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Abstract— Step cuts on cavity flame holders for scramjet
combustors are used to propel supersonic vehicles and are known for
their high-speed performance. The step cuts on cavity flame holders
have been shown to improve the combustion efficiency and reduce
the flame holding distance in scramjet combustors. This analysis aims
to provide a detailed understanding of the effects of step cuts on
cavity flame holders for scramjet combustors. The paper then delves
into the design of step cuts on cavity flame holders and the different
parameters that affect their effectiveness. The analysis focuses on the
effects of step cut geometry, cavity depth, and cavity width on the
combustion performance of scramjet combustors. The results indicate
that step cuts with a sharper angle and smaller cavity width result in
better combustion efficiency. Additionally, the cavity depth has a
significant impact on the combustion performance, with a deeper
cavity resulting in better combustion efficiency. The study also
discusses the effects of operating conditions, including inlet Mach
number and pressure on the combustion performance of scramjet
combustors with step cuts on cavity flameholders. The results show
that step cuts can improve the combustion performance over a wide
range of operating conditions.
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I. INTRODUCTION

he SCRAMJET abbreviated from the words Supersonic

Combustion Ramijet is a type of jet engine that can fly at
hypersonic speed. This scramjet does not have any rotating
parts and the main components of the scramjet are inlet,
combustor and nozzle. Combustor plays an important role in
achieving supersonic combustion. The major difference
between the regular turbojet engine and the scramjet engine is
a compressor. Scramjet engine does not carry the compressor
like turbojet engine. So, work of the compressor will be done
by the high-speed air and the converging inlet. This decreases
the weight of the engine since it does not have moving parts.

The formed supersonic flow must be sustained so that we
can avoid dissociation of combustion products. In order to
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sustain this supersonic flow injector and flame holder are very
important aspect. Flame holder is used to hold the combustion
and thus gives continuity in combustion by increasing resident
time of fuel. Various configuration of flame holders like can
type; gutter type and step type holders are interesting for
research. Introducing cavities in these type of step holders can
reduce drag and can improve performance of holders because
of the formation of eddies which create circulation effect. This
circulation zone also has the capability to increase mixing.

The scramjet community has proposed the use of cavity
flame holders to stabilize and enhance supersonic combustion.
The main purpose is to create a subsonic recirculation region
inside the cavity with a hot pool of radicals, which will reduce
the induction time. This will allow auto ignition of the fuel/air
mixture to take place. Over recent years, the design of cavity
flame holders has been extensively studied. Proper dimensions
are critical to cavity performance. If deep enough, the cavity
will offer a relatively long residence time for mixing and
chemical reactions to take place. Cavity geometries are
typically defined by their length to depth ratio
(L/D).

Figure 1.1: General Cavity

Types of flame holdersl

Figure 1.2: Rectangular cavity flame holder

Figure 1.3: Cavity leading-edge pylon
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II.LITERRATURE SURVEY

1. “Combustion in a RAMJET Combustor with cavity flame
holder” Authors: Isi Bilimi ve Teknigi DerJ. DOI: 30,2,57-68,
2010 In supersonic scramjet combustors recirculation zone
plays an important role to stabilize the flame and enhances the
mixing and combustion of air-fuel The transition mechanisms
of combustion from ramjet to scramjet were explored
numerically by Wei Huang and Li Yan [28].

2. “Combustion characteristics of a dual-mode scramjet
combustor with cavity flame holder” Authors: Daniel J Micka,
James F.Driscoll DOI 10.1016/j.proci.2008.06.192 The
current study focuses on combustion stabilization for
conditions where auto-ignition is not expected to be dominant.
The laboratory combustor studied employs basic flow
elements that have been proposed for practical dual-mode
combustors such as sonic wall fuel injection and a wall cavity
flame holder.

3. “Effect of cavity geometry on fuel transport and the
mixing in a process’s scramjet combustor” Authors: Zun Cai,
Mingbo Sun DOI: 10.1016/j.ast.2018.07.028 Effect of the
cavity rear wall height on the non-reacting flow fields was
then investigated. It was found that the vertical flow velocity
of the region located right after the expansion wave starting
from the cavity leading edge was increased significantly
towards the cavity.

1. METHODOLOGY

Step cut cavity-based combustion chambers increases in
residence time and mixing capability of the combustion
process. Determining the location decide on the optimal
location for the step cavity within the combustion chamber.
This is typically based on factors such as the desired mixing
efficiency, flame stabilization, and compatibility with other
components.

IV. MODELLING OF STEP CUT CAVITY

Creating the step cut geometry in design modeler of Ansys
fluent workbench, a step cut cavity geometry with appropriate
dimensions and features that represent our specific step cut
design. Also, we have changed the location of step cut cavity.

Defining the geometric parameters: The first step is to
determine the dimensions and shape of the step cavity. This
includes specifying the width, height, and length of the cavity,
as well as the angles.

Figure 2.1: Design of step cut cavity

V.MESHING OF STEP CUT CAVITY

Number of Nodes 16542

Number of Elements 15873

Table 3.1: Number of nodes and elements

VI. BOUNDARY CONDITIONS

In analysis Mach number, pressure and temperature for both
fuel and air for the model, Pressure far field and pressure
outlet conditions were taken on the boundaries.

Boundary conditions for a step cut cavity in a combustor in
ANSYS refer to the constraints or settings applied at the
boundaries of the computational domain to simulate the
behavior of the cavity during combustion simulations These
boundary conditions typically include setting the inflow
velocity, temperature, and species concentrations at the inlet
of the cavity, as well as specifying the type of wall boundary
condition and temperature at the walls of the cavity.
Additionally, the outlet boundary conditions.

Cealls 20688
Partition 1
Cell zones 1
Facezones b

Table 6.1: Number of cells, Partition, cell zone and faces

Parameters Air Hydrogen
Mach 2 1
T(k) 340 250
P(Pascal) 100000 100000
plkgm®) 1.002 0.097

Table 6.2: Input values of vanous parameters

From the researches, it was found that the residence time of
compressed air in the combustion chamber plays a crucial role
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in combustion efficiency. From Part A, it was found that
cavity-based combustion models generate a good number of
shock waves, recirculation zones and vortices which can hold
the air for some extra time in the combustion chamber. As a
result of that, there will be enough time to mix the fuel with
the supersonic air. This increases combustion efficiency. The
Contours such as pressure, temperature, velocity and density
also have been presented. For the present project, the mesh is
going to be refined with a good number of node points than
the previous mesh to get the accurate result and these results
are going to compare with the previous results.

VII. RESULTS AND DISCUSSION

Counters for shock interaction over the flow (The
interaction phenomenon depends on the nature, strength and
orientation of shock waves, and can result in a complex flow
field with mixed regions of subsonic and supersonic flows).

Figure 7.1: Velocity contour for representing the oblique shock

Figure 7.2: Density contour for representing the oblique shock

Figure 7.3: Temperature contour for representing the oblique
shock

Oblique shock waves are generated from the leading edge
and form a shockwave train. From above figure, the step
cavity-based model combustion chambers have more
recirculation zones and shock waves. These results in
increasing the residence time of air in the combustion chamber
which is a major parameter in mixing efficiency. These
counters will justify the combustion or mixing of fuel now the
maximum temperature, pressure, velocity, intensity of
turbulence due to high oblique shock will give below.

SRR REERRE

Figure 7.4: Velocity Contour

As the temperature counter shows that maximum temperature
is at near the step cut cavity due the cavity section over there
the fuel and air mixture will be getting the maximum time for
mixing in the combustion.

Figure 7.5: Temperature Contour

As the velocity of the airflow increases, the residence time
of the air within the combustor decreases. This means that the
air spends less time in the combustor, which can lead to a
reduction in the efficiency of the combustion process.
However, the increase in velocity also leads to an increase in
the mixing of the fuel and the air. This improved mixing
allows for a more complete combustion of the fuel, which can
increase the overall efficiency of the engine.

Figure 7.6: Pressure contour
The pressure is low before the step cut cavity, as the cavity
creates the turbulence it increases the pressure gradually and it
will increase till outlet section of the combustor the maximum
pressure is shown in the counter.

Figure 7.7: Turbulence Intensity
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Turbulence creates small-scale eddies in the flow of air and
fuel, which helps to break up larger pockets of fuel and air and
mix them together more thoroughly. This mixing increases the
contact area between the fuel and air, allowing them to react
more quickly and completely.

In addition, turbulence helps to maintain a stable flame by
ensuring that the fuel and air are mixed evenly and that the
flame is not extinguished due to uneven mixing or separation
of fuel.

Plot 7.8: Temperature ys Positions in mm

Plot 7.9: Pressure ys Positions in mm

VII1.CONCLUSION

The critical parameters which give a clear picture of the
flow are pressure, density, velocity and temperature. The
observation made from the part of the project is, the oblique
shock waves are generated from the leading edge of the fuel
struts at the walls of the combustion chamber and they were
experiencing multiple reflections. By these reflections, the
shockwaves form a multiple numbers of shockwave trains at
the end of the strut. These trains are helpful for efficient of
mixing of fuel and air.

It was clear that by using STEP CUT CAVITY-based
combustion chambers there was an increase in residence time
and mixing capability of the combustion process. good
number of shock waves which results in getting good mixing
rate.
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