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Abstract - The study conducted using Computational Fluid Dynamics (CFD), a missile serves several important objectives that
contribute to the design, performance evaluation, and optimization of the missile. CFD simulations help assess the missile's
aerodynamic behavior in various flight conditions. This includes analyzing lift, drag, and stability characteristics, which are
crucial for achieving accurate trajectory predictions and target accuracy. By analyzing the flow patterns around the missile's
surface, it can identify areas of high drag. Engineers can then modify the missile's geometry to reduce drag, resulting in
improved fuel efficiency, longer range, and better maneuverability. The simulations enable the examination of how the missile's
control surfaces affect its stability and maneuverability. This information is crucial for ensuring the missile can accurately
follow its intended trajectory and perform any necessary mid-flight adjustments. Understanding the aerodynamic forces and
thermal loads on the missile's structure helps assess its structural integrity. It can predict potential failure points and guide
structural design improvements. Overall, the analysis of missiles plays a pivotal role in ensuring their effectiveness, accuracy,

and safety. It helps engineers to understand complex fluid dynamics phenomena and their interactions with missile components,

guiding the design process toward optimal solutions.
Keywords - Missile Aerodynamics, Lift, Drag, Stability.

1. Introduction

In any flying body, four core forces help define the
properties of its flight. Thrust and drag are opposing forces
acting in the axial direction of the aircraft, while Lift and
Weight are opposing forces acting transversely on the body
[1]. Ideally it is required from an aircraft to have low drag
and weight and more lift and thrust. This is the basic principle
on which most air vehicles are designed, optimized and
developed. A good aircraft will have a high lift-to-drag ratio
to provide ample maneuverability [2]. There are many more
complex analyses and variables that are also considered when
designing any part of an aircraft. However, it all comes to
these four fundamental forces in the end [3].

Missiles are an integral part of fighter aircraft armament,
enhancing their combat capabilities and versatility. Fighters
are equipped with a variety of missiles to engage targets both
in the air and on the ground. These are sophisticated
aerospace systems designed for various purposes, including
defence, reconnaissance, and scientific research. Their
success relies heavily on their aerodynamic performance,
stability, and control. CFD analysis offers a comprehensive
and cost-effective means to study these crucial aspects before
physical prototypes are built and tested. When aircraft fly at
speeds equal to or greater than the speed of sound, shocks are
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generated. Shockwaves, simply put, are an accumulation of
air particles densely around the surface of the aircraft. They
result in a considerable rise in static pressure and a decrease
in flow velocity. Shocks can lead to flow separation and can
severely affect the performance of the aircraft if not taken
into consideration [8]. The strength of the shocks is directly
proportional to the speed of the aircraft. So at higher Mach
speeds, there will be large amounts of aerodynamic loads
acting on the aircraft. To withstand such conditions,
supersonic and hypersonic flights are structurally reinforced
as required by the mission profile.

Modern missile design relies heavily on Computational
Fluid Dynamics (CFD), which allows researchers and
engineers to model and comprehend the intricate
aerodynamic and fluid dynamic behaviour of missiles during
flight. By leveraging advanced numerical techniques, CFD
analysis provides insights into how airflows interact with the
missile's geometry, aiding in the optimization of
performance, stability, and overall effectiveness [5]. A finned
missile is a type of guided projectile designed with
aerodynamic fins [6] or control surfaces attached to its body.
These fins play a critical role in stabilizing and controlling
the missile's flight by generating aerodynamic forces that
influence its trajectory and orientation [14].
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2. Design and Methodology

A typical finned storage system with a leading edge
sweep angle was part of the configuration. The software
known as ICEM CFX post processor was utilised to
generate the temperature, pressure, and velocity data.

Using the acquired results at the angle of attacks 0, 2,
6, pressure and flow visualisation data will be created in
the software CFX. The test was conducted under standard
Reynolds number circumstances of 2.4 x 106/ft, with
mach numbers of 0.95 and 1.2 [21].

2.1. Test Article

A typical shop with four fins is included in the test
piece. The fin design incorporates the leading edge sweep
angle of the NACA 0008 airfoil section is 60 degrees.
Applying a post-processor, it is possible to obtain all of
the variations in pressure, temperature, and velocity at
each location across the wing's surface.

2.2. Test Conditions

At a fixed Reynolds number per unit of 2.4 x 106/1t,
data will be acquired at mach numbers of 0.95 and 1.2.
The experiments will be carried out in two distinct ways.
1. Missile with a Mach number of 0.95
2. Missile with a Mach number of 1.2

2.3. Geometry

2.3.1. Store

Length . 6.667 Inch

Radius . 3.028 inches at the leading
edge of the store

Fin . 3.208 inches at trailing edge
of store

Airfoil Section : NACA 0008 60 degree of
leading edge

2.4. Governing Equations

Navier-Stokes equations, which regulate all fluid
motions regardless of turbulent nature, are the combination
of momentum, continuity, and energy equations. For
buoyancy-driven flows, however, all three equations need to
be calculated simultaneously due to temperature-dependent
density factors in the momentum equation.

The momentum and continuity equations can be solved
separately from the energy equation whenever the fluid
characteristics remain constant.

The following is the general form of the governing
equations:

Continuity equation

(o) = 0 €
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Momentum equation
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This process is known as Reynolds decomposition. The
instantaneous quantity can be expressed as follows: where is
the variable portion and is the time-averaged value. The
aforementioned connection is substituted to yield the Navier-
Stokes Averaged Reynolds (RANS) equations. There are
several forms of the RANS:
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Where,

S, is the source term. The unknowns pTuj,pﬁ are
referred to as the velocity temperature correlation and
Reynolds stress, respectively. Both two terms cause the entire
RANS problem, which is also known as the Turbulence
Closure Problem. We must model both terms in order to close
the RANS equations.

2.5. Navier-Stokes Equations
2.5.1. Conservation of Mass

The mass shift in the CV and the net mass inflow and
outflow through the control surfaces determine the unstable
mass in the control volume.
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2.5.2. Conservation of Momentum
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Our shear equation for Newtonian fluids, when the rate
of strain relationship is added, gives
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Where dij, the Kronecker delta, is
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For a clear explanation of why the shear stress takes on
this particular form, see Viscous Fluid Flow.

2.5.3. Energy Equation
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The thermal energy equation is one of the most used
versions of the energy equation; it removes mechanical
energy and leaves thermal energy by subtracting the
momentum equation from the total energy equation.
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2.6. Turbulence Modelling

The Reynolds stress and temperature velocity correlation
terms in the RANS equations are closed by Boussinesq
approximation.
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Where Priis Turbulent Prandtl number
8;; is kronecker delta
U, is turbulent viscosity

Unlike normal viscosity, turbulent viscosity depends
upon the nature of flow behaviour. The turbulent viscosity is
the property of the flow but not of the fluid.

After these approximations, the resulting governing
equations are:
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The only unknown term in the above equations is the
turbulent viscosityp,, to get the values of turbulent viscosity,
we solve for turbulence models.

a(E)=
1 2X (E) (10)
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Fig. 1 Missile

Fig. 2 Mesh
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3.1. Mesh Parameters
Table 1. Mesh data

MESH STORE FIN
Global scale factor 1 1
Maximum Element 32 8
Initial height 0 0
Height ratio 0 0
No of Prism Layers 0 0
Total Height 0 0
Maximum Size 15 3 A — f

00125 00375

. . Fig. 6 Pressure contour at 0.95 mach at 0 aoa
4. Results and Discussion 0 ! !

4.1. AtM 0.95 DO a0 4.2. AtM 0.95 DO_a2

0 0025 0050 (m) ‘:.
— w—
00125 00375

Fig. 7 Velocity contour at 0.95 mach at 2 aoa

o - 0028 ”i@f (m) ﬁ
Fig. 4 Mach number contour at 0.95 mach at 0 aca — f"

Fig. 8 Mach number contour at 0.95 mach at 2 aoa

. ows a0 (m f’ o m_ omm F
Fig. 5 Temperature contour at 0.95 mach at 0 aca Fig. 9 Temperature contour at 0.95 mach at 2 aoa
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Fig. 10 Pressure contour at 0.95 mach at 2 aoa Fig. 14 Pressure contour at 0.95 mach at 6 aoa
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Fig. 11Velocity contour at 0.95 mach at 6 aoa
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Fig. 15 Velocity contour at 1.2 mach at 0 aoa
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Fig. 12 Mach number contour at 0.95 mach at 6 aoa Fig. 16 Mach number contour at 1.2 mach at 0 aoa
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Fig. 13 Temperature contour at 0.95 mach at 6 aoa o SR
Fig. 17 Temperature contour at 1.2 mach at 0 aoa
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Fig. 18 Pressure contour at 1.2 mach at 0 aoa Fig. 22 Pressure contour at 1.2 mach at 2 aoa
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Fig. 19 Velocity contour at 1.2 mach at 2 aoa
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Fig. 23 Velocity contour at 1.2 mach at 6 aoa
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Fig. 20 Mach number contour at 1.2 mach at 2 aoa Fig. 24 Mach number contour at 1.2 mach at 6 aoa
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Fig. 21 Temperature contour at 1.2 mach at 2 aoa Fig. 25 Temperature contour at 1.2 mach at 6 aoa
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Fig. 26 Pressure contour at 1.2 mach at 6 aoa

4.7. Normal Force on Store
3500 T

3000 F———————————— 5’

2500 = s e ] .‘ - 7, i

(\®
(=
(=)
(=]

1500 — - m———— 1 1 -+=M0.95
S -meM12

Normal Force (N)

1000

500

-4 0 0 2 4 6 8
AOA, 0 ()

Fig. 27 Normal force versus angle of attack

4.8. Pitching Moment on Store
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Fig. 28 Pitching moment versus angle of attack

36



V. Raghavender et al. / IIME, 11(4), 30-39, 2024

4.9. Rolling Moment on Store
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Fig. 29 Rolling moment versus angle of attack
4.10. Yawing Moment in Store
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Fig. 30 Yawing moment versus angle of attack
Table 2. Comparison between M0.95 and M 1.25
Condition M0.95d0a0 | M0.95d0a2 | M0.95d0a6 | M1.2d0a0 | M1.2d0a2 | M1.2d0a6
Force_X 65.14 58.71 53.45 95.46 94.49 93.35
Force Y 26.47 26.25 24.14 28.37 28.80 28.03
Force Z -32.44 -29.72 -7.42 1.07 2.56 34.69
Pitching_Moment -2.33 -1.80 -1.46 -3.41 -3.32 -2.43
Rolling_Moment -0.08 -0.10 -0.03 0.06 0.06 0.14
Yawing_Moment 1.80 1.56 1.31 2.01 2.00 1.94
AOA 0 2 6 0 2 6
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5. Conclusion

In conclusion, the application of Computational Fluid
Dynamics (CFD) analysis to missiles offers a
transformative approach to designing, optimizing, and
understanding their aerodynamic behavior and overall
performance. This powerful computational tool has the
potential to revolutionize missile design and testing by
providing accurate insights into complex fluid dynamics
phenomena that are crucial to their successful operation.
Through this analysis, engineers and researchers gain a
deep understanding of how air flows around a missile, its
stability characteristics, heat distribution, and the forces it
experiences during flight. These insights enable them to
make informed design decisions that lead to enhanced
accuracy, efficiency, and mission success.

The CFD analysis process involves meticulously
preparing the missile’s geometry, generating a suitable
mesh, selecting appropriate physics models, and setting
up boundary conditions. By choosing the right solver and
executing simulations, a wealth of data is generated.
Moreover, the iterative nature of CFD analysis encourages
design refinement. In essence, CFD analysis
revolutionizes missile design by providing a virtual
laboratory to explore and understand the complex
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