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Abstract. This paper presents a numerical study conducted to analyze the aerodynamic performance of su-
personic missiles consisting of a cylindrical body and four flat-plate rear fins arranged uniformly, equipped
with conical and ogive heads. Computational Fluid Dynamics (CFD) simulations were performed using the

ANSYS Fluent 17.1 solver, along with the Gambit grid generation software. The objective was to compare the
aerodynamic characteristics of these two head designs in terms of drag, lift, and stability at supersonic speeds.
Various flow parameters, including Mach number and angle of attack, were investigated to comprehensively
assess the performance of the missile configurations. The results indicate clear differences in the aerodynamic
behavior of conical and ogive heads. Specifically, there was a 2-11 percent increase in the lift coefficient of
the conical heads compared to the ogive heads, and an increase in the drag coefficient of both conical and

ogive heads.
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1. Introduction

Missile aerodynamics stands as a cornerstone in the devel-
opment and efficacy of a wide array of missile systems,
spanning from tactical applications to intercontinental bal-
listic missiles. The intricate interplay between airflow dy-
namics, vehicle geometries, propulsion mechanisms, and
control surfaces necessitates a multidisciplinary approach
drawing from fluid dynamics, thermodynamics, and con-
trol theory. Divakaran et al. (2020) conducted a compre-
hensive study on the V-2 missile, utilizing ANSYS modeler
to simulate the flow around the missile body and evaluate
the effects of varying angles of attack and Mach numbers.
The study demonstrated that the missile’s aerodynamic ef-
ficiency was maintained at high velocities, even at signifi-
cant angles of attack, due to the stable pressure coefficient
and the strategic placement of the center of gravity and
the center of pressure. Karpenko et al. (2023) studied hy-
draulic processes in transport machine hydraulic drives,
focusing on fluid flow after installing angular fittings in
pipelines. Using 3D numerical simulations based on Reyn-
olds-averaged Navier-Stokes equations, they examined
flow rates up to 100 I/min. Their mesh independence study
ensured accuracy, and they analyzed pressure drops, tur-
bulence models, flow coefficients, and energy losses at 45°

and 90¢ fittings. Comparing their results with the standard
equivalent length fitting method, they found it unsuitable
for angular fittings, suggesting the need for further inves-
tigation of each fitting type. Goucem and Khiri (2023) pre-
sent a comprehensive analysis of the aerodynamic features
of an air-to-air rocket, employing a cylindrical body with a
tapered nose, four flat plates at the front, and four uni-
formly arranged flat-plate rear fins. Their study thorough-
ly investigated the impact of canard deflection angles on
aerodynamic forces using computational fluid dynamics
techniques, providing valuable insights into enhancing the
efficiency of supersonic rockets. Doig (2014) reviewed the
aerodynamics of bodies traveling close to the ground in
transonic and supersonic regimes, focusing on applica-
tions such as wings, aircraft, projectiles, and rocket sleds.
Their work highlighted the complexities of shock-related
ground effects and the challenges in conducting accurate
ground effect tests. They emphasized the need for high-
fidelity experimental data and advanced numerical meth-
ods like LES to better understand shock/ground interac-
tions, particularly for high-speed ground transportation
and reusable spacecraft. Almawla et al. (2022) conducted
a study that explores Computational Fluid Dynamics (CFD),
a numerical method for approximating solutions to fluid
motion equations, unfolded in four key stages. Firstly,
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fluid flow equations are formulated as partial differential
equations. Then, they undergo discretization to obtain nu-
merical equivalents, followed by the subdivision of the
fluid domain into small elements or cells. Finally, the prob-
lem equation is solved, considering initial and boundary
conditions, employing solvers such as the Finite Volume
Method (FVM), Finite Element Method (FEM), or Finite Dif-
ference Method (FDM). Karpenko and Bogdevicius (2020)
investigated hydrodynamic processes in hydraulic drives of
vehicles and machinery. They analyzed turbulent fluid flow
through a “pipeline-fittings” system using numerical solu-
tions of the Navier-Stokes equations. Their research fo-
cused on flow rates between 20 and 60 I/min, 1/2" pipeline
diameters, and DKOL standard fittings. They modeled
fluid pulsations and turbulence and experimentally studied
hydraulic losses with one, two, and three fittings. Sumnu
et al. (2020) provide a comprehensive tool for CFD funda-
mentals, governing equations, and turbulence models,
demonstrating the effects of shape optimization on missile
performance at supersonic speeds. The N1G missile mod-
el's shape variation, aimed at reducing aerodynamic drag
and increasing lift, was investigated using SST k-omega,
realizable k-epsilon, and Spalart-Allmaras turbulence mod-
els. Optimization of missile geometry employed a Multi-
objective Genetic Algorithm (MOGA) to improve lift-to-
drag coefficient ratio by 11-17 percent at supersonic Mach
numbers. Khanolkar et al. (2018) aimed to comprehend the
aerodynamic traits of a medium-range air-to-air missile.
Aerodynamic coefficients were derived via theoretical
methods, wind tunnel tests, and computational fluid dy-
namics, with full-scale rocket models tested in the wind
tunnel. The error-free data were analyzed using CFD to
discern aerodynamic variations at different angles of at-
tack, generating various graphs. Additionally, theoretical
methods were used to gauge axial and normal forces on
the missile at diverse angles of attack, followed by a com-
parative analysis between experimental, CFD, and theo-
retical data, revealing and studying nonlinearities to infer
the missile’s performance. Yi et al. (2021) investigated the
dynamic characteristics of missiles with variable swept-
back angles using CFD simulations. Their study revealed
that adjusting the sweep angle of missile wings signifi-
cantly impacts lift and drag forces, enhancing aerodynam-
ic performance at different flight speeds. They concluded
that increasing the sweep angle improves the lift-drag
ratio for missiles traveling at Mach numbers between 1
and 3, making it suitable for high-speed precision attacks.
However, at Mach numbers greater than 3, a sweep angle
of 60° was optimal. Yi et al. (2021) highlighted the advan-
tages of deforming-wing technology for adapting to vari-
ous flight conditions, thereby saving fuel and increasing
attack range. Li et al. (2020) investigated how altering the
sweep of variable-sweep folding wing missiles enhances
their lift-drag ratio, enabling adaptation to subsonic, tran-
sonic, and supersonic flights. Designing various 3D mod-
els, they conducted aerodynamic analysis via CFD, adher-
ing to Basic Aerodynamics, Missile General Design

Principles, and Flight Dynamics of Missiles principles. Their
simulation analysis identifies optimal wing sweeps for di-
verse flight conditions. Sahbon et al. (2022) conducted
CFD campaigns on two sounding rockets, FoK and Twar-
dowsky, developed by the Students’ Space Association of
Warsaw University of Technology. They created a mathe-
matical model of aerodynamic loads and analyzed aerody-
namic coefficients for various Mach numbers and inci-
dence angles. The results showed good agreement, al-
though improvements were suggested, such as consider-
ing varying aerodynamic roll angles and enhancing models
of lift and pitching/yawing moments. The study empha-
sized the importance of detailed simulations and improved
computational methods for accurate aerodynamic analysis.
Ruchata et al. (2019) report wind tunnel tests of the Insti-
tute of Aviation’s Experimental Rocket Platform (ERP), de-
signed for nearly 150 seconds of microgravity with an
apogee of about 100 km. The ERP model was tested in the
T-3 wind tunnel, assessing aerodynamic loads at angles of
up to 10° of attack and various longitudinal axis rotations.
Three configurations were tested: without fins and boost-
ers, with fins only, and with both fins and boosters. Particle
Image Velocimetry (PIV) measured velocity fields, revealing
that boosters significantly increase aerodynamic drag and
providing insights into rocket performance and stability.
Bin-Dahalan et al. (2017) explore the aerodynamic traits of
a curved fin rocket, employing semi-empirical methods
and numerical simulations. The study integrates USAF
DATCOM as a reference for the semi-empirical approach,
while ANSYS Fluent is used for numerical simulations. In-
vestigated across various Mach numbers ranging from
0.15 to 2.0 for subsonic and supersonic speeds, respec-
tively, and angles of attack from 0° to 25°, the study com-
pares results with wind tunnel tests, USAF DATCOM, and
previous research, revealing consistent trends in rocket
aerodynamics across methods. Chen et al. (2017) investi-
gated the rolling characteristics of a canard-controlled
rocket with a free-spinning tail using 3D Navier-Stokes
equations and sliding mesh technology. They validated
their simulation method through comparison with experi-
mental results and proposed a convergence criterion, ana-
lyzing roll moment coefficients and induced rotation
speed. The study demonstrated how the free-spinning tail
eliminates roll coupling, providing insights for rocket de-
sign and simulation. Marciniak et al. (2023) discuss evalu-
ating a Recovery System for the ILR-33 AMBER suborbital
rocket, emphasizing a successful subsonic drop test cam-
paign that qualified the system for the first AMBER rocket
version. They present analytical and numerical methods for
recovery development, underscoring the pivotal role of
drop tests in providing essential data for redesign and
confirming the feasibility of a three-stage parachute recov-
ery concept. Julian et al. (2023) conducted a numerical
study on R-HAN 122 rocket aerodynamics, focusing on
nose shape modification using computational methods.
Their analysis, employing RANS equations and a k-¢ tur-
bulence model, features a two-dimensional approach with



a structured mesh of 2x10° elements. The study reveals
that cone and hemisphere shapes enhance the lift coeffi-
cient (Cl) at 4°<AoA<10° but increase the drag coefficient
(Cd) for R-HAN 122, with varying pressure distributions
along different nose shapes. Ghoreyshi et al. (2022) inves-
tigated missile configurations with upstream strakes and
cruciform all-movable tail fins, using CFD to simulate an-
gles of attack from 0° to 15° and Mach numbers of 1.17,
2.49, and 4.39. They compared force and moment coeffi-
cients across different configurations, showing good
agreement with wind tunnel data and highlighting CFD as
a valuable complement to wind tunnel experiments, espe-
cially under uncertain conditions. Summu and Guzelbey
(2023) investigated missile aerodynamics at subsonic and
transonic speeds, examining different wing configurations.
The Tapered Leading Edge wing showed superior lift-to-
drag ratio compared to the Tapered Trailing Edge and
Double Tapered configurations. Performance improved by
about 5% at 0.9 Mach compared to 0.7 Mach across all
configurations. The study used detailed 3D numerical sim-
ulations to assess and enhance the efficiency of super-
sonic missiles. The study focuses on a comparative analysis
of aerodynamic performance between conical and ogive
nose shapes. Mesh generation was accomplished using
Gambit, while the governing flow equations, particularly
under high Mach numbers and varying angles of attack for
two models, were solved using the commercially available
software ANSYS FLUENT 17.1.
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2. Geometry

Figure 1 illustrates the missile, where D represents the di-
ameter of the missile, and L represents the length of the
missile. The missile is positioned inside a cylindrical struc-
ture, as shown in Figure 2. The diameter of the cylindrical
structure, denoted as d, is five times the diameter of the
missile (d = 5D). This ratio helps minimize the influence
of the cylinder's side surfaces on the flow characteristics
around the missile. Additionally, the length of the cylindri-
cal structure, denoted as |, is four times the length of the
missile (I = 4L).

After creating five simulation cases with mesh sizes
of 2.0, 2.2, 2.3, 2.4, and 2.5 million cells respectively to
investigate mesh independence, the results reveal that
with 2.0 million cells, convergence is achieved, surpass-
ing the user-defined tolerance threshold. However, upon
increasing the grid resolution to 2.2 million cells, conver-
gence is achieved with residuals of 10° and imbalances
of less than 1%. The simulated value falls within the ac-
ceptable range compared to the experimental results of
Sumnu et al. (2020) in Table 1. Upon further grid refine-
ment to 2.2-2.5 million cells, the simulated value also
falls within the acceptable range. This suggests that a
solution value independent of grid resolution has been
reached. For subsequent analysis, the case with 2.2 mil-
lion cells can be utilized as it provides results within the
user-specified tolerance Figure 3.
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Figure 3. Mesh independence study
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Table 1. Mesh independence study

Element Number [M] CL[-] CL Exp (Sumnu et al,

2020) [-]
2.0 2.0 0.77
2.2 0.81
2.3 0.81
24 0.62
2.5 0,6182

The mesh is made up of a combination of hexahedral
and tetrahedral elements (Goucem, 2024). Boundary layer
elements are used in the viscous region close to the body,
while tetrahedral elements occupy the remaining fluid vol-
ume. The smallest boundary layer elements in the mesh
measure 0.005 mm. Furthermore, ten layers of boundary
layer elements with a growth rate of 1.3 were created
on the missile’s surface. The entire grid contains roughly
2.2 million elements, as shown in Figure 4.

The 3D simulation occurs within the calculated do-
main. The inlet boundary condition was specified for vari-
ous Mach numbers: 1.5, 2, 2.5, 3, 3.5, 4.5, and 5, at angles
of attack of 0°, 10°, and 20°. The air density was set to
1.225 kg/m?, matching the conditions during wind tunnel
testing. At the outlet, the gauge pressure was set to zero.
The wall was treated with a symmetry boundary condition
due to the different wind orientations Figure 5.

Figure 4. The generated mesh structure
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Figure 5. Boundary conditions

3. Numerical modeling

The investigation involves examining the fluid dynamics
within the defined computational domain, which is as-
sumed to be three-dimensional (3D), unsteady, compress-
ible, and characterized by turbulent behavior. The K-@ SST
turbulence model is utilized for turbulence modeling. The
governing equations considered are the unsteady Reyn-
olds-averaged Navier-Stokes (URANS) equations, and
their numerical solution is achieved using the finite vol-
ume method with a standard pressure-based solver. The
pressure-velocity coupling is managed using the SIMPLE
scheme. A second-order upwind approach is employed
for both momentum and modified turbulent viscosity.
To incorporate the time-varying nature of the flow in the
computations, the continuity equation for unsteady 3D
compressible flow is expressed as follows:

3 opU; PUj  opu
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where: p — Density of the fluid (kg/m?), t — Time (s), Uk —
Velocity vector (m/s).

The Navier-Stokes equations represent a system of
second-order nonlinear partial differential equations.
Their solution entails establishing three equations corre-
sponding to the three unknowns (velocity components)
governing fluid flow. Furthermore, incorporating suitable
boundary conditions is essential to enable the resolution
of these equations.
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where: F; - Body forces (N/m?).

The Shear-Stress Transport (SST) k- turbulence model
is recognized for its versatility and widespread utilization
in aerodynamic simulations. This turbulence model, char-
acterized by two equations for eddy viscosity, serves as
a hybrid by seamlessly integrating features from both
the k-o and k-epsilon turbulence models. By strategically
combining the inherent strengths of each model, the SST
k-o model enhances overall performance and applicability.

The k-o model demonstrates particular proficiency in
simulating flow within the viscous sublayer, where fluid
dynamics near solid boundaries are significantly influenced
by viscosity effects. In this context, the k-o model excels
in capturing the complex dynamics of the boundary layer,
offering precise predictions of turbulence behavior in close
proximity to walls.

Turbulence kinetic energy equation:
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where: ® — Dissipation rate of turbulent kinetic energy

(m?/s%), k — Turbulent kinetic energy (m?/s?), u — Viscosity

(N.s/m32), ut — Viscosity at the wall (N.s/m?).



Specific dissipation rate:
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where: B, B*a4,0,,0,, — Interior Region Constants.
Turbulent viscosity
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where: Q — Local vorticity.
The function F1 and F2 is defined by
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where: v — Kinematic viscosity (m?/s), F;, F, — Functions,
y — Distance to the nearest wall (m), v — Kinematic viscosity
(m?/s), CDy, — Cross-diffusion term.

3.1. Calculation procedure

The calculation domain is considered three-dimensional
(3D), unsteady, compressible, and turbulent, employing the
k-o SST turbulence model. The governing equations uti-
lized are the unsteady Reynolds-Averaged Navier-Stokes
(URANS) equations. These equations are solved using the
numerical finite volume method via the standard pressure-
based solver.

The computational grid is designed to accurately cap-
ture the intricate flow features, ensuring that boundary
layers, wake regions, and interaction zones are adequately
resolved. The pressure-velocity coupling is managed us-
ing the SIMPLE (Semi-Implicit Method for Pressure-Linked
Equations) scheme, which is well-suited for handling com-
pressible flows.

Both momentum and modified turbulent viscosity are
addressed using the second-order upwind approach to
enhance solution accuracy. This method helps to reduce
numerical diffusion and provides a more precise represen-
tation of the flow field.

Additionally, the boundary conditions are meticulously
defined: the inlet boundary condition involves specified
Mach numbers, the outlet boundary condition is set to a
constant pressure, and the wall boundary condition assumes
no-slip conditions. The mesh independence study is con-
ducted to ensure that the results are not affected by the
grid size, verifying the reliability of the computational model.

4. Results and discussion

In this section, the outcomes of a comparative numeri-
cal investigation aimed at evaluating the aerodynamic
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performance of supersonic missiles with conical and ogive
nose configurations are presented, employing computa-
tional fluid dynamics. The analysis includes examinations
of both drag coefficients Figures 6, 7, and 8 and lift coef-
ficients Figures 9, 10, and 11 across varying Mach numbers
and angles of attack (AoA) of 0°, 10°, and 20°. Specifically,
computations were conducted for missiles equipped with
both conical and ogive noses. Insights from prior stud-
ies were integrated into a comparative analysis, with the
results compared to the experimental data from the study
(Sumnu et al., 2020), which constituted a pivotal compo-
nent of the primary dataset. Additionally, velocity contours
for missiles featuring conical and ogive noses at an angle
of attack (AoA) of 0° are presented in Figures 12, 13.

4.1. Drag coefficients and the impact of angle
of attack

The comparative numerical exploration delved into the
aerodynamic performance of supersonic missiles, specifi-
cally focusing on conical and ogive nose configurations
using computational fluid dynamics simulations. Drag co-
efficient curves were meticulously scrutinized across vari-
ous Mach numbers and angles of attack (0°, 10°, and 20°),
illustrated in Figures 6, 7, and 8.

Notably, the observed trends unveiled insightful be-
haviors of drag coefficients for both nose configurations.
A consistent decrease in drag coefficient was observed
with increasing Mach number, regardless of the nose
shape. This reduction is attributed to compressibility ef-
fects at higher Mach numbers, where shock waves gener-
ated around the missile decrease in intensity, thus reduc-
ing aerodynamic drag. The analysis revealed that drag co-
efficients for conical noses surpassed those of ogive noses
across various conditions. This difference is due to the
distinct flow behavior around the nose geometries, with
conical noses generating stronger shock waves and larger
pressure gradients, consequently leading to increased
aerodynamic drag.

Additionally, the impact of the angle of attack on
the drag coefficient is crucial for comprehending the
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Figure 6. Curves of the drag coefficient changing with the
Mach numbers for angle of attack 0°
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Figure 8. Curves of the drag coefficient changing with the
Mach numbers for angle of attack 20°

aerodynamic performance of missiles equipped with coni-
cal and ogive heads. As the angle of attack rises from 0° to
20°, the drag coefficients of these missiles display distinct
trends, diverging based on the head design. An increase
in angle of attack results in higher drag coefficients for
both configurations, primarily due to the increased frontal
area exposed to airflow, leading to higher pressure drag
as flow separates from the missile’s surface. However, the
rate of increase in drag coefficient varies significantly be-
tween the two configurations. Conical noses generally ex-
hibit a higher rate of increase in drag coefficient compared
to ogive noses. This variation highlights the influence of
the angle of attack on the aerodynamic characteristics of
supersonic missiles.

Moreover, the results indicate that the aerodynamic
performance of supersonic missiles is significantly influ-
enced by both the nose shape and the angle of attack. The
conical nose configuration, while more susceptible to in-
creased drag at higher angles of attack, provides valuable
insights into the behavior of supersonic flow around sharp
geometries. Conversely, the ogive nose configuration, with

its smoother flow characteristics, offers a distinct advan-
tage in reducing aerodynamic drag, particularly at lower
angles of attack.

4.2. Lift coefficients and the impact of angle
of attack

The analysis of lift coefficient curves as a function of Mach
number for various angles of attack (0°, 10°, and 20°) in
supersonic missiles equipped with conical and ogive noses
revealed intriguing behaviors. Illustrated in Figures 9, 10,
and 11, the lift coefficients exhibited similar trends to the
experimental lift coefficient referenced in Sumnu et al.
(2020).

The observed trends demonstrated a decrease in lift
coefficient with increasing Mach number for both conical
and ogive nose configurations. This reduction is primarily
due to compressibility effects at higher Mach numbers,
where airflow around the missile becomes more com-
pressible, resulting in reduced lift generation. The analysis
also underscored that the lift coefficient for conical nose
shapes exceeded that of ogive shapes under the examined
conditions. This discrepancy is attributed to the distinct
flow dynamics surrounding conical noses, which tend to
generate stronger lift forces compared to the smoother
flow patterns observed around ogive noses. Specifically,
there was a 2-11% increase in the lift coefficient for coni-
cal heads relative to ogive heads.

Furthermore, the influence of the angle of attack on
the lift coefficient reveals a consistent trend across both
conical and ogive nose shapes. As the angle of attack in-
creases from 0° to 20°, the lift coefficient for both configu-
rations decreases. This decline can be attributed to height-
ened flow separation and diminished airfoil effectiveness
at higher angles of attack. With increased deviation from
the nominal angle of attack, the airflow over the missile’s
surface becomes more disrupted, resulting in reduced lift
generation. This observation underscores the critical role
of angle of attack in governing the aerodynamic behavior
of supersonic missiles, highlighting the challenges associ-
ated with maintaining lift performance under varying flight
conditions.
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Figure 9. Curves of the lift coefficient changing with the
Mach numbers for angle of attack 0°
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Moreover, the impact of angle of attack on the aerody-
namic performance of missiles is crucial for understanding
their operational limits and effectiveness. At lower angles
of attack, both conical and ogive noses perform relatively
well, maintaining higher lift coefficients. However, as the
angle of attack increases, the aerodynamic performance
diverges, with conical noses exhibiting a more pronounced
reduction in lift compared to ogive noses. This behavior is
particularly important for missile design and optimization,
as it affects maneuverability and stability during flight.

In summary, the combined analysis of drag and lift
coefficients, along with the impact of angle of attack, pro-
vides a comprehensive understanding of the aerodynamic
performance of supersonic missiles. The distinct behaviors
of conical and ogive nose configurations under varying
conditions highlight the importance of selecting the ap-
propriate nose design based on specific mission require-
ments and flight profiles. The insights gained from this
study can inform future missile design, contributing to
enhanced aerodynamic efficiency and overall performance.

4.3. Velocity contours

The analysis of velocity contours in the present study
reveals intriguing disparities between missiles equipped
with conical and ogive noses (Figures 12, 13). Notably,
the examination of shock waves indicates a substantial
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discrepancy in their characteristics, particularly in terms of
angle and intensity. It is observed that the shock wave in
missiles featuring a conical nose occurs at a smaller angle
compared to those with an ogive nose. This variation sug-
gests inherent differences in the flow behavior around the
two nose configurations. Furthermore, a striking finding
emerges from the analysis of velocity magnitudes, particu-
larly evident in the significant change observed between
missiles with ogive and conical noses.

In Figure 12, the velocity contours for the ogive nose
exhibit a streamlined flow pattern with gradual accelera-
tion around the nose and along the missile body. The
ogive nose promotes a more laminar flow, resulting in
weaker shock waves and smaller pressure gradients. This
smoother flow pattern minimizes aerodynamic drag,
contributing to more efficient flight characteristics. The
gradual transition of velocity colors from blue to red in-
dicates a consistent increase in velocity with minimal dis-
ruption, highlighting the ogive nose’s ability to maintain
flow attachment and reduce drag. Specifically, the velocity
contour data illustrate a remarkable difference in velocity
magnitude, with missiles sporting a conical nose exhibiting
velocities as high as 1600 m/s, while those with an ogive
nose reach only 770 m/s.

Conversely, in Figure 13, the velocity contours for the
conical nose show a more abrupt change in flow veloc-
ity near the nose, with stronger shock waves and higher
pressure gradients. The conical nose's sharper geometry

Figure 12. Velocity contours for a missile with an ogive nose
at an angle of attack of 0°

Figure 13. Velocity contours for a missile with a conical
nose at an angle of attack of 0°
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causes significant disturbance in the flow, leading to high-
er aerodynamic drag. The contours reveal a pronounced
acceleration of flow at the nose tip, indicated by the rapid
transition from blue to red, followed by a turbulent wake
region. This increased turbulence and flow separation
around the conical nose contribute to the observed higher
drag coefficients.

The differences in flow behavior between the ogive
and conical noses are further emphasized by the extent
of flow separation. The conical nose induces a more sub-
stantial flow separation, creating a larger low-pressure
wake region behind the missile, which is a primary factor
in increased aerodynamic drag. In contrast, the ogive nose
maintains better flow attachment, resulting in a smaller
wake and lower drag. These visualizations and analyses
underscore the critical impact of nose geometry on the
aerodynamic performance of supersonic missiles. The
ogive nose, with its smoother flow and reduced drag, is
advantageous for achieving higher speeds and better fuel
efficiency. However, the conical nose, despite its higher
drag, may offer benefits in terms of lift generation and
stability at certain flight conditions. Understanding these
trade-offs is essential for optimizing missile design to bal-
ance between aerodynamic efficiency, stability, and perfor-
mance requirements.

The reason for the significant difference in velocities
between missiles with conical and ogive noses can be at-
tributed to the aerodynamic characteristics and flow dy-
namics associated with each nose configuration. Several
factors contribute to this variation in velocities:

Nose Geometry: Conical and ogive noses have distinct
shapes that result in different aerodynamic behaviors.
Conical noses typically produce stronger shock waves and
larger pressure gradients compared to ogive noses due to
their sharper leading edges. This can lead to more efficient
acceleration and higher velocities for the airflow around
missiles with conical noses.

Shock Wave Formation: The shock wave formed around
the nose of a missile plays a crucial role in dictating the
airflow behavior and resultant velocities. The angle and in-
tensity of the shock wave differ between conical and ogive
noses, affecting how the airflow interacts with the missile
and its surroundings. The smaller angle of the shock wave
for missiles with a conical nose could contribute to more
efficient airflow acceleration and higher velocities com-
pared to missiles with an ogive nose.

Flow Separation: Differences in nose geometry can also
influence flow separation patterns, where the airflow de-
taches from the missile’s surface. Conical noses may experi-
ence less flow separation compared to ogive noses, leading
to smoother airflow and potentially higher velocities.

Boundary Layer Effects: The boundary layer, a thin layer
of air adjacent to the missile’'s surface, plays a significant
role in aerodynamic performance. Variations in nose ge-
ometry can affect boundary layer behavior, influencing
drag and velocity characteristics. Conical noses may expe-
rience reduced boundary layer separation and drag, allow-
ing for higher velocities compared to ogive noses.

5. Conclusions

The comparative numerical investigation into the aero-
dynamic performance of supersonic missiles with conical
and ogive nose configurations, conducted through com-
putational fluid dynamics simulations across varying Mach
numbers between 1 and 5 and angles of attack (AoA) of
0°, 10°, and 20°, has yielded significant insights into their
aerodynamic behaviors.

= Main Contributions and Novelty

This research provides a comprehensive analysis of the
drag and lift coefficients for both conical and ogive nose
configurations under different flight conditions. The main
contribution lies in the detailed comparison of these con-
figurations, highlighting the distinct aerodynamic charac-
teristics that arise from their geometrical differences. The
novelty of this study is in its meticulous examination of
how these nose shapes influence the aerodynamic perfor-
mance of supersonic missiles, particularly in terms of drag
and lift under varying angles of attack and Mach numbers.

= Key Findings

Drag Coefficients: The study reveals that the drag coef-
ficient for conical noses consistently exceeds that of ogive
noses across various conditions. This difference is attribut-
ed to the stronger shock waves and larger pressure gradi-
ents generated by the conical noses. Specifically, a notable
14% increase in the drag coefficient is observed for conical
heads compared to ogive heads at higher angles of attack.

Lift Coefficients: The lift coefficient analysis indicates
a decrease with increasing Mach number for both con-
figurations due to compressibility effects. However, conical
noses exhibit a higher lift coefficient compared to ogive
noses, with a 2-11% increase in the lift coefficient for coni-
cal heads relative to ogive heads.

Impact of Angle of Attack: The angle of attack signifi-
cantly influences the aerodynamic performance, with both
drag and lift coefficients increasing with higher angles of
attack. The conical noses show a higher rate of increase
in drag coefficient compared to ogive noses, while both
configurations experience a decrease in lift coefficient as
the angle of attack increases from 0° to 20°.

= Practical Applications

The findings from this study have practical implications
for the design and optimization of supersonic missiles. The
insights into the drag and lift characteristics of different
nose shapes can inform decisions on nose geometry to
balance aerodynamic efficiency, stability, and performance
requirements. The conical nose, while generating higher
drag, may offer benefits in terms of lift and stability at
certain flight conditions, making it suitable for specific
mission profiles.

= Future Work

Future research should focus on further refining the
computational models to include more complex flow con-
ditions and additional geometrical variations. Experimental
validation of the simulation results under a broader range
of flight conditions would also enhance the robustness of
the findings. Additionally, exploring the effects of different



materials and surface treatments on the aerodynamic per-
formance could provide valuable information for optimiz-
ing missile design.

In summary, this research underscores the intricate
relationship between nose configuration, angle of attack,
and aerodynamic performance in supersonic missiles, of-
fering valuable insights for the aerospace engineering
community and contributing to the advancement of mis-
sile design technology.
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