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ABSTRACT

A blunt vehicle flying at supersonic speeds gemrsratbow shock wave ahead of its nose, which nsible for the high
drag called the wave drag. There have been a numbefforts devoted towards reducing this drag mdifying the flow
field ahead of the vehicle’s nose. The use of spétethe blunt nose has been one of the most igffectethod. This
analysis has been carried out to evaluate the Bélitgi of using the aerodisk as a drag reductiorvide for blunt cones of
a missile flying at supersonic speeds and the tiegsuldrag coefficient values is reported. A numarianalysis is
performed using ANSYS Fluent 15 for measuring aerachic drag for the blunt nosed cone with and withmerodisk.
Further drag is calculated with different L/D rati@d—14 with an increment of 2) of the aerodiskexbzdegree angle of

attack with nominal Mach number of 2.

KEYWORDS: Aerodisk, Simplest and the Most Reliable Technillemsuring Aerodynamic Drag

Article History
Received: 01 Sep 2019 | Revised: 10 Sep 2019 | Accepted: 20 Sep 2019

INTRODUCTION

Drag Reduction-Aerodisk Supersonic Blunt Nose-FBeparation Drag Coefficient Fineness (L/D) Ratib all the

techniques used in drag reduction, spikes areithglesst and the most reliable technique. A spiksinisply a slender rod
attached to the stagnation point of the vehiclegsen The spike replaces the strong bow shock wipstem of weaker
shocks along with creating a zone of recirculafiogr ahead of the forebody thus reducing aerodyoainag. The flow
separation resulting from a protruding aerodisltifzed to achieve substantial drag reduction aber blunt body. The
shock stand-off distance is enhanced by the flgraision induced by the aerodisk, thereby miningizime stagnant flow
region, which in turn will reduce the wave dragamsated with the bow shock wave. Length of the s@kd diameter of
the aerodisk can be suitably adjusted to establigtige separation bubble on the face of the ldane, which results in

shifting the flow re-attachment zone off the body.

ANALYSIS

The analysis is done on ANSYS Fluent 15.0. Axisyrmimenodels for the geometries were created andhetesvith
ANSYS Workbench. Different cases of blunt nosedecavith and without aerodisk, aerodisk with varyitength

configurations have been examined.
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Blunt Nose Profile Configuration

The blunt body is an axis symmetric model; the disiens of the blunt body are diameter of 30mm. [Ehgth to the diameter
ratio (L/D) of the body is 2.33. The flow domaircigated by creating vertices and joining thendae® which is a square.

Figure 1: Blunt Nose Profile Configuration.
Blunt Nose with Areodisk Profile Configuration

The blunt body with aerodiskis an axis symmetriacdalpthe dimensions of the blunt body are diamet&&0mm, and the
spike which is mounted at nose of blunt body cdrdfis Flat triangular disc cap with varying len@®, 30, 40, 50, 60 and
70. The length of the spikes are varies in lengttiameter ratio (L/D) such as 4, 6, 8, 10, 12 d4dThe flow domain is
created by creating vertices and joining them @eedvhich is a square.

Figure 2: Blunt Nose with Areodisk Profile Configuration.

Boundary layer meshing is mainly used to contratmgensity, thereby to control the amount of infation available
from the computational model in specific regionsntérest. It is defined as spacing of mesh nouss iia regions immediately
adjacent to edges. The domain is designed in sueghyathat the flow over the re-entry model is affected in any case.
Theface mesh with mapped triangle is used foroatiputations.

Figure 3: Bolundary layer Meshing.

Impact Factor (JCC): 6.0742 NAAS Rating 3.30
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Figure 4: Mapped Mesh of Axisymmetric Model.

A finite volume method solver in Ansys, a commerc@d&D package, is used to simulate the flowfieltheT

following conditions areused to stimulate the medel

Table 1
Solver Type Pressure based, axisymmetric
Models Energy (on), SST k- omega
Materials Ideal gas
Cell zone conditions Operation pressure= 0

Boundary conditions (inlet)| Pressure far field, R¢m, M=2, T= 300K|
Boundary conditions (outlet) Pressure outlet, Pm]d= 300K

Reference values Area= 706.85nm?, length= 30mm
Solution initialization Hybrid
Run calculation Iterations= 500

Results
Analysis of the Blunt Nosed Cone with and Without &rodisk

Two main computational studies have been carrigdrothis analysis; with and without aerodisk foblant nosed cone.

The figures below show the velocity profile of thleint nose.

Figure 5: Velocity Profile of a Blunt Nose
Configuration.
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Figure 6: Velocity Profile of an Aerospike Blunt Nese
Configuration.

The spike replaces the strong bow shock with aegystf weaker shocks along with creating a zone of
recirculating flow ahead of the forebody thus rédgaerodynamic drag. The flow separation resulfiogn a protruding
aerodisk is utilized to achieve substantial dratyction over blunt bodies. The shock stand-offatise is enhanced by the
flow separation induced by the aerodisk, therebyimmizing the stagnant flow region, which in turnliweduce the wave

drag associated with the bow shock wave.

Analysis of Blunt Nosed Cone withDifferent L/D Rato of the Aerodisk

The velocity contours for the flat triangular aelisk, spike body shows the variation of velocitigrg the spike at
different L/D ratios such as 4, 6, 8, 10, 12 andTle separation zone is found to be function &esfength.

Figure 6: Velocity Profile of an
Aerospike Blunt Nose Configuration.

Impact Factor (JCC): 6.0742 NAAS Rating 3.30
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Figure 8: The Velocity Field Around
the Blunt Cone with Flat Aerodisk of
L/D 6.

Figure 9: The Velocity Field Around
the Blunt Cone with Flat Aerodisk
of L/D 8.

Figure 10: The Velocity field Around the
Blunt Cone with Flat Aerodisk of L/D 10.
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Figure 11: The Velocity Field
Around the Blunt Cone with Flat
Aerodisk of L/D 12.

—

Figure 12: The Velocity Field Around the

Blunt Cone with Flat Aerodisk of L/D 14.
For smaller length (i.e. for L/D ratio 4, 6and 8¢ flow separates behind the shock wave due tdiskeand creates a
conical recirculation zone in the vicinity of theagnation region and the flow reattaches at thetlidody. As the length of the
spike increases (i.e. for L/D ratio 10, 12 and i#),separated flow behind the shock wave agaeratea on the spike due to its

length and further reattaches at the blunt cones,Tdue to this there is a variation in the dratherblunt nosed cone.

Table 2
[L/DRatio [ Cd [ % Change in Cd WRT the Lowest Value|

4 0.4168 -0.0639
5 0.4014 -0.0485
6 0.3921 -0.0392
7 0.3587 -0.0058
8 0.3545 -0.0016
9 0.3529 0

10 0.4064 -0.0535
11 0.4122 -0.0593
12 0.4261 -0.0732
13 0.4299 -0.0770
14 0.4346 -0.0817

Impact Factor (JCC): 6.0742 NAAS Rating 3.30



Analyzing Drag Reduction Using Aerodisk for a Blunt Missile Nose 7

0.5
0.48
0.46
0.44
0.42

0.38
0.36
0.34
0.32

0.3

3 4 5 6 7 F%ene%s RE&?O 11 12 13 14 15

Figure 1: Variation in the Drag Coefficient with Respect to the
Fineness (L/D) Ratio.

The above graph depicts the variation in the dafficient with respect to the fineness (L/D) ratisom L/D =
4, as the length increases the drag decreaseslup te 7 then remains almost constant up to L/D.#8r L/D > 9, the

drag increases due to the separation of the flaav the length of the spike.
CONCLUSIONS

The experimental results highlight the effectivenetblunt nosed cone with and without aerodisk difigérent length of

aerodisks as drag reducing devices at supersorit Mamber.

For the blunt cone with forward facing aerodiskagireduction of ~ 49.75% has been measured foraregies of

attack at a nominal Mach number of 2.

e The area of low pressure region depends on thelis&riength which is the main factor for drag retitue.

e For L/D <7 the drag decreases as length of theesgékcreases.

 An aerodisk with 7< L/D<9 the drag coefficient alshoremains constant and gives the best reduction
whencomparing with other L/D ratios.

» For L/D> 9, the flow separates on the spike aldsdeingth due to which the drag increases.
REFERENCES

1. Anderson J. D. Jr: Fundamentals of Aerodynamics.

2. Jack K. Nielsen: Missile Aerodynamics.

3. Wan T, Liu CM (2017): “Drag Reduction Optimizatifor Hypersonic Blunt Body with Aerospikes”, J Aeaah
Aerospace Eng 6: 202.

4. Amer G. Miu-Cal (1990): “Spike-Nosed Projectilesor@putations and Dual Flow Modes in Supersonic Fligh

5. R. Kalimuthu and E. Rathakrishnan (2008): “Aerospilor Drag Reduction in Hypersonic Flow”, #4AIAA

Joint Propulsion Conference & Exhibit.

www.iaset.us editor @ aset.us



Ushaswini Tirunagari

6. VirenMenezes, S. Saravanan, G. Jagadeesh and &. Reddy (2002): “Aerodynamic Drag Reduction Using

Aerospikes for Large Angle Blunt Cone Flying at ergonic Mach Number”, 2% AIAA Aerodynamic
Measurement Technology and Ground Testing Conferenc

7. Gary A. Crowell Sr. (1996): “The Descriptive Geonyedf Nose Cones”.

Impact Factor (JCC): 6.0742 NAAS Rating 3.30



