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ABSTRACT: CFD investigations are carried out by varying geometric parameters to study the cavity influences on the combustion at
subsonic speed, in a simple combustor with and without cavity. The kerosene, hydrogen and high octane fuels are injected at Mach number
of 0.8 to Mach number 0.3 airstream. The Combustion efficiency for the different fuels are found and compared that to be hydrogen is
greater than high octane and kerosene fuels. The pressure losses in the combustor with hydrogen fuel are less compared to that of kerosene
and high octane fuels. In hydrogen fuel there is 20.05% increase in combustion efficiency in a combustor with cavity compared to without
cavity, in high octane fuel there is 19.90% increase in combustion efficiency, in kerosene fuel there is 14.55% increase in combustion
efficiency. As per the results from the present study that the combustion efficiency is high in the presence of cavity at subsonic flows.
Hydrogen Fuel is efficient for combustion compare to that of kerosene and high octane fuels. This work was carried by using computational
software package Fluent and Gambit.
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1 Introduction

In the design of turbojet engine a problem of fuel injection as well as flame holding is known to play a very important role. In combustion due to
the short residence times, it is essential to specifically adopt a device or strategy to enhance the mixing between the fuel and oxidizer to achieve
combustors of reasonable size and weight [1]. At the same time, the mixing device/strategy should not lead to large total pressure losses for the
flow in the combustor, because this would lead to thrust losses [2]. There are several techniques for improving the mixing, some of them are
based on the generation of streamwise vorticity, such as ramps, tabs, lobe mixers, chevrons, etc. Some others are based on the self-excitation
such as with cavities [1]. It is then essential to understand the cavity behavior to incorporate cavities in engines. The cavity is of interest because
recirculation flow in cavity would provide a stable flame holding while enhancing the rate of mixing or combustion. The total pressure losses
incurred by these devices are less compared with other mixing-enhancement devices.

While many studies have been performed on cavity flows, the current understanding of cavity-flow physics remains Incomplete. Cavities are
typically divided into two categories, open and closed. Open cavities are those for which the separated shear layer re-attaches at the end-wall,
while for closed cavities the shear layer re-attaches on the floor of the duct [4]. Open cavities are typically preferred for combustor designs
because the drag penalty is lower. The mixing and flame-holding properties of an engine can be significantly improved through the addition of a
cavity. Cavities produce a recirculation of radicals, with sufficient residence time for ignition to occur without the need for long combustion
chamber lengths. In this work we study the cavity-injector combustion behaviour using hydrogen, high-octane and kerosene fuels and the effects
of combustion over cavities of different sizes on subsonic flow field. This work describes the study of the effect of combustor with and without
cavity in a viewpoint of total pressure loss and combustion efficiency.

2. COMBUSTION

Combustion or burning is a complex sequence of exothermic chemical reactions between a fuel and an oxidant accompanied by the production of
heat or both heat and light in the form of either a glow or flames.

The hydrogen, kerosene and high octane fuel reacts with oxygen as given in below reaction equations.

2H, + O, — 2H,0 (g) + heat (hydrogen reaction)

CisHsp + 230, --> 15CO, + 16H,0 (kerosene reaction)

CgHyg + 12.50,= 8CO,; + 9H,0 (high octane reaction)

3. NUMERICAL PROCEDURE

Presently there are several commercially available CFD software packages namely FLUENT, FLOW 3D, ANSWER, PHOENICS, STAR-CD
etc for solving complex fluid

flow problems. Pre-processing was done by Gambit, Solving & Post processing was done by fluent software package. The numerical
discretization technique finite volume method is used.

4 GEOMETRICAL MODELLING

The basic combustion model has taken from the paper Numerical Simulation of Supersonic Combustion for Hypersonic Propulsion 5th
Asia-Pacific Conference on Combustion, The University of Adelaide, Australia 18-20 July 2005. The transverse fuel injection vertically through
a slot of 0.1 cm width is as shown in figure. So this work was analyzed the combustion, using the same model and changing the cavity
dimensions as (L/D=4 & L/D=3) and replacing the fuel injecting nozzle near to the cavity 10cm at subsonic speed with different fuels and
comparing which fuel is efficient for combustion. Using this as the basic model four other model types has been analyzed.
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Fig 1: - Simple Combustor configuration
Model types
Model without cavity
Model with cavity L/D ratio is 4
Model with cavity Injector placed 10cm near to the cavity L/D ratio 4
Model with cavity L/D ratio is 3
Model with cavity Injector placed 10cm near to the cavity L/D ratio 3

VVVYVYVYYV

5. COMPUTATIONAL DETAILS OF THE PRESENT STUDY

The flow inside the domain has been simulated by solving equations for conservation of mass, momentum, and energy. Finite volume method
has been used. The pressure-velocity coupling has been achieved by SIMPLE algorithm. The convective terms are discretized by First order
upwind schemes for all equations while the diffusive terms are discretized by central differencing schemes. Turbulence in the flow has been
modeled using the standard k-¢ turbulence model.

5.1 Assumptions
The following important assumptions pertaining to the flow in the cavity have been made in the present study:
(i) Flow is steady, incompressible and turbulent
(ii) Isothermal flow throughout the domain
(iii) Reacting flow inside the cavity
(iv) Radiation effects are neglected

5.2 Governing equations

Continuity Equation:

= +V(pv) = s,

Momentum Equation:

%(pﬁ) +V.(pPV) = —Vp+pg + F

Energy Equation:

% (PE) + V.(V(pE+ P)) = —V.zi h;j; + S,

5.3 Meshing
The refinement of mesh has done and the respective face meshed model is as shown in below figure.

Fig 2:- Meshed Model with cavity L/D ratio is 4

Mesh is exported as .msh file, which is to be read in the solver. The grid is as shown in the below figure.

Fig 3:- Grid with cavity L/D ratio is 4

5.4 The analysis carried out is presented in the following steps

Grid independency is studies for selecting proper interval mesh size.
Flow behavior is studies inside a combustor with and without cavity.
Analysis is carried out in the combustor.

Comparison of fuels and geometric variation studies is done.
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Boundary Conditions

Zones
NAME 1D Type
Fluid 1 fluids
Fuel inflow 2 velocity-inlet
Air inflow 3 velocity-inlet
Proutlet 4 pressure-outlet
Wall 5 walls
Inlet:
Condition Value
Air inflow Velocity 102 m/s (Mach 0.3)
Air temperature 600 K
Fuel inflow Velocity 272m/s (Mach 0.8)
Fuel temperature 300 K
Outlet temperature 600 K
Wall temperature 400 K

Convergence criterion:
Variable Check Monitor Convergence  Convergence Criterion

Continuity yes 0.0001
X-Velocity yes 0.0001
Y-Velocity yes 0.0001
Energy yes 1e-06
K yes 0.0001
Epsilon yes 0.0001
CH4 yes 0.0001
02 yes 0.0001
COo2 yes 0.0001
H20 yes 0.0001

6. RESULTS AND DISCUSSION

The combustion inside a combustor using different fuels, with and without cavity with transverse fuel injection vertically through a slot of 0.1 cm
width has been successfully simulated using the FLUENT commercial code.

The below contours shows the pressure distribution and temperature (combustion) in the combustor.

Fig 4: - Pressure contour Fig 5: - Temperature contour

The pressure inside the cavity is low as shown in the figure 4. The combustion of fuel and air takes place as shown in figure 5.
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The recirculation inside the cavity is as shown in below figure 6, the velocity inside the cavity is low compare to the total velocity in the
combustor, due to the recirculation the residing time of fuel and air is high in the combustor with cavity.

Fig 6:- Recirculation inside the cavity

This study investigated the cavity-injector combustion behaviour using hydrogen, high-octane and kerosene fuels and the effects of combustion
over cavities of different sizes on subsonic flow field, fuels are injected at Mach number 0.8 to Mach number 0.3 airstream. The main objective
of this work is to examine the subsonic flow over the cavity & examining which fuel is efficient for combustion, the cavity has influenced
subsonic combustion and as per our results hydrogen fuel has higher efficiency comparing with high Octane & kerosene fuel. For a good
combustor the exit temperature must be low, it has been found when combustion occurs with Hydrogen fuel. The model without cavity has the
low pressure loss than the model with cavity, but the model with cavity has higher combustion efficiency than the model without cavity.
Comparing with models without and with cavity with different fuels the combustions efficiency increases in a model with cavity, as below:

» In Hydrogen Fuel there is 20.05% increase in combustion efficiency

» In High Octane Fuel there is 19.90% increase in combustion efficiency

» In Kerosene Fuel there is 14.55% increase in combustion efficiency
The best combustion efficiency is observed in the model when the Injector placed near cavity L/D4 with hydrogen fuel.
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