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ABSTRACT
A cavity flame holder with preheating evaporation chamber is proposed, in order to solve the problem that the fuel

supply mode of direct injection into cavity will lead to low fuel concentration in the cavity. Based on the CFD simulation
platform, the flow field and kerosene distribution characteristics are studied. The results show that, compared with the
single vortex in the cavity of conventional cavity flame holder (Case1), the cavity flame holder proposed in this paper
(Case2) forms a three vortex arranged up and down in the cavity, which is beneficial to flame stability. As the increase of
Mach number (0.1~0.3) , the low-velocity area of the cavity decreases. The total pressure loss increased with the
increasing of inlet Mach number. Compared with Case1, the total pressure loss of Case2 is slightly higher than the Case1.
The mass exchange rate of cavity of Case2 is higher than that of Case1, with a relative increase of 2%. The distribution of
kerosene mass fraction of Case2 in the radial holder is more uniform than that of Case1, which is beneficial to spread the
flame from the cavity to the main flow after ignition.

INTRODUCTION
With the development of aviation engine, afterburner inlet total pressure and total temperature increasing, the

working environment of afterburner even worse. The fuel supply facility as well as bluff body flame holder of traditional
afterburner were placed in the flow path, it will inevitably bring some problems, such as higher total pressure loss, auto
ignition. In order to obtain a more superior performance under severe conditions, it is necessary to develop new concepts
flame holder based on traditional afterburner.

In general, the flame holder in conventional afterburner can be divided into three categories: blunt body flame holder,
strut flame holder, and cavity flame holder. Previous studies have shown that the cavity flame holder is a potential flame
stabilizer with the advantages of low total pressure loss and good flame stability under wide range flow conditions [1-3],
so it has become one of the hot spots in recent years.

For the cavity flame holder, a lot of research has been done on its flow characteristics, ignition feasibility and fuel
supply mode. Wang et al. [4] have investigated the flame stability of the cavity flame holder using the LES-PDF method.
They found that the flame stability of the cavity structure was better than that of the non-cavity structure. Zhang et al. [5]
conducted the experimental investigation on combustion stabilization using a cavity based flame holder and with
different wall divergence angles. Liu et al. [6] discussed the influence of cavity on combustion efficiency and the blow
off characteristic of fuel injection/stabilization integrated strut flame holder. They found that the flame stabilizer with
cavity performs better on blow off than flame stabilizer without cavity and the cavity structure was beneficial to improve
combustion efficiency. Ogawa et al. [7,8] studied the effects of fuel injection pressure and angle on the mixing
performance with different types of fuel injection geometries. Numerical analysis was done for different fuel injection
geometries with different fuel injection angles and results were evaluated with respect to total pressure recovery, mixing
efficiency, streamwise circulation, and fuel penetration. Du et al. [9] investigated the effect of various fuel injections on
the mixing rate inside the supersonic combustion chamber. Obtained results show that the injection of hydrogen jet from
the bottom of cavity flame holder considerable enhances the ignition zone within the cavity.

It is known from above, the current research on the structure, flow characteristics and fuel supply mode of cavity
flame holder has important reference value for design of cavity ignition and flame stability of afterburner combustion
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chamber. However, most of the oil supply methods in studies are upstream injection or direct injection into the cavity,
and the fuel is mostly gas phase. In the combustion cavity flame holder fueled by liquid kerosene, the fuel injection from
upstream or direct injection from the cavity may lead to fuel injection directly off the duty area, and the ignition failure
due to low gas fuel concentration in the area. Therefore, it is necessary to optimize the oil supply scheme of cavity flame
holder fueled by liquid kerosene.

In this study, a cavity flame holder with preheating evaporation chamber is proposed. It has the characteristics of
accelerating kerosene atomization and evaporation as well as adjusting the fuel-air ratio in the cavity, and can be used as
a duty flame holder in advanced afterburner. Based on the CFD simulation platform, the flow characteristics and
kerosene distribution characteristics of the cavity flame holder with single evaporation chamber and double evaporation
chamber are investigated.

METHODOLOGY
(1) Physical Model
The schematic of cavity flame holder is shown in Fig 1. Fig 1 (a) is the conventional cavity flame holder, and (b) is

the cavity flame holder proposed in this paper. In the Fig 1, L is the length of the cavity and is designed to be 50 mm, and
the other parameters are shown in Table 1.

For Case1, the standing vortex area in the cavity is a single vortex structure, and the liquid fuel kerosene is injected
from the first evaporation chamber. For Case2, the cavity leads airflow from the second evaporation chamber, and the
standing vortex area is a double vortex structure. Kerosene is injected from the first evaporation chamber and the second
evaporation chamber. Kerosene is preheated and evaporated by high temperature airflow in the evaporation chamber, and
then injected into the cavity.

（a） （b）
Fig 1. Schematic of cavity flame holder, (a) Case1, (b) Case 2

Table 1. Model parameters

Nomenclature Parameters

Height of the front wall of cavity，H1 H1/L=0.8

Height of the back wall of cavity，H2 H2/L=0.6

Width of inlet slit of first evaporation chamber，d1 d1/H1=0.125

Width of inlet slit of second evaporation chamber，d3 d3/H1=0.125

Width of inlet slit on the front wall of cavity，d2 d2/H1=0.1

Width of inlet slit on the back wall of cavity，d4 d4/H1=0.1

In order to realize the flame propagating along the radial direction after the successful ignition in the concave cavity,
the combined structure of cavity flame holder and radial flame holder was adopted in the design. The calculation model
and analysis section of binary structure adopted in this paper are shown in Fig 2. It consists of a simplified binary square
tube combustion chamber, cavity flame holder and radial flame holder. The inlet size of the model is 250mm×120mm,
the total flow length is 600mm, and the blocking ratio is designed to be 0.35.

(2) Governing equations
The following assumptions were made regarding the time-dependent governing equations for conservation of mass

and momentum in the Cartesian coordinate for the Cavity flame holder[10]:
1)It is assumed that the flow field is a three-dimensional incompressible steady flow field and that the density is

constant.
2)Fluids are Newtonian.
3) Buoyancy influence is ignored, and the physical properties do not change with temperature.
4) The nonslip conditions are imposed as the boundary conditions for velocity.
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According to these assumptions, The governing equation show as follows：
Continuity equation:
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Where u is the fluid velocity; i, j =1, 2, and 3 are the x-, y-, and z- directions, respectively.
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Where p is the pressure; t is the time;  is the density;  is the dynamic viscosity coefficient; ''- jiuu is the
Reynolds stresses.

Energy conservation equation:
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Where h is the enthalpy with 
T

Tref
CpdTh , Cp is the heat capacity, T is the temperature, Tref = 298.15 K is the

reference temperature; ttt Cpk Pr , Prt is the Prandtl number; k is the turbulent kinetic energy per unit mass of fluid,
and it is defined as:
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Species transport equation:
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Where Yi is the component mass fraction; Si is the mass source term; Ji is defined as:
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where Di is the mass diffusion coefficient of component i, )( ttt DSc  is the turbulent Schmidt number, and Dt is
the turbulent diffusion term which is set as 0.7 in the present study.

The turbulence model is Standard k-ε model. In this paper, the discrete phase model (DPM) is used to simulate the
droplet trajectories, heat and mass transfer and the interaction between two-phase fluids in Lagrangian coordinates. A
three-dimensional, and steady solver with double precision are employed for the combustor simulations. The governing
equations are discretized by the second-order upwind scheme.

（a） （b）
Fig 2.（a）Calculation model, (b)Analysis section of the simulation results.

(3) Boundary conditions
The simplified afterburner is adopted in the simulation. It is assumed that the gas at the inlet of the afterburner is an

incompressible ideal gas. Miao[11] used the assumption of incompressible flow to study the flow field inside the cavity
flame holder when the Mach number is 0.2. Zeng[12] studied the flow characteristics of the trapped vortex combustor
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when the Mach number is not exceeding 0.3, and assumed that the inlet air was an incompressible fluid. The parameters
set in this paper are within the range of the above-mentioned research parameters, so the simulation results obtained by
assuming that the imported gas is an incompressible ideal gas are accurate. The boundary conditions of inlet is velocity
inlet, Ma=0.1~0.3, inlet temperature T1=900K, the boundary conditions of outlet is pressure outlet. The wall surfaces of
the flow passage and the stabilizer are set as no-slip and stationary walls.

RESULTS AND DISCUSSION
Fig. 3 shows the flow field calculation results of Case1. It shows that behind the radial flame holder, Case1 has low-

speed reflux region to promote mass exchange between the cavity and the main airflow. The grooving position of the first
evaporation chamber in Case1 is in the lower part, which will form a small reflux area at the outlet. The reflux region of
Case1 in the cavity is a single vortex structure, which can meet the requirements of flame stability.

（a） （b）
Fig 3. Schematics of flow field at Y=0mm under Ma=0.1, (a) case 1, (b) case 2.

It can be seen from Fig 4 that the intake air in the second evaporation chamber promotes the mass exchange between
the cavity and the main flow, which is more conducive to flame propagation. Compared with Case1, the cavity of Case2
forms a three vortex structure arranged up and down. The influence of the main airflow on the flow in the cavity is
weakened, due to the existence of three vortex structure.

（a） （b）
Fig 4. Schematics of flow field at Y=40mm under Ma=0.1, (a) case 1, (b) case 2.

The schematics of flow field of Case1 under different Ma is presented in Fig 5. Fig 5 shows that, the change of
Mach number has little effect on the vortex structure in the cavity. The velocity of the reflux zone in the cavity is
between10m/s and 20m/s, which meets the requirements of flame propagation. As the Mach number increases, the low-
velocity area of the cavity decreases.

（a） （b）
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（c） （d）
Fig 5. Schematics of flow field of Case1 under different Ma, (a) Ma=0.1, (b) Ma=0.17, (c) Ma=0.23, (d)
Ma=0.3.

The schematics of flow field of Case2 under different Ma is presented in Fig 6. It can be seen from Fig 6 that, the
vortex center in the main reflux region of the cavity moves upward with the increase of Mach number. The low-velocity
region is located in the center of the cavity. As the Mach number increases, the low-velocity area of the cavity decreases,
due to the increase of the inlet velocity of the cavity.

（a） （b）

（c） （d）
Fig 6. Schematics of flow field of Case2 under different Ma, (a) Ma=0.1, (b) Ma=0.17, (c) Ma=0.23, (d)
Ma=0.3.

The total pressure loss and the mass exchange rate of cavity are two important parameters for studying the cavity
flame holder. The total pressure loss is defined as the ratio of total pressure drop across the afterburner to the total
pressure at the afterburner inlet, as defined in Eq. (7):
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The mass exchange rate of cavity is defined as the ratio of the mass of the main flow drawn into the cavity to the
mass of the main flow in a unit time, as defined in Eq.(8):
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Where mcavity represents the main flow into the cavity, m represents the main flow, mchange represents the mass
exchange rate, and i represents the grid nodes on the interface between the cavity and the main flow.

In this study, the total pressure loss versus the inlet Ma is plotted in Fig 7(a). It can be seen that the total pressure
loss increased with the increasing of inlet Ma, due to the increase of local pressure loss in the cavity and frictional loss
between airflow and the wall. The Fig 7(a) also showed the total pressure loss of Case2 is slightly higher than the Case1.
From Ma 0.1 to 0.3, the total pressure loss of Case1 increases from 0.5% to 3.9%, and the total pressure loss of Case2
increases from 0.5% to 4.2%. As shown in Fig 7(b), the increase of Ma has no effect on the mass exchange rate of cavity,
owing to the certain proportion of the flow into the cavity to the total flow. It also can be seen from Fig 7(b) that, the
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mass exchange rate of cavity of Case2 is higher than that of Case1, with a relative increase of 2%, which is beneficial to
spread the flame from the cavity to the main flow after ignition.

（a） （b）
Fig 7. The total pressure loss and Mass exchange rate of cavity versus the inlet Ma,
(a) Total pressure loss, (b) Mass exchange rate of cavity.

The distribution characteristics of kerosene in Case1 and Case2 do not change with the increase of Mach number, so
the distribution characteristics of kerosene at Ma=0.17 is selected for analysis. The total kerosene supply flow of Case1
and Case2 is 1g/s respectively.

Fig 8 shows the result of mass fraction of kerosene of Case1. It can be seen from Fig 8 that, the kerosene in the radial
holder comes mainly from the cavity, and kerosene diffuses from the cavity area to the center section of the radial holder.
It can be seen from Fig 8(a) that, kerosene is distributed along the flow direction at the position of the radial holder,
which means flame will propagate in the flow direction rather than in the radial direction along the radial flame holder
after ignition. The mass fraction of kerosene in the radial holder is between 0.01 and 0.03. Fig 8(b) shows the mass
fraction of kerosene in the cavity is between 0.04 and 0.05, which meets the requirement of equivalence ratio for ignition.

（a） （b）
Fig 8. Mass fraction of C12H23of Case1 under different section, (a) Y=0 mm, (b) Y=40 mm.

（a） （b）
Fig 9. Mass fraction of C12H23 of Case2 under different section, (a) Y=0 mm, (b) Y=40 mm.

Fig 9 shows the result of mass fraction of kerosene of Case2. As illustrated in Fig 9(a), kerosene is distributed along
the radial at the position of the radial holder. The distribution of kerosene mass fraction of Case2 in the radial holder is
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more uniform than that of Case1, due to the mixing of the second evaporation chamber inlet air flow and the cavity air
flow. Fig 9(b) shows the mass fraction of kerosene in the cavity is between 0.045 and 0.05, which meets the requirement
of equivalence ratio for ignition. It also can be seen from Fig 9(b) that, kerosene has a high evaporation in the
evaporation chamber, the mass fraction of kerosene in the evaporation chamber is higher than 0.04.

Fig 10 and Fig 11 shows the results of the combustion temperature distribution of Case1 and Case2. At the cross
section of Y=0mm, the high temperature region of Case1 is concentrated under the splitter plate of the second
evaporation chamber, and the high temperature region of Case2 is concentrated in the cavity. The high temperature
region corresponds to the optimal fuel-air ratio. Therefore, the kerosene distribution and temperature field of Case2
behind the radial flame holder are obviously better than Case1. At the cross section of Y=40mm, the combustion of
Case1 and Case2 can be maintained in the cavity. However, in Case2, the optimal fuel-air ratio in the first evaporation
chamber and the existence of low-speed reflux region provide conditions for the flame propagation in the cavity to the
first evaporation chamber. In the following research, it is necessary to redesign the outlet groove structure of the first
evaporation chamber.

（a） （b）
Fig 10. The temperature contours of Case1 under different section, (a) Y=0 mm, (b) Y=40 mm.

（a） （b）
Fig 11. The temperature contours of Case2 under different section, (a) Y=0 mm, (b) Y=40 mm.

CONCLUSIONS
The main research conclusions of this paper were as follows:
(1) Compared with the single vortex in cavity of conventional cavity flame holder (Case1), cavity flame holder

proposed in this paper (Case2) forms a three vortex structure arranged up and down. The influence of the main airflow on
the flow in the cavity is weakened and is beneficial to flame stability , due to the existence of three vortex structure.

(2) The increase of Mach number has little effect on the vortex structure in the cavity and the mass exchange of the
cavity. The total pressure loss increased with the increasing of inlet Mach number, and the total pressure loss of Case2 is
slightly higher than the Case1. Compared with Case1, the mass exchange rate of cavity of Case2 is higher than that of
Case1, with a relative increase of 2%, which is beneficial to spread the flame from the cavity to the main flow after
ignition.

(3) The distribution of kerosene mass fraction of Case2 in the radial holder is more uniform than that of Case1. For
the Case2, the mass fraction of kerosene in the cavity is between 0.045 and 0.05, which meets the requirement of
equivalence ratio for ignition.
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