). With the change of S, the double vortices in the
cavity and in the backflow region behind the blunt body do
not change much, which shows that the change of blunt body
position has little effect on the flow field. With the increase of
S, the blunt body is more far away from the guide vane, the
main flow reduces the extrusion degree of the secondary vor-
tex in the cavity, and the secondary vortex core moves to the
main flow, but the moving distance is very small.

Figure 5 shows the influence of S, L1, and L2 on combus-
tion efficiency. It can be seen that the influence of S and L2 is
very small, the main influence factor is the height L1, and
combustion efficiency increases with the increase of L1.
Because the larger L1 is, the greater the backflow region

behind the blunt body is, the more unreacted gas can be
sucked for combustion reaction, and the fuel combustion is
more complete.

Combined with the above analysis of total pressure loss
and the change of vortex, the smaller L2 and the larger S,
the smaller total pressure loss is and the better the double
vortices in the cavity and the backflow region behind the
blunt body. Considering all aspects of performance, the bet-
ter blunt body structure is chosen as L1/Li = 0:25, L2/L =
0:1, and S/L = 0:7.

3.2. Optimum Structure of the Guide Vane. Figure 6 shows
the influence of distance a, b, and c on total pressure loss
under different c/L, b/Li, and a/Hf .

It can be seen that with the increase of distance c, total
pressure loss decreases, but the degree of reduction is very
small. When the main stream flows through the guide vane,
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Figure 5: Combustion efficiency under different blunt bodies. (a) S/L= 0.5, (b) S/L= 0.6, and (c) S/L= 0.7.
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part of the gas enters the cavity from the channel between the
guide vane and the cavity front wall. When c increases, the
channel area also increases, which decreases the gas velocity
relatively. Meanwhile, because the guide vane moves to the
cavity rear wall, the vortex range in the cavity also decreases,
so total pressure loss decreases. In most cases, the change of
distance a has little effect on total pressure loss. When c/L
= 0:15, the change is obvious. The greater the distance a,
the larger the range of the main vortex in the cavity. In par-
ticular, when b/Li = 0:3, more gas flows toward the cavity,
which makes the change more serious, so total pressure loss
increases with the increase of a.

Distance b has the greatest influence on total pressure
loss; the larger the distance b is, the greater total pressure loss

is. When b/Li = 0:3, total pressure loss is more than 10%. This
is because the larger the distance b, the narrower the main
flow channel area, the larger the double vortex range in the
cavity, and the more disordered the main flow between the
guide vane and the blunt body. With the increase of b, more
main flow enters the channel between the guide vane and the
cavity front wall, which increases the gas velocity in the chan-
nel, and the flow in the trapped vortex region is more disor-
dered, so total pressure loss changes obviously. In addition,
when b/Li = 0:1, the maximum total pressure loss is 5.3%,
and the minimum is 4.62%. When b/Li = 0:2, the maximum
total pressure loss is 7.26%, and the minimum is 6.27%.

Figure 7 shows the flow field distributions under different
guide vanes. The main stream is divided into two streams by
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Figure 6: Total pressure loss under different guide vanes. (a) c/L= 0.05, (b) c/L= 0.1, and (c) c/L= 0.15.
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the guide vane, which can form a double vortex structure in
the cavity. And a backflow region behind the blunt body is
also formed.

Figure 7(a) reveals the flow field distribution under dif-
ferent distance a. It can be seen that the change of a mainly
affects the gas flow in the cavity and does not affect the main-
stream; there is basically no change in the backflow region
behind the blunt body. With the increase of a, the range of

the secondary vortex in the cavity increases, the main vortex
gradually develops until it fills the whole cavity, and the vortex
core moves to the cavity rear wall. The reason is that after
increasing a, the gas entrance from the guide vane to the cavity
decreases; especially when a/Hf = 0:9, the gas into the cavity
closes to the cavity bottom, which makes the main vortex
develop near the cavity bottom. With the decrease of the
entrance, the velocity of the gas flowing out from the guide vane

a/Hf = 0.5 a/Hf = 0.6 a/Hf = 0.7 a/Hf = 0.8 a/Hf = 0.9

(a)

b/Li = 0.1 b/Li = 0.2 b/Li = 0.3

(b)

c/L = 0.05 c/L = 0.1 c/L = 0.15

(c)

Figure 7: Flow field under different guide vanes. (a) Different a, (b) different b, and (c) different c.
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increases, so themain vortex core gradually approaches the cav-
ity rear wall; the range of the secondary vortex also increases.

Figure 7(b) is the flow field distribution under different
distance b. The increase of b decreases the main flow channel
area correspondingly, and the velocity of main flow gas
around the blunt body turns larger, which widens the back-
flow area behind the blunt body. In the cavity, when b/Li =
0:1, there is less gas flowing into the cavity, so the squeezing
effect of the secondary vortex on the main vortex is more
obvious, the range of the secondary vortex becomes larger,
and the development of the main vortex is not relatively full.
When b/Li = 0:3, because the formation of the secondary vor-
tex is related with the guide vane, the secondary vortex core is
far away from the cavity with the increase of b, and the main
vortex develops more fully with the increase of the gas mass
flowing into the cavity.

Figure 7(c) shows the flow field distribution under differ-
ent distance c. It can be seen that as the distance c increases,

the height of the backflow region behind the blunt body does
not change nearly, but the length decreases. In the cavity,
when c/L = 0:05, the gas velocity increases due to the smaller
channel area, the main vortex core is close to the cavity rear
wall, the secondary vortex is not full, and it shows spiral dis-
tribution. With the increase of c, the velocity of the gas enter-
ing the cavity decreases, the main vortex core moves to the
cavity middle, the squeezing effect of the guide vane on the
double vortices increases, and the range of the double vorti-
ces also decreases.

Figure 8 shows the influence of distance a, b, and c on
combustion efficiency. When b/Li = 0:1, combustion effi-
ciency is relatively low, and the lowest value is about
93.63%. This is because there are a few fuels entering the cav-
ity, and more fuels are not fully reacted in the mainstream,
which reduces combustion efficiency. With the increase of b,
the range of the double vortex structure in the cavity becomes
larger, the range of the backflow region behind the blunt
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Figure 8: Combustion efficiency under different guide vanes. (a) c/L= 0.05, (b) c/L= 0.1, and (c) c/L= 0.15.
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body is also larger, and combustion efficiency increases sig-
nificantly. When b/Li = 0:2 and b/Li = 0:3, combustion effi-
ciency exceeds 99.7%; it varies little regardless of the change
of a and c.

According to the above analysis, combustion efficiency is
very high when b/Li = 0:3, but total pressure loss is more than
10%. Total pressure loss is better when b/Li = 0:1, but com-
bustion efficiency is lower, so the case of b/Li = 0:2 is the best.
For the parameters a and c, the larger the distance a is, the
greater total pressure loss is, and the smaller combustion effi-
ciency is. However, when c/L = 0:1, the double vortex struc-
ture is the most stable, and the range of the backflow region
behind the blunt body is also moderate, so the optical guide
vane structure is a/Hf = 0:5, b/Li = 0:2, and c/L = 0:1.

3.3. Unsteady Flow. To show the evolvement and develop-
ment of the dual vortex, unsteady simulation has been con-
ducted. Figures 9 and 10, respectively, show the flow field
and temperature distribution in the combustor at different
times. Time step is set to 1:0 × 10−5 s.

From Figure 9(a), at 1ms, there exists a double vortex
structure; the primary vortex core closes to the cavity fore
wall. When the mainstream passes over the blunt body, the
accelerated mainstream squeezes the secondary vortex
behind the guide vane, and the secondary vortex core moves
to the inside of the cavity. Because of the effect of inverse gra-
dient pressure formed in the blunt body rear, two symmetric
vortices appear behind the blunt body; fuel can be sucked for
combustion.

It can be seen from Figure 9(b) that there is no periodic
change of vortex shedding and generation in the backflow
region behind the blunt body. This is due to the gas high tem-
perature caused by the combustion heat release; there is a
strict boundary and a large temperature gradient between
the backflow region behind the blunt body and the surround-
ing gas. The high temperature increases the gas viscosity, and
the retardation effect of the blunt body wall on the flame
increases, which slows down the flow near the wall. The flow
velocity attenuation in the turbulent boundary layer reduces
the flame velocity, so the vortex is not easy to shed. In addi-
tion, the combustion process is a turbulent process, it has

(a)

3 ms

5 ms

7 ms

10 ms

50 ms

(b)

Figure 9: (a) Flow field at 1ms. (b) Flow field at different times.
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strong dissipation and diffusion; even if there is vortex shed-
ding, it quickly mixes with the surrounding gas and
disappears.

At 3ms, there are no double vortices in the cavity. When
the main gas passes by the blunt body, its velocity increases,

and when it mixes with the gas flowing out of the cavity, a
larger vortex is formed near the cavity rear wall. At 5ms,
the secondary vortex forms again in the cavity; it is more
affected by the main flow due to the larger velocity of the
main flow. Its vortex core is far away from the guide vane
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Figure 10: Temperature distribution at different times.
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and very close to the main vortex core. The size of the back-
flow region behind the blunt body remains same nearly, and
the vortex size near the cavity rear wall decreases.

From 5ms to 10ms, the flow field changes continuously.
The double vortex structure in the cavity is more stable, the
main vortex turns larger as the reaction proceeds, the vortex

core position is basically unchanged, the secondary vortex
does not disappear with the change of the main vortex, and
the vortex core is gradually close to the guide vane. The range
of vortex near the cavity rear wall decreases gradually until it
disappears. The height of the backflow region is nearly the
same, and the length (parallel to the main flow direction) is
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7 ms

10 ms

50 ms
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Figure 11: CH4 mass fraction at different times.
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increased. When the combustion reaction reaches 50ms, the
flow distribution is basically the same, so the flow field is con-
sidered to be stable. The main vortex core in the cavity is
closer to the cavity bottom, while the range of the secondary
vortex becomes larger. The main vortex is more stable as the
ignition source. The vortex near the cavity rear wall

50 ms

10 ms

7 ms

5 ms

3 ms

CO2

0.004

0.012

0.008

0.016

0.02

0.036

0.048

0.044
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0.06

0.064

0.068

0.072

0.076

0.08

0.084

Figure 12: CO2 mass fraction at different times.

Table 2: Calculation conditions.

Equivalence ratio Φ 0.6 0.8 1.0 1.2 1.4

Inlet velocity V (m/s) 10 20 30 40 50

Inlet temperature T (K) 300 400 500 600 700
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disappears basically, which can avoid unnecessary total pres-
sure loss.

From Figure 10, with the reaction going on, the tempera-
ture in the cavity increases gradually; the maximum temper-
ature reaches to about 1900K. Two streams with low-
temperature mixture flowing to the blunt body rear are con-
sumed gradually. There is a small transition region between
the low-temperature region and the high-temperature
region, and the temperature increases gradually, which indi-
cates that the unreacted gas temperature increases under the
influence of the high-temperature products, which can pro-
mote the combustion reaction in turn.

Figures 11 and 12, respectively, show the mass fraction
distribution of methane and carbon dioxide at different
times. Their distributions are just opposite, that is, the region
with high methane content is the region with low carbon
dioxide content.

It can be seen from Figure 11 that at different times, the
methane distributes mainly at the inlet. The cavity and the
backflow region behind the blunt body are the main regions
of combustion reaction. With the reaction going on, the
methane content in these two regions is bound to be smaller
and smaller. When the gas flows to the combustor rear part, a

lot of oxygen is consumed in combustion, and a lot of carbon
is generated; the mass fraction of methane also decreases.

It can be seen from Figure 12 that the distribution of car-
bon dioxide mass fraction is mainly distributed in the cavity
and in the combustor downstream. Due to the existence of
the blunt body, the incompletely reactive mixture in the
mainstream is sucked into the backflow region behind the
blunt body for combustion, so more carbon dioxide is also
generated behind the blunt body. At 50ms, carbon dioxide
fills the entire cavity and the combustor rear part; the fuel uti-
lization efficiency is improved.

3.4. The Effect of Inlet Condition on the Combustion Flow of
TVC. Different inlet conditions have great influence on the
combustion flow; the effect of equivalence ratio Φ, inlet
velocity V , and inlet temperature T on the combustion flow
field of TVC is discussed.

Inlet conditions are as follows. (1) When methane-air
equivalence ratio changes, inlet velocity V = 30m/s, and inlet
temperature T = 300K. (2) When inlet velocity changes, inlet
temperature T = 300K, and methane-air equivalence ratio
Φ = 0:6. (3) When inlet temperature changes, inlet velocity
V = 30m/s, and methane-air equivalence ratio Φ = 0:6.
Details of calculation conditions are listed in Table 2.

3.4.1. The Influence of Equivalence Ratio Φ on the
Combustion Flow in TVC. Total pressure loss and combus-
tion efficiency under different equivalence ratios are shown
in Figures 13 and 14. The temperature distribution and flow
field under different equivalence ratios are shown in
Figures 15 and 16.

As can be seen from Figure 13, with the increase of equiv-
alence ratio, total pressure loss increases first and then
decreases. When the equivalence ratio is 1, total pressure loss
is the largest, about 6.66%. This is because the gas is fully
combusted, and the heat release is the largest, so the gas vis-
cosity is increased, which reduces total pressure in the flow
process. When the equivalence ratio is 0.6, total pressure loss
is 5.12%. In combination with Figure 15, methane can be
fully combusted because there is enough air, but there is still
a lot of low-temperature air not involved in the reaction, so
the temperature is lower. When the equivalence ratio is 1,
the high temperature range of the combustion chamber is
larger than that of other combustion cases, which indicates
that the fuel is fully burned and the heat release is greater.
When the equivalence ratio is 1.4, due to the lack of air
required for combustion, the fuel directly involved in the
reaction is limited and the full combustion is inhibited, so
the overall temperature is between the appropriate combus-
tion and lean fuel combustion. Under the condition of lean
combustion, total pressure loss is small, and the temperature
in the cavity can reach about 2000K, which can meet the
requirement of being a stable ignition source.

It can be seen from Figure 14 that when the equivalence
ratio is less than or equal to 1, combustion efficiency is as
high as 99.8%, while when the equivalence ratio is greater
than 1, combustion efficiency decreases dramatically. When
the equivalence ratio is 1.4, combustion efficiency is only
74.4%. This is because under the condition of lean fuel, the
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Figure 13: Total pressure loss under different Φ.
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Figure 14: Combustion efficiency under different Φ.
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sufficient oxygen content makes the fuel fully burn, so com-
bustion efficiency is very high. Under the condition of rich
fuel, because the oxygen required for combustion is insuffi-
cient, there remains more fuel not fully burned.

The flow field distribution under different equivalence
ratios is shown in Figure 16. The flow field distribution is
basically the same, the stable double vortex structure can be
formed in the cavity, and the shape of the double vortex
structure is similar; the secondary vortex core is close to the
guide vane, and the main vortex core is in the cavity center,
which shows that the influence of different equivalence ratios
on the flow field in the cavity is small. In the backflow region
behind the blunt body, the vortices are symmetrical along the
central section, the vortex structure is similar, but the length
is different. With the increase of equivalence ratio, the vortex
length decreases.

3.4.2. The Influence of Inlet Velocity V on the Combustion
Flow in TVC. Inlet velocity has great influence on total pres-
sure loss. As shown in Figure 17, the increase of inlet velocity
makes gas flow more disordered, which results in greater
total pressure loss. When inlet velocity is 10m/s, total pres-
sure loss is the smallest, about 0.62%. When inlet velocity is
50m/s, total pressure loss is the largest, about 12.36%. How-
ever, when inlet velocity is low, the combustion process may
be unstable.

From Figure 18, the influence of inlet velocity on com-
bustion efficiency is not obvious. With the increase of inlet
velocity, combustion efficiency decreases, but the variation
range is very small.

As shown in Figure 19, with the increase of inlet velocity,
the temperature increases, especially in the cavity and in the
backflow region behind the blunt body.When inlet velocity is
10m/s, the temperature in the cavity is about 1600K, and the
temperature in the backflow region behind the blunt body is
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Figure 15: Temperature distribution under different Φ.
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Figure 16: Flow field under different Φ.
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about 1700K. When inlet velocity is 50m/s, the temperature
in the cavity rises to about 1800K, and the temperature in the
backflow region behind the blunt body is about 1900K. The

reason is that when inlet velocity is low, the flow velocity in
the cavity is too low, the combustion process is unstable,
and there are more low-temperature gases entering the cav-
ity, so the temperature is reduced.

From Figure 20, the flow field is basically the same. A
symmetrical and stable double vortex structure can be
formed in the cavity, and a pair of vortices in the backflow
region behind the blunt body is symmetrical along the central
section. The secondary vortex exists between the main vortex
and the mainstream, which can protect the main vortex and
reduce the influence of the mainstream pulsation on the
main vortex.

3.4.3. The Influence of Inlet Temperature T on the
Combustion Flow in TVC. Figures 21 and 22 show total pres-
sure loss and combustion efficiency distribution under differ-
ent inlet temperatures.

It can be seen from Figure 21 that total pressure loss
decreases with the increase of inlet temperature. When inlet
temperature is 300K, total pressure loss is the largest, about
5.12%. When inlet temperature is 700K, total pressure loss
is the smallest, about 1.44%. This is due to the existence of
thermal resistance; the greater the temperature rise, the
greater total pressure loss. From Figure 22, combustion effi-
ciency varies little. Figure 23 shows the temperature distribu-
tion under different inlet temperatures. With the increase of
inlet temperature, the overall temperature of combustor
increases, but its temperature rise decreases. When inlet tem-
perature is 300K, the temperature rise is about 1600K, while
when inlet temperature is 700K, the temperature rise is about
1400K, so total pressure loss will be reduced.

Figure 24 shows the flow field under different inlet tem-
peratures. The flow field in the cavity is basically the same,
and the stable double vortex structure can be formed in the
cavity. Combined with the above analysis, under different
inlet temperatures, the flow field in the cavity is maintained
in the same state, which shows that the double vortex
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Figure 17: Total pressure loss under different V .
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structure in the cavity is very stable. And in the backflow
region behind the blunt body, a pair of vortex symmetrical
along the central section is formed, but the length of vortex
is different. With the increase of inlet temperature, the length
of vortex increases.

4. Conclusions

Numerical simulation is carried out for TVC with different
guide vanes and blunt bodies; the flow field and combustion
performance are analyzed. The structure optimization of the
combustion chamber is carried out.

(1) The optical blunt body structure is S/L = 0:7, L2/L
= 0:1, and L1/Li = 0:25, and the optical guide vane
structure is a/Hf = 0:5, b/Li = 0:2, and c/L = 0:1. The
stable double vortex structure is formed in the cavity,
and the better backflow region behind the blunt body
is also formed

(2) Double vortices undergo the process of preliminarily
forming-breaking down-forming again-being stable
gradually. When the mainstream passes over the
blunt body, the accelerated mainstream can increase
the extrusion on the second vortex and make it rela-
tively more stable

(3) High inlet temperature and low inlet velocity can
effectively reduce total pressure loss; equivalence
ratio has little effect on total pressure loss. The com-
bustion chamber works better in lean condition, and
the influence of inlet temperature and inlet velocity
on combustion efficiency is small
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