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Abstract: In the present study we focus on simulating the high temperature subsonic compressible flow in the diffuser
duct of an afterburner unit of an air breathing jet engine. The diffuser duct was designed as per the guidelines explained
in the standard engine design data hand book and corresponding experimentally measured results are referred for
validation purpose. Aerofoil struts were incorporated in the design and the pressure loss due to the struts is assessed by
CFD analysis. The CFD analysis is carried out with SST K-Omega Turbulence model and direct resolution of shear
stress approach employed in Mentors Shear Stress Transport Turbulence model. The pressure loss computed for
diffuser with various struts configurations and compared without strut
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I. INTRODUCTION

A gas turbine, also called a combustion turbine. The basic operation of the gas turbine is similar to that of the steam
power plant except that air is used instead of water. Fresh atmospheric air flows through a compressor that brings it to
higher pressure. Jet engine thrust is governed by the general principle of mass flow rate. Thrust depends on two things:
the velocity of the exhaust gas and the mass of that gas. A jet engine can produce more thrust by either accelerating the
gas to a higher velocity or by having a greater mass of gas exit the engine. To generate the increased power with a more
compact engine for short periods of time, an engine requires an afterburner. The afterburner increases thrust primarily
by accelerating the exhaust gas to a higher velocity. The turbojet (and the turbofan) can also be fitted with an
afterburner. An afterburner is simply a long tube placed in between the turbine and the nozzle in which additional fuel
is added and burned to provide a significant boost in thrust. An afterburner or "reheat jet pipe" is a device added to the
rear of the jet engine. It provides a means of spraying fuel directly into the hot exhaust, where it ignites and boosts
available thrust significantly; a drawback is its very high fuel consumption rate.

An afterburner (or a reheat) is an additional component present on some jet engines, mostly military supersonic aircraft.
Its purpose is to provide an increase in thrust, usually for supersonic flight, takeoff and for combat situations.
Afterburning is achieved by injecting additional fuel into the jet pipe downstream of (i.e. after) the turbine. The
advantage of afterburning is significantly increased thrust; the disadvantage is its very high fuel consumption and
inefficiency.

Resolution of Turbulent boundary layer physics for compressible flows in the gas turbine engine combustion systems
using Computational Fluid Dynamics(CFD)is a critical task due the presence of flow obstruction devices like exhaust
cone struts, fuel spray bars, V-gutter, chutes etc. These obstruction devices will result in strong vortex fluid zones of
high turbulence, which enhances the better mixing of air and fuel there by resulting in higher combustion efficiency,
however these obstruction devices will also result in higher pressure losses. This low static pressure enhances the
power of the turbine and the thermal efficiency whether the gas turbine is used in simple cycle or combined cycle
application.CFD simulations are common practice to predict the flow complexity of exhaust diffusers. High-fidelity
CFD models can require millions of meshes for which conservation of mass, momentum and energy are calculated in
every one of these cells. However, the computational challenge and the mesh load of humerical modelling can be an
uneconomical use of resources.
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1. MATHEMATICAL MODELS

The commercial FLUENT software package, FLUENT 6.3.26, was used for solving the set of governing equations

The numerical method employed is based on the finite volume approach. Fluent provides flexibility in choosing
discretization schemes for each governing equation

A. Governing Equations

The Governing Navier-Stokes equations for the flow physics considered in this work are written in vector form as
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1. The transport equations for turbulent kinetic energy k and dissipation rate € are written in tensor form as

(z)teutr = ( () ) = () (F) (55) + 1 (5) (e - 20)

The turbulence generation term P, can be expressed in tensor notation as
Pi=p (Sui/dx;) [(Sui/dx;) +(duy/dx;)]
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2. Direct Resolution of Boundary Layer Region Approaches (Mentors SST model)

The SST (Shear Stress Transport) model of Mentor (1994) is an eddy-viscosity model which includes two

main novelties:

1. It is combination of a k-& model (in the inner boundary layer) and k- model (in the outer region of and outside of

the boundary layer).

2. A limitation of the shear stress in adverse pressure gradient regions is introduced.
The k-¢ model has two main weaknesses: it over-predicts the shear stress in adverse pressure gradient
flows because of too large length scale (due to too low dissipation) and it requires near-wall modification

damping functions/terms.

This model is almost identical to the Mentor baseline model. Only one constant and the expression for turbulent eddy

viscosity are different. The two-equation model (written in conservation form) is given by the

|
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C. Grid independence study
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Table 1.The gird independence studies are carried out to finalize the mesh which captures the results accurately

SINo Grid size, Number of Y-plus Total pressure (absolute) at section Remarks
elements 6.1,Pascals
Experimental CFD
Afterburner diffuser duct without struts
1 80031 78 503689 Y-plus value is high
2 135268 38 525249 521963 Y-plus value is acceptable
157575 32 525003 Mesh finalized for CFD analysis
Afterburner diffuser duct with NACA 4412 aerofoil struts(Standard wall function)
4 219713 74 510697 Y-plus value is high
5 259871 35 Not available 521321 Y-plus value is acceptable
6 286961 34 522632 Mesh finalized for CFD analysis
Afterburner diffuser duct with NACA 4412 aerofoil struts(SST K-Omega model)
7 296520 32 509382 Y-plus value is high
315230 6 Not available 520289 Y-plus value is high
9 328010 3 517239 Y-plus value is acceptable, Mesh
finalized for CFD analysis

D. Boundary Conditions

The following boundary conditions have been imposed for CFD analysis,
A. Inlet: Absolute Total pressure of 529924 Pa and Total temperature of 686.5 Degree Kelvin is imposed at the inlet

boundary.

B. Outlet: Mass flow value of 12.96 Kg/sec corresponding to 45 degree sector is imposed at the outlet.
C. Wall: The walls of the diffuser duct, aerofoil strut surfaces are imposed with no-slip boundary condition.
D. Periodicity: Rotational periodicity is imposed on both the periodic surface.
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E. Geometrical Modelling and Grid Generation

Fig 1.Computational domain of the after burner diffuser duct with struts Fig 2.Computational domain of the after burner diffuser duct without struts
(45 degree) (45 degree)

sy

Fig 3. Computational domain of the after burner diffuser duct with struts

ANSYS
Ansys

Fig 4. Body fitted grid generated around the Aerofoil Struts

I11.RESULTS AND DISCUSSIONS

CFD Analysis is carried out for afterburner diffuser duct without struts and with different number struts for each case.
For example here 8, 10,12,14,16 numbers of struts are used on the diffuser duct for each case and pressure loss is
computed for every case. Pressure counters are shown below,
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Fig 5.Pressure counters for 8 numbers of struts Fig 6. Temperature counters for 8 numbers of struts
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Fig 7.Velocity counters for 8 numbers of struts Fig 8.Mach number for 8 numbers of struts

The same procedure is carried out for 10, 12, 14, 16 numbers of struts. Finally pressure loss is found out for each case.

Table2. Pressure loss comparison Table 3.Total pressure drop with Numbers of struts
Experimental CFD Pressure Drop Numbers of Struts Total Pressure drop (Pa)
Pressure (without struts)(pa) 0 4562
Drop(pa) 8 15629.04
4675 4562 10 21713.80
12 27735.72
14 29056.16
16 29020.96
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Fig 9.Total pressure drop with Numbers of struts
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Fig 10.Static Pressure with Numbers of Struts
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Fig 11. Temperature with Numbers of struts
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Fig 12. Velocity with Numbers of struts

The experimental pressure drop as per the aircraft design data hand book Jack Mattingly is 4692 Pascal, and pressure
drop as per the CFD analysis is 4562 Pascal. This shows that CFD analysis for pressure drop gives nearly accurate
values and the prediction of pressure drop by the CFD gives near values. Pressure drop starts attaining constant after
numbers of struts 12. For Afterburner with numbers of struts 14 and struts 16 the pressure drop becomes almost equal.
So it is clear that as the number of struts increases turbulent kinetic energy increases, it leads to increase in total
pressure loss. Pressure loss becomes equal at some point this shown in the figure number 9 during number of struts 14
and 16. The above results and figure number 11 of temperature with numbers of struts shows that, temperature between
inlet and outlet of the diffuser decreases as the numbers of the struts increases. For 8 numbers of struts temperature is
701 K, for 16 numbers of struts temperature is 660K. This shows that as the numbers of struts increases temperature
decreases. Blockage at the inlet of the diffuser affects the temperature. Since the sharp ends are not favourable for the
flow, stream lined centre body has been used. From the velocity plots we can observe the magnitude and direction of
velocity in the flow field. The colour code and the corresponding velocity magnitude are given in the left side margin.
In a plane along the struts, velocity vectors close to the conical wall are distorted because of the boundary layer
development and the struts wakes. we can observe velocity vector variations in struts plane and Magnitude of velocity
in the near wall regions is less because of the boundary layer development and in the core regions velocity magnitude is
high. Struts and their wakes reduce the flow area in the region close to the struts. As the flow develops the velocity
reduces due to diffusion. In the stream wise direction, the boundary layer thickness increases because of adverse
pressure gradient and also the velocity gradient near the wall. The boundary layer characteristics on both the walls are
different. Hence, the peak value of velocity may not occur at the centre line region. The magnitude of maximum
velocity value shifts from the wall region due to boundary layer. From the inlet to the outlet of the diffuser mean
velocity reduces and this reduction in velocity is converted into pressure rise.

1VV.CONCLUSION

CFD analysis is carried out for the after burner diffuser duct with and without struts. CFD analysis results for the after
burner diffuser duct without struts is compared with the Experimental data. The SST k-omega model is found to be a
satisfactory physical model to give good predictions for various flow characteristics of an annular diffuser. Total
Pressure loss is well predicted by the numerical model which has close agreement with experiment. The diffusion in the
diffuser with struts is interrupted by the reduction of the flow area due to the struts and their wakes and this is constant
after number of blades or struts are 12. The pressure loss is significantly increased by the presence of struts. Pressure
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recovery development in the diffuser without struts is higher than the pressure recovery in the diffuser with struts. The
effectiveness of the diffuser with aerofoil shaped struts is more than the diffuser without struts even though the
blockages are same. Thus struts play an influential role in the diffuser performance. The present study indicates that the
prediction procedure used in the paper can be used with confidence in the development of diffusers for the gas turbine
afterburners.
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