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Abstract - Itisa known concept that having bluff bodies in
tandem(besides) may reduce the drag generated by single
bodies comparatively. Many experimental and numerical
researches [2] [13] had undertaken and is being in process in
order to reduce the drag experienced by the body. Similarly a V
shaped gutter is a one type of flame stabilizers being used in
afterburner of an aircraft gas turbine engine with main
purpose to hold the flame in an afterburner These after
burners were used in combat missiles to provide an extra
impact thrust for a limited period of time . But when the
burner is not under use the presence of V-gutter shaped flame
stabilizers creates an excess drag also creates some excess
drag force. Hence it is necessary to reduce the drag created
by these V- gutter. In this work an attempt has been made to
study about the flow separation [7] characteristics of V-gutter
also a different varities of modified V- flame stabilizers were
analyzed The flow simulation is done using CFD-FLUENT
FLOW.
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1.INTRODUCTION

In aircraft application, larger amount of thrust for
small duration is required in order to provide sudden impact
force majorly there are two methods available to attain these
impact force. First method is by directly increasing the mas
flow rate and the other is by generating thrust augmentation.
In an after burner major purpose of Flame stabilizing and to
hold and the flames, which are placed after the turbine
section in an afterburner. Generally Bluff bodies are
characterized by a large region of separated flow, a direct
consequence of which is that they suffer from large values of
Cd. Various research and development are carried out to
improve the performance of afterburner [2] numerically too,
by reducing the drag created by these bodies both
experimentally and theoretically. In recently Computational
methods have become highly useful tool to design, develop,
modify and finally analyze the performance of an
afterburner[1].The amount of drag generated by the
presence of boundary layer formation and boundary layer
separation of flame stabilizer and the recirculation zones in

the wake of the stabilizer plays very important factor to be
considered for better performance of an afterburner in any
gas turbine engines. In the past, various research activities
have been carried out to reduce the drag of bluff bodies [11],
by varying the orientation and arrangement of the bluff body
such as, tandem, staggered, normal, and perpendicular to the
flow. The above researches were carried out through CFD
using ANSYS fluent software. A brief review of literature
related to the above studies are presented.

Ch.33

Fig 01: Flame-stabilizer schematic diagram
2. METHODOLOGY

Initially , former various case studies on the various types of
flame stabilizer geometries are done.

The design parameters and the boundary conditions for
analysis purposes are determined. o

Modelling of various types of V-gutters were done on
considering the factors which affects drag property using
ANSYS FLUENT FLOW work bench.

Meshing and Validation of the drag force of newly modified
model is undergone with reference to boundary conditions of
reference journals.[16]

Drag values from various research paper is compared with
the CFD analysis value done in our software by taking the
same boundary condition. [20]e
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The fluid flow analysis is done using Ansys FLUENT to obtain
forces acting on the geometries and Drag coefficient is
calculated using Drag Equation. If requirede

The results are compared and optimum results for better
performance of afterburner is chosen.

ANSYS fluent software is used for the computational fluid
dynamics analysis of flow over a V-gutter.

A steady flow with viscous flow is considered and k-¢
turbulence model is taken for the analysis. Standard wall
function is chosen with v-gutter as no slip wall.[18]

A computational fluid domain is created surrounding the v-
gutter model which is taken from the literature survey which
corresponds to the section of an afterburner The analysis is
carried out for the three different configuration of the bluff
bodies each having three different cases.

Drag coefficientis calculated using the drag force obtained by
the software in the drag equation.

Table -1: Boundary layer condition parameters

Boundary layer condition parameters

Parameters value

Inlet velocity 220 m/s

Inlet gauge pressure 124075 N/m"2
Turbulence kinetic energy (k) 187.8 m"2/s"2

Turbulence dissipation rate (¢) | 655.57 m”2/s"3

122675 N/m"2

Outlet gauge pressure

Turbulence level (%) 5
Ratio of specific heat (¥) 1.35
Temperature 1009.1 K

Drag Equation is used to find the drag coefficient.[20]
Cd=Fd0.5*p*v2*A

Where, Cd - Coefficient of Drag.

Fd - Drag force in Newton.

A - Projected area on a plane perpendicular to the direction
of motion in m2.

p - Density of the fluid in Kg/m3.
v - Velocity of the fluid in m/s.
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Fig 02: schematic diagram of Flame-stabilizer
3. RESULT AND DISCUSSION

Coefficient of drag is calculated and flow over the bare v-
gutter and when the bluff bodies are placed downstream are
observed. Three different configurations were studied
considering the factors affecting the drag and compared. The
results show reduction of drag over the v-gutter with the
bluff bodies placed downstream when compared with the
bare v-gutter.

CFD simulation of flame stabilizers have been carried out for
all three different models angled geometries. Industrial
scaled geometries are exposed into FLUENT and actual plant
operating conditions are taken as input to validate the
results.

Case 1) CURVED BODY (MODEL 01):

CFD predictions have been carried out with gutter kept
normal to the flow. The velocity variation and flow pattern
are shown in the figure. The drag force was found from the
force summary output from the CFD-ACE+ analysis software
along the direction of flow over the gutter. For V-gutter of
modified model 01 the drag force is calculate using set-up
tool in ANSYS-FLUENT FLOW with an iteration of 1000,
initialized and the graph is plotted with drag force and
respected iterations, from the graph a standard value of drag
force is achieved.
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Fig 03: CFD MODEL OF CURVER BODY V-GUTTER
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In this model, we can observe that the flow is occurred Fig 06: STREAM LINE DIAGRAM OF LINEAR BODY V-

always, along the body of v-gutter, from the ANSYS-FLUENT GUTTER

flow software the drag force is calculated to be 1197.2188N

value along with that from stream line flow diagram itis seen In this modified model 02 V-Gutter, moreover the flow is
that the flow of particles is along the body without any along the body of v-gutter, beyond that the boundary layer
deviation [17] any how drag force is created by swirl motion separation point [17] and flow of separation was marginally
of the flow medium. reduced than previous model, from the ANSYS-FLUENT flow

software the drag force is calculated to be 1128.4947N value.

Case 2) LINEAR BODY(MODEL 02):
Case 3) ORIGINAL BODY(MODEL 03):

With reference to the drag force obtained from the previous

modified model, a new model is to be created with same In order to compare and analyze the result of our
boundary conditions and other properties CFD predictions modified flame stabilizer model, a commercially available
[14]have been carried out with gutter kept normal to the model or any standard model of flame stabilizer should be
flow, thus this model should be analyzed using ANSYS- created and analyzed using ANSYS-FLUENT software [14]
FLUENT FLOW software to calculate its drag force. under the same boundary condition parameters
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Fig 05: CFD MODEL OF LINEAR BODY V-GUTTER Fig 07: CFD MODEL OF ORIGINAL BODY V-GUTTER
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Fig 08: STREAM LINE DIAGRAM OF ORIGINAL BODY
V-GUTTER

Behind the previous model, this one is an existing available
model, for the comparable data and to verify our better
results. This body is also analyzed using ANSYS-FLUENT then
its drag value is calculated to be 1190.375N. Then from the
streamline diagram we can clearly observed that drag force
created is more than other two models, because of backflow
motion of particles and swirl motion of those particles
boundary flow separation takes place easily and the re-
attachment point was located far away, hence more drag
force is created.

ANALYZING THE EFFECT DRAG FORCE

After the overall results are achieved and analysis is
completed the comparison has been made. The comparison
for model 02 v gutter it can be seen from which is modified
aero foil shape gutter is more efficient in drag reduction
when compare to other cases. When v gutter shape is
required then model 02 is better than other one. Comparing
the above results, it can be said that the aero foil shape gutter
is more efficient than the v-gutter shape flame stabilizer.

But in model 03 the drag force created is more, because of
flow separation [3] of stream takes place at earlier and point
of re-attachment is far away than other two models and in
model 01 the drag force created was considerably larger than
other model.

Drag force is created in both the model created but in model
02 V-gutter as because the flow separation takes place earlier
because of its aero foil turbulence is created within the body
of V-gutter hence some reversed flow stream is created that
causes a negative pressure along the body of V-gutter [10],
also the complete absence of re-attachment points also made
it more turbulent.

Asbecause of angular changes the flow separation takes place
at beyond some regions of the model 02 V-gutter, is clearly

visible in stream line diagram. Because of flow separation is
very much lesser the turbulence is reduced and hence dragis
reduced [4].

Also, by the earlier re-attachment of the stream takes place,
the flow separationis considerably reduced than model 02
V-gutter.

Hence by creating a modified linear body with aero-foil
characteristics, we can considerably reduce the drag force by
increasing the area of flow particles by which the boundary
layer separation is marginally

DRAG FORCE TABLE OF MODIFIED V-GUTTERS
S.NO BODY DRAG FORCE(N)
1 MODEL 01 1197.2188
2 MODEL 02 1128.4947
3 MODEL 03 1190.375

Table -2 DRAG FORCE TABLE OF MODIFIED V-GUTTERS
3. CONCLUSIONS

In this project work the analysis of drag force of a V-gutter

was done, using CFD FLUENT FLOW, in order to reduce the
drag force in an after-burner flame stabilizer, research and
development are carried out improve the performance of
afterburner, both experimentally and theoretically.
Computational methods have become highly useful tool to
design, develop, and analyze the performance of an
afterburner before implementing. The amount of drag
generated by the presence of flame stabilizer and the
recirculation zones in the wake of the stabilizer are very
important factor to be considered for better performance of
an afterburner in any gas turbine engines These type of
flame stabilizers were available in various models. By our
work we can conclude that V-gutter of modified models is
more efficient in drag reduction in after burner because of'its
lesser turbulence, area between the flow separation and re-
attachment point is considerably reduced in its surface and
hence lesser drag force is achieved.

It can be concluded from the CFD analysis that the drag can
be reduced by placing the bluff bodies tandem to the V-
gutter. It can be observed from our above work that
modified gutter is experienced with lesser drag force also
clearly explained . Considering the above three cases it is
good to use aerofoil shape linear gutter in place of v-gutter is
used,. Thus taking performance of the afterburner as
consideration the suitable gutter has to be used as flame
stabilizer in the afterburner section.
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